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Table 1a. Summary of the Results of Included Studies: Stroke

Intervention:
N of

Length of
transfusion

Included Studies

Comparison/control

Comparison/
Control:

Reported

Study label Intervention description patients time arm description N of Patients | complication Results
Adams, 1998 Randomized | Exchange or simple transfusions | 63 Every 25d Standard care 67 None There were 10 cerebral infarctions and 1 intracerebral hematoma in the standard-care
Stroke controlled trial | to reduce hemoglobin (Hb) S group, as compared with 1 infarction in the transfusion group—a 92% difference in the risk
Prevention (RCT) (HbS) <30% of stroke (p<.001). This result led to the early termination of the trial
Trial in Sickle
Cell Anemia
(STOP)'
Lezcano, 2006 | RCT Chronic transfusion therapy (CTX) | 50 13.3 Standard None or up to 4 units | 62 None Regular transfusion that lowers stroke risk is associated with a significant reduction in
(STOP)? to maintain HbS <30% of the total deviation (SD) of transfusion/yr plasma free hemoglobin

hemoglobin 4.8 mo
Miller, 2001 RCT CTX to maintain HbS <30% of the | 63 18.7 mo Observation 67 Alloimmunization/ Group 1: Significant reduction in acute chest syndrome (ACS) incidence and increase of
(STOP)3 total hemoglobin autoantibody time to 1st ACS event. Time to 1st pain event was not significantly affected by transfusion.

formation, iron
overload

All but 1 event occurred within 30 d of transfusion and all occurred in patients for whom the
previous HbS was in the mandated range of <30% of total.

Group 2: In the intent-to-treat analysis, 14 patients had ACS (vs. 4), and 13 patients had
27 pain events (vs. 11 and 17). Pain events/100 patient-yr was 27.6 (vs.16.2). Difference
was even greater in the compliant patients
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
Control:
N of Patients

Reported

complication

Results

Pegelow, 2001
(STOP)*

RCT

CTX

56

36 mo

Standard care. No
long-term transfusion
program

71

Among those
receiving transfusion
therapy, one
developed a new
silent lesion and
another developed
stroke. Among those
receiving standard
care, 11 developed
new silent lesions
and 13 others
developed strokes.
None of the 18
patients receiving
transfusion therapy
who had baseline
lesions seen on MRI
developed new silent
lesions or suffered
strokes. This
contrasts with the 29
with lesions seen on
MRI who were given
standard care, of
whom 6 developed
new silent lesions
and 9 suffered
strokes (p<.001)

Group 1: 1 patient developed a stroke and 1 patient had a new silent infarct.

Group 2: 11 patients developed new silent lesions and 13 others developed new strokes.
Comparing 40 patients who had no magnetic resonance imaging (MRI) abnormality at
baseline and were available for analysis with 29 who had MRI abnormalities at baseline, 4
out of 40 (10%) suffered further strokes compared with 9 out of 29 (31%), p=.02, while 5
out of 40 (12.5%) and 6 out of 29 (20.7%) developed new silent infarcts

Vichinsky,
2001 (STOP)®

RCT
(alloimmun-
ization
description in
Stroke
Prevention
Trial in SCA
(STOP)

CTX to maintain HbS <30% of the
total hemoglobin

61

21+5.7 mo

Supportive care and
serial evaluation

67

Alloimmunization/
autoantibody
formation, hemolytic
transfusion reaction,
(HTR) nonhemolytic
transfusion reaction,
transfusion
associated circulatory
overload (TACO),
febrile, allergic

Low frequency of Kell (2%), E (20%), and C (25%) antigens. 61 patients received 1,830
units. 97% of all units were white blood cell (WBC)-reduced. Only 29 units were
inadvertently not matched for E, C, and Kell. 5 patients (8%) developed a clinically
significant alloantibody. 4 developed a single antibody to E or Kell. 3 patients (5%)
developed a warm autoantibody. There were 11 transfusion reactions and 8 transfusion-
associated events. Transfusion reactions included 6 febrile reactions (.33%/unit), 3 allergic
(.16%/unit), and 2 hemolytic (.11%/unit). Associated events included 4 episodes of
hypertension (.22%/unit), 3 crises (.16%/unit), and 1 transient ischemic attack (.05%/unit)

Adams, 2005
(STOP 2)°

RCT

Chronic transfusions matched for
C, D, E, and Kell antigens

38

4.5 mo

Halted transfusions

41

Alloimmunization/
autoantibody
formation

The study was stopped after 79 children of a planned enroliment of 100 underwent
randomization. Among the 41 children in the transfusion-halted group, high-risk Doppler
results developed in 14 and stroke in 2 others within a mean SD of 4.5+2.6 mo (range,
2.1-10.1) of the last transfusion. Neither of these events of the composite end point
occurred in the 38 children who continued to receive transfusions. The average of the last
2 transcranial Doppler (TCD) results before transfusion was started was the only predictor
of the composite end point (p=.05)
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
Control:
N of Patients

Reported
complication

Results

Bader- R, Obs Exchange blood transfusions at 24 The median time | None NA None Cerebral vasculopathy improved in 11 patients, remained stable in 6 patients, and

Meunier, 2009’ 3-5 week intervals to maintain Hb elapsed from worsened in 7 patients. Complete normalization of MRA was observed in 6 patients within
levels between 9 and baseline to last a mean time of 1.4 yr (range, 1-1.8 yr)

10 g/deciliter (dL) and HbS at less available

than 30% magnetic
resonance
angiography
(MRA) was
29 mo

Barrios, 1993° |R, Obs Patients received washed, 16 0.5-6.0 yr None NA Splenic tissue 7 patients had an absent reticuloendothelial uptake on radionuclide spleen scan and a
leukocyte-poor, RBCs every regrowth marked elevation of the pit count. There was no cerebrovascular accident (CVA)

3—4 weeks to prevent anemia and recurrence in 15 of the 16 patients studied. 1 patient had a 2nd CVA following 1 of her
formation of erythrocytes transfusions. None of the patients experienced vaso-occlusive episodes, ACS, or other
containing HbS complications of sickle cell anemia (SCA)

Enninful- R, Obs TCD screening, then simple 530 >2.5yr Pre-TCD historical 475 Stroke, iron overload, | The incidence of overt stroke in the pre-TCD period was .67 per 100 patient-yr, compared

Eghan, 2010° transfusion (changed in 50% to comparison cohort and RBC antibodies | with .06 per 100 patient-yr in the post-TCD period (p<.0001). Of the 2 strokes in the post-
automated exchange transfusion TCD period, 1 occurred in a child too young for the screening protocol, and 1 occurred in a
after 2.5 yr) child with high velocities solely in the anterior cerebral arteries. The rate of transfusion tx

for stroke prevention increased from .67 per 100 patient-yr to 1.12 per 100 patient-yr since
instituting the program (p=.008)

Hulbert, 2006" | R, Obs Exchange transfusion, either 66 At least 5 yr of Simple transfusion 23 None In patients who presented within 24 h of stroke symptom onset, recurrent strokes occurred
manual exchange transfusion or blood in 21% (8/38) of those treated with exchange transfusion vs. 57% (8/14) of patients who
automated erythrocytapheresis transfusion received simple transfusion. Simple transfusion was associated with a 5-fold greater

therapy incidence of recurrent stroke compared with exchange transfusion (relative risk (RR)=5,
95% confidence interval (Cl)=1.3—18.6). The incidence of recurrent stroke for the entire
cohort did not differ significantly by time period of the 1st stroke. Of the patients who
initially received exchange transfusion within the 1st 24 h (n=38), those who received
chronic exchange transfusion had fewer 2nd strokes than patients who received simple
chronic transfusion (0/11 vs. 7/18). The RR of the 2nd stroke was decreased for patients
who received both acute and chronic exchange transfusions (RR=.61, 95% Cl=.42—.88)

Pegelow, R, Obs Long-term transfusion tx designed | 60 38 mo None NA None It was concluded that maintaining HbS at a level less than 30% was effective in reducing

1995" to keep HbS levels below 30%. It the rate of recurrent infarction but did not prevent transient neurologic events. All patients

is unclear how often they
transfused or what type of
transfusion but most likely simple
transfusion

survived, and none had more than 1 recurrent stroke

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012




Intervention:

N of

Length of
transfusion

Comparison/control

Comparison/
Control:

Reported

Study label Design Intervention description patients time arm description N of Patients | complication Results
Scothorn, R, Obs CTX 137 5<yr None NA None 23% (31 of 137) of the patients had at least 1 recurrent stroke while receiving long-term
2002" transfusion tx. The mean time between 1st and 2nd strokes was 4.0 yr (range, 2 mo to
11.5 yr), and the recurrent stroke event rate was 2.2 per 100 patient-yr (31 events in 1,382
patient-yr). 35% (11 of 31) of these patients had 2 or more stroke recurrences while
receiving regular blood transfusion tx. During the 1st 2 yr after the initial stroke, there was
no significant difference in the incidence of recurrence between patients in group 1 (3 of
26; 11.5%) and group 2 (8 of 111; 7.2%) (log-rank,15; p=.70). After the 1st 2 yr of
transfusion tx, there was a significantly lower risk of recurrence among patients in group 1
compared with group 2. None of the remaining 23 patients in group 1 had a subsequent
stroke while receiving transfusions, whereas 20 of the remaining 103 (19%) patients in
group 2 had a 2nd event. This difference was statistically significant (log-rank, 4.32;
p=.038). The risk of recurrence in patients from group 2 persisted for at least 10 yr after
the initial stroke, with an incidence of 1.9 per 100 patient-yr (20 events in 1,070 patient-yr).
HbS level during the 2nd stroke in patients of 3 institutions (14 patients) was measured in
6 of them, and the values were 1%, 9%, 22%, 25%, 26%, and 55%. 2 of these patients
had a 3rd stroke and at that time had HbS percentages of 8% and 30%. 7 patients died
while receiving transfusions, 1 had a ferritin level of 7,106 nanograms per milliliter (ng/mL),
and the others died from complications not related to transfusion
Cohen, 1992" | P, Obs Simple transfusion and manual 15 Mean: 84 mo None NA Iron overload None had a recurrent cerebral infarction during 1,023 patient-mo in which the target
and automated partial exchange pretransfusion HbS was 50%
transfusion; 11 received daily
deferoxamine for 2—11 yr
Lee, 2006" P, Obs Patients received transfusions 78 25yr Standard care 25 Alloimmunization/ More patients in the transfusion group (70%) elected transfusion for primary stroke
(post-STOP entirely or partially for primary autoantibody prevention compared with those on standard care (45%). Therapy vs. control: 1 vs.
followup) stroke prevention. Patients formation, other 5 ischemic strokes. The only patient from the therapy group who developed stroke had
received either simple (63%), discontinued transfusion after the trial. The TCD velocities while on transfusion remained
exchange—full or partial—(9%), abnormal in both cases
or a combination of both methods
of transfusion (28%). Target HbS
% was 27.5%+12.4%
Russell, 1984'° | P, Obs Exchange transfusions of whole 30 >1 yr after stroke | None NA Iron overload, febrile | 23/30 had major abnormalities of cerebral arteries (stenosis and/or occlusion of internal

blood equal to their blood or
repeated transfusions of RBCs
until the Hb was 12-14 g/dL and
HbS <30%. Antiplatelet tx in

2 transfused patients. Iron
chelation tx with deferoxamine

carotid and anterior and middle cerebral arteries + luminal irregularities). Prolonged
transfusion tx nearly stopped progression of stenosis and decreased the luminal
irregularity; in 4 untransfused patients, stenosis doubled and the luminal abnormalities
persisted. Prior to transfusion, 90% of patients had recurrence of stroke. With transfusion
tx, only 10% of patients had recurrence despite persistent arterial abnormalities
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
Control:
N of Patients

Reported
complication

Results

Wang, 1991 | P, Obs 12-15 mL/kg of washed, packed | 10 Mean: 8.6 yr None NA None None of the patients had stroke recurrence while on transfusion. 5 out of 10 patients had a
erythrocytes given every 4 weeks, recurrent stroke within 1 yr. This risk was significantly higher (p=.002) than the estimated
sufficient to maintain a risk of 10% for recurrent CVA during long-term transfusion tx. 5 patients had no recurrent
pretransfusion HbS <30% strokes. However, 2 mo after transfusions were stopped, 1 patient had an episode of ACS

requiring intensive care and erythrocyte transfusion. 3 mo later, he had chest pain that
preceded a fatal cardiorespiratory arrest while en route to an emergency department. No
evidence of stroke was found on autopsy and his death remained without explanation. 3
patients elected not to resume transfusion tx. Although 2 have later been hospitalized for
ACS, they have done relatively well. Transfusions were ceased in the last patient for only 6
mo, and he resumed transfusions for the 9 mo preceding the study conclusion and
remained well

Wilimas, P, Obs Transfusion of washed or frozen 12 1-2 yr, then None NA None 7 of 10 patients in whom transfusion was stopped had 2nd strokes 5 weeks to 11 mo after

1980" packed red cells g 3—4 weeks. stopped in cessation of transfusions (median: 3 mo). 5 of 7 patients who had recurrent strokes had
15 mL/kg of packed RBCs 10 patients the same clinical findings as at the time of the initial stroke. 1 patient who presented the

(PRBCs), with a goal to keep HbS
<20%

1st time with right hemiparesis returned the 2nd time with left hemiparesis. The last 1 had
diffuse neurologic disease

Table 1b. Summary of the Results of Included Studies: Perioperative

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Study label

Design

Habe&kern, Cholecyst- Aggressive transfusion to obtaina | 110 Perioperatively | Conservative 120 Alloimmunization/ Group 1: No mortality. Intraoperative complications: 10%, ACS: 9%, Pain: 3%
1997 ectomy preoperative Hb of 10 Q/dLo transfusion, to obtain autoantibody | Group 2: No mortality. Intraoperative complications: 13%, ACS: 11%, Pain: 9%
pgtlgnts of (range, 9-11) and HbS 30% or a HB of format|o.n, hemolytlc Group 3 (37, nonrandomized, nontransfused): 2 deaths. Intraoperative complications: 11%
Vichinsky, less 10 g/dL (range, transfusion reaction ) ) o N
1995 RCT 9-11), independent of Group 4 (94, nonrandomized): 1 death. Intraoperative complications: 11%
HbS percent Total complication rate was 39%: sickle cell events 19%; intraoperative or recovery room
events 11%; transfusion complications 10%; postoperative surgical events 4%; and death
1%. Group 3 patients had the highest incidence of sickle cell events (32%)
Vichinsky, RCT Aggressive transfusion regimen 303 Perioperative Conservative 301 Alloimmunization/ With the exception of transfusion-related complications, which occurred in 14% of the
1995 designed to decrease the HbS transfusion group autoantibody operations in group 1 and in 7% of those in group 2, the frequency of serious

level to less than 30%

with no goal to
correct HbS

formation, other
(alloantibodies,
hemolysis, allergic,
fever)

complications was similar in the 2 groups (31% in group 1 and 35% in group 2). ACS
developed in 10% of both groups and resulted in 2 deaths in group 1. A history of
pulmonary disease and a higher risk associated with surgery were significant predictors of
the ACS. A conservative transfusion regimen was as effective as an aggressive regimen in
preventing perioperative complications in patients with SCA
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Intervention: | Length of Comparison/
N of transfusion Comparison/control | control: Reported

Study label Design Intervention description patients time arm description N of patients | complication Results

Vichinsky, Orthopedic Aggressive transfusion regimen Group 1 Perioperative Transfusion with goal | Group 3 not Alloimmunization/ A conservative preoperative transfusion regimen to bring Hb concentration to between 9

1999% patients of designed to decrease the HbS aggressive Hb of 10 while transfused: 24 | autoantibody and 11 g/dL was as effective as an aggressive transfusion regimen in which the HbS level

Vichinsky, level to less than 30% transfusion: ignoring the HbS Group 4 formation, hemolytic | was lowered to 30%
1995 RCT 34 percentage transfused but | transfusion reaction
Group 2 not
simple randomized: 40
transfusion:
40
Waldron, ENT patients | Aggressive transfusion to obtain a | 48 Perioperatively | Simple transfusion, to | 59 None There were no differences in the frequency of complications between the randomized
1999%" from preoperative Hb of 10 g/dL and obtain an Hb of 10 groups. The serious, nontransfusion complication rates for randomized patients were 32%
Vichinsky HbS <30% g/dL independent of (34 of 107) for tonsillectomy and adenoidectomy and 36% (4 of 11) for myringotomy. A
1995 RCT HbS history of pulmonary disease was a predictor of postoperative sickle cell-related events for
patients undergoing tonsillectomy and adenoidectomy surgery

Koshy, 1995% | P, Obs Perioperative transfusion 667 Perioperative No transfusion 50 Mortality, Perioperative transfusion was associated with a lower rate of SCD-related postoperative

perioperative complications for HbSS patients undergoing low-risk procedures (p=.006, adjusted for age

complications and type of anesthesia), with crude rated of 12.9% without transfusion compared with
4.8% with transfusion. In patients with HbSC disease’, preoperative transfusion was
beneficial for all surgical risk levels (p=.009).

Adams, 1998% | R, Obs 59% received simple transfusion | 92 (130 Overnight before | None NA Alloimmunization/ Preoperatively: average Hb 11.2 SD 1.3 g/dL and the average percent HbS was 21+11%.
before surgery, 17% received procedures) surgery autoantibody Relatively few transfusions were required to achieve those preoperative endpoints
erythrocytapheresis, and 15% formation, hemolytic
were already on a chronic transfusion reaction,
transfusion regimen. Average allergic, febrile
RBC exposure=4 units of PRBCs) reaction

Al Mulhim, R, Obs Not clear (NC), probably acute 61 (28 Only before None NA None Mean HbS was 71.9% in patients with SCD. 16 cases required transfusion before surgery

2000* transfusions transfused) surgery (2 units to decrease HbS concentration and 12 to correct anemia. No transfusion specific

of RBC in outcomes were reported. 20% of births had low birth weight, 20% had fetal distress, and
average) 51% of patients had sickle crisis

Al-Samak, R, Obs Preoperative transfusion. 1 group | Simple Just once before | No transfusion No transfu- None Transfusion groups: incidence of postoperative sickle cell crisis was 22.2% in the

2008% underwent simple transfusion transfusion: the operation preoperatively sion: n=46 exchange transfusion group, and 9.5% in the simple transfusion group. The incidence of

preoperatively; a 2nd group
underwent exchange transfusion
preoperatively

n=21;
exchange
transfusion:
n=18

ACS in the exchange transfusion group was 5.55%; the incidence of ACS in the simple
transfusion group was 4.76%. Nontransfusion group: The incidence of sickle cell crisis in
the no transfusion group was 4.34%. The incidence of ACS was 4.34% also in this group
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Results

Bhattacharyya, | R, Obs A single red cell volume was 22 Perioperatively | None NA Superficial catheter- | The median preexchange Hb of these patients was 8.1 g/dL (range: 6.8—10.5). Their
1993% exchanged, mL for mL, with induced phlebitis, median HbS was 84% (range: 53-97). The median volume of PRBCs exchanged was 28.1
PRBCs. After exchange, hemolytic transfusion | mL/kg (range: 13.8-58.7). The median Hb was 10.6 g/dL (range: 6.5-16.7). 8 other
isovolumetric transfusion was reaction, febrile, patients underwent sequential transfusion (3 after an exchange for an acute vaso-
performed by removing plasma allergic occlusive event). Following sequential transfusion, the median Hb was 11.8 g/dL (range:
and replacing PRBCs. The 9-15.7) and the median HbS was 19% (range: 5%—-32%) at the time of surgery. There
majority of units transfused were were no intraoperative complications. The median postoperative hospital stay was 8 d. 1
frozen and deglycerolized PRBCs death occurred in the patient who presented moribund from salmonella sepsis from an
collected from Black donors and empyema of the gallbladder. There were 2 postoperative complications: a wound infection
matched for extended antigens. and a case of postoperative intra-abdominal bleeding that required a single unit transfusion
Cells were prepared per standard but not reexploration. There were no complications on late followup, and no patients
high glycerol. The remainder of returned with common duct stones
the blood was matched for Rh and
Kell antigens and leukodepleted
with Pall RC 50 filters. All
22 patients were transfused to
raise Hb to >9 g/dL and lower the
HbS to <37%
Bischoff, R, Obs 48/66 patients received only 66 Perioperatively Groqp 1:Patients who | G1: N=48 Alloimmunization/ No advantage was observed in preoperative exchange transfusion as measured by a
1988% preoperative transfusion, 31/48 received only G2: N=11 autoantibody decrease in postoperative complications. A slight increase in the incidence of atelectasis in
procedures received simple preopergtlve G3: N=18 formation this group of patients with preoperative transfusions. An increase was reported in the
transfusion and 9/48 procedures transfusion therapy ’ perioperative complication rate of patients with a hematocrit (Hct) <30%
received exchange transfusions (N=48); G4: N=5

(1-6 units). Intraoperative
transfusions (1-10 units) were
performed in 14/82 total
procedures, and postoperative
transfusions were performed in
13/82 procedures

Group 2: Patients
who received no
transfusion therapy
(N=11);

Group 3: Patients
who received a
preoperative
transfusion plus
either an
intraoperative or
postoperative
transfusion (N=18)
Group 4: Patients
who received either
an intraoperative or
postoperative
transfusion, but not a
preoperative
transfusion (N=5).
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control

arm description

Comparison/
control:
N of patients

Reported

complication

Results

Janik, 1980%

R, Obs

Transfusion of 15-20 mL/kg of
type specific sickledex negative
packed erythrocytes

35 (46
procedures)

Preoperatively

None

NA

None

Pretransfusion Hct ranged from 10% to 30%, and preoperative posttransfusion Hct from
36% to 45%. In children not on chronic transfusion, the posttransfusion HbS % ranged
from 20% to 60%. The 20% HbS was recorded in a child with acute splenic sequestration
who had an admission Hct of 10%, and an HbS of 60% was recorded in a child with S-
thalassemia and a pretransfusion Hct of 29%. Otherwise, posttransfusion HbS % ranged
from 32% to 54.8%. There was no morbidity or mortality in any of these children related to
the HbS, surgical procedure, or the anesthesia. Children who underwent tonsillectomy and
adenoidectomy or dental extraction were kept for 2 d postoperatively to be sure they were
taking fluids adequately. Otherwise, discharge from the hospital was proportionate to the
procedure, e.g., 3 d for a hernia, 6 d for a splenectomy

Morrison,
1978%

R, Obs

Partial exchange transfusion
preoperatively

42

Preoperatively

None

NA

None

Number of complications in the intraoperative and postoperative period in this study was
compared to those found in the literature. There was a significant decrease in morbidity
and mortality rates noted with the use of these transfusions. There appeared to be a great
advantage on a cost-benefit ratio, as well as an improvement in the physiologic state of the
patient

Ware, 1988%

R, Obs

Preoperation transfusion
regimen—initially simple
transfused with 15 mL/kg of
packed red cells; 1 week later, an
additional 15 mL/kg were
administered provided that the
total Hb concentration was less
than 11 g/dL. Additional simple
transfusion within 2 weeks, then
surgery. This all with the aim to
have a percentage of hemoglobin
A (HbA) greater than 65% of total
Hb while maintaining an Hct
between 35 and 45%. Partial
exchange transfusion was
occasionally needed for sickle-
hemoglobin C disease (HbSC)
and hemoglobin sickle beta
thalassemia (HbSpB-thal) patients
to avoid hyperviscosity. Partial
exchange transfusions were
performed every 2—3 weeks, until
the patient achieved an Hb
concentration between 11 and
14 g/dL with greater than 65%
HbA

27

Simple
transfusions
occurred over
1-4 weeks as
indicated until
goal Hb
concentration
was achieved

Partial Exchange
Transfusions
occurred every
2-3 weeks as
indicated until
goal Hb
concentration
achieved

None

NA

Alloimmunization/
autoantibody
formation

Mean Hb, patients with homozygous sickle cell disease (HbSS): pretransfusion=8 g/dL,
presurgery (posttransfusion regimen)=13.4 g/dL; HbSC patients pretransfusion=11.9,
posttransfusion=11.3; HbSB-thal patients’ pretransfusion=9.1 g/dL,

posttransfusion=12.8 g/dL. No patients experienced vaso-occlusive crises (VOCs),
pneumonia, or other complications in the immediate postoperative period. Hospitalization
period ranged from 4 to 16 d (mean 8 d); the only surgical complication was a small bowel
obstruction 4 mo after surgery, which required surgical reexploration and lysis of
adhesions
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Results

Wali, 2003*'

P, Obs

Aggressive exchange transfusion
regimen designed to maintain a
preoperative Hb level >10 g/dL
and HbS level <30%

14

Perioperatively

A conservative
(simple) transfusion
regimen designed to
maintain the Hb at
10 g/dL (range 9-11)
regardless of HbS
level

25

None

Mean preoperative transfusion requirements were significantly higher than group 2
(560.7+83.6 PRBC mL vs. 252+30.5 PRBC mL). There were no significant differences in
the perioperative care of patients between the 2 groups. 4 patients in group 1 and 1 patient
in group 2 suffered a primary hemorrhage due to mild tonsillar vein bleeding and required
no blood transfusion. Mild postoperative fever developed in almost 50% of patients in both
groups. VOCs occurred in a comparable number of patients in both groups (3 and 4 cases,
respectively). The attacks responded to intravenous (IV) hydration and analgesia. ACS
developed in 1 patient in each of the 2 groups

Table 1c. Summary of the Results of Included Studies: Pregnancy

Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
Control:
N of patients

Reported
complication

Results

Koshy, 1988% | RCT Prophylactic transfusion to 36 During Transfusion only for 16 (20 did not | Alloimmunization/ Total hospital visits were higher than control because of visits required for transfusion.
maintain Hb between 10 and pregnancy medical and obstetric | receive autoantibody Average units of blood transfused were also higher. The gestational age of the infants was
11 g/dL, or Hct near 33%, and indications (Hb<6 transfusions). formation lower in the control group (35.8 vs. 38.1 weeks); however this difference was not
reduce level of HbS <35% g/dL), an Hct <18%, | The 16 patients significant after adjusting for previous perinatal mortality and multiple births (37.6 vs. 38.4
and a reticulocyte received an weeks). Occurrence of pain crises was significantly lower in this group (14% vs. 50%). The
count <3% average of 6.5 difference was also significant in the residual stratum of patients after adjustment for
units imbalance. The incidence of cumulative SCD-related complications other than pain crises
was also lower in this group (19% vs. 42%, p=.07). Incidence of fetal distress was similar
(10% vs. 8%); birth weight was similar (2,495 vs. 2,652 g). Intrauterine growth restriction
(IUGR) incidence did not differ. % of stillbirth was higher in this group (10% vs. 5%), and
neonatal death was encountered twice (6%) and not encountered in control, and perinatal
death was also higher in this group (15% vs. 5%)
Gilli, 2007% R, Obs Erythrocytapheresis at the 14 During 3rd During acute 17 None 2 painful episodes and 3 ACS events were recorded (in 16.13% of all pregnancies). Of
beginning of the 3rd trimester of trimester of complications simple these, 4 occurred in the group that did not receive prophylactic erythrocytapheresis
pregnancy. The proportion of pregnancy transfusions of fresh transfusions, and the single painful episode observed in the group that received

leukocytes was reduced to
decrease the risk of nonhemolytic
febrile transfusion reactions, and
the units were phenotype-
matched for Rh, Kell, Kidd, and
Duffy blood groups

RBC units containing
no HbS or no
transfusion at all

prophylactic transfusions occurred before initiation of the transfusions. Overall, compared
with the patients who did not receive prophylactic erythrocytapheresis transfusions, the
odds ratio (OR) for the occurrence of SCD-related complications was .25 (95% CI, .02—
2.55; p=.34) for the patients who did. Patients who received prophylactic
erythrocytapheresis received a mean+SD number of RBC units of 8.14+4.31 compared
with 3.76+2.70 for the patients who did not (p<.01). A significant association between the
use of prophylactic erythrocytapheresis and a lower frequency of IUGR (OR, .10; 95% ClI,
.01-1.00) and oligohydramnios (OR, .65; 95% ClI, .45—.92) was observed, and no
confounding effect of age and diagnosis could be demonstrated
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Intervention: | Length of Comparison/
N of transfusion Comparison/control | Control: Reported
Study label Design Intervention description patients time arm description N of patients | complication Results
Howard, R, Obs 30 pregnancies had prophylactic | 81 During No treatment (healthy | 100 Alloimmunization/ There were 2 maternal deaths in the 81 pregnancies, and the perinatal mortality rate was
1995 blood transfusions from the 1st or | pregnancies | pregnancy women) pregnancies autoantibody 60/1000. Antenatal sickling complications occurred in 46.2% of pregnancies, and postnatal
2nd trimester, 9 pregnancies were formation, hemolytic | sickling complications occurred in 7.7% of pregnancies. Pregnancies complicated by SCD
transfused from the 3rd trimester, transfusion reaction | were significantly more likely to be associated with anemia, preterm delivery, proteinuric
39 women were not hypertension, birth weight below the 10th centile, and caesarean section as an emergency
prophylactically transfused but 3 procedure than the comparative group. Severe sickling complications occurred more
of those required transfusions in commonly in the 3rd trimester, and there was some evidence that a prophylactic
the 1st trimester for sickling transfusion program reduced the risk of this. Prophylactic transfusion did not improve
complications and 7 women obstetric outcome when compared with those pregnancies that were untransfused
required emergency transfusions
prior to delivery for sickling
complications
Kehinde, R, Obs Transfusions, 1 or more. Average | 39 (36% of Unclear, charts | NA NA Alloimmunization/ There were 6 deaths in the last 10 yr in regular attenders (n=108). Transfusion status
1987% annual number of units transfused | regular for the past 20 yr autoantibody unclear
was 541, and more than 60% of attenders) were reviewed. formation
these were given as a Most likely
consequence of either pregnancy chronic (years)
or termination of pregnancy
Koshy, 1980% | R, Obs Simple transfusions during 31 Varied; some None NA None 51% abortion rate (10% rate of spontaneous abortion); otherwise no significant fetal
pregnancy to keep Hb >10 and during early complications except 1 stillborn and low birth weight in a 3rd of the viable fetuses (<2,500
HbS <30% weeks of g), 2 maternal deaths; outcomes were worse in HbSS than other hemoglobinopathies
pregnancy or no
transfusion;
some receiving
transfusion when
necessary for
complication or
specific
indications
Miller, 1981 |R, Obs Prophylactic exchange transfusion | 25 During No prophylactic 39 Alloimmunization/ Group 1: There were no deaths. There were no significant differences in complication rates
soon after commencement of pregnancy transfusions. Blood autoantibody between the 2 groups. No difference in perinatal outcomes between the 2 groups. There
prenatal care. Exchange was given only when formation were 16 complications, for a rate of .016 comp/week. There was only 1 abortion
transfusion was repeated if Hct or Hb was <7 g/dL orif a (spontaneous). There were no neonatal deaths. Fetal death occurred once. Patients were
HbA concentration fell below 25% patient develops hospitalized for a mean 17.7+13.4 d. If hospitalization days for exchange transfusion were
symptoms (sx) excluded, patients were hospitalized for a mean of 14.5+12.5 d.
attributable to anemia Group 2: Complication rate was .0108 comp/week before 1st transfusion and .0253
comp/week after. There were 5 spontaneous abortions and 2 therapeutic. There were 3
neonatal deaths. Fetal death occurred once. Patients hospitalized for a mean 19.4+7.4 d
Morrison, R, Obs Prophylactic transfusion (partial 103 During Exchange transfusion | 28 Alloimmunization/ Treatment was associated with reduction in pain crises, SCD complications, maternal
1991% exchange transfusions) with pregnancy only when significant autoantibody hospital days, preterm deliveries, low birth weight, and perinatal death rate

continuous flow
erythrocytapheresis

crisis or severe
morbidity was the
diagnosis

formation, hemolytic
transfusion reaction
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
Control:
N of patients

Reported
complication

Results

Tuck, 1987% R, Obs Repeated transfusions of 2 units | 36 During No prophylactic 26 Alloimmunization/ There was no significant difference in outcome of pregnancy for either mother or baby
of packed cells given at intervals | (pregnancies) | pregnancy, transfusions (pregnancies) | autoantibody resulting from introduction of prophylactic transfusion policy
of 1-2 weeks starting from the patients received formation, hemolytic
time the patient presented for amean of 5 transfusion reaction
antenatal care. Hb concentration transfusions/
was to be maintained around pregnancy
11 g/dL and HbS level at 25%. If (range: 3—11)
total Hb concentration was above
12 g/dL or HbS level was more
than 50%, venesection of 300 mL
was performed before transfusion
Cunningham, | P, Obs Prophylactic transfusions of 35 (37 During 2nd half | No prophylactic NA Alloimmunization/ No maternal mortality and minimal maternal morbidity. The perinatal mortality rate was
1979% PRBCs that contained no HbS pregnancies) | of pregnancy transfusions autoantibody appreciably reduced when compared to that previously observed without prophylactic
were given either by simple administered formation, transfusions, but perinatal morbidity was still excessive. (Growth-retarded fetuses,
infusion or by partial exchange suppression of RBC | meconium staining of amniotic fluid, and ominous decelerations of fetal heart rate)
transfusion. More recently, the production
cells were “washed” using an IBM
Model 1 Blood Cell Processor.
Target HbS was 25%
Cunningham, P, Obs Systematic prophylactic 50 (54 2nd half of Red cell transfusions | 58 Alloimmunization/ 7-fold reduction in perinatal mortality and negligible maternal morbidity. In pregnancies
1983* administration of PRBCs pregnancies) | pregnancy given for autoantibody complicated by sickle-hemoglobin C disease (HbSC) during which transfusions were
asymptomatic formation, hemolytic | given, there were no perinatal losses, whereas there were in 18% of women not given
patients when Hb transfusion reaction | transfusions. Maternal morbidity in women given transfusions was negligible; however, half
dropped below 7 g/dL of those not transfused experienced morbidity and, importantly, pulmonary complications
or Hct below 20%. were common. Transfusion-related complications were common. These included hepatitis
Otherwise, and alloimmunization
transfusions were
given only if
pregnancy was
complicated by
infection, hypoxia or
excessive blood loss
Keidan, 1988 | P, Obs An exchange transfusion program | 4 2-3 mo NA NA Hyperviscosity, All 4 pregnancies had successful outcomes. Transfusion caused a significant drop of HbS
initiated electively between 20 and hemolytic transfusion | % in each patient and a significant rise in packed cell volume (PCV). The PCV of HbS-
30 weeks of pregnancy with an reaction, febrile containing erythrocytes (the sicklecrit) fell significantly. Direct measurement of erythrocyte
intention to reduce maternal deformability (filterability) demonstrated a significant improvement (p<.05)
morbidity and enable safe
delivery. A mean of 21.5 units was
transfused
(11-34)
Key, 1980 P, Obs Erythrocytapheresis was 8 (10 Once in 6 NA NA None In 7 cases Hct was significantly increased. All patients experienced significant increases in
performed with the use of an IBM | procedures) | patients, twice in HbA, and all patients had an HbA concentration of >50% and all but 2 had HbA

2997 Blood Cell Separator altered
for this specific purpose.
Transfusion had to be repeated in
2 patients

2

concentrations >60%. Procedure was well tolerated and all patients remained comfortable.
In the 5 patients that were followed up, pregnancy was successful
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Study label

Design

Intervention description

Intervention:

N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
Control:
N of patients

Reported
complication

Results

Morrison,
1976"

P, Obs

Prophylactic partial exchange
transfusions, with a goal to
maintain HbA >20% from the 28th
week onwards. The protocol
involves the introduction of 750—
1000 cc of buffy coat, poor
washed red cells exchanged with
1000-1500 cc whole blood during
phlebotomy at 28 weeks of
gestation and again prior to term

36

Twice

No prophylactic
transfusions

29

None

1 maternal mortality occurred in a patient who refused the 2nd transfusion. Major maternal
morbidity and perinatal wastage rates were significantly decreased

Morrison,
1980%

P, Obs

Exchange transfusion using buffy
coat-poor washed red cells, and
when washer was unavailable,
buffy coat-poor packed red cells
were given. Patients were
followed up on a weekly basis,
and once HbA fell below 20% or
PCV decreased to less than 25%
the patient was transfused again.
Each patient received at least

2 transfusions

75

During 3rd
trimester

None

NA

Hemolytic transfusion
reaction

Transfusions maintained HbA >20%, and PCV >25%. HbS from a mean of 92+5% to
43+11%. Hb increased from a mean of 7.6+3.1 to 12.2+2.9 g/dL There was only 1 fetal
death, and 1 neonatal death. Overall reproductive failure rate including abortions was 8.7%
and 2.6% if abortions were excluded. No maternal mortalities occurred. 91% of infants
were mature by birth weight and gestational age

Morrison,
1984"

P, Obs

Partial exchange transfusion (goal
HbA >40%). Prophylactic partial
erythrocytapheresis was
performed on an ambulatory basis
in the pheresis department
beginning as early in the
antepartal period as possible
(mean=24.5 weeks). The
exchange procedure was
repeated if the packed cell volume
fell below 25%, the HbA
concentration fell below 20%
(usually 4—-6 weeks after the initial
infusion), or crisis occurred. 17 of
the patients required 2 procedures
and 7 required 3 exchanges while
the remainder had 1 transfusion

31

Until baby was
born

None

NA

Alloimmunization/
autoantibody
formation

Study demonstrates the feasibility and safety from maternal and fetal perspective of partial
exchange transfusion by continuous flow-automated erythrocytapheresis

Yeomans,
1990%

P, Obs

PRBCs given with goal of Hct
>25% and HbS <50% with a
mean of 13.6 units of erythrocytes
transfused per patient

40

2nd half of
pregnancy

None

NA

Iron overload

None of the women had clinically evident liver disease at the time of biopsy; however, 5 of
18 with HbSS disease and 1 of 15 with HbSC disease had a serum transaminase level that
exceeded 100 U/L (normal 5-35 U/L) at some time during pregnancy. Iron deposition in
hepatocytes and Kupffer cells was identified commonly (70%); neither cirrhosis nor
widespread hepatocellular necrosis was found. Single-cell necrosis was found in 62.5% of
samples
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Table 1d. Summary of the Results of Included Studies: Chelation/Management of Iron Overload

Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Vichinsky,
2006

RCT

Deferasirox group: The patients
must have been receiving regular
transfusions (simple or exchange)
aimed at maintaining HbA above
50% or to have had a previous
history of simple transfusion and
have received at least 20 units of
PRBCs to participate and have
evidence of iron overload as
noted in the inclusion criteria

132

Not reported, but
all patients had
evidence of iron
overload as
noted in the
inclusion criteria

Deferoxamine group:
The patients must
have been receiving
regular transfusions
(simple or exchange)
aimed at maintaining
HbA above 50% or to
have had a previous
history of simple
transfusion and have
received at least 20
units of PRBCs to
participate and have
evidence of iron
overload as noted in
the inclusion criteria

63

Iron overload

Discontinuation rates from deferasirox (11.4%) and deferoxamine (11.1%) were similar.
Over 1 yr, similar dose-dependent LIC reductions were observed with deferasirox and
deferoxamine. Once-daily oral deferasirox has acceptable tolerability and appears to have
similar efficacy to deferoxamine in reducing iron burden in transfused patients with SCD

Adams, 1996*°

R, Obs

Erythrocytapheresis, q 4 weeks

20 mo

There were 2 other
arms: Group 2
received no chelation
tx (due to allergy or
noncompliance) and
erythrocytapheresis,
and Group 3 was a
group who had not
yet developed iron
overload and so did
not need chelation tx.
Both of these were
treated in the same
way with
erythrocytapheresis.
In group 2, treatment
of
erythrocytapheresis
was for 12—20 mo.
Group 3 only
received 6-9 mo of
erythrocytapheresis
tx

Group 2=4;
Group 3=3

None

Group 1: Serum ferritin (SF) dropped from average of 6,140 ng/mL to average of 1,849
ng/mL in the group with chelation tx and erythrocytapheresis. During simple transfusion tx,
patients had a mean annual exposure equal to 34 units of PRBCs per yr, compared with
61 units/yr during the period of erythrocytapheresis.

In group 2 (no chelation tx group), 3 of the patients showed stabilization of their SF levels,
and 1 child showed a significant decrease in his SF level (4,565 ng/mL before and 3,586
after erythrocytapheresis tx).Their mean annual exposure was 28 units/yr for simple
transfusions compared to 54 units/yr for erythrocytapheresis.

In Group 3, the SF was low to start and stayed low over the course of erythrocytapheresis
tx (starting average SF was 699.7 ng/mL, and ending SF was 698)
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Results

Karam, 2008 |R, Obs Patients were on chronic 39 41.27+40.7 mo | None NA Iron overload All patients had hemosiderosis on liver biopsy. 10/44 (22.7%) of the liver biopsies had
transfusion for a mean of (range 9-188) grade 4 and 17/44 (38.6%) had grade 3 iron staining. 66% (29/44) of liver biopsies led to
41.27+40. 7 mo (range 9—-188). changes in chelation tx. 4 patients would not have been started on chelation based on SF
38 were transfused for the levels but were started based on liver iron concentration (LIC). 11 patients had an increase
prevention of recurrent strokes. in the subcutaneous dose of deferoxamine. Partial exchange transfusion was started in 7
Patients transfused to prevent patients because of evidence of significant iron overload. Another 7 patients were either
stroke recurrence were kept at started on IV desferal or had changes made to it. In 1 patient, after having an improvement
HbS <50%. 37 patients were on of iron content on the followup liver biopsy, the IV deferoxamine dose was decreased
chelation tx for 38.9+27.3 mo
(range 6-106). 1 patient was on
partial exchange transfusion
because of poor compliance with
deferoxamine

Nelson, 2006°' | R, Obs >20 transfusions is a criteria for 14 Chronically None NA Iron overload Deferoxamine treatment significantly reduced hepatic iron concentration (but not SF);
inclusion treatment was well tolerated (normal liver and kidney function tests); 1 patient developed

paresthesias as a side effect

Pakbaz, R, Obs Chronic transfusions 45 Chronically No transfusion 89+26 Iron overload LIC was equally elevated in transfused thal, SCD, and nontransfused thal with a median

2007% (transfused vs. value of about 2,000 mg/g-liver. Despite comparable median LIC in the 3 groups,

non-trans- nontransfused patients with thalassemia showed significantly lower median SF (766 mg/L
fused) vs. 2,412 mg/L in SCD and 1,733 mg/L in nontransfused thal). Correlation between SF and
LIC was found to be significant in overall patient population. Age did not correlate with SF
or LIC in any of the 3 groups. 34% of nontransfused thal group were patients younger than
20 yr old and had LIC above 2 g Fe/g-liver
Raphael, R, Obs Chronic RBC transfusion Tx 59 44 mo mean None NA Iron overload For those on deferasirox for a minimum of 12 mo, SF decreased in 30% of patients (44%
2009 length of being of compliant patients, 11% of poorly compliant patients). Changes in creatinine and liver
on transfusion function tests were mild and did not result in long-term discontinuation of deferasirox in any
Tx cases
Voskaridou, R, Obs Multiple 15 Deferiprone was | None NA Iron overload Ferritin levels decreased significantly in 83% with improvement on liver MRI. Deferiprone
2005* given at a dose was well tolerated and did not cause any significant adverse effects
of 75 mg/kg daily
for 12 mo

Berdoukas, P, Obs In total, 21 patients were treated 49 (3 Chronically None NA Iron overload There was no significant change in LIC even in the medication-compliant patients,

2005% with conventional blood patients) with although there was an upward trend (not statistically significant) in the poorly compliant
transfusions at approximately 4- SCD patients. Fibrosis was present in both hepatitis C virus RNA-positive and RNA-negative

week intervals, and 28 patients
received automated
erythrocytapheresis at
approximately 8-week intervals.
All patients were prescribed
desferrioxamine 40-50
mg/kg/infusion over 8-12 h, 5—
6 d/week

patients, but was more common in positive patients and there was also a significant
relationship between fibrosis and hepatic iron concentration. Liver iron levels appear to be
maintained in patients who are compliant to desferrioxamine treatment, but overall there is
little evidence of significant improvement in liver iron in these patients and in the group as
a whole
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Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Results

Cancado, P, Obs Chelation for iron overload using | 31 NA None NA Iron overload Deferasirox was effective in reducing body iron burden in transfused patients with SCD as
2009% deferasirox a once-daily, oral iron measured by cardiac and liver MRI (no change in SF) after 1 yr. No significant side effects
chelator were reported
Cappellini, P, Obs Starting doses of deferasirox, 80 with SCD | Not specified None NA Iron overload Ferritin reduced by -225, results not statistically significant due to small sample size of
2010* based on transfusional iron intake, SCD (5% of all patients)
with dose titration guided by SF
trends and safety markers
Day, 1993% P, Obs Deferoxamine home-based 13 20 mo None NA Iron overload 1/13 discontinued program due to side effects. 11/12 had significant reduction of ferritin
administration program
Harmatz, P, Obs Chronic monthly transfusion to 20 35 mo (range None NA Iron overload, liver A poor correlation was observed between SF and the quantitative iron on liver biopsy
2000% maintain HbS at or below 30% 12-1406) injury and (mean 13.68+6.64 mg/g dry weight; R=.350, p=.142). Quantitative iron was highly
and the pre-Hb and post-Hb inflammation correlated with the months of transfusion (R=.795, p<.001), but SF at biopsy did not
greater than 9 g/dL and less than correlate with months of transfusion (R=.308, p=.200). 16 patients had abnormal biopsies
12 g/dL. All patients received showing mild-to-moderate changes on evaluation of inflammation or fibrosis. Liver iron was
leukodepleted, phenotypically correlated with fibrosis score (R=.50, p=.042). No complications were associated with the
matched red cell units. All patients liver biopsy
underwent a detailed
deferoxamine protocol
Hilliard, 1998% | P, Obs Patients with SCD and a history of | 11 19 mo None NA Iron overload No significant complications with a mean prepheresis HbS level of 44%. Blood utilization
stroke converted from simple increased by an average of 50%. The effect of pheresis on SF depended on the patient’s
transfusion to erythrocytapheresis prepheresis ferritin level and chelation regimen. Ferritin levels remained stable for chelated
patients with ferritin levels 25,000 ng/mL, but decreased in a chelated patient with a
prepheresis ferritin level of 4,000 ng/mL. For nonchelated patients with significant
prepheresis iron load, ferritin levels remained stable. No patient on chelation prior to
pheresis was able to discontinue deferoxamine. However, 1 patient with prepheresis
ferritin of 500 ng/mL maintained SF levels <200 ng/mL for 36 mo of pheresis without
chelation
Kim, 1994%' P, Obs Erythrocytapheresis to maintaina | 14 Range= Conventional (target |7 Iron overload In comparison with conventional simple transfusion and modified simple transfusion,
target pretransfusion HbS level of 4-10 yr of HbS <30%) and erythrocytapheresis reduced iron loading by 87% (p<.01) and 82% (p<.01), respectively,
50% for 6—71 mo. All had history simple modified (target but increased donor blood usage by 23% and 73%, respectively. Subjects with
of chronic transfusion. transfusions. HbS <50%) simple preerythrocytapheresis Hb levels 28.0 g/dL had lower iron accumulation (p<.001) and less
Deferoxamine subcutaneous in Study transfusion protocol donor blood usage (p<.005) than subjects with Hb levels <8.0 g/dL
8 patients erythrocyta-
pheresis
protocol was
administered for
6-71 mo
Levin, 1995% | P, Obs Chronically transfused and 13 Mean duration of | Not transfusion 6 Iron overload Transfusion-dependent patients had evidence of iron deposition throughout the imaged

chelated (to maintain HbS <20%).
Transfused with between 90 and
235 cm3/kg of packed RBCs in the
1 yr prior to MRI

transfusion
therapy was 8.5
yr (range 1-13)

dependent (<3 units
of packed red cells in
the 1 yr prior to MRI)
and were not
chelated

marrow and the liver, despite deferoxamine chelation tx. Nontransfusion-dependent
patients did not demonstrate grossly apparent signs of iron overload
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Intervention:

N of

Length of
transfusion

Comparison/control

Comparison/
control:

Reported

Study label Design Intervention description patients time arm description N of patients | complication Results
Silliman, P, Obs Chronic transfusion patients with | 6 3d None NA Iron overload Dose response relationship exists (total iron exertion was 91% greater at 180 mg/kg/d
1993% iron overload randomized to 3 deferoxamine than 60 mg/kg/d )
doses of deferoxamine
Singer, 1999* | P, Obs Simple transfusion later switched | 8 Mean=8.8 mo; None NA Iron overload Net RBC load, which reflects the transfusion iron loading (1 cc @ 1 mg of iron), was
to erythrocytapheresis. When on range=6-11 mo significantly lower after conversion to pheresis: A 6-mo mean net RBC load of 1.47 cc/Kg
simple transfusion mean volume (range .5-2.5) vs. a mean net load of ~9 cc/Kg (range 5.6—15.5) for simple transfusion. A
was 12.8 mL/kg. When on trend of reduction in ferritin levels, though not statistically significant, was noted. The level
erythrocytapheresis volume decreased by a mean of 26.2% for all patients after switching to erythrocytapheresis
increased to mean 22.7 mL/kg—
frequency=not clearly stated but
looks like it was once monthly for
up to 6 mo
Vichinsky, P, Obs Eligible patients received 132 37.4 mo None NA Iron overload Over 3.5 yr of deferasirox treatment showed no evidence of progressive increases in
2009% deferasirox. Mean iron intake over serum creatinine in patients with SCD, who have a tendency to develop progressive renal
the study period was disease. The incidence of drug-related adverse events (AEs) decreased after the 1st yr.
.3+.1 mg/kg/d Deferasirox provided continued reduction in SF over the course of the study
Wang, 1986 | P, Obs Chronic transfusions to maintain 9 Chronically Chronic transfusion 7 None During iron chelation with subcutaneous desferrioxamine infusion, non-transferrin-bound
HbS <30% + SQ desferrioxamine therapy (CTX) iron (NTBI) levels decreased to normal, but became elevated within 2—4 h after
1,500 mg/m2 discontinuation of desferrioxamine. NTBI causes hepatic and cardiac toxicity in
experimental systems, but our patients lacked sufficient organ dysfunction for this
association to be made. The use of continuous 24-h chelation to maintain NTBI at low
levels may prevent progressive iron toxicity in patients who 1st received chelation Tx at an
older age or who already have evidence of cardiac damage
Ware, 2001 | P, Obs Primarily simple transfusions; 23 49 mo (7-127) None NA Iron overload Complete resolution of transfusional iron overload (11 had diminution of their SF to
some patients also received <250 ng/mL; 8 have had their phlebotomy regimen discontinued with stable normal ferritin
partial exchange transfusions or values and no evidence of iron deficiency). 4 of these latter children underwent
erythrocytapheresis + percutaneous liver biopsy for histologic evaluation and quantitative iron analysis. Histologic
hydroxyurea (HU) + repeated sections showed no-to-mild (0—1+ of 4) stainable iron, which was located primarily within
phlebotomy periportal hepatocytes and Kupffer cells. Tri-chrome stains showed fibrous portal
expansion with minimal periportal fibrosis. The average iron quantitation for these 4 liver
biopsies was 1.50+.36 mg iron per g of dry weight liver, within the normal range
Styles, 2007%® | RCT A single PRBC transfusion of 7 Once Standard care (no 8 None Mean Hb rose by 18 g/L in the transfusion arm patients vs. a drop of 6.0 g/L in the

approximately 10 cc/kg. Patients
received leukodepleted units that
were phenotypically matched for
the Rh and Kell systems unless
they were known to have a history
of alloimmunization, in which case
they received fully phenotypically
matched PRBCs

transfusion)

standard care arm in the 24 h after randomization (p<.0001). Of the 8 patients randomized
to the standard care arm, 5 developed ACS (63%) vs. none of the 7 patients randomized
to the transfusion arm (p=.026, OR=23.6, 95% ClI, 1, 557). No adverse events were
reported in the transfusion arm patients, but 4 of the 7 standard care arm patients
subsequently presented with VOC symptoms within 30 d after discharge. In the 5 patients
who refused enroliment, 4 (80%) developed ACS during hospitalization, confirming that the
patients enrolled in the study were similar to those who refused participation. When these
5 patients were added to the total analysis, the result was that 9 of the 13 patients (70%)
who did not receive a transfusion developed ACS during hospitalization vs. none of those
who were transfused (p=.005, OR 31.7, 95% Cl=1.46, 686). Of the 9 patients who did not
receive transfusion and subsequently developed ACS, 6 (67%) eventually required
transfusion during hospitalization
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Table 1e.

Study label

Intervention description

Intervention:
N of
patients

Summary of the Results of Included Studies: Other

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Alvarez, R, Obs Chronic transfusions 120 6 mo-10 yr None NA None 19 patients were found to have microalbuminuria. Young age at start of chronic
2006%° transfusions was inversely related to microalbuminuria and therefore deemed
renoprotective (p=.03.)
Aygun, R, Obs Both exchange and simple 78 (adults) Duration unclear | None NA Alloimmunization/ The alloimmunization rate was 29% in pediatric and 47% in adult sickle cell patients when
20027 transfusions especially in pediatric | 62 (pediatric) autoantibody partial or extended RBC antigen match was not performed. 5 incidences of delayed
population in which 31% were on a formation, hemolytic | hemolytic and/or serologic transfusion reactions occurred, 1 with hyperhemolysis and 4
protocol because of stroke or transfusion reaction | with serologic evidence only. However, the delayed serologic and/or hemolytic transfusion
recurrent chest syndrome reactions did not result in severe clinical outcome in most instances
Bashawari, R, Obs Not specified, at least 1 transfusion | 350 Not specified None NA Alloimmunization/ Transfusion benefits were not reported. Alloimmunization rate was 13.7%. Complications
2007 either simple or exchange autoantibody of alloimmunization were prevented by using blood cross-matched with patients’ sera
formation
Boga, 2007” |R, Obs 34 erythropheresis were performed | 25 Once in 19 None NA A nonsignificant Transfusion outcomes were not reported. Endpoint was QT segment prolongation
in 25 patients. 19 patients received patients corrected QT interval
1 transfusion only. 6 patients (QTc) prolongation
received the remaining >1 in 6 patients time compared to
15 procedures (steady state) baseline in patients
with SCD during EPH
compared with pre-
EPH values
Boga, 20077 | R, Obs Plasma exchange: At each 7 Oncein5 None NA None 1 patient (patient 3) died on the day following plasma exchange because of multiorgan
session, approximately 1-1.5 L of patients, and failure. In the other patients, good outcome was achieved approximately 2 weeks after
plasma was exchanged by means twice in 2 plasma exchange, with a survival rate at 86% after 1 yr of followup
of an automated system. Fresh
frozen plasma was chosen as the
replacement fluid. The procedure
was performed with 50% plasma
and 50% albumin in patients whose
albumin was under 3 g/dL. Each
apheresis procedure took about
2-3 h. 3 patients received red cell
transfusions, receiving between
2 and 7 units
Buchanan, R, Obs The patients received washed 5 Median=7.2 yr Less intensive tx: The | 7 Alloimmunization/ Group 1: Splenic phagocytic function was found to be normal (3 patients) or elevated
1989™ leukocyte-poor packed erythrocytes patients received autoantibody (2 patients). 1 patient had brief transient ischemic attacks (TIAs). Group 2: Splenic function

on a regular basis (q 4 weeks)

washed leukocyte-
poor packed
erythrocytes on a
regular basis (q 4-5
weeks)

formation,
hypersplenism

was absent. 1 patient had brief TIAs
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time
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Comparison/
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N of patients

Reported
complication

Results

Camebell, R, Obs Regular transfusion tx (4-weekly 5 Mean=52 mo, None NA Iron overload, Hb averaged: 9.3-11.4 g/dL, HbS: 20.7-38%. Splenic enlargement was documented in all
1997"° top-up or exchange) had been range=12-97 hypersplenism 5 patients, with 1 patient having palpable splenomegaly
instituted for standard indications
with the aim of maintaining a
pretransfusion HbS <25% and Hb
concentration of 11-14 g/dL
Castellino, R, Obs Chronic erythrocyte transfusions, 184 Chronically None NA Alloimmunization/ No transfusion benefits reported. 14 patients developed erythrocyte autoantibodies. 4 of
19997 with patients having had at least 2 autoantibody those patients had significant hemolysis
transfusions in the past. Median formation, hemolytic
transfusion exposure in the group transfusion reaction
that developed antibodies was
24 erythrocyte units
Coles, 1981"" | R, Obs At discretion of clinicians, median 157 Chronically Comparison: Similarly | 161 None 44 antibodies were detected in 23 of the 99 transfused patients with SCD. The
number of transfusions for patients transfused patients predominate antibodies were in the Rh group: 17 were anti-rh”(E), 8 were anti-rh’(C), and 4
with SCD was 7 and for with thalassemia were anti-rh’'w(Cw). Of the remaining antibodies, 5 were anti-Kell, 3 were anti-Jk®, 2 were
thalassemia was 3 anti-Jk®, 3 were anti-Fy?, 1 was anti-Bga, and 1 was anti-S. In the patients with
thalassemia, 6 antibodies were detected in 4 of the 39 transfused patients. Of these, there
were 2 anti-Kell and 1 anti-Rho (D), anti-rh’(C), anti-rh’'w(Cw), and anti-Fya each. Although
the patients with SCD were more likely to have been transfused at the parent institution
than were the patients with thalassemia (69% vs. 24%, p<.05), the frequencies of
alloimmunized patients, the total number of antibodies, and the number of Rh antibodies
did not differ significantly (p>.05) for transfused patients in the 2 populations
Cortina R, Obs Transfusion tx 138 NR NA NA Alloimmunization/ Total of 34 adverse reactions to transfusion were reported=11 febrile nonhemolytic
Rosales, autoantibody reactions, 11 eritrocitary alloimmunization, 2 urticarias, 1 hemolytic reaction, 4 HepB, 4
20037 formation HepC, 1 lipotimia (study done to assess potential adverse reactions)
Cox, 1988™ R, Obs Transfusion therapy. 1-56 U. All 73 6 yr NA NA Alloimmunization/ A single alloantibody developed in 16 of the immunized group (22 patients), while 6

blood administered was ABO and
Rho(D) identical or compatible with
the recipient’s. The precise
transfusion history of the patients
before the study period was not
known

autoantibody
formation

patients formed multiple alloantibodies. The remaining 3 patients with a positive screen did
not develop additional antibodies. A total of 29 alloantibodies were formed on the study. It
was noted that of the initial group of adults who had undergone transfusion and who did
not form alloantibodies (reported in this study), 30 (43.5%) did not undergo posttransfusion
serologic testing. The immunized group received more transfusions, although overlap was
present. The group that became alloimmunized received an average of 17.0 U of blood per
patient, whereas the antibody-negative group received an average of 10.6 U/patient. The
calculated risk of alloimmunization per unit was 3.2% (total number of alloantibodies
formed/total number of units of blood transfused)-100)
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de P, Obs The transfusion regimen consisting | 30 (2 SCD) 4yr Comparison Group 1: 20 Iron overload Hb concentration increased from 8.1—10.1 g/dL to 11.7 g/dL. During the period of study, 3

Montalembert, of monthly or quarterly transfusions Group 1 : 20 with with patients died from cardiac failure due to transfusional hemosiderosis. Endocrine

1989% varied as a function of the groups thalassaemia major; | thalassaemia complications( 2 diabetes, 3 hypocalcemia, 1 hypothyroidism and 7 delayed puberty

Group 2 : 6 with ' major; cases) were observed.
thalassaemia Group 2: 6 with
intermedia; Group 3 : | thalassaemia
2 with SCD intermedia;
Group 4 : 2 with Group 3: 2 with
Blackfan-Diamond SCD;
syndrome. Group 4: 2 with
Blackfan-
Diamond
syndrome.
Delea, 2008%" | R, Obs Whole blood, or RBCs, with a 106 (SCD) Unclear Comparison: Patients | 39 Iron overload The estimated mean annual number of grams of deferoxamine received was 329 g/patient
mean of 1016 transfusions/yr and with Thalassemia overall. Mean annual deferoxamine use was similar in patients with SCD (339 g/patient)
one or more claims for DFO usage and thalassemia (314 g/patient). Deferoxamine use was positively associated with the
during study period number of transfusions received in both groups
Derr, 2000% |R, Obs Chronic transfusions 372 NC None NA Iron overload Excluding 22 patients receiving chronic transfusions for stroke, only 4 (1.1%) of the
evaluable 350 patients had more than 25 donor exposures. Each of them received
scheduled transfusions for 1 or more periods of 6—12 mo due to recurrent pain crisis or
acute chest syndrome. Only 29 of the remaining 346 patients (8.4%) had between 6 and
25 donor exposures, and 50% of the patients had received no blood transfusions at all. No
episodically transfused patient had a total transfusion iron burden 2 0.5 gm/kg, a level at
which iron-induced organ damage is thought to occur. Only 6 of 100 patients receiving 2
transfusions 1 week apart had alloantibodies identified during subsequent cross-matching.
3 of these 6 were anti-M, which is rarely a clinical problem

Files, 2002% | R, Obs Transfusions were begun with a 50 Range=8.5-30.2 | None NA Iron overload Ferritin increased from 1631157 ng/mL (n=50) at baseline to 1,806+825 ng/mL (n=43) by

goal of reaching an HbS
concentration of less than 30%
within 21 d and maintaining that
level with transfusions at

3-4 week intervals. At the
discretion of the local investigator,
transfusions were administered as
simple, partial exchange, or a
combination of the 2 methods with
washed, reconstituted, or PRBCs.
Each unit was negative for HbS,
depleted of leukocytes, and
matched for ABO blood group, the
Kell (K) blood group, and Rh
antigens C, D, and E as specified
by the protocol. Mean transfusions:
28/patient

mo

11-13 mo and 2,761+1,268 ng/mL (n=26) at 22—26 mo. There were 6 ferritin values in 5
patients that exceeded the values predicted by the regressions of ferritin on cumulative
volume transfused by more than 800 ng/mL. Examination of the fitted regression lines
showed that the SF level increased linearly with cumulative volume transfused over the 1st
4 SF determinations in almost all patients. 3 of the 32 patients (with cumulative transfusion
volume of more than 250 mL/kg and six or more serum ferritin measurements during the
study) experienced 5 values that exceeded by more than 800 ng/mL that predicted by the
regressions of ferritin on cumulative volume transfused. The patterns of ferritin rise were
unaffected in these 3 patients when these values were eliminated from evaluation. In 14
patients, the rate of increase in SF remained unchanged after the 1st 4 determinations,
whereas in 18 patients there was a plateau in SF at less than 3,000 ng/mL. There was
strong intrapatient correlation between SF levels and volume transfused but wide
interpatient variability early during CTX. Intrapatient correlation declined at transfusion
volumes of more than 250 mL/kg
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Friedman, R, Obs At least 50 RBC transfusions in 26 Chronically Group 2: 1-49 21 Alloimmunization/ Sera collected from 47 transfused and 14 untransfused patients with SCD were screened
1996% their lifetime and who had received transfusions autoantibody for human leukocyte antigen (HLA) and platelet-specific antibodies. In summary, 85% of
RBC transfusions every 2-5 weeks Group 3: no 14 formation heavily transfused patients with SCD are alloimmunized to HLA and/or platelet-specific
for at least 6 mo prior to enroliment transfusions antigens. These patients may be refractory to platelet transfusion, a condition that would
increase their risk during bone marrow transplant
Fullerton, R, Obs Both whole blood and partial 50 Data for partial Whole blood Unclear Alloimmunization/ Preoperatively, reduction in preop HbS range was between <10% and 60% of HbS as
1981% exchange transfusions. Partial exchange only transfusion vs. partial autoantibody obtained 3—4 d before surgery
exchange was 10 mL/kg of washed available, exchange formation
PRBC infused after removal of done over
5mL/kg blood by venipuncture 2-3 outpatient
visits over
12-14 d interval
Fung, 2007%* | R, Obs Chronic simple transfusion tx 142 (Thal), Chronically No transfusion 64 Iron overload Hospitalization was unrelated to the degree of iron overload, assessed by SF or LIC.
199 Patients chronically transfused for a longer length of time were less likely to be
(transfused- hospitalized in the previous 12 mo (12.2+9.2 vs. 17.0+9.8 yr, p<.001), even after adjusting
SCD) for age (OR =0 .93; 95% CI .90-0.96; p<.001) and subject diagnosis (OR= 0.96, ClI .93—
0.99, p=0.03). 17 of the deaths (74%) occurred in Tx-SCD subjects, 6 (26%) in Thal
subjects, and there were no deaths in the non-tx-SCD subjects
Gader, R, Obs ABO and Rhesus matched PRBCs, | 68 (both NR Same as above 68 (both Alloimmunization/ 22.06% of patients developed alloantibodies, and 5.88% warm IgG autoantibodies. The
2008% with a mean of 76.24 units/patient | groups, groups) autoantibody most frequent alloantibodies were anti-E (n=6), anti-K (n=8) and anti-C (n=2). In 2 patients,
thalassemia formation the identity of the alloantibody could not be ascertained. Those who developed antibodies
and sickle) (44%) were mainly O blood group
Hankins, R, Obs Packed erythrocyte transfusion or | 27 Median=1.7 yr, None NA Alloimmunization/ Before the initiation of CTX, patients experienced an incidence of 1.3 episodes of ACS per
2005% erythrocytapheresis was performed range=4 mo-9 autoantibody patient-yr. The incidence of ACS episodes decreased to .1/patient-yr during CTX

approximately every 4 weeks with
the goal of maintaining a
pretransfusion HbS concentration
less than 50%. All patients received
PRBC units cross-matched for C,
E, and Kell antigens

yr

formation

(p<0.0001). At the time of analysis, only 6 of the 27 patients were still receiving CTX.
Among the 9 patients who were treated promptly with HU relative to stopping CTX, 2
(22%) had additional ACS episodes (.1 episodes/patient-yr), whereas 7 of 12 (58%) not
promptly receiving any intervention after CTX had additional ACS events. The median
hospital stay for ACS before the initiation of CTX was 5 d (range 3-15 d). 8 of the 27
patients experienced ACS episodes during CTX. The median hospital stay during CTX
was 3 d (range 2—7 d) and was not significantly different (p=.38)
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Hmida, R, Obs Group 1: patients had been 309 patients | As noted above | Group 2: were 55 patients with | Alloimmunization/ 7.14% of patients with SCD overall developed alloimmunizations. Rates of
1994% transfused with standard ABO-D (182 with transfused with blood | hemoglobinop- | autoantibody alloimmunization varied by age with 0% (0/38) of patients younger than 5 yr old had been
compatible blood, the mean of tx | SCD) matched for Rhand | athies formation alloimmunized, 9.09% of those between 5 and 10 yr old had been alloimmunized, and
being 48 mo. Later, a new Kell system antigens 8.9% (8/88) of patients with SCD (5/56) older than 10 yr. Insufficient data available for the
transfusion policy had been from the outset of
brought into application. This policy transfusion control group.
consisted of several measures that
were designed to lessen
complications associated with
alloimmunization, including
transfusion with RBCs matched for
Rh and Kell antigens and collected
no more than a week earlier and
followup screening for unexpected
antibodies before every transfusion
for people with SCD
Kinnex, R, Obs Packed erythrocyte transfusion at 12 6-12 mo Group 2: prompt 11 Alloimmunization/ Of the 10 fully evaluable patients in group 1, 3 had a recurrent sequestration while on
1990° 3—4 week intervals for splenectomy, n=4 autoantibody transfusion, and in 2 patients the splenomegaly persisted after the transfusion program
6—12 mo with the goal of formation had been completed. 4 patients had a splenic sequestration after the completion of the
maintaining HbS <30% Group 3: observation transfusion program. 4 patients from group 3 had a recurrence of splenic sequestration
n=7 within 3—11 mo of initial event
Lawson, R, Obs Exchange transfusions, 66 total 21 Not specified. None NA Alloimmunization/ This information is in regard to exchanges performed on both the IBM 2997 machine and
1999”" procedures performed There was no autoantibody the COBE Spectra given in the format mean (range): Preexchange HbA- mean=9 g/dL
set protocol. It formation, (range 5.1-15), HbA(%)=13.4 (0-58), number of units exchanged were 8.5 (4—11), pre-
was over the hypocalcemia Hct=.25 (range=.15-.42); post-Hct=.32 (.27-.35); increase in Hb=2.3 g/dL (-1.6-7.3);
course of 10 yr increase in HbA=69.8% (20—100%); HbA >90%=52%; HbA >70%=74%
with the
procedure itself
taking around
90 min
Lester, R, Obs 2-3 units of washed PRBC every 13 24 mo None NA None Hypertransfusion resulted in normalization of left heart chamber enlargement and
1990% 2—4 weeks to maintain Hb intermittently statistically significant decrease in heart rate, left ventricular mass, and cardiac output.

concentrations of 210 g/dL and %
HbS of <20%. Indications (splenic
sequestration crises, CVAs, aseptic
necrosis of the femoral head, and
miscellaneous complications of
SCD)

Changes in left ventricular diastolic dimension and cardiac output correlated with changes

in % HbS and with changes in Hb concentration
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Mallouh, R, Obs Blood transfusion given within 23 h | 23 During No transfusion at time | 9 None In group 1, clinical improvement, as evidenced by a decrease in toxic condition and a
1988% of presentation. Otherwise not hospitalization of presentation decrease in respirations and retraction, was noticed 16—48 h after transfusion; temperature
specified dropped as early as 20 h and within 36 h after transfusion in all episodes.
Roentgenographic improvement was noticed as early as 72 h after the blood transfusion.
In group 2, the conditions of 5 patients deteriorated clinically; they remained febrile and
needed a transfer to the intensive care unit, where they underwent transfusion and showed
a dramatic clinical and roentgenographic improvement. Of the remaining 4 episodes, 3
patients showed a slow clinical and roentgenographic improvement and became afebrile
after 8, 11, and 12 d; only 1 patient improved within 48 h after hospital admission without
transfusion
Masera, R, Obs Erythrocytapheresis, 12 unit/yr 13 5.8 yr range Chronic transfusion 3 Alloimmunization/ Group 1: Frequency of hospitalization reduced from 1.7/yr to .69/yr: Median ferritin
2007% 1-11yr regimen autoantibody dropped from 1175 to 915: 2 patients without a history of chronic transfusion, required
formation chelation after a mean of 8 yr of periodic erythroexchange at an average of every 5 mo
reduced mean HbS from 63% to mean 20%. Group 2: Only cost/patient/year
reported=7,074 Euros
Meunier, R, Obs Chronic transfusions 206 NC None NA Alloimmunization/ 47% of the patients appeared to have alloimmunization, whereas only 15% produced an
2008% autoantibody antibody the day of inclusion in the study. The nondetectable antibodies were frequently
formation known as dangerous for transfusion
Mirre, 2010% | R, Obs Chronic transfusion, patients 29 Mean followup in | Same treatment, but | 12 Alloimmunization/ Group 1: No short-term side effects recorded during any of the transfusions or exchange
received 1 transfusion every the overall study | secondary prevention autoantibody transfusions. None of the patients experienced seroconversion for hepatitis B, hepatitis C,
4 weeks for abnormal TCD population was of stroke formation or the human immunodeficiency virus (HIV). 2 patients acquired red-cell alloantibodies and
3.5+3.0yr were subsequently given extensively matched packed red-cell units. Group 2: Of the 12
(range, 0.5— patients in the group, 1 had a 2nd stroke (#19,) yielding a recurrence rate of 1.6/100
12 yr) patient-yr. The 2nd stroke developed after 11 yr of CTX started when an initial stroke
occurred at 3 yr of age
Moreira R, Obs 85 patients received at least 1 100 Not specified No treatment (blood 120 Alloimmunization/ This study focused on alloimmunization. 12.9% (11/85) developed autoantibodies. No data
Junior, 1996% transfusion and 15 had never been donors, most likely autoantibody reported for secondary group
transfused. In the transfusion healthy) formation
group, the total number of RBC
units received was 1,300 (range
1-150, mean=15.3 units)
Norol, 1994 | R, Obs Transfusion of blood matched for 49 Unclear Standard transfusion | 124 Alloimmunization 4 patients (8.2%) developed alloimmunization compared to 30.6% of control group
antigen Rh and Kell
Padmanabhan, | R, Obs Patients received compatible blood | 59 Unclear None NA Alloimmunization/ 28/59 (47%) patients developed clinically significant IgG alloantibodies. 17/28 (61%)
2001% transfusions with no attempt to autoantibody females and 11/28 (39%) males. 6/59 (10%) patients developed autoantibodies, 5 with and

match for red cell antigens unless
patient developed an antibody

formation

1 without alloantibodies. 5/59 (8.5%) patients developed cold antibodies, 3 with and 2
without alloantibody. Of the patients with IgG alloantibodies, 4 had delayed hemolytic
transfusion reaction (DHTR) without significant hemolysis during a painful crisis. 1 patient
who clinically had hyperhemolysis developed autoantibody and allo anti-E 1 mo later. Of
the 1gG alloantibodies, 6/28 (21%) were Rh alone, 3/28 (11%) Kell alone, 5/28 (18%) Rh
and K and 14/28 (50%) Rh and K with other blood group antibodies (M, N, S, Fy?, Fy®, Jsa,
Jsb, U). Antibodies/patient ranged from 1 to 8. Alloimmunization rate in adult patients with
sickle cell in our institution is higher (47%) than our pediatric patients (29%) with increased
prevalence in females (61% vs. 39%)
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Reisner, R, Obs Chronic multiple transfusions 71 Lifetime None NA Alloimmunization/ % of patients producing anti-red cell antibodies increased consistently with the number of
1987'%° exposure autoantibody transfusions (p=.0062). Women were more likely to become sensitized (p=.008), and
formation nulliparous women more likely than multiparous women. Children were also sensitized to
red cell antigens (20%), and to a high degree to lymphocyte antigens (73%). No HLA
association was found with increased propensity to red cell sensitization
Sakhalkar, R, Obs 387 (178 male) received 387 Unclear None NA Alloimmunization/ Extended antigen (C, E, K) matching decreased the incidence of alloantibody (alloAB) and
2005"" 14,263 sickle-negative PRBC autoantibody autoantibody (autoAB) formation, in addition to eliminating transfusion reactions in the
transfusions that were only ABO formation multiply transfused sickle cell disease patients. AlloAB formation possibly transforms the
and Rh blood type (ABORNh) immune system into a hyperactive state leading to further and earlier alloAB and autoAB
compatible (CEK unmatched), formation. However, additional CEK matching results in marked overuse of Rh-negative
packed red blood cell (PRBC) units, 30 minutes’ extra time of a skilled technologist, and
$153 extra CEK reagent cost per unit to find CEK-matched PRBCs for every transfusion
for these multiply transfused patients
Sarnaik, R, Obs Chronic, multiple transfusions 245 Lifetime None NA Alloimmunization/ Nineteen patients (7.75%) were found to be sensitized to various red cell antigens. The
1986'% exposure autoantibody median number of transfusions received by sensitized patients was 23 compared to 3 in
formation the unsensitized group, indicating an increased risk with more transfusion exposures. 13
sensitized patients were re-exposed to transfusion and 4 (30%) developed new
alloantibodies. Once immunized, the risk of developing more alloantibodies on reexposure
did not increase with increasing number of exposures. The most frequently observed
alloantibody was anti-K, accounting for 38% of all instances. Anti-Lea and -Leb were next
in frequency (24%); Rh antibodies were seen in 14% of cases. Children with SCA who
were multiply transfused had a low frequency of alloimmunization. Responders had an
increased rate of further sensitization which did not increase with number of subsequent
exposures
Siegelman, R, Obs Transfusion dependence:>20U of 59 NR Comparison: 4/9 Iron overload Decreased pancreatic signal intensity can occur in transfusion-dependent patients,
199403 blood in the 2 years preceding MRI Nontransfusion- perhaps suggesting total body iron overload. Nontransfusion-dependent patients with SCD
dependent: <5U usually have normal hepatic signal intensity and do not have total body iron overload, even
blood in the 2 years in the presence of renal and splenic iron deposition
prior to MRI
Strouse, R, Obs Unclear transfusion type 15 Unclear None 29 None When compared with ischemic strokes, hemorrhagic strokes were associated with a
2006" history of hypertension (OR: not calculable; 95% Cl: 1.7 to not calculable; P>.05
Strouse, R, Obs 13 with exchange mostly (62%) for | 51 episodes | Not detailed Not a real secondary | 39 episodes None Prevalence of readmission was highest after treatment with corticosteroids alone (59%)
2008'% severe ACS arm; these were ACS and lowest after treatment with transfusion alone (7%, p<.05)
cases treated only
with corticosteroids
Styles, R, Obs Monthly transfusions with 17 Mean: 32 mo None NA Alloimmunization/ Total hospitalization rate decreased during transfusion, compared with before transfusion,
1994'% leukocyte-poor, packed autoantibody from 3.32 to .67/patient-yr (p<.05)
erythrocytes to maintain a formation, iron
pretransfusion HbS proportion of overload
30% and a Hb value between 10
and 12 g/dL
Talano, R, Obs RBC transfusions, history of 7 Chronically None NA Hemolytic transfusion | Study describes 7 cases of delayed hemolytic transfusion reaction/hyperhemolysis
2003"" 4-41 units reaction (DHTR/H) syndrome and their clinical course
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Thame, R, Obs Single and multiple RBC 197 From birth None NA Other transfusion- 520 transfusion episodes in 197 (63.3%) of the 311 subjects; 1 transfusion in 80 (41%) of

2001'% transfusions adverse events those who received transfusion(s), 2 transfusions in 54 (27%), 3 transfusions in 21 (11%),
4in 17 (9%), 5in 9 (5%), and 6 or more in 16 (8%). Single transfusions were usual for
acute anemia of aplastic crises or acute splenic sequestration, and multiple transfusions
(up to 21 episodes) were usual in the prophylaxis of recurrent stroke. Indications were
aplastic crisis (102), ACS (90), acute splenic sequestration (75), stroke (62), septicemia
(46), hypoplasia (40), hypersplenism (34), surgery (31), gastroenteritis (10), and
miscellaneous (30)

Velasquez, R, Obs Red cell exchange transfusion 44 (53 During acute None NA None In 34 of the events (64.2%), the patients received simple transfusion before undergoing

2009'° episodes) hospitalization red cell exchange. Although the catheter was removed immediately after RCE, 2 patients

for ACS developed lower extremity swelling on the 2nd and 4th d after the procedure, respectively.
None of the patients developed alloantibodies after the procedure. 2 patients who
presented with ACS also had neurologic deficit at the time of admission. We did not
consider this to be a complication of RCE

Vichinsky, R, Obs Chronic transfusion 43 6 yr+0.6 yr CTX for 12.2+1.8 yr 30 Iron overload Both patients with thalassemia and patients with SCD had evidence of severe

2005'"° hemosiderosis by quantitative liver iron measurements, which were not significantly

different in the 2 groups. Although SF levels were in the organ failure range for both
diseases, patients with SCD had significantly higher levels than patients with thalassemia
(2,916 vs. 2,122 ng/mL, p=.04). However, cardiac disease (20% vs. 0%, p=.002) and
endocrine dysfunction (37% vs. 0%, p<.001) were significantly more frequent in patients
with thalassemia than in patients with SCD. The greatest difference for failure of a single
organ was observed in gonadal failure (33% in thalassemia vs. 0% in SCD, p<.05)

Ware, 1999'"" | R, Obs Erythrocyte transfusions to prevent | 16 Mean duration: | None NA) Alloimmunization/ All patients had to cease transfusion tx and move to the HU regimen (average dose of
stroke recurrence via simple 56+36 mo autoantibody 24.9+4.2 mg/kg/d, for mean duration of 22+14 mo). The reasons to consider discontinuing
erythrocyte transfusions, (7 also formation, iron transfusions varied among the 16 patients. 4 developed erythrocyte autoantibodies. 2 of
received partial exchange overload these patients also developed multiple erythrocyte alloantibodies. Additional reasons to
transfusions and 10 had consider discontinuing transfusions included recurrent stroke while on transfusions (n=1),
erythrocytapheresis). Mean iron overload (n=11), and noncompliance with the transfusion regimen (n=4) or chelation tx
duration of 56 + 36 months, (n=5). No patient developed acute chest syndrome or other nonneurological vaso-
median 51 months occlusive events requiring transfusions while on HU therapy. Six children (38%) had minor

painful events requiring outpatient analgesia. Three patients had new neurological events
consistent with recurrent stroke. No patient has experienced a hemorrhagic neurological
event while on HU therapy.

Adamkiewicz, | P, Obs Chronic transfusion, for the most 163 Unclear Observation without 108 Iron overload SF changes appeared nonlinear compared with prechelation estimated transfusion iron

2009 part (97% of the time; median, transfusion load or with liver iron concentrations. Levels less than 1,500 ng/mL indicated mostly
28 d), transfusions were acceptable iron overload; levels of 3,000 ng/mL or greater were specific for significant iron
administered within less than 60 d overload and were associated with liver injury
of each other

Ambruso, P, Obs Patients received 1 or more units of | 12 7-70 months Comparison: Review | 146 Alloimmunization/ Matching for red cell antigens may diminish the incidence of alloimmunization in patients

1987'" random donor blood type matched of transfusion history autoantibody with SCA requiring transfusion

for 17 antigens

from medical records

formation
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Ameen, P, Obs RBC transfusion through standard | 110 NR Comparison: RBC 123 Alloimmunization/ 65% of patients in group 1 developed clinically significant RBC alloantibody with an
2009 ABO- and D-matched non- matched for ABO, autoantibody increased prevalence in females; in patients in group 2, 23.6% developed RBC
leukoreduced blood Rh, and K1 formation alloantibodies (p=.01). In group 1, 72 patients (65.5%) had alloantibodies directed against
poststorage Rh and Kell systems (p=.01). Multivariate analysis further confirmed the results, showing
leukoreduced blood that blood transfusion type and sex have significant effects on the rate of
alloimmunizations
Ballas, P, Obs Generally these transfusions were | 371 The patients None NA Iron overload Patients with low values of SF and % Sat had lower incidence of acute painful episodes
2001'" given during hospitalizations of were followed for (38% vs. 64%), organ failure (19% vs. 71%) and mortality (5% vs. 64%)
these patients rather than as a 11 yr, receiving
preventive measure. Of the HbSS transfusions
patients (n=247), 152 of these when indicated
patients (62%) were transfused
with a total of 4,875 units of RBCs,
for an average of 10 units of RBCs
per yr. 21 of the 82 patients with
HbSC disease were transfused.
Mean number of units of RBCs
transfused for patients with HbSC
was 5.5 units/yr. Of the 42 patients
with HbSB-thalassemia, 12
received blood transfusions (29%)
and an average of 14
units/person/yr
Cabibbo, P, Obs Manual or automated RBC 20 (394 5yr None NA Hemolytic transfusion | The exchange procedures were extremely well-tolerated by the patients, and adverse
2005'"® exchange transfusion with goal to procedures) reaction effects were limited to symptoms of hypocalcemia during automatic RBC exchange with a
maintain pretransfusion HbS % cell separator. The total number of units used was 1523:1438 standard RBCs and 85
<30% single donor double RBC units. A mean of 6.1 units of RBCs was exchanged per
automatic procedure and 1.8 units per manual procedure. After every RBC exchange, we
achieved a HbS level <30%
Chadebech, | P, Obs Leukoreduced RBC units that are 48 20d None NA Hemolytic transfusion | 3 patients with VOC displayed DHTR features and no detectable antibody in 2 cases. (A
2009""” compatible for ABO, RH (D, C, E, reaction mechanism of excessive eryptosis is proposed)
c, e), and Kell antigens in all cases
Emre, 1995'"® | P, Obs 20 children received a simple 27 During No transfusion 6 None Highly significant changes in all indexes of oxygenation; for patients breathing room air
packed cell transfusion, 4 received | (episodes), hospitalization (n=16) PaO, (partial pressure of oxygen in arterial blood) increased from 65+14 to 86+19

a partial packed cell exchange
transfusion, and 3 were given a
simple transfusion followed by
whole blood exchange transfusion
because of worsening clinical
symptoms

24 assessed

millimeters of mercury (mmHg), PaO,/PAO, increased from .61+014 to .88+.16. For
patients on 100% (n=8) O,, PaO; increased from 106448 to 179470 mmHg, and
PaO,/PAO, increased from 0.17+.01 t0.26+.1. Gradients significantly decreased in all
patients too
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Howard, P, Obs 6 simple and 14 exchange 8 Brief; <3 d Patients matched for | 4 None Reduction in HbS % and improvement in rheological parameters, no significant change in
1994 transfusions gestational age with placental circulation
constant S% used as
control only for the
outcome of placental
circulation
Kalff, 2010'® | P, Obs A regular erythrocytapheresis 13 70 mo; None NA Alloimmunization/ No patient experienced stroke or multiorgan crises or developed new and/or progression of
program range 8-119 autoantibody end-organ dysfunction. A regular electrocytapheresis program reduced HbS levels to the
formation target of <30% immediately postexchange. Alloimmunization rates were comparable to the
literature, and the erythrocytapheresis program was effective in preventing progressive
iron overload. A total of 16 acute sickle-cell-related events occurred in 5 patients in 846 mo
of cumulative patient followup (13 pain crises and 3 ACSs). 10 of these events occurred in
2 patients
The program reduced complications compared to historical rates
King, 2008"" | P, Obs Leukocyte poor, HbS negative, 9 32 mo None NA Iron overload 4/9 had TCD studies with no abnormal measures. All had MRA; 4/9 had Moya Moya. 7
PRBCs 10-15 mL/kg/ transfusion completed 2 years and 4/7 elected to continue transfusion tx beyond the protocol
at a rate not to exceed 5 mL/kg/hr. designated 24 mo. 6/7 had infarcts that decreased in size during the time of transfusions
The blood was matched for ABO,
Rh antigens, and C, E, D, and Kell
antigens. The method of
transfusion (simple, manual
exchange, erythrocytapheresis)
was left to the discretion of the
families and physician. Patients
were transfused initially at 2-week
intervals until the HbS level was
less than 30%
Klein, 1980'# | P, Obs Automated red cell exchange 14 Once None NA None All patients tolerated the exchange procedure with no difficulty. In 4 patients, the Hb
transfusion concentration was unchanged or decreased after exchange. The mean Hb went from 9
g/dL to 10.4 g/dL. The mean % exchange was 56.3 by differential agglutination and 45.9
by Hb electrophoresis. 4 patients had measurable HbA prior to exchange that decreased.
HbS % decreased from 64—100% to 26-61%
Klein, 1982'® | P, Obs Exchange transfusion 18 140-180 min None NA Hemolytic transfusion | (Hb increase from 9 g/dL to 10.3g/dL) (HbS decrease from 90% to 44%)
(discontinuous and continuous flow reaction
cell separation)
Kleinman, P, Obs Erythrocytapheresis, removing a 9(15 Unclear None NA DVT, posttransfusion | Patients with advanced SCD complications (ACS, priapism) responded better (marked
1984'% volume equal to 1.5 times the procedures) hepatitis improvement within 24—48 h) compared to those with prolonged painful VOCs
patient’s estimated RBC mass
Koren, P, Obs Patients with SCD undergoing 36 Unclear Thalassemia patients | 43 Iron overload None of the patients with SCD had clinical symptoms of iron overload. Only 2 patients with
2010"® transfusions undergoing SCD had nontransferrin bound iron (NBTI) values in the gray zone (.4 units) and none had

transfusions

positive values. By contrast, 14 patients with thalassemia major and 3 with thalassemia
intermedia had NTBI values above .6, levels that are in the positive pathological range.
Similarly, 4 patients with thalassemia, but only 1 patient with SCD had positive LPI levels
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Kozanoglu, P, Obs Automated red cell exchange in the | 83 The mean None NA Hemolytic transfusion | Hypertransfusion was required in 1 patient with a painful crisis and concomitant heart
2007'% steady state and during a painful interval between reaction failure, in patients with ACS, and in those who underwent exchange before extensive
crisis procedures was surgery
3.5+£2.7 mo.
The mean
hospital stay
after apheresis
was 4.5+4.6 d
Laulan, P, Obs Systematic repeated blood 11 5-10 yr None NA Hematochromatosis | Number of sickle crises decreased from 2.4/yr to .6/yr. Improvement in quality of life was
1990"" transfusions. On average, the reported but not explained. An increase in trans gamma glutamyl-transpeptidase and
patients received 22 erythrocyte immunoglobulins was noted along with hepatomegaly in 5 patients
concentrates per year, to a mean
individual total of 180 sediments.
Each blood transfusion was
accompanied by an intravenous
infusion of deferoxamine 2 grams
Liem, 2004 | P, Obs Manual, double-volume exchange | 8 (9 times) Not a chronic Patients without 6 None Manual, double-volume, exchange transfusion lowers WBC, absolute neutrophil count,
transfusion. Exchange transfusions regimen. All exchange transfusion platelets, and soluble Vascular Cell Adhesion Molecule -1 (sVCAM-1) levels, but the effect
were done manually in the patients received was short-lived
intensive care unit. A double- transfusion
volume exchange transfusion once, except
required 140 mL/kg in donor 1 who received it
packed RBCs and fresh frozen twice
plasma reconstituted to achieve an
Hct of 60%. 7 of the 9 patients
received a simple packed RBC
transfusion immediately prior to the
double-volume exchange
transfusion
Lombardo, P, Obs RBC exchange started at the 1st 6 Twice during None NA None All patients had a dramatic clinical and radiographic improvement. The blood culture
2003'° sign of progressive pulmonary hospitalization became negative in the positive patients, antibiotic tx was reduced, and no side effects
infiltrates, dyspnea, wheezing, for ACS appeared during hospitalization

fever, or any significant clinical
drop from baseline. A 2nd
exchange was done after 3—4 d to
stabilize the HbS levels between
20% and 30%. Patients also
received broad-spectrum
antibiotics, bronchodilators, and
corticosteroid tx
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Luban, P, Obs 62% received simple monthly 161 NR None NA Alloimmunization/ 44 subjects (27%) had a historical total of 62 alloantibodies, of which 44 were against
2010™° transfusions for secondary stroke autoantibody CDEK antigens: E (18), Kell (14), C (7), D (2), e (2), and c (1). There were 16 subjects
prophylaxis; partial exchange formation (10%) with more than 1 alloantibody identified (median 2, range 2-5). There were 26
(25%) and erythrocytapheresis subjects (16%) with a history of RBC autoantibody formation. Thus, children with SCA on
(11%) were also used chronic transfusions for secondary stroke prophylaxis entered the study with a high
frequency of RBC alloantibody formation, especially against C, E, and Kell antigens. These
RBC alloantibodies developed despite most transfusions being given in an era where
extended RBC phenotype matching for CDEK antigens is recommended and typically
available
Miller, 1980™" | P, Obs Partial exchange transfusions were | 10 Once Healthy subjects 9 None The exchange resulted in a large improvement in submaximal exercise capacity: The
performed using a Haemonetics® mean of the anaerobic threshold (the work at which lactic acid begins to accumulate in the
blood cell separator. 6 units of blood) increased from 68 to 114 W. The mean work performed at a heart rate of 170/min,
frozen deglycerolized compatible an estimation of maximal work capacity, increased from 128 to 187 W
red cells were pooled before the
procedure and then divided so that
each unit was identical. After
removal of a unit of blood from the
patient (approximately 450 mL), the
patient’s plasma and a unit of
donor cells were returned, and the
cycle was repeated several times.
The procedure was designed to
maintain constant Hb concentration
and blood volume, while increasing
the fraction of HbA to over 50%
Miller, 1992™2 | P, Obs Partial exchange transfusion 10 15.5 mo None NA None No neurologic events in the cohort, and only 3 sickle-cell-related complications in
(9 patients) or simple transfusion (1 noncompliant patients with an HbS >60%. 2 patients died probably due to transfusional
patient) with a goal of reaching hemochromatosis. Transfusion requirements were diminished in all patients, and they all
HbS >30% but <60%, at 4—6 week had at least a slight reduction in donor exposure (mean: 7.1 units/yr/patient). There was a
intervals mean reduction in iron loading of 31.4%, approximately 2 gm of iron/yr/patient
Nagey, P, Obs Partial exchange transfusion 5 Between week None NA None Change in Hct from before range=13.9-29.5 after range=25-34.5
1981 (1-4) 16 to week 35 of
gestation Change in HbA from range=0-54% to range=48-71%
Volume of exchange in range=600—1,200; out range=330-1125
Narchi, P, Obs PRBCs when Hb <7.5 or drop >2 30 mothers During Comparison: 538 538 Alloimmunization/ No correlation of alloantibodies with maternal age, parity, or blood transfusions. The risk of
1998'* g/dL. Median number of units given | with SCD and | pregnancy infants of mothers autoantibody alloimmunization by transfusion was 20%. 6 neonates were isoimmunized, a higher
3.5 their 35 without ] ) formation incidence than in group 2 (p=.02; RR 3.07). 5 had ABO incompatibility and only 1 had anti-
neonates hemoglobinopathies

¢ isoimmunization. All had reticulocytosis and jaundice and required phototherapy, 1
developed anemia but none required blood transfusion. (Summary: Although
alloimmunization was common in mothers with SCD and isoimmunization in their offspring,
it was rarely due to non-ABO alloantibody)
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Nifon%, P, Obs Erythrocytapheresis, partial RBC 5 4-20 times None NA Transfusion-related O, sat. increased from a pretransfusion mean of 95-97.4% posttransfusion. Hct decreased
2002 exchange using cross-match urticaria, febrile from 26.5% to 25.8%, and HbS decreased from 49.7% to 24.2%. There was no ACS or
compatible, leukocyte-reduced, stroke while receiving erythrocytapheresis
sickle cell negative RBC units.
Typical intervals between
consecutive procedures ranged
from 28 to 42 d. Using a software
program and mathematical model,
the specific tx regimen was
individualized for each patient to
keep HbS below a preset threshold
Noronha P, Obs 39 units over 20 yr Data ononly |20 yr None NA None The transfusion of erythrocytes containing Hb structurally different from that of the recipient
1997 1 patient with appeared to be capable of stimulating the production of Hb-specific alloimmune antibody
antibody/
89 tested
Paglieroni, P, Obs Prior compatible allogeneic 8 NR/NC Transfused ortho 5 Alloimmunization/ An association was found between transfusion-induced increases in CD5 B cells and
1995™" transfusion of 1-2 units patients (knee/hip autoantibody increased autoantibody production
surgery) formation
Raj, 2002'® | P, Obs Sickle-negative, leukoreduced and | 15 20.8 mo (range= | None NA None Laboratory data were obtained at steady state before initiation of transfusion tx that
phenotypically matched blood for 6—40 mo) included mean Hb levels of 7.9+0.6 g/dL and mean reticulocyte percentage of 12.1£5.6%.
red cell antigens C, E, K, Fya, and During erythrocytapheresis, prepheresis mean Hb levels were 9.3+0.8 g/dL with a mean
JK®. Red cells were removed and reticulocyte percentage of 4.5+3.5% and mean HbS values of 32+7%. SF values before
simultaneously replaced, 1st with pheresis ranged from 136 to 5,565 ng/mL. Postpheresis mean Hb levels were
normal saline and then with 10.2 £0.6 g/dL, and mean HbS levels were 18+5%. None of the 15 patients had clinically
transfused PRBCs along with the palpable spleens. Ultrasonography and radionuclide spleen scans failed to demonstrate
patient’s plasma. The net RBC the presence of splenic tissue in any of the patients. During the period of
mass/kg was calculated for each erythrocytapheresis, none of the 15 patients had invasive bacterial infections, severe
procedure based on the measured VOCs, or other complications of SCD. Despite a significant level of reduction of HbS, none
Hct of the transfused and removed of the 15 patients showed evidence of splenic regeneration
blood, and the total RBC volume
transfused. The patients received
erythrocytapheresis tx on a monthly
basis, with the aim of maintaining
HbS levels below 30%
Raj, 2005'* | P, Obs Erythrocytapheresis (median length | 12 30-64 mo None NA None Patients with SCD on long-term erythrocytapheresis have cardiac dysfunction based on

of continuous erythrocytapheresis
was 44 mo (range 30-64 mo).
Patients included in this group did
not have a prior history of chronic
simple transfusion nor were they on
chelation tx

left ventricle (LV)-myocardial performance index
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Rao, 1985"° | P, Obs 5 subjects received initial partial 11 Mean of 27 mo, | None NA Alloimmunization/ In 9/11 patients, spleen was reduced to normal size within 48 h, in the other 2 patients, the
exchange transfusions 1 time, range 11-38 mo autoantibody spleen size was reduced but remained slightly above baseline levels and palpable. 3/11
6 subjects received simple formation patients were able to discontinue transfusion with no further episodes of sequestration, 7
transfusions at initial presentation. had recurrent episodes of sequestration and therefore had a splenectomy before age 5, 1
Subsequently, for the purpose of remained on transfusion
the study, all 11 subjects received
simple transfusion of washed
PRBCs every 3—4 weeks with a
goal to maintain Hb around 12 g/dL
and reticulocytes below 2%
Rosse, P, Obs Review of patients receiving blood | 1,814 2mo None NA Alloimmunization/ Overall rate of alloimmunization to erythrocyte antigens was 18.6%. The rate of
1990™" transfusion autoantibody alloimmunization in this group appears to be an explicit function of the number of
formation transfusions received because it increases exponentially with increasing numbers of
transfusions. Alloimmunization usually occurred with less than 15 transfusions, although
the rate of alloimmunization continued to increase when more transfusions were given.
The rate of alloimmunization was less in patients with HbSC disease and HbSp"-
thalassemia because these patients had received fewer transfusions. Children younger
than 10 yr old had a slightly lower rate of alloimmunization than patients in other age
groups even after correction for the number of transfusions given. Women were more
frequently alloimmunized than men; this was largely due to the fact that women received
more transfusions than men, but in the age group 16—20 yr the increase may have been
due in part to alloimmunization owing to pregnancy. 45% of those alloimmunized made
antibodies of only 1 specificity; 17% made 4 or more antibodies reacting with different
antigens. Antibodies to the C and E antigens of the Rh group, the Kell antigen, and the
Lewis antigens were most commonly made
Sakhﬁlzkar, P, Obs Chronic transfusion 61 Mean: 29.3 Healthy subjects 12 None sVCAM-1 levels were reduced in transfused patients with SCD
2004
Sutton, P, Obs Transfusion + HU or HU butyrate 13 Transfusion without 7 None In 2 patients treated with HU and butyrate, the peak hemoglobin F (HbF) level decreased
20013 HU from a mean of 32.4—4.8% following transfusion. There was also a marked suppression in
reticulocyte counts following transfusion in this group of patients from a mean of 10.1-
2.9%. 5 of the 7 patients in the 1st group were treated with HU alone. All 5 patients
developed sickling complications that necessitated transfusions while on tx. The HbF
levels in these 5 patients decreased following transfusion from a mean of 24.8-3.3%. In
the 2nd group of patients who were not receiving HbF-inducing agents at the time of
transfusion, the mean HbF level decreased from 4.04% to 0.6% after transfusion, and the
mean reticulocyte count decreased from 11% to 2.75%. In 3 of the 6 patients, the HbF
level and reticulocyte count were suppressed for more than 12 weeks
Tahhan, P, Obs Most patients underwent a partial 86 Unclear but None NA Alloimmunization/ None (0%) of the 40 patients who received antigen-matched transfusions showed any
1994™4 exchange transfusion study period was autoantibody evidence of alloimmunization, while 16 (34.8%) of the 46 patients who received both
11/1980 to formation, urticaria antigen-matched and nonantigen-matched transfusions developed clinically significant
5/1993 alloantibodies. The cost was 1.8—1.5 times that for a standard transfusion protocol
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Talacki,
1990™®

P, Obs

Whole blood exchange
transfusions, done in 500 mL
increments, daily for 3 consecutive
d or for a total of 6 L of whole blood

12

Varied: 1-7
times

None

NA

None

Significant clinical improvement was observed in most patients. Leg ulcers healed in 5/6
patients. These ulcers were >5 cm in diameter and were refractory to topical and
conservative tx for several months. The 1 patient whose ulcer was not healed did not
return frequently for transfusions. A patient who had 4 separate episodes of priapism
improved each time with transfusion alone. The other patient with priapism failed to
improve and required surgical intervention. 2 patients with neurologic changes responded
to whole blood exchange, 1 who was unresponsive awakened, and the other who had
hemiparesis demonstrated improved strength on the involved side. 1 patient presenting
with hepatic crisis also improved. 1 patient with HbSC and COPD presented with ACS
exacerbation of pulmonary sx and failed to improve on antibiotics and conservative
management and improved within 24 h of transfusion. 5 patients had HbS 40-60% on 3
mo followup. Procedure was not accompanied with any morbidity except for 1 patient
having an anaphylactic reaction to FFP

Thurston,
20046

P, Obs

Erythrocytapheresis

Once (patients
had been on
chronic
exchange
transfusion prior
to study
participation)

None

NA

None

Hct improved between 0 and 8%. HbS decreased from 10 to 30% (baseline was 30—-40%).
5 of the 6 patients had elevated elasticity and relaxation times at a strain of 5 before
erythrocytapheresis. This is indicative of decreased red cell kinetic deformability and is
expected in SCD, in particular with increased percentages of sickle hemoglobins.
Posttransfusion improvement of kinetic deformability was evident in these patients with
values of elasticity and relaxation time nearer to the reference values obtained for normal
blood. Of the 5 patients with elevated pretransfusion values at a strain of 5, patient 1 also
had elevated viscosity, elasticity and relaxation time at a strain of 1, which diminished
posttransfusion as well. In addition, this patient showed elevated aggregation tendencies
pretransfusion, apparent by elevated relaxation time, viscosity, and elasticity at a strain of
0.2. Patient 6 had near reference values of viscosity, elasticity, and relaxation time at all
strains; pretransfusion and posttransfusion, though, this patient had a pretransfusion %
HbS above 30. In summary, a significant decrease in viscosity, elasticity, and relaxation
time with decreasing percentage of HbS seen with erythrocytapheresis tx was found in the
study

Uchida,
1998™7

P, Obs

Automated partial exchange
transfusion, 24 total transfusions
done among the 13 patients

13

1d

None

NA

None

These results are the percentage change from baseline of each of the following
parameters posttransfusion tx. Change in partial pressure at which 50% of Hb was
saturated with oxygen (P50)=14.2+4.2 decrease after transfusion; calculated PaO,
(mmHg)=14.1+13.0 increase after transfusion; 2,3-DPG (nmol mL-1 RBC)=22.6+10.0
decrease after transfusion; pulse rate (min—-1)=1.9+£0.3% decrease after transfusion;
transcutaneous oxygen saturation measured by pulse oximeter, a 2.4+2.2 increase

Venketasu-
bramanian,
1994™8

P, Obs

Chronic transfusion program that
was designed to maintain HbS
30 mL/dL, every 3—4 weeks

Chronically,
otherwise not
specified

No stroke

None

Transfusion induces rapid changes in cerebral hemodynamics that are related to
pretransfusion velocities and a rise in Hct. TCD seems to be a safe, simple, and
noninvasive technique for monitoring these changes

Vichinsky,
1990

P, Obs

Tx, unclear type

51

From 1978 to
1985

Non-Black with other
anemias

19

Alloimmunization/
autoantibody
formation, hemolytic
transfusion reaction

30% of patients with SCD became alloimmunized, in contrast to 5% of the comparison
group. Of the 32 alloimmunized patients with SCA, 17 had multiple antibodies and 14 had
delayed transfusion reactions. Antibodies against the K, E, C, and JK® antigens accounted
for 82% of the alloantibodies
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Vichinsky, P, Obs Simple and exchange transfusions | 387 During None NA None Among patients with SCD, ACS is commonly precipitated by fat embolism and infection,

2000"%° of leukocyte-depleted units, hospitalization especially community-acquired pneumonia. Among older patients and those with
negative for sickle cells, and neurologic symptoms, the syndrome often progresses to respiratory failure. Treatment with
matched with respect to Rh C and transfusions and bronchodilators improves oxygenation, and with aggressive treatment,

E antigens and Kell antigens, with most patients who have respiratory failure recover
a mean number of 1.6 transfusions/

patient and 3.2 units/patient.

Antibiotics (100% of patients),

mechanical ventilation (13% of

patients), bronchodilators (61%)

Ware, 2004"" | P, Obs At enrollment, all patients were 35 50 mo of None NA Iron overload HU for 42 mo reduced stroke rate per 100 patient-yr (from 5.7 to 3.6) and phlebotomy >6
receiving chronic erythrocyte transfusions mo reduced ferritin (from 2,722 to 298 ng/mL) and was associated with normal histology
transfusions; all had previously and no excess iron deposition on liver biopsy
received simple transfusions, but
15 were currently receiving
erythrocytapheresis

Wong, P, Obs Type not specified. 173 with HIV | Mean followup _H0U59h0|d members | 131 None Children aged 1-7 yr with SCA had leukocyte counts and percentages of granulocytes,

19952 and SCA =33 mo and 27 | in generally good monocytes, natural killer (NK) cells, and T-cell markers (CD2+CD11b+, CD4+CD26+,

mo health who also CD4+CD29+) that were significantly higher than those for control children. Percent total
identified themselves lymphocytes was decreased for this age group, but the total number of lymphocytes and T
as Black; they were and B cell counts were similar to controls. Platelets were not increased. Adolescents (aged
not evaluated for 8-17 yr) and adults (aged 218 yr) with SCA had increased total leukocytes and monocytes
sickle cell trait. and lymphocytes counts that remained level instead of decreasing, as did comparably
aged controls. Lymphocyte subsets typically increased in count, but their percentage
remained similar to children. The exception was CD56+ cell counts, which were increased
in adolescents and adults. No lymphocytic subset change suggested impaired cellular
immunity, and none could be related to transfusion. Prophylactically transfused patients
had higher granulocyte counts, but these may arise from the complications of SCA itself

Al-Saeed, Case Hypertransfusion (regular 14 3.7 mo (2-9) Standard care 30 None The mean growth of the spleen compared to the controls was 4.07 cm (range 2—-12 cm).

199853 controlled, transfusions for standard The group with developed hypersplenism had significantly larger liver size and higher

retrospective | indications 4-weekly top-up or serum indirect bilirubin levels, but lower Hct, blood cell counts, and serum albumin:globin

exchange) aiming at maintaining a
pretransfusion HbS >25% and Hb
>11 g/dL. The indications were
pain crises (majority), sickle lung,
or severe anemia

ratio than the control group. Large palpable livers (>5 cm below the coastal margin) among
the group that developed hypersplenism tended to be associated with digital clubbing.
There were no differences in anthropometric data between the 2 groups
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Hoppe,
2009

Case control

Chronic transfusions, with over
92% of patients having history of
more than 10 transfusions

159 (total) 59
alloantibody-
positive

Chronically

alloantibody-negative
patients,

100

Alloimmunization/
autoantibody
formation

There were 59 alloantibody-positive and 100 alloantibody-negative patients, with no
differences in age or sex between these 2 groups. Of the alloantibody-positive patients, 34
(58%) developed a single RBC alloantibody, while 13 (22%) had multiple alloantibodies.
Data on specific alloantibodies were not available for 10 (17%) of the alloimmunized
patients. The most commonly reported alloantibodies were anti-E and anti-K, in 15 (25%)
and 14 (24%) of alloimmunized patients, respectively. Antibodies to C (6%), M (7%), e
(7%), D (5%), Lea (7%), Fya (5%), CW (5%), Jk® (5%), Fyb (2%), Lua (7%), S (5%), ¢
(2%), V (2%), H (2%), and Cha (2%) antigens were less frequently observed. Particular
HLA-DRB1 alleles were associated with alloimmunization. HLA-DRB1*1503 was observed
more frequently in the alloantibody-positive group (34%) than in the alloantibody-negative
group (20%) (OR=2.02, p=.039), while HLA-DRB1*0901 was found exclusively in the
alloantibody-negative group (11%) (OR=0.13, p=.008). Autoantibodies were more common
in alloantibody-positive patients (29%) compared to alloantibody-negative patients (9%)
(Pexact=0.0007). No HLA associations were found with the development of autoantibodies
in the alloimmunized group. However, HLA-DRB1*0301 was strongly associated with the
development of autoantibodies in alloantibody-negative individuals (Pexact=0.0052)

Mann,
1975™°

Obs
retrospective/
prospective

Emergency transfusion

13 (16
episodes)

Acutely

None

NA

None

In 5 out of 7 episodes, there was evidence of increased hemolysis, while in 10 out of 16
episodes a profound fall in reticulocyte count indicated marrow erythroid cell failure. Cold
agglutinins active at room temperature were detected in 13 episodes, and anti-| specificity
was demonstrated in 11. Warmed blood of homologous ABO and Rhesus groups was
administered without complication despite difficulty with cross-matching

Alarif, 1986'%°

Cross

Chronic transfusions with at least
40 units of RBCs transfused.
Subjects formed red cell
alloantibodies post transfusion

21

Chronically

Chronic transfusions
with at least 40 units
of RBCs transfused.
Subjects did not form
red cell antibodies
post transfusion

12

Alloimmunization/
autoantibody
formation

Patients developed alloantibodies. There were no significant differences between the
patient groups in terms of age, sex, and ABO blood group. The number of patient
responders who had variant forms of SCD (HbSC, HbSB-thal, as opposed to HbSS) was
relatively higher (5/21) than that of nonresponders (1/12). The suggested explanation was
that patients with Hb genotypes other than HbSS usually have a milder disease requiring
fewer transfusions. The mean number of transfusions in the nonresponders was also
significantly greater (94.8 units) than in responders (20.2 units, p=0.001). Statistical
analysis showed that HLA-B35 was significantly increased among the SCD responder
group. The frequency of this antigen was 67% in the responder group as compared to 25%
in SCD nonresponders (x*=5.3079, p=.02) and 27% in normal Black individuals
(x*=12.863, p=.0003). None of the other HLA-A and B locus antigen frequencies was
significantly different in any of the study groups. However Cw4 was higher (57%) among
the responder populations compared to nonresponders (25%). It was significantly lower in
SCD nonresponders than in healthy Black subjects (p=.02). Calculation of RR ratios for
RBC alloimmunization in the presence of either or both B35 and Cw4 showed a value of
12. The RR for B35 alone was 6 and for Cw4 was 4. There were no significant deviations
in the frequencies of any HLA-DR antigens among the responder and nonresponder SCD
population

Al-Saeed,
1997'%

Cross

Multiple transfusions

111

Chronically

None

NA

Alloimmunization/
autoantibody
formation

The rate of alloimmunization was 34.2%. 14.4% of the alloimmunized patients had formed
only 1 alloantibody, and 9% of alloimmunized patients only 2 alloantibodies, 6.3% formed 3
alloantibodies, 2.7% formed 4 alloantibodies, and 1.8% formed 5 or more alloantibodies

Brown,
20098

Cross

CTX, with a mean transfused
volume of 17+9.4 L

27 (25
included in
analysis)

48.1+23.7 mo

None

NA

Iron overload

Study shows that transfusion volume provides more insight on hepatic iron overload than
serum iron markers
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Castilho, Cross DNA samples from 130 patients 130 NA None NA None Study shows that high frequency of partial Dllla and DAR alleles found in patients with
2005'° with SCD were tested for 455A>C SCD suggests increased risk of alloimmunization to RhD
(specific for Dllla), 602C>G,
667T>G (common for both Dllla
and DAR) and 1025T>C (specific
for DAR) by polymerase chain
reaction-restriction fragment length
polymorphism (PCR-RFLP) and
sequence analysis.
Castro, Cross For both groups: transfusions of 386 (351 Unclear, varies | None NA Alloimmunization/ Study shows that limited phenotype matching prevents all alloantibodies in 53.3% of the
2002'%° conventionally matched (ABO and | visited clinic autoantibody patients who formed alloantibodies. 249 patients formed no alloantibodies; 102 patients
D) RBCs (mean, 25.4 units/patient | and received formation formed alloantibodies plus an additional 35 patients with SCD and alloantibodies were
transfusion; identified by medical record
additional 35
identified by
patient
record)
Claster, Cross Using a conver_1ience sample of a 67 None NA None 40-75% of the patients were deficient in A, C, D, and selenium, and 28-38% of the
2009 group of chronically transfused patients had low levels of B vitamins and folate. There was little association with iron
patients we studied 43 patients with overload, hemolysis, or inflammation
SCD and 24 patients with TM.
Blood samples were drawn while
patients were fasting overnight and
their usual iron chelator was held
for 24 h.
Comer, Cross Chronic transfusions with a mean 9 Chronically None NA Iron overload 8 patients were referred for persistently elevated aminotransferases. Mean value of
1991'%? of 24.5 units (range= aspartate aminotransferase (AST) was 80.8 IU/L and mean alanine aminotransferase was
4—-100+, median=20) 56.6 IU/L. 7 of these patients also had elevated alk phosphatase. All of the patients had
hepatobiliary imaging studies. 8 patients had ultrasound (US), and 1 had a Tc99 sulfur
colloid liver spleen scan. Hepatomegaly was present on US in 3 patients and on liver
spleen scan in 1 other patient. 7 out of 9 patients (78%) had current or past evidence of
cholelithiasis. 3 patients had gallstones by US, and 3 patients had previous
cholecystectomy. Iron staining was graded 0—4+ with grades 3+ to 4+ indicating marked
iron deposition of both the hepatocytes and Kupffer cells. All of the biopsies had 3+ or 4+
hemosiderosis. 2 patients with grade 4+ hemosiderosis, but without evidence of viral or
alcoholic liver were cirrhotic. All biopsies had sickled erythrocytes, erythrophagocytosis,
sinusoidal dilatation, and Kupffer cell hyperplasia
Davies, Cross Group Il (14) had received upto4 | Group Il: 14 | Group II: NC Comparison : Group | | Group |: 12 Iron overload Mean corpuscular volume and mean corpuscular hemoglobin (MCH) were significantly
1984'% units of blood in the past and group Group III: 5 Group III: 6 mo— had never been higher in group Il than group I. No significant differences in other hematological values

Il (5) had been hypertransfused for
6 mo to 2 yr. (i.e., repeated
transfusions to suppress HbS
production to below 20%)

2 years

transfused

was observed
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Davies, Cross A mean of 40 units (range: 3-222) | 34 Either acutely or | None NA Alloimmunization/ 17.6% of patients were immunized following transfusions
1986'% given either as an emergency chronically autoantibody
generally by exchange transfusion, formation
or repeatedly in order to achieve an
HbS level of <20% and bone
marrow suppression. Initially, ABO-
and Rh-compatible blood was
used. Later, in an effort to prevent
immunization, all R01 individuals
were transfused with Rh-blood, and
Kell-compatible blood was given to
all patients. Leukocyte-depleted
blood was only used if a patient
had a history of febrile
nonhemolytic transfusion reactions
Flyer, 1993 | Cross Chronic transfusion, otherwise not | 4 Chronically None NA Iron overload Study reports 4 patients with SCD who have received multiple blood transfusions and have
specified been noncompliant on Desferal chelation tx. Abdominal ultrasonography demonstrated an
echogenic pancreas in all 4 patients. MRI in 3 patients revealed decreased signal intensity
in all sequences in the pancreas and liver. All 4 patients had marked iron deposition on
liver biopsy
Fung, 2008™ | Cross Simple and/or exchange 199 NR Comparison: Simple | 142 Iron overload The likelihood of performing a liver biopsy for routine iron monitoring was significantly
transfusions, using leukodepleted and/or exchange higher (OR, 3.4; 95% ClI, 2.2-5.3) in thal than SCD. Thal patients were also more likely to
blood products, with a mean transfusions, using be screened for iron-related organ injury including an echocardiograph for cardiomyopathy
transfused volume of 149.7+78 leukodepleted blood (OR, 2.6; p<0.001; 95% CI, 1.6—4.2), alanine aminotransferase for liver function (OR, 8.3;
mL/kg/yr, with an average products, with a Cl, 1.05-64.4), and thyroid-stimulating hormone for hypothyroidism (OR, 12.3; CI, 7.0—
frequency of 13.3+5 transfusions/yr mean transfused 21.5)
(combined) in patients with SCD volume of 181.2+82.1
mL/kg/yr with an
average frequency of
13.315
transfusions/yr
(combined) in
patients with
thalassemia
Ghoti, 2010"" | Cross The patients received a mean of 10 Since infancy; None NA Iron overload Mean SF and the percentage of transferrin saturation + SD were 3596 + 3134 ng/mL and
106 + 88 packed cell (PC) units years 77 £ 19%, respectively. Evidence for liver iron overload (20 ms). Mild left ventricle
starting from infancy, mainly dysfunction (left ventricular ejection fraction <56%)
because of symptomatic anemia
and sickle cell crises exacerbation
Hernandez, Cross Multiple blood transfusions (1-2 15 59437 mo None NA Iron overload SF was high in all but 1 patient. There was no correlation between SF and liver iron. MRI
1988 units/mo) for prevention of of the liver in those patients with higher hepatic iron loads showed a markedly diminished

recurrences of central nervous
system (CNS) infarction

MR signal in all pulse sequences used. Of the variables tested, the best predictor of liver
iron was the ratio of intensities between the liver and muscle on the somewhat T1
weighted sequence. Patients with iron levels 100 pg/mg dry weight have a mean intensity
ratio 0.41+0.12. The difference is statistically significant (p<.05)

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012 37




Study label

Design

Intervention description

Intervention:
N of
patients

Length of
transfusion
time

Comparison/control
arm description

Comparison/
control:
N of patients

Reported
complication

Results

Jan, 1982'%

Cross

Transfusion of normal RBCs

15

Once

None

NA

Hyperviscosity

pO, increased from 32.9+4.8 mmHg to 37.2+4.8 mmHg. HbS concentration decreased
from >95% to 70.1+£14.5%. Plasma viscosity increased from 1.46+0.13 centipoise (cP) to
1.51£0.14 cP. PCV (packed cell volume) increased from 32.7+5.8% to 33.5+5.9% and
mean corpuscular volume increased from 86+12.7 um3 to 86.8+4.9

Kaplan,
1984'™

Cross

Monthly partial exchange
transfusion to prevent recurrent
episodes of CNS infarction

30

Chronically

No transfusion

30 with SCA,
87 with
hemophilia, 30
normal controls

None

Patients with hemophilia and transfused patients with SCD both had low ratios of helper to
suppressor (T4/T8) lymphocytes and low natural killer (NK) activity compared to normal
controls (P<.05)

Luban,
1989'"

Cross

Approximately 10% of patients had
never been transfused. Most
patients received 1-20 units of
blood in the past

142

NR

None

NA

Alloimmunization/
autoantibody
formation

22 antibodies were detected in 14 transfused non-American patients, while 33 antibodies
were detected in 113 American children who received transfusions. Alloimmunization rate
was 42.9% in non-American patients, and 17.6% in American patients. The American
children had 1.25 antibodies/patient with antibody, and 3 patients had 3 or more
antibodies. In the non-American population, 19 antibodies were found in 6 patients for a
frequency rate of 3.17 antibodies/patient with antibody; 4 patients had 3 or more
antibodies. Anti-K accounted for 14.5% of antibodies, while the Rh antibodies (E, C, c, e,
and Cw) accounted for 34.5% of antibodies. 5 anti-S antibodies were demonstrated. In the
simple transfusion group of American children, 83 transfusions were administered,
resulting in 24 antibodies. By excluding the naturally occurring and clinically insignificant
antibodies M, Lea, and Leb, 17 clinically significant antibodies were detected. 65 additional
transfusions resulted in 5 additional antibodies in 4 responder individuals. In the chronic
transfusion group, 125 transfusions resulted in the development of 3 clinically significant
antibodies, and no subsequent antibodies have developed following 461 additional
transfusions of nonphenotyped blood to these 3 nonresponder individuals. A total of 33
alloantibodies, 25 of which are clinically significant, were found. The non-American
population with antibody included 6 children, 4 of whom were on a chronic transfusion
program. 1 child (patient 23) in the simple transfusion group died of acute intravascular
hemolysis during a transfusion for life-threatening anemia with least incompatible blood. 9
transfusions resulted in production of 6 antibodies; 16 more transfusions resulted in

5 antibodies, and 13 more transfusions resulted in 6 more antibodies. The 2 non-American
children on a chronic transfusion program developed 5 antibodies. These 2 children have
received 69 transfusions later without additional antibody formation. A total of 19 clinically
significant antibodies were seen

Marwah,
2002'"

Cross

15 patients with steady state SCD,
and 15 patients with SCD (with
active crisis at the time of
venipuncture

30

NR

Comparison: 30 race-,
age-, and sex-
matched
hematologically
normal subjects with
a negative sickle
screen test and not
transfused <3 months

30

Vitamin E antioxidant
capacity variation
with transfusion

Antioxidant activity in patients with active crisis or history of stable SCD vs. healthy
controls—56.3% (range=19.3-72%) vs. 70% (range=61-78.1%)”.Difference is significant
(P<.05)
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McPherson, Cross 50% received leukoreduced 30 Chronically 74.4% received 43 Alloimmunization/ High PRA >50% was more prevalent among patients with RBC antibodies (10/30).
2010"" transfusions, with 50% either not (75%) leukoreduced autoantibody HLA antibodies were detected in 25/73 (34%) subjects aged 5-20 years. Class | HLA
exclusively receiving leukoreduced transfusions with 26% formation antibodies were detected in 24 patients, and class Il HLA antibodies were detected in 3
transfusions or having an receiving either not patients (2 patients had both class | and class Il antibodies). HLA alloimmunization was
incomplete leukoreduced exclusively leuko- detected in 16 of 30 (53%) patients with RBC antibodies and 9 of 43 (21%) patients
transfusion history. These patients reduced transfusions without RBC antibodies (OR 4.32 [1.55—12.05], P=0.0041).
had SCD, a hx of at least 3 lifetime or having an
transfusions, and were RBC incomplete
antibody positive leukoreduced
transfusion history.
These patients had
SCD, a hx of at least
3 lifetime transfusions
and were RBC
antibody negative
Murao, Cross Antibody screening. Detection of 828 Unclear None NA Alloimmunization/ IgG alloantibodies were detected in 82 of the 828 patients who received transfusions. Of
2005"* alloantibodies was performed in autoantibody these 82 patients, 29 tested positive before their 1st blood transfusion at the center. 125

fresh blood samples using the
indirect human antiglobulin test
(indirect Coombs) in low-ionic-
strength solution (LISS) by the tube
method up to July 1991 and
thereafter by the column
agglutination method, employing
phenotyped "O" RBC.

formation

IgG alloantibodies were detected. 29 patients (35.4%) presented 2 or more alloantibodies;
the presence of an autoantibody of the IgG class was also detected in 14 (17.1%). Cold
antibodies detected in 3 patients were not included in the study. Of the 124 alloantibodies
identified, 69.4% were directed against antigens of the Rhesus group and 9.7% were
directed against antigens of the Kell group, corresponding to 79.1% of the alloantibodies
detected. Of the 82 alloimmunized patients, 37.8% were males and 62.2% females
(p=.03); 78% were HbSS or HbSB"-thal, 20.7% HbSC and 1.2% HbSB"-thal patients. The
median age at antibody screening was 23.3 yr in the alloimmunized group and 14.6 yr in
the nonalloimmunized group (p<0.0001). 620/828 patients whose number of transfusions
was known were separated. The difference in the frequency of alloimmunization between
this group and the group whose number of transfusions was unknown was not statistically
significant. The frequency of alloimmunization found in the group of patients with a known
number of transfusions was 9.2% (57/620) with a 95% CI of 6.9—11.5%. Median age was
21.5 yr for alloimmunized patients and 11.8 yr for nonalloimmunized patients (p=.0001).
Despite the higher frequency in females (11.1% as opposed to 7.4% for males), this
difference was not statistically significant. Median age was 25.3 yr for the alloimmunized
female patients and 15.1 yr for the male patients. Alloimmunization was more frequent in
HbSC patients than in HbSS patients (14 vs. 8.1%; p=.048). Alloimmunized patients
received a median number of 7 blood transfusions, as opposed to 3 transfusions for
nonalloimmunized patients (p<0.0001). After multivariate adjustment (N=608, since 11
patients with HbSB"-thal and 1 with HbSD were excluded from this analysis), gender was
not statistically significant. Explanatory variables that remained statistically significant for
alloimmunization were higher number of transfusions received (p=.00006), older age
(p=.056), and HbSC compared with HbSS disease (p=.02). For females younger than 14
yr, only the number of transfusions remained statistically significant in multivariate analysis
(p=.0001). For those older than 14 yr, number of transfusions (p=.04) and type of SCD
(p=.008) remained significant in multivariate analysis. These HbSC patients were at a 2.8-
fold higher risk of alloimmunization than HbSS patients (95% Cl=1.3-6.0). The median
numbers of blood transfusions for HbSC and HbSS patients were 3 and 6, respectively.
Male and female patients received the same median number of transfusions. The
frequency of alloimmunization was higher for HbSS children
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Natukunda, Cross Patients received PRBC 428 Varies None NA Alloimmunization/ 26 patients (6.1%; 95% confidence interval, 4.0-9.0%) were found to be alloimmunized to
2010 transfusions that were compatible autoantibody RBC antigens, 21 (80.7%) of them having received up to a maximum of 10 blood
with their ABO and D phenotypes formation transfusions. There were 57 patients (13.3%) who had been transfused in childhood and
and were not leuko-reduced. The could not recall the exact time when they were 1st transfused and an age of 3 yr was used
patients were transfused with a in the analysis as their age of 1st transfusion. The number of units of blood transfused was
total of 3,366 (median, 3; range, 2— significantly associated with the rate of alloimmunization (p=.02). There was a trend toward
100) units of blood in 2,463 significance between the number of transfusion episodes and the rate of RBC
(median, 3; range, 2-80) alloimmunization (p=.08)
transfusion episodes
O’Brien, Cross Infrequent transfusion in the past. 23 Unclear None NA Iron overload Serum iron saturation was below 50% in all but 3 patients. Those 3 were all older than 20
1978'" Total number of blood transfusions yr of age, and 1 of them had been receiving regular monthly blood transfusions for 1.5 yr.
administered to each patient could Concentrations of SF were normal in 12 of 21 (57%) and in 11 of 15 patients who were
not be documented younger than 20 yr of age. Elevations in SF when present were moderate. Only 4 patients
had values in excess of 1,000 ng/mL, and 1 of these was receiving regular transfusions.
The correlation of SF values with the age of the patients was significant (P<.05)
Ofosu, Cross Sampling of blood from subjects 80 Chronically Healthy controls 133 None The antismooth muscle antibody incidence in male patients was significantly greater than
1986'"" with SCD and a cumulative mean without SCD that of healthy male controls. For rheumatoid factor, both male and female patients
of 27 transfusions (range 1-162) showed significantly increased incidences (P<.05)
Olivieri, Cross Transfusions to maintain HbS 12 21 mo A mean of 38.5 16 (includes 8 | Iron overload 13 biopsies from 12 patients demonstrated that at the time of biopsies, hepatic iron
2001""® <30% transfusions over 48 | from the other concentration was determined (normal values are less than 1.2 mg/g). Neither mean SF
mo group) concentration (21.8 mmol/L; normal range: 24—-48 mmol/L) nor mean SF concentration
(2,432+350 mg/L) correlated with hepatic iron concentration; the correlation between SF
concentration and hepatic iron concentration was poorer (r=0.48; p=NS) than in any
reported cohort of patients who received transfusions, including a group of patients with
thalassemia major who were evaluated after a similar period of transfusions before
chelation tx. Initial liver biopsies showed hepatic portal fibrosis in 4/12 patients after 0.8,
1.25, 1.6 and 3.5 yr of transfusions
Olujohungbe, | Cross RBC transfusion, a median of 116 (61% of | NR RBC transfusion, a 21 (57% of 37) | Alloimmunization/ Comparison of transfusion practices between Jamaican and those of Manchester,
2001™° 2 units (range=1-22), otherwise not | 190) median of 14 units autoantibody England. The proportion of patients transfused did not differ between the groups, although
specified (range=2-126), formation, hemolytic | the number of units transfused and the frequency of red cell antibodies were significantly
otherwise not transfusion reaction, | greater in the Manchester group. Immune antibodies occurred in 3 Jamaicans (2.6% of
specified iron overload, those transfused) and 16 United Kingdom (UK) subjects (76% of those transfused).
catheter-related Multiple antibodies occurred in 10 (63%) UK subjects but in no Jamaicans. Indications for
thrombosis transfusion also differed between the groups, Jamaican patients typically receiving 1-2
units for acute anemia or ACS, whereas UK patients frequently had multiple transfusions in
preoperative exchange or prophylaxis programs. The greater red cell alloimmunization
among UK patients probably reflects both the greater use of transfusion and the disparity
between donor and recipient populations in the UK
Orlina, Cross ABO and Rh identical or 50 Varies, once- None NA Alloimmunization/ 18 of the patients were immunized. 1 patient had anti-hr(e) and anti-Kell prior to study
1978 compatible units, chronic autoantibody commencement. She developed 2 other antibodies during the study period; anti-rh(C) and

1-38 unit/patient

formation

anti-Fya. The other 17 had no serologic evidence of alloimmunization at the start of the
review, although prior sensitization could not be ruled out. 5 of the patients formed 1
antibody, while the other 13 formed 2 or more
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Richard, Cross Blood transfusions, varied amounts | 141 NR None NA Iron overload There was a consistent increase in ferritin levels and number of transfused units. Patients
2002 depending on subgroup with ferritin in the 0—200 ng/mL range had a mean of 5.4+8.9 U of transfusions, and those
with ferritin levels 201-500 ng/mL had 7.3+12.3U of PRBC. In contrast, patients with
ferritins of 501-1000 ng/mL had an average of 28.1+46.1 U transfused, and those with
ferritin >1000 ng/mL had 36.3+37.0 U transfused. The p-value comparing the mean
number of transfusions for patients with either low ferritin levels or 201-500 ng/mL with
those >1000 ng/mL was highly significant (p=.002 and .003, respectively). Patients with
ferritin 501-1000 ng/mL and with >1000 ng/mL could not be differentiated from each other
Stegenga, Cross CTX (monthly) 10 Mean= None NA None Interview analysis revealed 5 themes; pain, school issues, disease knowledge, transfusion
20048 36.2 mo, range= tx, and having a stroke. Pain: Patients stated that pain was not different since initiating
13-102 transfusion tx. School: 2 participants identified that SCD and transfusion tx were having an
impact on their education process. Disease knowledge: Each of the participants was
knowledgeable about the disease process and the impact it has on their lives. Transfusion
tx: Participants were able to explain purpose of transfusion tx. Having a stroke: 6 patients
had a past stroke. Those patients were mostly motivated to prevent another stroke from
occurring and viewed CTX as a hope that it would not happen again
Teixeira, Cross Transfusions in patients with viral 7 NR, chronically | Patients without viral |9 Iron overload Lobular architecture was preserved in all nonviral cases; mild-to-moderate sinusoidal
20028 hepatitis. The number of previous hepatitis who dilatation was present in 8, hepatocellular regenerative activity in 6, and focal necrosis and
blood transfusions was accurately received transfusions corresponding mild inflammatory infiltrate in 3. No fibrosis or bile duct damage was
determined in 10 patients and an observed. Mild-to-severe hemosiderosis was present in all children except 1. The degree
estimate was necessary in 6. The of iron overload was associated with the number of previous blood transfusions. All 5
median number of transfusions was children with hepatitis C virus had chronic hepatitis. 1 of the children with hepatitis B virus
29.5 (range 8-131 blood units) had incomplete and the other had definite cirrhosis. It was concluded that liver damage in
patients with SCD may be caused by viral hepatitis
Tournamille, | Cross A cohort of 177 randomly selected | 177 1-32 yr None NA None 49 patients carried abnormal C antigen, deduced from the presence of (C)ce® and/or R",
2010™ patients with SCD expressing C

antigen. The study screened for
(C)ces and RN haplotypes
presumably associated with partial
C antigen in Afro-Caribbeans, and
recorded the number of transfused
C+ red blood cell (RBC) units,
immunization status, and extended
phenotype

not compensated by a normal RHC allele in trans. Among patients with partial C
phenotype exposed repeatedly to C+ RBCs, 30% produced anti-C. 2 patients experienced
hemolysis. It was concluded that with 22% of patients with SCD expressing C, prevention
of anti-C immunization for all individuals with partial C antigen would require a 7% increase
in the use of C- RBC units (that are already in short supply). These RBCs are already in
short supply for patients with SCD who are C-
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Study label

Voskaridou,
2004'%

Design

Cross

Intervention description

Patients with SCD on sporadic
transfusions, none on chelation tx

Intervention:
N of
patients

35

Length of
transfusion
time

Unclear

Comparison/control
arm description

Patients with B-thal of
whom 26 were not
transfused or
transfused
sporadically (Tl) and
80 patients were on a
regular transfusion
program and had
received more than

8 units annually over
the last 3 yr
preceding the study.
All had been on
chelation therapy

Comparison/
control:
N of patients

106

Reported
complication

Iron overload

Results

LIC values showed an inverse correlation with the respective liver T2 values in both the
B-thalassemia (TM and Tl) and SCD groups (r=-0.82, p=.0003 and r=-0.80, p=.00001
respectively) (semi-logarithmic model). LIC values also showed a strong positive
correlation with ferritin levels in all groups of patients (r=.60, p=.02 and r=.81, p=.00001,
respectively). Patients with TM or Tl had higher LIC values than patients with SCD.
Patients with TM had higher SF levels than patients with Tl (p<.0003), patients with SCD
(p<.0001), and controls. Conversely, liver T2 values were lowest in the patients with TM,
intermediate in those with Tl, and slightly higher than Tl in patients with SCD; in all
instances the p-value of the differences between the above groups, and the differences
between patients and controls, were significant
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Table 2. Alloimmunization and Autoimmunization Incidence and Outcomes

Study label

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

% of patients
who developed
complication

Secondary/ |in secondary/
control arm | control group

Secondary/
control

group
treatment

Secondary/
control group
treatment
results

Adams, 2005° |RCT Stroke or reversion to a result |NR Doppler None 20 NR NR Yes NA No NR
on Doppler examination transfusion
indicative of a high risk of
stroke
Haberkern, RCT Development of auto or allo NA NR None 13 NA NA Yes 4 NA NA
1997" antibodies not recorded in this
study
Koshy, 1988* |RCT Delayed reactions and NR During cross-matching of red | None 29 NR NR Yes 21 Received Alloimmunizatio
Alloimmunization cell units before transfusion transfusions |n occurred in
only if 21% of the
indicated for |control group
medical or (no significant
obstetric difference)
complications
Miller, 2001 |RCT Development of auto or allo NR NR None 6.5 Attempts were NR Yes 0 NA NA
antibodies not recorded in this made to reduce
study risk by
transfusing units
compatible for C,
E and Kell
antigens failed in
4 patients
Vichinsky, RCT Development of single or Alloimmuniza- |NR None Group 1=10% Unclear NA Yes 5 Conservative | There was a
1995 multiple new alloantibodies— |tion was Group 2=5% transfusion  |significant
most frequent new defined as a regimen difference
alloantibodies: antigens E (in  |new, clinically designed to | between the two
19% of the patients), K (in important red- increase the |[groups in the
12%), C (in 14%), and Fya (in |cell antibody hemoglobin |frequency of
5%). 7% developed at least 1 levelto 10 g |new
new alloantibody. 3% per deciliter | alloantibodies
developed multiple new (group 1, 10%;
alloantibodies. There was a group 2, 5%;
significant difference between p=0.01)
the 2 groups in the frequency
of new alloantibodies (group
1, 10%; group 2, 5%; p=.01)
Vichinsky, RCT Alloimmunization A new, Unclear None 9% developed Unclear Unclear Yes NR NR NC
19997 clinically antibodies as a
important red- response to
cell antigen preoperative
management
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Definition of

% of patients who
Reported |developed the
diagnostic |complication in

Complication

Secondary/

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group

Secondary/
control group
treatment

Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Vichinsky, RCT Formation of clinically Unclear By means of RBC antigen None n=19 (16%) Supportive care |NA Yes NA NA NA
2001° significant and insignificant panels with antibody and serial
alloantibodies and warm enhancement techniques evaluations
autoantibodies
Adams, 1998%° [R, Obs |5 of the 92 patients (6%) Development |[NR None 6 NR NA No NA NA NA
acquired new alloantibodies | of new
as a result of their transfusion |clinically
regimen. Alloantibodies were |important
found in 2 patients who antibodies
underwent
erythrocytapheresis and
3 patients who underwent
simple transfusions. These
5 patients had an average unit
exposure of 6 units of PRBCs.
9 alloantibodies were
identified including anti-Lewis
(n=2), anti-Jk® (n=2). anti-
Duffy (n=3), and anti-E (n=2)
Aygun, 2002 |R, Obs |29% of transfused pediatrics |NR Antibody screens done using | None 29 Unclear NA Yes Twenty nine of [NR NA
patients developed IgG low-ionic strength solution 62 adult
alloantibodies. Range of units (LISS) or PEG. Routine patients (47%)
transfused in them was direct antiglobulin test (DAT) developed
2—114 units/patient; also done. Sometimes potentially
mean=33.6 units/patient. enzyme and Gel methods clinically
Number of alloantibodies also done to identify significant IgG
ranged from 1 to 8. All additional antibodies alloantibodies
developed antibodies against
Kell and Rh. 47% of
transfused adults formed
alloantibodies. In adults,
alloantibody formation in
females was higher than in
males (54.5%vs.38%)
Aygun, 2002 |R, Obs |Autoantibody formation NR Antibody screens done using | None 8% of pediatric patients |NR NA Yes 9.7% of adults |NR NR
low-ionic strength solution developed developed
(LISS) or PEG. Routine autoantibodies autoantibodies
direct antiglobulin test (DAT)
also done. Sometimes
enzyme and Gel methods
also done to identify
additional antibodies
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results |control arm

Secondary/

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/
control group
treatment
results

Bashawari, R, Obs |Alloantibodies Antibodies By screening and DAT prior |None 13.7 Complication NR No NA NA NA
2007" identified by  |to transfusions was not treated,
antibody but complications
screening and of alloimmun-
DAT ization were
avoided by using
blood that was
cross-matched
and compatible
with patient’s
sera
Bischoff, R, Obs |Alloantibodies NR NR None 10 NR NR No NA NA NA
1988
Buchanan, R, Obs |Alloantibodies NR NR None 20 NR NR No NA NA NR
19897
Castellino, R, Obs |Erythrocyte autoantibody The The detection of a warm None 7.6 Steroids In several cases the DAT became [ No NA NA NA
19997 formation development |(IgG) autoantibody by DAT (6 patients) negative and hemolysis resolved.
of erythrocyte |test Patient 11 developed a fatal

autoantibodies
in association
with
transfusions

autoimmune hemolytic reaction
following transfusion, despite
prednisone tx. Following the
development of the autoantibody,
priapism or recurrent vaso-
occlusive events. Transfusions
for stroke prophylaxis were
discontinued in several patients in
favor of HU tx
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% of patients

% of patients who who developed [ Secondary/ |Secondary/
Reported |developed the complication |control control group
Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment
Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Cox, 1988 R, Obs |Alloimmunization NR Antibody screening using None 30 NR A single alloantibody developed in |None NA NA NA
both enzymatic pretreatment 16 of the immunized group, while
and antiglobulin methods 6 patients formed multiple

alloantibodies. Serology evidence
of alloantibodies on the initial
screen was identified in 5 of the 73
patients, 2 of whom subsequently
developed additional
alloantibodies. The remaining 3
patients with a positive screen did
not develop additional antibodies.
A total of 29 alloantibodies were
formed on study. 24 (83%) of the
29 identified antibodies were
directed against Rh antigens. The
remaining antibodies were
directed against the U, JK° (Kidd),
Fy» (Duffy), and K (Kell) RBC
antigens. Alloantibodies against
Lewis antigens were identified in
3 patients; however, as noted
earlier, such potentially naturally
occurring antibodies were
excluded from this analysis. It was
noted that of the initial group of
adults who had undergone
transfusion and who did not form
alloantibodies reported in this
study, 30 (43.5%) did not undergo
posttransfusion serology testing.
With additional followup (from 2 to
30 mo), 10 of these 30 patients did
undergo posttransfusion serology
testing and are included in the
data of this report. The immunized
group received more transfusions,
although overlap was present. The
group that became alloimmunized
received an average of 17.0 U of
blood per patient, whereas the
antibody-negative group received
an average of 10.6 U/patient. The
calculated risk of alloimmunization
per unit was 3.2% ([total number
of alloantibodies formed!/ total
number of units of blood
transfused]-100)
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Study label

Friedman,
1996%

Design
R, Obs

Specific complication

Platelet alloimmunization

Definition of
complication

A patient was
considered to
be
alloimmunized
to platelets if
at least two of
12 test wells
were positive

Diagnosis

Antibody assays

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

85

Complication
treatment

NR

Complication treatment results |control arm

Transfusion records for 45 of

47 patients in groups 1 and 2
were reviewed for evidence of
alloimmunization to RBC antigens
(no RBC antibody data were
available for 2 patients). Cold
agglutinins with autospecificities
such as anti-I were not counted
as alloimmune responses. Using
this inclusive definition, the
prevalence of any RBC antibody
was 40% (18 of 43, less than the
prevalence of platelet
alloimmunization of 69% (31 of
45) in the same group 1 and
group 2 patients. If a more
restricted definition of RBC
alloimmunization were used,
omitting presumed human
leukocyte antigen (HLA)
specificities, 2 patients would be
reclassified as lacking RBC
antibodies, for a prevalence of
RBC antibodies of 36% (16 of
45). The mean number
(xstandard deviation) of positive
platelet wells for patients with
RBC alloimmunization was
7.2+4.7, and for patients without
RBC alloimmunization, 5.0£4.2,
but this difference was not
statistically significant by
student’s t test (n=18, t=1.6,
p=.12)

Secondary/

Yes

% of patients

who developed | Secondary/

complication
in secondary/
control group

48 in group 2,
0in group 3

control

group
treatment

NR

Secondary/
control group
treatment
results

NA

Fullerton,
1981%

R, Obs

In a total of 213 patients in this
single institution experience,
7.9% had alloantibodies, with
1.8% with antibodies against
more than 2 RBC antigens.
There was no difficulty in
obtaining blood for transfusion
in any of these patients

Unclear

NR

None

NR

NR

NA

No

NA

NA

NA
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Study label
Gader, 2008%

R, Obs

Specific complication

Alloantibodies, warm IgG
autoantibodies

Definition of

complication |Diagnosis

NA

NR

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

22.06%
(alloantibodies), and
5.88% (warm IgG
autoantibodies). The
most frequent
alloantibodies were
anti-E (n=6), anti-K
(n=8) and anti-C (n=2).
In 2 patients the identity
of the alloantibody
could not be
ascertained. Those
who developed
antibodies (44%) were
mainly O blood group

Complication
treatment

NR

Complication treatment results
NR

Secondary/
control arm

No

% of patients

who developed | Secondary/

complication
in secondary/
control group

NA

control

group
treatment

NR

Secondary/
control group
treatment
results

NR

Hankins,
2005%

R, Obs

Alloimmunization

NR

NR

None

14.8

NR

NR

No

NA

NA

NA

Hmida, 1994%°

R, Obs

Alloimmunization

NC

The presence of
alloantibodies was tested
using 3 samples of red cells
with homozygous expression
of the antigens C, ¢, E, e,
JKk?, JK°, Fy?, Fy®, K, and S.
These tests were performed
systematically by the Papain
test at 37 degrees C or the
LISS test

None

7.14% in patients with
SCD overall. Rates of
alloimmunization varied
by age with 0% (0/38)
of patients younger
than 5 yr old had been
alloimmunized, 9.09%
of those between 5 and
10 yr old had been
alloimmunized, and
8.9% (8/88) of patients
with SCD (5/56) older
than 10 yr

Cross match
testing had to be
negative in order
to get a blood
transfusion for
these patients

NR

Yes

No treatment

NR

Howard,
1995*

R, Obs

Alloimmunization

Antibodies
found to
donor red cell
antigens

NR

None

12.24% of those
transfused (6/49)

Not treated, give
compatible blood

NR

Yes

NA

NA
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Study label

Kehinde,
1987%

Design
R, Obs

Specific complication

Development of atypical
antibodies

Definition of
complication

Most frequent
antibodies
were anti-E in
5 patients
(63% of all
antibodies)
and anti-Kell in
4 patients
(50%), and
there was 1
example of
each of the
following: anti-
C, -Jk? and -U.
Together,
Rhesus and
Kell antibodies
accounted for
83% of all
atypical
antibodies

Diagnosis
NR

Reported
diagnostic
accuracy

None

% of patients who

developed the
complication in
primary group

21%(of the 39 patients

who received
transfusions)

Complication
treatment

NR

Complication treatment results |control arm

NR

Secondary/

None

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

NA NA

Secondary/
control group
treatment
results

NA

Kinney, 1990%

R, Obs

Formation of anti-E, anti-Kell
and anti-Lutheran b antibody

NR

NR

None

14

NR

NR

No

NA NA

NA

Cortina
Rosales,
2003™

R, Obs

The complications detected
were: nonhemolytic febrile
reaction, erythrocytary
alloimmunization, hemolytic
reaction and hepatitis B and C

Serum
analysis,
chart review
and proxy
interview

Serum analysis, chart review
and proxy interview

None

21.5%(34/158 patients
had adverse reactions

to transfusion)

NR

NA

No

NA NA

NA

Lawson,
1999

R, Obs

Alloimmunization

Fever and rigors thought to be
due to leukocyte antibodies

NR

Fever and rigors in the
patient

None

4.76

Supportive, from
then on the
leukodepleted all
units before
exchange using
a white cell filter

Patient apparently fully
recovered, no further reactions
occurred. No red cell
alloimmunization occurred in any
of the patients

No

NA NA

NA
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% of patients who

% of patients
who developed

Secondary/

Secondary/

Reported |developed the complication |control control group
Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment
Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Masera, R, Obs |Alloantibody formation NR Screening tests aimed to None In the pre- NR NR No NA NA NA
2007% ascertain alloimmunization erythroexchange
against red cell antigens period, 3 patients
were performed together developed
with cross-matching by using alloantibodies against
a column gel-test technique RBC antigens: 1 patient
anti-E, 1 patient anti-
Kell, and the 3rd patient
anti-E and anti-Cw.
None of the 13 patients
developed
alloantibodies as a
consequence of the
prophylactic EEX
treatment
Meunier, R, Obs |Prevalent and new Not clearly Serum test None 47 Unclear Unclear No NA NA NA
2008% autoantibody presence stated
Miller, 1981 |R, Obs |Antibody formation, maternal |NR NR None NC Prophylactic Not associated with improved Yes NC NA NA
morbidity and adverse exchange pregnancy outcome
prenatal events transfusion
Mirre, 2010® |R, Obs |Red cell alloantibodies NR NR None 7 Given No AEs related to iron chelation |No NA NA NA
extensively were recorded
matched packed
red-cell units and
chelation
treatment
Moreira R, Obs |Presence of RBC NR Standard methods including |None 12.9% (11/85) because |Not treated NR Yes NR, the NR NR
Junior, 1996% alloantibodies enzymatic (papain .1%), 15 of the 100 total alloimmunizatio
antiglobulin, LISS and patients with SCD had n rate in blood
manual Polybrene never received a donors was not
techniques . If the RBC transfusion studied
alloantibody screening was
positive, the antibody was
further identified by testing
the serum against a panel of
previously typed reagent
RBCs
Morri%on, R, Obs |RBC alloantibodies NR NR None 10.7 NR NR Yes 17.9 NR NR
1991
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Study label

Reisner,
1987'%°

Design
R, Obs

Specific complication

RBC antibodies and
antilymphocyte antibodies

Definition of
complication

NR

Diagnosis

A single serum sample from
each patient was tested
against HLA characterized
panels of peripheral blood
lymphocytes or separated T
and B lymphocytes. Sera
showing reactivity with
peripheral blood T
lymphocytes (e.g., directed
at HLA-A, B, or C) were
extensively absorbed with
pooled packed platelets and
retested on B lymphocytes to
define HLA-DR and DQ
antibodies. Pediatric
samples were tested only for
anticlass | antibodies HLA-A,
B, C, and HLA-DR, DQ
typing was performed on
separated T or B
lymphocytes, respectively,
with a panel of 240 typing
sera.

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

Complication
treatment

NR

Complication treatment results
NA

Secondary/
control arm

Comparison
G2: 1-50
transfusions

G3: 5199
transfusions

G4: 100—
199

transfusions

G5:

greater than
200 transfu-
sions

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

10 NR
25
46
57

Secondary/
control group
treatment
results

NR

Padmanabhan,
2001%

R, Obs

Allo- and autoantibodies

NA

Serum testing

None

47

NR

NR

None

NA NA

NA

Sakhalkar,
2005""

R, Obs

Alloantibody formation

NR

NR

None

31.3

NR

NA

No

NA NA

NA

Sarnaik,
1986'%

R, Obs

Alloimmunization

NR

If positive on screening,
antibody specificity was
determined with a standard
panel of reagent red cells
using albumin and low-ionic
strength solution (LISS) as
potentiators

None

7.75

NR

NA

No

NR NR

NR

Styles, 1994'%

R, Obs

Alloimmunization developed in
3 of 17 patients, One patient
had antibodies to Kell, ¢, and
E antigens, and the remaining
two patients had one antibody
each, one to the Kell antigen
and one to the V antigen,

NR

Patients had Coombs’
screening test after each
transfusion, otherwise not
specified

None

17.7

NR

NR

No

NA NA

NA
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Study label

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

Secondary/
control arm

% of patients
who developed
complication
in secondary/
control group

Secondary/
control

group
treatment

Secondary/
control group
treatment
results

Tuck, 1987% |R, Obs |Of the transfused patients, NR NR None 22 NR NR Yes NR NR NR
22% developed atypical red
cell antibodies and 14% had
immediate minor transfusion
reactions
Ware, 1988%® |R, Obs |Alloimmunization to Lewis A |NR Not specified None 3.7 No treatment NA No NA NA NA
antigen
Ware, 1999'"" |R, Obs |Erythrocyte autoantibodies NR NR None 25 Transfusiontx ~ [NR No NA NA NA
development was ceased and
patients were
started on
hydroxyurea tx
Amersso, P, Obs |Alloantibody formation NR When a direct or indirect None 47% developed NR NR No NA NA NA
1987 antiglobulin test was positive, autoantibodies
the antibody was 3.5 per 100 units
characterized by standard transfused when
techniques transfused with random
donors: 0.3 per 100
units transfused when
transfused with
selected donors)
Ambruso, P, Obs |Autoantibodies formation NR When a direct or indirect None Autoantibody NR NR No NA NA NA
1987'" antiglobulin test was positive, incidence= 27% in

the antibody was
characterized by standard
techniques

alloimmunized vs. 9%
in nonalloimmunized.
Autoantibody incidence
=42% in patients
transfused chronically
with selected blood
every 3—4 weeks vs.
8% in intermittent
random donor
recipients vs. 3% in
never transfused
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Study label

Ameen,
2009"

Design
P, Obs

Specific complication

RBC alloantibody formation.

Definition of
complication

NR

Diagnosis

Two-panel antibody
screening of cells in the
indirect antiglobulin (IAT)
phase, direct antiglobulin
testing (DAT), and
compatibility testing

A two-cell panel was used to
screen for RBC
alloantibodies. The low-ionic-
strength solution and
polyspecific anti-human
globulin reagents were used
for the IAT phase. Any
pretransfusion sera that had
a positive antibody screen
were investigated to identify
the specificity of the antibody
using a commercial RBC
panel tested against the
patient's serum in the same
phases as the antibody
screening, including enzyme
treatment (panels were
obtained from Ortho and
Gamma Biologicals). The
criteria for antibody
specificity were based on the
recommendations of the
AABB™

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

65.5

Complication
treatment

NR

Complication treatment results
NR

Secondary/
control arm

Yes
(comparison)

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

23.6 NR

Secondary/
control group
treatment
results

NA

Cunningham,
1979"

P, Obs

Development of
alloantibodies: anti-Kell

(3 patients), anti-E (2 patients)
and anti-M (1 patient)

NR

NR

None

17

NR

NR

Yes

NR NR

NR

Cunningham,
1983""

P, Obs

Alloimmunization/rapid
destruction of RBCs

NR

NR

None

26

NR

NR

Yes

NR NR

NR

Haberkern,
1997"

P, Obs

Alloimmunization

Development
of new
antibodies

NR

None

Group 1:12
Group 2 :19
Group 3: 32
Group 4: 18

NR

NR

Yes

Group 3: 0 NR

NR

Kalff, 2010'%

P, Obs

Clinically significant
alloantibodies occurred in only
3 patients: Patient 3 — Jk(b),
K; Patient 8 — S, K, Cw, Kp(a);
Patient 9 — Jk(b), Fy(a)

NR

Red cell phenotyping

None

23

NR

NR

No

NA NA

NA
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% of patients who

% of patients
who developed | Secondary/

Secondary/

Reported |developed the complication |control control group
Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment

Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Lee, 2006™ P, Obs |Antibodies to C, D, E, Kell NA NR None 7.7 NR NR Yes NR NR NR
Lee, 2006™ P, Obs |Antibodies to other antigens |NR NR None 7.7 NR NR Yes NR NR NR
Lee, 2006™ P, Obs |[Warm antibodies NR NR None 7.7 NR NR Yes NR NR NR
Luban, 2010"|P, Obs  |Allo and autoantibody NR NR None Alloantibodies (27%) NR NR No NA NA NA

formation Autoantibodies (16%)
Morrison, P, Obs |Suspected cold agglutinin NR NR None 3.2 NR NR No NA NA NA
1984 antibody
Narchi, P, Obs |Alloimmunization (mothers) Development |Mothers: Screening for None 20% of all mothers Unclear NR Yes 5.6% of babies |NA NA
1998"* Isoimmunization (babies) of anti-c, K, |alloantibodies by the indirect were alloimmunized; (comparison) |were

: M, E, and JKa |antiglobulin test with the 29% of transfused isoimmunized
6 patients developed the Gamma TrioStripWW Reagent mothers were (+Coombs)

antibodies. 3 mothers had

1 antibody. 3 had more than

1 antibody. The group with
alloimmunization received an
average of 2.75 units of blood
per patient, whereas the
antibody negative group
received an average of

3.9 units of blood per patient.
The calculated risk of
alloimmunization by
transfusion in our series was
20%. The incidence of
multiple alloantibodies was not
significantly associated with
the number of units of
transfused blood

Red Blood Cells Kit

Neonates :cord blood was
taken from the placental side
and blood group, Rhesus
and a Coombs’ direct
antiglobulin test by the
GammacCilone Anti-IgG Kit
were routinely performed.
When the Coombs’ test was
positive, identification of the
causative antibodies was
carried out in the eluate with
the Anti-Human Globulin Kit

alloimmunized 17% of
infants were
isoimmunized
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results |control arm

Secondary/

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/
control group
treatment
results

Paglieroni, P, Obs |[CD5 B cell and autoantibody |The effects of |Immunophenotyping: We None IgM levels and the NR NA Yes 0 NA NA
1995 formation transfusion on | quantitated CD19-positive B absolute number of B
the absolute | cells and CDIY-positive B cells that coexpressed
number and | cells that coexpressed CD5, CDS5 rose to twice
relative in whole blood by using pretransfusion levels in
percentages |dualcolor direct 6 of 8 transfused sickle
of peripheral immunofluorescence and cell anemia patients
blood CD5 B |flow cytometry. Serum of IhM and in 4 of 5 transfused
cells and on |and rheumatoid factor(RF) orthopedic surgery
serum levels |levels : we quantitated IgM patients. No
of IgM, levels (mgldL) and RF levels comparable increases
rhematoid (IU/mL) by using rate in CD5 B cells were
factor (RF), nephelometry noted in untransfused
antinuclear . . . controls. Preexisting
antibody Dlrgct ant.lglob.u.lln test and rheumatoid factor and
(ANA), and ?Ptl?.ody#:rl]eng_ﬂcaPon and antinuclear antibody
IgM a:r:gg;%nk;ulineteslie(%AT) and levels increased in 4 of
::t:gi;d):ollpln indirect antiglobulin test were gutrrggrs;ups;?egtrrgﬁglc
(ACA) performed with IgM. IgG, or sickle cell anemia
polysgemﬂc antihuman patient developed anti-
globulin Fya despite receiving
Fya-negative blood.
Increasing titers of anti-
Fya paralleled the
increases in IgM and
CD5 B cells after
transfusion. One
patient who developed
a positive direct
antiglobulin test after
transfusion had large
increases in serum
anticardiolipin IgM.
Antibodies with anti-
Fya-like activity and
anticardiolipin IgM were
produced in vitro by
CD5 B cells and not by
conventional CD5-
negative B cells
Rao, 1985™° |P, Obs |Anti-Kell in 3 cases, auto cold |Antibodies Serum None 36.3 Not treated, Good, no sequelae, all children No NA NA NA
and 1 specificity with detected in compatible alive at end of followup
complement coated cells serum transfusions
continued
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% of patients

% of patients who who developed [ Secondary/ |Secondary/
Reported |developed the complication |control control group

Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment
Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Rosse, 1990'"|P, Obs | Alloimmunization Patients were | The transfusion records of all | None (15.5%) of the 605 NR NA No NA NA NA

said to be patients who were patients transfused but

alloimmunize |transfused before entry or not alloimmunized

d if antibodies |during the study were before entry

to RBC examined for analysis of

antigens were |alloantibodies in serum to

identified RBC antigens

during the

study (see

Table 1 for

list). Patients
whose serum
contained
other
designated
antibodies
such as
atypical,
autocontrol,
anti-1, high
titer, low
avidity
(HTLA), anti-
HLA, etc.
were
considered
not to be
alloimmun-
ized to
erythrocyte

antigens.
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

Secondary/
control arm

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/
control group
treatment
results

Tahhan, P, Obs |Formation of clinically Clinically All patients were tested upon | None 0 NR NR Yes: 75% (6/8) of NA NA
1994 significant alloantibodies significant their first presentation to Group 1: 0% Comparison | patients who
(CSAs alloantibodies |determine their phenotypes Group 2: 46 |presented with
for the following systems patients alloantibodies
(and antigens): ABO; (63.5% of |developed
Rhesus (D, ¢, E, c, e); Kell total), who |further CSAs.
(K, k); MNS (M, N, S, s); receiveda |22.2% (8/38) of
Duffy (Fy", Fyb); Kidd (Jk®, mixture of  |those patients
JK®); and Lewis (Lea, Leb antigen- who had not
An initial antibody screen matched formed any
was also performed with anq non- aIIoantlboFiles at
followup antibody screens at antigen- presentation
regular intervals, usually matched developed
prior to transfusion but at RBCs CSAs
least semiannually in
patients not requiring chronic
transfusion in a particular
period. Further testing to
determine alloantibody
specificity was performed
when the antibody screen
was positive.
Tahhan, P, Obs |Clinically nonsignificant Other All patients were tested upon | None 30.4 NR NR Yes 13.3% of 30 NA NA
199444 alloantibodies alloantibodies |their first presentation to Comparison |patients who did
reported here |determine their phenotypes Group 2: 46 |not have CSAs
are those that |for the following systems patients at the time of
are not known | (and antigens): (563.5% of presentation
to produce ABO; Rhesus (D, ¢, E, c, e); total), who |and who
decreased Kell (K, k); MNS (M, N, S, s); received a |developed no
RBC survival |Duffy (Fy", Fyb); Kidd (JK?, mixture of  |further CSAs
JK®); and Lewis (Lea, Leb antigen- after
An initial antibody screen matched transfusion,
was also performed with and non- (62.5%) of the
followup antibody screens at antigen- 16 patients who
regular intervals, usually matched already had
prior to transfusion but at RBCs CSAs at the
least semiannually in time of
patients not requiring chronic presentation or
transfusion in a particular who
period. Further testing to subsequently
determine alloantibody developed
CSAs

specificity was performed
when the antibody screen
was positive
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Study label

Vichinsky,
1990™°

P, Obs

Specific complication

Alloantibody formation to
foreign red cells of racially
unmatched blood

Definition of
complication

Alloantibody
development

Diagnosis

Transfusion protocol
included determination of the
red-cell phenotype for the
following antigens: A, B, C,
¢, D, E, e, Le?, Le®, K, Fy?,
Fy®, Jk%, JK°, M, N, S, s, and
P1. The red-cell phenotype
was also determined in 200
units of blood supplied by the
Alameda—Contra Costa
County Blood Bank.
Screening for antibodies was
performed according to
standard methods including
enzymatic and antiglobulin
techniques. All patients
underwent annual laboratory
evaluation for red-cell
alloantibodies

Reported

% of patients who
developed the

diagnostic |complication in

accuracy

None

primary group
30

Complication
treatment

NR

Secondary/ |in secondary/

% of patients

who developed | Secondary/
complication |control
group

Complication treatment results |control arm |control group |treatment

NA

Yes

5% developed |NR
alloantibodies

Secondary/
control group
treatment
results

NA

Vichinsky,
1990

P, Obs

Alloimmunization

NR

Direct and Indirect
antiglobulin tests

None

30

NR

NR

Yes

NA

Hoppe,
2009

Case
control

Alloimmunization

NR

Gel and antiglobulin
techniques; RBC antigen
panels with gel and other
antibody enhancement
techniques

None

37

NR

NR

No

NA NA

NA

Alarif, 1986'%°

Cross

Alloimmunization

NR

NR

None

64

NR

NR

Al-Saeed,
1997"

Cross

Alloimmunization

NR

Blood samples were
phenotyped. Screening for
presence of RBC
alloantibodies was
performed, including
enzymatic, antiglobulin, low-
ionic strength solution and
manual Polybrene
techniques

None

34.2

NA

NA

No

NA NA

NA
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results |control arm

Secondary/

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/
control group
treatment
results

Castro, Cross Alloantibody formation NR Routine antibody detection |None 35 NR 137 patients developed at least |No NA NA NA
2002'%° tests performed for the 1 alloantibody. There were
patients with SCD as a 342 alloantibodies, occurring
baseline alone or in combinations,
detected among the
137 alloimmunized patients with
SCD (mean, 2.5
alloantibodies/patient; range, 1—
9). There were 66 different
combinations of single or multiple
alloantibodies. Anti-E was
detected most frequently,
appearing alone in 32 patients
and in combination with other
alloantibodies in 28 patients. Anti-
D was detected in only 2 patients,
reflecting vigorous efforts to avoid
transfusing D+ RBCs to D-
patients
Davies, Cross Clinically significant antibodies [ NR NR None 17.6 NR NR No NA NA NA
1986'%
Luban, 1989'"" | Cross Alloimmunization NA Serum antibody screening None 90% of American NR NA No NA NA NA
patients, and 88% of
non-American patients
McPherson, Cross HLA PRA alloimmunization NR NR None 53 NR NR Yes 21 NR NR
2010™°
Murao, 2005'*|Cross Alloantibody formation IgG Detection of alloantibodies |None 9.9 NR NR No NA NA NA
alloantibodies |was performed in fresh blood
samples using the indirect
Coombs in low-ionic-strength
solution (LISS) by the tube
method up to July 1991 and
thereafter by the column
agglutination method
Antibody specificity was
determined with a standard
panel of red cells reacting to
known antigens using
column agglutination and gel
centrifugation
Natul1<7usnda, Cross RBC antibody formation NR NR None 6.1 NR NR No NA NA NA
2010
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% of patients

% of patients who who developed [ Secondary/ |Secondary/
Reported |developed the complication |control control group
Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment
Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Olujohungbe, |Cross  |RBC antibodies NR Antibody screens using None 3.6 NR NR Yes 54 NA NR
2001 commercially available

microtyping gel cards and a
low ionic strength indirect
antiglobulin test

Orlina, 1978 | Cross Alloimmunization NR Blood grouping and antibody |None 36 NR NR No NA NA NA
screening, absorption,
elution and identification
were performed using
standard methods.
Commercial red cell panels
were used for antibody

identification
Anderson, Case Alloimmunization resulting in | Presence of | Clinical presentation, None 100 NR It is not commented on but No NA NA NA
1997'% report/ delayed hemolytic transfusion |anti-Jsa urinalysis and other patient was discharged with no
case reaction (DHTR) antibodies in | bloodwork This was followed sequelae
series the patient’'s |up and she was found to
serum have a positive DAT (weak)
due to IgG.

Antibody identification
revealed all previous
antibodies she had and a
newly detected anti-Jsa. An
eluate prepared from
patient’s postexchange
RBCs also showed anti-Jsa.
A polyethylene glycol
enhanced cross-match
performed retrospectively on
the pretransfusion specimen
revealed weak
incompatibility at the
antiglobulin test phase with
RBCs from the incompatible
donor unit used for the
partial exchange transfusion,
further confirming the
presence of anti-Jsa
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

Secondary/
control arm

% of patients

who developed | Secondary/

complication
in secondary/
control group

control

group
treatment

Secondary/
control group
treatment
results

Ballas, Case Alloimmunization Anti-E, anti-U, | Clinical presentation, CBC. |None 100 NR NA No NA NA NA
1985'" report/ and anti-N Suspecting a DHTR, the
case detected by  |providers performed a DAT
series DAT and by  |which was positive and
cross-match |found anti-N in the patient’s
studies using |serum that was new
the patient’s
serum and
red cells of
different
known
antigenic
properties
and
observation of
reaction
Bowen, Case Alloimmunization, anti-E, and |Antibodies DAT and also patient’s None 100 Supportive care |Patient’s Hb returned to baseline |No NA NA NA
1988'% report/  |anti-S antibodies, new anti- identified in | serum reacted with blood and transfusion |around 7.2 g/dL and she was
case Fya, and anti-Fy5 appearing |patient’s that was thought to be of compatible able to be discharged
series at the same time serum compatible with selected blood after the
units of blood that were E- hemolytic
negative, S-negative, K- reaction
negative,
Buchanan, Case Alloimmunization NR NR None 33 (Case 1: yes NR Decreased survival of RBCs from |No NA NA NA
1983' report/ Case 2:NR many of the transfused units
case Case 3: NR)
series
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results |control arm

Secondary/

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/
control group
treatment
results

Chan-Shu, Case Alloimmunization Positive DAT |The patient’s posttransfusion | None 100 With additional | After the 1st partial exchange No NA NA NA
1980 report/ and serum showed weakly partial exchange |transfusion for treatment, the
case identification |reacting anti-E and anti-C by transfusions patient developed
series of anti-E, -C, - |the antiglobulin technique in (around 7) with  |thrombocytopenia, and
Kand -Fy5, |addition to anti-Fy5. The unit compatible, gastrointestinal hemorrhage, she
and auto anti- |of blood transfused to her on carefully cross- | had multiple occasions of
lin the admission was found to be matched blood. |generalized swelling and bone
patient’s positive for Fy5 and E and C Prednisone tx pain, swelling of the face, lips,
serum antigens. Repeated cross was initiated on |and abdomen. This was treated
matching of the patient’s 2 separate with prednisone with good effect
pretransfusion serum sample occasions at and gradual resolution of the joint
with the cells from the 1st 2 mg/kg/d pain and swelling. However, 6 d
transfused unit showed after cessation of prednisone tx
incompatibility. The DAT on bone pain and fever returned.
the patient’s posttransfusion Patient became infected in the
blood was positive. An ether legs with pseudomonas and was
eluate prepared from these treated with nafcillin and
cells showed anti-Fy5 activity ampicillin. After a few more
only transfusions with finding of new
autoantibody | after 1 of them and
subsequent falling of the Hct,
etc., the patient was finally able to
be stabilized after transfusion
with compatible prewarmed blood
negative for all the antigens
mentioned as well as prednisone.
She was discharged on d 72 and
was well
Culler, 2008™" |Case Development of anti-CD36 NA Platelet antibody screening |None 100 Cross-match Patient successfully engrafted, No NA NA NA
report/ antibodies compatible and remains healthy at 10 mo of
case apheresis followup
series platelet
transfusions
were given
whenever
platelets dropped
below 50x10°L,
ultimately
receiving
8 transfusions
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results |control arm

Secondary/

% of patients

who developed | Secondary/

complication
in secondary/
control group

control

group
treatment

Secondary/
control group
treatment
results

Cullis, 1995' |Case Alloimmunization Presence of |This was diagnosed before |None 100 By transfusion of |Patient still had hyperhemolysis [No NA NA NA
report/ anti-E, anti-C, |patient’s initial transfusion in what was thought
case and anti-Js-b |order to properly cross- to be blood that
series antibodies match donor blood was completely
compatible with
patient’s blood
type, otherwise
not treated
Diamond, Case Alloimmunization New By DAT and antibody None 17% (3/18 with 1 other |6 units of frozen |In case 1, all joint pain and signs |No NA NA NA
1980 report/ alloantibody |screening tests presumed but no deglycerolized of toxicity abated after 4 d of
case observed by antibody identified) red cells (not prednisone tx although there was
series antibody compatible continued delayed destruction of
screening because the the transfused units. In the next
tests after a antibodies had case, 28 d after the exchange
transfusion not been with the compatible RBCs the
event identified yet) DAT be-came negative although
and 60 mg of there was persistence of the Jk®
prednisone daily |antibody
in case 1. In the
next case, the
patient was
treated with
compatible red
cells (because
the DAT was
positive, and
antibodies were
identified)
Fabron, Case Anti-c red cell alloantibody By the The patient had a DHTR. None 100 Alloantibody itself | The patient was discharged, No NA NA NA
1999' report/ presence of | The patient's extended RBC was not treated |asymptomatic, 7 d after
case this phenotype was CDe, K-k+, but DHTR was admission
series alloantibody |Kp(a-b+), Fy(a-b-), M+N+s+, treated, will be
in the Le(a+b), Di(a-). An RBC talked about on
patient’s alloantibody with specificity next form
serum which |to the Rh system (anti-c, titer
was 1:16.384) was identified by
incompatible |the indirect antiglobulin test.
with her The Rh phenotype of the
extended RBC used in the last packed
RBC RBC transfusion was CcDEe
phenotype

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012

63




Study label

Halverson,
1994'%

Design

Case
report/
case
series

Specific complication

Anti-S and anti-Do (b+)
antibodies

Definition of
complication

Presence of
these
antibodies in
serum

Diagnosis

Blood lacking the E, K1, Fy?,
JK° and S antigens was
obtained, and 2 least
incompatible units were
transfused. While
administering the 2nd unit,
the patient complained of
fever and low back pain, and
hemoglobinemia was
detected. Anti-Dob was
identified in the postreaction
samples by absorption-elution
tests, and the patient was
confirmed to be Do(a+b-).
The 1st unit transfused during
this hemolytic episode tested
Do (b+)

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

Supportive

Complication treatment results

Patient was discharged home

Secondary/
control arm

No

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

NA NA

Secondary/
control group
treatment
results

NA

Janssen van
Doorn, 2001

Case
report/
case
series

Alloimmunization in pregnant
woman

NA

A large scala of antibodies
were detected. Also the
direct antiglobulin test
showed weakly positive IgG
and C3d monospecific
antiserum

None

100

Oxygen,
parenteral
narcotics, stress
ulcera
prophylaxis, folic
acid 5mg/d. A

NA

NA

NA NA

NA

Kalyanara-
man, 1999'%

Case
report/
case
series

Anti-s antibody

The
complication
was defined
by anti-s red
cell antibody
being
detected in
the patient’s
serum

Direct antiglobulin test was
positive with polyspecific
(containing anti-lgG and
C3d) and mono-specific
(containing anti-lgG) serum.
Anti-s red cell antibody was
detected in the eluate.
Retrospective testing
confirmed the presence of
red cell s-antigen in 1 of the
2 donor units from the
previous partial exchange 8
d before patient presented.
The patient was red cell s-
antigen negative on a
pretransfusion sample from d
1 of hospitalization

None

100

Not treated, a
delayed
transfusion
reaction resulted

The alloantibody was not treated

No

NA NA

NA

Lane, 1988'%

Case
report/
case
series

Development of anti-Fy3
antibodies

NA

NR

None

100

NR

NR

No

NA NA

NA
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Study label

Design

Specific complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results |control arm

Secondary/

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/
control group
treatment
results

Lomas- Case Anti-D antibody development |NA Positive result in serum None 100 Transfusion of D- | Patient 1 improved with No NA NA NA
Francis, report/ in D+ patients antibody screening blood transfusion of D- blood. No
20079 case information available on patient 2
series outcome
McCrae, Case Platelet alloimmunization Presence of By serum analysis and also |None 100 Solumedrol Patient fully recovered, all No NA NA NA
19962 report/ anti-PL a2 by symptoms of 60 mg IV every |hemorrhagic events resolved.
case antibodies, posttransfusion purpura 12 h; IV Patient’s platelet count had
series anti-Bak-a (PTP) which were a result of immunoglobulin, |originally been at 285,000 at
antibodies the platelet alloimmunization 1g/kg the 1std presentation but dropped to
and other and .4g/kg the 2 | 15,000 at time of diagnosis of
anti-platelet d after that with  |PTP and down to 5000/uL at the
antibodies “hormonal lowest. After treatment with
therapy” to intravenous immunoglobulin
control patient’s | (IVIG) and solumedrol, the
vaginal bleeding |platelet count initially dropped to
5,000 on d 1 but then steadily
rose back to 34,000/uL on d 5
and up to normal by d 8
McNerney, Case Development of auto- and NR Antibody screens using the |None 100 Epinephrine, During hospitalization for a sickle |No NA NA NA
2010% report/ alloantibodies after transfusion gel method albuterol and cell crisis and 3 d following
case of 1 unit of packed RBCs steroids transfusion, the patient developed
series acute stridor and laryngeal
edema. He was transferred to the
pediatric ICU where he
responded to IV epinephrine,
steroids and inhaled albuterol. 4 d
later he was clinically stable and
therefore discharged. Later that
same night, patient was found
unresponsive and was
pronounced dead upon arrival at
the hospital
Monsaingeon- |Case Alloantibody formation NR Antibody panel, DAT None 100 Transfusion After a yr on HU the patient was |No NA NA NA
Lion, 1993% | report/ cessationand  |no longer transfusion dependent
case HU tx and Hb increased by 2-3 g/dL
series
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Study label
Petz, 1997%%

Design

Case
report/
case
series

Specific complication

Hemolytic transfusion reaction

complication

Unclear

Diagnosis

Patient 1 developed anti-c,
anti-jkb, anti-jsc, anti-m, and
conversion to DAT positive
Patient 2 developed anti-
fy>—anti-jk"—becoming DAT
positive; however, later
becoming DAT negative
again

Patient 3 became DAT
positive

Patient 4 became anti-M and
anti-S positive

Patient 5 developed anti-C,
anti-E, anti-Jkb, anti-Lu

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

Patient 1: A total of 6U
cross-matched,
compatible blood was
given. On day 41 when
he returned to hospital
with continued
hemolysis, a decision
was made to stop
transfusion unless
anemia was life
threatening

Patient 2 received 12
total U of RBCs, 9 of
which were cross match
compatible. Prednisone
was given along with an
additional 2U of PRCs.

Patient 3 was given 9U of
cross-match compatible
RBCs 4 of which were
positive for C. Hemolysis
persisted and DIC
developed so steroids
were started.

Patient 4 was given
RBCs that were negative
forE, K, JK°, and S; then
2 units and 50 mL of a
third unit; transfusion was
then discontinued. She
received 50 mg of
prednisone and antibody
screening revealed anti-
M and a weak anti-S.
Subsequently her Hct
stabilized and her
reticulocytes rose to a
high of 75%

Patient 5: In spite of the
transfusion of 2 units of
cross-match-compatible
RBCs that were negative
for C, E, S, K, Fy?, Fy°,
and JK®, the Hct dropped
further, to a level of
21.2%. An additional 2
units of RBCs that were
cross-match-compatible
and negative for C, E, K,
and Jk® increased the Hct
to 27.5%, but just 2 days
later, it was 18.5%. Anti-
Fy® and -Fy® were also
identified in the patient's
serum. The reticulocyte
count reached a nadir of
4.1% but generally was
between 10 and 15%
during the hemolytic
episode

Complication treatment results |control arm

Patient 1 gradually improved

Patient 2 went home but returned
27 months later with anemia and
pain.

Patient 3 eventually stabilized
and continued to improve

Patient 4 was discharged with a
Hct of 19.2%, LDH of 810 U per
L, and total bilirubin of 0.8mg per
dL

Patient 5 :Signs of hemolysis
gradually abated, the
reticulocytes increased, reaching
a peak of 34.8%, and the Hct
stabilized between 20 and 23.5%

Secondary/

No

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

NA NA

Secondary/
control group
treatment
results

NA
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% of patients

% of patients who who developed [ Secondary/ |Secondary/
Reported |developed the complication |control control group
Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment
Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Plante, 1998"*| case Development of Anti-E, anti-S, | Presence of | Serum bilirubin was 41 None 100 Treatment Improvement in liver function and |No NA NA NA
report/  |anti-JK(B), and anti-Lewis A | the antibodies |mg/dL, and Hct, 14.5%, and initially was with |resolution of the hemolysis
case and more allo/autoantibodies |in patient’s 3 new anti-bodies were what was thought
series serum detected: anti-S, anti-JK(B), to be compatible
and anti-Lewis A. PRBCs,
Subsequently, the serum however, the
bilirubin rose to 55 mg/dL, patient did not
and transaminases respond to this
increased treatment and
subsequently

steroid treatment
was tried, and
that resulted in

marked
improvement in
the level of
transaminases
and in the
hemolysis
Reevzeog, Case Anti-Le", anti-Leh and anti-E | Delayed In serum None 100 With transfusion |Hb rose to 13 g/dL and HbS No NA NA NA
1980 report/ |antibodies were demonstrated | hemolytic of 4 PRBCs decreased to less than 40%
case in the serum after transfusion. |transfusion
series reaction is
associated
with the signs
and
symptoms of
extravascular
hemolysis
and the
appearance
of new
antibodies in
the patient’s
serum
Senzz%lé Case Patient 1: anti-hrB, anti-E. NR DAT, indirect antiglobulin None 100 NR NR No NA NA NA
2007 report/  |Patient 2: anti-K. test (IAT), antibody screen
case Patient 3: anti-C, warm
series

autoanti-e and a cold
autoantibody.
Patient 4: autoanti-e
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% of patients

% of patients who who developed [ Secondary/ |Secondary/
Reported |developed the complication |control control group
Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group treatment
Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Strupga, Case Anti-Dombrock-a and anti- Hemolytic Serum was tested against  |None 100 Case 1: A unit of |Case 1: improved without further |No NA NA NA
1998%" report/ | Dombrock-b antibodies transfusion commercially prepared Do(b-) RBCs, transfusion.
case induced hemolysis reaction with |reagent RBCs and an in- which also Case 2: The patient was
series identification |house frozen RBC inventory. lacked discharged a week later.
of the Anti-Do was identified using for all antigens Case 3 : Patient was discharged
aforementioned | papain coated RBCs corresponding to |Case 4 : NR
antibody

her known
antibodies, was

transfused. She
was started on
steroids and
erythropoietin,
Case 2: received
2 Do(a-) units,
which also
lacked all

antigens
corresponding to
her known
antibodies.

Case 3: No
further treatment
Case 4: The
patient
uneventfully
received

Do(a-) units,
which also
lacked all
antigens
corresponding to
her known
antibodies
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Definition of

Reported
diagnostic

% of patients who
developed the
complication in

Complication

Secondary/

% of patients

who developed | Secondary/

complication
in secondary/

control
group

Secondary/
control group
treatment

Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Thorr;(t)gn, Case Identification of anti-C, anti-E, |An immune or | Antibody screening, exact None 100 He was given NR No NA NA NA
1993 report/  |anti-Fya, and anti-Fyb allergic method unclear several
case response to antibiotics initially
series the foreign until it was
donor red determined that
blood cell his fever was
antigens, unrelated to an
resulting in infection.
hemolysis of Pneumococcal
red blood vaccine was
cells encouraged. He
was also placed
on 1 mg of folic
acid daily and
continued on 5
mg of haloperidol
twice a day.
Vent%gelh, Case The formation of anti- NA DAT, IAT, increased None 100 Prednisone Since Apr. 2008, IAT is negative |No NA NA NA
2009 report/  |erythrocyte warm IgG hemolysis, increased 2 mg/kg/die for |and DAT has been negative since
case autoantibodies reticulocytosis and shorter 30d July 2008 with no evidence of
series transfusion interval hemolysis and need of RBC
support
Went, 2009 |Case Development of anti-Fy3 NA NR None 100 4 matching units | The units were sent overnight, No NA NA NA
report/  |antibodies of blood were and given the following day to the
case found in the patient, who gradually improved
series entire UK and and was discharged within a

given to patient

week. However, 9 d later, the
patient presented again with a
further abdominal crisis. A
nationwide search identified no
further compatible units. The
patient recovered without need
for transfusion
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Study label
Wenz, 1982%"

Design

Case
report/
case
series

Specific complication

Autoantibody that mimicked
an alloantibody with an anti-E
type pattern in a patient who
had E negative RBCs

Definition of
complication

The patient’s
blood was
typed as Ro4

Diagnosis

Serological studies were
performed by standard
procedures, including direct
and indirect antiglobulin tests
using polyspecific and
oligospecific heterologous
antisera, red blood cell
antibody identification
procedures using commercial
cell panels and selected cells,
and absorption and elution
procedures using
phenotypically selected cells.
Red blood cell antigens were
enhanced with ficin and
neutralization procedures
were performed with
commercially available
substances

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

The patient
received three
additional units of
compatible (RI
RI, Leb positive)
red cells.

Complication treatment results

These transfusions resulted in the

production of three additional
alloantibodies

Secondary/
control arm

No

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

NA NA

Secondary/
control group
treatment
results

NA

Wenz, 1982°"

Case
report/
case
series

Autoantibody that mimicked
anti-E alloantibody
Alloimmunization for anti-rh”,
anti-Le, anti-Jk®, anti-Fy?, and
anti-M

The patient
had E-negative
blood;
however, after
using
absorption and
elution
techniques for
antibody
identification,
there was an
antibody to the
patient’s red
cells that came
up as “anti-E”
in specificity
when tested
on 4 cell
panels.
However, this
was not
possible
seeing as the
patient had E-
negative RBCs

Direct and indirect
antiglobulin tests were
positive. Standard antibody
identification panels were
used to determine the
specificity of the antibodies in
the patient’'s serum. Results
of these panels were
confirmed by enzyme
enhancement and specific
neutralization procedures.
The direct antiglobulin test
was investigated by antibody
elution, followed by RBC
panel identification
procedures

None

100

Not discussed

NR

No

NA NA

NA
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Definition of

Reported
diagnostic

% of patients who
developed the
complication in

Complication

Secondary/

% of patients

who developed | Secondary/

complication
in secondary/

control
group

Secondary/
control group
treatment

Study label Design |[Specific complication complication |Diagnosis accuracy [primary group treatment Complication treatment results |control arm |control group |treatment results
Wethers, Case Patient 1: development of anti-| NR NR None 100 NR NR No NA NA NA
1987%2 report/ |J and anti-S.
case Patient 2: “alloantibodies”
series
Yuan, 2007°" |Case Development of anti-Js(b) NA NR None 100 Hydroxyurea and | The patient tolerated transfusions |No NA NA NA
report/  |alloantibodies phenotype- that were Jsb+ and remained
case matched RBC clinically well without overt signs
series transfusion of hemolysis
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Table 3. Iron Overload Incidence and Outcomes

% of patients

% of patients who developed
Reported who developed Secondary/ | complication in |Secondary/ Secondary/
Definition of diagnostic the complication |Complication control secondary/ control group |control group
Study label | Design |complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group treatment treatment results
Miller, RCT Increased SF None NA, group’s ferritin | Deferoxamine Compliance was poor in a number of patients Yes 0 NA NA
2001° serum ferritin increased from
(SF) baseline of 164

ug/L to 1804 pg/L
after 12 mo of
transfusion

Vichinsky, |RCT NR NR None 100 Deferasirox 5-30 Patients are more satisfied with deferasirox, which has a lower impact on daily activities Yes 100 Deferoxamine |Patients are more
2008%" mg/kg/d, orally daily [than deferoxamine. Given the high levels of satisfaction, it is likely that quality of life will be 20-50 mg/kg |satisfied with
improved. These results also suggest that treatment adherence with deferasirox may be infused via Deferasirox in
better than with deferoxamine, which should lead to improved long-term outcomes ump for 8-12 terms of
pump convenience, time
h/d, 5 ) lost, treatment
consecutive reference, and
d/week likelihood of
continuing
treatment
Camesbell, R, Obs Increased SF |SF None 100 NR NR No NA NA NA
1997
Delea, R, Obs |Deferoxamine [NR NA 100 Deferoxamine 42 patients (29%) had 1 or more claims suggesting utilization of central venous access No NR Deferoxamine |NA
20088 usage devices (CVADs) , including 35 patients with SCD (33%) and 7 with thalassemia (18%).

23 patients (16%) experienced infection during followup, including 18 of those with SCD
(17%) and 5 of those with thalassemia (13%). The frequency of infection was greater in
patients who received CVADs when compared with those without CVADs (40% vs. 6%,
respectively). In logistic regression analysis controlling for age and diagnosis, the odds
ratio for infection given CVAD was 11.0 (95% CI 3.9-31.5, p<.001). Cardiac disease was
observed in 16% and 15% of SCD and thalassemia patients, respectively. Overall, 7% of
patients had evidence of hypogonadism, 3% had liver disease, and 3% had diabetes.
None had evidence of hypothyroidism or hypoparathyroidism. 33 patients (23%) had 1 or
more potential complications of iron overload. Mean annualized total medical care costs
were $59,233 overall, $69,259 in patients with SCD, and $43,969 in patients with
thalassemia. Mean annualized costs of chelation tx were $19,620 overall, including
$10,899 for deferoxamine and $8,722 for administration of chelation tx. Chelation tx thus
accounted for 33% of the total costs, while administration costs accounted for 44% of the
cost of chelation tx. Mean annualized costs of transfusions were $7,285, representing 12%
of total costs. Mean annualized total medical care costs were $74,271 in patients with 1 or
more potential complications of iron overload (n=33) and $52,629 in those without such
complications (n=112). After adjusting for age and diagnosis, mean annualized total
medical care costs were $75,711 in patients with complications compared with $56,398 in
patients without complications (P=0.037). The difference in adjusted mean annualized total
medical care costs for persons with vs. without complications was $19,313 (95% ClI
$1,144-$37,482). Frequency of transfusion episodes decreased with age in patients with
SCD but was relatively constant across age categories among those with thalassemia. In
patients with SCD, deferoxamine use was greatest in those 10-19 yr of age (mean 401
g/yr), whereas in patients with thalassemia, it was greatest in those >20 yr of age (mean
379 glyr). Mean costs increased with age in both groups, but more dramatically among
those with SCD, from $38,850/yr among those 20 yr of age. Most of the increase in costs
with age was due to increasing costs of inpatient hospital care, which ranged from $2,603
for those 20 yr of age
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Study label | Design

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients
who developed
the complication
in primary group

Complication
treatment

Complication treatment results

Secondary/
control
arm

% of patients
who developed
complication in
secondary/
control group

Secondary/
control group
treatment

Secondary/
control group
treatment results

Derr, R, Obs | Transfusion NA None 100 Unclear Unclear No NA NA NA
2000% iron burden
20.5 gm/kg
Files, R, Obs NR SF None Not specified, NR NR No NA NA NA
2002% mean SF levels
reported for entire
cohort
Fung, R, Obs |Unclear Serum test No Death rate 2.2 NR The unadjusted death rate in Thal subjects (over age 15 yr) was lower (2.2 per 100 Yes 0/64 No transfusions |0 deaths
2007%¢ and chart Thal and 7.0 Tx- person-yr) compared with the Tx-SCD group (7.0 per 100 person-yr; death rate ratio =
review SCD (Death 0.38: 95% CI 0.12-0.998). However, because the Thal subjects died at a younger age
Relative Risk 0.38 compared with Tx-SCD, when age was factored into the survival analysis using Cox
(0.12—0.998) regression models, there was no difference in mortality rates between Tx-SCD and
thalassemia
Karam, R, Obs |SF and liver |SF, liver Sensitivity and All patients had 32 patients were on |All patients had hemosiderosis on liver biopsy. 10/44 (22.7%) liver biopsies had grade 4 No NA NA NA
2008%° iron were biopsy iron specificity of the hemosiderosis on |chelation with and 17/44 (38.6%) had grade 3 iron staining. 66% (29/44) of liver biopsies led to changes
2500 ng/mL quantitation SF levels were liver biopsy. 10/44 |subcutaneous in chelation tx. 4 patients would not have been started on chelation based on SF levels but
and 7 mg/g, determined to be | (22.7%) liver deferoxamine were started based on liver iron concentration. 11 patients had an increase in the
respectively 62.5% and 77.8%, |biopsies had (30—-42 mg/kg daily, |subcutaneous dose of deferoxamine. Partial exchange transfusion was started in 7
respectively grade 4 and 17/44 |5 d/week). patients because of evidence of significant iron overload. Another 7 patients were either
(38.6%) had grade | 3 patients who were |started on IV desferal or had changes made to it. In 1 patient after having an improvement
3 iron staining noncompliant with | of iron content on the followup liver biopsy, the IV deferoxamine dose was decreased
subcutaneous
administration were
admitted to the
hospital once/week
or every 2 weeks to
receive intravenous
(IV) deferoxamine.
1 patient was on
partial exchange
transfusion because
of poor compliance
with deferoxamine
Nelson, R, Obs |Transfusional |Either None 100 Deferoxamine Therapy was well tolerated in all children except patient no. 10. This child developed No NA NA NA
2006°" iron overload: |received >20 chelation therapy. | paresthesias during her third infusion of deferoxamine. The infusion was immediately
red cell IV at a dose of 15  |discontinued and her symptoms resolved within 48 h.
transfusions, a mg/kg/h (360
serum ferritin mg/kg/d, maximum
>1,500 ng/mL, daily dose 20,000
or a hepatic mg) over 48 h on
iron the weekend every
concentration 2 or 4 weeks. Ten
(HIC) of >8000 patients received
ug Fe/g dry outpatient therapy
weight liver and 6 children
received
deferoxamine via
peripheral IV
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% of patients

% of patients
who developed

Reported who developed Secondary/ [ complication in |Secondary/ Secondary/
Definition of diagnostic the complication |Complication control secondary/ control group |control group
Study label [Design |complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group |treatment treatment results
Pakbsazz, R,Obs |NR SF, liveriron |None Unclear (reported |Deferoxamine at A wide prediction range of liver iron concentration (LIC) by serum ferritin (SF) in patients No NA NA NA
2007 content data for entire 1.0-36.1 mg/kg/d  [with sickle cell disease and thalassemia
group) And measurement
of serum ferritin and
liver iron
concentration
Raph5a3e|, R, Obs |lron overload: |lron overload |None 100% Deferasirox The most common adverse events with an apparent relationship to deferasirox were No NA NA NA
2009 history of 100 |was, in some transient gastrointestinal events in two patients and skin rash was documented in one
mi/kg of cases, patient. Mild, dose-independent increases in serum AST were observed in 52% (18/34) of
packed red confirmed by a patients receiving deferasirox for a minimum of 12 mo. Mild, dose independent increases
blood cells LIC obtained in serum ALT were observed in 65% (22/34) of patients receiving deferasirox for a
(approxi- through liver minimum of 12 months.
mately 20 biopsy For patients managed a minimum of 12 mo, trends in laboratory values were assessed.
units) and/or a The ferritin at baseline and 12 mo were calculated to be 2,394 ng/ml_1,558 (range 784—
serum ferritin 7,211) and 2,679 ng/ml_1,742 (range 520-9,730), respectively. Thirty percent of patients
of 1,000 ng/ml experienced reductions in ferritin while 70% of patients experienced increases. For
or greater, on compliant patients, ferritin decreased in 44% (11/25) of cases. For poorly compliant
more than one patients, ferritin decreased in only 1 of 9 cases.
occasion
S|ege1lor;1an, R, Obs |Elevated Serum ferritin | None 55.5% NR NA No NA NA NA
1994 ferritin
Sty|e1366 R, Obs Iron overload |High ferritin None 100 Deferoxamine With deferoxamine, iron overload was mild in all but 1 patient No NA NA NA
1994 (undefined)  |levels
Vichinsky, |R, Obs |NR Increased None NR 81% of patients NR Yes NR 90% of patients |NR
2005 ferritin, were on were on
increased liver deferoxamine deferoxamine
iron
VOSk?{'dOUv R, Obs |lron Overload |Serum ferritin |None 100% Deferiprone Twelve patients completed the study. The values of the serum ferritin levels decreased No NA NA NA
2005 was measured significantly (p=0.0056) in 10 of 12 patients, especially at the end of the observation
using an period. Baseline serum ferritin levels displayed a significant correlation with LIC (r=0.91,
enzyme p<0.0001). Serum ferritin levels also correlated with liver T, values both at the beginning
immunoassay (r=—0.764, p<0.001) and the end of therapy (r=—0.823, p=0.001). Furthermore, in 8 of 12
technique patients, the reduction of serum ferritin, which was observed after 12 months of therapy
(normal range: with deferiprone, was accompanied by a significant increase of their liver T, values,
20-200 pgll) indicating that the latter reflected satisfactorily the iron status of the patients. Two of the
remaining patients showed a satisfactory reduction of ferritin but no liver T, increase, while
the last two patients failed to show any significant changes. In contrast to the above
results, ferritin levels did not show any correlation with heart T, values. Heart T, values did
not show any significant changes after deferiprone treatment (p=0.417) nor any correlation
with liver T, values or LVEF. Moreover, LVEF did not change significantly after treatment
(p>0.2). Baseline liver T, values also showed significant correlation with LIC (r=-0.91,
p<0.001) in 11 patients who had liver biopsy.
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% of patients

% of patients who developed
Reported who developed Secondary/ [ complication in |Secondary/ Secondary/
Definition of diagnostic the complication |Complication control secondary/ control group |control group
Study label [Design |complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group |treatment treatment results
Ware, R,Obs |NR SF None 87.5 (14 patients) |Phlebotomy (n=14), |2/9 were allergic to deferoxamine, 5 were noncompliant and 2 were compliant. All 14 No NA NA NA
1999™" deferoxamine (n=9) | patients received phlebotomy for a mean of 18+12 mo. The total volume of blood removed

has ranged from 1,835 to 19,825 mL, with a median volume of 8,993 mL. When
calculated in milliliters of blood removed per kilogram of body weight, the phlebotomy
volume has ranged from 48 to 405 mL/kg, with a median volume of 267 mL/kg. The 14
children who received phlebotomy had an initial median ferritin value of 2,630 ng/mL, and
their most recent median ferritin value has fallen to 424 ng/mL. 7 of the 14 phlebotomized
patients currently have a SF value under 500 ng/mL. A comparison of initial and latest SF
values shows a significant diminution in response to phlebotomy, p=.0015 by Wilcoxon
Signed Rank Test
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Study label | Design

Adam-
kiewicz,
2009

P, Obs

Definition of
complication

Iron overload:
undefined

Diagnosis

With liver
biopsies and
SF

Reported
diagnostic
accuracy

Most patients with
SF between 750
and 1,500 ng/mL
had a transfusion
iron load between
25 and 100 mg/kg
(72.8%%5.9%;
patients/obser-
vations, 24 of 50)
or an LIC between
2.5and 10 mg/g
dry liver weight
(75%20%;
patients/
observations, 8 of
9). Most patients
with SF of

3,000 ng/mL or
greater had a
transfusion iron
load of 100 mg/kg
or greater
(95.3%26.7%;
patients/obser-
vations, 7 of 16) or
an LIC of 10 mg/g
dry liver weight or
greater
(87.7%z4.3%;
patients/
observations, 11
of 18). Although
SF changes are
nonlinear, levels
less than

1,500 ng/mL
indicated mostly
acceptable iron
overload; levels of
3,000 ng/mL or
greater were
specific for
significant iron
overload and were
associated with
liver injury

% of patients
who developed

the complication |Complication
in primary group |treatment

100

Chelation

Complication treatment results
NR

Secondary/ [ complication in

control
El

No

% of patients
who developed

secondary/
control group

NA

Secondary/
control group
treatment

NA

Secondary/
control group
treatment results

NA
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Study label | Design

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients

who developed
Secondary/ [ complication in
control secondary/
arm control group

% of patients

who developed

the complication |Complication
in primary group |treatment

Secondary/
control group
treatment

Secondary/
control group

Complication treatment results treatment results

Ballas, P, Obs >50% SF, serum None 37% of the NR NA No NA NA NA
2001"® transferrin iron, total iron patients with
saturation or | binding HbSS had iron
alternatively a | capacity overload if defined
ferritin level (TIBC), and by >50%
>1,500 ng/mL |percent transferrin
or thirdly both |transferrin saturation; or if
>50% saturation defined by ferritin
transferrin (% Sat) level
saturation and >1,500 ng/mL,
ferritin level then 23% had the
>1,500 ng/mL complication. If
iron overload is
defined as both
>50% transferrin
saturation and
ferritin level
>1,500 ng/mL,
then the
prevalence
became 17%.
These numbers
only apply to
patients with
HbSS disease; the
other diseases are
not reported for
this complication
Berdoukas, |P, Obs NR NR None 100 Desferrioxamine NR No NA NA NA
2005%
Cappellini, |P, Obs |SF >1,000 Measuring None 100% Deferasirox. LOCF data indicated that median serum ferritin levels decreased significantly from No NA NA NA
2010% ng/mL or ferritin level, Overall, 27 patients |baseline by a median of 264 ng/mL (P<0.0001) after 1 year of deferasirox treatment with a
history of and MRI LIC (1.5%) started on mean actual dose of 22.2 mg/kg/d and mean transfusional iron intake of 0.41 mg/kg/d.
multiple 10 mg/kg/d, 1,527 |Adverse events, irrespective of their relation to the study drug, were reported in 1477
transfusions (87.6%) on 20 (84.7%) patients, with the most common being diarrhea (22.5%), rash (13.3%), abdominal
with abnormal mg/kg/d and 189 pain (12.2%) and nausea (12.7%). Overall, 175 (10.0%) patients had two consecutive
LIC on MRI (10.8%) on 30 serum creatinine increases of more than 33% above baseline and above the ULN; there
mg/kg/d was no progressive increase in mean serum creatinine. 11 cases of drug-related
proteinuria (0.6%) were reported during the study (thalassemia n=6; MDS n=3; AA n=1;
rare anemias n=1). There was one case of acute renal failure assessed as a drug-related
serious adverse event. Thirteen (0.7%) patients experienced two consecutive increases in
ALT over 10 times the ULN; however, levels were already elevated at baseline in 11 of
these patients
Cancado, P, Obs Iron overload: |Ferritin levels, |None NR NR NR No NA NA NA
2009% undefined echocardio-
gram, liver
ultrasound
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Study label | Design

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients
who developed
the complication
in primary group

Complication
treatment

Complication treatment results

Secondary/ [ complication in

control
El

% of patients
who developed

secondary/
control group

Secondary/
control group
treatment

Secondary/
control group
treatment results

Cohen, P,Obs |NR NR None Exact number not |lIron chelation tx 1 noncompliant patient died of iron overload complications No NA NA NA
1992% clear. 11 patients |with subcutaneous
were on iron or IV deferoxamine
chelation, 3
refused, and 1
died before
starting iron
chelation tx
Day, 1993 |P, Obs |The SF, serum iron | None 100 A complex 5-step 13 children began deferoxamine tx according to the program. A patient had to stop No NA NA NA
accumulation |binding program involving |because of severe local reactions. The mean SF in the remaining 12 children before tx
of excess iron |capacity introduction, was 5112 ng/mL (range: 1,540-8,220 ng/mL), compared to the normal SF level of 15—
in the heart, demonstration of 200 ng/mL.
liver, and treatment, initiation |11 of 12 children had a decrease in SF level. 1 child’s SF level remained the same despite
endocrine of infusion, apparent adherence to the tx. After an average length of tx of 20 mo, the mean ferritin level
glands monitoring of for the group of 12 patients fell to 3,367 ng/mL (range: 445-6,040 ng/mL). Liver, cardiac,
treatment and long- |and endocrine function were measured annually and remained stable in all patients. As of
term followup Apr. 1993, 10 of the 12 patients remain on the program and all continue to do well. The SF
level of child 10, which failed to decrease initially, had fallen to 3,291 ng/mL. The 2
remaining children were transfused to the Sickle Cell Adult Program, and 2 new children
have begun tx with deferoxamine. There had been an absence of iron associated organ
toxicity in the entire group
de P, Obs Iron overload |Serum ferritin  |NR 100 Desferal NR No NA NA NA
Montalem- level
bert, 1989%°
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% of patients

% of patients
who developed

Reported who developed Secondary/ [ complication in |Secondary/ Secondary/
Definition of diagnostic the complication |Complication control secondary/ control group |control group
Study label [Design |complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group |treatment treatment results
Harmatz, P, Obs Iron overload |Total iron There was a 100% of the Deferoxamine tx All of the subjects were on chelation tx and despite this, all ended up with iron overload. No NA NA NA
2000%° was defined concentration |strong correlation |patients had iron |had been ongoing |Quantitative iron was highly positively correlated with the months of transfusion (R=0.795,
as liver iron was measured | between overload throughout the trial | P<.001), despite aggressive use of deferoxamine chelation (figure 1). Mean liver iron was
concentration | by quantitative | pathologists’ as stated before 13.68 mg/g dry weight, with a range of 2.9-26.19 mg/g dry weight
>2.2mg iron by scores on fibrosis under supplemental
iron/dry weight | inductively (R=0.904, P<.001) interventions/
of liver tissue |coupled and inflammation medications section
(0.4-2.2 plasma (R=0.782, p<.001)
mg/g= normal |emission with 84%
reference spectrometry |agreement on
range) (ICP-ES) or individual scores
ICP-mass for fibrosis and
spectrometry (89% agreement
(MS) (Mayo, |on individual
Rochester, scores for
MN) inflammation. Liver
iron staining
pattern was also
measured by
pathologists The 2
pathologists
assessed iron
intensity and
distribution. There
was 92%
agreement
between
pathologists on
individual scores
in each location
and a strong
correlation
between
pathologists on
total iron score
(R=0.988, p<.001)
HiIIargO, P, Obs |Transfusion- |Measuring None NR Erythrocytapheresis | Pheresis patients were divided into three groups: (1) Patients with significant pre-pheresis |None NA NA NA
1998 related iron ferritin iron load continued on chelation; (2) Patients with significant iron load not chelated; and (3)
overload Patients started on pheresis prior to development of significant iron load. Patients switched
from simple transfusion to pheresis who continued deferoxamine with serum ferritin levels
>5,000 ng/ml stabilized, but did not decrease significantly—a different outcome than
previously reported for chelated patients with significant pre-pheresis iron load. In contrast,
patient 6, with a pre-pheresis ferritin level <5,000 ng/mL, had a gradual decline in ferritin
levels with the switch to pheresis and maintenance of chelation. In non-chelated patients,
both patients began pheresis with ferritin levels <5,000 ng/mL and both maintained stable
iron load as measured by serum ferritin while pheresed with no chelation. To date,
however, no decrease in ferritin has occurred for these patients. The most dramatic effect
of pheresis on ferritin levels was seen in patient 8 who began pheresis less than a year
into a traditional transfusion protocol. She has maintained ferritin levels between 50—-200
ng/mL for over 212 years on pheresis without initiating chelation.
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% of patients
% of patients who developed
Reported who developed Secondary/ [ complication in |Secondary/ Secondary/
Definition of diagnostic the complication |Complication control secondary/ control group |control group
Study label [Design |complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group |treatment treatment results

Kim, 1994°' |P, Obs [NR NR None 100 Erythrocytapheresis | The annual transfusional iron load for all 14 subjects was 6-50 mg iron/kg/yr, with a mean |No NA NA NA
value of 19114 mg iron/kg/yr. In contrast, in the 7 subjects treated with the conventional
and modified simple transfusion protocols, the annual iron loads were 116-210 mg
iron/kg/yr (mean, 144+32) and 76—171 mg iron/kg/yr (mean, 107+41), respectively. The
annual iron load was significantly increased in the 3 subjects (subjects no. 1, 2, and 10)
with preapheresis Hb levels lower than 8.0 g/dL compared with the iron load in the 11
subjects with Hb levels higher than 8.0 g/dL (p<.001). After 3—6 yr of transfusion tx, 8
subjects were treated with daily subcutaneous infusions of deferoxamine. Of these
subjects, 5 later received high-dose deferoxamine by daily intravenous infusion through
indwelling catheters because of severe iron overload and poor compliance with
subcutaneous tx. When their SF levels fell below 350 picograms per liter (pg/L) after 9—12
yr of chelation tx and after 20—46 mo of erythrocytapheresis tx, deferoxamine tx was
discontinued in subjects 2, 3, 6, and 7. Subjects 9 and 11 had SF levels of 618 pg/L and
431 pgl/L, respectively, when placed on erythrocytapheresis. These subjects never
received deferoxamine. In 5 of the 6 subjects in whom deferoxamine was either
discontinued or never begun, ferritin levels have remained stable or decreased during 11—
36 mo of erythrocytapheresis tx. These 5 subjects had preapheresis Hb levels higher than
8.0 g/dL. The ferritin level has increased in 1 subject whose pre-apheresis Hb levels had
been lower than 8.0 g/dL; the rate of increase in ferritin level in this subject is still less than
1/3 of that found with conventional simple transfusion without chelation tx. The mean
annual net RBC load with erythrocytapheresis was 87% lower than with conventional
simple transfusion (p<.01) and 82% lower than with modified simple transfusion (p<.01). In
contrast, the annual PRBC usage with erythrocytapheresis was 23% higher than with
conventional simple transfusion (p=.02) and 73% higher than with modified simple
transfusion (P<.05)

King, P, Obs NR Increased None 1.1 Subcutaneous NR No NA NA NA
2008 ferritin chelation tx 5
nights/week, but
was not adherent to
this prescription
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Study label | Design

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients
who developed
the complication
in primary group

Complication
treatment

Complication treatment results

% of patients
who developed

Secondary/ [ complication in

control
El

secondary/
control group

Secondary/
control group
treatment

Secondary/
control group
treatment results

Koren, P, Obs NR Increased None Unclear, mean lab |Desferrioxamine NR Yes 98 Iron chelation Dilated
2010'%# ferritin, and values presented, |and deferasirox treatment was | cardiomyopathy
nontransferrin- and while means used in 42 was diagnosed in
bound iron are above the Thalassemia three patients and
normal limit, they Major (ThM restrictive patterns
were significantly patients. All in one. Among the
lower than levels ThM (30) ThM patients
reported in the patients and seven had
thalassemia group 1 Thalassemia |hypoparathyroid-
Intermedia (Thl) |ism, two had
patient are hypothyroidism
currently treated | and three had
with insulin dependent
desferrioxamine | diabetes. Growth
until 2005. After | hormone
2005, chelation |deficiency was
treatment was | diagnosed in one
gradually ThM patient aged
changed to 16. Hypogonadism
deferasirox. was diagnosed in
Combination tx |13 ThM patients
with and one Thl
desferrioxamine | (primary
and deferiprone |amenorrhea in six
was also used |and delayed
in some puberty because
patients of
hypogonadotrophi
¢ hypogonadism in
eight). In the Thi
group, no
hypothyroidism,
hypoparathyroidis
m or diabetes
were diagnosed
Levin, P, Obs |Marrow very |by MRI None 100 Deferoxamine tx Iron deposition was present despite tx Yes 2/6 (33.3%) had |Not treated NR
1995 hypointense to had been ongoing iron deposition in
muscle on all the spleen and
sequences 1/6 had evidence
(nearly black) of some iron in

was identified
as iron
deposition
within the
marrow

the renal cortices
but none in the
liver or pancreas
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Diagnosis
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diagnostic
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% of patients
who developed
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in primary group

Complication
treatment

Complication treatment results

Secondary/
control
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% of patients
who developed
complication in
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control group

Secondary/
control group
treatment

Secondary/
control group

treatment results

Levin, P, Obs |Marrow very |by MRI None 100 Deferoxamine tx Iron deposition was present despite tx Yes 2/6 (33.3%) had | Not treated NR
1995% hypointense to had been ongoing iron deposition in
muscle on all the spleen and
sequences 1/6 had evidence
(nearly black) of some iron in
was identified the renal cortices
as iron but none in the
deposition liver or pancreas
within the
marrow
Ware, P, Obs | Transfusional |SF None 100 Transfusions are 11 patients have had diminution of their SF to <250 ng/mL; 8 have had their phlebotomy No NA NA NA
2001%7 iron overload discontinued and regimen discontinued with stable normal ferritin values and no evidence of iron deficiency.
is a serious replaced with 4 of these latter children underwent percutaneous liver biopsy for histologic evaluation and
consequence hydroxyurea. Serial |quantitative iron analysis. Histologic sections showed no to mild (0—1+ of 4) stainable iron,
of erythrocyte phlebotomy is which was located primarily within periportal hepatocytes and Kupffer cells. Trichrome
transfusion in performed to stains showed fibrous portal expansion with minimal periportal fibrosis. The average iron
patients with remove excess iron |quantitation for these 4 liver biopsies was 1.50 +0.36 mg iron per g of dry weight liver,
SCA and to accelerate within the normal range. Data indicate that serial phlebotomy is well-tolerated and can
endogenous effectively reduce the excess iron present in pediatric patients with SCA and transfusional
erythropoiesis iron overload. SF levels can return to the normal range, and liver biopsy confirms that
hepatic iron deposition can be mobilized and removed
Russell, P, Obs |Progressive SF None 100 Deferoxamine Compliance with iron chelation tx had been very poor. Otherwise not reported No NA NA NA
1984 iron saturation
and increasing
ferritin levels
Silliman, P, Obs |Transfusion- |SF 4100- None 100 Deferoxamine Total iron excretion (urine and fecal) was 91% greater at 180 mg/kg/d DFO than at 60 No NA NA NA
1993% induced 14,176 ng/mL mg/kg/d DFO, and fecal iron excretion became a relatively larger proportion of total
hemosiderosis excretion at higher doses. Subsequent treatment for 3 mo with 150 mg/kg/d DFO caused a
33% to 60% reduction in serum ferritin and demonstrable improvement in hepatic function
in all patients. No toxicity was encountered
Singer, P, Obs |lron Ferritin None 5/8 were on Deferoxamine. Only |Unclear No NA NA NA
19995 overload measurement chelation therapy |5 patients received
using prior to inclusion  |at 5 nights/week
immunoassay and throughout the

study
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% of patients
who developed
Secondary/ [ complication in |Secondary/

% of patients

Reported who developed Secondary/

Study label | Design

Definition of
complication

Diagnosis

diagnostic
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the complication
in primary group

Complication
treatment

Complication treatment results

control
El

secondary/
control group

control group
treatment

control group

treatment results

Vichinsky, |P, Obs |Not specificin |Unclear None 100 (inclusion With deferasirox tx. |72 patients (54.5%) continue to receive deferasirox. Reasons for discontinuation include: |[No NA NA NA
2009% the abstract, criteria was iron The median consent withdrawal (n=24, 18.2%), adverse events (AEs) (n=11, 8.3%), lost to followup
but the median overload) duration of (n=9, 6.8%), unsatisfactory therapeutic effect (n=4, 3.0%), and other reasons (n=11,
SF levels at exposure to 8.3%). 1 death was reported (post-liver transplantation, unrelated to study drug). The most
baseline were deferasirox was frequent drug-related (investigator-assessed) AEs were nausea (n=20; 15.2%), diarrhea
3,439 ng/mL 37.4 mo (3.1 yr) at a|(n=14; 10.6%), vomiting (n=8; 6.1%) and abdominal pain (n=6; 4.5%). The annual
mean dose of frequency of drug-related AEs generally decreased from year to year. 9 patients (6.8%)
18.4+6.2 mg/kg/d. |had 2 consecutive increases in serum creatinine that were both >33% above baseline and
Mean daily dose of |above ULN; however, there were no progressive increases. 5 patients (3.8%) had an
deferasirox increase in alanine aminotransferase >10xULN on at least 1 visit; baseline levels were
increased from already >ULN in 2 patients. Median SF levels decreased from a baseline level of 3,439
15.4+6.9 mg/kg/d at |ng/mL (n=132) by 651 ng/mL (p=.0533, Wilcoxon signed rank test; n=49). SF decreases
month 1 to were dose-dependent.
22.3+7.3 mg/kg/d at | Symmary and Conclusions. Over 3.5 yr of deferasirox treatment showed no evidence of
month 42. Mean | progressive increases in serum creatinine in patients with SCD, who have a tendency to
iron intake over this | develop progressive renal disease. The incidence of drug-related AEs decreased after the
period was 0.3+0.1 |1st yr. Deferasirox provided continued reduction in SF over the course of the study
mg/kg/d. 72 patients
(54.5%) continue to
receive deferasirox
Ware, P, Obs |lron overload [NA None 74.3(26/35) Serial phlebotomy | Before phlebotomy, the average serum ferritin for these 26 children was 3134+ 1788 No NA NA NA
2004 (serum ferritin (greater than or ng/mL (median, 2722 ng/mL; range, 1025-8830). Latest values document an average
>1,000 ng/mL) equal to 6 months) |serum ferritin of 617 + 685 ng/mL (median value, 298 ng/mL; range, 69-2313). Fourteen
was performed on | children discontinued phlebotomy after their serum ferritin was < 200 ng/mL on two
26 children for an measurements.
average duration of
30 £ 18 months
(range, 7-74
months)
Yeomans, |P, Obs Normal serum |Liver biopsy None 82.5% exceeding |NR NR No NA NA NA
1990% transaminase: 100U/L serum
g;iﬂéﬁd t‘;er transaminase ;
to iron biopsy findings
overload vary by
parameters
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% of patients

% of patients who developed
Reported who developed Secondary/ [ complication in |Secondary/ Secondary/

Definition of diagnostic the complication |Complication control secondary/ control group |control group
Study label [Design |complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group |treatment treatment results
BrOW|1'15,8 Cross Iron overload |Liver biopsy None I:s or;:t?:nféip(ﬁllcc i)ranas NA NA No NA NA NA
2009 secondary to 21,759 +10,435 pglg dry

chronic weight liver (range:

transfusion 7,646-48,466 ug/g dry

weight liver). The mean
calculated histologic iron
score was 21.6£3.0
(range: 14-25). Mild
lobular portal fibrosis and
mild inflammation was
noted in 7 (28%) liver
biopsy specimens, 3
(12%) had mild lobular
fibrosis alone, and 2 (8%)
had only mild
inflammation. Neither
cirrhosis nor
hepatocellular necrosis
were present in any of
the liver biopsies. Serum
iron studies showed a
mean SF level of 4620
+2078 ng/mL (range:
1,975-10,467 ng /mL)
and a mean percent iron
saturation of 61.3+15.4%
(range: 35-94.3%). Only
3 children had elevated
alanine aminotransferase
(mean: 49.5+29.6U/L),
while 76% were found to
have elevated aspartate
aminotransferase (AST)
(mean: 69.4+32.8UIL).
Significant correlations
were found between HIC
and histologic iron score,
SF, iron saturation, age
and transfusion volume.
However, when adjusted
for transfusion volume,
there no longer existed
significant correlations
between HIC and
histologic iron score, SF,
or iron saturation. A
significant correlation was
seen between HIC and
transfusion volume and
patient age. HIC was
higher in biopsies with
fibrosis compared with
biopsies without fibrosis.
HIC did not differ
significantly between
biopsies with lobular
inflammation and
biopsies without
inflammation. Linear
regression showed that a
transfusion of 14 L
correlated to an HIC of
roughly 19 mg/g dry
weight

Com%é Cross NR Liver biopsy None 100 NR NR No NA NA NA
1991

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012 84



Definition of

Reported
diagnostic
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who developed
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Secondary/ [ complication in
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Secondary/
control group

Study label complication |Diagnosis accuracy in primary group |treatment Complication treatment results arm control group |treatment treatment results
Davies, Cross NR SF None 0 NA NA Yes In group 2: 25%, |NA NA
1984163 concentration, in group 3 80%
TIBC, serum
iron and liver
biopsy (on
some patients)
Flyer, Cross NR NR None 100 Deferoxamine The abdominal ultrasound of 4 patients studied demonstrated increased echogenicity of No NA NA NA
199316 (patients were the pancreas. MRI in 3 of the 4 patients demonstrated decreased signal intensity in all
noncompliant) sequences in the liver and somewhat decreased signal intensity on T1 weighted images of
the pancreas. In addition, there was decreased signal intensity on T2 weighted images of
the pancreas equivalent to the signal intensity of the liver. Liver biopsy in all patients
showed findings consistent with hemosiderosis
Fung, Cross 3 SF values SF None 100 70.7% currently NR Yes 100 92.3% currently |[NR
200816 within the being chelated. being chelated.
previous 16.6% were 0.7% were
12 mo, which chelation naive. chelation naive.
averaged at 74.2% received 77.1% had
least 2,000 subcutaneous tx, received SubQ
ng/mL 19.7% received IV tx, 16% had
tx, 6.1% received received IV tx,
both and none 2.3% had
received oral tx received both,
and 4.6% had
received oral tx
Ghoti, Cross Iron overload. |SF, transferrin |None 60 NR NR No NA NA NA
2010 (mild liver 10 | saturation,
(T2* = MRI (to
3.5-6.3 ms); assess liver,
moderate pancreas and
(T2* = cardiac iron
2-3 ms); content)
severe liver |O
(T2*<2 ms)
Hernandez, |Cross Iron overload, |MRI, SF, liver |None 100 NR NA No NA NA NA
198818 (iron biopsy
accumulation
in various
organs such
as liver,
spleen, and
marrow)
O’Brien, Cross Total body iron | SF, TIBC, iron |None 38 NR NR No NA NA NA
1978'"® burden saturation
Olivieri, Cross NR SF, serum None Unclear No NR Yes Unclear Deferoxamine |NR
200178 transferrin,
and hepatic
biopsy
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control group

Secondary/
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control group
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Olujohungbe, | Cross Iron overload |NR None 0 NA NA Yes 8 (3/37) Chelation tx NR
2001'"® (undefined) (otherwise not
specified)
Richa}gﬁi, Cross NR SF None Unclear NR NR No NA NA NA
2002
Teixe1i£?, Cross Iron overload |Liver biopsy None 50 NR NA No NA NA NA
2002
Voskaridou, | Cross NR SF, LIC None Unclear None were NA Yes Unclear Chelation tx NA
200488 receiving chelation
tx
Amer;%ola, Case Only Labs, None 100 Deferoxamine Iron balance studies demonstrate iron overload; serum iron 192 pg/dL, total iron binding No NA NA NA
1990 report/ laboratory SF>4,000 capacity 196 pg/dL, and serum ferritin 6,382 ng/mL
case markers of ng/mL
series iron overload,
no end-organ
damage
F|nch2,16 Case Iron overload |Liver biopsy |None 100 NR NA No NA NA NA
1982 report/
case
series
Foral, = |Case  [Chronic NR None 100 Deferoxamine NR No NA NA NA
2001 report/ hepatospleno-
case megaly on the
series basis of sickle
hepatopathy
and iron
overload
Hurlet- Case Transfusional |[NR None 100 Deferoxamine All 3 patients were poorly compliant and elected to cease transfusion tx No NA NA NA
Jensg.-%, report/  |hemachroma-
1994 case tosis
series
J|sko§>1t9, Case Iron overload |SF, None 100 Desferrioxamine: Despite chelation treatment, the child’s SF rose to 3000 mg/L. Following splenectomy the [No NA NA NA
2004 report/ splenectomy escalating doses up | patient became transfusion independent
case analysis to escalating doses
series up to 60 mg/kg/d,
given over
10-12h, 6
nights/week
Korogzeos, Case Iron overload |SF None 100 Both patients were |Both patients tolerated the regimen well, and neither developed any cardiotoxicity, No NA NA NA
1996 report/ hospitalized every 2 |ototoxicity or visual impairment. Patient 2 experienced pulmonary toxicity in association
case weeks for with a 5 d infusion of the deferoxamine, but had no respiratory problems with the 2 d
series continuous infusions

deferoxamine
infusion at a rate of
15mg/kg/h for 48 h
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Prasa2£11nan, Case Iron overload |NR None 100 Deferoxamine700 |Acute renal failure after overdose treated by one round of high efficiency hemodialysis No NA NA NA
2003 report/ mg/kg per week
case administered as a
series continuous 96-h
infusion.
Phillips, Case Hypothyroid- |Increased None 100 Hormone Patient 1: The patient presented with increasing lethargy, worsening pain, and increasing |No NA NA NA
199222 report/ ism in thyroid- replacement tx swelling in her lower extremities. Her Hb was 9.5 g/dL, and Hb electrophoresis
case chronically stimulating demonstrated an HbA of 95% and HbS of 5%, consistent with her long-term transfusion
series transfused iron [ hormone status. With the exception of mildly elevated hepatocellular enzymes, the remainder of her
over-loaded (TSH), routine admission examination was unremarkable. In the process of examining her mental
patients with  |decreased T3 status, thyroid function studies were ordered. The patient had a high TSH and low T3 and
SCD and T4. T4. Despite replacement of thyroid hormone and aggressive supportive tx, the patient died

Increased SF

and no autopsy was obtained.

Patient 2: The patient had remained in his usual state of health until he was admitted to the
hospital for progressive abdominal pain. IV narcotics provided no pain relief. Additionally,
he had a temperature of 38.7 C with concomitant leukocytosis and elevated liver enzymes
(lactate dehydrogenase (LDH) 1,191 U/L, Alk Phos 233 U/L, SGOT 111 U/L and total
bilirubin 5.6 mg/dL). Empiric antibiotic tx was initiated. Gallbladder ultrasound (US) was
done and showed filling defects and intraluminal sludge. 10 d later, he underwent
cholecystectomy and liver biopsy. Biopsy results showed micronodular cirrhosis and
cholestasis along with hemochromatosis. Postoperatively, clinical deterioration occurred.
The patient was severely congested and chest x ray revealed massive cardiomegaly.
Echocardiography revealed massive cardiomegaly. Tx with captopril 12.5mg q 8 h,
appeared to only exacerbate his clinical condition. About a week later, he was transferred
to another hospital. The patient was hypotensive (108/60 mmHg). Hb on admission was
9.7 g/dL, and Hct was 28%. Thyroid function was performed and TSH was high, and T3
and T4 were low. Prior to thyroid hormone supplementation could be escalated to full
replacement, the patient experienced another episode of severe hypotension and he was
transferred back to the ICU where he died several days later.

Patient 3: The patient presented with worsening symptoms of congestive heart failure and
was transferred to the CCU where an acute myocardial infarction was ruled out. While in
the ICU, lab evaluation was significant for TSH >76 |U/mL with a free T3 of 0.1 pg/mL and
free T4 of 0.4 pg/dL. Tx with parenteral thyroxine was started, and the patient steadily
returned to his usual functional status prompting discharge. He returned 5 mo later with
dyspnea and anasarca. Lab data on admission were significant for Hb of 9.8 g/dL and an
Hct of 25%. BUN was 72 mg/dL and creatinine was 1.8 mg/dL. TSH was 6.2 IlU/mL. A
CXR demonstrated cardiomegaly, pulmonary edema, and bilateral pleural effusions.
Electrocardiogram documented A-Fib, with a ventricular response of 100. Diuresis was
again attempted, but renal failure and anuria quickly ensued with creatinine increasing to
2.7 mg/dL within 24 h. The creatinine continued to climb, peaking at 10 mg/dL with a
concomitant BUN of 260 mg/dL. 1 d later, the patient died. Postmortem examination was
performed. The cause of death was believed to be uremia. A marked iron deposition,
atrophy of glandular tissue, and fibrous tissue formation in the thyroid gland
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Study label

Yusuf,
200822

Design

Case
report/
case
series

Definition of
complication |Diagnosis

Iron overload |Increased SF,
iron
concentration
and iron

saturation

Reported
diagnostic
accuracy

None

% of patients
who developed
the complication
in primary group

100

Complication
treatment

Deferasirox, 1,500
mg/d
(corresponding to
20 mg/kg for
patient’s weight)

Complication treatment results

Before initiation of deferasirox tx, the patient had a SF concentration of 7,866 ng/mL
(7,866 g/L), iron concentration of 150 g/dL (27 mmol/L), iron saturation of 87%, calcium
level of 8.2 mg/dL (2.05 mmol/L), ionized calcium level of 3.7 mEg/L (1.85 mmol/L),
albumin level of 3.2 g/dL (32 g/L), phosphate level of 4.2 mg/dL (1.36 mmol/L), and intact
parathyroid hormone level of 1,034 pg/mL (1,034 ng/L). The patient started on deferasirox
tx. She responded well to the tx, with a progressive decrease in SF levels over the next
several months. Her serum calcium concentration decreased to 5.9 mg/dL (1.47 mmol/L),
with an ionized calcium level of 3.0 mEg/L (1.5 mmol/L), during the same period without a
change in intact parathyroid hormone concentration. In response to hypocalcemia, the oral
paricalcitol dose was increased and subsequently switched to increasing doses of calcitriol
because of its tendency to increase serum calcium concentration. The patient was also
started on oral calcium supplementation and her calcium ion concentration of dialysate
solution was increased to 3.5 mEq/L (1.75 mmol/L). Serum calcium levels continued to
decrease, and she developed periorbital paresthesias and mental slowing. She was
admitted to the hospital and received intravenous calcium, with resolution of all symptoms.
Deferasirox was discontinued. Her serum calcium concentration continued to increase
when she was an outpatient without other changes to her medication regimen. A
rechallenge demonstrated the same hypocalcemia, which was remedied with tx cessation

Secondary/ [ complication in

control
El

No

% of patients
who developed

secondary/
control group

NA

Secondary/
control group
treatment

NA

Secondary/
control group
treatment results

NA
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Table 4. Hemolytic Transfusion Reactions Incidence and Outcomes

Study label

Specific
complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

Secondary/
control arm

% of patients
who developed
complication
in secondary/
control group

Secondary/
control

group
treatment

Secondary/control
group treatment
results

Haberkern, RCT Transfusion reaction |NR NR None 9 NR NR Yes 4 NR NR
1997
Vichinsky, RCT Delayed hemolytic Unclear Unclear None 3.6 (n=5 total patients |Unclear Unclear Yes NR NR NR
19992 transfusion reaction in the study developed
(DHTR) delayed reaction after
preoperative
management)
Vichinsky, RCT HTR Unclear The episodes were None 2 (3.3%) Unclear NR Yes NR NR NR
2001° characterized by an
unexpected drop in Hb
and a paradoxical rise in
the HbS percentage
Adams, R, Obs DHTR Unclear Unclear None 1.08 Unclear NR No NA NA NA
1998%
Aygun, 2002”° |R, Obs Hemolytic Hyperhemolysis= Delayed hemolytic and |None 121 NR NR No NA NA NA
Transfusion severe hemolysis with |serologic transfusion
Reaction. 11 drop in Hb to reactions include any
pediatric patients and | pretransfusion level patient who developed a
6 adult patients with or without a positive DAT with or
developed various positive DAT. without clinical
transfusion reactions | DHTR=positive DAT | hemolysis or any patient
with or without who developed
hemolysis or hemolysis with or
hemolysis with or without a positive DAT
without a positive DAT | within 2 weeks after
within 2 weeks of transfusion
transfusion
Bhattacharyya, |R, Obs DHTR+ formation of |NR NR None 9 NR NR No NA NA NA
19932 multiple
alloantibodies and
autoantibodies
Castellino, R, Obs Hemolysis A Hb concentration Clinical presentation, None 28.5 (4/14 who Steroids In several cases the DAT became No NA NA NA
19997 that was lower than history of transfusion + developed negative and hemolysis resolved.
expected, along with | hemolysis autoantibodies) Patient 11 developed a fatal
increased autoimmune hemolytic reaction following
reticulocytosis, and transfusion, despite prednisone tx
the need for a shorter
transfusion interval
Howard, R, Obs Delayed transfusion | Not specified NR None 4.08 (2/49 transfused) |NR NR Yes 0 NA NA
1995 reaction
Morrison, R, Obs Blood transfusion NR NR None 5 NR NR Yes 7 NR NR
1991% reaction
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Talano, R, Obs DHTR/ The abrupt onset of The presence of a fall in | None 100 Transfusion of Severe complications were observed No NA NA NA
2003 hyperhemolysis signs and symptoms | Hb often below completely after the onset of DHTR/H. 3 patients
(DHTR/H) of accelerated pretransfusion levels; phenotypically developed acute chest syndrome (ACS)
hemolysis evidenced |reticulocytopenia and matched unit of RBC, |1-2 d after their admission for DHTR/H.
by an unexplained fall |elevated lactate conservative Pancreatitis occurred in 1 patient
in Hb, elevated lactic |dehydrogenase (LDH) management, erythro- |approximately 1 week after the DHTR/H
dehydrogenase, and bilirubin with fever, poietin, steroids was recognized. In another patient,
elevated bilirubin pain, and congestive heart failure was recognized
above baseline, and | hemoglobinuria within 1 d after the DHTR/H was diagnosed.
hemoglobinuria, all 10 d of a previous Finally, acute renal failure occurred 2 d
occurring between 4 | transfusion after diagnosis of DHTR/H in 1
and 10 d after an RBC individual. For stimulating erythropoiesis
transfusion and suppression of the immune
response, as well to avoid additional
transfusions, corticosteroids, and
erythropoietin as described by Telen
and Coombs were administered to 6
patients. Most patients were placed on
erythropoietin and corticosteroids for 1—
2 weeks during their acute illness and
hospitalization for the DHTR/H. 1 patient
used erythropoietin and corticosteroids
for approximately 2 mo after DHTR/H
during multiple subsequent
hospitalizations for VOCs. This patient
successfully avoided additional RBC
transfusions. 3 of the 6 patients received
additional RBC transfusions that were
completely phenotypically matched
during their acute iliness. 1 of the 3
patients (UPN-1) experienced severe
additional hemolysis; the other 2
patients tolerated transfusion without
any additional hemolysis
Tuck, 1987%° |R, Obs Immediate minor NR NR None 14 NR NR Yes 0 NR NR
transfusion reaction
Cabibbo, P, Obs Hemolytic transfusion | NR NR None 5% (1 patient on NR The patient tolerated subsequent No NA NA NA
2005'1® reaction 1 occasion) transfusions uneventfully
Chadebech, P, Obs DHTR A life-threatening The disappearance of None 6 The 3 patients were Patient 3 died from multiple organ failure | No NA NA NA
2009""" complication in SCD | transfused HbA and admitted for ACS and |on d 21
characterized by biologic variables of VOC and received 3
recurrence of disease |hemolysis RBC units (1 patient),
complications, an exchange
recipient red blood cell transfusion with 2 RBC
(RBC) destruction, units (2 patients)
and frequently no
detectable antibody
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Cunningham, [P, Obs Hemolytic transfusion | Posttransfusional NR None 4 NR NR Yes NR NR NR
1983% reaction hemolysis
Keidan, P, Obs DHTR NR NR None 25 NR NR No NA NA NA
19882
Klein, 1982'* [P, Obs 3 severe hemolytic | Clinically. no details None 16 NA NA No NA NA NA
transfusion reactions |available
occurring within 6 d
postexchange.
Reactions associated
with appearance of
antibodies against
the Kidd system
Kozanoglu, P, Obs Hemolytic transfusion | Not detailed Chart review None In 2 patients (2.4%), Was controlled by the |In 2 patients (2.4%), severe hemolysis |No NA NA NA
2007'% reactions severe hemolysis administration of a developed and was controlled with the
developed. 7 patients | corticosteroid or by injection of corticosteroids. A dermal
(8.4%) developed a plasma exchange allergic reaction, which occurred in 5
positive direct or patients (6%), was easily controlled with
indirect Coombs’ test, an anti-histaminic medication.
which was performed Multiorgan failure developed in 5
7.4 + 2.3 mo after the patients (7.2%) with a painful crisis, all
1st automated red cell of whom died within 5 d after ARCE: 2
exchange (ARCE) patients (2.4%) experienced severe
procedure. Multiorgan hemolytic episodes within 72 h after the
failure developed in 2nd ARCE. That complication was
5 patients (7.2%) with controlled by the administration of a
a painful crisis, all of corticosteroid or by plasma exchange
whom died within 5 d
after ARCE (1 patient
died after the 1st
ARCE, 2 patients died
after the 2nd ARCE, 1
patient died after the
3rd ARCE, and 1
patient died after the
4th ARCE treatment). 2
patients (2.4%)
experienced severe
hemolytic episodes
within 72 h after the
2nd ARCE. That
complication was
controlled by the
administration of a
corticosteroid or by
plasma exchange
Morrifson, P, Obs Transfusion reaction |NR NR None 2.7 NR NR No NA NA NA
1980

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012

N




% of patients

% of patients who who developed | Secondary/
Reported developed the complication |control Secondary/control
Specific Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group group treatment
Study label Design complication complication Diagnosis accuracy primary group treatment Complication treatment results control arm |control group |treatment results
Vichinsky, P, Obs 11% developed NR Jaundice, presence of None 11% of patients with NR NR No NA NA NA
1990™° DHTR fever, positive direct and SCA

indirect Coombs’ test
plus drop in HCT

Olujohungbe, |[Cross DHTR NR NR None 0 NA NA Yes 2.7 (1 patient) |NR NR
2001"°
Ballas, 1985 |Case DHTR Declining Hb (from By clinical presentation |None 100 NR NA No NA NA NA
report/ 11.4 down to 7.9 g/dL) | (declining Hb with
case series 1 week following a history of previous
transfusion with transfusion that was
PRBCs, plus an recent, elevated
elevated reticulocyte | reticulocyte count), and
count and the a positive DAT and
discovery of a new antibody determination
alloantibody using the patients serum
Bowen, Case DHTR caused by NR Clinical presentation and | None 100 Supportive care, The providers could not find compatible |No NA NA NA
1988'% report/ anti-Fy?, also a more laboratory tests. attempt at finding blood and so they had to resort to
case series |acute hemolytic Detection of the compatible blood and |supportive care, the patient’s Hb
transfusion reaction antibodies by DAT, transfusion stabilized at 7.2 g/dL over 2 weeks
due to anti-Fy5 identification of specific

antibodies by laboratory
techniques not
described specifically
with concomitant
symptoms in the patient
(pain) and evidence of
hemolysis such as
rapidly falling Hb (within
24 h) dropping from 9 to
7.2

Brumfield, Case DHTR NR Hemolysis several days |None 100 8 units of PRBCs Transfusion led to sx resolution, and the |No NA NA NA
19842 report/ after transfusion slowly transfused over |patient was discharged home with an
case series 6d HbS of 24% and HbC 26%. Subsequent

prenatal course was uneventful and the
patient eventually spontaneously
delivered a 3.5 Kg male with Apgar of 8
and 9 at 1 and 5 min. Postpartum
course was uneventful

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012 92



Specific

Definition of

Reported
diagnostic

% of patients who
developed the
complication in

Complication

Secondary/

% of patients
who developed
complication
in secondary/

Secondary/
control

group

Secondary/control
group treatment

Study label Design complication complication Diagnosis accuracy primary group treatment Complication treatment results control arm |control group |treatment results
Campbell, Case Hemolytic transfusion [ NR Hemolysis following None 100 2 group B (white blood | After the transfusion of approximately No NA NA NA
200022 report/ reaction transfusion, positive cell (WBC)-reduced 100 mL of group O, Rh-positive, WBC-
case series antibody screen and and HbS-negative) reduced, HbS-negative, phenotypically
preliminary antibody units that were similar RBCs, the patient experienced
identification studies serologically chills and the transfusion was
showed reactivity with compatible when the |discontinued. Her temperature
all panel cells at all test cross-match using a increased from 36.4 to 39°C. Her blood
phases with a negative prewarming technique |pressure remained stable, but she
autocontrol developed marked tachycardia (45
beats / min) and hemoglobinuria. There
was moderate hemolysis of the
postreaction sample. Posttransfusion Hb
was 3.8 g/dL and the Hct was 10.2%. A
potent anti-IH was identified as the
cause of the HTR. The patient
subsequently received 2 group B (WBC-
reduced and HbS-negative) units that
were serologically compatible when the
cross-match was performed using a
prewarming technique. Both units were
transfused through a blood warmer, with
close monitoring of the patient. The
transfusion was tolerated well, with a
posttransfusion Hct of 17.2% and
cessation of tachycardia
Cook, 1990%® |Case DHTR NR By detecting the anti- None 100 NR The patient was discharged home ond |No NA NA NA
report/ Kidd (JKa) antibody in 16
case series patient’s blood
Cullis, 1995'%? |Case Posttransfusion 48 h after transfusion | Clinical presentation, None 100 Intravenous immuno- | Patient’s joint pains, jaundice and No NA NA NA
report/ hyperhemolysis the patient developed |laboratory diagnosis globulin (IVIG) hemoglobinuria gradually settled over
case series generalized joint pains (Sandoglobulin) the next 48 h, Hb stabilized at 6.5 g/dL

and a pyrexia of 39
degrees C. Her Hb
dropped from 9.2 to 8
g/dL and bilirubin rose
to 27 umol/L. DAT
was negative, as were
cultures of blood and
urine. The following
day she had severe
joint pains, was deeply
jaundiced, and had
gross hemoglobinuria.
Her Hb dropped to 3
g/dL over the next 24
h with continuing
severe
hemoglobinuria. DAT
remained negative

1 g/kg/d and
hydrocortisone 100 mg
every 6 h were
commenced, and she
received 4 units of
ABO-compatible, C-
negative, E-negative,
Js(b-) PRBCs over 16
h. Then because of
continued marked
hemoglobinuria, she
got 2 more units of
blood taking her Hb to
7.1 g/dL

(HbS 39%, HbA 61%), IVIG was
stopped and corticosteroids were
gradually withdrawn
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Cummins, Case DHTR + alloantibody |NR A positive DAT and None 100 Patient 1: No specific |Patient 1: DHTR was self-contained. No NA NA NA
1991%%7 report/  |formation spherocytosis therapy. Patient 2: Patient’s condition improved,
case series Patient 2: Transfusion |the Hb stabilizing at 4.6 g/dL
of antigen negative
blood
Diamond, Case DHTR Disappearance of High index of suspicion |None 3/18 (16.66%) In 1 case with All patients symptoms resolved and No NA NA NA
1980'% report/ transfused cells by after the patient transfusion of 4 units | were able to be discharged with
case series differential agglutin- presented with pain of red cells and 60 mg |uneventful recovery
ation, and Hb within days to a couple of prednisone daily. In
electrophoresis, along |of weeks after a another case with an
with the appearance of | transfusion, differential additional 4 units of
1 or more agglutination and serial PRBCs that were
alloantibodies Hb electrophoresis. Also negative for the
these patients presented identified
with manifestations of alloantibodies. In the
recurrent or severe 3rd case just by further
sickle crises after transfusions that were
transfusion which raised tolerated without event
index of suspicion for
delayed transfusion
reaction
Duvall, Case Hemolytic transfusion | Posttransfusional NR None 100 IV hydration with Relief was achieved for 72 h, when the |No NA NA NA
19742%® report/ reaction + Hb hemolysis, with saline, and a total of | patient complained of left great toe pain.
case series |catabolism minimal hemo- 75 g mannitol, 132 The toe was warm, swollen and
globinuria, relatively mEqg NaHCO3 and exquisitely tender. Fluid aspiration
low peak level of 2 units of compatible |yielded sodium urate crystals. Relief
plasma Hb and the whole blood were was achieved with a 3 d course of
marked and rapid given during this time |indomethacin
elevation of serum
bilirubin
Elenga, Case DHTR Drop in Hb, with rise in | Hemoglobinuria and None 100 Corticosteroids + Resolution of DHTR No NA NA NA
2008%%° report/ HbS and positive DAT. Patient 1 repeat exchange
case series hyperbilirubinemia + |was found to have transfusion + HU in

hyperbilirubinurea

received Jk>+ve blood,
which led to DHTR

patient 2
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Fabron, Case DHTR NR The patient developed |None 100 Not reported NR No NA NA NA
1999'% report/ generalized joint pain
case series and fever (39 °C) 5d
after last transfusion, Hb
dropped from 12.0 g/dL
t0 9.3 g/dL and
unconjugated bilirubin
rose to 27 mmol/L. She
was jaundiced and had
hemoglobinuria. Hb
electrophoresis showed
48.7% HbS, 46.6%
HbA1, 2.7% HbA2, and
2.0% HbF
Firth, 2003*° |Case TRALI Unclear Clinical presentation None 100 Management Respiratory function improved rapidly |NO NA NA NA
report/ included fluid over 24 hr, neutrophil count trended
case series restriction, downwards
furosemide diuresis,
oxygen
supplementation, and
incentive spirometry
Halverson, Case Acute hemolytic As the patient was Clinical presentation, None 100 NR The patient was discharged several No NA NA NA
199419 report/ transfusion reaction |receiving a CBC, DAT days later without receiving additional
case series transfusion, the patient blood. She presented 2 yr later in sickle

complained of fever
and low back pain.
Hemoglobinemia was
detected. Anti-Dob
was identified in the
postreaction samples
by absorption-elution
tests, and the patient
was confirmed to be
Do(a+b-). The 1st unit
transfused during this
hemolytic episode
tested Do (b+). The
posttransfusion serum
sample was
hemolyzed and dark
urine was noted.
Rapid decline in Hb
over 36 h from 8.0
down to 6.1 g/dL

cell crisis and it was decided to not give
her a transfusion although this was
considered, and to treat her with
erythropoietin. The outcome of this
treatment was she recovered sufficiently
to not need further treatment and was
discharged
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Islam, 2010%*" |Case DHTR/hyperhemolysi | Posttransfusional Hemolysis after None 100 Steroids Corticosteroid tx was administered and |No NA NA NA
report/ s syndrome due to hemolysis resulting transfusion, lab workup immunohematological studies were
case series |anti-Fy3 from alloimmunization |included blood smear performed. The direct antiglobulin test
to an RBC antigen that showed result was positive, and multiple
erythrophagocytosis in alloantibodies (anti-E, anti-M, anti-Fya,
mononuclear cells and anti-Fy3, anti-Jk®) were detected in the
Howell-Jolly bodies patient’s serum. An eluate made from
were also noted patient’s red cells gave reactions with all
cells tested by DiaMed gel IAT DiaMed
(GB) Ltd, Cressier, Switzerland. 1 of the
RBC units administered was
phenotyped more extensively and found
to be Fyb positive
Kalyanaraman, |Case DHTR A delayed reaction Initially, the patient did |None 100 To rapidly correct the | The patient made a full recovery No NA NA NA
19997 report/ (usually extravascular |not respond to IV fluids, anemia in the face of
case series but in this case meperidine, hypervolemia from

intravascular) that
results in hemolysis
that was due in this
case to an
alloantibody

acetaminophen,
ibuprofen and
cefuroxime, and the Hb
dropped drastically from
9.6t05.0g/dLin24 h
with reticulocyte count of
1%. Then as noted in
previous form, alloimuni-
zation was diagnosed by
direct antiglobulin test to
patient’s serum and anti-
s red cell antibody was
detected in the eluate. It
was subsequently
discovered that 1 of the
packed RBC units
contained s-antigen and
that the patient had
been previously anti-s
antibody negative in a
pretransfusion blood
sample from hospital d 1

acute renal failure, a
single volume
exchange transfusion
(80 mL/kg) was
performed. PRBCs
without red cell s
antigen in fresh frozen
plasma was used. This
resulted in immediate
increase in Hb to 13.6
g/dL and a decrease in
fractional
concentration of HbS
from 48% to 9.2%.
Severe oliguria
ensued on d 3 of
presentation, and the
patient was treated by
continuous veno-
venous
hemodiafiltration for 4
d and subsequently,
hemodialysis for 8 d.
Methylprednisolone
treatment was started
on d 3 and continued
for a period of 7 d.
Renal function steadily
improved and on d 22,
the creatinine level
was normal for the
patient’s age. No
further transfusions
were given
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King, 1997%% |Case DHTR NR Hemolysis and antibody |None 100 NR NR No NA NA NA
report/ development 7-19 d
case series following exchange
transfusion
Larson, Case DHTR Hemolysis following Clinical presentation, + |None 100 NR NR No NA NA NA
19962% report/ blood transfusion DAT performed on
case series posttransfusion blood
sample
Leao, 2005%* |Case Massive hemolysis. |NC Clinically and serum None 100 The patient was The patient was discharged 4 weeks No NA NA NA
report/ The patient was testing referred to ICU after later with her baby with no sequelae
case series |alloimmunized for surgical completion,
erythrocyte antigens intubated, sedated
(anti-Kell, anti-E, anti- with midazolam and
Duffy?, anti-S), in under vasoactive
addition to presenting drugs, being extubated
alloantibody directed 3 h later. Hemodialysis
against a highly sessions were
frequent antigen performed with
among population satisfactory clinical
VEL. On the 2nd evolution
admission day, the
patient evolved with
acute renal failure
due to Hb breakdown
products deposition
in renal tubules
Lu, 2008%* Case Hyperhemolytic A significant drop in Clinical presentation, None 100 Methylprednisolone at |Hemolysis resolved, and the patient No NA NA NA
report/ syndrome Hb after seemingly negative Coombs’ test 125 mg b.i.d. for 3d, |improved. DAT remained negative. Hb
case series compatible RBC followed by tapering remained stable at 7 g/dL until the
transfusions, doses of prednisone | patient was discharged
suggesting destruction for 2 weeks and IVIG
of both transfused and at 400 mg/kg/d for 5 d
autologous RBCs and 4 cross-match-
compatible RBC
transfusions
Mathur, Case Hemolysis due to NR DAT, IAT, serum None 100 8 RBC units The patient had hemolysis and No NA NA NA
20097 report/ anti-IH autoantibody antibody panel developed severe anemia. Because of
case series her history of transfusion reaction and

hemolytic anti-IH, 8 RBC units, A1, Rh
positive blood negative for the antigens
C, E, S, K, Fya and JKB were
transfused with no apparent adverse
reaction. Because the patient was U+, it
was not necessary to provide U negative
blood for transfusion
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McGlennan, |Case Delayed hemolytic NR Clinical presentation, None 100 After 1st episode: She |After 1st episode: She was re- No NA NA NA
2005%7 report/ transfusion reaction. CBC was re-transfused transfused with no further ill effect and
case series three times over the was discharged well
course of the next After 2nd episode: Over the next few
week with antigen days the haemoglobin concentration
negative, cross- stabilised with no further clinical
matched bloodtoa | detection of haemolysis
haemoglobin level of
8.9 g/dL. After 2nd
episode she was
transfused a total of 4
units of cross-
matched, antigen
negative blood,
immunoglobulins and
added cover of
methylprednisolone.
Milner, 19872 | Case Posttransfusion crisis | An illness simulating Posttransfusional None 100 Blood transfusions, 5 patients recovered, 3 died, and 2 were |No NA NA NA
report/ the pain crisis of the hemolysis, coagulopathy supportive tx not reported
case series disease and
associated with a
DHTR caused by an
anamnestic response
to prior sensitization
with foreign blood
group antigens, with a
rise in alloantibodies
resulting in destruction
of some or all of the
transfused cells
Mintz, 1986% |Case DHTR + CVA NR NR None 100 Red cell exchange Postexchange electrophoresis No NA NA NA
report/ transfusion removing |demonstrated a decrease in HbS from
case series 840 mL of red cells 66% to 18%. Over the next several
and infusing 846 mL of | days, the fever resolved and the bilirubin
red cells and lactate dehydrogenase (LDH) levels
fell to normal. The patient was
discharged 24 d after admission having
regained complete motor function on the
right side. She has remained well over
the subsequent 20 mo
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Noizat- Case DHTR NR Clinically (hemolysis None 100 Transfusion (6 units), a| The patient’s clinical status gradually No NA NA NA
Pirenne, report/ following transfusion) pulse of 1000 mg of IV |improved, Hb increased from 2 g/dL to
200724 case series and with serological cyclophosphamide 6 g/dL and the patient was discharged
antibody panel and erythropoietin from ICU on d 30
(revealing RBC
antibodies against all
cells tested including
transfused units, a
positive DAT with anti-
C3d and anti-IgG, a
positive eluate
Orlina, 1991%*! | Case DHTR+antibody NR Hemolysis after None 100 Patient 1: Cross- Patient 1: The patient responded to No NA NA NA
report/ formation transfusion match-compatible transfusion and the rest of hospital
case series | patient 1: anti-JK?, - RBC units that are course was uneventful.
S, -N, -V antigen negative. Patient 2: The patient expired after 9 h
Patient 2: DHTR Patient 2: The patient |of emergency room presentation.
was scheduled for Autopsy was performed and no
exchange transfusion |evidence of acute hemolytic transfusion
but died before reaction was found
procedure was
commenced
Orlina, 1991%*! | Case Clinically significant | The development of | The development of a None 100 Patient 1: 6 units of Patient 1: The patient’s Hb started No NA NA NA
report/ autoimmune RBC antibodies positive DAT despite antigen negative dropping and 4 d after admission; she
case series |hemolytic disease in transfusion of RBCs, followed by 4 | had an exploratory laparotomy for

SCD

“compatible” RBCs

similar units later
during hospitalization.
The patient eventually
received IVI.

Patient 2: Prednisone

suspected retroperitoneal hemorrhage.
She received 6 units of antigen negative
RBCs before and during surgery. The
Hb continued to fall and 2 d after
surgery, the autoantibody reactivity by
DAT and IAT increased to 4+ and the
LDH was 3,975 |U. 4 more units of
antigen negative RBCs were transfused
and prednisone was started. Over the
next 5 d, despite all measures, Hb fell to
1.5 g/dL. IVIG was started, and 13 d
later Hb was 4.5 and reticulocytes were
47%.

Patient 2: Prednisone was started and
Hb was 7.8 g/dL, 16 d after surgery
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Study label

Plante,
199820

Design

Case
report/
case series

Specific
complication

DHTR

Definition of
complication

Hemolysis in
association with
allo/autoantibodies
that responds to
steroids

Diagnosis

By serum detection of
multiple antibodies, and
the patients symptoms
of jaundice, anemia etc.
Transfusion of
erythrocytes matched
for extended antigen
profile resulted
nonetheless in another
DHTR and production of
2 new antibodies.
Serum was negative for
hepatitis C RNA by
polymerase chain
reaction. Anti-nuclear
antibody titer was
positive at 1:1280, and
antismooth-muscle
antibody, at 1:40. A trial
of steroids resulted in
marked improvement in
both hemolysis and liver
function

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

Steroids, transfusions

Complication treatment results

Resolution of hemolysis, resolution of
other symptoms such as jaundice, etc.
Betamethasone was given for fetal lung
maturation, with improvement in
hemolysis. Baby was delivered
successfully at 26 weeks gestation

Secondary/
control arm

No

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

NA NA NA

Secondary/control
group treatment
results
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Study label

Proudfit,
200724

Design

Case
report/
case series

Specific
complication

DHTR

Definition of
complication

NR

Diagnosis

Clinical presentation:
fever, pain several days
following transfusion
along with hematological
signs of hemolysis

(Hb 7.1 g/dL, Hct 21%)

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

Erythropoietin
injections

Complication treatment results

The patient was admitted into obstetric
ICU, with what was thought initially to be
an infection vs. crisis, and antibiotic tx
with ampicillin, gentamicin, and
clindamycin was initiated. Supportive
care, intravenous fluids, oxygen support,
iron, folate, and narcotic analgesia were
given. She remained febrile with
tachycardia to the 150s until hospital d
5. Blood pressure and urine output were
stable throughout. Hemolysis was
present on peripheral blood smear. Hb
electrophoresis revealed S 89%, F 4%,
A 0%, A2 4.4%. Her direct antiglobulin
test was positive, and red cell serology
identified anti-1 antibodies that had not
been detected preoperatively. A blood
type and cross-match found no
compatible blood available in the
southeastern United States for the
patient at that time secondary to her
multiple auto- and alloantibodies,
including anti-E, anti-FyA, anti-C, anti-c,
anti-Jk?, anti-Jk®, and anti-s, and the
new finding of high levels of anti-I anti-
bodies. She was begun on
erythropoietin injections. Supportive
care was weaned as tolerated. On
hospital d 10, postoperative d 16, she
was discharged home in stable condition
with Hb of 5.0 with plans to continue
erythropoietin as an outpatient

Secondary/
control arm

No

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

NA NA NA

Secondary/control
group treatment
results

Raff, 200224

Case
report/
case series

DHTR

Following transfusion,
Hb fell to 28 g/L, along
with worsening
condition

Blood smear; nucleated
red cells and immature
forms of white cells,
consistent with a
reactive hemopoiesis,
increased lactate (4.1
mmol/L)

None

100

Stopping transfusions,
high dose
immunoglobulin and
steroids, O,
supplementation

The patient stabilized, and started
improving after initiating a polymerized
human Hb solution transfusion regimen

No

NA NA NA
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Study label

Design

Specific
complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

Secondary/
control arm

% of patients

who developed | Secondary/
complication |control

in secondary/ |[group
control group |treatment

Secondary/control
group treatment
results

Rao, 1989%** |Case DHTR NR Clinically None 100 Case 1: The patient Case 1: A repeat DAT was negative and |No NA NA NA
report/ received 3 units of his serum continues to show the same
case series packed erythrocytes alloantibodies as in Aug 1986
Case 2: The patient Case 2: The patient was discharged with
was treated with a hemoglobin level of 8.6gm/dL and a
analgesics and no reticulocyte count of 22%
further blood Case 3:Hemolobin electrophoresis
transfusions were showed no HbA
given
Case 3: Cross-match-
compatible packed
erythrocytes were
transfused
Reeves, Case Delayed sickle cell Drop of the Hb from By assessing the CBC, |None 100 4 units packed RBC Raising of the Hb to 13 g/dL and No NA NA NA
1980%% report/ hemolytic transfusion |12 to 5.6 over the looking at the time frame transfusion remaining stable, HbS decreased to
case series |reaction course of 1 week, since last transfusion below 40%

reticulocytes 25% and
HbS 75%, discovery of
alloantibodies known
to cause hemolytic
transfusion reactions

(within 1 week), looking
for alloantibodies and
discovery of antibodies
known to cause
hemolytic transfusion
reactions (anti-Fy® and
JK®)
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Specific

Definition of

Reported
diagnostic

% of patients who
developed the
complication in

Complication

Secondary/

% of patients
who developed
complication
in secondary/

Secondary/
control

group

Secondary/control
group treatment

Study label Design complication complication Diagnosis accuracy primary group treatment Complication treatment results control arm |control group |treatment results
Sakhalkar, Case DHTR Pain, hemolysis and | Patient 1: High bilirubin | None 100 Patient 1: Patient 1: She was finally discharged |No NA NA NA
2009 report/ paradoxical and a drop in Hb with Conservative after 2 weeks of hospitalization that
case series decreases in severe lower back, management, included an episode of acute chest
hemoglobin level in bllgteral ankle a.”‘-" "'.‘ee transfusion, HU on syndrome; with a hemoglobin of 4.8,
pain accompanied with L )
response to blood palpitations and cola hold and receiving corrected reticulocyte count of 10%,
transfusio_n. This colored urine. Coombs’ weekly erythropoietin | Hydroxyurea on hol_d and receiving
constellation pf test and her antibody Patient 2: An weekly erythropoietin
symptoms raises the | screen were negative at antigen-matched red |.Patient 2: Over the next 12 days, her
differential dlagn_oses and after the 1st and cell unit was located |Hgb increased to 10.5 g/L with
of hyperhemolysis | 2nd transfusion, but 5 d and transfused. In reticulocytes of 13.5% and LD
syndrome versus after the 2nd . addition, she was decreasing to 992. Hemoglobin
delayed hemolytic  |transfusion, the antibody given 100 mcg of electrophoresis performed 3 days
transfusion reaction. |screen and direct Aranesp and started |posttransfusion revealed 69% HgbS
The appearance of a | Coombs’ test were on daily and 27.9% Hgb A. Her pain
new, potentially positive erythropoietin (20000 | symptoms resolved and she was
clinically significant |Patient 2:The patient u) for three doses discharged home
alloantibody to a demonstrated pain,
high-incidence red hemolysis and
cell antigen, and the paradoxical decreases
disproportionate
decrease in percent
of Hgb A on
electrophoresis were
suggestive of a
delayed hemolytic
transfusion reaction.
Sakhalkar, Case DHTR NR Clinical presentation, None 100 NR Patient was finally discharged after 2 No NA NA NA
200946 report/ CBC weeks of hospitalization
case series
Seeyave, Case DHTR A hemolysis occurring | Clinical presentation, None 100 One unit of compatible | Approximately 4 hours after the second |No NA NA NA
2006247 report/ 4-14 d following red posttransfusional PRBCs was transfusion was begun, the patient
case series cell transfusion in a hemolysis, positive transfused over 2 developed bradycardia with widened
patient who has been |serum antibodies hours and transfusion |QRS complexes and went on to develop
alloimmunized to a of a second cardiac arrest and could not be
minor blood group compatible unit was resuscitated.
antigen during a begun. Midway
previous transfusion through the
transfusion of the
second unit, the
patient developed a
temperature of 38.2°C.
Acetaminophen was
administered, and the
transfusion was
continued.
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Specific

Definition of

Reported
diagnostic

% of patients who
developed the
complication in

Complication

Secondary/

% of patients
who developed
complication
in secondary/

Secondary/
control

group

Secondary/control
group treatment

Study label Design complication complication Diagnosis accuracy primary group treatment Complication treatment results control arm |control group |treatment results
Squires, Case DHTR NR Hemolysis several days |None 100 No specific tx. The At 34 weeks of gestation, a C-section No NA NA NA
1985248 report/ after transfusions patient was not was performed due to possibility of
case series transfused further hemolytic disease of the newborn as
suggested by the increasing optical
density of the amniotic fluid. A group A
Rh-positive infant was delivered with a
weakly positive DAT. During delivery, 1
unit of RBCs compatible on cross-match
was transfused without adverse reaction
Syed, 1996“ | case Patient 1: DHTR + NR Patient 1: None 100 Patient 1: Transfusion |Patient 1: Cardiac rhythm returned to No NA NA NA
report/ alloantibody Posttransfusion of 2 units of RBCs. normal; the patient’s course stabilized
case series |formation (anti-Jkb, hemolysis The 1st unit was and the patients was discharged from
anti-M and anti-s) Patient 2: negative for: C, E, K, |the hospital on the 14th postoperative d.
Patient 2: DHTR Posttransfusion Fya, Fyb, M and s; the | Serologic studies performed 1 yr later
Patient 3: DHTR + hemolysis and other unit was showed that patient still had t’he
formation of alloantibody formation negative for only for C, |4 alloantibodies in the patient’s serum
antibodies anti-C and Patient 3: Hemolysis E, K, Fya and Jkb Patient 2: The infant was transfused with
anti-E several days after Patient 2: Transfusion |20 mL erythrocytes phenotypically
Patient 4: DHTR transfusion of 1 unit of RBCs and matched to _the mother s erythrocytes.
Patient 4: Hemolysis er_ythrocytapht_erems The remalnlng_hospltal course for both
occurring several days with phenotypically mother and child was uneventful. 1 yr
after transfusion matched erythrocytes |later the same 7 alloantibodies were
Patient 3: NR/no found in the patient’'s serum
transfusions Patient 3: The patient recovered without
Patient 4: the need for additional transfusions. 1 yr
Transfusions, later, Hct was 26% and serum still
prednisone contained the antibodies
Patient 4: The patient gradually
recovered without additional transfusion
and was discharged after a 23-d
hospitalization. 1 yr later, the Hct results
were 30%
Thornton , Case This patient An elevated Hematology consultant |None 100 Patient was given Patient’'s temperature began to drop, No NA NA NA
199328 report/ underwent GA for a temperature and an | 92ve the diagnosis several antibiotics and there was a gradual decrease in
case series |dental surgery. On elevated bilirubin in initially until it was bilirubin levels. After four days of
d 4 of exchange addition to the rapid determined that the hospitalization, the patient was
transfusion, patient drop in hematocrit fever was unrelated to |discharged
developed fever with p - an infection
T=101, and Hb and hen)oglobm are
dropped to 5.2 with  |Suggestive ofa
jaundice. T.Billinot | delayed hemolytic
reported reaction
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Study label

Specific
complication

Definition of
complication

Diagnosis

Reported
diagnostic
accuracy

% of patients who
developed the
complication in
primary group

Complication
treatment

Complication treatment results

Secondary/
control arm

% of patients
who developed
complication
in secondary/
control group

Secondary/
control

group
treatment

Secondary/control
group treatment
results

Venturelli, Case Hemolysis from anti- |NR Positive DAT, IAT, and |None 100 Prednisone The patient had clinical evidence of No NA NA NA
20092 report/ D antibody clinical signs of 2mg/kg/day for 30 d hemolysis with a median Hb of 5 g/dL,
case series hemolysis increased reticulocytosis and shorter
transfusion intervals. The patient was
treated with prednisone and has since
been transfusion-dependent with major
hepatosplenomegaly and signs of
hypersplenism
Wethers, Case Patient 1; a DHTR. NR A severe drop in Hb None 100 NR NR No NA NA NA
1987212 report/ Patient 2; hemolytic
case series |transfusion reaction
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Study label
Win, 20012%°

Design

Case
report/
case series

Specific
complication

Hemolytic transfusion
reaction

Definition of
complication

Destruction of both
donor and recipient
cells that is associated
with reticulocytopenia

Diagnosis

Manual reticulocyte
counting was used in
Case 1. A stained blood
film was examined
under microscopy and
the reticulocyte
percentage was
calculated. With the
reticulocyte percentage
and total number of
RBCs, the absolute
reticulocyte counts were
calculated. Automated
reticulocyte counting
was used in Case 2:
Absolute reticulocyte
count. High-
performance liquid
chromatography (HPLC)
of Hb in urine was
undertaken using an
HPLC analyzer and
reagents

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

Patient 1: IVIG (0.4
g/kg for 5d) and IV
methylprednisolone
(0.5 gfor2d)

Patient 2: IVIG (0.4
g/kg for 5 d)

Complication treatment results

Patient 1: 24 h after the IVIG
administration began, the Hb was 4.8
g/dL with HbS of 67%, and reticulocytes
reached a nadir of 18 x 107/L.
Cardiotocography (CTG) showed
marked fetal distress, and 2 units of
WBC-reduced RBCs were transfused,
raising the Hb to 6.2 g/dL with HbS of
50%. The CTG returned to normal. 3
additional units of WBC-reduced filtered
RBCs were transfused, giving a final Hb
of 9.5 g/dL with HbS of 30%. The
reticulocyte count rose ond 6 and d 9,
after commencement of IVIG and the IV
corticosteroids. During the next few
days, the patient’s general condition
improved and the hemoglobinuria
resolved. Serial RBC Hb electrophoresis
showed a significant drop in HbS %
during the acute hemolytic crisis, which
was followed by a gradual rise in HbS %
with cessation of hemolysis during the
receipt of transfusion and IVIG and
steroid tx. HPLC analysis of the urine
sample tested on d 2, 4, and 5 of the
2nd admission showed the presence of
both HbA and HbS. Further laboratory
investigations showed the presence of
multispecific HLA antibodies in the
patient’s serum. Parvovirus IgM
antibody was negative. In anticipation of
the need for transfusion on short notice,
a further course of IVIG (0.4 g/kg for 5 d)
was given 1 mo later, followed by
weekly infusions of 0.4 g/kg to prepare
for delivery. The patient’s Hb gradually
increased to 8 to 9 g/dL and remained at
that elevation, somewhat higher than the
patient’s steady-state Hb level, until
delivery. The infant was delivered by
caesarian section at 36 weeks

Secondary/
control arm

No

% of patients
who developed
complication
in secondary/
control group

100

Secondary/
control

group
treatment

NA

Secondary/control
group treatment
results

Patient 2: Despite
transfusion, the patient
remained lethargic, and
the 7-d posttransfusion
Hb was 5.6 g/dL. In view
of the profound anemia,
bone marrow aspiration
was performed. This
showed erythroid
hyperplasia. A provisional
diagnosis of autoimmune
hemolytic anemia was
made, and patient was
started on oral
prednisolone at 40 mg/d.
There was no response to
steroid tx. By d 13, the Hb
had dropped to 4.9 g/dL
and the reticulocyte count
had risen to 66x109/L.
Erythropoietin was
increased to 6,000 units
3 times a week, and
desferrioxamine was
stopped. On d 15, the Hb
was 4.4 g/dL, the
antibody screen was
negative, and the DAT
was 1+ with IgG. The
RBC eluate contained a
panagglutinin. The patient
was given an additional
2 units of RBCs on d 16.
Despite increasing doses
of erythropoietin,
steroids, and transfusion,
Hb remained low, and
therefore IVIG (0.4 g/kg
for 5 d) was commenced
on d 18, and 2 units of
compatible RBCs were
transfused on d 21. The
reticulocyte count rose to
213x109/L on d 22 while
the patient was receiving
IVIG, and Hb rose to

8.3 g/dL 3 d after IVIG
infusion (d 26). Hb
remained stable at 8.7
g/dL on d 34, with
resolution of symptoms

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012

106




% of patients who

% of patients
who developed | Secondary/

Reported developed the complication |control Secondary/control
Specific Definition of diagnostic |complication in Complication Secondary/ |in secondary/ |group group treatment
Study label complication complication Diagnosis accuracy primary group treatment Complication treatment results control arm |control group |treatment results
Win, 2004%®" |Case Hyperhemolysis Drop in Hb, fever, Destruction of both None 100 IVIG and IV Both patients were successfully treated |No NA NA NA
report/ syndrome bone pains, donor and recipient methylprednisolone and all symptoms resolved with
case series hemoglobinuria erythrocytes after correction of acute anemia
transfusion of cross-
match-compatible blood
with significant reduction
in reticulocyte count
Win, 2008%%2 |Case Hyperhemolysis Well described rare Based on history (he None 100 After initial diagnosis of |Hb rose from 4.1 to 7.5 g/dL a few No NA NA NA
report/ syndrome complication of had received a blood hemolytic syndrome was |weeks after the 1st episode treatment.
case series transfusion in patients |transfusion 11 d before) suspected, 1 g/kg IVIG | The 2nd time, despite the IVIG and

with SCD. Rapid
hemolysis that follows
blood transfusion,
posttransfusion Hb
level is often lower
than the
pretransfusion Hb
level. Not associated
with alloantibodies or
HLA antibodies, which
may be successfully
treated with 1VIG and
IV steroids

no response to
rehydration, morphine
and antibiotics, continual
falling of Hb from 6.5 to
4.1 g/dL, negative DAT
with no RBC
alloantibodies, spleen
and liver nonpalpable.
Response to treatment
with IVIG and steroids

for 2 d and 1 mg/kg oral
prednisolone for 1 week
following diagnosis with
hyperhemolysis
syndrome (HS). After
2nd episode of HS,
patient received 2 g/kg
IVIG (0.5 g/kg for 4 d)
and 2 doses of 4 mg/kg
IV methylprednisolone,
Hb level and reticulocyte
count further decreased
to 3.2 g/dL, so they gave
an additional blood
transfusion with
compatible blood.
Immediate
posttransfusion Hb level
was 5.1 g/dL. Despite
receiving O Rh- and K-
matched blood, by 96 h
posttransfusion, Hb level
had decreased again to
3.6 g/dL. They gave
another transfusion of
group O, C-, K- (10
mL/kg) in conjunction
with a single dose of
IVIG (0.5 g/kg) and 4
mg/kg IV
methylprednisolone. He
was also commenced
on 500 units of
erythropoietin
subcutaneously

3 times/week, continued
for only 2 weeks

methylprednisolone, his Hb continued to
drop from 7.1 down to 3.2 g/dL; he
needed a blood transfusion and was
given one, which brought him up to

5 g/dL Hb. But then his Hb dropped
dramatically again, and they transfused
again with IVIG and methylprednisolone
along with Epo. This time the Hb went
up to 7 and remained stable. He was
discharged 5 d later with an Hb level of
7.1 g/dL, reticulocyte count 220x109/L,
LDH 2033 IU/L, and total bilirubin 21
mmol/L. He is currently on HU with a
stable Hb of around 8g/dL, with no
additional transfusions
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Study label
Win, 2010%%®

Design

Case
report/
case series

Specific
complication

Hyperhemolytic
transfusion reaction

Definition of
complication

NR

Diagnosis

Clinical presentation
(fever, polyurea, anemia
exacerbation) and
history of recent
transfusion without
antibody matching

Reported
diagnostic
accuracy

None

% of patients who
developed the
complication in
primary group

100

Complication
treatment

The patient was
commenced on IVIG
0.4 g/kg/d for 5 d and
IV methylprednisolone
500 mg/d for 2 d

Complication treatment results

The nadir Hb level dropped to 38 g/L on
d 2 of treatment, but on d 6, post-
treatment, the Hb level was 65 g/L. A
gradual increase in reticulocyte count
was also noted with recovery. An
absolute reticulocyte count on d 2 after
admission was 130 x 10%L (reference
range, 9 to 150 x 10%L) and on d 3 after
treatment was 293 x 10%L. A fall in
bilirubin and LDH level was also
recorded with recovery. The patient was
discharged 11 d later with an Hb level of
65 g/L and bilirubin level of 14
micromoles per liter (umol/L)

Secondary/
control arm

No

% of patients
who developed
complication
in secondary/
control group

NA NA NA

Secondary/
control

group
treatment

Secondary/control
group treatment
results
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Table 5. Nonhemolytic Transfusion Reactions Incidence and Outcomes

% of patients who

% of patients who developed
Reported developed the complication in Secondary/ Secondary/
Specific Definition of diagnostic complication in Complication Complication Secondary/ secondary/control control group control group
Study label Design complication complication Diagnosis accuracy primary group treatment treatment results control arm group treatment treatment results
Vichinsky, 2001° | RCT Transfusion- Unclear Clinical None TACO=4(6.6%) Volume overload TACO: their Yes NR NR NR
associated presentation febrile treated with diuresis reactions were
circulatory nonhemolytic=6 and antihypertensives | resolved with
overload (9.8%) diuresis and/or
(TACO)=4 (6.6%) allergic=3(4.9%) temporary
febrile antihypertension
nonhemolytic=6 medication.
(9.8%) allergic=3 Otherwise unclear
(4.9%)
Adams, 1998 | R, Obs Febrile A temperature Thermometry None 217% Simple transfusion Unclear No NA NA NA
higher than 38.5 was stopped in
°C 1 patient
Bhattacharyya, |R, Obs Minor febrile NR NR None 4.5 NR Complication No NA NA NA
1993% transfusion reported as minor,
reaction leaving no sequelae
Bhattacharyya, |R, Obs Urticarial NR NR None 4.5 Termination of Complication No NA NA NA
1993% transfusion procedure (automated | necessitated
reaction red cell exchange) procedure cessation
Keidan, 19882 | P, Obs Febrile transfusion | NR NR None 25 NR NR (delivery was No NA NA NA
reaction successful)
Nifong, 2002 | P, Obs Febrile NR NR None 20 NR NR No NA NA NA
nonhemolytic
Tahhan, 1994 | P, Obs 1 patient NR NR None 0 NA NA Yes 2.2 NR NR

developed severe
urticarial reaction
in group 2
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Table 6. Association of Sickle Cell Disease, Priapism, Exchange Transfusion, and Neurological Events (ASPEN) Syndrome Incidence and Outcomes

% of patients who

% of patients developed Secondary/ | Secondary/
Reported who developed complication in control control group
Specific Definition of diagnostic the complication | Complication Complication treatment | Secondary/c | secondary/control | group treatment
Study label Design complication complication Diagnosis accuracy in primary group | treatment results ontrol arm group treatment results
Rackoff, Case report/ | Tonic clonic seizures | NR EEG showed None 100 4 were put on Resolution of seizures No NA NA NA
1992%* case series | 2 d after partial paroxysms of mechanical
exchange transfusion epileptiform ventilation, patient 3
activity was treated as
emanating from reported in previous
the left form, 2 had LP in
hemisphere which 1 had
resolution of
symptoms with LP
Siegel, Case report/ | ASPEN syndrome An acronym for CT, LP were None 100 Transfusion was Seizure was controlled. No NA NA NA
1993%° case series association of normal. EEG discontinued and the | The patient had complete

sickle cell disease,
priapism, exchange
transfusion and
neurological events

showed diffuse
slow waves. 48 h
later there was
complete
resolution of his
symptoms

patient was given
oral
diphenhydramine
and acetaminophen.
Within 30 min of
discontinuation of
transfusion, the
patient became
obtunded and
unresponsive with
left-sided eye
deviation and right
hemiparesis followed
by bradycardia,
apnea, necessitating
intubation and
development of tonic
clonic seizure.
Lorazepam and
phenobarbital were
administered
intravenously

resolution of all
neurological deficits such
that he was extubated,
alert and oriented,
appropriate, vocal and
ambulatory. Repeat CT
was normal. The child was
discharged home
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Table 7. Hyperviscosity Incidence and Outcomes
% of patients who
% of patients who developed
Reported developed the Complication complication in Secondary/ Secondary/control
Specific Definition of diagnostic complication in Complication treatment Secondary/ secondary/control control group group treatment
Design complication | complication Diagnosis accuracy primary group treatment results control arm group treatment results
Keidan, P, Obs Hypervis- An increase in the | WBV of oxygenated None 25 NR The study No NA NA NA
1988* cosity whole blood samples was measured proposed that
viscosity (WBV) at 25 degrees Celsius measurement of
using a Contraves low- sicklecrit and
shear 30 rheometer at erythrocyte
a shear rate of 128.5/ filterability,
S-1 reflecting blood
rheology in large
and small vessels
respectively, may
be used to
monitor the
effects of
exchange
transfusion in
SCD
Jan, Cross Change in Blood By using a coaxial None 40 NA NA No NA NA NA
1982'% blood hyperviscosity cylinder viscometer at
viscosity post | (PCV) > 35% 37 degrees Celsius

transfusion

over a shear rate range
of 208-.05/
sec
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Table 8. Various Complications Incidence and Outcomes

% of patients Secondary/
% of patients who developed |Secondary/ |control
Reported who developed complication in |control group
diagnostic |the complication |Complication Complication Secondary/ |secondary/ group treatment
Study label Design Reported complication |Definition of complication | Diagnosis accuracy in primary group |treatment treatment results control arm |control group |[treatment results
Vichinsky, 1995 RCT Any life-threatening Alloimmunization: A new, |NR None 21 NR NR Yes 22 NR NR
complication (e.g., ACS, |clinically important red-cell
fever, infection, pain antibody
crisis, renal complication, | Painful crisis: Nonsurgical
neurological event, pain lasting longer than
death) 24 h and requiring narcotic

Transfusion-related analgesia
complication (e.g., allo- or Acute chest syndrome: The

autoantibody formation, |Presence of a new

hemolytic transfusion pulmonary infiltrate
reaction) involving at least one full
segment
A neurologic event: A Antiglobulin tests None 14 NR NR Yes 7 NR NR

change in neurologic status
accompanied by neurologic
findings (e.g., seizure,
coma, or stroke). A renal
complication: Renal
insufficiency, hematuria, or
proteinuria (3+)

Fever or infection: A
temperature higher than
38.5°C or a documented
infection lasting at least 48 h

Vichinsky, 2001° RCT Various Transfusion reaction NR None 31% NR NA Yes NR NA NA
(febrile nonhemolytic,
allergic or anaphylactoid,
HTR)

Associated complications
(hypertension and
circulatory overload, VOC,
TIA)

Adams, 1998% R, Obs Allergic Development of urticaria Unclear None 1.08% Benadryl Relief of allergy No NA NA NA
relieved with Benadryl

Barrios, 1993° R, Obs Splenic tissue regrowth  |NC NA None none NA 9 patients had normal No NA NA NA
reticuloendothelial
uptake on the spleen
scan and normal to
slightly elevated pit
count
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Reported
diagnostic

% of patients
who developed

the complication

Complication

Complication

Secondary/

% of patients
who developed
complication in
secondary/

Secondary/
control

group

Secondary/
control

group
treatment

Study label Reported complication |Definition of complication | Diagnosis accuracy in primary group |treatment treatment results control arm |control group |treatment results
Bhattacharyya, R, Obs Superficial catheter- NR NR None 4.5 Removal of Complication required no |No NA NA NA
1993% induced phlebitis catheter further action
Boga, 2007 R, Obs A nonsignificant QTc prolongation (>440 By electrocardiogram |None 72 No treatment NR No NA NA NA
corrected QT interval ms) occurred in 72% of the |monitoring mentioned
(QTc) prolongation time | procedures. 50% QTc
compared to baseline in | values returned to baseline
patients with SCD during |after the procedure. On the
EPH compared with pre- |subsequent days, all the
EPH values patients had QTc interval
less than 440 ms
Buchanan, 1989 R, Obs Hypersplenism Splenomegaly, increased |Spleen scan showed |None 20 Splenectomy After splenectomy Yes 0 NA NA
transfusion requirements markedly increased transfusion requirements
reticuloendothelial diminished and had no
activity further abnormal
neurologic signs or
symptoms
Campbell, 19977 R, Obs Hypersplenism NR Increased transfusion |None 60 Splenectomy Surgery performed on 1 |No NA NA NA
requirements, in the patient, and subsequent
presence of a large transfusion requirements
spleen. A heat- were reduced. 1 patient
damaged red cell scan died of a
demonstrated cardiorespiratory event.
splenomegaly and 3rd patient continued to
prolonged damaged be thrombocytopenic
red cell clearance
within the spleen
consistent with
reticuloendothelial
dysfunction in 1 patient
Lawson, 1999°' R, Obs Hypocalcemia Perioral paraesthesia in Symptomatic None 9.52 10 mL 10% Complete resolution of  [No NA NA NA
1 patient and tetany in presentation Calcium symptoms “promptly”
another gluconate,
intravenous
Thame, 2001'® R, Obs Probable transfusion NR Clinical presentation: ~ |None 0.006 (2/311) Resolved with In general, all No NA NA NA
reaction facial edema, fever, administration of  |transfusions were well
urticaria, tachypnea, antihistamines in  |tolerated with only
tachycardia, and one patient and 2 febrile reactions
flushing In 1 patient none reported for |described in the whole
and fever in a second 2nd patient cohort
patient
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Study label

Cunningham, 1979%

Design

P, Obs

Reported complication

Suppression of RBC
production

Definition of complication | Diagnosis

RBC production
suppression

Decreased reticulocyte
count

Reported
diagnostic
accuracy

None

% of patients
who developed
the complication
in primary group

Complication
treatment

Subsequent
transfusions

Complication
treatment results

2 women suffered from
this complication. 1 had
been transfused
extensively before, and
her depressed
reticulocyte count
persisted even after
delivery and withholding
the transfusion until Hct
fell below 14%. The
other patient had never
been transfused before.
The fetal outcomes were
excellent

Secondary/
control arm

Yes

% of patients
who developed
complication in
secondary/
control group

Secondary/
control

group
treatment

NR NR

Secondary/
control
group
treatment
results

NR

Harmatz, 2000*°

P, Obs

Liver injury and liver
inflammation

Liver inflammation and liver
injury were graded
independently by

2 pathologists blinded to the
subjects’ identity and
evaluated using the scale
developed by Deugnier that
includes an assessment of

iron deposits in hepatocytes,

in Kupffer cells, and in main
structures of portal tracts. In
this scale, hepatocyte score
ranges from 0 to 36, and
Kupffer cell and portal tract
scores each range from 0 to
12, for a possible total iron
score of 0 to 60. The large
possible score in the
hepatocyte compartment
reflects the 3:1 ratio of
hepatocyte to Kupffer cell
number in the liver.
Inflammatory activity was
graded according to the
modified Scheuer system,

which includes assessment of

portal and lobular activity,
graded from O to 4, with O
representing none, and

4 representing the most
severe. Finally, fibrosis was
scored from 0 to 4 with 4
representing cirrhosis

Liver injury and
inflammation were
scored independently
by 2 pathologists
looking at tissue
samples from the
biopsy with both
reticulin to stain
connective tissue, and
Perl’s to stain iron.
Ferritin level was also
taken to see if it was a
good measure of iron
overload, and these
other parameters

None

16 of the

20 samples (80%)
had mild-to-
moderate
abnormalities on
assessment of
inflammation or
fibrosis

NR

NR

No

NA NA

NA
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% of patients Secondary/
% of patients who developed |Secondary/ |control

Reported who developed complication in |control group
diagnostic |the complication |Complication Complication Secondary/ |secondary/ group treatment
Study label Reported complication |Definition of complication | Diagnosis accuracy in primary group |treatment treatment results control arm |control group |treatment results

Kleinman, 1984'**  |P, Obs DVT No NR None 11 Anticoagulants Complication was No NA NA NA
treated successfully with
anticoagulants

Lee, 2006™ P, Obs Other transfusion- NR NR None 16.7 NR NR Yes NR NR NR
adverse events
Nifong, 2002'* P, Obs Transfusion-related NR NR None Unclear, NR NR No NA NA NA
urticaria complication
reported as most
commonly
encountered
Russell, 1984" P, Obs Febrile reactions or NR NR None 57 Frozen red cells The 13 patients started |No NA NA NA
alloimmunization receiving frozen red cells

because of the
complication. Otherwise
not reported

Olujohungbe, Cross Catheter-related NR NR None 0 NA NA Yes 2.7 (1 patient) NR NR
2001"° thrombosis
Marwah, 2002' Cross Vitamin E antioxidant Unclear Pholasin Chemi- None Unclear NR NR Yes NR NA Antioxidant
capacity variation with luminescence method activity was
transfusion was used to measure 70% (range
Vitamin E type 61-78.1)

antioxidant activity on
venous blood samples.
The antioxidant activity
was used as a
percentage inhibition of

light
Diamond, 1980'* Case report/ |Presumed primary NR Continued weakness, |None 5.56% (1/18) Not treated Benign, the patient had |No NA NA NA
case series |immune response to pain in extremities, and (patient was malaise, weakness and
several transfused red malaise. outpatient at this | some lower extremity
cell antigens point) pain but nothing that she
needed to be re-
admitted for to the
hospital
Foral, 20012" Case report/ |Removal of vancomycin |Decreased drug By measuring the 1-h [ None 100 Antibiotic therapy |Patient discharged after |No NA NA NA
case series |secondary to exchange |concentrations following an |peak concentration was resumed. On |first admission and
transfusion exchange transfusion 2nd admission, the |readmitted 4 mo later.
patient did not On second admission
receive exchange |patient was given
transfusion Vancomycin but did not
receive exchange
transfusion
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Study label

Design

Reported complication

Definition of complication

Diagnosis

Reported
diagnostic
accuracy

% of patients

who developed

the complication |Complication
in primary group |treatment

Complication
treatment results

Secondary/
control arm

% of patients

who developed |Secondary/
complication in |control

secondary/
control group

group
treatment

Secondary/
control
group
treatment
results

Jiskoot, 2004%"° Case report/ |Hypersplenism Splenomegaly, increased |Isotope imaging with None 100 Splenectomy The patient has No NA NA NA
case series transfusion requirements, |technetium-99m remained transfusion
leukopenia and thrombo- labeled RBCs independent since the
cytopenia operation with an Hb
concentration of 70-80
g/L. Moderate vaso-
occlusive crises
developed on stopping
the transfusion program
McCrae, 19962 Case report/ |Posttransfusion purpura |A rare complication wherein | Clinical presentation, |None 100 Solumedrol 60 mg |Initial fall in platelet No NA NA NA
case series platelet alloimmunization laboratory tests (CBC, IV every 12 h, IVIG | count to 5,000, but
occurs and is associated Chem 24). 7 d after 1 g/kg the 1std thereafter a steady
with a rapidly falling platelet | transfusion the patient and .4g/kg on the |increase to 34,000/uL 5
count after transfusion, and |presented with 2nd subsequent d |d after initiating
is effectively treated with IV |recurrent fever, with hormonal tx | treatment and normal
steroids and IVIG epistaxis, gingival initiated for vaginal | platelet count by d 8 with
oozing and CBC bleeding control resolution of all bleeding
revealed platelet count events
of just 14,000/uL and
continued to drop, low
platelets despite
platelet transfusion
from random donors,
leukocytosis, lactate
dehydrogenase (LDH)
of 1,168, total bilirubin
of 10.1. Blood in nares,
heme-positive stool,
vaginal and gingival
bleeding. Supporting
laboratory evaluation
showed anti-PLa2 and
anti-Bak a antibodies
Ozkaynak, 1989”°®  |Case report/ |Functional and Progressive splenic Liver-spleen scan with |None 100 Splenectomy Transfusion No NA NA NA

case series

anatomical splenic
regrowth

enlargement until it was
7-8 cm palpable below the
left costal margin along with
increased transfusion
requirements from 1U of
PBRC per 4 weeks to 1-2
U per 2 weeks and
progressive
thrombocytopenia

99mTc revealing an
enlarged spleen with
normal function

requirements after
surgery decreased to 1U
of PRBC per 3—4 weeks,
and platelet count
increased to higher than
normal values
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Study label

Shoemaker, 20042

Design

Case report/
case series

Reported complication

Splenic tissue regrowth
and subsequent
sequestration

Definition of complication | Diagnosis

NR

Abdominal CT

Reported
diagnostic
accuracy

None

% of patients

who developed

the complication |Complication
in primary group |treatment

100 Splenectomy and
cholecystectomy

Complication
treatment results

The spleen ruptured and
there was
hemoperitoneum, with
1.5 L of blood. The
spleen measured
10x9x5 cm and weighed
295 g. The pathology
report revealed massive
splenic congestion with
obliteration of the white
pulp, hemosiderin
deposition, calcification,
and vascular wall
necrosis in many areas,
consistent with both old
recurrent infarction and
acute splenic
sequestration. The
patient received 2 units
of PRBCs
perioperatively and
recovered quickly. He
was in the intensive care
unit for 2 d and was
transferred to a pediatric
ward for 5 d. As of July
2004, he has had no
problems, continues to
receive transfusions
every 3 weeks, and is
doing well, including no
progression of CNS
disease

Secondary/
control arm

No

% of patients

who developed |Secondary/
complication in |control
secondary/ group
control group |treatment

NA NA

Secondary/
control
group
treatment
results

NA

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012

117




Study label

Warth, 1984%%®

Design

Case report/
case series

Reported complication

Hypertension and a
seizure

Definition of complication

On the 7th d after
transfusion, the patient’s
blood pressure, which had
been stable (ranging from
120 to 138/54 to 78 mmHg
at baseline), rose to
160/80, then 160/86,
170/110, and 180/80. Also
a witnessed grand mal
seizure

Diagnosis

By monitoring the
patient’s blood
pressure and

observing. The patient
complained of a frontal

headache prior to the
event

Reported
diagnostic
accuracy

None

% of patients
who developed
the complication
in primary group

100

Complication
treatment

Diazepam, 5 mg
intramuscularly,
and phenytoin
sodium, 750 mg
IV, were given
followed by orally
administered
phenytoin, 300 mg
each d, and
methyl-dopa,
250 mg orally,
twice/d.
Hydrochlor-
othiazide tx.
Discharged on the
2-g sodium diet,
erythromycin,
hydrochloro-
thiazide,
phenytoin, and
folic acid

Complication
treatment results

Good, resolution of
symptoms, no other
seizure, blood pressure
remains stable

Secondary/
control arm

No

% of patients

who developed |Secondary/
complication in |control
secondary/ group
control group |treatment

NA NA

Secondary/
control
group
treatment
results

NA
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Table 9. Outcomes of Included Case Reports

Study label

Transfusion description

N of
patients

Length of transfusion

time

Outcomes

Reported complication

Amendola, Chronic transfusions from age 1 to 9 1 8yr At present, patient’s height and weight are within normal range. Examination reveals pulmonary rales, and pulmonary function Iron overload
19907 tests confirm mild obstructive and restrictive airway disease. The patient had normal electrocardiogram and echocardiogram
Anderson, During the period from 1956 to 1971, the 1 1d This report focused on the DHTR due to Anti-Jsa .Since discharge on postoperative day 3, the patient’s clinical course has Alloimmunization/auto-
1997'% patient received a total of 7 units of blood. been unremarkable antibody formation

2 units were after deliveries of viable infants

(1 unit in 1956, 1 unit in 1961), 1 unit was also

in 1961 after a tubal ligation, and 2 units of

RBC in 1971 following a therapeutic abortion

and total abdominal hysterectomy. The

transfusion of interest in this case was a

simple partial manual exchange transfusion to

remove 1 unit and replace it with 2 units

compatible RBCs
Audard, Simple transfusion to keep Hb >9 1 During transplantation Successful transplant surgery Bleeding complications:
2006%° surgery renal hematoma; pleural

effusion

Acute heart rejection,
diabetes mellitus,
transplant renal artery
stenosis

Ballas, 1985'

Long history of RBC transfusions, judging
from the date, they were most likely simple
transfusions though this is not specified in the
paper

The patient had already
received over 100 units of
PRBCs and whole blood
by the time he was 30 yr
old. He had anti-E and
anti-U in his serum before
the time of transfusion for
this case (1981)

Initially the patient’s Hb rose from 9.2 to 11.4 g/dL after transfusion with a reticulocyte count of 8.4%. About 1 week later he
developed a painful crisis and his Hb dropped to 7.9 g/dL and his reticulocyte count went up to 11.6%

Alloimmunization/auto-
antibody formation,
hemolytic transfusion
reaction

Ballas, 2000%®° | Acute blood exchange where the plasma was | 9 (37 Unclear The preexchange Hb was 8.9 +1.0 (mean +SD) and the postexchange Hb was 9.9 +1.1. The preexchange % HbS was 67 +17 | None
replaced with 5% albumin blood and the postexchange % HbS was 31 £10. None of our patients had neurological events postexchange
exchanges)
Baruchel, Partial exchange transfusion with 450 mL of 1 1 transfusion Percentage of HbS decreased to 35% and the patient condition improved Pseudomembranous
1992%" whole blood colitis

Bowen, 1988"%

Past medical history was significant for
infrequent but multiple transfusions. In this
report the patient needed 2 simple red cell
transfusions within a few days of each other

As needed but within a
few days of each other

After the initial transfusion the patients Hb rose from 7.7 to 9.8 g/dL and her pneumonia resolved. She was discharged but then
she was readmitted with knee pain the same day and her Hb had dropped to 7.5 g/dL. Following the 2nd transfusion, the Hb
went up again to 9 but then dropped to 7.5 again within 24 h due to a transfusion reaction. See below for complication details

Alloimmunization/auto-
antibody formation,
hemolytic transfusion
reaction
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N of

Length of transfusion
time

Outcomes

Study label

Transfusion description

patients

Reported complication

Brumfield, Partial exchange transfusion of RBCs. 6 units | 1 During pregnancy Following transfusion, HbS decreased from 47% to 29% and HbC from 52% 31%. 10 d after transfusion, the patient presented | Hemolytic transfusion
19842 initially followed by 2U 10 d later to the hospital with diffuse myalgia and severe pain for several hours in the right knee and left arm. Hct was 21%. A diagnosis reaction
was made of acute vaso-occlusive crisis (VOC). Initial therapy consisted of IV hydration and analgesics. Another partial
exchange transfusion was done with 2 units of washed, compatible red cells. DAT was positive. Cross-match was made difficult
due to antibodies not previously present. Total serum bilirubin was 1.9 mg/dL and lactate dehydrogenase (LDH) was 1720 and
Hb was +4 on urine dipstick. HbS was 42.8% and HbC was 40.1%. 24 h later the patient developed respiratory distress
Buchanan, Patients 1 and 2: A hypertransfusion program, | 3 Range=4.5 mo to 5 yr Patients developed CNS focal symptoms during periods of time when transfusion tx was ceased or towards the end of the Alloimmunization/auto-
1983'%° 15-20 mL/kg washed leukocyte-poor packed between-transfusions period (3—4 weeks). All symptoms resolved upon further transfusing the patients, either with exchange antibody formation
red blood cells (PRBCs) transfusions or simple transfusions
q 3—4 weeks.
Patient 3: Transfusions of PRBCs every 3—4
weeks to maintain HbS <30%
Campbell, Patient was given 1 unit of group B, Rh- 1 Postpartum Estimated blood loss during cesarean section was 750 mL, and the patient was given 1 unit of group B, Rh-positive, WBC- Hemolytic transfusion
20007 positive, white blood cell (WBC)-reduced, reduced, HbS-negative RBCs. The patient’s postoperative course was complicated by postpartum fever; she was diagnosed reaction
HbS-negative RBCs. On 3rd hospitalization with endomyometritis and treated with ampicillin, gentamicin, and clindamycin antibiotics. On postoperative d 6, a repeat chest
she received 2 units of RBCs. Later on she x ray showed bilateral lower lobe infiltrates, and the patient was then given trovofloxacin antibiotic. An Hb electrophoresis
received 100 mL of group O, Rh-positive, showed HbS of 73.4%, HbA of 14.1%, and HbC of 7.9%. The patient recovered and was discharged on postoperative d 11. She
WBC-reduced, HbS-negative, phenotypically returned to the emergency department 4 d after discharge, complaining of intense right femur pain. Her Hb was 5.6 g/dL, and
similar RBCs. The patient eventually received her Hct was 16%. She received oral oxycodone for pain relief, which was partially effective, and she was released. She
2 group B (WBC-reduced and HbS-negative) returned to the hematology clinic 1 d later, complaining of continued pain. Her Hb was 4.2 g/dL; she was therefore admitted for
units that were serologically compatible when emergent transfusion of 2 units of RBCs and pain management
the cross-match was performed using a
prewarming technique
Chabot, Exchange transfusion using PRBCs and fresh | 1 NA HbS dropped from 87% to 29%. Mitral valve surgery was uneventful and the patient was discharged on postop d 5 None
2008%%? frozen plasma performed on the day before
surgery and intraoperatively prior to
cardiopulmonary bypass
Chan-Shu, The patient received 2 transfusions previously | 1 1d She improved after a course of steroid therapy. Alloimmunization/auto-
1980'% which were uneventful. The last transfusion antibody formation
was received 3 weeks before the present
admission. She was transfused on this
admission with 1 unit of blood which appeared
compatible by cross match
Chitturi, Exchange transfusion, daily withdrawal of 2 U | 1 4 d on 1st admission, and | On patient’s 1st admission, exchange transfusion decreased patient’s bilirubin from 69 to 25 mg/dL, and improved orientation. None
2002%%° (700 mL) of PRBCs and replacement by intermittently on his 2nd The patient was discharged, and later readmitted for worsening symptoms. On patient’s 2nd admission, regular exchange
normal saline and PRBC, for a total of 8 U. admission for several transfusion was not performed since HbS was 6—10%, and regular transfusion was not successful in stabilizing patient, who by
On 2nd admission, the patient received weeks now had developed renal failure, encephalopathy, ascites, and coagulopathy. The patient eventually died
intermittent blood transfusions
(1-2 U/week, PRBC)
Ciurea, 2006°* | Simple transfusions followed by exchange 1 Unclear Baseline total Hb=8 repeat Hb at 8th d of hospitalization=12.2. HbS before exchange transfusion=41%; after exchange=16% None

transfusions were instituted (frequency
Unclear)
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Study label

Transfusion description

N of
patients

Length of transfusion
time

Outcomes

Reported complication

Conrad,
19912

The patient was transfused 2 units of PRBCs
for anemia 11 yr ago

Once

The patient was referred for abdominal pain of 2 weeks duration. He had a history (hx) of scleral icterus since childhood and
had slowly healing leg ulcers 15 yr ago. There was no hx of painful crises and the patient had never been hospitalized. CBC
showed a WBC count of 11,000 ceII/mmS, Hb 6.9 g/dL, mean corpuscular volume 98 um3, and reticulocytes 7.2%. Total serum
bilirubin was 4.5 with 1.2 mg/dL direct bilirubin. Serum alk phos (180 p/mL) and aminotransferase (42 y/mL) and LDH (307
u/mL) were mildly elevated. Bone marrow biopsy showed extensive bone marrow necrosis. Serum iron was 231 with a total iron
binding capacity of 240 g/sl. The serum ferritin (SF) was 2,450 ng/mL. The RBC folate was 446 ng/mL, serum B12 was 884
picograms per milliliter (pg/mL) and leukocyte alk phos score was 80 (normal 11-95). A barium enema showed an apple-core-
type constriction in the right cecum. The patient underwent celiotomy and a right hemicolectomy and ileocolostomy were
performed for a moderately differentiated adenocarcinoma which was confined to the muscular wall of the bowel. There was
ascitic fluid at surgery which did not show neoplastic cells. The liver was enlarged and finely nodular. Microscopic examination
of the hepatic biopsy specimen showed an early cirrhotic pattern with bridging fibrosis and regenerating nodules. Large
amounts of hemosiderin were present and this was localized mostly in hepatocytes. Human leukocyte antigen (HLA) typing
showed the patient had A3 and B7 antigens. Family was not available for study. The severity of the patient’s anemia prohibited
the use of phlebotomy, and the patient was started on daily infusions of desferrioxamine with an autosyringe pump

None

Cook, 1990?22

Preoperative exchange removed 1,800 mL of
blood replaced with 9 units of homologous
PRBCs. An autotransfusion device was used
intraoperatively. Each 700 mL of blood
collected in the cardiotomy reservoir was
filtered, centrifuged and washed with a 1,000
mL of normal saline to produce 1 unit (225
mL) of PRBC for reinfusion

Perioperatively

Estimated blood loss was 2,200 mL, 3 units (675 mL) of autologous blood was salvaged and reinfused. Hb increased from
admission 7.7 g/dL to 11.5 preoperatively following exchange transfusion. Following surgery, Hb fell to 6.3 g/dL and 2 units of
banked PRBC were transfused. Hb and corrected reticulocyte count on d 16 were 6.1 g/dL and 15.2% respectively and the
patient was discharged home

Hemolytic transfusion
reaction

Costa, 2006°%

Exchange transfusion was initiated within 12 h
of admission due to multiorgan failure, and in
particular hepatic dysfunction. 5 units of
PRBCs were exchanged in 1 session

1 mo

Pre- and postexchange transfusion Hb electrophoresis demonstrated a decline in HbS from 58% to <15%

None

Culler, 2008

The patient was treated with chronic
transfusion, receiving over 90 red cell units in
the last 4 yr. In the evaluation for
hematopoiesis stem cell transplant the patient
was found to have anti-CD36. Cross-match
compatible apheresis platelet transfusions
were given whenever platelets dropped below
50x10°/L, ultimately receiving 8 transfusions

During the transplant
period

The patient successfully engrafted

Alloimmunization/auto-
antibody formation

Cullis, 1995'2

Exchange transfusion: The patient received
isovolemic exchange transfusion using 3 units
of ABO compatible, C-negative,

E-negative, Js (b-) packed red cells initially
prior to a total hip replacement. She had had
multiple transfusions in the past and
alloantibodies

Once

One d post exchange transfusion, because of the rapid haemolysis, Sandoglobulin and hydrocortisone were commenced and
she received 4 units of ABO compatible, C-negative, E-negative, Js(b-) packed red cells, following which her Hb rose. Marked
haemoglobinuria continued and a further 2 units of blood were transfused. Following administration of IVIg her DAT became
transiently positive for IgG alone but an eluate from the red cells was found to be nonreactive when tested against an RBC
panel. Her joint pains, jaundice and haemoglobinuria gradually settled over the next 48 h, Hb stabilised at 6.5 g/dL (HbS 39%,
HbA 61%), IVIg was stopped and corticosteroids were gradually withdrawn. No previously undetected RBC alloantibodies could
be found on repeated serum samples over the next 8 weeks

Alloimmunization/auto-
antibody formation
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Study label

Cummins,
1991%

Transfusion description

Patient 1 had been transfused previously at

9 yr of age. Acutely: 2 units of B, Rh (D)
positive red cells were infused. Later she
received 3 cross-matched C-, Cw-, E-, and K-
negative units.

Patient 2 had previously had 3 blood
transfusions in Africa. Acutely: 2 units of
group 0, Rh (D) positive red cells were cross-
matched urgently (by indirect antiglobulin
techniques (IAT)). Later she received 4 units
of group 0, rr (cde/cde), K- and s-negative
cross-matched blood. She finally received

1 unit of group 0, rr, K-, and s-negative blood

N of
patients

2

Length of transfusion
time

Acutely

Outcomes

Patient 1 presented with a febrile illness. No cause for fever was found, and it resolved with antibiotics. However, over 6 d her
Hb fell to 5.5 g/dL and 2 units of B, Rh (D) positive red cells were infused. Prior to transfusion her red cells were B, Rh (D)
positive, a DAT was negative, and no atypical red cell antibodies were detected in serum with a 2-donor cell panel by 2-stage
papain (TSP) or indirect antiglobulin test (IAT). She was referred to another hospital 10 d after discharge. Her Hb was 6.9 g/dL
and repeat DAT was negative. However, anti-E and -Cw alloantibodies were detected in serum (using TSP). 4 d later (14 d
posttransfusion) she was admitted as an emergency with a 1-d history of right hypochondrial pain. She was pyrexial (39.2°C),
jaundiced, and her liver extended 14 cm below the right costal margin. Her Hb was 3.0 g/dL (87% HbS, 10% HbA, 3% HbA2),
reticulocytes were 18%, and DAT was negative. Serum bilirubin was 200 ymol/L, hydroxybutyric dehydrogenase 1205 1U/I and
aspartate transaminase (AST) 67 IU/l. Hepatic sequestration was diagnosed and 3 units of C-, Cw-, E- and K-negative blood
were cross-matched and infused uneventfully. However, the on-call laboratory staff was not informed of her recent transfusion,
and used 4-d-old serum for the cross-match. 12 h after transfusion she developed chest pain and a fever of 39.9°C. A blood film
showed spherocytes + + +, DAT was positive (IgG; mixed-field) and, besides anti-E and -Cw antibodies, anti-C, -K and -Jk”
antibodies were demonstrable in serum. Over 7 d her Hb fell from 7.7 to 4.6 g/dL, serial HbS and HbA concentrations indicating
hemolysis of transfused cells. She was discharged, apyrexial, 14 d after admission. 10 d later her liver was barely palpable and
her Hb was 5.4 g/dL. The DAT, however, was still positive (+; IgG only), but the pattern of agglutination was no longer of mixed-
field type, suggesting presence of an autoantibody. Indeed, isoelectric focusing of peripheral blood hemolysate showed
absence of HbA. 2 weeks later her Hb had risen to 6.1 g/dL, reticulocytes were 53%, DAT was strongly positive (+ ++; IgG only)
and serum bilirubin was 106 pmol/L. By selective adsorptions with phenotyped cells, serum and a red cell eluate were shown to
contain a broad-reactive IgG (IgG1) autoantibody, reactive against all cells of a 10-donor panel (using TSP). Soon afterwards,
the patient returned to Africa.

Patient 2 was admitted with incomplete abortion. Her Hb was 5.4 g/dL, she was group 0, Rh (D) positive and DAT was
negative. 2 units of group 0, Rh (D) positive red cells were cross-matched urgently (by IAT) and infused uneventfully; her uterus
was then surgically evacuated. A subsequent antibody screen with pretransfusion serum was positive against both red cells of a
2-donor panel (using TSP and IAT techniques); anti-s antibodies were later identified with a 10-donor panel by IAT. 7 d after
transfusion, she was readmitted with vomiting and abdominal pain. She was febrile (38.2°C) and jaundiced. Her Hb was

4.4 g/dL, reticulocytes 10%, bilirubin 135 pymol/L, AST 236 U/l and alanine aminotransferase 127 IU/L. Initially, she was
thought to have a vaso-occlusive sickling crisis. However, a blood film showed spherocytosis, DAT was positive (IgG and C3d;
mixed-field), and, besides anti-s antibodies, her serum contained anti-C and -E alloantibodies (TSP and IAT) and a broad-
reactive red-cell autoantibody (TSP). The next day her Hb was 2.6 g/dL. 4 units of group O, rr (cde/cde), K- and s-negative
blood were cross-matched (by IAT and TSP) and infused, and she was discharged 2 d later, apyrexial, with an Hb of 8.6 g/dL.
10 d after this transfusion she was readmitted with headache and dizziness. She was jaundiced, pyrexial (38.2°C), and her Hb
was 4.0 g/dL. DAT was positive (mixed field; IgG and C3d) but no new antibodies were detected. 1 unit of group 0, rr, K- and s-
negative blood was given. After this she developed severe arthralgia and flitting pains in her limbs and back, distinct from the
pains usually associated with her VOCs. Her condition then improved, the Hb stabilizing at 4.6 g/dL. Followup serum contained
anti-Fya alloantibodies in addition to those previously identified

Reported complication

Hemolytic transfusion
reaction

Davis, 1980%"

Red cell exchange

Every 6 weeks

The patient became pain free for over 2 yr after being started on this regimen

None

Delis, 20067

An exchange transfusion of 3 U of PRBCs

Unclear

HbS went from 36.7% (pre-right hepatic lobectomy for metastatic rectal cancer) to 7.3%. Liver function tests and bilirubin
normalized the following d

None

Diagne,
2010%°

Unclear

Unclear

(1) Acute splenic sequestration occurred in 3 HbSS cases and was treated with transfusion (no outcome data), and
(2) Hypersplenism occurred in 7 patients (6 HbSS and 1 SC) and required splenectomy (4 cases) or resolved with 2—3 blood
transfusions in the 3 remaining cases

None
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Transfusion description

N of

Length of transfusion
time

Outcomes

Study label

patients

Reported complication

Diamond, 3 of the 4 patients whose cases were reported | 18 total, 4 | All received a partial All initially improved from a pain crisis, etc. with the partial exchange transfusion, but within 48 h up to 2 weeks after transfusion, | Alloimmunization/auto-
1980 had multiple transfusions before the current developed | transfusionin 1d they developed complications (see below). antibody formation,
transfusion. All of the patients underwent complica- Patient 1: Hct initially went up to 30% from 26.4%, but then subsequently dropped to 19% within 8 d (4 d after transfusion, he | Presumed primary
partial exchange transfusions tions and began complaining of diffuse myalgias). immune response to
g;es'és are Patient 2: Initially had Hct rise to 38% and HbA of 50% but then it dropped down to 17% 8 d postexchange. z:negr?:it?::ﬂri?gorleﬁc
Patient 3: Initially after transfusion had Hct of 27.5% and HbA of 46% when she was discharged 6 d after the exchange, but gens, hemoy
reported : o o transfusion reaction
here was admitted 2 d later, and the Hct had fallen to 23.9% and HbA to 28%.
Patient 4: Specific Hct HbA data not available
D’Onghia, NR 1 NC Just reported that they were indicated to reach a goal of Hb >10 g/dL None
20007
Duvall, 1974*® | The patient had hx of 85 units of RBCs 1 Chronically At the time of patient’'s most recent transfusion, 2 units of blood were transfused. Severe abdominal pain was present before Hemolytic transfusion
transfused and during infusion of the 1st unit. 30 min after initiation of 2nd transfusion abdominal pain became severe. Transfusion was reaction
stopped after administration of 140 mL. It was discovered that the 2nd unit had been group A2, Rh+. The patient was group O,
Rh positive
Elenga, 2008%*° | Patient 1: Exchange transfusion with 9 units 2 Once Patient 1: Exchange transfusion decreased HbS from 88 to 55%; exchange transfusion dropped HbS from 83 to 50% Hemolytic transfusion

Patient 2: Exchange transfusion with 4 units

Patient 2 : Delayed hemolytic transfusion reaction (DHTR) and neurological abnormalities postexchange transfusion

reaction

Fabron,
1999

Isovolumic partial exchange transfusion was
performed using 4 units of ABO compatible
packed RBC. 4 of these transfusions were
done over the course of 7 d in preparation for
a cholecystectomy

Over the course of 7 d or
o)

Hb level went from 8.7 to 12.0 g/dL initially

Alloimmunization/auto-
antibody formation,
hemolytic transfusion
reaction

Finch, 1982%'®

600 RBC transfusions during a period of 30 yr.
Continuous prophylactic transfusions were
administered for 13 yr

30 yr, Hb concentration of

12 g/dL was maintained

Massive iron overload on autopsy (died at age 47) but no clinical manifestations of iron overload and death was likely unrelated
to iron overload

Iron overload

Firth, 2003%°

2 units of nonleukodepleted, unwashed
PRBCs over 5 h

Once

Four hours after completion of the second transfusion, the patient began to develop increasing respiratory distress. Oral
analgesic requirements for incisional pain were modest, with no complaint of extremity or chest pain. There was no hemoptysis.
A CXR 16 h posttransfusion showed increased perihilar lung density, lower lobe air bronchograms and hazy opacity of the
lower lung zones at both costophrenic sulci. Pulse oximetry hemoglobin oxygen saturation was recorded as 85 to 90% despite
an inspired oxygen fraction of 100%. A contrast enhanced CT scan on postoperative day two showed dense infiltrations and air
bronchograms in the dependent regions of the lower lung lobes, and multiple geographic perihilar densities consistent with focal
air space consolidation. Soft tissue views showed no evidence of pulmonary embolism or infarction. CT scan of the head
showed pneumocephalus and residual localized postoperative swelling. White cell count peaked at 42,300-mm3, with a
neutrocytosis of 92%. No pathogens were isolated from blood and urine cultures. Relevant thyroid hormone studies were
unremarkable. Despite the dramatic pulmonary changes on the CT scan, the patient’s residual respiratory function was
assessed clinically as sufficient to delay the initiation of mechanical ventilation. Management included fluid restriction,
furosemide diuresis, oxygen supplementation, and incentive spirometry. Respiratory function improved rapidly over 24 h,
neutrophil count trended downwards, and she was transferred to a routine care unit on the 4th day postoperatively.

Hemolytic transfusion
reaction
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Foral, 2001%"

Transfusion description

Hx of monthly plasma exchange transfusions
to prevent sickle cell crisis. On the day the
patient received vancomycin with clinically
documented concentration of the drug for
sinusitis/venous sinus thrombosis,
conjunctivitis and periorbital cellulitis she also
received a morning plasma exchange
transfusion

Chronically, and once
during hospitalization

7 mo prior to this admission, the patient received intravenous vancomycin 500 mg every 12 h for the treatment of an infected
Quinton catheter. During the course of tx, a vancomycin trough concentration was obtained prior to the 3rd dose, with a result of
8.8 pyg/mL. On current admission, the patient was diagnosed with suspected sinus infection/abscess or venous sinus
thrombosis, conjunctivitis with periorbital cellulitis, and scalp pustular folliculitis. A clinical pharmacokinetic consultation was
obtained for dosing recommendations for vancomycin. As the patient had a therapeutic vancomycin concentration during the
previous admission and the renal function was stable, she was started on the same regimen. Peak and trough concentrations
were obtained in the evening (2200) around the 3rd dose of vancomycin. The peak concentration reported, drawn 1.5 h after
the end of a 1-h infusion, was 12.5 pg/mL. The trough concentration reported, drawn 5 min prior to the initiation of the dose,
was 3.0 yg/mL. The accuracy and validity of the concentrations were questioned. The infusion time and draw times of the
concentrations were verified with the nursing staff. Results of Bayesian pharmacokinetic forecasting further supported that
these concentrations appeared invalid. On the day these concentrations were obtained, the patient had received a morning
plasma exchange transfusion, in addition to deferoxamine for iron overload. With all other variables being the same in this
patient, the conclusion was made that vancomycin was removed during the plasma exchange transfusion. The pharmacokinetic
service recommended that the same regimen be continued and to recheck a trough concentration only prior to the 6th dose (3
doses after the initial concentrations). Vancomycin was changed to clindamycin after the 5th dose, so followup was not possible
on that admission. The patient was readmitted 4 mo later. Once again, the regimen was started with concentrations to be
obtained around the 3rd dose. The reported trough concentration was 8.4 ug/mL (drawn immediately prior to the dose) and the
1-h peak concentration was 20.0 pg/mL. The patient’s pharmacokinetic parameters were very similar to those of the 1st
admission. The patient did not receive a plasma exchange transfusion during this hospital admission. This further supported the
conclusion that the plasma exchange transfusion removed a considerable amount of vancomycin during the previous admission

Chronic
hepatosplenomegaly on
the basis of sickle
hepatopathy and iron
overload

Govoni, Red cell exchange transfusion using Once during The tx was always well tolerated and no side effects were observed. Laboratory findings showed a good reduction of HbS level | None
19957 leukocyte depleted RBCs which were hospitalization, then (-58%1+8) after each exchange transfusion. Hb level was maintained between 8 and 9 g/dL without transfusion and although
returned to the patient with autologous monthly after that. iron chelation tx was stopped, the SF level had not increased. At the same time, pain crises disappeared after a progressive
plasma, repeated monthly to maintain HbS % Specific period of time reduction of their number and intensity
below 30% not specified
Halverson, History of multiple blood transfusions over The 1st transfusion over | Hb rose from 7.0 to 10.1 g/dL, then the Hb came down over the course of about 2 and a half weeks to pretransfusion levels, this | Alloimmunization/auto-
1994'% multiple hospitalizations, this time it was the course of hours. All was thought to be due to a somewhat delayed transfusion reaction due to anti-S and an unknown antibody showing antibody formation,
transfusion with 3 units cross-matched blood. transfusions were given characteristics of high-titer, low-avidity (HTLA). While administering the 2nd unit, the patient complained of fever and low back | hemolytic transfusion
Then for treatment after the patient had some on just a 1 d basis, no pain, and hemoglobinemia was detected. Anti-Dob was identified in the postreaction samples by absorption-elution tests, and reaction
hemolysis, she received 2 more units of RBCs chronic transfusion the patient was confirmed to be Do(a+b-). The 1st unit transfused during this hemolytic episode tested Do (b+).
protocol
Hartwig, Erythrocytapheresis was performed with CS 17 mo 17 erythrocytapheresis procedures were performed. The authors were able to reduce the HbS content from 46.9+7.1% to None
20027 3000+ Cell Separator using program 1 for 22.7+5% postapheresis. The maximum HbS content was < 50%

thrombocytapheresis. A 14-gauge IV canule
was placed in the arteriovenous fistula for the
outflow and a 10 gauge IV canule in a venous
vessel for the inflow. After initial processing of
600 mL whole blood, 100 mL of erythrocytes
were collected for

10-17 cycles and 6 units of donor PRBCs
were transfused. The Hb of the patient was
checked several times to conserve an Hb
concentration of 8—10 g/dL
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Haruda, Exchange transfusion 1 NA Immediately after transfusion sensorium improved, but the patient still had problems with spelling and still had a right exterior None

19817 plantar response. Left central facial paresis was seen again. Drooling and incontinence were prominent. Right grasp and

palmomental reflexes were seen for the 1st time. Postexchange Hct was 32.6% (up from 20% on admission), HbS was 44%
(down from 97.3) and HbA was 58.4% (was not detectable on admission). EEG showed right frontal and left centroparietal
slowing. 2 d after transfusion he noted oscillopsia (fogginess) and headache. He became stuporous. During a 2nd exchange
transfusion his sensorium cleared. Post 2nd transfusion, his Hct was 46.5% with 80 HbA and 19.4% HbS. His cognitive function
slowly improved

Hughes, Partial exchange transfusion 1 Perinatal transfusion The patient at 37 weeks gestation presented with sx of pain crisis. Hb was 11.4 g/dL, and HbS was 55%, HbC 42%. Continuous | None

1984%"™ fetal monitoring demonstrated a nonreactive nonstress test and irregular contractions without decelerations. Supportive tx was

initiated. Because of lack of response to conservative management, a decision was made to proceed with a partial exchange
transfusion. The exchange was accomplished in 6 passes with phlebotomy of an estimated 15% of maternal blood volume over
20 min with each pass. With each phlebotomy, there was a 2—-3 min episode of fetal bradycardia to the range of 60-beats per
minute, which was not associated with overt maternal hypotension or uterine contractions, and which was not alleviated by
changes in maternal position. Posttransfusion Hb was 10.1 g/dL with HbS dropping to 14% and HbC to 12%. Following
transfusion completion, a repeat nonstress test was again nonreactive and biophysical profile obtained was 4/10. Induction was
undertaken and after an otherwise uncomplicated labor, the patient had a spontaneous vaginal delivery of a 6 pound, 3.5 ounce
male infant with an Apgar score of 8 and 9 at 1 and 5 min. The patient and child were discharged on post partum d 6

Hurlet- Transfusions were performed on an outpatient | 3 7-15yr The high HbS (HS) regimen was successful in decreasing the volume of transfused blood by 50 mL/kg/yr, representing a Iron overload

Jensen,1994%"® | basis. PRBCs with an Hct of 80% were decrease of more than 10 donor exposures per patient. In addition, there was a substantial reduction of iron load (>2 gly).
transfused with a maximum of 15 mL/kg given There are clear and significant advantages. Neurological examinations, performed at each clinic visit, remained unchanged.
over 6 h. The low HbS regimen was used Repeated MRI scans did not reveal any additional lesions while on the HS regimen or 1 yr after total discontinuation. All
which maintained HbS to below 20%. A few patients showed wide variations of cerebral perfusion over time, and the changes were systematically related to treatment.
years later, a new regimen was introduced Perfusion (cerebral blood flow) levels were lowest during the low HbS (LS) regimen (89, 92, and 107 mL/100 g/min) and were
that allowed HbS to rise to 50-55% between highest when the patients were untransfused (149, 148, and 156 mL/100 g/min, respectively). The values obtained during the
transfusions HS transfusion regimen were intermediate over a wide range (109-145 mL/100 g/min)

Islam, 2010%" Multiple previous blood transfusions. Acutely, |1 Chronically The patient presented with diffuse pain and shortness of breath. His blood group was O RhD-neg. Blood tests revealed an Hb Hemolytic transfusion
the patient received 2 compatible packed red level of 6.8 g/dL, a raised C-reactive protein of 44.2 mgL (normal 0—10 mg’L) and hyperbilirubinemia (96 pmol/L; normal reaction
cell units 0-17 umol/L). Initial management included fluids, oxygen, analgesia, broad spectrum antibiotics, and transfusion with

2 compatible PRBC units. 2 d later, his Hb level dropped to 4.2 g/dL, his bilirubin increased to 527 umol /L, and he developed

dark urine resulting from hemoglobinuria. His peripheral blood smear showed marked poikilocytosis with several sickle cell,

cigar cells, red cell fragments, and nucleated RBCs. Erythrophagocytosis in mononuclear cells and Howell-Jolly bodies were

also noted
Jaeckel, Patient 1: Partial exchange blood transfusion | 2 Patient 1: Had blood This partial exchange transfusion decreased the HbS fraction to 21.6%; afterwards, Hb HPLC revealed that his HbA2 was 7.4% | None
201077 to reduce the proportion of Hb in perioperative exchange and 2 RBC and HbF was 1.9%. The Hb was 7.5 mmol/L, and the Hct was .36. In the course of surgeries he lost a lot of blood, on the order

setting. The blood was replaced using RBC
concentrate and normal saline (1:2)
Patient 2: Substitution of blood volume with
red blood cells

transfusions during
hospitalizations.

Patient 2: Case had 5
RBC transfusions during
hospitalization

of his whole blood volume, which was substituted successfully with red blood cells, fresh frozen plasma and balanced
electrolyte solution.

In the 2nd case due to HbS fraction of 32.3%, authors performed a substitution rather than exchange of the blood he lost. The
boy underwent a total of seven surgical procedures and did not develop any complications known to be associated with SCD.

Janssen van
Doorn, 2001"%

Transfusion of polymerized bovine Hb in a
patient with SCA and severe alloimmunization

Chronically in the past,
acutely post partum

The patient died 10 d after delivery but the baby was healthy

Alloimmunization/auto-
antibody formation
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Jayabose, The patient was 1st given 300 mL (15 mL/kg) |1 15 mo Consciousness improved half way through transfusion and completely recovered after completion of 2/3rd of transfusion. At the | None
198377 whole blood over 3 h followed by exchange conclusion of the exchange, the HbS % dropped from 95% to 12%. Hb increased from 10.4 to 14.3 g/dL. The patient was
transfusion of 1,500 mL (75 mL/kg) of fresh discharged on 5th d. No recurrence of CNS symptoms through followup while on chronic transfusion
whole blood followed by chronic monthly
transfusion with goal of HbS <30%
Jiskoot, 2004%"° | Chronic transfusion program 1 8 yr Despite chelation treatment, the child’s SF rose to 3000 mg/L. At 9 yr of age, his transfusion requirement rose rapidly to 30 mL | Iron overload,
of packed cells/kg every 3—4 weeks. This was accompanied by increasing splenomegaly, mild leukopenia, and hypersplenism
thrombocytopenia. Isotope imaging with technetium-99m labeled RBCs showed an increased splenic RBC pool (19.9% of total
RBC volume), with filling defects suggesting previous splenic infarction
Kalyanaraman, | Partial exchange transfusion, 1 time 1 1 time Hb level rose from 7 g/dL to 13.3 g/dL, with HbS level of 47% Alloimmunization/auto-

1999'%"

antibody formation,
hemolytic transfusion
reaction

Kelleher,
19847

2 unit of cryopreserved red cells by simple
transfusion to a “previously transfused”
heavily alloimmunized 8-yr-old boy

The red cells were
transfused over 3 hond
3andd 11 of
hospitalization

After the 1st transfusion, Hb rose from 4.5 g/dL to 5.6 g/dL. After the 2nd transfusion the boy’s Hb went up to 8.4 from 6.4 g/dL.
He developed dark urine, and urinalysis revealed gross hemoglobinuria, 3+ protein by dipstick and 3 RBCs per high powered
field. Other lab results were Hb 8.4 g/dL, reticulocyte count 14.3%, platelet count 303x10%L, BUN 4 mg/dL, serum creatinine .5
mg/dL, total bilirubin 1.4 mg/dL; plasma Hb 58 mg/dL and serum haptoglobin 7 mg/dL. An acute hemolytic reaction was
suspected but cross-match of blood samples obtained from the patient both before and after transfusion of the frozen-
deglycerolized red cells revealed no evidence of serologic incompatibility. A small amount of the blood remaining in the donor
bag was centrifuged and a red, gel-like supernatant fluid was noted. They found by Hb solubility test that the donor’s blood had
HbS and that the donor had sickle trait (probably undiagnosed). HbAS was confirmed. What happened was that red cells from
donors with sickle trait can be frozen without difficulty but during the standard deglycerolization, these red cells clump and
obstruct the circulation of washing solutions around the cells, which prevents the removal of glycerol. These cells subsequently
hemolyze in the washing solution as isotonic conditions are reached. So this was a case of a suspected acute hemolytic
reaction that was really a transfusion of already hemolyzed red cells from the freezing and unfreezing process from a donor with
sickle trait that was responsible for the clinical and lab findings in the 8-yr-old patient. The 8-yr-old recipient of the transfusions
ran a benign course with no complications

None

Khwarg,
1985%"

Exchange transfusion of 500 cc of patient’s
whole blood with 4 units of fresh-PRBCs

Once

The patient was transfused 36 h after onset of visual sx. 15 h after transfusion his right eye visual acuity improved to 20/100 (up
from 20/200). By 36 h, vision had recovered to 20/40. Gradual resolution of retinal edema and recovery of vision to 20/20
documented during the 1st 8-week followup. At the time of last examination, 5 mo after initial presentation, patient’s acuity was
stable at 20/20. Examination of right eye at that time revealed restoration of macular perfusion

None
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King, 199772

Transfusion description

An exchange transfusion of 4-5 units of HbS
negative RBCs

patients

5

Once per patient (during
hospital admission)

Patient 1: The patient was admitted for a painful crisis; however, a chest x ray (CXR) revealed a wedge-shaped infiltrate in the
peripheral left lower lobe and a left pleural effusion, consistent with a pulmonary infarct. An exchange transfusion was
performed. Over the next 3—4 d, her breathing gradually improved. Following improvement in her blood gases and CXR, she
was discharged on posttransfusion d 6. 8 d later, she returned to the emergency room with back pain, middle and upper
abdominal pain, and jaundice.

Patient 2: The patient was admitted with painful crisis; however, because of the recurrent pattern of her crises, an exchange
transfusion was performed. On d 6 after transfusion, the patient was discharged. 3 d later, she was readmitted with a painful
crisis. Her Hb and Hct were lower than at the time of discharge, and they continued to drop progressively.

Patient 3: The patient underwent preoperative exchange transfusion after a 1-week course of erythropoietin (100 mg/kg
twice/d). On the following day, a left total hip replacement was performed with estimated surgical blood loss of 800 mL. Intra-
operatively, she received 1 L of crystaloid and 200 mL of blood by intraoperative cell salvage. On postoperative d 4, she
became febrile with an Hct of 18.2%. Erythropoietin was given on the following day. On d 6, she remained febrile and
experienced a painful crisis. Over the next few days, she received 4 units of RBCs and then underwent a 3-d course of
erythropoietin. By postoperative d 14, her Hct was 21% and her bilirubin was elevated.

Patient 4: The patient was admitted with right upper quadrant tenderness, fever, and leukocytosis. A transhepatic
cholangiogram showed dilatation of the common bile duct and multiple common bile duct stones. Preoperative exchange
transfusion was performed. On the next day, a choledochojejunostomy was performed with an estimated blood loss of 150 mL.
Blood and bile cultures were positive for Klebsiella pneumonia. On postoperative d 8, her Hct dropped to 20.7% and she had a
rising bilirubin and fever. Although a sonogram of the liver showed a 3x3-cm region consistent with a hematoma, no significant
bleeding was found. Her Hct dropped to 15%.

Patient 5: The patient underwent a preoperative exchange transfusion using frozen, deglycerolized RBCs in preparation for
right total hip replacement. 2 d later, the surgery was performed. Hemoglobinuria and hemoglobinemia were noted during
surgery, and 2 units of frozen, deglycerolized RBCs were transfused. By postoperative d 4, a precipitous drop in Hb and Hct
occurred, requiring the transfusion of 3 units of frozen, deglycerolized RBCs over the next 2 d. Overall, the postoperative course
was remarkable for the lack of blood loss at the operative site

Hemolytic transfusion
reaction

Kleinman,
19807

Exchange RBC pheresis

Patient 1: Once
postoperative

Patient 2: 5-week
biweekly exchange
transfusion

Patient 3: Once on Day
13

Patient 1: Exchange RBC pheresis resulted in rapid decrease in penile size and pain within 24 h, and complete resolution in 48
h

Patient 2: Exchange RBC pheresis produced rapid clinical improvement within 48 h, and subsequent X-ray resolution

Patient 3: Exchange RBC pheresis resulted in dramatic improvement within 24 h, with complete recovery over the next few
days

None

Korones,
1996°%°

Chronic transfusions for a history of previous
stroke. Patients were treated with continuous
infusion of deferoxamine (15 mg/Kg/h for 48

h)

7-8 yr

Ferritin significantly was reduced in both patients over time, no cardiotoxicity, ototoxicity, or visual impairment but 1 patient had
pulmonary toxicity

Iron overload

Lane, 1988

The patient had received multiple transfusions
in the past. On the 6th d of hospitalization and
following O-induced red cell hypoplasia, the
patient was given a cross-match-compatible
frozen red cell unit

N

The patient had been
chronically transfused,
and was transfused once
during hospitalization

The patient had been chronically transfused and had developed anti-Fy3 and anti-s antibodies, therefore compatible blood was
difficult to obtain. On admission, the patient had a pO, of 85 mm mercury (mmHg) and Hb of 7.7 g/dL. His Hct was 24% and
reticulocyte was 6%. The patient was managed without transfusions since his blood was difficult to match, and he was given
continuous O; (2 L/min by nasal prongs). By the 6th d of hospitalization, Hb and Hct levels dropped to 5.4g/dL and 16%, and
the reticulocyte percentage was 1.4%. O, tx was ceased, and after a nationwide search, a cross-match-compatible frozen red
cell unit was obtained and transfused. The Hb and Hct levels rose immediately to 7g/dL and 22% and stabilized and reticulocyte
% rose gradually to 9.2% on the 9th d of hospitalization. The patient was discharged on the 12th d of hospitalization with his Hb,
Hct, and reticulocyte count stable

Alloimmunization/auto-
antibody formation
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Larson, 19962

Monthly RBC transfusions as tx for CVA.
Partial exchange erythrocytapheresis

RBC transfusions: 19 yr.
Partial exchange
transfusion: 8 yr

At onset of transfusion tx, the patient’s red-cell antigen profile showed the presence of c, e, k, Fyb, JKb, S, s, U, M, Nand P1,
and the absence of C, E, K, Fy®, Lea Leb. 8 yr after the start of chronic transfusions, he had developed antibodies to E, K, Fy?,
Lea, Bgam HLA-B13, HLA-Bw40, HLA-Bw37. His RBC exposure was >840 units between 1976 and 1995. Dark plasma was
noted by the operator during a discontinuous partial exchange erythrocytapheresis. The patient described mild lower back pain
and low-grade fever during the previous 2 weeks. The Hb drawn just prior to erythrocytapheresis was 1g/dL lower than the
pretransfusion Hb 4 weeks before. Serum LDH was 4,137 U/, and bilirubin was 3.6 mg/dL. A DAT test performed on the
postreaction sample was + (C3-weak, IgG-weak) and an IAT showed no reactivity

Reported complication

Hemolytic transfusion
reaction

Leao, 20052

The patient presented sickling crisis being
transfused with incompatible blood.

Once

The patient evolved with massive hemolysis being admitted with 3 g/dL Hb and 10% Hct, severe jaundice, tachycardia, and was
apathic and pale. The patient was treated with steroids, immunoglobulins, and plasmapheresis

Hemolytic transfusion
reaction

Lomas-Francis,
2007

Patient 1 received 2 units of cross-match
compatible and 4 units of cross-match
incompatible blood on the day after her
admission (due to difficulty in acquiring units
that are compatible to the patient’s anti-hrB, -
E, -M blood. After establishing that the patient
had anti-D, she was trans-fused with D-, E-
and hrB- compatible RBC component slowly
in 2 aliquots.

Patient 2 not specified other than he had
received multiple transfusion

Chronically in the past,
and during
hospitalizations

Patient 1: The patient’s admission Hct was 18.9%. During the 12 d following transfusion with part compatible and part
incompatible units, the patient’'s Hct stabilized at 30-35%. Left subphrenic abscess surgery was delayed because the patient
was stable on antibiotics. On the 13th d after transfusion, the patient’s Hct precipitously fell to 20%. During the next 5 d, despite
transfusion of 6 least incompatible units, the patient’s Hct declined to 13% and her reticulocytes diminished to 0, and bone
marrow aspiration demonstrated pure red cell aplasia. The possibility that the patient had developed anti-D antibodies was
considered. Transfusions were withheld for a week. An episode of chest pain prompted the transfusion of a D-, E-, hrB-
compatible RBC component slowly in 2 aliquots. Hct stabilized at 20%. During the next 3 weeks the reticulocyte count
increased to 10% and the patient achieved an Hct of 30% with no further transfusion tx.

Patient 2: Very limited hx was provided. The patient’s blood was tested before transfusion for compatibility and was found to
have anti-D antibodies

Alloimmunization/auto-
antibody formation

Lu, 2008%* 1st admission: A unit of cross-match 1 Twice Following 1st transfusion, which was given for pain crisis, when the patient’s Hb was 6.9 g/dL, the patient was discharged Hemolytic transfusion
compatible RBCs that was antigen negative home. The patient presented for the 2nd time a week later for another pain crisis, with an Hb of 5.6 g/dL and an uncorrected reaction
for patient’s antibodies. 2nd admission: A reticulocyte count of 17.6% and was transfused with another unit of blood. 3 h later, she developed dark colored urine. An
similar unit of blood was also given on 2nd investigation into transfusion revealed no clerical error or incompatibility, a negative DAT, and an antibody panel identical to that
admission, followed by 4 units after 5 d of from pretransfusion. Hemolytic anemia worsened, and the patient became severely dyspneic as her Hb reached its nadir of 3.6
hospitalization g/dL. The patient developed decompensated heart failure, and was started on steroids and IVIG and given 4 units of blood. The

patient responded to treatment and was discharged with an Hb of 7 g/dL

Madan, 1998%%° Exchange transfusion only intraoperatively 1 Intraoperatively HbS dropped from 53% to 7%. HbC dropped from 39% to 12% None

Maddali, Simple transfusion. 4 units of blood were 1 Once Hb went up from 10.7 g/dL to 12 g/dL, and was 11.2 and 10.9 on postop d 1 and 2. HbA increased from 20.9% to 70%, and was | None

2006%" transfused preoperatively to raise the HbA to 74.0% and 78.5% on postop d 1 and 2. HbS % decreased from 68.9% to 26% and later 21.6% 16.1% on postop d 1 and 2.
>60% 48 h prior to coronary artery bypass Surgery was completed successfully
graft. 3 units of blood were further transfused
perioperatively

Masinde, Acute transfusions in order to correct severe 1 Acute (once) Anemia correction, at admission Hb was 4.4 g/dL for which she was transfused 3 units of blood within 4 d, and then she had None

20107 anemia chorioamnionitis and had a Cesarean surgery. The patient received 2 units of blood intraoperatively and adequate infusions

Mathur, 20097

The patient had hx of multiple transfusions
and multiple allo- and autoantibodies

NR

Because of the patient’s history of transfusion reaction and hemolytic anti-IH, eight RBCs units, A1, Rh pos blood, negative for
the antigens C, E,S, K, Fya, and Jkb were transfused with no apparent adverse reaction. Since TH is U+, it was not necessary
to provide U negative blood for transfusion.

Hemolytic transfusion
reaction
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McCrae, Patient 1: Multiple past transfusions for painful | 2 1d Patient 1: The patient was treated with solumedrol and intravenous immunoglobulin, with hormonal therapy instituted to control | Alloimmunization/auto-
19962 crises. Also received 4 units of packed RBCs her vaginal bleeding. Although the platelet count fell to a nadir of 5,000/pl the day after transfer, it increased steadily antibody formation,
(simple transfusions it seems) during 1st thereafter, reaching 34,000/~1by day 5 of hospitalization, and increasing to normal by day 8. With the rising platelet count, the posttransfusion purpura
week of hospitalization during this case patient's hemorrhagic symptoms resolved.
Patient 2: 2U PRBC postoperatively; with Patient 2: the patient was treated with intravenous immunoglobulin,1 g/kg for 2 consecutive days. Her platelet count rose
resultant epistaxis, a heme-positive stool, and gradually thereafter, reaching 50,000/pl within 5 days of initial infusion, and achieving a normal value by day 15
oozing from venipuncture sites 8 d later
McGlennan, 14 units of blood over a period of 1 8-9 weeks None given Hemolytic transfusion
2005%7 approximately 8-9 weeks. On 1 occasion the reaction
patient was transfused 3 times over a course
of 1 week. Quantity Unclear. 1st reported
transfusion was of 4 units over a period of a
fortnight in preparation of the hip surgery
McNerney, 1 unit of packed RBC selected to be negative | 1 Once each On patient’s 2nd admission (leg pain, abdominal pain, and chest pain), he required a transfusion and received a single unit of Alloimmunization/auto-
2010% for K and E antigens, and on 2nd admission 1 HbS negative leukodepleted, least incompatible packed RBC negative for K and E antigens. The transfusion was uneventful antibody formation
unit of HbS negative leukodepleted, least and his HbS % decreased from 83% to 54%
incompatible packed RBC negative for K and
E antigens
Milner, 1987%® | PRBC transfusion 10 Acutely 3 patients died, 5 recovered, 2 patients’ outcomes were not reported Hemolytic transfusion
reaction
Mintz, 1986°*° | 4 yr prior to presentation, the patient received | 1 Acutely The patient was admitted to hospital with painful crisis. Hb was 7.4 g/dL. DAT was negative and no alloantibodies were Hemolytic transfusion
14 units of RBCs perioperatively for detected. Following transfusion, Hb rose to 10.4 g/dL. 4 d later, symptoms had resolved and Hb was unchanged. The patient reaction
cholecystectomy. During the reported was discharged but returned 10 d after receiving the transfusion with fever and pain in the back, abdomen and lower
admission, the patient received 2 units of extremities. The Hb was 5.6 g/dL and Hct was 17.7%. Prednisone tx, was started, direct antiglobulin test was negative, as well
cross-matched RBCs. Later on she received as DAT. Later she received another transfusion consisting of 2 units, and Hct was 26.9%. The following day, she noted the
2 additional units sudden onset of right-sided weakness and decreased sensation without associated headache or visual change. A positive DAT
was detected. Head CT and LP were negative
Monsaingeon- | History of multiple transfusions and “regular” | 1 Chronically The patient underwent multiple skin grafting attempts that failed. She was put on a transfusion program to decrease HbS <30% | Alloimmunization

Lion, 1993%%

transfusions at 27 yr of age

and maintain Hb between 11 and 12 g/dL. The patient developed multiple alloantibodies and the transfusion program had to be
stopped. She was started on HU, and after a yr she was transfusion independent and her Hb increased by
2-3 g/dL

Motta, 2010%%

Erythrocytapheresis (EA) transfusion. The
procedures were performed via peripheral
venous access, using a continuous flow cell
separator

Twice during pregnancy
and a 3rd time 7 weeks
later

The pregnancy followed a regular course up to 29+2 weeks’ gestation, when it was complicated by twin-to-twin transfusion
syndrome. At this stage, the patient’s hematological condition was good (Hb: 10.4 g/dL, with HbS: 49%), allowing for the
assumption that the specific transfusion policy adopted was correct. A short cycle of fetal lung maturation with betamethasone
was then performed to prevent respiratory distress syndrome at birth. At 29+3 weeks the delivery was carried out by emergency
Cesarean section under general anesthesia due to initial fetal distress documented by the reduction of active movements of
both fetuses at ultrasound. At birth the twins weighed 900 g and 1,200 g. Their Apgar scores were 2 and 1, respectively, at

1 min and 7 for each twin 5 min after birth; no kind of major neonatal resuscitation was required. The twins did not develop any
significant perinatal complications. In the postpartum period, the mother developed fever and hemolysis with moderate anemia
(Hb: 8.1 g/dL; bilirubin: 4.8 mg/dL) and was transfused with 2 units of RBCs. Prophylaxis for thrombosis with enoxaparin

2,000 IU was performed for 21 d. The patient was discharged 5 d after the cesarean section in a good general condition. The
puerperal course was regular; the patient did not present with any significant painful episodes and 7 weeks after delivery (3 mo
after the previous EA), she restarted her program of periodic EA. The twins’ growth and neuromotor development has proved
normal at a followup of 17 mo

None
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Study label

Transfusion description

N of
patients

Length of transfusion
time

Outcomes

Nahavandi,
2006%%

Red cell exchange transfusion, 1 time

Once

The following parameters were increased postexchange transfusion: (1) cerebral oxygen saturation 12%; (2) Hb concentration
2%; (3) HbAA 80%; (4) Het 21%. The following parameters were reduced: (1) sickle Hb 12%; (2) arterialization 33%; (3) plasma
free Hb 33%. Brain blood flow velocity values were unaffected by transfusion

Reported complication

None

Noizat-Pirenne,
2007

7 cross-matched-compatible units at d 0 of
surgery (hip replacement). Later, the patient
received 6 more units compatible with known
alloantibodies. He also received 7 units for
2nd hip surgery

Perioperatively

Following 1st surgery and accompanying transfusions, the patient developed DHTR. For the 2nd surgery, he was given
prophylactic rituximab (1000 mg 4 d before surgery and 7 d after) and the transfusions were uneventful

Hemolytic transfusion
reaction

O’Callgaghan, Exchange transfusions 1 There were 3 distinct Resolution of jaundice, bilirubin dropped from 1,500 umol/L to 180 umol/L and then to normal; AST rose as high as 505 IU/L but | None
19952 periods over the course returned to steady state at less than 50 |U/L; alkaline phosphatase dropping from over 500 IU/I to normal, prothrombin time 34
of 3 yr where the boy had | seconds (control 15s) down to normal, albumin increased to normal, improvement of weight loss from 25 percentile to 75
regular exchange percentile, resolution of fever, right upper quadrant pain, dark urine and pale stools, HbS fell to below 20% from 90%, liver
transfusions every 2 histology changes consistent with cholestasis associated with long-term hemochromatosis secondary to hemolysis, this
weeks. These distinct resolved to normal histology after the exchange transfusion program
periods lasted for a few
months each
Ozka;mak, Chronic transfusion with PRBCs every 1 12 yr chronically Her transfusion requirement after surgery decreased to 1U of PRBC every 3—4 weeks and the platelet count increased to higher | Functional and
19897 3—4 weeks with a goal to keep HbS than normal values anatomical splenic
regrowth
Pearlzrpean, No transfusion done 2 None Patient 1 was discharged with Hb 7.0g/dL and reticulocyte count was 17.7% None
1994 Patient 2 died
Petz, 19972 Patient 1: Received 18 units simple 5 Varied by patient Patient 1: The patient gradually improved symptomatically and he was discharged on day 52 with Hct of 29.7% 10 d later ; Alloimmunization/auto-

transfusion over 52 d.

Patient 2: 1st hospitalization was 15 units
over 17 d of simple transfusion. 2nd
hospitalization 27 mo later was 6 units over
16 d.

Patient 3: 12 units over 36 d.

Patient 4: 1st hospitalization was 17 units
simple transfusion over 22 d; 15 mo later had
4 units over 16 d. Had intervening 3
hospitalizations managed with 2 units
transfusion per hospitalization.

Patient 5: 7 units over 29 d

Patient 2 : 1st admission : She was discharged on day 24 with a Hct of 22.4 %.; 2nd admission (27 mo later) and discharged
next day with Hct of 25%. Returned 6 d later and finally transfusions were discontinued on day 22 secondary to repeated
posttransfusion hemolysis. Patient’'s symptoms gradually resolved

Patient 3:1st admission: discharged on day 13 feeling better. Returned 3 d later feeling worse. On day 29, patient developed
symptoms of DIC and deteriorating mental status. Transfusions were stopped and corticosteroids started on d 23. Patient
improved clinically and was discharged on d 36 with an Hct of 21

Patient 4: Experienced a subarachnoid hemorrhage on d 9. Prednisone was begun on d 19, with resultant stabilization of Hct
and discharged on d 22: 2nd admission (15 mo later). Diagnosed with DHTR on d 7. Transfusions were discontinued on d 8
and prednisone was started with resultant stabilization of Hct. Discharged on d 16 with Hct of 19.2

Patient 5: After receiving several transfusions over the course of the admission, signs of hemolysis developed between d 12-21
and patient’s Hct dropped to 18.5% by d 20. After d 21, hemolysis gradually decreased, Hct gradually increased and patient
was discharged on day 29.

antibody formation
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N of

Length of transfusion

Study label Transfusion description patients | time Outcomes Reported complication
Phillips, Patient 1 was transfused with 400 units of 2 Patient 1: Chronically Patient 1 was admitted for congestive heart failure (CHF) and many SCD complications. During her hospitalization, she was Iron overload and
1992722 RBC over her lifetime Patient 2 and 3: Patient 2 and 3: Unclear | treated for pain with parenteral narcotics and became progressively lethargic. Her thyroid function indicators were: TSH hypothyroidism
Unclear 22.51U/mL, freeT3 0.6pg/mL and free T4 0.2ng/dL. Despite of replacing thyroid hormone and aggressive support, the patient
died.
Patient 2 was transferred from another hospital with hypotension and presumed sepsis. He underwent cholecystectomy and
liver biopsy. His thyroid function indicators were: TSH 11.51U/mL, free T3 0.8pg/mL and free T4 0.3ng/dL. His condition
worsened and was transferred to the ICU where progressive renal insufficiency and hepatic and cardiac failure proved difficult
to treat, and he died
Patient 3’s final admission was prompted by CHF. His thyroid function indicators were: TSH> 761U/mL, free T3 0.1pg/mL and
free T4 0.4ng/dL. Renal failure and anuria ensued with creatinine level to 2.7 mg/dL and peaked at 10 mg/dL with a blood urea
nitrogen level of 260 mg/dL. And the patient died
Plante, 1998%* | The patient had been treated with 4-unit 1 Once at age 14 and the Treatment at 22 weeks gestation resolved epistaxis and joint pain. On return admission (7 d later), patient presented with Alloimmunization/auto-
exchange transfusion at age 14 for painful rest over the course of 3 | deepening jaundice, abdominal pain, and massive hepatomegaly. Steroid tx improved hemolysis and liver functions. During antibody formation,
crisis. She then was transfused again for or more weeks in the week 3 patient had changed mental status. At 26 weeks gestation, patient had a seizure which prompted cesarean section hemolytic transfusion
epistaxis, hypotension and profound anemia hospital delivery of infant. Liver biopsy was consistent with autoimmune hepatitis and sickle hepatopathy. No results on patients reaction
with 4 units (method not specified) at the age subsequent course were reported.
of 29. 1 week later, she presented again and
was transfused. She was again transfused on
hospital week 3 in anticipation of
decompression of her spinal cord for an
epidural hematoma in the spinal canal
Prasannan, The patient became severely iron over-loaded | 1 NR Severe iron overload, because of concern over the degree of iron overload, the patient and his mother were offered a more Iron overload
2003%' as a consequence of chronic blood convenient schedule of deferoxamine, 700 mg/kg/week administered as a continuous 96-h infusion. On 1 occasion his mother
transfusions and noncompliance with either accidentally programmed his pump to deliver the full 96-h dose of 45 g (700 mg/kg) over a period of 8 h. The patient developed
nightly subcutaneous or intravenous iron acute renal failure. Despite intravenous hydration and forced diuresis with mannitol, the patient remained oliguric, so high
chelation with desferrioxamine efficiency hemodialysis was instituted which resulted in the prompt return of renal function after only one hemodialysis session.
Proudfit, 1 unit of apparently cross-matched PRBCs 1 Once The patient’s delivery was uneventful, and her Hb remained stable at 8.5 g/dL. She was discharged home on postoperative d 3. | Hemolytic transfusion
2007%2 administered prophylactically She returned 3 d later with fever and crisis-like pain and found to have new anti-I antibody. She was started on erythropoietin reaction
injections and discharged on postoperative d 16 in stable condition.
Rackoff, Partial exchange with unrecorded frequency | 6 4 patients continued to Patient 1: Baseline Hb=8.7. Postexchange transfusion Hb=13.4 and HbS=28% ASPEN syndrome
1992%% receive long-term Patient 2: (Association of Sickle

transfusion with goal HbS

Baseline Hb=7.6 gm/dL. Postexchange transfusion Hb=12.6 gm/dL and HbS=18%
Baseline Hb=4.3 gm/dL. Postexchange transfusion Hb=12.5 gm/dL and HbS=25%
Baseline Hb=7.2 gm/dL. Postexchange transfusion Hb=13.1 gm/dL and HbS=33%
Baseline Hb=8.4 gm/dL. Postexchange transfusion Hb=11 gm/dL and HbS=29%

Baseline Hb=7.5 gm/dL. Postexchange transfusion Hb=10.5 gm/dL and HbS=33%

Patient 3:
Patient 4:
Patient 5:
Patient 6:

Cell Disease, Priapism,
Exchange Transfusion
and Neurologic Events)

Raff, 2002%*®

5 units of matched frozen RBCs. Then a
polymerized human Hb solution was given on
a compassionate basis

Once

The patient developed DHTR. Her condition worsened until she received polymerized human Hb solution. After 1st dose of this
solution, her Hb concentration increased from 28 g/L to 41 g/L, of which 13 g/L was in plasma. The severity of pain was
reduced from 10 to between 8 and 9 on a scale of 0 to 10. Over the next 5 d, the patient received 4 additional doses of this
solution. Pain, weakness, and dyspnea continued to improve. Hb concentration rose to 78 g/L on d 16, when the patient was
discharged in her usual state of health, and she remained well during 4 mo of followup

Hemolytic transfusion
reaction
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Transfusion description

N of

Length of transfusion
time

Outcomes

Study label

Rao, 1989%*

Case 1: Type=5 units partial exchange
transfusion before cholecystectomy.
Frequency=once. Given 3 more units of
PRBC at the time of DHTR

Case 2: Type=partial exchange transfusion of
5 units. Frequency=NR. Received it for ACS
Case 3: Type=PRBC simple transfusion.
Frequency 3 units + 2 units 2 d later

patients

NR

Case 1: Baseline Hb=10 and HbS=96%. Postexchange transfusion Hb=12 and HbS=48.9%
Case 2: Baseline HbS=87.5%. Posttreatment Hb=12.5 and HbA=45%
Case 3: Baseline Hb=3.8. Posttransfusion of 5 units Hb=6.8 and HbA=64%

Reported complication

Hemolytic transfusion
reaction

Reed, 2000%*"

Acute transfusions with packed red cells in
order to correct Het

Acute

Hb correction initially, but a nadir of 1.4 g/dL on d 14, Death due to acute complications and possible transfusion reaction

Alloimmunization/auto-
antibody formation

Reeves, 2 exchange transfusions over the course of 2 | 1 Over 2 weeks Hb level rose from 10.1 g/dL to 12.3 g/dL, decrease in HbS to 28%, antibodies anti-Le®, anti-Le" and anti-E were developed Alloimmunization/auto-
1980%° weeks after initial transfusion. Then delayed transfusion reaction developed with HbA dropping to 5 antibody formation,
hemolytic transfusion
reaction
Rigano, Simple, 4,000 mL of concentrated red cells 1 4d Resolution of acute hepatic failure, alanine aminotransferase dropped from 150 down to normal, PT from 34 down to 25, None
19942 over4d bilirubin from 80 mg/dL to normal
Robertson, 125 mL of simple transfusion at an unknown 1 Once Unexpected appearance of HbSC bands in posttransfusion electrophoresis later identified as a result of a single unit transfusion | None
19972 interval prior to a repeat exchange transfusion of HbSC blood
using 4 units when the patient presented with
ACS
Sakhalkar, Multiple simple transfusions 1 During hospitalizations Detailed history revealed that the patient had a history of dark/cola colored urine after an earlier blood transfusion 6 mo and Hemolytic transfusion
2009%*° 4 mo earlier and was neglected as being related to her jaundice. She was finally discharged after 2 weeks of hospitalization that | reaction
included an episode of acute chest syndrome; with a hemoglobin of 4.8, corrected reticulocyte count of 10%, Hydroxyurea on
hold and receiving weekly erythropoietin
Sakhalkar, Blood transfusions 1 During hospitalizations Two days after her discharge she was readmitted with a delayed hemolytic transfusion reaction and her hemoglobin dropped to | Hemolytic transfusion
2009%* a nadir of 2.5 g/dL and she was finally discharged after 2 weeks of hospitalization that included an episode of acute chest reaction

syndrome. The patient’s dyspnea was attributed to anemia, restrictive lung disease related to loss of parenchyma due to ACS,
and pulmonary hypertension related to severe SCD and obstructive sleep apnea. The patient takes HU 30 mg/kg/d, lisinopril
5 mg/d, and oxygen 1 L/min at night and as needed
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Study label

Transfusion description

N of
patients

Length of transfusion
time

Outcomes

Seeyave,
2006

1st hospitalization: The patient received

2 units of PRBCs for pneumonia and aplastic

crisis. 2nd hospitalization: 1 unit of compatible
packed red cells was transfused over 2 h and
transfusion of a 2nd compatible unit, planned

to be administered over 6 h, was begun

During hospitalizations
(she also had been
transfused on 1 occasion
5 yr earlier)

Following 1st admission and transfusion, the patient was discharged with an Hb of 8.5 g/dL. 5 d later, the patient presented with
a 1-d history of respiratory distress and pain in the legs and lower back. The patient was seizing on arrival in the emergency
department. She was afebrile, blood pressure was 144/89 mmHg, heart rate 144 beats/min and respiratory rate 38 breaths/min.
Arterial blood gas (ABG) was pH 7.04, pO, 65 torr and pCO; 19 torr; lactate was 19.0 mmol/L. Head CT was normal. On
admission to the pediatric intensive care unit, blood pressure was 92/36 mmHg, and peripheral perfusion was poor. The patient
was jaundiced. In the pediatric intensive care unit, she received ceftriaxone and a 10 mL/kg bolus of .9% NaCl, and a dopamine
infusion was begun. Hb was 2 g/dL, LDH was 3,785 U/L, and bilirubin was 85.5 umol/L. direct anti-globulin test was positive,
and anti-JKB was present, which had not been identified at the time of previous transfusion. Anemic cardiac failure due to
DHTR/H complicated by possible infection was diagnosed. 1 unit of PRBCs was transfused over 2 h, and transfusion of a 2nd
compatible unit, planned to be administered over 6 h, was begun. There was initial improvement. ABG 6 h after admission was
pH 7.32, pO, 231 torr and pCO; 22 torr, lactate was 11.6 mmol/L, and Hb 3.4 g/dL. Midway through the transfusion of the 2nd
unit, the patient developed a temperature of 38.2°C. Acetaminophen was administered, and the transfusion was continued. The
patient remained febrile, urine output decreased, and, approximately 4 h after the 2nd transfusion was begun, she developed
bradycardia with widened QRS complexes. ABG at this time was pH 7.09, pO, 183 torr, pCO, 18 torr; potassium was

8.1 mmol/L, lactate 18.0 mmol/L, and Hb 4g/dL. She went on to develop cardiac arrest and could not be resuscitated. Blood
culture drawn in the emergency department prior to blood transfusion grew Serratia marcescens sensitive to ceftriaxone,
resistant to ampicillin-sulbactam

Reported complication

Hemolytic transfusion
reaction

Sentinella,
19822

Erythrocytapheresis, once

Once

In patient 1, HbA rose to 65%. Baseline was unclear and Hct rose by 4%. Preoperative RBC exchange was performed to
prevent anterior ischemic syndrome.

In patient 2, Hb rose from 6.9 to 9.5, and HbA increased from 46% to 89%. An RBC exchange diminished her acute sickle crisis
symptoms and resolved respiratory complications

None

Senzel, 2007%%

Chronic RBC transfusions

Chronically

All 4 patients received bone marrow transplant. All 4 patients had been alloimmunized.

Patient 1: After transplant, the patient required 10 units of RBC products, the last product on posttransplant d +38 just after an
urgent appendectomy. All 10 units were D-, hrB- from frozen rare blood stores. On posttransplant d +41, the patient's RBCs
typed mixed field with anti-D. On d +45, the patient typed O D+ with no unagglutinated RBCs. The patient’'s Hb level stabilized
and there were no signs of hemolysis. Peripheral blood WBC chimerism by restriction fragment length DNA polymorphisms
(RFLP) showed 50% donor on d +15, 90% donor on d +30, 50% donor on d +82, and 50% donor on d +131. Marrow chimerism
showed 72% donor cells on d +131. The patient did not experience any manifestations of graft-versus-host disease (GVHD).

Patient 2: The patient had anti-K (2+ strength) before transplant. He received 4 additional units of K- RBCs just before
transplant. Anti-K persisted at 2+ to 3+ strength, through posttransplant d +31, after which antibody screens were not
performed. He required 7 RBC products between posttransplant d 0 and +18. The day of switch from group O to group B was
not documented because no ABO typing was performed after transplant. Engraftment studies revealed him to have 100% donor
cells by fluorescent in situ hybridization performed on peripheral blood. He required no additional transfusions, and his antibody
screen was not followed until 1.5 yr after transplant, when both IAT and DAT were negative.

Patient 3: The patient’s antibody screen was negative at the time the patient was evaluated for transplant, and the screen
remained negative throughout followup. She received 10 units of C- RBCs after transplant, in the face of severe hemorrhagic
cystitis. Full engraftment with 100% donor chimerism on peripheral blood took place, and the patient was well 1 yr after
transplant.

Patient 4: The patient’s DAT and IAT were positive, and a panagglutinin with some autoanti-e specificity was identified. No
alloantibodies were apparent. After transplant, she received 9 units of RBCs. Her IAT became negative on posttransplant d 16.
Her RBCs typed mixed-field with anti-D on posttransplant d 75 and subsequently typed as D+. That patient developed chronic
GVHD and remains on immunosuppressive treatment. Her chimerism studies have shown 100% donor engraftment by RFLP
performed on peripheral blood

Alloimmunization/auto-
antibody formation

Shende,
1977%

Partial exchange transfusion

Acute cases

HbS decreased from a range of 64.6 to 100% (mean 86.7%) preexchange transfusion, to 21 to 33% (mean 27.6%)
postexchange transfusion “Relief of symptoms and improvement in functions of affected organs were observed in all patients,”
total bilirubin level decreased from 28.5 mg/L to 6.9 mg/dL postexchange transfusion in the single patient with hepatic crisis;
PO2 was 40 mmHg before and increased to 99 mmHg after exchange transfusion in the single patient with SS lung syndrome

None
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Transfusion description

N of
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Length of transfusion
time

Outcomes

Shoemaker,
2004%7

Chronic blood transfusions regularly every 3—
4 weeks since having a right middle cerebral
artery stroke 7 yr before

Regularly over 7 yr

While receiving CTX, the patient had no progression of end-organ disease and rarely had pain crises. The patient presented
with abdominal pain and increasing anemia. He had been seen in the emergency department 2 d before this admission with
fever to 101.7F and left upper chest pain. Review of systems was negative for recent respiratory illness, sore throat, malaise,
lymphadenopathy, bone pain, or trauma. His vital signs, except for the fever, were normal, with a room air SaO, of 99%. At that
time the Hb was 9.2 g/dL with a mean corpuscular volume of 90 fL, a reticulocyte count of 10.9%, and a platelet count of
335X103/pL. The mother and the patient did not want him to be admitted, and after phone consultation with the pediatric
hematologist, he was given ceftriaxone and azithromycin and discharged to home with followup the next day. In the hematology
clinic the next day, he reported left upper back and shoulder pain. He was afebrile and his physical examination was normal, to
include no splenomegaly. Hb was 8.0 g/dL and the platelet count was 303X1O3/pL. The peripheral blood smear had sickle-like
cells and Howell-Jolly bodies without evidence of atypical lymphocytes. The lactate dehydrogenase level was 534 U/mL. Hb
electrophoresis was sent for analysis, which showed HbA, HbS, HbA2, and HbF of 64.7, 30.0, 3.2, and 2.1%, respectively. He
was given morphine for pain control and was to return the next day for a preplanned transfusion. Later that evening he returned
to the emergency room with worsening pain, this time more located in the upper left abdominal quadrant. An abdominal
computed tomography scan showed a slightly enlarged spleen with heterogeneously dense regions and some wedge-shaped
infarcts and fluid in the abdomen

Reported complication

Splenic tissue regrowth
and subsequent
sequestration

Siegel, 1993%°

Partial exchange transfusion with unrecorded
frequency. 3 were completed, the 4th was
aborted due to onset of CNS symptoms

Three times during
hospitalization

Baseline: Hb=6.3 HbS=79.4%. After 3 exchange transfusions Hb=13.5 and HbS=20.8% [treatment given for painful erection
lasting 20 h]. Posttransfusion his blood pressure was elevated and priapism persisted; thus 4th transfusion was initiated but
prematurely aborted due to onset of seizures

ASPEN syndrome
(Association of Sickle cell
disease, Priapism,
Exchange transfusion
and Neurologic events)

Squires,
198524

Multiple RBC transfusions in the past.
Following onset of 1st pregnancy, 4 units of
RBCs were administered prophylactically. The
1st 2 units were given at approximately 22
weeks of gestation, followed 7 d later by the
2nd 2 units

Chronically and during
pregnancy

Blood bank evaluation prior to each of the transfusions showed a group O Rh-negative patient with a negative antibody screen
and autocontrol. 16 d after the initial 2-unit transfusion, the patient presented to the clinic complaining of pain in her legs and
right arm. She was afebrile but slightly icteric. Her pulse was 128 beat/min, and blood pressure was 100/80 torr. PT and PTT
times were normal. Urinalysis showed an elevation in bilirubin. DAT was positive with both the broad-spectrum and anti-IgG
reagents, but not with anti-C3d. Further study of the serum showed a relatively strongly positive anti-Cob at the antiglobulin
phase reactions, which could not be identified. On days 16—23 following transfusion, she showed a marked decrease in
hemoglobin concentration accompanied by a simultaneous but smaller decline in the concentration of hemoglobin A. 27 days
after the initial transfusion, the antibody screen remained unchanged; however, the direct antiglobulin test at this time was
positive only with the broad-spectrum and anti-C3d reagents. A 56°C ether elution was negative at this time. No further
transfusions were administered during her pregnancy

Hemolytic transfusion
reaction

Stark, 1985°* | Transfusion of 2 units of PRBCs during labor | 1 Once Hct increased from 23% to 28%, fetal heart rate tracing no longer exhibited decelerations noted earlier. Induction was restarted | None
and accelerations were noted with contractions and variability improved. The patient progressed in labor and delivered a
healthy 2,780 gm female with Apgar scores of 6 and 8. Maternal postpartum and neonatal courses were uncomplicated
Stephan, A simple transfusion on 3rd d of 1 During hospitalization Following simple transfusion on d 3, Hb rose to 14 g/dL (up from 7) and Hct was 39% and HbS was 42%. The patient None
19952 hospitalization for declining Hb. On 4th d she deteriorated and received exchange transfusion the next day. Following the exchange transfusion, HbS decreased to 13.5%

received an exchange transfusion of
approximately 1 RBC mass

and the next day erythropheresis on an automated cell separator was carried out allowing for exchange of twice the red cell
mass. The patient’s general condition, consciousness and lab parameters normalized completely. The next day the liver was no
longer palpable. The patient was discharged 1 week later on a maintenance transfusion program
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N of
patients

Length of transfusion
time

Outcomes

Reported complication

Study label

Strupp, 1998%""

Patient 1=3 units simple transfusion with
history of 30 units over 10 yr

Patient 2=4 units exchange transfusion
Patient 3=2 units simple+2 units exchange
Patient 4=Unclear

During hospitalization,
patient 1 reported history
of 30 units over 10 yr

Patient 1: Upon admission, Hct was 27%, lactate dehydrogenase (LDH) was 835 U per L, total bilirubin was 5.4 mg/dL, and
direct bilirubin was 0.9 mg/dL. Immunohematologic workup revealed anti-Fv in addition to the known antibodies. Her painful
crisis initially improved, but after several days, she developed fever and her Hct had fallen to 12%, her LDH had risen to 2397 U
per L, and her total bilirubin was 3.0 mg/dL. The DAT was weakly positive, and an eluate contained anti-Jkb. Over the next 24
h, the patient received an additional 3 units of cross-match-compatible PRBCs lacking all antigens corresponding to her known
antibodies. Her posttransfusion hematocrit was 11%. Another clinically significant alloantibody was suspected and anti-Dob was
identified. Another unit was transfused 1 day later. Her posttransfusion hematocrit was 10%. Her LDH was 1872 U per L, and
her total bilirubin was 3.4 mg/dL. She was started on steroids and erythropoietin, and she improved without further transfusion
Patient 2 received a transfusion at another hospital 2 weeks prior to this admission. Admission Hct was 17% and LDH was
elevated (385 U/L). She then developed symptoms consistent with acute chest syndrome and CXR and RBC exchange was
requested. Five units of c-, E-, K-, s-, and Fy(a-) RBCs were cross-match-compatible, and an exchange was begun but
discontinued after the 4th unit 2nd to hemoglobinuria. Posttransfusion sample revealed all 4 transfused units to be weakly
incompatible. The hematocrit fell to 12% over the next 2 days, and the LDH was 782 U/ L. A new anti Doa antibody was
identified. The patient uneventfully received an additional 2 Do(a-) units with resultant increase in Hct and was discharged 1
week later

Patient 3 was admitted at 35 weeks’ gestation with a painful crisis. Her admission Hct was 23.8 percent, LDH was elevated
(346 U per L) and total bilirubin was elevated (2.17 mg/dL). She was given 2 units of cross-match-compatible PRBCs lacking all
antigens corresponding to her known antibodies. On d 4, she had an elective cesarean section. The following day she
developed hypoxia and respiratory distress felt to be caused by acute chest syndrome, and a partial manual exchange RBC
transfusion of 2U PRBC was performed, with a subsequent rise in Hct (29.9%). 8 days later the patient developed fever and Hct
fell to 21%. Over the next several days, the DAT became positive and anti-Doa was identified 25 d after admission. The patient
was discharged without further transfusion

Patient 4: Admission Hct was 19%. She became disoriented on the 6th hospital day. Her hematocrit was 9 percent, LDH was
elevated (325 U/L), AST was mildly elevated 51 U/L, and total bilirubin was elevated (8.9 mg/dL). Compatibility testing of 2 units
of RBCs lacking all antigens corresponding to her known antibodies revealed microscopic reactivity in PEG-antiglobulin testing.
Anti-Doa was identified. The patient uneventfully received Do(a-)units, which also lacked all antigens corresponding to her
known antibodies

Alloimmunization/auto-
antibody formation

Sutton, 19997

Intraoperative partial exchange transfusion
(2500 mL)

Once

Replacement of aortic valve was successful

None
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Length of transfusion
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Reported complication

Syed, 1996*°

Patient 1: Exchange transfusion,
intraoperative transfusion

Patient 2: The patient had hx of past
transfusions and alloimmunization. Upon
hospitalization she was transfused 2 units of
RBCs and underwent a 5-unit erythrocyte
exchange transfusion. The 5 units exchanged
were negative for C, E, K, Fya, ka, and S
Patient 3: 1 transfusion 2 yr ago for knee
surgery. For current presentation, he received
4 units of cross-match compatible
erythrocytes

Patient 4: Hx of multiple transfusions. On
current admission, he received a 7-unit
erythrocyte exchange transfusion with cells
negative for E, K, Fyb and S. Later on, he
received a 2-unit transfusion

Patient 1: Perioperatively:
The patient was
transfused 9 and 4 yr
earlier. During current
admission the patient
received:10 unit
erythrocyte exchange
transfusion,4 units of O,
D+ erythrocytes that were
negative for C, E, K, and
Fya intraoperatively and
an additional 2 units of
erythrocytes
postoperatively

Patient 2:

During hospitalization
Patient 3:

During hospitalization
Patient 4: Acutely

Patient 1: The patient was admitted for repair of an atrial septal defect. On admission day, Hct was 25%. The next day,
erythrocyte exchange transfusion was performed, and posttransfusion Hct was 29% and HbS was 16%. The patient was given
an intraoperative transfusion. Following surgery, the patient did well until the 6th postoperative day when she developed fever
to 102.6 and Hct results fell to 13%. There was an increase in LDH and unconjugated bilirubin levels. DAT was positive and
alloantibodies anti-Jk®, anti-M and anti-s were detected in the serum, in addition to the preexisting anti-Fy® DHTR was
suspected and the DAT result was positive with alloantibodies anti-ka, anti-M, and anti-s detected in her serum, Patient was
transfused with an additional 2 units of erythrocytes and her course stabilized. She was discharged on the 14th postoperative
day

Patient 2: In 29th week of pregnancy, the patient was admitted for painful crisis and ACS. Her serum was found to have anti-C,
anti-K, anti-Fya, and anti-S. She received transfusions of 2 RBC units and underwent a 5-unit erythrocyte exchange. After
transfusion, Hect was 25% and HbS was 27%. She was discharged after 2 d. She returned to the hospital 8 d after the exchange
transfusion with lower back pain and dark colored urine. At that time, Hct was 20%, serum was grossly red and serum LDH and
bilirubin levels increased

Patient 3: The patient presented with fever and bilateral malleolar ulcers. Following transfusion, his Hct increased from 13% to
27%. Antibiotic tx was initiated for presumed infection of ulcers. Fever resolved over the next 2 d. On 9th d of posttransfusion,
the patient developed fever to 102.9 °F, pain in arms and legs and dark urine. At this time, Hct was 18%, and LDH level
increased markedly from the value on admission. Urine was strongly positive for blood but contained only 16 RBCs

Patient 4: The patient admitted with priapism. He had hx of multiple transfusions and alloimmunization. Erythrocyte phenotyping
showed him to be group O, D+ and C, ¢, e, Fya, Jk?, JKk® positive. Alloantibodies anti-E anti-Fyb, anti-S and anti-V were
identified. Admission Hct was 23% and DAT and IAT were positive. He received exchange transfusion on 3rd d of
hospitalization. After transfusion, Hct was 26% and HbS was 33%. Priapism persisted and 3 d after the transfusion, the patient
received a penile shunting procedure. At that time, he was transfused with an additional 2-unit transfusion. The priapism
resolved; however, the patient developed fever, tachycardia, cough, and pulmonary infiltrates in both upper lung fields thought
to be because of infection and/or fluid overload. Antibiotic tx was initiated and patient improved. 9 d after the exchange
transfusion, the patient developed fever to 102.6 °F and pain in the arms, legs, and back. The Hct dropped to 17%, with 29% of
reticulocytes. Serum LDH level rose considerably above the admission value

Patient 1: Hemolytic
transfusion reaction

Thornton
19932

Exchange transfusion of 4 units given once

Once

Baseline HbS=86.6%, HbF=13.4%, Hb=9.5g/dL
Postexchange transfusion HbS=42.9%, HbA=57.1%, Hb=9.3 g/dL

Alloimmunization/auto-
antibody formation,
hemolytic transfusion
reaction
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N of

Length of transfusion
time

Outcomes

Reported complication

Study label

Transfusion description

patients

Tiftik, 2004%%° Therapeutic erythrocytapheresis 1.1 RBC 1 11 mo The exchange procedures were extremely well tolerated by the patient and adverse effects were limited to symptoms of Hemolytic transfusion
volume was processed; RBCs were removed hypocalcaemia and transfusion reactions. The patient did not develop iron overload reaction
and simultaneously replaced 1st with normal
saline followed by 3 U of packed RBCs along
with the patient’s plasma. The next day,
therapeutic plasma exchange was performed
with the Fresenius AS 204 apheresis
equipment to exchange 1 plasma volume and
replace with fresh frozen plasma indicated
because of coagulopathy, monthly
procedures. A mean of 4.2 U of RBCs were
exchanged per procedure (range 4.2 U of
RBCs were exchanged per procedure (range
3-7 U). Mean RBCs volume exchanged was
1.3 (range 1.1-2.0) HbS maintained at a level
of <30% and postapheresis Hct was kept at a
level of <30%
Van de Pette, | All patients received 1 exchange transfusion |5 1time Improvement in HbA concentration, improvement in blood gases (increased oxygen), improvement in respiratory state, None
19822 resolution of acute hepatic or renal failure, posttransfusion-HbA level raised to 80% or greater
Venturelli, Chronic transfusion therapy (CTX) based on: | 1 12 mo+ The patient was transfused from 2005 to 2006 with 16 units of RBCs of which 14 U were RBCs Rh cde/cde and 2 U RBCs Alloimmunization/auto-
2009 (1) extended phenotype matched units (Rh, ccDee. No hemolytic reaction was reported. In Feb. 2007, the patient received a unit of ccDee RBCs. 2 mo later a positive DAT | antibody formation
C, ¢ ,E"Kell, JKb), (2) prestorage (IgG 1) was detected in association with weak IAT positivity but no antibodies were identified. RHD genotyping by PCR-SSP
leukodepleted units (median value) was negative for partial or variant D. Since then, the patient has been transfused only with A cde/cde RBCs. 30 d later DAT
(IgG1 1 1) and IAT were strongly positive: anti-D antibodies were identified also from eluates
Venturelli, RBC transfusions with extended phenotype 1 Chronically No previous hemolysis had been reported. In Feb. 2007, the patient received a unit of ccDee blood. 2 mo later, a positive DAT | Hemolytic transfusion
2009%%° matched units that are prestorage was detected (IgG) in association with a weak IAT positivity but no antibodies were identified in the patient sample by standard | reaction
leukodepleted and fresh (5 d or less). In 1 yr, technique. Since then, the patient had been transfused only with A cde/cde blood. 30 d later, DAT and IAT were strongly
the patient received 16 units of blood, 14 of positive and anti-D antibodies were identified from the eluate
which were cde/cde and 2 ccDee
Vicari, 20052 Exchange transfusion 1 Unclear Exchange transfusion had no impact on patient’s outcome and she died 7 d post admission None
Walker, 1983*° | 2 patients had 2 electrocytapheresis 5 Case 1 received 1 patient had complete resolution of his priapism 4 d after his 2nd exchange transfusion. 2 patients experienced rapid None

procedures, and 3 patients had
1 electrocytapheresis

2 exchange transfusions
within 3 d of each other

Case 2 had 1 transfusion
for 10 d Cases 3 through
5, all had 1 transfusion
for5-7 d

improvement within 5 d of exchange, 1 patient experienced gradual resolution in 10 d after exchange, and 1 experienced
immediate mild improvement, but no marked resolution after 7 d

Warth, 1984%%®

3 units of PRBCs, simple transfusion
probably, O-negative blood

Once

Initially Hb rose from 3.9 to 8.7 g/dL

Hypertension and a
seizure
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N of

Length of transfusion
time

Outcomes

Study label

Went, 2009%"°

Transfusion description

6 units of Orr K-M-S-Fya-X-matched
compatible blood followed by 4 units
compatible for RhD-Fy3 compatible units

patients

Once

The patient gradually improved and was discharged within a week

Reported complication

Alloimmunization/auto-
antibody formation

Wenz, 1982%"" | The patient had no prior transfusions before | 1 1st transfusion: Once Development of autoantibody Alloimmunization/auto-
this report. There were 2 separate 2nd transfusion: NC antibody formation
transfusions of PRBCs, simple transfusion.
1st time he received 300 mL of compatible
RBCs. 4 mo later the patient received 3 more
units of RBCs

Wethers, Exchange transfusion to prepare for 2 Patient 1: Once Patient 1 was given an exchange transfusion in preparation for cholecystectomy. The patient’s pit count (percentage of elevated | Alloimmunization/auto-

1987°" cholecystectomy (patient 1) and periodic Patient 2: periodically vesiculated erythrocytes—used to assess splenic function) was ranging between 14%, and 18% pretransfusion dropped after antibody formation,
partial exchange transfusion for severe painful transfusion and remained in range of 1.2—3.8% over 5 weeks. Over the succeeding 4 weeks, the pit count rose to the hemolytic transfusion
episodes (patient 2) pretransfusion level of 18%. reaction

Patient 2 was receiving periodic partial exchange transfusions for severe painful crises requiring frequent and prolonged
hospitalizations. Her plt count prior to transfusion was 20.4%. Following 2nd transfusion, her pit count was 1.5% and 2% on d 2
and 3, respectively. The pit count rose gradually 11.8 at 2 mo and 18.2 at 4 mo following transfusion. Patient 2 was undergoing
peritoneal dialysis because of SCD-related chronic renal failure. Her urea and creatinine levels were 16.5 mmol/L (normal
range, 2.5-6.7 mmol/L) and 841 pmol/L (normal range, 70—150 pmol/L), respectively. Her Hb was 4.1 g/dL. The DAT was 2+
(IgG) only. She received 3 units of compatible RBCs. Despite transfusion, she remained lethargic and the 7-d posttransfusion
Hb was 5.6 g/dL. Repeat antibody screen was negative. The DAT remained 2+ with IgG only. Bilirubin was 28 ymol/L with a
high LDH of 1397 U/L (normal range, 110—-250 U/L), and a low reticulocyte count of 27 x 10°/L (normal range, 4079 x10%L). In
view of the profound anemia, bone marrow aspiration was performed. This showed erythroid hyperplasia. A provisional
diagnosis of autoimmune hemolytic anemia was made, and she was started on oral prednisolone at 40 mg/d. There was no
response to steroid tx

Win, 20012%° Patient 1: Exchange transfusions for chest 1 Patient 1: Once Patient 1: During her 1st pregnancy, she had received a transfusion in the 3rd trimester, and her infant was delivered by Patient 1:Hemolytic

crises on 2 occasions in the past. During her
1st pregnancy, she had received a transfusion
in the 3rd trimester. In view of her obstetric
history, a decision was made during the 4th
pregnancy that she would gradually undergo
an exchange transfusion starting at 26 weeks’
gestation. 2 RBC units were transfused after
venesection of 500 mL of blood. This was
followed by transfusion of 1 unit of RBCs
when the patient’s condition deteriorated
followed by 2 units of WBC-reduced RBCs
and later 3 additional units of WBC-reduced
RBCs

Patient 2: 3U RBCs ond 1; 2U RBCs d 16;
2U RBCs d 21

Patient 2: 3 times during
hospitalization

cesarean section. The 2nd pregnancy was terminated at 12 weeks. The 3rd pregnancy was allowed to progress without
transfusion, but the infant was delivered by an emergency cesarean section at 36 weeks’ gestation because of fetal distress.
Following this delivery, she required intensive-care support for an ACS. In view of her obstetric history, a decision was made
during the 4th pregnancy that she would gradually undergo an exchange transfusion starting at 26 weeks’ gestation. Her blood
was grougp A, D+. The pretransfusion Hb was 7.6 g/dL with no atypical RBC antibodies, and the absolute reticulocyte count was
180 x 10°/L (normal range, 10-100 % 109/L) with a normal G6PD screen. 2 RBC units were transfused after venesection of 500
mL of blood. 4 d later, the patient was readmitted with generalized musculoskeletal pain and hemoglobinuria. She had passed
dark urine approximately 48 h after the blood transfusion. Laboratory results were Hb, 8.8 g/dL; HbS, 75%; and reticulocyte
count, 209 x 109/L. The DAT was negative, and the total serum bilirubin was 80 ymol/L (normal range, 3—17 ymol/L). The
transfused units were reexamined and shown to be compatible with both pretransfusion and posttransfusion samples. No RBC
alloantibodies were detectable, and the DAT was also negative in posttransfusion samples. During the next 24 h, she became
febrile, and her Hb fell to 6.2 g/dL. 1 unit of RBCs was transfused, cautiously, but there was no rise in Hb level. The
posttransfusion Hb was 5.9 g/dL. Both the blood and urine cultures were negative. The patient’s general condition deteriorated
and she was transferred to the intensive care unit. Sputum culture was positive for Haemophilus influenzae. She was monitored
closely and received antibiotics and IV rehydration

Patient 2: The reticulocyte count rose to 213 x 10° per L on d 22 while she was receiving IVIG, and her Hb rose to 8.3 g/dL 3
days after IVIG infusion (Day 26) (Fig. 3). Her Hb remained stable at 8.7 g per dL on Day 34, with resolution of her symptoms.

transfusion reaction

Patient 2: Autoimmune
hemolytic anemia
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N of

Length of transfusion
time

Outcomes

Study label

Transfusion description

patients

Reported complication

Win, 2004%" Single cross-match-compatible transfusion 2 Case 1: multiple Case 1 was given four units of cross-match-compatible blood lacking the C, E, Fya, Jkb and K antigens. The patient was re- Hemolytic transfusion
transfusions admitted 3 days later with a fever, cough. He also noted passing dark-coloured urine. Transfusion was commenced 4 h after reaction
infusion of the first dose of IVIG and methylprednisolone. Four units of cross-match-compatible blood, negative for C, E, Fya,
Case 2: 2 days Jkb and K antigens, were transfused. Posttransfusion Hb was 7.5 g/dL. The transfusion was uneventful. A day after, the
absolute reticulocyte count increased to 552.6 x10%L. The Hb level remained stable, and subsequent antibody screening
revealed no new antibodies at 1 and 8 weeks after the admission. Further laboratory investigations showed the presence of
HLA antibodies, with the specificity of HLA-A2 and HLA-A28 in his serum
Case 2 was given 3 units of RBCs. The transfused units were cross-match-compatible and negative for C, E and K antigens.
Hb was 8.8 g/dL 3 days after the transfusion, patient improved symptomatically, the Hb level rose gradual and therefore
transfusion was avoided. The absolute reticulocyte count rose to 424X10%1,Hb to 7.3 g/dL, and serum bilirubin dropped to 26
mmol/l. HLA antibodies, with no specificity, were also identified in the patient’s sample
Win, 2008252 Transfused 11 days prior to admission and 1 1 time followed by The child responded to IVIG and steroid therapy; therefore, transfusion was avoided. His Hb level had returned to his baseline | Hyperhemolysis
transfused with a blood group AB, C-, K- hyperhemolysis of 7.5 g/dL a few weeks later. The glucose-6-phosphate dehydrogenase screen was normal. Six months later, because of syndrome
cross-match-compatible unit on day of syndrome, then 6 mo significant nocturnal hypoxemia, it was decided to restart him on a regular transfusion program. A week later he was readmitted
admission later he received 2 more | with a history of severe lower back, lower limb, and abdominal pain and diagnosed with recurrence of hyperhemolysis
transfusions syndrome. Despite IVIG and IV methylprednisolone therapy, the Hb level and reticulocyte count further decreased over the next
48 h. It was decided to give additional transfusion because of a still decreasing Hb, For the second transfusion, blood group O,
C-, K- (10 mL/kg) in conjunction with a single dose of IVIG (0.5 g/kg) and 4 mg per kg IV methylprednisolone was given. He was
also commenced on 500 units of erythropoietin (EPO) subcutaneously three times a week, continued for only 2 weeks. Hb
remained stable after 2nd transfusion and patient was discharged 5 days later
Win, 2010%% Exchange transfusion to prepare the patient 1 Once 12 d later the patient developed hyperhemolytic transfusion reaction Hemolytic transfusion

for ophthalmic operation

reaction

Yuan, 2007%"

Monthly RBC transfusions for recurrent ACS
episodes. 6 weeks prior to presentation, the
patient received 2 units of RBC. He was found
to have an HbS fraction of 88.6% and an
HbA1 of 0% 1 mo after that. On presentation
the patient was transfused with 1 unit of RBCs
and he also received a single volume
exchange transfusion with 4 units of RBCs

Chronically, not specified

All 5 units that the patient received were cross-match incompatible, but phenotype-matched to the patient, and thus negative for
C, E, S, K, Fya, and Fyb. Subsequently the pan-reactive antibody was identified to be anti-Jsb. All 5 units transfused were
presumably Js(b+) owing to the high frequency of this antigen and the reactivity of each unit with the patient’s serum. The
patient, however, tolerated all units well without clinical signs of hemolysis and showed clinical improvement of his symptoms.
His Hb and Hct were 8.7 g/dL and 25.4%, respectively, immediately after the exchange transfusion. Gel electrophoresis showed
HbA1 fraction

Alloimmunization/auto-
antibody formation

Yusuf, 2008%%

Long-term blood transfusions

Chronically, not specified

NR

Iron overload
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Table 10. Baseline Characteristics of Included Studies (sorted by study design and then alphabetized by 1st author’s last name)

Total % of patients
population Total number Number and % patients with SCD in
Patient age | age in yr of patients in | What is the objective | description of | Describe the inclusion/exclusion lost to total study Followup (in mo
Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Adams, RCT Children 8.3 130 To assess the efficacy | 2, chronic Inclusion: Children with sickle cell 46 HbSS, NR 1 100 30 mo
1998' of CTX in preventing transfusion anemia (SCA) and no history of stroke HbSB-thal
1st stroke in children | program vs. no | Exclusion : a history of stroke, had an
with SCD chronic indication for or contraindication to
transfusion long-term transfusion, were receiving
program other treatments that affected the risk
of stroke, were infected with the
human immunodeficiency virus (HIV),
had been treated for seizures, were
pregnant, or had a serum ferritin
concentration above 500 ng per
milliliter.
Adams, RCT Children 12.243.2 79 To assess the Continued Inclusion: Children whose Doppler 42 HbS 20+10%, NA 13 100 The median time
2005° appropriate length of | transfusion studies normalized after 30 or more HbF 2.4+1.6% from
CTX in children with groups vs. mo of transfusion were eligible for the randomization to
SCA who have transfusion present trial. In addition, children who an end-point event
abnormalities on TCD | halted group had not participated in the previous was 3.2 mo
ultrasonographic STOP study whose condition met the (range, 2.1-10.1),
examination criteria for eligibility and treatment and the mean
were also eligible for the present (+SD) was 4.5+2.6
study. All participants were required to mo
have normal results on two
consecutive transcranial Doppler
studies performed at least 2 weeks
apart while they were receiving
prophylactic transfusions and within 4
months before randomization.
Haberkern, RCT 31% adults | 17.6 364 To investigate the 4, group 1: Inclusion: Patients were eligible for 53 HbSS, NR NR 100 30 d postop
1997'® effects of transfusion | randomized to | randomization to a preoperative HbSR-thal % not
and surgical method aggressive transfusion group if they had a reported
on perioperative transfusion, diagnosis of HbSS or HbSB’ and were
outcome of patients group 2: undergoing elective surgery (defined
with SCD undergoing | randomized to | as surgery occurring 24 h or longer
cholecystectomy conservative after registration)

transfusion,
group 3: (non-
randomized no
transfusion),
and group 4:
(nonrandom-
ized
transfusion)
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Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Koshy, RCT Adults NR 72 (random- | To assess the efficacy | 2, prophylactic | Patients with sickle cell anemia were | 0 HbSS 100 NR NR 100 3
1988 ized) + 117 of prophylactic transfusions vs. | entered in the study if they were (randomized)
(nonrandom- | transfusions in transfu-sions identified before 28 weeks of
ized) pregnant patients with | only for gestation, consented to participate,
SCD emergency or | and did not have any disorder that
no transfusion | would disqualify them. These
at all disorders included neurologic

dysfunction, nephrotic syndrome,
chronic renal failure, persistent liver
disease, chronic lung disease,
coagulopathy, or the presence of
multiple red-cell antibodies that would
make matching for blood groups
difficult. Study also included pregnant
patients with sickle cell-hemoglobin C
disease (sickle-C disease) or sickle
cell-beta-thalassemia (sickle-beta-
thalassemia). Patients with sickle-C
disease or sickle-beta-thalassemia
were not randomized to prophylactic
blood-transfusion therapy

Lezcano, RCT Children Transfusion 112 To determine whether | 2 arms Inclusion: Children with SCD at high NA HbSS NA NR 100 ~1yr

2006° group=8.0 SD regular blood (transfusion risk of stroke based on TCD. All 130

3.6yr transfusion was group: =9 randomized STOP patients were
Episodic/no associated with transfusions/yr | eligible, but subjects with grossly
transfusion significant reduction in | n=50) vs. hemolyzed or 1 sample only were
group (8.1 SD plasma-free Hb (episodic/no excluded.
3.0yr) transfusion

group: <4

transfusions/yr

n=62)

Miller, 2001° | RCT Children 8.3+3.3 130 To determine efficacy |2, CTXvs. Inclusion: Children with SCA and no 60 HbSS, NR NR 100 19.6+6.5
of chronic transfusion | observation history of stroke had to have HbSp-thal, % NR
on incidence of pain undergone 2 TCD studies that showed
and ACS that the time-averaged mean blood-

flow velocity in the internal carotid or
middle cerebral artery was 200 cm/s
or higher

Pegelow, RCT Children 8.31£3.3 127 To determine if 2, CTX vs. Inclusion: SCD pediatric with 46 HbSS, NR NR 100 36 mo

2001* transfusion tx affects | standard care | abnormal TCD findings HbSp-thal.
the rate at which silent Proportions not
infarcts develop and to reported

evaluate the
contribution of MRI of
the brain to stroke
prediction by TCD
ultrasonography
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Total % of patients

population Total number Number and % patients with SCD in
Patient age | age in yr of patients in | What is the objective | description of | Describe the inclusion/exclusion lost to total study Followup (in mo
Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Styles, RCT Children Transfusion 15 To determine efficacy | 2, single Inclusion: Children with SCD 40 HbSS 93, NR 0 100 During
2007% group: 15+5, of transfusion in transfusion hospitalized for a vaso-occlusive crisis HbSB* 7 hospitalization for
standard care preventing ACS in (n=7) vs. (VOC) SCD for a VOC
group: 15+4 patients with SCD (staréc)iard care | Exclusion: Inability to confirm ACS dx
n=
Vichinsky, RCT % adults Population Atotal of 551 | To compare (278 in group 1 | Inclusion: Patients were eligible for 54 in HbSS Unclear Unclear 100 30d
1995 not reported | stratified: patients (278 conservative vs. and 273 in enrollment in the study if they had a group
[(age 0-9 ingroup 1 and | aggressive transfusion | group 2) diagnosis of SCA documented by the | 1 (ag-
age=40+40),( | 273 in group 2) | regimen in underwent presence of HbSS on electrophoresis, | gressive
age 10- underwent 604 | perioperative care 604 operations; | were undergoing elective surgery, and | transfu-
19+35+36), operations; 303 procedures | had not received a transfusion within | sion);
(age 220 303 were randomly | 3 mo before the surgery 48 in
25+24)] procedures assigned to group 2
were randomly group 1 (the (conserv-
assigned to aggressive ative
group 1 (the transfusion transfu-
aggressive regimen), and sion)
transfusion 301 to group 2
regimen), and (the
301 to group 2 conservative
(the transfusion
conservative regimen)
transfusion
regimen)
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Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Vichinsky,
1999%

RCT

57% adults

NR

138

To describe
management of
patients with SCD
undergoing elective
ortho procedures and
their outcomes

Study arm 1:
Aggressive
transfusion with
goal HbS10.
Arm 2: Simple
transfusion with
goal Hb >10. If
patients declined
randomization or
had been
transfused within
3 mo of their
surgical date,
they were
eligible for regis-
tration in 1 of 2
additional
groups

Arm 3: Not
transfused in the
preoperative
period, primarily
due to the
discretion of the
principal
investigator.
Arm 4: Patients
who were trans-
fused but not
randomized

Inclusion: Patients with SCA or
HbSR’-thal who were undergoing
elective orthopedic surgery

45

127 HbSS,
11 HbSR -thal

Unclear

0

92%

30 d postop

Vichinsky,
2001°

RCT

Children

8.3+3.3

130

To determine if a
prospective multi-
center trial could
successfully
implement a
transfusion program
utilizing phenotypically
matched blood to
reduce alloimmuniza-
tion and transfusion
complications

2 arms

As per the Stroke Prevention Trial
(STOP). Not detailed in this study

46

HbSS

Unclear

4.6

100

Mean 21 SD
5.7 mo
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Study label

Design

Total
population

Patient age | age in yr

group (mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

% males

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Vichinsky, RCT 57% adults | Deferasirox 195 To compare patient- 2 study arms. Inclusion: Patients with SCD =2 yrold | 41.02 HbSS=100% NR 0 100 12 mo
2006* group: reported outcomes Arm 1: who developed transfusional iron
19.1+£10.7. (satisfaction, conven- | Deferasirox overload were eligible. Prior chelation
Deferoxa- ience, activity limita- chelation tx tx was permitted but not mandatory.
mine group: tions, and patient group The patients must have been
19.4+11.3 preferences) of Arm 2: receiving regular transfusions (simple
deferasirox (Exjade, Deferoxamine | O exchange) aimed at maintaining
ICL670) vs. deferoxa- | group HbA above 50% or to have had a
mine in patients with previous history of simple transfusion
SCD with transfu- and have received at least 20 units of
sional hemosiderosis. PRBCs. On entry, all patients had
This was a sub-study documented evidence of iron
of a random-ized overload: serum ferritin (SF) 21000
open-label phase I ng/mL and elevated liver iron
trial concentrations based on a history of
transfusions-liver iron concentration
22 mg Fe/g dry weight in those with
simple transfusions or 5 mg Fe/g dry
weight in those with exchange or
intermittent transfusions
Vichinsky, RCT 50% adults | Median: 15 195 The primary objective | 2 Inclusion: Patients with SCD 22 yr of | 41 SCD genotypes NR 1.53 100 1yr
2006 of this randomized, age and with iron overload from not specified

open-label, phase Il
trial was to evaluate
the safety and
tolerability of
deferasirox in
comparison with
deferoxamine in this
population.
Assessment of
efficacy, as measured
by change in liver iron
concentration using
biosus-ceptometry,
was a secondary
objective

repeated blood transfusions were
eligible. Prior chelation tx was
permitted but not mandatory. The
patients must have been receiving
regular transfusions (simple or
exchange) aimed at maintaining HbA
above 50% or to have had a previous
history of simple transfusion and have
received at least 20 units of PRBCs.
On entry, all patients had documented
evidence of iron overload: SF 21,000
ng/mL and elevated liver iron
concentrations based on a history of
transfusions—liver iron concentration
22 mg Fe/g dw in those with simple
transfusions or 5 mg Fe/g dw in those
with exchange or intermittent
transfusions
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Waldron, RCT 5% adults 9.2 107 (+ 47 To compare the rate of | 4, intensive Inclusion: Patients with HbSS or 41 HbSS, NR 0 100 Perioperatively
1999°' nonrandom- | perioperative morbidity | perioperative HbSB’-thal, undergoing elective HbSR’-thal
ized) of patients with SCA transfusion surgery

who were randomly program vs. a

assigned to 2 not as intensive

preoperative 1 in patient with

transfusion regimens | SCD + a

and to identify nonran-

predisposing factors domized

for perioperative transfusion

complications when group and a

receiving nonran-

tonsillectomy, aden- domized no

oidectomy, or myring- | transfusion

otomy group
Adamkiewicz, | P, Obs Children At start of 163 To assess iron 1, patients with | Exclusion: Viral hepatitis 46 HbSS 99, NR NR 100 Up to 10 yr
2009'" transfusion overload in chronically | SCD on chronic HbSR -thal 1

transfused patients transfusion

with SCD
Ambruso, P, Obs % adults Range=6-24 | Total=146 To see if alloimmun- 2 subgroups: Inclusion: Patients needing chronic NR HbSS+HbSC+ NR NR 100 7-10 mo with 9
1987' not reported Subgroup =12 | ization in chronically Group 1=blood | transfusion. The study later compares HbSpB-thal patients studied

transfused patients received from alloimmunization in patients receiving over 18 mo

could be reduced by random donors | blood from random donors vs. patients

the use of blood Group 2=blood receiving blood from selected donors

donors who are received from

ma.tched for common selected donors

antigens
Ameen, P, Obs % adults 28 233 To compare 2 different | 2 Inclusion: Kuwaiti Arab patients with 40 HbSS (66.5%), Kuwaiti 0 100 NR
2009 not reported matching protocols on SCD and patients with SCD (without HbSB-thal Arab

the incidence of RBC alloantibodies or autoantibodies) (33.5%) patients

alloimmunization

who were referred to Kuwait Central
Blood Bank (KCBB) for RBC
phenotyping (typing for antigens D, C,
E, c, e, and K1) or from hospital-
affiliated blood banks were also
included in this study
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Study label

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Ballas, P, Obs Adults HbSS group: | 371 To determine the 1, all patients Inclusion: Adult patients with SCD at | 44.74 HbSS=66.58%, NR None reported | 100 1987-1998 (about
2001"° mean=33.6, prevalence of iron with SCD Thomas Jefferson University hospital HbSC=22.1%, 132 mo)
SD=10.3; overload in adult (including from 1987 to 1998 were included. HbSB-
HbSC group: patients with SCD and | HbSS, HbSC, Those seen only once as an thal=11.32%
35.9, determine whether and HbS- outpatient or in the emergency ’
SD=12.3; there is a correlation thalassemia department were excluded
HbSB- between iron overload
thalassemia and morbidity/mortality
group:
mean=42.8;
SD=12.6
Berdoukas, | P, Obs 82% adults | Range=3-45 |49 To assess liver fibrosis | 1, transfusion Inclusion: transfusion-dependent 55 HbSS, NR 0 6 2.9+2.06 yr
2005% and iron concentration | dependent patients who had 2 or more liver HbS-thal,
in a group of biopsies, performed at least 2 yr apart ™
transfusion dependent
patients receiving
long-term
desferrioxamine
Boga, 2007 | P, Obs 92% adults | Range= 25 To examine the 1 arm Inclusion: Patients with SCD 64 HbSS=100% NR None 100 15 min after
17-49 association between undergoing red cell exchange erythroapheresis
mean=36.92 the heart rate- transfusions for various indications procedure
corrected QT interval including painful crises,
(QTc) and stroke/transient ischemic attack,
erythropheresis priapism, unhealed leg ulcers, or
procedures in patients vascular bone necrosis. Patients with
with SCD. Also to left ventricular ejection fraction
examine the effects of Exclusion: Patients with cardiac
clinical factors (being insufficiency with a left ventricular
in crisis, the citrate ejection fraction <55%, arrhythmia,
infusion rate) and advanced heart valve disease,
other laboratory diabetes mellitus, coronary arterial
variables (level of disease; heavy drinkers and patients
ionized calcium ?nd who had received antihistamines, anti-
level of magnesium) arrhythmics, tricyclic antidepressants,
on QTc during anti-emetics or beta blockers within
erythropheresis the previous 7 days were excluded
from the study
Cabibbo, P, Obs 60% adults | 27 20 To assess the efficacy | 1, patient with Inclusion: Patients who had been NR HbSS 50%, NR 0 100 60
2005"° of manual or SCD receiving | hospitalized at least twice/yr

automated RBC
exchange transfusions
in preventing
transfusion-related
complications in
patients with SCD

RBC exchange
transfusions

HbSB-thal 50%

TRANSFUSION IN SICKLE CELL DISEASE: A SYSTEMATIC REVIEW OF BENEFITS, COMPLICATIONS, AND MANAGEMENT OF COMPLICATIONS, 2012

146




Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Cancado, P, Obs % adults 26 31 To evaluate the iron 1, Inclusion criteria: Patients with SCD 16 NA NA 6 100 12 mo
2009 not reported overload status, and iron overload, defined as the use
before and after 1-yr of 220 units of RBC units and/or 2 SF
treatment with levels 21000 pg/L during the 6 mo
deferasirox preceding enroliment
Cappellini, P, Obs % adults 23.9 1744 The EPIC study is the | NA Inclusion: Male or female patients 52 NA NA 1.14% in whole | 4.6% 1yr
2010* not reported 1st prospective study (aged =2 yr) with transfusional iron cohort —1.25%
to evaluate whether overload (independently of the in sickle cell
the practical approach underlying condition) as shown by a cohort
of fixed starting doses SF level of 1,000 ng/mL or more, or
of deferasirox, based <1,000 ng/mL but with a history of
on ongoing iron intake multiple transfusions (>20 trans-
from blood fusions or 100 mL/kg of RBCs) and
transfusions, followed R2 MRI-confirmed LIC of or exceeding
by subsequent dose 2 mg of Fe/g dry weight (dw), were
titration every 3 mo eligible for inclusion.
according to SF trends Exclusion: Patients with levels of
and safety markers, alanine aminotransferase above
could provide effective 300 U/L, uncontrolled systemic
chelation as assessed hypertension, serum creatinine above
by a decline in SF the upper limit of normal (ULN), a
history of nephrotic syndrome, a
previous history of clinically relevant
ocular toxicity related to iron chelation,
systemic diseases (cardiovascular,
renal, hepatic) or any surgical or
medical condition that could affect
absorption of deferasirox were
excluded from the study
Chadebech, | P, Obs Adults NR 48 To assess the 1, transfused Inclusion: Adult patients with SCD NR NR NR NR 100 20d
2009""” occurrence of delayed | patients with transfused either acutely or chronically
hemolytic transfusion | SCD Exclusion: Pregnant women
reaction (DHTR) in
transfused patients
with SCD
Cohen, P, Obs % adults 15, range= 15 To prevent stroke in 1, HbSS Inclusion: All patients were free of NR HbSS 100% NR NR NR Median: 84
1992" not reported | 10-21 patients with SCD patients, with clinical neurologic deterioration or
history of clinical evidence of recurrent stroke
cerebral for at least 4 yr in which the HbS level
infarction at was kept below 30%
ages 3-12 yr
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Cunningham, | P, Obs Adults NR 35 To assess the efficacy | 2, pregnant Inclusion: Pregnant patients with a 0 HbSS 40%, NR 0 100 During 2nd half of
1979* of prophylactic patients with sickle cell hemoglobinopathy HbSC 54%, pregnancy
transfusions of normal | SCD, on HbSB-thal 6%
red cells in reducing prophylactic
perinatal morbidity and | transfusions,
mortality VS. No
prophylactic
transfusions
Cunningham, | P, Obs Adults NR 108 To assess efficacy of | 2, pregnant Inclusion: Pregnant women, with a 0 HbSS 44%, NR NR 0 During 2nd half of
1983* prophylactic patients with major sickle cell hemoglobinopathy HbSC pregnancy
transfusions in treating | SCD on 49%,
pregnant patients with | prophylactic | o
SCD transfusion vs. HbSp-thal 7%
no prophylactic
transfusions
Day, 1993% | P, Obs Children NR 13 To assess the efficacy | 1, SCD NR NR NR NR 8 100 ~30 mo
of a deferoxamine pediatric
treatment program in | patients with
treating SCD-related iron overload
iron overload
de P, Obs 37% adults | 15.5 30 To assess dosage and | 1, anemic NR NR HbSS 100% NR 0 7 Range=1-4 yr
Montalembert, efficacy of iron patients
1989% chelation tx undergoing
transfusion tx
Emre, P, Obs Children 9.414.6 36 (40 ACSs) | To determine the 2, (transfusion | Inclusion: Children presenting with a 66.67 HbSS 91.7%, NR 0 100 2yr
1995™® efficacy of transfusion | vs. no combination of fever, clinical signs HbSB-thal 5.5%,
in treating ACS transfusion) and symptoms of lung disease, and HbSC 2.8%
an abnormal chest radiograph (new
infiltrate or effusion)
Harmatz, P, Obs % adults Mean=13.5, 20 To determine the 1 Inclusion: Patients with sickle cell NR HbSS=100% NR 0 100 57 + or-35mo
2000*° not reported | range=2-31 severity of iron hemoglobinopathy must have enrolled (range 12-146)

overload in patients
who receive chronic
RBC transfusions, to
assess whether SF is
a useful clinical
marker of iron
overload, and to
determine whether
significant liver injury
occurs in patients with
SCD who are
chronically transfused

in a chronic monthly transfusion
program, completed monthly
transfusions for a minimum of 1 yr,
had normal coagulation studies, and
provided informed consent
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Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

% males

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Hillard,
1998%

P, Obs

64% adults

Mean=11.76
range=11.2—
253

11

We evaluated the use
of erythrocyta-
pheresis and its effect
on blood utilization,
complications,
efficacy, cost, and iron
load for chronically
transfused sickle cell
patients at our
institution by analyzing
periods of simple
transfusion and
pheresis in the same
patient

NA

Inclusion: 11 patients with SCA and
history of stroke were converted from
a traditional simple/partial transfusion
protocol to erythrocytapheresis

63.6%

Unclear

Unclear

0%

100%

Mean observation
period after start of
cytapheresis.
Mean duration of
simple transfusion
before cytaphere-
sis was 7.7 yr

Howard,
1994

P, Obs

Adults

NR

To evaluate the effect
of transfusion on %
HbS and viscosity and
placental circulation

Inclusion: Pregnant women

0%

100% SS

100

Several weeks

Kalff, 2010'®

P, Obs

Adults

Median=30;
range=22-63

13

The impact of a
regular
erythrocytapheresis
program on the acute
and chronic
complications of SCD
in adults

1 arm

Inclusion: Age >18 + complicated
SCD despite maximally tolerated
hydroxycarbamide + =1 hospital
admission/yr for painful crisis +
pregnancy + silent cortical infarcts

77

HbSS (61.5)
HbSB-thal (38.5)

NR

100

70 mo (range 8-
119 months)

Keidan,
1988*

P, Obs

Adults

NR

Identifying laboratory
tests of potential value
for monitoring
transfusion tx in
pregnant patients with
SCD

1, pregnant
patients with
sickle cell
hemoglobin-
opathy

NR

HbSS 75,
HbSp-thal 25

NR

100

From 20th to 30th
week of pregnancy
to delivery

Key, 1980*

P, Obs

Adults

NR

8 (10
procedures)

To study the efficacy
of automated
exchange transfusion
in preventing
pregnancy
complications in
patients with sickle cell
hemoglobinopathy

1, pregnant
patient with
clinically
significant
sickle cell
hemoglobin-
opathies

Inclusion: Pregnant patient with
clinically significant sickle cell
hemoglobinopathies

HbSS 87.5,
HbSC 12.5

NR

37.5

100

During 2nd half of
pregnancy (and in
5 patients, through
delivery)
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Study label

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Kim, 1994%" | P, Obs % adults Range= 14 To assess the efficacy | 1, patients with | Inclusion: Patients with SCD, history NR HbSS 93, NR 0 100 Range: 6-36
not reported | 14-29 of erythrocytapheresis | SCD with of chronic transfusions, high iron HbSR’-thal 7
in reducing history of loads, poor chelation use, and good
transfusional iron chronic venous access
overload transfusion and
iron overload
King, 2008'" | P, Obs Children 10.6 9 To determine the 1, children with | Inclusion: Patients with HbSS, HbSC, | 50 (of the | HbSS 66.67, NR 30 100 32
feasibility and short- SCD and silent | HbSB° or HbSB*. Age between 3 and | original HbSR-thal 22.2,
term efficacy of blood | cerebral infarcts | 17 10) HbSC 11.1
transfusion tx for silent | received blood ’
cerebral infarcts transfusion tx
Klein, P, Obs Adults Range= 14 To determine the 1, patients with | NR 57 HbSS 93, NR 0 100 4d
1980'% 21-35 efficacy of automated | sickle cell HbSC 7
partial exchange hemoglobin-
transfusion in SCA opathies
Klein, P, Obs % adults NA 18 To evaluate oxygen 1 NA NA HbSS (94%) NA NA 100% 1d
1982'3 not reported transport and oxygen HbSC (6%)
affinity in patients with
SCD by evaluating
exercise performance
before and after
exchange transfusion
Kleinman, P, Obs % adults Range= 9 To assess efficacy of | 1, patients with | NR 67 NR NR 0 100 NR
19842 not reported | 11-42 erythrocytapheresis in | SCD receiving
tx of patients with SCD | erythrocyta-
pheresis
Koren, P, Obs % adults 18.11£8 in 79 To assess iron 2, patients with | Exclusion: Patients under 5 yr of age | NR SCD group: NR 16.3 46 NR
2010" not reported | SCD group, overload in patients SCD (HbSS HbSS 58,
and 20.2+8 in with SCD, and and HbSB-thal) HbSB-thal 42
B-thalassemia compare it to iron vs. patients with
group overload in patients B-thalassemia
with B-thalassemia
Koshy, P, Obs Adults and | NA 717 Describe outcomes of | One cohort, Part of the Cooperative Study of NR 77% HbSS, 14% | NR NR 100% 53yr
1995% children surgery in SCD 93% of which Sickle Cell Diseases HbSC, 9%
transfused HbSB-thal
Kozanoglu, | P, Obs Adults Range= 83 To assess efficacy of | 1, patients with | NR 100 HbSS 100 NR 8.5 100 19.3£10.2
2007'% 17-49 automated red cell SCD receiving

exchange in tx and
prevention of vaso-
occlusive
complications in
patients with SCD

automated red
cell exchange
transfusions
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Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Laulan, P, Obs Adults 27 11 To realize an open 1, patients with | Inclusion: Frequent crises and 46 HbSS 100 NR 0 100 8yr
1990"%" study not randomized | SCD complications, professional and
where patients were psychological sequela of crises, ability
their own control to have long followup, and patients’
request for transfusion
Lee, 2006™ | P, Obs Children NR 127 To evaluate whether 2, patients Exclusion: (1) a patient from the NR HbSS, NR 1.3 100 30
chronic transfusion receiving standard care group who was lost to HbSR’-thal

could prevent initial
stroke in children with
SCA at high risk as
determined by TCD

transfusion for
stroke
prevention vs.
patients not
receiving
transfusion,
either entirely or
partially for
stroke
prevention
(some received
transfusions for
other reasons)

followup; (2) a patient from the
standard care group who crossed over
to transfusion because of leg ulcer;
and (3) a patient from the tx group
who was initially randomized but later
considered ineligible for the trial (only
1 abnormal TCD result)
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Levin, P, Obs Children Chronic 19 (13 To compare the 3arms. Inclusion criteria: Patients with NR Group 1: NR 0 100 Immediate
1995% transfusion patients who | magnetic resonance Group 1: Three | thalassemia HbSS=100%.
group: 15.8 were on CTX | marrow signal in patients (age Group 2:
(range= who had transfusion-dependent | range 2.5-3 yr) HbSS=4/6
11-25). HbSS SCD and nontransfusion- who had (66.67%),
Nonchronic dependent patients received no HbSC=2/6
transfusion with HbSSD to transfusions. (33.33%)
group: mean determine the Group 2: Three
age 12.5yr presence and patients (age
(range= .dlstrlbutlon. pf marrow | r-nae 6 mo—
8-15)) iron depositionandto | g yr) hypertrans-
evaluate the fused with 10—
distribution of red and 3
fatty marrow in these 15 emkg body
; wt. of packed
patients red blood cells
every 2-3
weeks to
maintain a
hemoglobin
greater than 9—
10 g/dL but not
chelated.
Group 3 :
consisted of
seven patients
(age range 12—
35 yr). who had
been
hypertrans-fused
and chelated
1 yr prior to
imaging)
Liem, P, Obs 12.5% 9.5 8 (9 episodes) | To examine the effects | 1, patients with | Inclusion: HbSS confirmed by 62.5 HbSS 100% NR NA 100 24 h
2004 "% adults of red cell exchange | SCD admitted | electrophoresis, ACS defined by

transfusion on plasma
levels of inflammatory
mediators in sickle cell
patients with ACS

to hospital with
a diagnosis of
ACS or who
developed ACS
after admission

presence of fever, chest pain or any
respiratory complaint and new
infiltrate on CXR, and the need for a
double-volume exchange transfusion
as determined by the treating
physician

Exclusion: Being on HU, transfusion
within the past 6 weeks, or tx with
steroids within 1 week of enroliment
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Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Lombardo, P, Obs Adults 38.2 21 To assess the role of | 1, patients with | NR 38 HbSS 19%, NR 0 100 47
2003'% erythrocytapheresis in | SCD HbSR° 19%,
treating ACS in + Ano,
patients with SCD HbSB" 62%
Luban, P, Obs Children 13 161 To determine the 1 NR 100 HbSS NR 0 100 1yr
2010™° prevalence and types
of RBC allo- and
autoantibodies found
in children with SCA
and stroke
Miller, P, Obs Adults 26.6+4.5 (for |19 To determine the 2, patients with | NR 50 NR NR 0 100 Immediate (Pre-
1980™" the SCD efficacy of exchange | SCD and
group) transfusion in undergoing posttransfusion
improving exercise exchange tests)
performance in transfusion, and
patients with SCD healthy controls
(comparisons)
Miller, P, Obs Adults NR 13 To determine the 1, patients with | Inclusion: Patients with SCD, with NR NR NR 23 100 15.5
1992'% efficacy of a less SCD, with history of CVA receiving a modified
intensive transfusion history of CVA | (less intensive) transfusion regimen,
regimen in preventing | receiving a who had received an aggressive
recurrent CVAs and modified (less | transfusion tx for mean of 9 yr
reducing transfusion intensive)
requirements in transfusion
patients with SCD regimen
Morrison, P, Obs Adults NR 36 (+29) To assess the efficacy | 2, pregnant Inclusion: Patients with SCD, pregnant | 0 HbSS 64, NR 0 100 6
1976 of prophylactic partial | patients with women HbSC 28,
exchange transfusion | SCD receiving HbSB-thal 8
in pregnant patients prophylactic
with SCD partial
exchange
transfusion vs.
patients not on
prophylactic
transfusions
Morrison, P, Obs Adults NR 80 Benefits and risks of 1, pregnant Inclusion: Pregnant patients with 0 HbSS 55, NR 0 100 3rd trimester of
1980% prophylactic women with a severe sickle hemoglobinopathy HbSC 32.5, pregnancy
transfusions in sickle cell (HbSS, HbSC, HbS-thal) HbS-thal 12.5
pregnant patients with | hemoglobin- ’
sickle opathy
hemoglobinopathies receiving
prophylactic
exchange

transfusion
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Total % of patients
population Total number Number and % patients with SCD in

Patient age | age in yr of patients in | What is the objective | description of | Describe the inclusion/exclusion lost to total study Followup (in mo
Study label group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)

Morrison, P, Obs Adults Unclear 31 To understand the 1 Inclusion: Patients with SCD, pregnant | 0 HbSS=67.7%, NR 0 100 NA
1984" benefits of partial women HbSC=32.3%
exchange transfusion
of patients with SCD
who are pregnant

Nagey, P, Obs Adults Unclear 5 To use a mathematical | 1 Inclusion: Pregnant patients with SCD | 0 Unclear Unclear NA 100 NA
1981 model to predict final

Hct and HbA % in
pregnant patients
undergoing partial
exchange transfusion
and comparing
predicted vs.
measured values

Narchi, P, Obs Children Median age 35 with 5 later | To analyze if thereis | NA Exclusion: Rhesus-negative mothers | 0 HbSS Unclear 0 100 During pregnancy
1998™* =25 yr; range | excluded an increased rate of and all mother/neonate couples and after

=19-38 isoimmunization in whose data were unknown or
neonates born to incomplete

mothers with SCD,
whether it correlates
with maternal
transfusions or
increases the risk of
neonatal hemolytic
jaundice or anemia

Nifon%, P, Obs 60% adults | 17.8 5(71 To assess O, 1, patients with | NR 60 NR NR 0 100 NR
2002™ procedures) saturation and HbA SCD who are
content in patients stable and
with SCD after receiving
receiving erythrocyta- | erythrocyta-
pheresis pheresis

Noronha, P, Obs % of adults | Unclear Sera from To isolate antibodies 2 arms: NR Unclear Unclear Unclear NA 81.6 NR
1997'% not reported 89 patients | against the Hb Comparing HbSS 81.7% and
with SCD molecule in sera of SCD sera with HbAA 18.3%
patients with multiple | healthy control
transfusions sera
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label | Design group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Paglieroni, P, Obs Adults Mean unclear; | 28 To study the CD5 B 4: Criteria for group 4 only given: 60.7 (in Unclear Unclear Unclear 28.5 8 weeks
1995 ranges were cell population and Arm 1: Patients | Patients with preexisting detectable SCD arm
given for the 4 autoantibody levels in | with SCD, levels of RF, ANA, and elevated CD5 | males
study arms. patients with trans- previously cell levels in the absence of n=5)
arm 1: 22—-33 fusion transfused preexisting autoimmune disease or
arm 2: 22-39 Arm 2: Healthy malignancy. None had been treated
’ ) ', | with cytotoxic drugs and none had
arm 3: 62—73 never transfused . f f o
blood donors received corticosteroids within the
arm 4: 58-65 . past 3 mo
Arm 3: Hip and
knee
replacement
ortho patients
who received
blood
transfusion
Arm 4: Hip and
knee
replacement
ortho patients
who did NOT
receive
transfusion
Ware, P, Obs Children Median age of | 23 An Institutional Review | NA NA 61 (14/23) | NA NA NR NC Range 7-127 mo
2001% 6.5 yr at the Board-approved
time of 1st protocol for pediatric
stroke patients with SCA and
previous stroke was
developed, in which
transfusions are
discontinued and
replaced with HU as
prophylaxis against
recurrent stroke
Raj, 2002'* | P, Obs Children Range=5-18 |15 To assess the effect of | 1, patients with | NR NR HbSS 100% NR 0 100 20.8 (range 6—40)

long-term
erythrocytapheresis on
splenic size and
function in SCD
pediatric patients

SCD receiving
chronic eryth-
rocytapheresis
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Raj, 2005™° | P, Obs Children 10.3SD 4.7 22 To compare cardiac 2 arms: NT- None given 64 Unclear Unclear 0 100 Unclear
function in sickle cell SCD (n=10)=
patients on long-term | not receiving
erythrocytapheresis to | chronic
nontransfused patients | transfusion. All
with SCD except 1 was
transfusion free
for over 6 mo.
T-SCD (n=12)=
on long-term
erythrocyta-
pheresis
Rao, 1985 | P, Obs Children Range= 11 To demonstrate and 1 Inclusion: HbSS , pediatric patient, NR HbSS only NR None 100 1-3yr
11-41 mo, report the results of a significant increase in spleen size over
mean=25 mo transfusion program in that found on previous exams, drop in
managing patients Hb/Hct by 25% of the patient’s
with splenic baseline values, drop in platelet count
sequestration with to <100,000/mm?, elevation in
SCD reticulocytes over the patient’s
baseline values, absence of other
explanation for the patient’s
hemogram values
Rosse, P, Obs % adults NR 1814 To determine the 1: Patients with | Participants in the Cooperative Study | 47 HbSS, NR NR 100 2
1990™" not reported prevalence of SCD who had | of Sickle Cell Disease who had HbSp-thal or
alloimmunization at been received transfusion HbSC
baseline and the rate | transfused
of developing this
complication during
study period
Russell, P, Obs Children Range= 35 To assess the efficacy | 1, patients with | Inclusion: Pediatric patients with SCD, | NR HbSS 97%, NR 3 100 Unclear
1984 1.5-18 of CTX in stroke SCD on chronic | history of acute focal neurologic HbSC 3%
prevention in patients | transfusion deficits
with SCD
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Study label

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

% males

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Sakhalkar, P, Obs % adults Range= 73 To study the impact of | 4 arms: Patients | NR NR NR NR NR 83 2 weeks—2 mo
2004 not reported | 1.5-20 (2.5— chronic transfusion on | with SCD
14 in normal Vascular Cell receiving chronic
controls) Adhesion Molecule-1 transfusion tx,
(VCAM-1), which has | patients with
been implicated in the | SCD who
pathophysiology of developed ACS,
acute pain episodes patients with
and ACS in patients SCD who
with SCD developed acute
pain episode,
and normal
controls
Silliman, P, Obs % adults Range= 6 To measure urinary NA Inclusion: Patients with SCD on Unclear HbSS Unclear Unclear 100 3 mo
1993% not reported | 14-36, and fecal iron chronic transfusion with symptomatic
Mean: excretion with the use iron overload
Unclear of deferoxamine
Singer, P, Obs Children Mean=12.1, 8 To report clinical NA Inclusion: Patients with high-risk TCD | 75 None given None given |0 100 6 mo
1999% range=7-17 efficacy of findings or previous stroke. All were
erythrocytapheresis, on a monthly simple transfusion plan.
iron load status, ability TCD findings were >200 cc/mm
to prevent the need for
chelation, and
complications
Sutton, P, Obs Unclear NR 13 Retrospective analysis | 2 groups: The | NA NR HbSS 77% and NR NR 100 NC
2001™3 of the effects of blood | 1st group HbSp-thal 13%

transfusions on the
levels of HbF in SCD
in the presence or
absence of HbF
stimulating tx

consisted of

7 patients who
were transfused
while on HbF
stimulating
agents (HU or
HU+butyrate).
The 2nd group
consisted of
patients trans-
fused prior to tx
with HbF-
inducing
agents. 5 of the
7 patients in the
1st group were
treated with HU
alone
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label | Design group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Tahhan, P, Obs Children Group 1: Age | 86 Study confirms that 2 arms: Inclusion: Patients transfused Ag- 47.7 Unclear Unclear Unclear 100 Study ran for 13 yr.
1994 at 1st antigen RBC antigen matching | Group 1: 40 matched RBCs at a single center Followup period
(Ag)- matched will help to prevent patients only not specified
(matched alloimmunization in receiving Ag
transfusion=9. patients with SCD matched
9y, V:Terfzs transfusion
ageatiastAg Group 2:
{natc?eq patients
:??ius'on receiving
=llayr mixture of Ag-
Group 2: Mean matched and
age at 1st Ag non-Ag-
matched matched
transfusion=11 transfusions
A4 yrand at
last transfusion
=16.6 yr.
SD
Talacki, P, Obs Adults Range= 12 (32 To introduce a new 1, patients with | Inclusion: Adults with SCD who 58 NR NR 0 100 Varied; from 1-time
1990 1844 procedures) method of exchange SCD receiving | presented between 1985 and 1988 pre-post
transfusion in patients | exchange with various complications of SCD transfusion
with SCD transfusion followup, up to
34 mo of followup
Thurston, P, Obs % adults NR 6 To quantify the 1, patients with | Inclusion: HbSS patients receiving NR HbSS 100% NR 0 100 Pre-post
20046 not reported efficacy of SCD receiving | CTX for at least 6 mo transfusion
erythrocytapheresis in | erythrocyta- assessment
6 patients with SCD pheresis
Uchida, P, Obs 54% adults | Mean=18.7 13 To determine the 1: To Inclusion: Patients with SCD who had | 76.9 NR NR 0 100 None
1998 SD-5.7 effect of erythrocyta- investigate the | a stroke and were on CTX without
pheresis on arterial degree of ACS or VOC at time of
oxygen improvement in | erythrocytapheresis
Sa0; by blood
transfusion
Venketasu- P, Obs 40% adults | 16.8+5.6 10 To assess transfusion- | 2, patients with | Inclusion: Patients with SCD on 60 NR NR 0 100 24 h
bramanian, induced cerebral SCD with chronic transfusion program who were
199448 perfusion changes history of stroke | not suffering from an acute illness at

vs. no history of
stroke

the time
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Vichinsky, P, Obs 41% adults | Adults with 177 Prospective study of 2 : Black Patients requiring long term NR NR NR 6.2 89.3 6 weeks and 1 yr
1990 SCD: 17. the frequency of allo- | patients with transfusion and obtaining primary care
Children with immunization + effect | sickle cell at a single center from 1978 to 1985
SCD: 10 of donor race + effect | anemia (158) were included
of RBC phenotype and | and non-Black
frequency of patients
transfusions in SCD receiving
population transfusions for
chronic anemia
(11 with TM and
8 with pure red-
cell aplasia)
Vichinsky, P, Obs 24% adults | NR 537 To assess the 1, patients with | Inclusion: HbSS, HbSC or HbSB-thal 58 HbSS 82, NR NR 100 15
2000 causality and SCD with ACS | disease, plus history of ACS HbSC + HbSB-
outcomes of ACS in Exclusion: Episodes with incomplete thal 18
patients with SCD data
Vichinsky, P, Obs % adults Mean=19.3 132 To evaluate the 1 Inclusion: Patients with SCD and NR NR NR 6.8 (N=9) 100 Median duration of
2009% not reported | Standard cumulative 3.5-yr transfusional iron overload enrolled in a exposure to
deviation= safety and efficacy of 4-yr extension to a 1-yr comparative deferasirox was
10.7 yr deferasirox in patients study. A 1-yr comparative study has 37.4 mo (3.1 yr)
with SCD and demonstrated that once daily oral tx with
transfusional iron deferasirox was well tolerated and
overload enrolled in a produced similar (dose-dependent)
4-yr extension to a reductions in LIC to deferoxamine in
1-yr comparative study patients with SCD with iron overload.
Eligible patients subsequently entered a
4-yr extension phase and received
deferasirox only; dose adjustments were
based on monthly SF levels and safety
assessments (adverse events (AEs) and
laboratory parameters)
Exclusion: Patients with abnormal renal
function were excluded
Wali, 2003%' P, Obs Children Group 1: 39 To compare the 2, aggressive Inclusion: All SCD children admitted 48 HbSS 74%, NR 0 100 1
10.64+3.86. efficacy of 2 exchange for adenotonsillectomy between 1995 HbSB-thal 26%
Group 2: transfusion regimens | transfusion vs. | and 2001
8.96+3.82 in the perioperative conservative
management of simple
children with SCD transfusion

undergoing
adenotonsillectomy
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Wan%, P, Obs Children NR 36 To assess the 3:Group one: Inclusion: transfusion dependent NR HbSS N=8, NR 0 61 1d
1986 nontransferrin-bound | transfusion patients HbSR-thal N=6
iron in patients with dependent
SCD with history of patients Sr?k?l 3&:%&%9
chronic transfusions Group 2: healthy
adult volunteers
who were not
receiving iron
supplementation.
Group 3:
patients with
sickle cell
disease who
had received
few or no
transfusions
Wanq, P, Obs 30% adults | 15.9 10 To assess the risk of 1, patients with | Inclusion: Patients with SCD with 70 HbSS 100% NR 0 100 18+
1991 stroke recurrence after | SCD with history of stroke and had received
cessation of CTXin history of stroke | transfusions for at least 5 yr
patients with SCD who | and who had
suffered from a past received
stroke chronic
transfusion tx
Ware, P, Obs Children 12 35 To evaluate a strategy | Standard care | Inclusion: Children with SCA and 66 HbSS N=33; NR NR SS 94 9and 11 yr
2004™" of HU and phlebotomy | (chronic stroke HbSR -thal N=1
for the prevention of erythrocyte HbS/O-Arab N=1
secondary stroke and | transfusions)
resolution of vs. hydroxyurea
transfusional iron
overload
Wilimas, P, Obs Children Range=4-13 |12 To assess efficacy of 1, children with | NR NR HbSS 92%, NR 0 100 12-24
1980" transfusion tx in SCD with HbSC 8%
patients with SCD with | history of CVA
history of CVA who are
receiving
transfusion tx
Yeomans, P, Obs Adults NR 40 To assess safety of 1, pregnant NR 0 HbSS 55%, NR 0 100 20
1990* prophylactic patients with a HbSC 40%,
transfusion in sickle cell o
pregnant patients with | hemoglobin- HbSB-thal 5%
SCD and risk of opathy

irreversible liver
damage
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Adams, R, Obs Children Mean=12.4, 10 To determine the 3: Inclusion: Homozygous SCD (9/10 60 HbSS=90% NR None 90 Average of 16 mo
1996*° range=5-20 advantages, 1: Erythrocyta- | Patients) or congenital dyserythro-
complications, costs, pheresis with poietic anemia. All were African
and efficacy of deferoxamine tx; | American. All on CTX
erythrocytapheresis in 2 Ervthrocvta-
young pediatric phererytsis wi)t/L no
patients who receive | ot o mine
chronic erythrocyte tx:
transfusion tx 3_’ Patients who
were not iron
over-loaded and
did not yet
require chelation
tx
Adams, R, Obs % adults 10 92 Single center NA Inclusion: All patients with sickle 60.8 72 with HbSS, NR 0 100 30d
1998% not reported experience of surgical hemo%lobinopathy (HbSS, HbSC, 12 with HbSC,
outcomes in sickle cell HBSB"-thal, or other compound 6 with HbSB"-thal
hemoglobinopathy heterozygous condition) from 1986 to . 0 ’
1995 1 with HbSB"-thal,
1 with
HbS/Lepore
Al Mulhim, R, Obs Adults Mean=26.3 yr | 198 To describe 61 SCD, 53 Inclusion: Chart review for cases and | 0 SCD: NA 0 30.8 NR
2000% pregnancy outcomes | sickle cell trait, | controls HbS 71.9%,
in SCD ggnr::(a)lltched HbF 25.6%,
HbA2 2.5%. I/
Sickle cell trait:
HbS 38.9%,
HbA1 53.7%,
HbA2 21%,
HbF 5.3%
Al-Samak, R, Obs 53% adults | Mean=21.3, 85 To assess the relative |3 Inclusion: To be eligible, patients had | 60 HbSS=100% NR 0 100 1 mo postop
2008% SD=15.7 risks and benefits of to have HbSS SCD confirmed by

preoperative blood
transfusion regimens
in patients with SCD
undergoing surgery of
any type in any setting

electrophoresis and have undergone
surgery at Samaniya medical
complex, Bahrain
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Total

% of patients

population Total number Number and % patients with SCD in
Patient age | age in yr of patients in | What is the objective | description of | Describe the inclusion/exclusion lost to total study Followup (in mo
Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Alvarez, R, Obs Children Mean= 120 To determine the NA Retrospective chart review of all 50 89 HbSS, NR None 92.5 (n=111) Unclear
2006% 12.244.7, prevalence of micro- children and young adults with sickle 22 HbSC,
range= 4-20 albuminuria in children cell hemoglobinopathies who were 3 HbSp®
and young adults with screened with spot urine specimens o
SCD for creatinine, albumin, protein, and 6 patients with
b2-microglobulin during outpatient HbSB - .
clinic visits while free of pain and thalassemia
infection
Aygun, R, Obs 26% adults | 2 subgroups. | 238 total; To evaluate the rate of | NA None given 51.4 from | HbSS NR Unclear 100 120 (10 yr)
2002" Adult transfused alloantibodies and transfused | HbSC
subgroup: subgroup= autoantibody subgroup HbSB-thal
mean=31.5, 140 formation and the (n=140)
range=19-57 clinical significance of
Pediatric transfusion reaction
subgroup:
mean=11.1,
range=1-31
(age of both
groups
recorded after
10-yr
followup)
Bader- R, Obs NR 45(29;84) |24 To assess the long- NA Retrospectively reviewed the records | 58.33 HbSS 100% NR None 100 Median time
Meunier, at baseline term effect of of all patients who (1) had cerebral (n=14 elapsed from
2009’ MRI transfusional vasculopathy on cerebral MRA, males) baseline to last
exchange tx on (2) received regular exchange available MRA was
MRA/MRI transfusion; (3) were followed for a 29 mo
abnormalities minimum of 1 yr after the onset of
transfusion tx, and (4) had at least 2
available MRAs
Barrios, R, Obs Children Range=3-20 |16 Clinical course and NA NA 56.25 HbSS 100% NA None 100 3.3 yr (range=
1993° and young splenic function of 16 (males 6 mo—10 yr)
adults patients with SCA on a n=9)
(<21 yr) hypertransfusion

program for more than
6 mo following a CVA
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Bashawari, R, Obs % adults Range=2-75 | 350 Alloimmunization over | 1 study arm, Inclusion: Patients with SCA aged 2— | NR NR NR 0 100 108
2007 not reported a 9-yr period in SCA SCA patients 75 yr who had received at least 1
patients managed in a | aged 2-75 yr transfusion with units of ABO and D-
university hospital in who had matched RBCs at King Fahd Hospital
Saudi Arabia received at of the University, Dammam, Saudi
least 1 Arabia
transfusion with
units of ABO
and D-matched
RBCs at King
Fahd Hospital
of the
University,
Dammam,
Saudi Arabia
Bhatta- R, Obs % adults Median=16.7 | 22 To assess the 1, patients with | Inclusion: Patients with SCD 50 HbSS 91%, NR 0 100 Perioperatively
charyzyéa, not reported perioperative SCD HbSC 4.5%,
1993 management of undergoing | o
patients with SCD chole- HbSp-thal 4.5%
undergoing cystectomy
cholecystectomy
Bischoff, R, Obs Adults 28.4 66 To assess benefit of 1, patients with | Inclusion: Adult patients with sickle 47 HbSS 75.8%, NR 0 100 NR
19887 perioperative sickle cell cell hemoglobinopathies (HbSS, HbSC 19.4%,
transfusion in sickle hemoglobin- HbSC, HbS-thalassemia) undergoing HbS-thal 4.5%
. h . . (]
cell patients opathies surgical procedures
undergoing
operative
procedures
Boga, 2007” | R, Obs 86% adults | Range=9-50 |7 To assess the efficacy | 1, patients with | Inclusion: Patients with SCD who 71 HbSS 100% NR 0 100 12

of plasma exchange in
treating critically ill
patients

SCD with
multiorgan
failure

developed multiorgan failure during
sickle cell crisis, were not on HU
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Patient age

Total
population
age in yr

Total number
of patients in

What is the objective

Number and
description of

Describe the inclusion/exclusion

% patients
lost to

% of patients
with SCD in
total study

Followup (in mo

Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Buchanan, R, Obs Children Median=13 12 To assess splenic 2; 5 patients Inclusion: Pediatric patients with SCD | 67 NR NR 0 100 Range=2-9
1989™ phagocytic function in | receiving an who had a history of CVA
long-term hypertrans- | intensive
fused children with transfusion
SCD program with
the intention of
nearly
completely
suppressing
endogenous
erythrocyte
production, and
7 patients
receiving a less
intensive
transfusion
program
Cam[l)bell, R, Obs Adults Range= 5 To assess splenic 1, regularly Inclusion: HbSS patients with 40 HbSS, 100% Benin/ 0 100 Mean: 52 mo
1997"° 23-34 regrowth in sickle cell | transfused retrospectively documented Benin 60%,
patients receiving patients (4 hypersplenism, on hypertransfusion Benin/
transfusion weekly top-up tx, and with splenic regrowth Beniun 20%
or exchange Unavailable
transfusion) 20%
with the aim of
maintaining a
pretransfusion
HbS level
Castellino, R, Obs Children NR for entire | 184 To determine the 1, children with | Inclusion: Pediatric patients with SCD | NR NR NR NR 100 NR
19997 cohort. For frequency, serological | SCD with with history of 2+ transfusions
the group that characteristics, and history of Exclusion: Patients with other
developed clinical significance of | multiple SCD nonmalignant hematological diseases
auto- this phenomenon in transfusions requiring multiple erythrocyte
antibodies; pediatric patients with transfusions
Range= SCD
5.6-19
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Total

% of patients

population Total number Number and % patients with SCD in
Patient age | age in yr of patients in | What is the objective | description of | Describe the inclusion/exclusion lost to total study Followup (in mo
Study label group (mean) the study of this study? study arms criteria % males | Genotypes Haplotypes | followup population if not specified)
Coles, R, Obs % adults NIH Patients: | 157 SCD and | To determine the 1; looking at NR 66 NR NR NR 49.4 NR
19817 not reported | SCD range 161 presence of medical records
=10-53 yr; thalassemia alloimmunization in to discover
Thal range= SDC and thalassemia | incidence of
4-83 yr alloimmunizatio
JHH patients: n in SCD ?”d
thalassemia
SCD range
=4-58 yr; no
age listed for
the one thal
patient
Cortina R, Obs Children 0-18 yr 158 To describe NA NA NR SCA 72%, NR 0 100 NR
Rosales, transfusion 19% HbSC
2003™ complications in hemoglobin-
patients with SCD opathy (SCH),
9% HbSB-thal
Cox, 1988™ | R, Obs Adults 29 73 To assess the risk of | 1, patients with | Inclusion: Sickle cell hemoglobinop- 30 HbSS 69%, NR 0 100 72
DHTR and SCD athy, adults, receiving transfusion tx HbSC 21%,
allqimmunjzation in undergo.ing Exclusion: No transfusions during HbSB-thal 10%
patients with SCD transfusion tx | study period, children, no retesting
Delea, R, Obs % adults 20+12 145 To assess outcomes, | 2, patients with | Inclusion: Age between 3 and 52 yr, 50 NR NR 0 73 Mean=14+14
2008 not reported utilizations, and costs | SCD vs. either patients with SCD or
of deferoxamine tx in | patients with thalassemia receiving deferoxamine
patients with SCD or | thalassemia Exclusion: Less than 15 d of followup,
thalassemia diagnosis of anemias other than SCD
or thalassemia, missing cost data
Derr, 2000% | R, Obs Children Mean=8.4 372 To determine the NA Inclusion: SCA and sickle B° NR NR NR None 100 NC

degree of iron
accumulation and
alloimmunization

thalassemia; <18 yr of age
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Study label

Design

Patient age
group

Total
population
age in yr
(mean)

Total number
of patients in
the study

What is the objective
of this study?

Number and
description of
study arms

Describe the inclusion/exclusion
criteria

Genotypes

Haplotypes

% patients
lost to
followup

% of patients
with SCD in
total study
population

Followup (in mo
if not specified)

Enninful-
Eghan,
2010°

R, Obs

Children

2-18

1005

To evaluate TCD and
transfusion program to
prevent stroke

2, In this
retrospective
cohort study of
children with
SCD-SS or
sickle cell
disease-S-p’-
thalassemia the
incidence of
stroke in the 8-
year period
before TCD
screening was
instituted was
compared with
the rate in the 8-
year period after
TCD screening
began. The
rates of
transfusion
therapy for
stroke
prevention were
compared in
these groups,
and
complications of
transfusion were
assessed for
children
receiving
transfusion for
abnormal TCD
results.

Inclusion patients <22 years of age
with SCD-SS or SCD-SB’-thal enrolled
in the CSCC at the main campus of
CHOP.

Exclusion : Patients who had had a
stroke before the study period or
before enroliment at the CSCC at
CHOP

52

HbSS or HbSR’-
thal

NR

NR

100

8yr

Files, 2002%

R, Obs

Children

Range=2-16

50

To assess longitudinal
changes in ferritin
during chronic
transfusion

1, patients with
SCD receiving
chronic
transfusions
and a high
stroke risk as
indicated by
abnormal TCD
ultrasound

Inclusion: Patients with SCD receiving
chronic transfusions, SF <500 ng/mL,
4+ ferritin measurements

Exclusion: Patients with SCD requiring
transfusion tx for other indications,
receiving antisickling agents, HIV
positivity, hepatitis, entry SF level
>500 ng/mL

NR

HbSS 100%

NR

100%

39
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Total % of patients

population Total number Number and % patients with SCD in
Patient age | age in yr of patients in | What is the objective | description of | Describe the inclusion/exclusion lost to total study Followup (in mo
Study label | Design group (mean) the study of this study? study arms criteria Genotypes Haplotypes | followup population if not specified)
Friedman, R, Obs % adults Group 1: 61 To assess 3, patients with | Inclusion: Patients with SCD 49 HbSS, NR 0 100 Range=11-22
1996 not reported | 18.3+5. Group alloimmunization to SCD with Exclusion: Plasma transfusion or HbSC,
2:8.7+6. platelets in patients history 50+ intravenous or intramuscular y- HbSB-thal.
Group 3: with SCD who are transfusion, vs. | globulin within the previou