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PREFACE

Enclosed is the fourth edition of a book that
is dedicated to the medical and social issues of
individuals with sickle cell disease. This publi-
cation, which was developed by physicians,
nurses, psychologists, and social workers who
specialize in the care of children and adults
with sickle cell disease, describes the current
approach to counseling and also to manage-
ment of many of the medical complications
of sickle cell disease.

Each chapter was prepared by one or more
experts and then reviewed by several others
in the field. Additional experts reviewed the
entire volume. This book is not the result of a
formalized consensus process but rather repre-
sents the efforts of those who have dedicated
their professional careers to the care of indi-
viduals with sickle cell disease. The names of
the authors, their affiliations, and their e-mail
addresses are listed in the front of the book.

Multiple new therapies are now available for
children and adults with sickle cell disease,
and often the options to be chosen present
a dilemma for both patients and physicians.
This book does not provide answers to many
of these newer questions but rather explains
the choices available. The book, which focuses
primarily on the basic management of indiv-

iduals with sickle cell disease and provides
relevant online resources at the end of the
chapters, is to serve as an adjunct to recent
textbooks that delve more deeply into all
aspects of the disorder.

The authors hope that this book will be used
by medical students, house staff, general practi-
tioners, specialists, nurses, social workers, psy-
chologists, and other professionals as well as
the families and patients who are coping with
the complexities of sickle cell disease on a daily
basis. The book, any part of which can be
copied freely, will be placed on the National
Heart, Lung, and Blood Institute (NHLBI)
Web site and will be updated as needed.

Research is essential to provide the knowledge
required to improve the care of individuals
with sickle cell disease, but it is the physicians
and other health care personnel who must
ensure that the very best care is actually

delivered to each child and adult who has
this disorder. We hope that this book will
help to achieve this goal.

Q - M A
Claude Lenfant, M.D.
Director, NHLBI
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INTRODUCTION

This edition of The Management of Sickle
Cell Disease (SCD) is organized into four
parts: Diagnosis and Counseling, Health
Maintenance, Treatment of Acute and Chronic
Complications, and Special Topics. The origi-
nal intent was to incorporate evidence-based
medicine into each chapter, but there was
variation among evidence-level scales, and
some authors felt recommendations could

be made, based on accepted practice, without
formal trials in this rare disorder.

The best evidence still is represented by ran-
domized, controlled trials (RCTs), but varia-
tions exist in their design, conduct, endpoints,
and analyses. It should be emphasized that
selected people enter a trial, and results should
apply in practice specifically to populations
with the same characteristics as those in

the trial. Randomization is used to reduce
imbalances between groups, but unexpected
factors sometimes may confound analysis or
interpretation. In addition, a trial may last
only a short period of time, but long-term
clinical implications may exist. Another issue
is treatment variation, for example, a new

pneumococcal vaccine developed after the

trial, which has not been tested formally in
a sickle cell population. Earlier trial results
may be accepted, based on the assumption
that the change is small.

In some cases, RCTs cannot be done satisfac-
torily (e.g., for ethical reasons, an insufficient
number of patients, or a lack of objective
measures for sickle cell “crises”). Thus the
bulk of clinical experience in SCD still
remains in the moderately strong and weaker
categories of evidence.

Not everyone has an efficacious outcome in

a clinical trial, and the frequency of adverse
events, such as with long-term transfusion
programs or hematopoietic transplants, might
not be considered. Thus, an assessment of
benefit-to-risk ratio should enter into transla-
tion of evidence levels into practice recommen-
dations. A final issue is that there may be two
alternative approaches that are competitive
(e.g., transfusions and hydroxyurea). In this
case the pros and cons of each course of treat-
ment should be discussed with the patient.



Introduction

The practice guidelines best supported
by scientific evidence are:

Penicillin prophylaxis prevents pneumo-
coccal sepsis in children [evidence from
Prophylactic Penicillin Studies I and II
(PROPS I & I)].

Pneumococcal vaccine prevents
pneumococcal infection in children.

In surgical settings, simple transfusions

to increase hemoglobin (Hb) levels to 10
g/dL are as good as or safer than aggressive
transfusions to reduce sickle hemoglobin

(Hb S) levels to below 30 percent.

Transfusions to maintain a hematocrit
of more than 36 percent do not reduce
complications of pregnancy.

Transfusions to reduce Hb S levels to
below 30 percent prevent strokes in chil-
dren with high central nervous system
blood flow [evidence from the Stroke
Prevention Trial in Sickle Cell Anemia
(STOP D)].

Hydroxyurea decreases crises in patients
with severe sickle cell disease [evidence
from the Multicenter Study of Hydroxyurea
in Sickle Cell Anemia (MSH) trial].

The following nomenclature, derived from the Council of Regional Networks for Genetic Services
(CORN) guidelines for the U.S. newborn screening system [Pass KA, Lane PA, Fernhoff PM, et al.
U.S. newborn screening system guidelines II: Follow-up of children, diagnosis, management, and
evaluation. Statement of the Council of Regional Networks for Genetic Services (CORN). J Pediatr

2000;(4 Suppl):S1-46], is used throughout this book:

Genotype Full Name
Bs/BS Sickle cell disease-SS
Bs /B¢ Sickle cell disease-SC

BS / B° thalassemia

Bs/ Bt thalassemia

Sickle cell disease-S p° thalassemia

Sickle cell disease-S p* thalassemia

Abbreviation
SCD-SS
SCD-SC
SCD-S B° thal
SCD-S B* thal
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WORLD WIDE WEB RESOURCES

SICKLE CELL AND GENETIC WEB SITES
Sickle Cell Disease Association of America (SCDAA)

hetp://www.sicklecelldisease.org
A patient advocacy site with information for the public.

Center for Disease Control and Prevention: Hemoglobin S Allele and Sickle Cell Disease
hetp://www.cdc.gov/genomics/hugenet/reviews/sickle.htm
An excellent article about sickle cell genetics and epidemiology.

The Comprehensive Sickle Cell Centers
hetp://www.rhofed.com/sickle
A description of a major clinical research program supported by the NHLBI.

Harvard Sickle Cell Program
heep://sickle.bwh.harvard.edu

A comprehensive source for information for patients and health care providers.

The Sickle Cell Information Center
hetp://www.emory.edu/PEDS/SICKLE

A broad range of information for the public and professionals.

National Organization for Rare Disorders, Inc.
http://www.rarediseases.org
A portal for all rare diseases.

Clinical Trials.gov—Linking Patients to Medical Research
http://www.clinicaltrials.gov
A search engine for clinical trials in different diseases.

The National Newborn Screening and Genetics Resource Center (NNSGRC)
http://genes-r-us.uthscsa.edu

Information and resources for health professionals, the public health community, consumers
and government officials.

Genetic Alliance
http://www.geneticalliance.org
A support organization for different genetic problems.




Chapter 1: World Wide Web Resources

REGIONAL GENETIC NETWORKS

Mid-Atlantic Regional Human Genetics Network (MARHGN)
hetp://www.pitt.edu/~marhgn/

Genetic services for Delaware, Maryland, New Jersey, Pennsylvania, Virginia, West Virginia,
and the District of Columbia.

Mountain States Genetics Network
http://www.mostgene.org
Genetic services for Arizona, Colorado, Montana, New Mexico, Utah, and Wyoming,.

Pacific Northwest Regional Genetics Group (PacNoRGG)
http://mchneighborhood.ichp.edu/pacnorgg/
Genetic services for Alaska, Idaho, Oregon, and Washington.

Southeastern Regional Genetics Group (SERGG)
http://www.emory.edu/PEDIATRICS/sergg/index.html

Genetic services for the Southeastern region: Alabama, Florida, Georgia, Kentucky, Louisiana,
Mississippi, North Carolina, South Carolina, and Tennessee.

Texas Genetics Network (TEXGENE)
http://www.tdh.state.tx.us/genetics/home.htm
Genetic services for Texas.



NEONATAL SCREENING

The demonstration in 1986 that prophylactic
penicillin markedly reduces the incidence of
pneumococcal sepsis (1) provided a powerful
incentive for the widespread implementation
of neonatal screening for sickle cell disease
(SCD) (2). Neonatal screening, when linked
to timely diagnostic testing, parental educa-
tion, and comprehensive care, markedly
reduces morbidity and mortality from

SCD in infancy and early childhood (2-11).
Approximately 2,000 infants with SCD are
identified annually by U.S. neonatal screen-
ing programs (12,13). Screening also identi-
fies infants with other hemoglobinopathies,
hemoglobinopathy carriers, and in some
states, infants with o-thalassemia syndromes.

METHODS

Forty-four states, the District of Columbia,
Puerto Rico, and the Virgin Islands currently
provide universal screening for SCD.
Screening is available by request in the other
six states. The majority of screening programs
use isoelectric focusing (IEF) of an eluate from
the dried blood spots that also are used to
screen for hypothyroidism, phenylketonuria,
and other disorders (13-15). A few programs
use high-performance liquid chromatography
(HPLC) or cellulose acetate electrophoresis as
the initial screening method. Most programs
retest abnormal screening specimens using

a second, complementary electrophoretic
technique, HPLC, immunologic tests, or
DNA-based assays (13-15).

The sensitivity and specificity of current
screening methodology are excellent (11), but
neonatal screening systems are not foolproof.
A few infants, even in states with universal
screening, may not be screened. Other infants
with SCD may go undiscovered because of
extreme prematurity, blood transfusion prior
to screening, mislabeled specimens, clerical
errors in the laboratory, or the inability to
locate affected infants after discharge from
the nursery (5,14,16-20). It is imperative that
all infants, including those born at home, be
screened and that the initial screening test
always be obtained prior to any blood transfu-
sion, regardless of gestational or postnatal age.
Information requested on screening forms
should be recorded accurately and completely
to facilitate the followup of positive screening
tests and interpretation of results. In states
that have not yet implemented universal
screening, neonatal screening for SCD should
be requested for all high-risk infants (those
of African, Mediterranean, Middle Eastern,
Indian, Caribbean, and South and Central
American ancestry). Any high-risk infant

not screened at birth, or for whom neonatal
screening results cannot be documented,
should be screened for hemoglobinopathies
prior to 2 months of age.

Hemoglobins (Hb) identified by neonatal
screening are generally reported in order of
quantity. Because more fetal hemoglobin (Hb
F) than normal adult hemoglobin (Hb A) is
present at birth, most normal infants show
Hb FA. Infants with hemoglobinopathies also
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show a predominance of Hb F at birth. Those
with SCD show Hb S in absence of Hb A
(ES), Hb S with another hemoglobin variant
(e.g., FSC, FSDPunjab)’ or a quantity of Hb S
greater then Hb A (FSA). Hundreds of other
Hb variants may also be identified. Most of
these variants are associated with few or no
clinical consequences, but some are associated
with significant anemia or other problems.
Many screening programs also detect and
report Hb Bart’s, indicative of a-thalassemia.

SICKLE CELL DISEASE

As shown in table 1, a number of different
neonatal screening results may be indicative
of sickle cell disease (14,21). Hb FS in infancy
is associated with a variety of genotypes with
a wide range of clinical severity. Most infants
with screening results that show Hb FS have
SCD-SS, but other possible conditions include
sickle B°-thalassemia, sickle 8f3-thalassemia,
and sickle HPFH. Some infants with sickle
[*-thalassemia also show FS screening results
when the quantity of Hb A at birth is insuffi-
cient for detection (22). The coinheritance of
o-thalassemia may complicate differentiation
of genotypes in some infants (23). For infants
with positive screening tests, confirmatory
testing of a second blood sample should be
accomplished by 2 months of age so that
parental education, prophylactic penicillin,
and comprehensive care can be promptly
implemented (11,14). In many states, confir-
matory testing is provided by the screening
program using hemoglobin electrophoresis
(cellulose acetate and citrate agar), IEE,
HPLC, and/or DNA-based methods.
Solubility tests to detect Hb S are inappropri-
ate screening or confirmatory tests, in part
because high levels of fetal hemoglobin (i.e.,
low concentrations of Hb S) give false-nega-
tive results in infants with SCD.

Hemolytic anemia and clinical signs and
symptoms of SCD are rare before 2 months
of age and develop variably thereafter as Hb F
levels decline (table 1). Thus for infants with
an FS phenotype, serial complete blood counts
(CBCs) and reticulocyte counts may not clari-
fy the diagnosis during early infancy, and test-
ing of parents or DNA analysis may be helpful
in selected cases (14). In all cases, infants with
Hb ES should be started on prophylactic peni-
cillin by 2 months of age, and parents should
be educated about the importance of urgent
medical evaluation and treatment for febrile
illness and for signs and symptoms indicative
of splenic sequestration (11,14).

Achieving an optimal outcome for each
affected infant is a significant public health
challenge. State public health agencies should
have a responsibility to ensure the availability,
quality, and integration of all five components
of the neonatal screening system: screening,
follow-up, diagnostic testing, disease manage-
ment and treatment, and evaluation of the
entire system (12-15). To be beneficial,
screening, follow-up, and diagnosis of sickle
cell disease must be followed by prompt refer-
ral to knowledgeable providers of comprehen-
sive care (2,11). Comprehensive care includes
ongoing patient and family education about
disease complications and treatment, disease-
specific health maintenance services including
pneumococcal immunizations and prophylac-
tic penicillin, access to timely and appropriate
treatment of acute illness, nondirective genet-
ic counseling, and psychosocial support (14).
The extent to which these services are provid-
ed directly by public health agencies or by
other clinics and providers will vary among
states and communities. However, all states
should have the responsibility to ensure

that each infant and family with SCD

receive appropriate services and to conduct



Table 1. Sickle Hemoglobinopathies: Neonatal Screening and Diagnostic Test Results

Disorder

SCD-SS

SCD-SC

SCD-S
p* thal

SCD-S
3° thal

SCD-S
op thal

S HPFH

Approx.  Neonatal
% of U.S. screening
patients  results’

65 FS

25 FSC

8 FSA or FS7
2 FS

<1 FS

<1 FS

Hb separation
by 2 months
of age'

FS
FSC
FSA
FS
FS

FS

Serial CBC,
reticulocytes

Hemolysis and anemia
by 6-12 months

Mild or no anemia
by 2 years

Mild or no anemia
by 2 years

Hemolysis and anemia
by 6-12 months

Mild anemia by
2 years

No hemolysis
or anemia

Hematologic studies by 2 years

MCV2

N or 14

Nor |

Nor |

N or |

Hb A,3
(%)
<3.6%
NAS
>3.6
>3.6

<2.5

<2.5

Hb F
(%)
<25
<15
<25
<25

<25

<25

Hb F
distribution
Heterocellular
Not applicable®
Not applicable®
Heterocellular

Heterocellular

Pancellular

Hb = hemoglobin, MCV = mean cell volume, thal = thalassemia, N = normal, 1 = increased, | = decreased, HPFH = hereditary persistance of Hb E

Table shows typical results—exceptions occur. Some rare genotypes (eg. SD

Punjab’

1. Hemoglobins reported in order of quantity (e.g. FSA = F>S>A).
2. Normal MCV: >70 at 6-12 months, >72 at 1-2 years.
3. Hb A, results vary somewhat depending on laboratory methodology.

4. Hb SS with co-existent a-thalassemia may show | MCV and Hb A, >3.6 percent; however, neonatal screening results from such infants usually show Hb Barts.
5. Quantity of Hb A, can not be measured by hemoglobin electrophoresis or column chromatography in presence of Hb C.

6. Test not indicated.
7. Quantity of Hb A at birth sometimes insufficient for detection.

SO Arab g Harlem g Lepore, SE) not included.

DNA
dot blot

ﬁS

p* B

" p*

p" p*

ﬁS

ﬁS
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a continuing program of long-term followup
(12,14,15). Providers may be asked to supply
public health agencies with the followup data
needed for tracking and outcomes evaluation.

OTHER HEMOGLOBINOPATHIES

As shown in table 2, neonatal screening identi-
fies some infants with non-sickle hemoglo-
binopathies (14,25-30). Infants with Hb F
only may be normal infants who do not yet
show Hb A because of prematurity or may
have B-thalassemia major or another tha-
lassemia syndrome. Infants without Hb A
need repeat testing to identify those with SCD
and other hemoglobinopathies. Homozygous
[-thalassemia may cause severe transfusion-
dependent anemia. Infants with FE [Hb F +
hemoglobin E (Hb E)] require family studies,
DNA analysis, or repeated hematologic evalua-
tion during the first 1 to 2 years of life to dif-
ferentiate homozygous Hb E, which is asymp-
tomatic, from Hb E °-thalassemia, which

is variably severe (26-29). It is important

to note that most infants with B-thalassemia
syndromes (i.e., B-thalassemia minor and f3-
thalassemia intermediate) are not identified
by neonatal screening.

ALPHA-THALASSEMIA
SYNDROMES

The red cells of newborns with a-thalassemia
contain Hb Bart’s, a tetramer of y-globin.
Many, but not all, neonatal screening programs
detect and report Hb Barts (14,25,31,32).

As shown in table 3, infants with Hb Bart’s
at birth may be silent carriers or have a-tha-
lassemia minor, Hb H disease, or Hb H
Constant Spring disease. Silent carriers, the
largest group with Hb Bart’s at birth, have

a normal CBC. Persons with a-thalassemia
minor generally show a decreased mean cell
volume (MCV) with mild or no anemia.

Newborns with more than 10 percent hemo-
globin Bart’s by IEF or more than 30 percent
hemoglobin Bart’s by HPLC or those who
develop more severe anemia need extensive
diagnostic testing and consultation with a
pediatric hematologist to accurately diagnose
and appropriately treat more serious forms
of a-thalassemia such as Hb H disease or Hb
H Constant Spring disease (33). The identifi-
cation of Hb Bart’s in Asian infants may have
important genetic implications because subse-
quent family testing may identify couples at
risk for pregnancies complicated by hydrops
fetalis (14,25,34).

CARRIERS OF
HEMOGLOBIN VARIANTS

Approximately fifty infants who are carriers

of hemoglobin variants (i.e., hemoglobin traits)
are identified for every one with SCD (14).
The screening laboratory can usually confirm
the carrier state by using a complementary
methodology. Some programs recommend
confirmation of carriers by testing a second
specimen from the infant.

Carriers are generally asymptomatic (table 4),
and thus identification is of no immediate
benefit to the infant. However, parents are
entitled to the information and can benefit
from knowing the child’s carrier status, in part
because the information may influence their
reproductive decision-making. Therefore, par-
ents of infants who are detected to be carriers
through neonatal screening should be offered
education and testing for themselves and their
extended family (2,11,14). Such testing may
raise concerns about mistaken paternity and
should not be performed without prior discus-
sion with the mother. Testing of potential car-
riers requires a CBC and hemoglobin separa-
tion by hemoglobin electrophoresis, IEE, or
HPLC. To identify those with -thalassemia,



Table 2. Non-Sickle Hemoglobinopathies Identified by Neonatal Screening*

Screening Results

F only

FE

FC

FCA

Possible Condition
Premature Infant

Homozygous p°-thalassemia

EE

E po-thalassemia

CcC

C pBo-thalassemia

C B*-thalassemia

*Other, less common hemoglobins, also may be identified.

Clinical Manifestations
Repeat screening necessary

Severe thalassemia

Microcytosis with mild or no anemia

Mild to severe anemia

Mild microcytic hemolytic anemia

Mild microcytic hemolytic anemia

Mild microcytic hemolytic anemia

Table 3. Alpha-Thalassemia Syndromes Identified by Neonatal Screening

Screening Results

FA+Bart's

FAS+Bart’s,
FAC+Bart's,
FAE+Bart's,
FE+Bart's

Possible Condition
a-thalassemia silent carrier
a-thalassemia minor

Hb H disease

Hb H Constant Spring

a-thalassemia with

structural Hb variant

Clinical Manifestations
Normal CBC
Microcytosis with mild or no anemia

Mild to moderately severe
microcytic hemolytic anemia

Moderately severe hemolytic anemia

Clinical manifestations, if any, depend on
the structural variant (e.g., Hb E) and severity

of a-thalassemia
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Table 4. Hemoglobinopathy Carriers Identified by Neonatal Screening

Screening Results Possible Condition

FAS Sickle cell trait

FAC Hb C carrier

FAE Hb E carrier

FA Other Other Hb variant carrier

Clinical Manifestations

Normal CBC
Generally asymptomatic (see chapter 3)

No anemia
Asymptomatic

Normal or slightly | MCV without anemia
Asymptomatic

Depends on variant; most without clinical
or hematologic manifestations

accurate quantitation of Hb A, by column
chromatography or HPLC and of Hb F by
alkali denaturation, radial immune diffusion,

or HPLC is also needed if the MCV is border-

line or decreased.

UNIDENTIFIED HEMOGLOBIN
VARIANTS

Many of the more than 600 known hemoglo-
bin variants are detected by current neonatal
screening methods. Many are rare, and most
are not identifiable by neonatal screening or
clinical laboratories. Each year more than
10,000 infants with unidentified hemoglobin
variants are detected by U.S. neonatal screening
programs (13,35). The definitive identification
of these variants is accomplished for fewer
than 500 of these infants, in part because of
limited reference laboratory capacity. Most
infants are heterozygotes, and most will have
no clinical or hematologic manifestations.
However, some variants, particularly unstable
hemoglobins or those with altered oxygen
affinity, may be associated with clinical
manifestations even in heterozygotes. Other
variants have no clinical consequences in

heterozygous or homozygous individuals, but
may cause SCD when coinherited with Hb S,
and thus have potential clinical and genetic
implications (21).

Followup of these infants is problematic,

in part because uncertainty may cause frustra-
tion and anxiety for parents and health care
providers. No national consensus has yet been
produced to guide neonatal screening pro-
grams and clinicians in the followup of infants
with unidentified hemoglobin variants. The
following approaches may be considered. If
the infant is a heterozygote (i.e., the quantity
of Hb A is equal to or greater than the quanti-
ty of the unidentified hemoglobin), the infant
is well (without anemia or neonatal jaundice),
and the family history is negative for anemia
or hemolysis, then no further hematologic
evaluation may be necessary.

Alternatively, some recommend repeat IEF,
HPLC or hemoglobin electrophoresis and/or
obtaining a CBC, reticulocyte count, and
peripheral smear for red cell morphology
between 6 and 12 months of age. Fetal hemo-
globin (y—globin) variants disappear by 1 year

of age, and the absence of anemia or hemolysis



may be reassuring for parents of infants with

hemoglobin variants that persist (a- or -glo-

bin variants). For some families, it may be

appropriate to offer hemoglobin electrophoresis,
IEE, or HPLC and/or CBC, blood smear, and

reticulocyte counts on parents. Infants with
clinical or laboratory evidence of hemolysis

or abnormal oxygen affinity and those without

Hb A, especially compound heterozygotes
with Hb S, require definitive hemoglobin
identification (21,36,37). This may require
protein sequencing, DNA analysis, or HPLC

combined with electrospray mass spectrometry

in a specialized reference laboratory (38).
Identification of the hemoglobin variant to
clarify genetic risks should also be considered
for families in which another hemoglobin
variant (e.g., Hb §) is present.
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SICKLE CELL TRAIT

Individuals who have sickle cell trait (SCT)
do not have vaso-occlusive symptoms under
physiologic conditions and have a normal life
expectancy. The inheritance of SCT should
have no impact on career choices or lifestyle.
SCT is found in 8 percent of African
Americans and is also prevalent in persons

of Mediterranean, Middle Eastern, Indian,
Caribbean, and Central and South American
descent. Neonatal screening (chapter 2) will
provide early detection of SCT. This chapter
will discuss clinical syndromes associated with
SCT, some of which occur only under condi-
tions of extreme physiologic stress.

EYE

TRAUMATIC HYPHEMA

The presence of SCT significantly alters the
management of traumatic hyphema, which is
discussed more fully in chapter 14, Sickle Cell
Eye Disease.

RENAL AND
GENITOURINARY TRACT

HYPOSTHENURIA

Individuals with SCT can develop microscopic
infarction of the renal medulla, resulting in loss
of maximal urine concentrating ability; this
condition is present in most adults with SCT
(1). Maximum urine osmolality following fluid

deprivation or intranasal DDAVP may be
as low as 400 to 500 mOsm/kg. Coexistent
o-thalassemia provides partial protection
against this urine-concentrating defect (2).

HEMATURIA

(ALSO SEE CHAPTER 19, RENAL ABNORMALITIES

IN SICKLE CELL DISEASE)

Necrosis of the renal papillae can result in
hematuria, which is usually microscopic. Gross
hematuria is occasionally provoked by heavy
exercise or occurs spontaneously. Individuals
with hematuria should be evaluated by a urolo-
gist, who will perform imaging studies as
needed to exclude neoplasms (3-5) or renal
stones or any related problems with flow of
urine from the calyces to the urethra.

Individuals with acute episodes of gross hema-
turia are cautioned to avoid exercise but are
encouraged to continue to perform sedentary
work. They are encouraged to take fluids
(equivalent to half-normal saline) and may
also receive sodium bicarbonate 650 to 1,200
mg per day. If bleeding persists, an antifibri-
nolytic agent such as epsilon aminocaproic
acid (EACA) can be prescribed (6). In a con-
trolled trial of individuals with SCT who had
hematuria, administration of EACA at an oral
dose of 6 to 8 grams daily in four to six divid-
ed doses caused resolution of hematuria at a
mean of 2.2+0.3 days, compared with 4.5£1.9
days for those individuals not receiving the
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drug (6). The authors reported a high incidence
of ureteral obstruction by clots accompanied
by flank pain (in 15 of 38 episodes with an
intravenous pyelogram [IVP]), which resolved
without specific therapy over 2 to 37 days.
However, ureteral obstruction by clot also
occurred at the same frequency in the absence
of EACA. Although the best dose and dura-
tion for use of EACA in treatment of hema-
turia related to SCT has not been adequately
investigated, one effective regimen is adminis-
tration of 3 grams 3 or 4 times per day for

1 week; in most patients, hematuria will
resolve after 2 to 3 days (7). In some individuals,
iron replacement and even transfusions may
be required.

Occasionally, bleeding is so brisk or persistent
that it is necessary to perform invasive surgery
to visualize bleeding sites, identify the pathol-
ogy at those sites, and stop the bleeding by
local measures in order to save the kidney.

URINARY TRACT INFECTION

The frequency of urinary tract infection is
higher in women with SCT than in racially
matched controls, especially during pregnancy,
when the frequency is about double (8). The
presence of SCT in men was not associated
with increased frequency of urinary tract
infection in a large study of patients in U.S.

Department of Veterans Affairs’ hospitals (9).

AUTOSOMAL DOMINANT POLYCYSTIC
KIDNEY DISEASE

The incidence of end-stage renal failure from
this disorder is identical for Caucasians and
African Americans; however, the onset of
end-stage renal failure occurs at an earlier
age for individuals with SCT than for African
Americans without SCT (38 years versus 48
years [p<0.003]) (10).

COMPLICATIONS OF
STRENUOUS EXERCISE

Risk factors for exercise-related death of young
adults with SCT include environmental heat
stress during the preceding 24 hours (11),
incomplete heat acclimation, wearing heat-
retaining clothing, dehydration, delay in
recognition or treatment of exertional heat
illness, obesity with poor exercise fitness (12),
sustained heroic effort above customary activi-
ty, and inadequate sleep. Many of these factors
were present in military recruits under extreme
conditions of 8 weeks of physical training,
where the excess mortality rate for those with
SCT was 1 per 3300 in the late 1970’s (13).
The higher risk of exercise-related death is
attributed mainly to the intensity of new exer-
cises or to sustained duration for which the
individual is unprepared. This higher risk is
eliminated by measures to prevent exertional
heat illness, which should be incorporated into
all intensive exercise programs and made avail-
able to all participants.

SCT does not contraindicate participation in
competitive sports. In fact, many reports show
no increased morbidity or mortality for profes-
sional athletes with the trait (1) who stay fit
during the off-season. Prevention of exertional
heat illness requires hydration or similar mea-
sures for distance runners and military recruits
(1,14,15). Individuals should increase perfor-
mance levels gradually, and training should
cease and restart slowly if myalgia occurs.
There is no requirement to screen for SCT
before participation in athletic programs.

SPLENIC INFARCTION

Splenic infarction usually presents as severe
abdominal pain localized within a few hours
to the left upper quadrant. It is best seen on

a computerized tomography (CT) scan, which
may show a region of hemorrhage. An episode



of splenic infarction with SCT usually resolves
in 10 to 21 days and rarely requires surgical
intervention. Splenic infarction associated with
SCT may occur with hypoxemia from systemic
disease or from exercise at sea level or at high
altitude (1). Splenic infarction is associated
with flights in unpressurized aircraft at 15,000
feet or more but may occur rarely at mountain
altitudes higher than 6,000 feet above sea level.
The frequency seems to be disproportionately
greater in phenotypically non-African American
individuals (16), an observation that may be
due to reporting bias. Nevertheless, numerous
individuals with SCT have participated
successfully in long-distance races in the
Cameroon and in high-altitude sports, includ-
ing the Olympics in Mexico City. Thus, the
majority of people with SCT can travel safely
to mountain altitudes for recreational activities;
however, rare individuals who have had splenic
complications may risk recurrence.

SURGERY AND OTHER
MEDICAL CONDITIONS

Surgery is not likely to be complicated by

the fact that an individual has SCT (17).
Individuals with SCT are not at increased

risk for an adverse outcome from anesthesia,
and they are not limited in their choice of
anesthetic agents. There is no convincing
evidence that SCT is associated with increased
frequency or severity of diabetic retinopathy,
stroke, myocardial infarction, leg ulcers, avas-
cular necrosis and arthritis, or the bends due
to diving. Some case reports of possible associ-
ations of SCT with increased medical morbid-
ity may represent situations in which other
variants of f3- or a-globin chains produced
undiagnosed SCD (18). Rare cases may be
due to increased 2,3-DPG or altered oxygen
affinity, which might increase polymerization
of Hb S sufficiently to cause a phenotype of
SCT to behave like SCD (18,19).

EDUCATION AND
GENETIC COUNSELING

All persons with SCT should be educated
about the inheritance of SCD and about the
availability of partner testing, genetic counsel-
ing, and prenatal diagnosis (see chapter 4).

REFERENCES

1. Kark JA, Ward FT. Exercise and hemoglobin S.
Semin Hematol 1994;31:181-225.

2. Gupta AK, Kirshner KA, Nicholson R, et al.
Effects of alpha-thalassemia and sickle
polymerization tendency on the urine-
concentrating defect of individuals with SCT.

J Clin Invest 1991;88:1963-8.

3. Davis CJ Jr, Mostofi FK, Sesterhenn IA. Renal
medullary carcinoma. The seventh sickle
cell nephropathy. Am J Surg Pathol 1995;19:1-11.

4. Avery RA, Harris JE, Davis CJ Jr, et al. Renal
medullary carcinoma: clinical and
therapeutic aspects of a newly described tumor.
Cancer 1996;78:128-32.

5.  Baron BW, Mick R, Baron JM. Hematuria in
sickle cell anemia—not always benign: evidence
for excess frequency of sickle cell anemia in
African Americans with renal cell carcinoma.
Acta Haematol 1994;92:119-22.

6. Black WD, Hatch FE, Acchiardo S. Aminocaproic
acid in prolonged hematuria of patients with sick-
lemia. Arch Intern Med 1976;136:678-81.

7. Mclnnes BK III. The management of hematuria
associated with sickle hemoglobinopathies. J Uro/
1980;124:171-4.

8. Pastore LM, Savitz DA, Thorp JM Jr. Predictors
of urinary tract infection at the first prenatal visit.
Epidemiology 1999;10:282-7.

9. Heller P, Best WR, Nelson RB, et al. Clinical
implications of sickle-cell trait and glucose-
6-phosphate dehydrogenase deficiency in
hospitalized black male patients. N Engl ] Med
1979;300:1001-5.

10. Yium J, Gabow B, Johnson A, et al. Autosomal
dominant polycystic kidney disease in
blacks: clinical course and effects of sickle-cell
hemoglobin. J Am Soc Nephrol 1994;4:1670-4.

11. Kark JA, Burr PQ, Wenger CB, et al. Exertional
heat illness in Marine Corps recruit training.

Aviat Space Environ Med 1996;67:354-60.



Chapter 3: Sickle Cell Trait

12.

13.

14.

15.

16.

17.

18.

19.

Gardner JW, Kark JA, Karnei K, et al. Risk factors
predicting exertional heat illness in male Marine
Corps recruits. Med Sci Sports Exerc 1996;28:939-44.
Kark JA, Posey DM, Schumacher HR, Ruehle CJ.
Sickle-cell trait as a risk factor for sudden death in
physical training. N Engl ] Med 1987;317:781-7.
Armstrong LE, Epstein Y, Greenleaf JE, et al.
American College of Sports Medicine. Heat and
cold illnesses during distance running: American
College of Sports Medicine Position Stand. Med
Sei Spores Exerc 1996;28:(12):i-x.

Montain SJ, Latzka WA, Sawka MN. Fluid
replacement recommendations for training

in hot weather. Mil Medicine 1999;164:502-8.
Lane PA, Githens JH. Splenic syndrome at
mountain altitudes and SCT. Its occurrence

in non-black persons. JAMA 1985;253:2251-4.
Steinberg MH. Sickle Cell Trait. In: Steinberg
MH, Forget BG, Higgs DR, et al., eds. Disorders
of Hemoglobin: Genetics, Pathophysiology and
Clinical Management. Cambridge, UK: Cambridge
University Press, 2001:811-30.

Witkowska E, Lubin B, Beuzard Y, et al. Sickle cell
disease in a patient with SCT and compound
heterozygosity for hemoglobin S and hemoglobin
Quebec-Chori. N Engl ] Med 1991;325:1150-4.
Cohen-Solal M, Prehu C, Wajcman H, et al.

A new sickle cell disease phenotype associating
Hb S trait, severe pyruvate kinase deficiency

(PK Conakry), and an alpha2 globin gene variant
(Hb Conakry). Br J Haematol 1998;103:950-6.



GENETIC COUNSELING

Sickle cell trait (SCT) is not considered to

be a health problem, but individuals who test
positive should be informed about the impli-
cations for their health and family planning.
Thus, the primary issues addressed in this
chapter are what information should individu-
als receive, and who should provide it (1-8).

Despite mandatory newborn screening pro-
grams implemented in most states by 1991,
children with SCT may not recall or under-
stand the implications by the time they reach
childbearing age. Currently, there are two
major circumstances in which adults will
learn that they have SCT, leading to two
groups of counselees:

1. Parents of a child with SCT. When a
newborn with SCT is identified through

screening, at least one of the parents will

have SCT.

2. Pregnant women. During prenatal care,
women from racial groups with a high
prevalence of the sickle cell gene frequent-
ly are tested for the gene.

SCT counseling has two components—educa-
tion and decision-making—but the emphasis
differs in the two cases above. For the first
group, the focus is on education, that is, to
enable individuals to make informed decisions,
in their own interest, about future family
planning. For the second group, the focus is
on education and informed decisions, in their
best interest, about the current pregnancy.

CONTENT AND APPROACHES

Although there is basic information that all
counselees should receive, the goals are suffi-
ciently different for the two groups, so that
there should be substantive differences in the
content and the approaches of the respective
counselors. An essential principle for each
counseling group is that advice, personal opin-
ions, and societal positions must not be given
or implied. This admonition must be obeyed
strictly because, in each case, self-determina-
tion is the desired outcome. Counselors must
not influence decisions inappropriately—
overtly through statements or covertly
through facial expressions, tone of voice,

body language, etc.—particularly if asked,

“What should I do?”

Since counseling goals are based entirely
upon the principle of self-determination, and
are not intended to be preventive, the coun-
selor’s success is not determined by a decline
in the incidence of sickle cell disease (SCD)
but the extent to which informed self-interest
decisions are made.

BASIC CONTENT FOR ALL SESSIONS

s Purpose and goal of the session

= How sickle cell conditions are acquired—
genetic basis

s Difference between SCT and SCD

s Health problems that can occur in SCD
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= Variability of and inability to predict
occurrence and frequency of health
problems in SCD

= Potential outcome of each pregnancy
if one or both partners has SCT

= Family planning options

= Racial groups who have SCD and the
percent of individuals in the counselee’s

racial group who have SCT and SCD

= Average life span of individuals with

SCT and SCD

ADDITIONAL CONTENT
FOR PREGNANCY OUTCOME
DECISIONMAKING SESSIONS

There are several noncognitive factors that
pregnant women (and the fathers) may wish
to consider in order to reach a decision consis-
tent with the goal. These factors include:

= Coping skills relative to a child with
a serious illness

s Personal and cultural values relative

to childbearing
= Religious beliefs
s The need and desire to have children
»  Feelings and attitudes about abortion

n  Belief about self-determination versus
fate as determinants of adverse events

INSTRUCTIONAL/EDUCATIONAL
TECHNIQUES

»  Use lay language whenever possible.

» Translate scientific terms into common
everyday usage whenever possible.

s Use graphics to illustrate key points.

=  Establish a dialogue rather than using
a strict lecture format or information-
giving format.

20

| Implement a pre- and postassessment.

»  Use the postassessment as an opportunity
to clarify misinterpretation or uncertain-
ties that the genetic test revealed.

= Provide literature written in lay language
covering the essential facts.

s Make available sources of more detailed
information for those who are interested.

s Communicate the availability of the
provider for followup questions.

s Follow a structured protocol to ensure that
the essential features are covered. This
should not prevent interaction.

WHO SHOULD COUNSEL
Ideally, the first group should be counseled

by geneticists and genetic counselors with
master’s degrees who have been certified by
the American Board of Medical Genetics or
the American Board of Genetic Counselors.
However, the number to be counseled far
exceeds the supply and the availability of these
professionals. Thus, there has been a need to
train others to provide this service. This can
be achieved with laypersons and paraprofes-
sionals (2,4). Individuals selected for this
task must possess certain personal qualities,
including good communication skills, an
engaging personality, and the discipline to
limit information transmission to what has
been approved for them to provide. Several
training programs offer certification for all
comers; however, there is no statewide or
national requirement for certification.

It is not sufficient to have trained and certified
counselors. Since certification simply means
that individuals are qualified, they should be
periodically monitored to see if they consis-
tently follow the protocol. In one program
this is achieved by audiotaping all sessions and



randomly selecting tapes for review and cri-
tique (4). Other procedures are to conduct
postsession interviews with counseled individ-
uals, or to periodically schedule sessions with
a trained, knowledgeable, simulated counselee
(preferably without the counselor’s awareness).

Ideally, individuals who are trained to provide
services for the first group should be titled
“sickle cell educators” rather than “sickle

cell counselors” because the term counseling
implies assisting individuals to make deci-
sions, which is not their role. The individuals
who are trained to provide services for the
second group are indeed counselors. The use
of the title counselors for the first group is

so traditional that changing the title will not
occur, but the distinction is worth noting.
The second group should be counseled only
by individuals specifically trained to assist
individuals to make psychosocial decisions.
This includes geneticists, master’s degree
genetic counselors, social workers, and psy-
chologists. The latter two, of course, would
have to be “sickle cell educated.”

MINIMAL ACCEPTABLE
ACHIEVEMENTS

For the first group, the interest in being coun-
seled and the information of personal value is
so highly variable it is desirable to have a min-
imal acceptable achievement level in a basic
counseling session. For example, the counselee
should understand:

s The family planning options open
to persons with SCT.

s SCT is not an illness, so no restrictions
need to be placed on his or her activities.

s The variability in severity of SCD.

= Both parents must have the trait for

the child to have SCD.

»  The 25 percent chance that each pregnan-
cy will result in a child with SCD if both
parents have the trait.

= Some of the reasons couples might decide
to have or not have children if both have
the trait.

SCT COUNSELOR
TRAINING PROGRAMS

University of South Alabama
1433 Springhill Avenue
Mobile, Alabama 36604
Contact Person: Linda Jones

(334) 432-0301

Texas Department of Health
1100 West 49th

Austin, Texas 78756

Contact Person: Mae Wilborn
(512) 458-7111 x2071

Cincinnati Comprehensive Sickle Cell Center
3333 Burnet Avenue

Cincinnati, Ohio 45229

Contact Person: Lisa McDonald

(513) 636-4541

Genetic Disease Branch

State Department of Health Services Branch
Berkeley, California 94704

Contact Person: Kathleen Valesquez

(510) 540-3035

Sickle Cell Disease Association of America,
Michigan Chapter

18516 James Couzens Highway

Detroit, Michigan 48235

Contact Person: Jetohn Thomas

(313) 864-4406
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CHILD HEALTH CARE MAINTENANCE

For decades, complications of sickle cell dis-
ease (SCD) produced the highest mortality
rate in the first 3 years of life (1). However,
public health programs and comprehensive
care for children who have SCD reduced early
childhood mortality in countries such as the
United States, United Kingdom, France,
Jamaica, and Saudi Arabia. Unfortunately,
childhood mortality is high in other parts of
the world, especially sub-Saharan Africa where
SCD is prevalent but organized SCD programs
are rare. These guidelines are directed to
health care workers mainly in the United
States, but the approaches may be modified

as other conditions and situations permit.

PATHOLOGIC MECHANISMS

Sickle cells can obstruct blood flow to the
spleen, which results in functional asplenia
within the first few years of life. In addition
to a filtration function, the spleen has B-cells
for antibody production, and when the organ
suffers infarcts and shrinks, this capacity is
lost. Asplenia causes susceptibility to bacterial
infections, particularly with pneumococcus.

CLINICAL FINDINGS

NEONATAL DIAGNOSIS

Newborn screening may be performed on
blood from the umbilical cord or a heel-prick.
Abnormal results should be confirmed with

a second sample, using a different method (2).
Sickling and solubility tests generally are not

useful because they give negative results when
the fetal hemoglobin (Hb F) level is high, and
do not distinguish between sickle trait (Hb
AS) and different forms of SCD. Tests on

the parents may help to confirm the hemo-
globin (Hb) genotype of the baby but can

be incorrect in cases of single parenthood

or nonpaternity. “Deductive” methods based
on blood counts, red cell indices, and relative
levels of Hb F and A, cannot distinguish
between conditions such as SCD-SS with
a-thalassemia and SCD-S °-thalassemia,
nor are they useful in children younger than
6 months of age where the relative levels of
hemoglobins have not stabilized (3). These
problems are avoided if DNA-based methods
are applied to detect specific mutations. The
determinations of * haplotypes and o-tha-
lassemia contribute to the definitive diagnosis
of SCD but play a minor role clinically.

Once a definitive diagnosis is made, the par-
ents should start an educational program with
practical information about the specific type
of SCD that affects their child (4-6). The ini-
tial counseling session sets the tone for how
the parents regard their child’s condition and
the new health care team. Parents often ask
about the expected course and capabilities of
the child with SCD. A person experienced in
the care of children with SCD should be avail-
able to answer these questions without med-
ical jargon and should allow time for other
questions. It is important to tell parents not

to raise children with SCD as sick children,
since they are not ill most of their lives.
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Parental education about SCD cannot be
accomplished in one counseling session.
Providers who do not have the resources

to provide this important service should
refer the family to an appropriate facility.
Future sessions should be planned to provide
information appropriate for the child’s age,
diagnosis, and clinical course.

SPECIAL EVALUATIONS

Specific physical, laboratory, and other
evaluations are needed to monitor children

with SCD (7).

Physical Examination

SCD in young children has a variable presen-
tation. The earliest physical sign may be jaun-
dice in the first few weeks of life. If hemolysis
is not significant clinically, parents and other
family members should be reassured about
eye color changes so that they do not become
overly anxious. Hepatomegaly is a common
finding in children with SCD; the cause is
unknown, but it does not signify liver dys-
function. Spleen size should be measured,

and parents should be made aware of it.
Organomegaly leads many children with SCD
to have a protuberant abdomen, often with an
umbilical hernia. Almost all SCD patients
with moderate-to-severe anemia have a cardiac
systolic flow murmur that does not require
further evaluation. Parents should be reassured
about the murmur so that they will not be
alarmed when other doctors and nurses notice
it. Bone marrow expansion often causes maxil-
lary hypertrophy with overbite; orthodontics
are recommended to prevent or correct this
problem. Growth and development should be
followed closely in children with SCD, and
nutrition should be optimized. Children and
parents should be counseled about potential
social problems related to short stature and
delayed sexual development, which greatly
affects adolescents.

Laboratory Evaluation

It is useful to collect a series of baseline values
on each patient to compare with those at times
of acute illness. Table 1 shows a typical sched-
ule of routine clinical laboratory evaluations.

Table 1. Suggested Routine Clinical Laboratory Evaluations

Tests

CBC with WBC differential, reticulocyte count

Percent Hb F

Renal function (creatinine, BUN, urinalysis)

Hepatobiliary function (ALT, fractionated bilirubin)

Pulmonary function (transcutaneous O, saturation)

* Frequency may vary based on patient’s clinical course.

Age Frequency

3 mo -24 mo every 3 mo
>24 mo every 6 mo
6 mo - 24 mo every 6 mo
>24 mo annually*
=12 mo annually
=12 mo annually
=12 mo every 6 mo*
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Special Studies

The brain and lungs are among the organs
susceptible to serious damage in SCD. Early
detection of dysfunction may allow interven-
tion to reduce risk of further damage.

Brain. Transcranial Doppler ultrasonography
(TCD), magnetic resonance imaging (MRI)
with or without angiography, and neuropsycho-
metric (NPM) studies have been used exten-
sively to evaluate children with SCD. An
abnormally high blood flow velocity by TCD
in the middle cerebral or internal carotid arter-
ies is associated with an increased risk of stroke;
however, blood flow results should be interpret-
ed cautiously because they are dependent on
the technique employed. TCD screening of
children with SCD-SS is recommended to start
at 2 years of age and continue annually if TCD
is normal and every 4 months if TCD is mar-
ginal. Children who have abnormal results
should be retested within 2 to 4 weeks. The
STOP trial (Stroke Prevention Trial in Sickle
Cell Anemia) in 1997 showed that a transfu-
sion program reduces the risk of strokes in
patients with abnormal TCD:s (see chapter 13,
Stroke and Central Nervous System Disease).

Children with SCD who have “silent” cerebral
infarcts detected by MRI have a higher rate
of abnormal NPM studies and a higher risk
for overt strokes. Stroke prevention strategies
based on abnormal MRI results have not been
tested, but children with abnormal MRI or
NPM studies could be evaluated more fre-
quently and carefully and considered for
therapeutic measures.

Lungs. Children with SCD frequently have
abnormal pulmonary function tests (PFT).
PFT should be done regularly in those with
history of recurrent acute chest episodes or
low oxygen saturation. Lung function declines
with age, so it is important to identify those
who need close monitoring and treatment.

MANAGEMENT

The major complications of SCD are dis-
cussed in other chapters, so only topics of
special relevance to children and parents are
mentioned below.

PARENT EDUCATION

Home caregivers have a crucial role in the
successful management of children with SCD,
and this should be emphasized at each counsel-
ing session. Parents should be taught physical
assessment skills (e.g., palpation of spleen), how
to avoid vaso-occlusive complications and treat
pain, and when to administer prophylactic
antibiotics. Educational materials and methods
should be matched to the literacy level of the
caregiver. Instruction should be provided on
how to navigate the medical system. Informa-
tion about physical findings, laboratory values,
and medications should be retained by the
caregiver in case it is needed in an emergency.

FEVER

The constant danger of overwhelming infec-
tion is one of the most difficult concepts to
impart to caregivers (8). Fever is one of the
most common signs of illness in children,

and most parents are unaware that their child
could die from infection. Pneumococcal vacci-
nation and penicillin prophylaxis have reduced
the risk of mortality for SCD children, and
because of vigilance of parents and health care
providers, death from pneumococcal infection
is rare at major sickle cell centers in the United
States. Current recommendations for vaccinat-
ing children, providing prophylactic therapies,
and educating parents about the signs and
dangers of infection should not be relaxed.

Parents should be discouraged from giving
antipyretics at home at the first sign of fever.
Advice that the febrile child deserves further

evaluation only after recurrence or persistence
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of fever (following antipyretic therapy) is
wrong and potentially dangerous. A history
of fever should be taken seriously, and health
care workers, particularly those in emergency
rooms, should not challenge parents whose
children may have no or only low-grade fever
on presentation. At a minimum, the well-
looking, nonfebrile child should be observed
in the emergency room for a few hours to
determine whether fever or other signs of
infection develop.

All children with SCD who have fever
(>38.5°C or 101°F) and other signs of infection
(chills, lethargy, irritability, poor feeding,
vomiting) should be evaluated promptly. The
younger the child, the higher should be the
index of suspicion. In a child with no obvious
source of infection, a minimum evaluation
should include blood culture, complete blood
count, reticulocyte count, and chest x rays (for
those younger than 3 years of age). Immediately
after the blood is taken, the child should be
given broad-spectrum antibiotics, preferably
intravenously. Broad-spectrum antibiotics
should be given even if these tests cannot be
performed. In areas of the world where malaria
is endemic, antimalarial treatment should

be added to the antibiotic coverage. Further
management protocols vary by locality.

While bacterial infection is the major reason
for concern about the febrile child with SCD,
other complications should not be overlooked
(9). Both acute splenic sequestration and ery-
throid aplasia (“aplastic crisis”) are commonly
associated with fever. Early acute chest syn-
drome in young children may show no pul-
monary signs.
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PAIN EPISODES

Painful events are common in children with
SCD. The earliest complication observed
clinically is often dactylitis (“hand-foot syn-
drome”), which starts at less than 1 year of
age. Typical vaso-occlusive pain may involve
limbs, abdominal viscera, ribs, sternum,
vertebrae, and sometimes skull bones. Pain
episodes can start suddenly, or they may
follow an illness along with decreased activity,
loss of appetite, and increased jaundice.
Parents should be assured that most pain
episodes have no identifiable precipitating
factors, so that they do not blame themselves
or their children. Likewise, health care
providers should not assume that the pain

is due to the fault of the parent.

Children with pain should be evaluated.
Parents should be taught to localize the exact
site of pain, to ensure that a limp is due to
pain and not weakness, and to assess the
degree of pain for appropriate treatment.

The object of pain management is relief, even
in the youngest children. Parents should be
taught proper analgesic use in order to manage
most pain episodes at home. Medications
given for mild and moderate pain include
acetaminophen and nonsteroidal anti-inflam-
matory drugs (NSAIDs), such as ibuprofen,
and mild opioids, such as codeine, for young
children. Stronger NSAIDs and opioids are
reserved for older children with severe pain.
Parents should be educated about the side
effects of these drugs and reassured about

the risk of drug addiction when they are used
properly. If home management fails, parents
are encouraged to call for consultation or

a hospital visit.



CLINICAL SEVERITY

A report from the Cooperative Study of
Sickle Cell Disease (CSSCD) identified early
predictors of clinical severity such as dactylitis
before 12 months of age, average Hb level
of less than 7 g/dL in the second year of life,
and elevated leukocyte count (>13,700/puL)
before 10 years of age (10). Further studies
will be required to identify those at high
risk in order to consider therapies such

as hydroxyurea, chronic transfusions, or
bone marrow transplants.

COMPREHENSIVE MANAGEMENT

Comprehensive management of SCD often
requires a team that comprises doctors, nurses,
health educators, and medical social workers.
Often emergency room physicians, radiolo-
gists, anesthesiologists, surgeons, and critical
care specialists also become involved. Facilities
generally should have medical consultants,
hematology and microbiology laboratories,

a radiology service, and blood bank available
24 hours a day. On occasion, patients may
need TCD, computerized axial tomography,
MRI, and MRI with angiography, which are
available at major medical centers.

After the diagnosis of SCD, the comprehen-
sive care team must initiate and coordinate
medical and psychosocial care for the child
and family. These activities should include
education, genetic counseling, and preparation
for independent living.

SUMMARY

Survival of children with SCD has been
improved largely through prevention of over-
whelming bacterial infections. Preventive
measures include newborn screening, protective
vaccinations, teaching caregivers to recognize
early signs of illness, and prompt treatment

of suspected infections.

RECOMMENDATIONS

GENERAL HEALTH MAINTENANCE
FOR CHILDREN

Frequent Visits

Children with SCD should receive the same
general health care as children without the dis-
ease. Well-child visits for growth monitoring,
immunizations, and counseling on preventive
health measures should be supplemented with
specific information about SCD. The schedule
of visits in the first 2 years of life should be
every 2 to 3 months, planned to coincide with
the immunization schedule. After the age of
2, the frequency of visits depends on patient/
family needs and access to medical consulta-
tion, but it should be at least every 6 months.

Immunizations

In addition to routine immunizations against
hepatitis B, polio, diphtheria, pertussis,
tetanus, Haemophilus influenzae type b,
measles, mumps, and rubella, children with
SCD require additional immunizations. The
recent introduction of the pneumococcal-
conjugated vaccine (PCV) for children in

the United States is important for those with
SCD. Prevnar (Wyeth-Lederle), the 7-valent
PCV (PCV7) licensed in the United States,
covers pneumococcal serotypes 4, 9V, 14,
19E, 23E 18C, and 6B, and has possible
cross-reactivity with serotypes 6A, 9A, 9L,
18B, and 18E Together these serotypes
account for 87 percent of bacteremia and 83
percent of meningitis due to pneumococcus
in the United States. The American Academy
of Pediatrics (AAP) recommends Prevnar for
children with SCD up to 59 months of age.
However, there is no reason why older SCD
patients should not receive the vaccine. The
23-valent pneumococcal polysaccharide vac-
cine (PPV23, also known as 23PS), previously
recommended at 2 years of age with a booster
at age 5, still should be used in addition to the
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conjugated vaccine. The recommended sched-
ules of vaccination for the prevention of pneu-
mococcal infection in U.S. children with SCD
are shown in tables 2 and 3 [modified from
11,12)].

Meningococcal vaccination has not been rec-
ommended routinely for children at most U.S.
sickle cell centers, probably due to infrequent
meningococcal infections reported. If children
live in or travel to areas with a high prevalence
of meningococcal infection, this vaccine
should be given. In addition, influenza vacci-
nation is recommended seasonally for patients

with SCD.

Penicillin Prophylaxis

The most important intervention in the rou-
tine management of children with SCD is
penicillin prophylaxis to prevent pneumococ-
cal infection (13), which justifies newborn
screening. Penicillin is given twice daily from
as early as 2 months of age, a treatment sup-
ported by the hallmark Penicillin Prophylaxis
Studies of the 1980s. It was recommended
that children with SCD-SS be given penicillin
VK: 125 mg by mouth twice daily for those
under 3 years of age, and 250 mg twice daily
for those 3 and older. Penicillin may be given
as a liquid or tablet; finely crushed pills may
be given to young children. Pills have an
important advantage because they are stable
for years, compared to liquid forms of peni-
cillin that must be discarded after 2 weeks.
An alternative to oral penicillin is an injection
of 1.2 million units of long-acting Bicillin™
every 3 weeks.

A study in children older than 5 years of age,
found no clinical benefit of penicillin prophylax-
is compared with placebo, indicating that treat-
ment may be stopped at that age (14). Patients
on penicillin had no increased infections with
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penicillin-resistant organisms or other adverse
effects. Since splenic function is still absent in
patients with SCD older than 5 years of age,
parents should be given the option to contin-
ue penicillin if desired. For patients allergic
to penicillin, erythromycin ethyl succinate
(20 mg/kg) divided into 2 daily doses can pro-
vide adequate prophylaxis. The importance of
prophylactic antibiotics should be emphasized
at all visits because parents may become non-
compliant with this essential treatment.

Although the data that support these recom-
mendations were generated in SCD-S8S
patients, they are assumed to be valid for
SCD-S B°-thalassemia. The CSSCD showed

a higher-than-expected incidence of bacteremia
in children younger than 3 years of age with
SCD-SC. Pneumococcal infection has been
reported in SCD-SC in the first two decades of
life, although less frequently than in SCD-SS.
Protection of SCD-SC patients with prophy-
lactic penicillin and antipneumococcal vaccine
is probably wise even without experimental
data. It is difficult to recommend prophylaxis
for children with SCD-S B*-thalassemia.

Nutrition

Nutrition counseling is an important part

of routine health care. Mothers should be
encouraged to breastfeed their infants; iron-
fortified formulas are an alternative. However,
additional iron should not be given unless the
patient is proved iron-deficient, since people
with SCD accumulate iron faster than normal.
Microcytosis in children with SCD could be
due to a- or B-thalassemia trait rather than
iron deficiency. Folic acid (1 mg orally) is
given daily to patients with chronic hemolysis,
such as those with SCD, to reduce the risk of
bone marrow aplasia.



Table 2. Recommended Schedule of Pneumococcal Immunization in
Previously Unvaccinated Children with Sickle Cell Disease

Product Type Age at 1st dose Primary series

PCV7 (Prevnar) 2-6 mo 3 doses 6-8 wk apart
7-11 mo 2 doses 6-8 wk apart
=12 mo 2 doses 6-8 wk apart

PPV23 (Pneumovax) =24 mo 1 dose at least 6-8 wk

after last PCV7 dose

Additional doses
1 dose at 12 to <16 mo

1 dose at 12 to <16 mo

1 dose, 3-5 yr after
1st PPV23 dose

Table 3. Recommended Schedule for Catch-up Pneumococcal Immunization
for Previously Vaccinated Children with Sickle Cell Disease

Age Previous doses Recommended
12-23 mo Incomplete primary PCV7 2 doses PCV7, 6-8 wk apart
=24 mo 4 doses PCV7 1st dose PPV23, 6-8 wk after PCV7;

2nd PPV23 dose, 3-5 yr after 1st PPV23

1-3 doses PPV7 1 dose PCV7;

(before 24 mo of age) 1st dose PPV23, 6-8 wk after PCV7;
2nd PPV23 dose, 3-5 yr after 1st PPV23

1 dose PPV23 2 doses PCV7, 6-8 wk apart, 1st dose given
at least 8 wk after PPV23 dose; 2nd PPV23
dose, 3-5 yr after 1st PPV23

Current U.S. Food and Drug Administration indications are for administration of PCV7 only to children younger than 24 months of age.
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Deficiencies in nutrients (e.g., zinc) should
be corrected if they occur. Fluoride, given in
vitamins or in drinking water, will prevent
dental caries. Standard antibiotic prophylaxis
should be used to cover dental procedures
such as extractions and root canal therapy.

COUNSELING

In addition to genetic counseling, children
and teens with SCD and their families may
need academic and vocational guidance, as
well as advice on recreational activities and
travel. The basic premise is that parents should
treat their affected child as normally as possible,
and they should encourage activities that
foster self-esteem and self-reliance. These
feelings will help children and adolescents

to cope more effectively with their illness.

Academic and Vocational Counseling
Educational materials should be provided to
teachers and other school officials who interact
regularly with children with SCD. School
personnel should meet with the parents to

set realistic educational goals. Illness often
interrupts schooling and extracurricular
activities, so tutoring or other assistance may
be needed. Unless impaired by cerebrovascular
disease, children with SCD have normal intelli-
gence and should be encouraged to reach their
full potential.

Vocational counseling is important for adoles-
cents and adults with SCD. The long-term
goal is to prepare the child with SCD for
independent living. Introducing children and
adolescents to adults with SCD who have
coped successfully with their illness has a
positive effect.
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Recreation and Travel

Patients should be encouraged to exercise reg-
ularly on a self-limited basis. School-age chil-
dren should participate in physical education,
but they should be allowed to rest if they tire
and encouraged to drink fluids after exercise.
The potential risks of strenuous exertion
should be discussed with the patient. Children
and adolescents may engage in competitive
athletics with caution because signs of fatigue
may be overlooked in the heat of competition.
Coaches are advised against blanket exclusion
from participation or excessive demands for
athletic excellence. Patients with SCD should
dress warmly in cold weather and avoid swim-
ming in cold water.

Children with SCD may benefit from atten-
dance at a summer camp, either an appropri-
ate regular camp or a special one for children
with SCD. If the staff members are knowl-
edgeable about the disease and comfortable
with the care of these children, the campers
can learn self-reliance and share experiences
about SCD while having fun. Health care
providers have found such camps to be a
valuable experience for children with SCD.

Patients or families often seek advice on the
best modes of travel. Flying in pressurized air-
craft usually poses no problems for sickle cell
patients; however, they should dress warmly
to adjust for the cool temperature inside, drink
plenty of fluids, and move about frequently
when possible. On the other hand, travel
above 15,000 feet in nonpressurized vehicles
can induce vaso-occlusive complications.
Ordinary travel by car, bus, or train is not
associated with an increased risk of complica-
tions, although frequent rest and refreshment



stops should be taken. Patients are encouraged
to consult their physicians before travel, and
they are advised to carry with them specific
medical information about their diagnosis,
baseline hematologic values, a list of current
medications, and the name and telephone
number of their physicians. Providers should
give patients the names of physicians or health

care facilities to contact in case of emergencies.

TRANSITION TO ADOLESCENCE

Adolescence is a difficult time of life for
youngsters with chronic diseases. While their
peers become independent, teenagers with
SCD may need frequent help due to illness.
They can become frustrated and have trouble
expressing their feelings. Concern about issues
such as body size, sexual function, pain man-
agement, and death often is expressed as rebel-
lion, depression, or refusal to heed treatment
plans and medical advice.

Adolescents should be advised not to use
tobacco, alcohol, and illegal drugs. Postpubertal
adolescents should be educated about sexuali-
ty, safe sex practices, and the use of condoms
to prevent sexually transmitted diseases. Girls
should be counseled about the risks of preg-
nancy in women with SCD, safe birth control
practices, and the merits of pregnancy at the
right age and social circumstances.

Adolescents may view their long-time pediatric
health care providers as too close to their par-
ents and not speak frankly to them. In this
case, families could be referred to adolescent
medicine specialists to discuss sensitive issues
and preparation for adulthood. Alternatively,
adolescents may be able to express their con-
cerns through “teen support groups.”

The change from a pediatric to an adult

care setting is often difficult, and adolescents
should be given help to access adult care
facilities. In some centers, this transition is
eased by concurrent pediatric/adolescent/adult
sickle cell clinic sessions. Chapter 6 provides
more information about how to facilitate

the patient’s transfer from pediatric to adult
health care specialists.
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ADOLESCENT HEALTH CARE AND TRANSITIONS

Adolescents with sickle cell disease (SCD)

face the same challenges as their healthy coun-
terparts. They desire acceptance by their peers
but, at the same time, wish to become more
independent. Additional help is needed to
transition to new health care providers and
facilities (1). In a prospective study of over
3,500 patients (2), the course of SCD varied
as patients matured, but the frequency of
pain episodes correlated with disease severity.
Patients older than age 20 with frequent
painful events had the greatest risk of early
death, indicating that continuity of care is
important to minimize morbidity and mortali-
ty. Communication with the patient, family,
and multiple providers is needed, but coordi-
nation may be difficult between different
departments, such as pediatric and adult clinics.

ISSUES

Several factors conspire to make transition
difficult. Young people with SCD become
familiar with the pediatric environment and
providers to whom they may literally owe their
lives. Adolescent bravado may result in a ten-
dency to deny illness and a reluctance to go

to a strange adult care facility. Adolescents
desire independence as adults but may not be
ready to face new responsibilities for appoint-
ments and medications. For example, although
young patients with SCD feel healthy, they
must have routine ophthalmology exams to
forestall blindness. They also need support to
deal with issues such as contraception, sexually
transmitted diseases, and family planning.

Moreover, the current health care environment
tends to neglect the needs of patients with
chronic disorders. Insurers seek groups of
young and healthy people to reduce costs.
Patients with chronic illnesses such as SCD
frequently lose medical coverage when they
become legally independent of their parents.
To reduce expensive hospitalizations, integrat-
ed transition programs can provide age-appro-
priate treatment and continuity of care from
pediatric to adult facilities.

CLINICAL FINDINGS

Studies from the Duke Comprehensive Sickle
Cell Center show that a patient’s coping style
significantly predicts the extent of health care
contact, activity, and psychological distress
(3). Patients with active coping styles (use of
multiple cognitive and behavioral strategies)
had fewer emergency room visits. Those
using passive adherence coping styles (reliance
on concrete, passive approaches to pain, such
as resting, without resourcefulness when
initial efforts fail) had more emergency room
visits and participated in fewer activities at
home and in school. Another study found
that negative thinking (expression of fear

and anger) correlates with psychological
distress (4). Nine months after the initial
assessment, these studies showed that the
coping strategies of younger children and
adults are relatively stable, but those of adoles-
cents are in flux. For individuals who rely

on less adaptive strategies (passive adherence
or negative thinking), adolescence may be
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a period when these maladaptive styles pre-
dominate. This stress complicates transition.

The unpredictability and stress of SCD pain
episodes affects the entire family, but the
extent of the psychological impact varies
among studies. Some show little psychological
variation between adjustment in siblings and
patients, and little difference from population
norms (5), while others show significant stress
on siblings (6). Parents’ coping styles also
affect children’s activity levels, distress, and
coping strategies. Kramer (7) found 49 per-
cent of the parents of SCD patients in their
sample to be clinically depressed according

to the Center for Epidemiological Studies
Depression scale (CES-D). Programs exist to
improve the education and coping of family
members, reduce daily strain, and teach stress
management techniques (8,9).

IMPLEMENTATION
OF TRANSITION

ASSESSMENT

The members of a transition team include
physicians, mid-level practitioners (e.g., nurses
or physician assistants), and social service
workers—from both pediatric and adult facili-
ties. Each of these providers views patients
from a different perspective, so they must meet
together often to assess readiness of patients
and their families for transition. Written med-
ical records may not contain enough details
of a patient’s history, so verbal discussion of
“group” knowledge helps. New providers can
miss problems when presented with just a dis-
charge summary and list of medications. The
meetings also give providers who treat adults
a chance to ask questions and to assure pedia-
tricians that patient needs will be met.

Physicians and nurses are the primary health
care providers for most people with SCD, but
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pediatric and adult teams are organized differ-
ently, which creates problems with transition.
General pediatricians often are the focus of
care for children with SCD, and hematologists
are usually consultants. This structure was
established because all children need to see
pediatricians for development checks and
routine immunizations. Since many children
with SCD have few other problems, general
pediatricians are the main contacts, and pedi-
atric hematologists advise about additional
interventions such as pneumococcal vaccina-
tion and penicillin prophylaxis.

By contrast, most adolescents and young
adults ages 18-30 are healthy, so few see
health care providers for preventive measures.
The result is that hematologists become the
primary providers for young people with
SCD. Because patients must take the initiative
for health maintenance, their readiness to
accept this responsibility should be assessed.

A patient’s chronologic age should not auto-
matically trigger transition. Some 18-year-old
youths are not ready to go from pediatric to
adult care, so developmental age is a more
appropriate guide. For instance, delayed neu-
rocognitive development from cerebrovascular
injury may hamper a patient’s ability to adjust
to adult health care until age 20 or 21.
Similarly, a patient who has just experienced
a serious complication, such as acute chest
syndrome, is unprepared psychologically for
transition to new providers.

Social service workers play a major role in
assessment, since they have more contact with
patients and parents than any other members of
the team and can judge how families deal with
psychosocial problems of chronic illness, such
as anxiety and depression. If they concur that
the patient and family are ready for transition,
the subject should be broached to the parents
and child well ahead of time to prepare them.



PREPARATION AND SUPPORT

All parties—patients, providers, and facilities—
must agree beforehand on a plan for transition,
which is an orderly movement of the patient’s
medical care from one set of places and
providers to another. This is a process that
occurs gradually, in contrast to an abrupt trans-
fer of locale. The idea of transition is men-
tioned a year or so before the process begins,

to prepare families mentally; reading material
can reinforce the concept between clinic visits.
Patients and providers should make plans
together to ensure they are clear to all. Providers
can gauge success at each point, and patients
may ask questions and voice concerns.

For parents, transition to adulthood entails
loss of responsibility for, and control over,
their child’s medical care. They often have
difficulty relinquishing the central role, and
this can produce resistance to the transition
effort. Reassurance that the pediatric and adult
providers will remain in contact is important
to alleviate the fear that the pediatricians are
abandoning them. Patients, parents, and
providers should view transition as a positive
milestone. Together, they have achieved a
significant step and should be congratulated.
Adult providers then become positive addi-
tions to an already successful team.

One of the most effective ways to dispel fears
of transition is to make contact with people
who have gone through the process. Support
groups with older adolescents and young
adults are particularly helpful. Community
events, such as picnics or holiday celebrations,
often work better than meetings because they
focus on activity rather than disability, and
discussion is easier without health providers.

Institutional administrators are also important
to support transition programs, which require

personnel allocated by the administration.

A single provider without nursing or social
service support cannot deliver care or transi-
tion patients adequately. Some pediatric facili-
ties have an upper age limit for inpatient care,
and transition may be suboptimal if patients
with delayed development are transferred to
adult facilities just because of age.

TRANSFER PROCESS

The pediatric providers should introduce the
adult team to the patient and parents in the
pediatric setting first, if possible. In this famil-
iar environment, the family will have a chance
to clarify details of the transition before a last
pediatric visit. Pediatric providers should not
simply give patients the phone number and
instruct them to call. At the last pediatric visit,
providers should schedule the next appoint-
ment as they normally do, but it will be with
the adult team. The first transferred clinic
appointment is a crucial test of transition.

A member of the adult team should escort the
family to the new facility, and introduce them
to the staff there. Patients with SCD may find
it hard to locate a new clinic, especially if they
are symptomatic. For example, a pain episode
is not the best time to meet new providers in
a strange place.

If the patient misses the next appointment,

a pediatric team member (e.g., social worker)
should call and work with the patient, parents,
and adult providers to resolve any issues.

A “no show” at the adult facility may be an
indirect way to ask for more help with the
transition process. Often, patients are reluc-
tant because the adult clinic is unfamiliar,

yet they will not return to the pediatric clinic,
which they perceive to have discharged them.
Continuity is lost, and patients may suffer

a medical catastrophe.
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Young adults with mild SCD tend to skip
followup with specialists who can prevent
complications of SCD. For example, asymp-
tomatic retinal blood vessel proliferation may
result in ocular hemorrhage unless treated by
an ophthalmologist before visual loss occurs.
Prevention is a key step in the management
of SCD, but young people may be lost during
the transition from pediatric to adult care and
suffer unnecessarily. Intervention, coaching,
and continued support can avert this poten-
tial disaster.

Other obstacles may exist, due to the infra-
structure of the medical system. The best situa-
tion is where good programs for children and
adults with SCD coexist, and efforts are coor-
dinated easily. However, when health care
delivery is unbalanced (e.g., a strong pediatric
program but a weak adult one), transition is
more difficult.

Most children with SCD are the offspring of
heterozygous parents who have health insur-
ance. They have fewer chronic complications
than adults, and hospitalizations occur mainly
for self-limited painful events. In contrast,
adults with SCD have difficulty keeping steady
jobs because their organ damage progresses.
Thus they often require government assistance,
but these programs lack full coverage, such as
for transition programs. The combination of
chronic illness and poor reimbursement deters
some adult providers from the care of patients
with SCD. Adult providers sometimes feel
they are given only problem patients, while
pediatricians keep those who are easiest to
treat. Frequent transition team meetings where
adult and pediatric providers discuss the
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patients can dispel such misconceptions. In
fact, institutional commitment to transition
programs should be bolstered by data indicat-
ing that a well-organized adult care program
for SCD is financially beneficial (10). Both
professional and lay patient advocates should
make this point known.

If no local adult care program exists, pediatri-
cians may hold on to their patients and treat
problems outside their area of expertise (e.g.,
ischemic heart disease). Nevertheless, they also
should empower the patients to deal with an
unfamiliar system. They should give parents a
summary of the child’s medical course for use
in emergencies. This should include copies of
basic records, such as immunizations, blood
type, complications, and current medications,
especially those that work during an acute
pain episode.

SUMMARY

Transition programs prepare an adolescent

to assume responsibility for his or her health
care. The primary charge lies with the pedi-
atric providers, whose first step is to assess the
readiness of the patient and family. The transi-
tion process encourages the gradual matura-
tion of relationships with adult providers via
steps that are designed individually, due to
differences among institutions, providers, and
patients. Such development does not occur
automatically, and a comprehensive transition
program is not always possible. Nevertheless,
adult providers and administrators should be
enlisted to deliver continuous care, which can
avert medical disasters.
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ADULT HEALTH CARE MAINTENANCE

There have been significant improvements

in the outlook for adults with sickle cell
disease (SCD). The Cooperative Study of
Sickle Cell Disease (CSSCD) and other obser-
vational studies have helped to define the
prognosis and common complications that
occur as the patients age. Improved manage-
ment of infections and central nervous system
(CNS) complications in childhood, active
health maintenance for adults, new interven-
tions, and improved psychosocial support have
all contributed to a reduction in morbidity
and mortality.

The prognosis in SCD has dramatically
improved over the past 30 years. Estimates
based on the mortality in the CSSCD indicate
a median survival of 42 years for males and
48 years for females with SCD-SS disease and
60 years and 68 years, respectively, for SCD-
SC disease (1). Patients are now living into
the seventh and eighth decades. More than
90 percent of patients of all phenotypes will
survive past age 20, and significant numbers
are older than age 50 (1). Risk of early death
in adults with SCD is associated with acute
complications such as pain episodes, anemic
events, acute chest syndrome, chronic renal
failure, and pulmonary disease (2).

CHALLENGES

Improved survival provides opportunities

to improve the quality of life for patients with

SCD; however, it also provides unique challenges
in health maintenance. The frequency of pain

episodes increases in early adulthood (3).
Hydroxyurea provides the first pharmacologic
intervention that reduces the frequency of
pain episodes in adults (4). Proliferative
retinopathy is a life-long risk that increases

in prevalence with age (5). Vision may be
compromised by these vascular changes that
predispose to retinal hemorrhages, retinal
detachments, and increased intraocular pres-
sure (5). Renal glomerular disease is prevalent
in adults and may cause increasing anemia,
renal failure, and premature death (6-8).
Prevalence of chronic pulmonary disease and
pulmonary hypertension also increases as
patients age, and may contribute to morbidity
and mortality (9). Complications such as leg
ulcers and osteonecrosis of the hips and shoul-
ders cause chronic pain and disability, which
require social and vocational adjustments
(10,11). Essentially unstudied are the pain
episodes that many women experience in asso-
ciation with menstruation and the increased
frequency and severity of pain episodes near
menopause. Geriatric challenges in patients
with SCD are not well studied.

Health maintenance activities must also
address interactions between SCD and other
common health problems of the adult popula-
tion. Individuals with relative hypertension
and SCD have an increased risk of strokes
and increased mortality, and therefore treat-
ment for hypertension is an important aspect
of health care (12) (see chapter 15, Cardio-
vascular Manifestations). Patients with SCD
are not protected from developing cancer
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as they age (13). Diabetes, asthma, arthritis,
atherosclerotic vascular disease, and other
chronic illnesses may occur concurrently
and provide unique challenges in managing
patients with SCD.

Many adults are well adjusted socially and
psychologically. Others, however, experience
problems including anxiety and depression,
and have difficulty forming and maintaining
relationships, finding and keeping employ-
ment, and participating in usual daily activi-
ties (14-16). There is an increased need for
social and psychological support services to
maximize adjustment and productivity in

adults with SCD (14-16).

RECOMMENDATIONS

Ongoing care of the adult patient includes
preventive health maintenance, early recogni-
tion and treatment of complications, continu-
ous assessment of social status, psychological
assessment and support, and continuing
patient education. Such services can be effec-
tively accomplished only during regularly
scheduled well-patient visits where effective
doctor-patient relationships are established
and medical, social, and psychological issues
are addressed.

INITIAL HEALTH MAINTENANCE VISIT

The initial visit provides an opportunity to
establish rapport with the patient and his or
her family and to determine the patient’s med-
ical and social needs, as well as psychological
strengths and challenges. A complete database
should be developed that includes the infor-

mation outlined in table 1.

i)

ONGOING HEALTH CARE VISITS

Initially, a number of visits every 1 to 2 weeks
will facilitate developing rapport, discussing
laboratory and other test results, completing
the initial database, developing a problem list
and care plan, and exploring active social or
psychological issues. Routine medical evalua-
tions are scheduled approximately every

2 to 6 months, depending on the patient’s
phenotype and active problems. The database
is updated at every visit. Blood counts, reticu-
locyte counts, and urinalysis are repeated at
each visit to establish a baseline and detect
problems. Pulse oximetry at each visit is also
helpful. Routine chemistry tests should be
repeated at least annually. Complications such
as chronic organ failure, other medical prob-
lems, or complex psychosocial problems often
require more frequent visits and more exten-
sive evaluations.

Patients with hypertension, proteinuria,
increased creatinine, renal tubular acidosis,

or hyperuricemia should have more extensive
and regular evaluation of renal function (see
chapter 19, Renal Abnormalities in Sickle Cell
Disease). Individuals, especially those with
sleep apnea or chronic hypoxia requiring oxy-
gen therapy with pulmonary disease or symp-
toms, should have regular pulmonary function
studies and evaluation of pulmonary hyperten-
sion. Patients should have an annual ophthal-
mology examination for retinopathy, increased
ocular pressure, and refraction errors. Followup
examinations of patients with significant
proliferative retinopathy is scheduled by the
ophthamalogist at more frequent intervals

(see chapter 14, Sickle Cell Eye Disease).

In many populations, tuberculosis screening
should be done annually. Tetanus immuniza-
tions are kept up to date, hepatitis vaccine is
given, and influenza vaccines are administered
annually based on recommendations of the



Table 1. Patient Database

Demographic Information

e Name, address, phone number, family
contacts, social security number, birth date

¢ Insurance status

Historical Information
¢ Names, addresses, and phone numbers
of past physicians
e History of SCD related complications and
other medical problems since birth
e Characteristics of pain episodes:
- frequency
duration
usual home treatment
— usual emergency department treatment
average number and duration
of hospitalizations
¢ Past medical treatment:
- surgery
— transfusions—number, reactions,
alloantibodies
— major complications, e.g., cerebrovas-
cular event (CVA), liver, renal, or eye
diseases
e Immunization history
¢ Medications and allergies
e Family history, including sickle cell,
hypertension, diabetes, cancer, others
e Complete review of symptoms by system

Objective Data

e Complete physical examination

e Complete blood counts, reticulocyte count,
hemoglobin phenotype, liver profile,
electrolytes, BUN, creatinine

e [If transfused, consider ferritin, hepatitis
serologies, and red cell phenotype

e Urinalysis including testing for
microalbuminuria

e Chest x ray and other x rays depending
on historical and physical findings

e Electrocardiogram in older patients or
those with cardiac symptoms or findings

e Ophthalmology evaluation for retinopathy

Social and Psychological Profile

¢ Level of education and school success

e Occupational history, hobbies, and
leisure activities

¢ Financial resources

¢ Compliance with treatment and
appointments

e Coping strategies, mental health, depressive
symptoms, and stressors

e Family support, family participation in
health care, past compliance

e Habits, including smoking history, alcohol
use, and use of recreational drugs

e Sexual history, including birth control and
safe-sex techniques

Centers for Disease Control and Prevention
(CDC). Pneumococcal vaccine is repeated every
5 years. Annual testing for HIV and hepatitis
C may be indicated for patients who are sexu-
ally promiscuous. Women should be taught

to practice breast self-examination, have an
annual breast examination by a physician, and
have mammograms with a frequency based
on family history and age as recommended
by the American Cancer Society (ACS). Males
should be screened for prostatic specific anti-
gen after age 50. Screening for colon cancer
is based on family history and age as recom-

mended by the ACS.

PATIENT EDUCATION

Initial evaluation should include assessment
of the patient’s and family’s understanding of
SCD. Educational activities should focus on
correcting deficits in knowledge about more
common complications such as infection, gall-
stones, aseptic necrosis, acute chest syndrome,
leg ulcers, and priapism. Patients should be
taught to seek medical care for persistent fevers
greater than 38°C (100°F); chest pain, cough,
and shortness of breath; symptoms of acute
anemia including weakness, dyspnea, or dizzi-
ness; abdominal pain with nausea and vomit-
ing; respiratory infection with a productive
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cough; symptoms of urinary infection; or
unusually severe headaches. Preventive care
includes learning physical limits and regularly
participating in health maintenance, which
includes following medication and immuniza-
tion recommendations, protecting lower legs,
and practicing safe sex. It is extremely impor-
tant to discuss the specific risks to individuals
with SCD associated with use of alcohol,
cocaine, marijuana, and cigarettes.

All patients require education about appropri-
ate management of pain. They must be taught
to recognize the sources and intensity of their
pain and to use appropriate therapeutic inter-
ventions. Headaches, menstrual cramps, strain,
and muscle pains are best managed with
aspirin, nonsteriodal anti-inflammatory drugs
(NSAIDs), and acetaminophen. Treatment

of SCD-associated pain is initiated with these
agents. Physical therapy interventions—such
as use of rest and heat, drinking fluids, and
using relaxation or distraction—are taught. If
the pain is not controlled by these measures,
the patient is taught to seek medical care.

Patients and families should be reassured that
appropriate use of narcotics to adequately
control pain does not lead to addiction. They
should be encouraged to use only the required
dosages of medication, follow medical direc-
tions, and not use the medication for stress,
anxiety, or other purposes.

The occurrence of chronic pain from avascular
necrosis, leg ulcers, and other complications
requires intense education so that patients
understand that the goals of therapy for
chronic pain are different from those for pain
control during acute episodes. These goals are
to minimize pain, increase pain coping skills,
and maintain maximum social and physical
functioning. In addition to pain medications,
treatment may require nonpharmacologic
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interventions such as occupational and physi-
cal therapy, behavior modification, and other
neurocognitive interventions.

Nutritional counseling is also important, with
the goal of maintaining ideal body weight.
Underweight individuals may require nutri-
tional support. A number of patients need
weight reduction, especially if they are over-
weight and develop complications such as avas-
cular necrosis and diabetes. Folic acid supple-
mentation is recommended for patients with
sickle cell anemia, although the optimum dose
to normalize homocysteine levels has not been
determined. Many patients take other vitamins
and nutritional supplements, but there is no
strong scientific evidence for their use.

Young adults with SCD must be taught to
approach activities in a way that minimizes
excessive stress, exhaustion, dehydration, and
extremes in temperature. Moderation and self-
monitoring of exertion level is the rule. Thus
individual, rather than team, sports generally
are preferred. Exercise is encouraged, but
activities should be regular and slowly progres-
sive. Hydration with water is important
before, during, and after physical activities.
Cold exposure is minimized by adequate
dressing and avoidance of swimming in cold
water. Patients with avascular necrosis should
maintain ideal body weight, avoid vocations
that require prolonged standing or heavy lift-
ing, and refrain from power weight lifting and
exercise that involves running or jumping.

With proper hydration, most patients can tol-
erate air travel in planes pressurized to 2,200
meters (17). Patients going above this altitude
in the mountains or in unpressurized aircraft
may experience pain episodes and other com-
plications (17). With advance arrangements,
most airlines will provide supplemental oxygen
for patients who have experienced problems in
the past or who have other medical problems



that may contribute to risk of complications.
There is anecdotal evidence that persons with
splenic function may be at higher risk during
air travel.

Childbearing and birth control should be

discussed with patients and their partners

(see chapter 23, Contraception and Pregnancy).

Discussions should include the risks during
pregnancy, the potential for spontaneous
abortion, and the physical and emotional
challenges of raising an infant. Resources for
patient support during and after the pregnan-
cy should be explored. Preconception educa-
tion should include genetic counseling and
testing of the partner. Pre- or postconception
genetic counseling should include discussion
of prenatal diagnosis.

VOCATIONAL GOALS
Individuals with SCD should be encouraged

to complete their education and pursue voca-
tions. Jobs requiring strenuous physical exer-
tion, long work hours, exposure to hypoxia, or
extremes in temperature may not be tolerated
and should be discouraged, especially if the
patient has increased symptoms when engaged
in the vocation.

Higher education and advanced vocational
training can provide vocations and professions
that are ideal for individuals with SCD. Many
young adults seem to have more frequent and
severe pain episodes during the first years of
college. This may be related to the rigors of
academic pursuits, excesses because of
increased independence, or perhaps, directly

related to the natural history of the disease (3).

Carefully teaching the individual to establish
excellent study habits and to practice modera-
tion in social activities usually will reduce the
frequency of complications. These changes,
along with discussions with faculty and advi-
sors, almost always allow motivated students

with SCD to complete their studies; however,
more time may be required than is usual for
students without medical problems.

Patients must also be encouraged to discuss
their disease with their employers. Maintain-
ing employment may require intervention by
the health care provider to explain limitations
to the employer, provide excuses for absences
from work, and complete forms for the
employer. Health care providers also should be
familiar with legal protection against discrimi-
nation in the workplace, as provided by the
Americans with Disabilities Act. Individuals
with severe disease, cerebral vascular accidents,
and avascular necrosis may truly be disabled.
In these situations, the health care provider
should actively assist in obtaining benefits

for the patient.

COUNSELING

Social services and psychologic support activi-
ties are a critical component of comprehensive
health maintenance in sickle cell patients (18).
These activities are best accomplished if social
workers and mental health professionals are
integrated into the sickle cell care team. Social
workers are invaluable in solving a myriad

of social and family problems. Mental health
workers can assist in managing psychiatric
problems such as depression, teaching coping
skills, and giving instruction in cognitive and
behavioral management of pain. Nurses are an
essential part of the support team because they
have ongoing interactions with the patients
and their families that facilitate identification
of special patient and family needs. Nurses
coordinate health care efforts and education
about preventive health care, and provide
ongoing psychosocial counseling.

Vocational rehabilitation services are also
important in adult health maintenance. Patients
with inadequate education can receive training
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in order to acquire satisfying employment

that supports independent and productive life
styles. This greatly improves their self-image
and often has a positive impact on their health
and utilization of health care resources. For
example, occurrence of avascular necrosis or
leg ulcers in patients with jobs that require
prolonged standing often requires training

to allow them to qualify for desk jobs.

DENTAL CARE

Routine dental care is important to prevent
loss of teeth and infections that may lead to
other SCD complications. Dental procedures
that require local anesthesia can be performed
in the dentist’s office as with any other patient.
Procedures requiring general anesthesia necessi-
tate hospitalization and may require the usual
perioperative care recommended for sickle cell
patients (see chapter 24, Anesthesia and
Surgery). Patients with a history of rheumatic
heart disease, mitral valve proplapse, heart
murmurs, or those with implanted venous
access catheters and orthopedic prothesis
should receive antibodics for subacute bacterial
endocarditis (SBE) prophylaxis with tooth
extractions, aggressive dental hygiene activities,
gum surgery, or root canal therapy.
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COORDINATION OF CARE:

ROLE OF MID-LEVEL PRACTITIONERS

Patients with sickle cell disease (SCD) require
multdisciplinary care. They often need assis-
tance to navigate the subspecialties of required
providers. Nurses, nurse practitioners, and
physician assistants, often referred to collective-
ly as mid-level practitioners (MLPs), are well-
qualified to coordinate patient care because
they are familiar with holistic approaches.

Patients and their families also need help

to manage the daily problems of living with

a chronic disease. Issues for MLPs include pre-
ventive and primary care, pain management,
transfusion and chelation therapy compliance,
and education of patients and other health
care providers.

MULTIDISCIPLINARY AND
SUBSPECIALTY COORDINATION

The MLP is a liaison between the patient,
primary care provider (often the patient’s
hematologist), and specialists. The MLP’s
important functions are to make appoint-
ments, encourage patients to keep them, and
implement the recommendations. Patients may
require a number of specialists—surgeons for
indwelling intravenous access devices; obstetri-
cians/gynocologists for birth control counseling,
PAP smears, and later, menopause manage-
ment; nephrologists for renal evaluations; car-
diologists for cardiac function tests (especially
as patients age); psychologists for counseling;
and social workers for help with welfare, social
security, housing, or disability benefits.

PREVENTIVE CARE

Each patient encounter is a chance to stress
the importance of preventive health care.
Physical exams, eye exams, and PAP smears
should be done yearly. Immunizations, EKGs,
and pulmonary function tests are also impor-
tant but, unfortunately, may get overlooked in
busy practices. Ways to help patients remem-
ber their annual preventive care needs include
timing appointments with their birthdays

and reminder letters. Providers can review
and track their patients’ needs with the use of
computerized databases and calendar functions.

Young patients and their families should be
trained to recognize the signs of infection and
other life-threatening complications of SCD.
They also should learn how to use a ther-
mometer and palpate the spleen. The MLP
must stress constantly the importance of
prophylactic penicillin and check that parents
give it properly. Parents should be taught
when to call their child’s health care provider
or seek care at a medical facility.

Discussions about sexuality start when patients
are teenagers, since they are more likely to
ask for help if the subject already has been
raised. Because pregnancy poses a risk for
women with SCD, they often are advised

to use birth control, especially those taking
hydroxyurea or deferoxamine mesylate
(Desferal) (1,2). If no history of thromboem-
bolism exists, they can safely use any method,
including oral contraceptives, Depo Provera,
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or Norplant. The MLP should ensure that
patients use birth control properly and
obtain annual PAP smears and STD checks
as required.

Over time, as patients learn about their med-
ical history and the importance of regular
health care visits, they are encouraged to

be proactive. They should be empowered

to choose their own primary care providers
and make their own appointments.

MANAGEMENT
OF PAIN EPISODES

(SEE CHAPTER 10, PAIN)

HOME MANAGEMENT

Painful events are the most common manifes-
tation of SCD. Oral analgesics can be used to
manage most mild-to-moderate pain episodes
at home. Nonmedical therapies, such as hot
baths and showers, massage, distraction, and
relaxation techniques, also can relieve pain.
Patients should contact their health care
providers for any symptoms such as fevers,
chest pain, difficulty breathing, or pain that
occurs in atypical locations or is more severe
than usual. Providers must educate patients
and their families about basic pain manage-
ment principles, use of nonopioid medications
[such as nonsteriodal anti-inflammatory drugs
(NSAIDs) and antidepressants], use of opioid
drugs, and the signs of overuse or abuse.

Adults with SCD often experience chronic pain,
managed by daily use of prescription opioids.
The MLP must be vigilant in checking the
patient’s intake of opioids at home, and should
intervene if there is any suggestion of misuse.
A computerized pharmacy database can help
track usage over time. As few providers as pos-
sible should write prescriptions for a patient.
When patients know they can only receive
pain medication from one or two providers,
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they are less likely to try “shopping around”
for multiple prescriptions. A team approach,
which includes the primary care providers,
pain management experts, and a social worker,
is ideal to help patients manage chronic pain.

DAY TREATMENT CENTER
MANAGEMENT

When a painful event no longer can be treated
with oral analgesics, patients are encouraged
to go to a day treatment center or emergency
room (3,4). Hospitals with many sickle cell
patients have dedicated day treatment clinics,
but in locations without such facilities, sickle
cell patients can be treated in chemotherapy
infusion suites that have been developed for
oncology patients. Outpatient day treatment
has advantages over the use of emergency
rooms, including the usually more prompt
administration of intravenous or intramuscular
pain medications. The MLPE, who is familiar
with the patient, acts as a resource for the day
treatment staff and provides key information
and recommendations about each patient’s
needs. The MLP also assesses the patient for
any complications that require referral to a
physician or admission. Again, the patient’s
need for preventive services, prescription
refills, or any other general health issues should
be reviewed. Aggressive outpatient treatment
of moderate-to-severe pain, coupled with con-
sistent, supportive care from familiar staff,
often can prevent hospitalization.

INPATIENT MANAGEMENT

When hospitalization is needed for a pain
episode or any other SCD complication,
patients should be admitted consistently to the
same unit if possible. They should be treated
with intravenous opioids, by patient-con-
trolled analgesia pumps, or even by patient-
controlled epidural analgesia pumps if avail-
able and required (see chapter 10, Pain).



The MLP follows the patient and offers
background about the usual course of illness,
including the patient’s behavior and response
to treatment. This information makes patient
care a better experience for the in-house staff.
The MLP’s input can help the patient receive
appropriate and effective treatment, rather
than being undertreated or viewed as “difficult”
or “drug seeking.” Regular phone contact or
rounds with house staff provide education on
disease management. MLPs also should sched-
ule in-service training for nurses to improve
care for sickle cell patients.

EMERGENCY DEPARTMENT CARE
By adulthood, all SCD patients have had many

emergency room visits. The most common
complaint about emergency care is inappropri-
ate treatment of their disease (5,6). MLPs can
educate emergency department staff about the
course and complications of SCD and proper
pain management. Emergency physicians often
undertreat or overtreat painful episodes, not
because of lack of knowledge about SCD but
because of their unfamiliarity with certain
patients. Given the rapid pace in most emer-
gency rooms, quick access to individual patient
care plans is essential. Computerized records,
patient “identification” cards, or a phone call
to the patient’s health care provider are all ways
to transmit information rapidly to emergency
department personnel.

A two-sided identification card (7), about the
size of a business card, can contain enough
information to ensure prompt initial treat-
ment for most sickle cell patients. The card
contains pertinent medical history, baseline
labs, allergies, outpatient medications, the
usual treatment plan for the patient’s pain
episodes, and the name and telephone number
of the patient’s primary health care provider.
The latter also signs the card to give it the

authority of a medical record. The card is lam-
inated to be carried at all times by the patient.

TRANSFUSIONS AND
CHELATION THERAPY

(SEE CHAPTER 25, TRANSFUSION, IRON-OVERLOAD,
AND CHELATION)

For patients being transfused regularly, MLPs
coordinate the schedules and tests for iron
overload. Persons on transfusion regimens usu-
ally have few painful events, so they can go to
school or work full time. Ideally, transfusions
should not interfere with these activities, and
they are given on evenings or weekends at
many sickle cell centers. If transfusions can
be arranged only during regular business
hours, some patients will need help to discuss
this issue with school staff or their employer.

SCD patients should be transfused with
leukocyte-poor, antigen-matched blood to
reduce the frequency of transfusion reactions
and the development of antibodies (8).
Finding antigen-matched blood is often diffi-
cult in areas where blood donors are primarily
Caucasian. Providers should encourage blood
donations by African Americans as part of
their community education efforts.

When iron overload is documented, patients
are started on iron chelation therapy. MLPs
should teach children and their families about
the serious complications of iron overload, and
to understand that iron chelation is an integral
part of transfusion therapy, not something to
be ignored because of its inconvenience.
Desferal, the only iron chelator available at
this time, is given by slow, daily, subcutaneous
infusion. MLPs need to monitor compliance
with chelation therapy. If children are begun
on Desferal soon after chronic transfusions
start, compliance during the difficult teen
years may be greater.
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PREGNANCY MANAGEMENT

(SEE CHAPTER 23, CONTRACEPTION

AND PREGNANCY)

Women with SCD can successfully carry preg-
nancy to term or near term. If a patient on
hydroxyurea is planning or trying to conceive,
the drug should be stopped immediately. The
MLP informs the patient and her family that
the frequency and severity of pain episodes
may increase during pregnancy, but treatment
is the same as that for nonpregnant patients,
with hydration, oxygen, and analgesics,
although doses of the last may be higher.
Reassurance should be given that narcotic

use during pregnancy does not jeopardize the
baby’s health, but if large doses of opioids are
needed late in pregnancy, the newborn may
require opioid weaning.

The pregnancy should be comanaged by high-
risk obstetrics and primary and mid-level SCD
health care providers. Patients are seen every
few weeks to reinforce healthy behaviors. The
MLP educates obstetric staff about current
standards of treatment for SCD during preg-
nancy and advocates for patients to ensure
proper treatment of painful events.

Prophylactic transfusions during pregnancy are
not warranted unless there are complications
such as acute chest syndrome that ordinarily
would be treated with transfusions. There is no
overall decrease in pain frequency, premature
labor, or deliveries for women who are trans-
fused prophylactically during pregnancy (9).
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EDUCATING FAMILIES
AND THEIR COMMUNITIES

Family education is an integral part of care
for patients with SCD. Family members grad-
ually should reduce their involvement in their
child’s health care so that the patient can
become more independent. This process is
not easy, and supportive assistance and coun-
seling are important.

SCD health care providers can inform their
patients’ communities about SCD by speaking
at meetings. Communities can become
involved through providing social support,

job opportunities, and blood donations. As
patients go through different life stages, more
of their contacts will have to be educated.

SUMMARY

MLPs want patients to be independent, well-
informed, and active participants in their own
health care. Therefore, coordination must
balance fostering independence and ensuring
optimal health care. Patient advocacy is a
rewarding aspect of the MLP’s experience

of working with SCD patients.
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PSYCHOSOCIAL MANAGEMENT

Sickle cell disease (SCD) is a complex condi-
tion that affects the patient, the family, and
the patient’s and family’s relationship with
health care providers and the community. It
is imperative that teaching the skills necessary
for coping with this illness begin at the time
of diagnosis and continue throughout the life
of the patient, and that providers recognize
that including the extended family and the
community in the education process will
ensure the most positive outcome.

SUMMARY OF THE
STATE OF THE ART

No interventions are proven to work with all
patients in all situations (1-15). While a team
knowledgeable about chronic illness and exist-
ing intervention models is ideal, available staff
sensitive to the special needs of these patients
can provide effective interventions even in
primary care settings. Providers must recognize
that the complexities of SCD necessitate

a team approach to management. Clinical
management, pain control, coping skills,
genetic counseling, and community interac-
tions, including school and work intervention,
require different expertise. The establishment
of Comprehensive Sickle Cell Centers intro-
duced the concept of comprehensive care for
SCD and refined the multidisciplinary team
approach to health care. Psychosocial support
was recognized as a necessary, integral function

of the health care team. However, psychosocial
interventions should be woven across the spec-
trum of medical care.

Historically, psychosocial interventions were
reserved for emergency situations. Psychologists
or social workers were called for acting-out
behaviors, housing emergencies, noncompli-
ance issues, and other crises. Crisis situations
may be minimized by identifying specific
points at which psychosocial interventions
may be necessary and planning for them, thus
eliminating the frustration and ineffectiveness
often experienced by patients and caregivers.

Pain, the most well-known symptom of SCD,
is the reason for most hospitalizations and
precipitates many psychosocial crises. Skills
for coping with pain and other complications
of SCD must be taught early and reinforced
often (8,9). Which patients will have mild dis-
eases and which will have a more severe course
is not predictable; however, stress is known

to play an important role in the severity of
chronic illness and pain. Absence of the physi-
cal appearance of trauma in severe SCD pain
episodes can confound a patient’s ability to
cope. In addition, many health care providers
are not knowledgeable about sickle cell pain,
its causes, and the best management options.
This can lead to poorly controlled pain, con-
tinued treatment failure, and frustration of
patients and providers.
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RECOMMENDATIONS

PRENATAL

The availability of prenatal diagnosis offers

the family choices regarding the continuation
of the pregnancy. When the decision is made
to continue, the practitioner has time to assist
the family in preparing for the arrival of a
child with SCD. This time must be spent edu-
cating the parents and family about the disease
and the need for family and community sup-
port. The better educated the family and the
community, the better care the patient will
receive. Many communities have SCD support
groups that provide an avenue for sharing
anxieties, as well as helpful information (5).
Whenever possible, satisfactory housing,
accessible optimal medical care, and reliable
transportation must be planned before the
baby arrives.

INFANCY

Health insurance, emergency transportation,
housing, and anxiety about recognizing symp-
toms are some of the issues new parents may
need help acknowledging and addressing.
Frequent clinic visits and home visits will
allow the opportunity for parents and
providers to establish a comfortable relation-
ship to address these issues and help establish
an ongoing pattern of compliance.

Although advances in medical research have
increased the chances for longevity, lack of
understanding on the part of providers may
result in inappropriate treatment plans that defy
adherence. The establishment of clinical practice
guidelines in SCD has decreased—but not elim-
inated—preventable deaths. In addition, non-
compliance may undermine the best care plans.
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In many cases, a concerted effort to understand
the causes underlying noncompliant behaviors
is necessary. Skepticism of the health care
system, as well as barriers to access—such as
location of clinics, laboratories, and pharma-
cies—can all contribute to noncompliance (11).

CHILDHOOD

The most important task of childhood is
obtaining an education. Teachers must under-
stand that children with SCD should be
expected to perform as well as their peers,
although special education is often needed.
Although undetectable micro-infarcts may
cause brain injury, many of the learning
difficulties these cause can be overcome with
appropriate assistance. Failure to perform in
school could be a function of neurological
complications of SCD, but the lack of school
success could also be confounded by socioeco-
nomic factors. Disabilities and limitations
must be acknowledged but, more important,
strengths must be identified and inspired.
Pediatric health care professionals, in their
desire to protect children with chronic illness,
often inadvertently erect barriers to normal
childhood behaviors and accomplishments.
While addressing special needs and routine
childhood health care, allowances must be
made for regular school attendance (by flexible
scheduling of appointments), for activity (by
offering alternatives to inappropriate sports),
and for learning (by providing support and
education to school staff).

ADOLESCENT HEALTH CARE
AND TRANSITION

For a discussion of the transition from
pediatric to adult health care, see chapter 6,
Adolescent Health Care and Transitions.



ADULT

As longevity of SCD patients increased,

the need for continued comprehensive care
became evident; however, while pediatric cen-
ters thrive, adult providers are scarce. Long-
term management needs to focus not only on
health care needs but on the other goals of
psychosocial well-being—education, indepen-
dence, and (eventually) marriage and family.

In adulthood, reproductive issues are of major
concern and often are not addressed in a posi-
tive manner. Most individuals, including those
with disabilities, hope to achieve normalcy,
(e.g., independence, a meaningful job, and

a family) (13). One barrier to care may be
providers’ lack of understanding of the multi-
ple layers of learning needed to live with SCD
and the realities of trying to be “normal” and
fitting in. The pain experienced by many
patients with SCD can be demoralizing and
overwhelming. In addition to the psychologi-
cal effects of inadequately treated pain,
patients have the added stress of continually
searching for effective pain relief, resulting in
frequent emergency room visits and episodic
care. This cycle can lead to depression, which
is highest among the chronically ill and in

the 20-40 age group, and is often not recog-
nized or addressed. Continued comprehensive
care—including a strong psychosocial
component—for adults with SCD is most
important, since prevention of complications
is the key to longevity.

CONCLUSIONS

Psychosocial issues confronting patients, fami-
lies, providers, and the community, though
multiple and multifactorial, can be addressed
and result in positive patient outcomes.
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PAIN

Editors’ Note: The information in this chapter
has been abstracted with permission from the
1999 Guideline for the Management of Acute
and Chronic Pain in Sickle Cell Disease, pub-
lished by the American Pain Society (1). This
guideline is based on scientific evidence and the
clinical judgment of experts in the management
of acute and chronic pain in sickle cell disease
(SCD). The information is provided in an
abbreviated form with several references in the
guideline, and additional comments in italics.

The hallmark clinical manifestation of SCD
is the acute vaso-occlusive event, or painful
episode. This unique type of pain can start as
early as 6 months of age, recur unpredictably
over a lifetime, and require treatment with
opioids. Painful events are the top cause of
emergency room visits and hospitalizations,
and are a major focus of home management
(2). Management of pain in childhood affects
a person’s ability to cope as an adolescent and
adult. Past, present, and anticipated experi-
ences affect pain management, so pain must
be assessed and treated in a developmental and
psychosocial context.

Major barriers to effective management of
pain are clinicians’ limited knowledge of SCD,
inadequate assessment of pain, and biases
against opioid use. Biases are based on igno-
rance about opioid tolerance and physical
dependence, and confusion with addiction.
Unwarranted fear of addiction is common
among patients and families, as well as health
care workers. Clinicians should ask about pain

and use patients’ reports as the primary source
for assessment, except in infants where behav-
ioral observations are the main basis for evalu-
ation. Most SCD pain can be managed well
if the barriers to assessment and treatment are
overcome; a comprehensive psychosocial clini-
cal assessment should be performed yearly
(more often for patients with frequent pain).

TYPES AND CHARACTERISTICS
OF PAIN ASSOCIATED WITH
SICKLE CELL DISEASE

The most common pain states associated with
SCD are summarized in table 1. When classi-
fied according to temporal characteristics,
sickle cell pain can be described as acute,
chronic, or mixed.

ACUTE PAIN

The acute painful event is the most common
type of pain, characterized by an unpredictably
abrupt onset without any other explanation.
Intensity varies from a mild ache to severe and
debilitating pain. Uncomplicated acute pain

is self-limited and generally lasts hours to a
few days, but it can persist or recur and may
migrate from one site to another. With comor-
bid conditions or inadequate treatment, some
painful events can last for weeks.

CHRONIC PAIN

Chronic pain often is defined as pain that
lasts 3 to 6 months or more and that no
longer serves a warning function. The time
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distinction is arbitrary, and the condition may
be difficult to distinguish from frequently
recurring acute pain, as in SCD. Chronic pain
(e.g., from bone changes) can be debilitating,
both physically and psychologically. The
involvement of sensation, emotion, cognition,
memory, and context can pose difficult man-
agement problems (4).

MIXED PAIN

Pain frequently is mixed as to type and mecha-
nism due to confounding factors. Acute pain
can be superimposed on chronic pain, and
frequent episodes of acute pain can resemble
chronic pain. Neuropathic pain is insufficient-
ly diagnosed in SCD but can result from
nerve infarction, compression from bony
structures, nociceptive substances, and/or

iron overload neuropathy.

RECOMMENDATIONS
FOR ASSESSMENT AND
TREATMENT OF PAIN

A dedicated facility, such as a day hospital, which
includes experts to manage SCD pain, can
reduce overnight admissions and provide timely
relief (5). Should this resource be unavailable,
the following approach is recommended

for patients with painful episodes due to SCD.
Patients should undergo a thorough history and
physical examination to determine whether an
illness might have precipitated the pain, so that
the cause and symptom can be treated simultane-
ously. Patients should be seen immediately by

a physician if they experience severe abdominal
pain, recurrent vomiting, respiratory symptoms,
neurologic signs of paresis or paralysis, acute joint
swelling, priapism, or abrupt fall in hemoglobin.
Superimposition of acute pain on chronic pain
may confound assessment and treatment.

Clinicians should understand the pain in detail
to tailor therapy to the needs of the patient.
Assessment depends on chronologic age, devel-
opmental stage, functional status, cognitive
ability, and emotional state, so these factors
should be considered in the choice of measure-
ment tools. Pain management should be aggres-
sive to relieve pain and achieve maximum
function. Physicians should reassess pain fre-
quently and adjust treatment to provide relief.

ASSESSMENT OF PAIN IN SCD

The goals for assessment of acute and chronic
pain are to characterize a patient’s pain and
related experiences, provide a basis for thera-
peutic decisions, and document the efficacy

Table 1. Major Pain Syndromes in Patients with Sickle Cell Disease (3)

Acute Pain Syndrome

Acute chest syndrome
Cholecystitis

Hand-foot syndrome

Painful episodes

Priapism

Right upper quadrant syndrome

Splenic sequestration

Chronic Pain Syndrome
Arthritis

Arthropathy

Aseptic (avascular) necrosis
Leg ulcers

Vertebral body collapse
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of pain control. Because pain is subjective,
assessment requires patients’ self-reports, valid
tools, and measurements repeated over time.
Clinically, self-reports are supplemented by
physical findings, laboratory data, and diag-
nostic procedures. Figure 1 is a flowchart to
guide clinicians in pain assessment.

There are two major kinds of assessment:

= Rapid assessment of an acute painful
episode. This type of assessment deals with
an isolated pain event and focuses on pain
intensity, prompt treatment, and relief.

s Comprehensive assessment for chronic

pain or followup of persons who have acute

pain. This type of assessment usually
occurs at the end of a painful episode,

at office/clinic visits for chronic pain, or
between episodes. The objective is treat-
ment planning (4), which involves the
patient, family (6), and health care team.
Assessment is multidimensional and
should include physiologic, sensory,
affective, cognitive, behavioral, and
sociocultural factors.

Figures 2 to 4 are examples of assessment
instruments. Figure 2 is a unidimensional
“Faces’ Pain” intensity scale (7,8), and figures

3 and 4 show a visual analog scale (VAS) (9)
and multidimensional scales for either chronic
or acute pain assessment. Diaries are also
useful for assessment of pain at home (10).

Rapid Assessment of Acute Pain Episodes
Severe pain should be considered a medical
emergency that prompts timely and aggressive

management (figure 5) until the pain is tolera-

ble. The following recommendations are for
treatment in the emergency room, day treat-
ment center, or hospital if the patient is
admitted directly.

= Begin hydration. Total fluids should not
exceed 1.5 times maintenance (including
volume for drug infusions). Initial fluid
should be 5 percent dextrose + half-nor-
mal saline + 20 mEq KCI/L, adjusted for
serum chemistry results.

= Assess the patient for the cause of pain
and complications.

= Rapidly assess pain intensity using
a simple measurement tool.

EMERGENCY TREATMENT
OF ACUTE PAIN EPISODES

Initial Treatment

The patient in acute pain at an emergency
room or clinician’s office usually has exhausted
all homecare options. Failure of home or out-
patient therapy signals the need for parenteral
medications, which include strong opioids like
morphine. If a patient is on long-term opioids
at home, tolerance may have developed, so the
new episode can be treated with a different
opioid or with a higher dose of the same drug
if it is the only one the patient tolerates.

In general, medications and loading doses
should be selected after assessment of the
patient’s current condition and consideration
of the patient’s history, including

= usual drugs, dosages, and side effects
during acute pain.

m ecffective treatments at home.

» medications taken since the onset
of present pain.

For patients with recurrent pain, the best ini-
tial dose of opioids for severe sickle cell pain
is that which provided adequate analgesia at
a previous time. Some patients and clinicians
may prefer a loading dose of parenteral mor-
phine, usually equivalent to 5-10 mg (0.1-
0.15 mg/kg for children), depending on pain
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Figure 1. Assessment Overview
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Figure 2. Wong-Baker Faces Pain Rating

Scale (7,8)
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intensity, patients size, and prior opioid expe-
rience. Smaller doses of 2.5-5 mg (0.05-0.1
mg/kg for children) can be added later.

» Intramuscular administration of medication
should be avoided, if possible, because
absorption is unpredictable and children
may find this method frightening and
painful.

»  For severe pain, intravenous (IV) adminis-
tration is the route of choice. For patients
with poor venous access, many opioids
can be administered via the subcutaneous
route by bolus dosing, continuous
infusion, or patient-controlled analgesia

pumps (PCA).

Patients who receive opioid agonists should
not be given mixed opioid agonist-antagonists
(e.g., pentazocine, nalbuphine, butorphanol),
because they can precipitate withdrawal
syndromes.

Frequent Reassessment

Assess the pain before pharmacological inter-
vention, at the peak effect of the medication,
and at frequent intervals, until the adequacy
and duration of the medication’s effects have
been determined. Define the measure to be
used in determining response to therapy. For
example, on a scale of 0 to 4 (0 = none, 1 =
litcle, 2 = moderate, 3 = good, and 4 = com-
plete), relief could be defined as a score of 2
or greater and a pain intensity reduction of at

least 50 or 60 percent from the upper end of
the pain scale. Evaluate the response to therapy
15 to 30 minutes after each dose by assessing
pain intensity, relief, mood, and sedation level.
Frequency of reassessment should take into
account the route of administration. Record
the pain assessment and reassessments, along
with the patient’s other vital signs, in the
patient’s chart and/or on a bedside flowsheet,
so that the effectiveness of treatment can be
evaluated in a timely manner.

Titration to Relief

The recurrent, lifelong nature of the pain
must be considered for consistent manage-
ment of acute pain episodes, so the pain is
made tolerable and side effects are minimized.
Figure 6 presents three titration methods used
in different situations. Scheme 1 is an aggres-
sive approach when close observation is possi-
ble. After the loading dose, one reassesses the
patient at 30-minute intervals and, based on
the results, treats with one-quarter to one-half
of the loading dose until the patient experi-
ences relief. Scheme 2 is for more gradual
titration. The patient is started immediately
on “by the clock” (BTC) doses based on prior
history (e.g., morphine, 8 mg every 2 hours).
“Rescue” doses are used for titration between
BTC doses until relief is achieved. Scheme 3
is for titration using PCA.

Medications may be combined to enhance
the efficacy/safety ratio. Anti-inflammatory
agents, acetaminophen, antihistamines, and
other adjuvant medications can be used with
opioids. Side effects, such as respiratory
depression, should be monitored and treated.

If a patient has pain between doses, the inter-
vals could be decreased or the dose increased.
For patients on large doses of opioids, an alter-
native approach is to change to one-half the
equianalgesic dose of another opioid and
repeat titration to relief.
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Figure 3. Memorial Pain Assessment Card (9)

For adolescents and adults, the card is folded along the broken line so that each measure is presented separately in the numbered order.
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Figure 4. Multidimensional Assessment of Acute Pain
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Change the medication delivery route or
regimen if the pain is poorly controlled with
boluses, or if doses are required too frequently
for relief. Intraspinal analgesics, which require
anesthesiology consultation, should not be
considered before an adequate trial of maximal
doses of systemic opioids and adjuvant med-
ications; however, case studies suggest that
epidural anesthetics alone or with fentanyl can
be effective in acute refractory pain of SCD (11).

Disposition

After treatment in an emergency room,
patients may be sent home or admitted

as inpatients. Prescriptions for equianalgesic
doses of oral opioids should be written for
home use if needed to maintain pain relief.
If pain does not diminish significantly after
rigorous therapy, the patient should be
admitted as an inpatient.

PHARMACOLOGICAL MANAGEMENT
OF SICKLE PAIN

Analgesics are the foundation for the manage-
ment of sickle cell pain, and their use should
be tailored to the individual patient. Sedatives
and anxiolytics alone should not be used to
manage pain, because they can mask the
behavioral response to pain without providing
analgesia.

Management of pain associated with SCD
consists of the use of nonsteroidal anti-
inflammatory drugs (NSAIDs), opioids, and
adjuvant medications (12,13). Management of
mild-to-moderate pain should include NSAIDs
or acetaminophen, unless there is a contraindi-
cation; these are nonsedating, so patient activi-
ties can continue. If mild-to-moderate pain
persists, an opioid can be added.

Treatment of persistent or moderate-to-severe
pain relies on repeated assessments and appro-
priate increases in opioid strength or dose. The

type of oral preparation used depends on the
characteristics and expected duration of the
pain. If the patient’s pain typically is of short
duration (less than 24 hours), opioids or for-
mulations with a short duration of action are
appropriate, with the advantage of quicker
onset of action. For patients whose pain
requires several days to resolve, a sustained-
release opioid preparation is more convenient to
take and provides a more consistent analgesia.

The combination of nonopioid analgesics
with opioids can permit lower doses of the
latter. If an opioid like codeine is used, pain
relief is accompanied by mild sedation that
can facilitate rest.

NSAIDs and Acetaminophen

Mild-to-moderate pain in children with a fever
or viral syndrome generally is managed with
NSAIDs or acetaminophen; aspirin is avoided
due to a risk of Reye’s syndrome. Acetaminophen
is an analgesic but not an anti-inflammatory
drug, and both NSAIDs and acetaminophen
have ceiling doses above which escalation does
not result in increased relief. Most NSAIDs
are given only orally, except for ketorolac,
which can be used orally or parenterally.

NSAIDs and acetaminophen are not benign.
Many patients with SCD have varying degrees
of hepatic impairment, and acetaminophen
may be toxic when liver disease is present.
NSAIDs also are contraindicated in patients
with gastritis, peptic ulcers, coagulopathies,
and renal failure. All NSAIDs are associated
with renal failure when used on a long-term
basis, and patients must be told not to exceed
safe doses of these medications.

Clinicians should monitor doses and frequen-
cy of treatment, and order urinalyses and
renal function tests every 3 to 6 months in
chronic users. Current trials have been incon-
clusive regarding use of the parenteral NSAID
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Figure 5a.
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Figure 5b.
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ketorolac as a single agent. It may be added to
opioids in situations in which opioids provide
inadequate analgesia after optimal titration,
or when the side effects of opioids are prob-
lematic. Due to the need for more safety data,
the current recommendation is that ketorolac
should not be used by any route or combina-
tion of routes for longer than 5 days in a
given month because of the increased risk

of toxicity (14).

Opioids

Moderate-to-severe pain is treated with opi-
oids (figure 6, tables 2-3), with or without
NSAIDs and adjuvant medications. Codeine-
equivalent opioids, such as oxycodone and
hydrocodone, are used for moderate pain.
When opioids are given for the first time for
severe pain, morphine sulfate or hydromor-
phone should be used. Other morphine-equiv-
alent opioids include oxymorphone, levor-
phanol, meperidine, fentanyl, and methadone.

Considerations in opioid selection include
type of pain, analgesic history, pain intensity,
route of administration, cost, local availability,
provider comfort with analgesic modalities,
and patient preference. Patient preference
should not be ignored, because it is likely

that individual variations in drug metabolism
contribute to differences in adverse effects

or dose-response to analgesia. The recurrent
nature of SCD pain often allows the patient
to experience multiple treatment options and
learn which regimen provides predictable relief.

Meperidine is the most commonly used opioid
in hospitals for SCD patients with acute
painful episodes. Many patients prefer meperi-
dine because of long-standing prescribing
practices of physicians, and they are apprehen-
sive about changing to a different medication.
There is general agreement, however, that ora/
meperidine should not be used for acute or
chronic pain, and the indication for parenteral
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meperidine use for acute sickle pain is contro-
versial. Ideally, parenteral meperidine should
no longer be used as first-line treatment of
acute pain in SCD because of CNS toxicity
related to its metabolite, normeperidine. It has
a long half-life and is a cerebral irritant, so
accumulation can cause effects ranging from
dysphoria and irritable mood to clonus and
seizures. Thus, meperidine should be reserved
for brief treatments in patients who have
benefited, who have allergies, or who are
intolerant to other opioids such as morphine
and hydromorphone.

Meperidine should not be used for more than
48 hours or at doses greater than 600 mg/24
hours (13). Because normeperidine is excreted
by the kidneys, meperidine is contraindicated
for patients with impaired renal function as well
as for patients who are taking monoamine oxi-
dase inhibitor antidepressants.

Fentanyl is in the same chemical family as
meperidine and can be used parenterally. In
addition, a transdermal fentanyl preparation
can be an adjunct for managing chronic sickle
pain because it has a 48-72 hour duration

and provides continuous analgesic effect by

a noninvasive, nonoral route of administration.
Hypoventilation and respiratory depression can
occur with the use of fentanyl (14).

Chronic Opioid Therapy. For patients with
several days of pain, or who require chronic
opioid therapy, sustained-release or long-half-
life opioid preparations are more convenient
and provide more consistent analgesia. Short-
acting opioids may be used for rescue dosing
early in the treatment regimen for break-
through pain, or until the sustained-release
preparation reaches steady-state levels. In these
situations, the administration of adjuvant
medications may be needed to control pre-
dictable opioid side effects such as pruritus,
nausea, sedation, and constipation.



Figure 6. Titration Schemes
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Table 2. Usual Starting Doses of Opioid Analgesics in Opioid-Naive Adults and Children < 50 kg Body Weight!

Usual Starting Dose for Moderate-to-Severe Pain
Medication Oral Parenteral

Short-acting opioid agonists?

Morphine3 (MSIR) 0.3 mg/kg every 3-4 h 0.1-0.15 mg/kg every 2-4 h
Hydromorphone3 (Dilaudid) 0.06-0.08 mg/kg every 3-4 h 0.015-0.020 mg/kg every 3-4 h
Meperidine* (Demerol) not recommended (1.1-1.75 mg/kg not recommended (0.75-1.0 mg/kg,
every 3-4 h only if deemed to 1.1-1.75 mg/kg every 3-4 h
be necessary after evaluation). only if deemed to be necessary

after evaluation).

Combination opioid/NSAID preparations®

Codeine® (with aspirin 0.5-1mg/kg every 3-4 h not recommended
or acetaminophen)

Hydrocodone (in Lorcet, 0.15-0.20 mg/kg every 3-4 h not available
Lortab, Vicodin, others)

Oxycodone (Roxicodone, also in 0.15-0.20 mg/kg every 3-4 h not available
Percocet, Percodan, Tylox, others)

Long-Acting Opioid Agonists Because is not possible to determine the appropriate starting dose
(e.g., morphine controlled-release, of controlled-release opioids without knowing the patients’s opioid
Levorphanol, methadone, and requirements as determined by immediate-release preparation,
oxycodone controlled-release) usual starting doses are not listed for these medications.

ICaution: Doses listed for patients with body weight less than 50 kg cannot be used as initial starting doses for babies younger than
6 months of age.

2Caution: Recommended doses do not apply to patient with renal or hepatic insufficiency, or other conditions affecting drug
metabolism and kinetics.

3Caution: For morphine, hydromorphone and oxymorphone, rectal administration is an alternate route for patients unable to take
oral medications. Equianalgesic doses may differ from oral and parenteral doses because of pharmacokinetic differences.

4Chronic administration of meperidine may result in central nervous system stimulation, including agitation, irritability, nervousness,
tremors, twitches myoclonus, or seizures, due to accumulation of the toxic metabolite normeperidine. The risk is much greater for
patients with renal or hepatic impairment.

These products contain aspirin or acetaminophen. Total daily doses of acetaminophen that exceed 6 grams may be associated with
severe hepatic toxicity. Aspirin is contraindicated in children in the presence of fever or other viral disease because of its association
with Reye’s syndrome.

%Caution: Codeine doses higher than 65 mg often are not appropriate because of diminishing incremental analgesia with increasing
doses but continually increasing nausea, constipation, and other side effects.

DO NOT REPRODUCE TABLES 2 AND 3 WITHOUT INCLUDING THIS WARNING.
NOTE: Published tables vary in the suggested doses that are equianalgesic to morphine. Clinical response is the criterion that
must be applied for each patient; titration to clinical responses is necessary. Because there is not complete cross-tolerance among
these drugs, it is usually necessary to use a lower than equianalgesic dose when changing drugs and to retitrate to response.
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Table 3. Usual Starting Doses of Opioid Analgesics in Opioid-Naive Adults and Children = 50 kg Body Weight!

Usual Starting Dose for Moderate-to-Severe Pain
Medication Oral Parenteral

Short-acting opioid agonists?

Morphine? (MSIR) 10-30 mg every 3-4 h 5-10 mg every 2-4 h

Hydromorphone? (Dilaudid) 7.5mg every 3-4 h 1.5 mg every 3-4 h

Codeine® 15-60 mg every 3-6 h

Meperidine (Demerol)? not recommended (50 -150 mg not recommended (50-150 mg
every 3-4 h only if deemed to every 3 h only if deemed to
be necessary after evaluation). be necessary after evaluation).

Oxymorphone3 (Numorphone) not available 1-1.5 mg every 6 h or 0.5 mg IV

and cautiously titrate upward

Oxycodone (Roxicodone, OXYIR) 10 mg every 4-6 h not available

Long-Acting Opioid Agonists Because is not possible to determine the appropriate starting dose

(e.g., morphine controlled-release, of controlled-release opioids without knowing the patients’s opioid

Levorphanol, methadone, and requirements as determined by immediate-release preparation, usual

oxycodone controlled-release) starting doses are not listed for these medications.

!Caution: Recommended doses do not apply to adult patients with body weight less than 50 kg. For recommended starting doses
for children and adults less than 50 kg body weight, see table 2.

2Caution: Recommended doses do not apply to patient with renal or hepatic insufficiency, or other conditions affecting drug
metabolism and kinetics.

3Caution: For morphine, hydromorphone, and oxymorphone, rectal administration is an alternate route for patients unable to

take oral medications. Equianalgesic doses may differ from oral and parenteral doses because of pharmacokinetic differences.
4Caution: Codeine doses higher than 65 mg often are not appropriate because of diminishing incremental analgesia with increasing
doses but continually increasing nausea, constipation, and other side effects.

3Chronic administration of meperidine may result in central nervous system stimulation, including agitation, irritability, nervousness,
tremors, twitches, myoclonus, or seizures, due to accumulation of the toxic metabolite normeperidine. The risk is much greater for
patients with renal or hepatic impairment.

Equianalgesic doses of oral opioids are pre- Side Effects of Opioids. Sedation usually pre-
scribed for home use if needed for the pain cedes one of the most feared side effects of
relief achieved in the emergency room or opioids, respiratory depression. Fortunately,
day hospital, or for recurrence of severe pain. tolerance to this side effect develops faster than
Opioid tolerance and physical dependence to the analgesic action; nevertheless, nurses

are expected with long-term opioid use and should monitor sedation levels when patients
should not be confused with psychological are at risk. If sedation persists after prompt
dependence (addiction). Opioids should be intervention, then pulse oximetry, apnea

tapered carefully in patients at risk for with- monitors, and blood gas levels may be needed.

drawal syndromes.
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Nausea and vomiting can be treated with
antiemetics such as compazine, metochlor-
propamide, or hydroxyzine. Pruritus can be
treated with hydroxyzine or with diphenhy-
dramine; smaller doses given more frequently
may be more effective, causing less sedation
than larger doses administered less often.
Patients should not be considered allergic to
an opioid only on the basis of itching. If opi-
oids are prescribed for home use, patients also
should take stool softeners daily to prevent
constipation.

Adjuvant Therapies

Adjuvant medications are used to increase

the analgesic effect of opioids, reduce the side
effects of primary medications, or manage
associated symptoms such as anxiety. No
controlled studies of adjuvant medications in
SCD have been done, and guidelines for their

use are derived from use in other pain states.

Sedatives and anxiolytics can be given to
reduce anxiety associated with SCD if pain
also is being treated. When used alone,
however, these drugs can mask the behavioral
response to pain without analgesic relief.

If they are combined with potent opioids,
care must be taken to avoid excessive sedation.
Although much distress and anxiety in patients
is related to unpredictable interruption of
normal activities and the uncertain duration
of pain, some symptoms may be reduced by

a consistent treatment plan.

Antidepressants, anticonvulsants, and cloni-
dine can be used for neuropathic pain, and
antihistamines may counteract histamine
release by mast cells due to opioids.
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TRANSFUSIONS

(SEE CHAPTER 25, TRANSFUSION,

IRON OVERLOAD, AND CHELATION)

A small percentage of patients have unusually
[frequent and severe pain episodes. They have

a poor quality of life and cannot perform daily
activities. There is empirical evidence that chron-
ic transfusions may reduce debilitating pain

(15), but patients must be assessed periodically
as part of a multidisciplinary pain program.

TOLERANCE, PHYSICAL
DEPENDENCE, ADDICTION,
AND PSEUDOADDICTION

A major barrier to effective management of
sickle cell pain is a lack of understanding of
opioid tolerance, physical dependence, and
addiction. Tolerance and physical dependence
are expected pharmacologic consequences of
long-term opioid use and should not be con-
fused with addiction.

= Tolerance is a physiologic response to the
exogenous administration of opioids, and
the first sign is decreased duration of med-
ication action. When tolerance develops,
larger doses or shorter intervals between
doses may be needed to achieve the same
analgesic effect.

= Physical dependence also is a physiologic
response to the exogenous administration
of opioids. It requires no treatment unless
withdrawal symptoms—such as dysphoria,
nasal congestion, diarrhea, nausea, vomit-
ing, sweating, and seizures—occur or are
anticipated. The risk varies among individ-
uals, but when opioids are given for more
than 5 to 7 days, doses definitely should
be tapered to avoid physiologic symptoms
of withdrawal.



= Addiction is a not physical dependence
but, rather, a psychologic dependence.
Addiction is a complex phenomenon with
genetic, psychologic, and social roots. The
use of opioids for acute pain relief is not
addiction, regardless of the dose or dura-
tion of time opioids are taken. Patients
with SCD do not appear to be more likely
than others to develop addiction. The
denial of opioids to patients with SCD
due to fear of addiction is unwarranted
and can lead to inadequate treatment.

= Pseudoaddiction (16) applies to patients
who receive inadequate doses of opioids or
whose doses are not tapered, and therefore
they develop characteristics that resemble
opioid addiction.

Understandably, some patients whose pain is
managed poorly will try to persuade medical
staff to give them more analgesic, engage in
clock-watching, and request specific medica-
tions or dosages. Staff often regard this as
manipulative or demanding behavior. Patients
with SCD often are quite knowledgeable
about the medications they take for their con-
dition and the doses that have worked in the
past. Requests for these specific medications
and doses should not be interpreted as indica-
tions of drug-seeking behavior. In addition,
patients who have had frequent painful
episodes often behave in ways learned from
prior experiences. A patient, for example, who
believes that a medication will not be given
unless he or she appears to be in severe pain
may lie quietly when alone but begin to
writhe and moan when a nurse or physician
enters the room. Pseudoaddiction or clock-
watching behavior usually can be resolved by
effective communication with the patient to
ensure accurate assessment and by adequate
opioid doses.

As in the general population, some persons
with SCD will use illicit drugs, such as
cocaine. Patients who have problems with
substance abuse require individual treatment
to provide competent and humane manage-
ment of their pain. The treatment of patients
who have problems with substance abuse is
complex and is beyond the scope of this chapter;
consultation with appropriate specialists should
be considered.

PATIENT EDUCATION

Education about pain management is the basis
for collaboration among patients, families, and
health care providers for optimal treatment.
SCD is incurable, except possibly by bone
marrow transplantation. Health care profes-
sionals should tell patients about hydroxyurea,
the drug that is used prophylactically to
reduce the frequency of acute painful events
in severe cases. While no drug is approved

for treatment of SCD itself during an acute
episode, patients must be assured that when
they do experience pain, it will be taken seri-
ously and managed optimally with a plan.

Because patient needs change over time,

the care plan must be assessed and modified
accordingly. Nurses and physicians who care
for inpatients with sickle cell pain should be
trained to assess and manage pain so they do
not unwittingly dismiss a patient’s pain or
cause an exacerbation of pain-related behaviors.
Education of clinicians who work in emer-
gency rooms or day treatment centers is also
important because inconsistent or adversarial
care given in these settings can cause mistrust
or other problems that affect patients’ relation-
ships with other health care professionals.
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INFECTION

Infection is a major complication of sickle
cell disease (SCD). Special preventive mea-
sures against infection exist in addition to
routine immunizations; treatment regimens
are based on local formularies and antibiotic
sensitivity tests.

PREVENTION

STREPTOCOCCUS PNEUMONIAE SEPSIS

The single most common cause of death in
children with SCD is Streptococcus pneumoniae
sepsis (1,2). The unusual susceptibility results
from two problems: splenic malfunction,

and failure to make specific IgG antibodies

to polysaccharide antigens. Two prevention
strategies are recommended: vaccination and
prophylactic penicillin.

Vaccination

Standard practice is to give a 23-valent
Streptococcus pneumoniae polysaccharide vac-
cine (PPV23) to all children with SCD at 24
months of age (see chapter 5, Child Health
Care Maintenance). Children with SCD typi-
cally do not respond to the vaccine as well as
normal children, but it causes a rise in IgG
antibody against the most immunogenic
polysaccharides, and a lower response to less
immunogenic polysaccharides. For example,
previously immunized children with SCD at
age 5 have specific IgG antibody concentra-
tions comparable to healthy nonimmunized

children, without evidence of a “booster” effect
(3). Unfortunately, the less-immunogenic
antigens are probably responsible for vaccine
failures, but the vaccine still should be admin-
istered to all children at age 2. Although it has
not been shown formally to reduce Streptococcus
pneumoniae sepsis, the vaccine has potential
benefits that compare favorably to the risks.
The adverse effects are limited to local reac-
tions in previously immunized individuals.
Fortunately, a new conjugated Streptococcus
pneumoniae vaccine has been developed, and
it holds promise for being more immunogenic
than the previous one, even in infants.

Prophylactic Penicillin

The single most important clinical study in
SCD in the past 20 years was a randomized,
placebo-controlled trial that demonstrated
that the administration of penicillin twice

a day prevents 80 percent of life-threatening
episodes of childhood Streptococcus pneumoni-
ae sepsis (4). This important milestone was the
impetus for the aggressive newborn screening
program enacted by most states. The goal is
to identify all newborns with SCD and start
them on prophylactic penicillin as early as
possible. The recommended regimen is:

= Newborn to 3 years:
Penicillin VK, 125 mg orally twice daily
(PO BID)

= 3 to 5 years:
Penicillin VK, 250 mg PO BID

75




Chapter 11: Infection

To test the effectiveness of prophylaxis beyond
5 years of age, a followup study randomized
400 children (age 5 years) who had been on
prophylactic penicillin to receive placebo or
continue penicillin. After about 3 years of
followup, there was no significant difference
between the groups in the incidence of
Streptococcus pneumoniae meningitis or sepsis

(table 1).

The study demonstrated that it was safe to
discontinue prophylactic penicillin at age 5
(5). Despite these results, some clinicians still
continue prophylaxis beyond age 5, but this
approach is less popular now that penicillin-
resistant organisms have emerged (6).
Prophylaxis does not eliminate nasopharyngeal
colonization with Streprococcus pneumoniae,
and it is associated with increased resistance
to penicillin and other antibiotics in some
series (7) but not others (8). An alternate
(but unproved) approach for children older
than age 5 is to prescribe penicillin for the
onset of fever. This theoretically provides some
treatment while the patient is on the way to
the doctor. This “just in time” approach some-
times is recommended as an alternative to
prophylaxis for children with SCD-SC or
SCD-S B*-thalassemia, where the incidence
of Streptococcus pneumoniae sepsis is lower

than in sickle cell anemia (SCD-SS).

HEMOPHILUS INFLUENZAE
AND NEISSERIA MENINGITIDIS

Historically, Hemophilus influenzae was a
significant pathogen in children with SCD as
well as normal children. Routine immunization
with conjugated Hemophilus influenzae vaccine
has reduced markedly the risk of infection.
Another encapsulated organism, Neisseria
meningitidis, classically infects individuals
with poor or absent splenic function but is
not a common pathogen in SCD. Routine
immunization against this organism is not
recommended unless there is an exposure

or outbreak.

INFLUENZA

Viral influenza infections can cause severe
morbidity in individuals with SCD. Yearly
vaccination recommendations should be

followed.

HEPATITIS

Intrahepatic sickling, dietary and transfusional
iron overload, and transfusion-related hepatitis
contribute to liver dysfunction in SCD. To
minimize additional risk, some clinicians advise
hepatitis B immunization. This is now routine
for children and should be considered serious-
ly for seronegative adults. Very little evidence
supports routine vaccination against hepatitis
A, although the rationale would be the same.

Table 1: Sepsis and Meningitis in Children after 5 Years of Penicillin Prophylaxis
Who Were Randomized To Stop Prophylaxis at Age 5

Group Number with Infection, N=200 95% Confidence Interval
Placebo 4 (2%) 0.5-5.0
Penicillin 2 (1%) 0.1-3.6
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PREVENTION IN ADULTS

Virtually all adults with sickle cell anemia

are functionally asplenic, but their immune
systems have matured to allow type-specific
polysaccharide antibody production. Because
they are not as susceptible as children to over-
whelming sepsis and the incidence of sepsis is
relatively low, there is only anecdotal evidence
about preventive strategies. Streptococcus pneu-
moniae vaccination is recommended for adults
with SCD. Some patients keep penicillin on
hand for fever, but most are not prescribed
penicillin prophylaxis routinely.

EMPIRIC THERAPY

Most antibiotic treatments are started empiri-
cally, before culture results are available. Table
2 summarizes the pathogens that should be
covered in different clinical situations (9-12).
Additional information on some specific situa-
tions follows.

FEVER WITHOUT A SOURCE

Febrile patients with SCD should be evaluated
and treated in the context of functional asple-
nia. In essence, this means more rapid and
intensive evaluation (exam, blood counts,
cultures, x rays) and lower threshold for
empiric therapy than in a general population.
Because minor febrile illnesses are common
in children, and the risk of death from over-
whelming Streptococcus pneumoniae sepsis is
so high, aggressive management is critical.
The following represent key principles in

the management of febrile children (13-15):

»  DParents and clinicians should be taught that
a temperature over 38.5°C is an emergency.

= Basic laboratory evaluation includes CBC,
U/A, chest x ray and/or oxygen saturation,
and cultures of blood, urine, and throat.

s “Toxic-looking” children and those with
temperatures above 40°C should be treated
promptly with parenteral antibiotics—
before obtaining x rays or laboratory
results. They should be admitted to the
hospital for treatment.

Table 2: Pathogens To Be Covered by Empiric Therapy

Empiric therapy for:

Fever without source
(rule out sepsis)
Meningitis

Chest syndrome

Osteomyelitis/septic arthritis Salmonella

Staphylococcus aureus

Should include coverage for:

Streptococcus pneumoniae
Hemophilus influenzae

Streptococcus pneumoniae
Hemophilus influenzae

Streptococcus pneumoniae
Mycoplasma pneumoniae
Chlamydia pneumoniae

Consider broadening to include:

Salmonella
Gram-negative enterics

Neisseria meningitidis

Legionella
Respiratory syncytial virus

Streptococcus pneumoniae

Urinary tract infection Escherichia coli

Other gram-negative enterics
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s Lumbar puncture should be performed
on “toxic” children and those with signs
of meningitis.

= Nontoxic children with temperatures
below 40°C but with any of the following
should receive prompt parenteral antibi-
otics and be admitted:

—Infiltrate on chest x ray or abnormal
oxygen saturation (see chapter 16, Acute
Chest Syndrome and Other Pulmonary
Complications)

—White blood cell count greater than
30,000/uL or less than 5,000/uL

—Platelet count less than 100,000/uL
—Hemoglobin less than 5g/dL
—History of sepsis

= Candidates for outpatient treatment may

include nontoxic children with temperatures
less than 40°C who have never been septic
and have normal chest x ray or oxygen satu-
ration, baseline white cell count, platelet
count, and hemoglobin. They can be
observed at home after parenteral adminis-
tration of a long-acting antibiotic that covers
Streptococcus pneumoniae and Hemophilus

influenzae (e.g., ceftriaxone, 75 mg/kg) if:

—They have remained clinically stable for
3 hours after the antibiotic dose.

—Endemic Swreptococcus pneumoniae in
the community are likely to be antibiotic-
sensitive.

—The parents have been appropriately
trained, have a history of compliance with
prophylactic penicillin, keep appointments
reliably, and have emergency access to the

hospital.

—A followup program is in place to assure
assessment and retreatment within 24 hours.
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= Documented bacteremia should be treated
parenterally for 7 days, and children with
meningitis should have at least 14 days of
treatment.

ACUTE CHEST SYNDROME

The acute chest syndrome is covered in chap-
ter 16. Please refer to table 2 above to guide
antibiotic choice.

BONE PAIN WITH FEVER

Acute bone pain is caused by marrow
ischemia. When necrosis and inflammation
are associated with ischemia, the painful event
resembles osteomyelitis or septic arthritis—
including fever, leukocytosis, local swelling
and tenderness, effusions, and abnormal imag-
ing studies. Aspiration of some purely ischemic
bone and joint lesions may yield purulent
material. The overlap in physical, radiograph-
ic, and laboratory findings requires an unam-
biguous bacterial diagnosis to be established.
Blood, joint fluid, or subperiosteal fluid must
be cultured before antibiotics are started to
treat osteomyelitis or septic arthritis. Once
these cultures are obtained, empiric treatment
should cover the pathogens in table 2.

MISCELLANEOUS INFECTIONS

See chapter 12, Transient Red Cell Aplasia,
for discussion of Parvovirus B19, and
chapter 25, Transfusion, Iron Overload,

and Chelation, for discussion of transfusion-
transmitted infections.
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TRANSIENT RED CELL APLASIA

Because the life span of red blood cells is
greatly shortened in sickle cell disease (SCD),
temporary suppression of erythropoiesis can
result in severe anemia. Transient red cell
aplasia (TRCA) typically is preceded by or
associated with a febrile illness. The infectious
nature of TRCA is apparent from the fact that
several members of families with congenital
hemolytic anemia may be affected within

a period of several days.

ROLE OF PARVOVIRUS B19

Between 70 and 100 percent of episodes of
TRCA are due to infection by human par-
vovirus B19, also the cause of erythema infec-
tiosum (“fifth disease”) (1). Aplasia is the result
of direct cytotoxicity of the parvovirus to ery-
throid precursors, although other progenitors
may be affected in some conditions. Patients
may present with increased headache, fatigue,
dyspnea, more severe anemia than usual, and
a severe decrease in reticulocytes (usually <1
percent or 10,000/pL). Patients may have
fever, signs of upper respiratory infection,
and/or gastrointestinal symptoms. Skin rashes
are characteristically absent. Reticulocytopenia
begins about 5 days postexposure and contin-
ues for 7 to 10 days. Exacerbation of anemia
develops shortly after reticulocytopenia.
Hemoglobin levels reached a mean nadir of
3.9 g/dL in one series (2). Patients who pre-
sent in the convalescent phase may be thought
mistakenly to have a hyperhemolytic process
because of severe anemia and high reticulocyte

levels. However, the diagnosis of TRCA is
supported by increased B19 parvovirus IgM
levels. In at least 20 percent of patients with
serologic evidence of past B19 parvovirus
infection, there was no acute severe anemia.
Following B19 infection, parvovirus-specific
IgG concentrations are increased in most
patients and protective immunity appears
to be life-long; no cases of recurrent disease
have been reported in children with SCD
(1,3). Recovery is often heralded by a massive

outpouring of nucleated red blood cells
(>100/100 white blood cells).

Although the majority of adults have acquired
immunity to B19 parvovirus, hospital workers
who are susceptible and are exposed to
patients with TRCA are at high risk of con-
tracting nosocomial erythema infectiosum (4).
Because infection during the mid-trimester

of pregnancy may result in hydrops fetalis and
stillbirth, isolation precautions for pregnant
staff are a necessity if a parvovirus problem

is suspected (5).

MANAGEMENT

No experimental trials have been reported
regarding the management of TRCA. Although
many patients recover spontaneously, red cell
transfusions should be considered for those
who become symptomatic (see chapter 25,
Transfusion, Iron Overload, and Chelation).
If patients are beginning to show evidence for
red cell production, as determined by the reti-
culocyte count, they may not need transfusions.
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Transfusion was required in 87 percent of
children with SCD-SS and TRCA in a large
Jamaican series (2), but it is much less com-
monly needed for SCD-SC. Because par-
vovirus is so contagious, siblings and close
contacts with SCD should be monitored for
the development of aplastic events.

A single case report describes an alternative
to transfusion in a child with Hb SD whose
mother was a Jehovah’s Witness and refused
transfusion (6). This patient was treated with
a single dose of intravenous immune globulin
(1 g/kg) and daily infusions of erythropoietin
(100 units/kg) and exhibited a reticulocytosis
beginning on day 4 after onset of this treat-
ment. Intravenous immune globulin is now the
treatment of choice for parvovirus and aplasia
since it will clear the parvovirus infection (7).

In the past decade, it has become apparent
that a number of complications of B19 par-
vovirus infection besides TRCA can occur in
patients with SCD. Complications reported
at single centers or in small series include
bone marrow necrosis with pancytopenia (8),
glomerulonephritis (9), stroke (10), acute
chest syndrome (11), and splenic or hepatic
sequestration (12,13). Treatment must then
be based on these manifestations.

82

REFERENCES

1. Serjeant GR, Serjeant BE, Thomas PW, et al.
Human parvovirus infection in homozygous sickle
cell disease. Lancer 1993;341:1237-40.

2. Goldstein AR, Anderson M], Serjeant GR.
Parvovirus associated aplastic crisis in homozygous
sickle cell disease. Arch Dis Child 1987;62:585-8.

3. Rao SB Miller ST, Cohen BJ. Transient aplastic cri-
sis in patients with sickle cell disease. Am J Dis
Child 1992;146:1328-30.

4. Bell LM. Human parvovirus B19 infection among
hospital staff members after contact with infected
patients. N Engl | Med 1989;321:485-91.

5. Anand A, Gray ES, Brown T, et al. Human par-
vovirus infection in pregnancy and hydrops fetalis.
N Engl ] Med 1987;316:183-6.

6. Lascari AD, Pearce JM. Use of gamma globulin
and erythropoietin in a sickle cell aplastic crisis.
Clin Pediatr 1994;33:117-9.

7.  Brown KE, Young NS, Barbosa LH. Parvovirus B19:
Implications for transfusion medicine. Summary of
a workshop. Transfusion 2001;41:130-5.

8. Eichhorn RF, Buurke EJ, Blok B, et al. Sickle cell-
like crisis and bone marrow necrosis associated
with parvovirus B19 infection and heterozygosity
for hemoglobins S and E. J Intern Med
1999;245:103-6.

9. Tolaymat A, Mousily FA, MacWilliam K, et al.
Parvovirus glomerulonephritis in a patient with
sickle cell disease. Pediatr Nephrol 1999;13:340-2.

10. Balkaran B, Char G, Morris ]S, et al. Stroke in
a cohort of patients with homozygous sickle cell
disease. J Pediatr 1992;120:360-6.

11. Lowenthal EA, Wells A, Emanuel PD, et al. Sickle
cell acute chest syndrome associated with par-
vovirus B19 infection: Case series and review.

Am | Hematol 1996;51:207-13.

12. Mallouh AA, Qudah A. Acute splenic sequestration
together with aplastic crisis caused by human par-
vovirus B19 in patients with sickle cell disease.

J Pediatr 1993;122:593-5.

13. Koduri PR, Patel AR, Pinar H. Acute hepatic
sequestration caused by parvovirus B19 infection
in a patient with sickle cell anemia. Am J Hematol

1994;47:250-1.



STROKE AND CENTRAL NERVOUS SYSTEM DISEASE

Stroke is one of the major complications of
sickle cell disease (SCD). The Cooperative
Study of Sickle Cell Disease (CSSCD) showed
that the prevalence and incidence of stroke in
patients with SCD-SS was four times that of
those with SCD-SC (1). Because of this differ-
ence in risk, and because most of the available
data are from patients with SCD-SS, screening
of neurologically asymptomatic patients and
primary stroke prevention recommendations
pertain to those with SCD-SS, not SCD-SC.
Recommendations for treatment of sympto-
matic patients and secondary prevention per-
tain to all SCD patients.

Children with SCD may have a variety of
anatomic and physiologic abnormalities
involving the central nervous system (CNS)
even if they appear to be neurologically “nor-
mal” (2). The abnormalities may be associated
with deterioration in cognitive function with
effects on learning and behavior and may
increase the risk for clinical and subclinical

damage to the CNS in the future.

The approach to management depends on the
specific brain manifestation of interest and the
age of the patient. Therefore, this chapter is
divided into sections based on the major CNS
concerns of children and adults.

STROKE AND CENTRAL
NERVOUS SYSTEM
DISEASE IN CHILDREN

TRANSIENT ISCHEMIC ATTACK (TIA)
AND BRAIN INFARCTION

Brain dysfunction occurs when oxygen supply
to the brain falls below a critical level based
on need. Symptoms of brain ischemia include
hemiparesis; visual and language disturbances;
seizures (especially focal seizures); and altered
sensation, mentation, and alertness. There is
evidence that oxygen demands are higher in
children than in adults, making the child with
SCD who also has significant anemia at par-
ticular risk.

As soon as brain ischemia is suspected,

a prompt and thorough evaluation and con-
sideration for therapy is recommended (figure
1). After initial stabilization and evaluation,
patients should receive urgent noncontrast
computed tomography (CT) scan of the brain
to rule out hemorrhage or other nonischemic
etiologies. Consideration should be given to the
possibility that the symptoms are due to CNS
infection, trauma (e.g., subdural hematoma),
or intoxication—particularly if focal signs are
not prominent.

In the acute stage of ischemic stroke for the
general non-SCD adult population, the only
approved therapy is recombinant tissue plas-
minogen activator (t-PA) if given within 3
hours (3), but there are no data establishing
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Figure 1. Child with SCD and Symptoms
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its use in children with SCD where the patho-
physiology may differ completely. Therefore,
it is not recommended.

The usual treatment for pediatric patients in
the acute stage of ischemic stroke is hydration
with transfusion, although there are no con-
trolled treatment studies. Exchange transfusion
is preferred, as it avoids the theoretical risk of
increasing blood viscosity that may accompany
rapid elevations in hematocrit, but care must
be taken to avoid hypotension that may wors-
en cerebral ischemia (4). Because fever increas-
es cerebral metabolism, any degree of hyper-
thermia should be treated. Hypothermia to
treat stroke is promising but not supported
by data adequate to form a recommendation.
Acute treatment in an intensive care unit
(ICU) or stroke unit will facilitate close
observation and treatment. Seizures should

be treated, but prophylactic therapy or corti-
costeroids are not recommended. Hypoxemia
and hypotension should be treated and nor-
moglycemia maintained. There are no proven
neuroprotective therapies as yet to lessen
damage or promote recovery.

In early ischemia (less than 3 hours), the cranial
CT may be negative or show only subtle signs.
Magnetic resonance imaging (MRI) provides
better detail of the areas of ischemia, and dif-
fusion weighted imaging (DWI) shows hyper-
intense areas of brain ischemia within minutes
after onset of severe ischemia. Unless the diag-
nosis is in doubt, MRI should be deferred until
treatment has been initiated. Evaluation within
the first hours to days with MRI is recom-
mended, because MRI-based studies provide
significant additional information, such as the
ability to detect very early and sometimes clini-
cally silent acute lesions with DWTI and prior
infarction that may not be seen on CT. Imaging
of the arteries by magnetic resonance angiography
(MRA), may show large vessel occlusive dis-

ease (5) or aneurysms. EEG is recommended
only if there is a clinical suspicion of seizure.

In the subacute phase, evaluations should be
undertaken to make a final determination of
the cause. In many cases, evaluation of the
intracranial vessels will show occlusive vascu-
lopathy characteristic of SCD. Even though
intracranial arterial vasculopathy is the most
likely cause of stroke in this setting, considera-
tion should be given to other etiologies that
cause stroke in young persons (6). If there is

a history of head or neck trauma and arterial
dissection is suspected, the radiologist should
be notified so that appropriate changes in the
magnetic resonance (MR) acquisition protocol
can be made prior to study.

Other causes of stroke in children—such as
infection, cardiac embolism, and clotting dis-
orders including anticardiolipin antibodies—
should be considered (7). While hemiparesis
typically improves, cognitive deficits are often
significant and long lasting; formal testing
should be carried out to identify rehabilitation
and educational needs.

TTAs have been defined as ischemic events

in which the symptoms resolve in less than

24 hours. Because TIAs are a strong predictor
of stroke in other settings and in SCD as well,
there is a general recommendation that all
patients with TTA receive appropriate therapy
for stroke prevention. In this particular setting
there are few data. The diagnosis of TIA is
difficult in children, especially those who are
very young, and painful episodes can mimic
hemiparesis or paraparesis. In cases where the
history is weak for the event actually being

a TIA, caution is advised, especially if long-
term transfusion is being considered.

In the case of a child in which a TIA is observed
or strongly suspected, a prior recommendation
is reiterated as a reasonable approach (2): if
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the patient has significant large vessel disease
on imaging, transfusion should be undertaken.
If the patient has not been screened for stroke
risk by transcranial Doppler (TCD) ultra-
sound (8), this should be done and treatment
initiated according to the discussion under
“Prevention of Brain Infarction,” below, and
figure 2. Alternatively, other tests, if available,
such as positron emission tomography (PET)
(9) or MR spectroscopy, could be employed.
If these indicate significant “brain at risk,”
prophylactic treatment with transfusion can
be undertaken on the basis that the child’s
brain blood supply has already failed once,
even if transiently, and is at significant risk

for subsequent deterioration.

Antiplatelet agents are usually recommended
for TTAs in cases without SCD, but there are
very few data on efficacy in SCD. Agents
such as aspirin, clopidogrel, and combination
dyprimadole/aspirin are used in adults and
in cases where transfusion is not undertaken.

INTRACRANIAL HEMORRHAGE

The clinical presentation of intracranial
hemorrhage is dramatic and may include
severe headache, vomiting, stupor, or coma.
However, hemiparesis may be present, espe-
cially with intraparenchymal bleeding. A child
with such a presentation requires rapid but
careful evaluation to rule out meningitis,
sepsis, hypoxemia, drug intoxication, or other
metabolic derangements. A noncontrast
cranial CT should be performed as soon as
possible. Intracranial hemorrhage should be
approached based on the location of the blood
on the CT scan, as described below.

Subarachnoid hemorrhage (SAH)

The usual cause of subarachnoid hemorrhage
(SAH) is rupture of a berry aneurysm. The
aneurysm may not be seen on CT, but can
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sometimes be inferred by the location of blood.
Minor subarachnoid hemorrhages may have
no identifiable cause even when angiography
is performed, but an angiogram is recom-
mended to identify aneurysms or arteriove-
nous malformations (AVM) if surgery is being
considered. This is clinically relevant because
aneurysms may rebleed, and SCD patients
may have multiple aneurysms that require
management. Surgical clipping, as well as
AVM removal, has been successfully performed
in many patients with SCD. Although
aneurysms can be identified using MR, MRA
is not a definitive test for aneurysms unless
special techniques are used (20). However,

MRI/MRA can reliably detect AVM.

The initial treatment of subarachnoid hemor-
rhage is stabilization in a neurological inten-
sive care unit or pediatric ICU, depending on
local expertise and the age of the child. Initial
care includes intravenous normotonic fluids
to avoid dehydration. The effect of transfusion
on the course and outcome of hemorrhage

is not known; however, reduction of sickle
hemoglobin (Hb S) to less than 30 percent
of total hemoglobin is recommended.
Nimodopine, a calcium antagonist that
improves outcome after SAH by counteracting
delayed arterial vasospasm, is indicated in
adults with SAH (10). Use in this setting
with young children is not approved but

is reasonable on an empiric basis. The adult
dosage of 60 mg orally every 4 hours for

21 days should be adjusted by weight.

Intraparenchymal Hemorrhage

If the CT shows blood primarily confined

to the parenchyma, the cause may still be

an AVM, but an aneurysm is not likely
unless there is also subarachnoid bleeding.
Intraparenchymal bleeding may be associated
with large vessel vasculopathy, especially if

a moyamoya formation is present. In some



Figure 2. Child with Hb SS and No Symptoms
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patients, no vessel pathology can be seen

on angiography. Evaluation of these patients
with MRA may be sufficient if there is no
subarachnoid blood, because an aneurysm

is not likely as the source of bleeding. Better
definition of the vasculature can be obtained
with conventional angiography.

Initial management depends on the size and
location of the bleeding. A rapid search for
coagulopathy should be made with a determi-
nation of the activated partial thromboplastin
time (aPTT) and prothrombin time (PT) and
correction of any coagulopathy. Management
of the hematoma includes medical control of
intracranial pressure and consideration for sur-
gical removal in selected cases, particularly if
there is a large (>3 cm) cerebellar hematoma.
Rebleeding in this setting in the short term

is rare. Normotonic fluids and avoidance of
hypotension are important (11).

Intraventricular Hemorrhage

Intraventricular hemorrhage is unusual but
may be seen in the case where fragile moy-
amoya vessels near the ventricular wall rupture
into the ventricular space. In such cases the
pediatric patient is at risk for acute hydro-
cephalus and death if ventricular flow is
obstructed. The child should receive prompt
neurosurgical evaluation for intraventricular
catheter placement for drainage. After acute
stabilization, evaluation of the cerebral vessels
(best done by conventional angiography)
should be undertaken to try to identify the
underlying cause.

PREVENTION OF
BRAIN INFARCTION

SECONDARY PREVENTION

Several uncontrolled studies have documented
a reduction in recurrent cerebral infarction
using chronic blood transfusion with the target
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of reducing Hb S to less than 30 percent of
total hemoglobin (12,13). The reduction in
recurrent stroke risk is significant, but patients
may still have a stroke despite adequate trans-
fusion and low Hb § levels. If a patient on
transfusion has a “breakthrough” cerebral
infarction or TIA, the Hb S level should be
checked to ensure that it is being maintained
at 30 percent or below, and the etiology of
ischemia should be evaluated. Consideration
should be given to risk factors beyond SCD-
related vasculopathy, including elevated homo-
cysteine or a hypercoagulable state. Elevated
homocysteine can be reduced with folate, as
is recommended for patients without SCD
(14). Data suggest that some SCD patients
have elevated antiphospholipid antibodies
(15) and protein C and S deficiencies (16).

If the abnormalities are severe enough, antico-
agulation with warfarin should be considered.
Treatment of these conditions has not been
tested in randomized clinical trials but is
reasonable based on pathophysiology.

After several years of transfusion therapy, it
may be reasonable to allow Hb S levels to rise
up to 50 percent by reducing the intensity of
transfusions; this has not been formally tested,
however. Moreover, the duration of time after
which transfusion can be safely stopped has
not been defined. Some studies have reported
high rates of recurrent stroke (17), although
others have suggested that transfusion may
be safely withdrawn in older patients who
have been extensively treated (18). Current
recommendations are that transfusion should
be continued for at least 5 years or at least
until the child reaches the age of 18. Chronic
transfusion induces iron overload, which
must be managed along with the transfusions
(see chapter 25, Transfusion, Iron Overload,

and Chelation).



Patients with stroke have received bone marrow
transplantation (19). The current indications,
efficacy, and outcome of this therapy are
discussed in chapter 27, Hematopoietic Cell
Transplantation. Hydroxyurea is used for
reduction of painful episodes in adults with
SCD, but the trial establishing its use provides
no guidance on whether hydroxyurea is a suit-
able alternative to transfusion for prevention of
stroke. Clinical studies in children have report-
ed short-term safety, but these studies have not
established hydroxyurea as an alternative to
transfusion for stroke prevention in this setting
(20). Anticoagulants and antiplatelet agents
have not been studied in this indication.

PRIMARY STROKE PREVENTION

The CSSCD established that patients with
SDC-SS have rates of stroke in childhood in
the range of 0.5-1 percent per year (1). In the
Stroke Prevention Trial in Sickle Cell Anemia
(STOP) study, children between 2 and 16
years of age who were at risk for first-time
stroke, as determined by having TCD velocity
greater than 200 cm/sec, were randomized to
receive either periodic transfusions to maintain
the Hb § level below 30 percent or standard
supportive care (21). An interim analysis
demonstrated that periodic transfusions were
efficacious in preventing first-time stroke,

in the children randomized to the transfusion
arm. At the end of the trial, all participants
were offered periodic transfusion therapy. The
main side effects of the transfusion therapy
were iron accumulation and alloimmunization,
through the rate of occurrence was low. A
new trial, known as STOP II, is now in place
to determine whether transfusions need to

be continued indefinitely of if they can be
stopped after some period of time when risk
of stroke has diminished.

TCD can be performed with either the
dedicated 2-MHz pulsed Doppler device

used in STOP or with TCD attachments to
ultrasound imaging machines (transcranial
Doppler imaging, or TCDI) that have also
been used in this setting (22).

IDENTIFICATION OF PATIENTS AT RISK

In addition to TCD, a number of other
approaches have been used to identify chil-
dren at risk for stroke (figure 2). The CSSCD
identified five significant risk factors in a
long-term prospective study: prior TIA, low
steady-state hemoglobin, rate and recency

of acute chest syndrome (ACS), and elevated
systolic blood pressure. The newborn cohort
of the CSSCD identified three early life (first
2 years) predictors of severe outcomes such
as stroke (23). These were dactylitis, severe
anemia, and leukocytosis.

Other clinical and laboratory indicators of
stroke risk that have been reported include
stroke in a sibling, subtle neurological abnor-
malities, severe anemia, high leukocyte count,
certain B%-gene haplotypes, and no a-gene
deletion (2).

SUBCLINICAL BRAIN DISEASE

The CSSCD confirmed that about 13 percent
of children with SCD have “silent” brain
lesions on MRI, in predominantly frontal and
parietal cortical, subcortical, and border-zone
locations (24,25). These lesions are associated
with poor performance on neuropsychological
testing. Recent evidence from the CSSCD
confirms an earlier smaller study indicating
that the risk of clinical stroke is increased if
MRI is abnormal. The presence of these
lesions should prompt evaluation of the child
for learning and cognitive problems, and eval-
uation of cerebral vessels for primary stroke
prevention (see above). Silent lesions are evi-
dence of brain injury and should also lead to
reevaluation of the patient’s history, which
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may reveal symptoms that were not previously
recognized, as well as reexamination of the
patient’s clinical and laboratory risks for stroke.
The rate of stroke in children with positive
MRI and with TCD that do not reach current
treatment guidelines is not clear, and the risks
and benefits of prophylactic transfusion based
on silent MRI lesions have not been deter-
mined. Intervention in patients with silent
lesions and additional indicators of cerebral
dysfunction or abnormality have been suggest-
ed, but no recommendation for treatment can
be made at this time.

STROKE AND BRAIN DISEASE
IN ADULTS WITH SCD

INFARCTION

The CSSCD confirmed the relatively high
rates of stroke in adults with SCD and the
predominance of hemorrhage compared with
infarction in adults with SCD. There is less
information on treatment and prevention in
adults with SCD. The clinician must decide
whether to approach a patient with TIA or
stroke who has SCD in a manner similar to
that used in children with SCD, or along
guidelines established for adults without SCD
(26,27). The interaction of SCD-specific risk
factors with risks factors for stroke seen in
adults without SCD has not been determined,
although high blood pressure was identified

as a stroke risk in the CSSCD. Specifically, the
role of chronic transfusion is unclear. The rec-
ommendations that follow are based primarily
on current recommendations for treatment and
prevention in patients without SCD (figure 3).

Treatment of hyperacute ischemic stroke in
adults is accomplished using recombinant tis-
sue plasminogen activator (t-PA). It is not
clear whether t-PA, which has a significant risk
of bleeding, is appropriate for patients with
SCD; no experience with its use has been
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reported. However, there is no clear justifica-
tion to exclude SCD patients from t-PA thera-
py, and it remains the only therapy approved
by the U.S. Food and Drug Administration
for treatment of ischemic stroke.

According to established guidelines,
use of t-PA is indicated when:

the patient is at least 18 years old.

= the patient’s National Institutes of Health
Stroke Scale score is greater than 4
(ischemic stroke in any vessel with
a clinically significant deficit).

s t-PA therapy can begin within 3 hours
of symptom onset.

» cranial CT shows no evidence
of hemorrhage.

Thrombolytic therapy cannot be
recommended if:
s stroke duration is longer than 3 hours.

= INR s greater than 1.7 or PT of 15 seconds.

= patient received heparin in last 48 hours

and has a prolonged aPTT.
s platelet count is less than 100,000/pL.

= patient has had a stroke or serious head
injury in the past 3 months.

= patient underwent major surgery within

the preceding 14 days.

= pretreatment blood pressure is greater
than 185 mmHg systolic or 110 mmHg
diastolic.

= patient has rapidly improving neurological
signs or isolated ataxia, sensory loss,

dysarthria or minimal weakness.

»  patient has a history of intracranial
hemorrhage.

= blood glucose is less than 50 mg/dL or
greater than 400 mg/dL.



Figure 3. Adult with SCD and Symptoms
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= patient had seizure at onset of symptoms.

»  patient has experienced GI or GU bleed-
ing within the preceding 21 days.

In addition, t-PA should not be given unless
emergent care and appropriate facilities are
available. Caution is advised before giving t-PA
to patients with severe stroke, and careful expla-
nation of the risk of bleeding to patient and
family is advised. There is a 6.4 percent risk of
symptomatic brain hemorrhage, and about half
of these are fatal. If a hemorrhage occurs, the
guidelines suggest red cell transfusions as need-
ed (for extracranial bleeds) and urgent adminis-
tration of 4 to 6 units of cryoprecipitate or
fresh frozen plasma and 1 unit of single donor
platelets. Surgical drainage of intracranial hem-
orrhage should be considered. Although t-PA
can be given to patients on antiplatelet agents,
these drugs, as well as any dose of heparin,
should not be given for the first 24 hours after
using t-PA. There is evidence that aspirin (325
mg one-time dose) within the first 48 hours
after stroke onset has a small beneficial effect
and is recommended if t-PA is not used.

The acute evaluation of the patient requires

a noncontrast CT scan to rule out hemorrhage.
After the decision is made regarding t-PA, an
MR study of the brain is recommended to
better delineate the area of ischemia/infarction.

Prevention of stroke in patients with TIA or
stroke is accomplished with either antiplatelet
agents or warfarin, based on the likely cause
of the symptoms.

The following workup is recommended for
adults presenting with TIA or ischemic stroke:
CBC with differential and platelet count;
EKG; transthoracic echocardiogram with con-
sideration given to transesophageal echocar-
diogram, especially in younger patients; aPT'T;
PT; and a brain study to include MRI, DWI,
and MRA, and/or TCD and carotid duplex
ultrasound or CT angiography to determine
the status of the intracranial and extracranial
vessels. Blood tests for protein C and S defi-
ciency, homocysteine elevation, and anticardi-
olipin antibodies may be appropriate. Health
care providers also should consider etiologies
seen in young patients with stroke without
SCD, including CNS infection, illicit drug

use, and arterial dissection.

Table 1. Use of Antithrombotic Agents in Patients With TIAs

Event Recommended Therapy

TIA (atherothrombotic)
50-325 mg/d

TIA (atherothrombotic) and
aspirin-intolerant’, or if TIA mg BID
occurs during ASA therapy?

TIA (cardioembolic)
(range 2-3)

ER-DP 200 mg + ASA 25

Clopidogrel 75 mg/d
Warfarin, target INR 2.5

Therapeutic Options

acetylsalic acid (aspirin, ASA)  extended-release dipyridamole (ER-DP)

200 mg + ASA 25 mg
Clopidogrel 75 mg/d
ASA 50-1300 mg/d

Warfarin (INR 2-3)
ASA 50-1300 mg/d

ASA 50-325 mg/d
(if warfarin is contraindicated)

! Neither ER-DP + ASA or ASA alone is recommended for patients who are allergic to aspirin or unable to take low-dose aspirin.
2 The recommended antithrombotic agents have not been specifically tested in patients who have experienced a TIA during ASA therapy.
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There are currently three options for antiplatelet
therapy for secondary stroke prevention. Table
1 summarizes the American Stroke Association’s
recommendations regarding these agents.

These guidelines are similar to those for
prevention of stroke after completed brain
infarction (26,28).

Alternative therapy is chronic blood transfu-
sion as used in children with SCD. Recently,
surgical bypass has been reported in a patient
with SCD. Surgical procedures that have been
developed to treat moyamoya syndrome may
be considered, due to the similarity in
anatomic location of the arterial disease in
moyamoya and SCD (29). These procedures
may be last-resort options for patients who
cannot be otherwise treated or who continue
to have brain infarction despite medical thera-
py. However, risk and benefit in this setting
have not been established and no recommen-
dation can be made.

INTRACRANIAL HEMORRHAGE

Adults with intracerebral hemorrhage should
be approached in the manner outlined above
for children, with the exception that nimod-
opine is recommended without qualification
for patients with subarachnoid hemorrhage (11).

SUMMARY OF
RECOMMENDATIONS

CHILDREN

= Primary prevention (figure 2). Children
with SCD 2 to 16 years of age should
be screened for stroke risk using TCD.
(Chronic transfusion should be strongly
considered in those with confirmed
abnormal TCD.) If TCD is unavailable
or technically inadequate, or if TCD

results do not meet criteria for treatment
in the presence of other strong indications
of high risk, consideration should be given
to intervention on an individualized basis
unless enrollment in appropriate treatment
trials is an option.

s Children with ischemic stroke should
undergo acute evaluation with CT scan-
ning followed by intravenous hydration
and exchange transfusion to reduce
Hb S to <30 percent total hemoglobin.
In most cases this should be followed
by chronic transfusion (figure 1).

s Children with intracranial hemorrhage
should be evaluated for a surgically cor-
rectable lesion. Following this, chronic
transfusion is recommended in cases
of severe vasculopathy or unrepaired
aneurysm (figure 1). Acute hydration
and short-term exchange transfusion
may be beneficial as well.

ADULTS

s Adults presenting with acute ischemic
stroke should be evaluated for t-PA treat-
ment (figure 3). If t-PA is not used, aspirin
(325 mg) is appropriate. Adults with TIA
or ischemic stroke should be evaluated for
the cause of the ischemia and therapy
should be guided by these findings.
Alternatives include antiplatelet agents and
warfarin. Chronic transfusion is an option,
as used in pediatric stroke prevention.
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SICKLE CELL EYE DISEASE

Sickle cell vaso-occlusive events can affect
every vascular bed in the eye, often with dev-
astating visual consequences. Because early
stages of sickle cell eye disease do not usually
result in visual symptoms, the disease can go
undetected unless a formal eye exam is per-
formed by an ophthalmologist. The examina-
tion should include an accurate measurement
of visual acuity, assessment of pupillary
reactivity, careful evaluation of the anterior
structures of the eye using a slit-lamp biomi-
croscope, and a thorough examination of

the posterior and peripheral retina through

a dilated pupil. This last examination should
include fluorescein angiography. Patients with
sickle hemoglobinopathies should have yearly
eye examinations beginning in childhood and
continuing through adulthood.

CLINICAL FINDINGS

The clinical manifestations of sickle hemoglo-
binopathies are grouped according to the
presence or absence of neovascularization in
the eye. The distinction is clinically relevant
because proliferation of new blood vessels on
the retina is the key biological event that sets
the stage for progression to vitreous hemor-
rhage and retinal detachment.

NONPROLIFERATIVE DISEASE

Non-neovascular ocular manifestations of sickle
hemoglobinopathies include conjunctival
vascular occlusions that transform smooth
vessels into comma-shaped fragments, iris

atrophy, retinal hemorrhages, retinal pigmen-
tary changes, and other abnormalities of the
retinal vasculature, macula, choroid, and optic
disc. These clinical findings are readily appar-
ent on dilated ophthalmoscopy, and all occur
due to local vaso-occlusive events but rarely
have visual consequences.

PROLIFERATIVE DISEASE

Progression to neovascularization or to the
proliferative stage involves the growth of
abnormal vascular fronds that place patients
at risk of vitreous hemorrhage and retinal
detachment. The initiating event in the patho-
genesis of proliferative disease is thought to be
peripheral retinal arteriolar occlusions. Local
ischemia from repeated episodes of arteriolar
closure is presumed to trigger angiogenesis
through the production of endogenous vascu-
lar growth factors, such as vascular endothelial
growth factor and basic fibroblast growth fac-
tor (1,2). Goldberg has defined five stages of
proliferative retinopathy (3). In stage I, periph-
eral arteriolar occlusion is present. In stage II,
vascular remodeling occurs at the boundary
between perfused and nonperfused peripheral
retina with the formation of arteriovenous
anastomoses. In stage III, actual preretinal neo-
vascularization occurs. The neovascular fronds
typically assume a shape that resembles the
marine invertebrate Gorgonia flabellum,
known commonly as the “sea fan.” Stage IV
is defined by the presence of vitreous hemor-
rhage, and stage V is defined by the presence
of retinal detachment. This last complication

95




Chapter 14: Sickle Cell Eye Disease

results from mechanical traction created

by chronic, enlarging fibrovascular retinal
membranes, with or without hole formation
in the retina.

Although peripheral vaso-occlusion may be
observed as early as 20 months of age (4),
clinically detectable retinal disease is found
most commonly between 15 and 30 years of
age (5). Sickle retinopathy is found more often
and earlier in SCD-SC, but is also common in
SCD-SS and sickle thalassemia. Observational
cohort studies have also shown that stages IV
and V retinopathy occur more often in SCD-
SC subjects than in those with SCD-SS (6). It
is a paradox that despite the less dramatic sys-
temic consequences of their disease, subjects
with SCD-SC and sickle thalassemia are more
likely than SCD-SS patients to have serious
ocular manifestations. Research has not been
able to explain the reason for this profound
discrepancy in the severity of the retinal and
systemic manifestations among the various
sickle hemoglobinopathies (see the introducto-
ry material and chapter 2, Neonatal Screening,
for an overview of disease subtypes).

Diagnosis of proliferative retinopathy requires
examination through a dilated pupil utilizing
a wide-field indirect ophthalmoscope.
Evaluation of retinal blood flow is performed
with fluorescein angiography. Any patient
identified with retinopathy should be followed
by an ophthalmologist who specializes in
diseases of the retina.
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TREATMENT

Treatment is reserved for eyes that have
progressed to proliferative retinopathy, since
patients are at risk for severe visual loss from
bleeding and retinal detachment. Given the
high rate of spontaneous regression and lack
of progression of neovascularization in some
eyes, the indications for treatment of retinal
neovascularization are not always clear.
Therapeutic intervention usually is recom-
mended in cases of bilateral proliferative dis-
ease, spontaneous hemorrhage, large elevated
neovascular fronds, rapid growth of neovascu-
larization, and cases in which one eye has
already been lost to proliferative retinopathy.
The goal is early treatment to induce regression
of neovascular tissue before bleeding and reti-
nal detachment occur. Techniques such as
diathermy, cryotherapy and laser photocoagula-
tion have been used to cause involution of neo-
vascular lesions. Of all of these methods, laser
photocoagulation has the fewest side effects.

If retinal detachment or nonclearing vitreous
hemorrhage is present, surgical intervention

is usually required. Surgical techniques include
vitrectomy with or without the placement of
a scleral buckle. Although modern vitreoreti-
nal microsurgery can improve vision for many
patients with advanced sickle retinopathy,

it should be emphasized that surgery carries

a significant risk of intraoperative and postop-
erative complications including severe ocular
ischemia, recurrent hemorrhage, and elevated
eye pressure (7). To minimize the risk of such
complications, partial exchange transfusion
has been recommended prior to surgery, usual-
ly with a target of about 50 to 60 percent nor-
mal red cells, although there has never been

a controlled study demonstrating the efficacy
of this maneuver (8).



INDICATIONS FOR
URGENT OPHTHALMOLOGIC
CONSULTATION

Immediate consultation with an ophthalmolo-
gist familiar with the management of individ-
uals with hemoglobinopathies is required for
any individual with a sickle hemoglobinopa-
thy, including sickle trait, who sustains eye
trauma. Anterior segment trauma may result
in hemorrhage into the anterior chamber of
the eye, allowing sickled erythrocytes to clog
the trabecular outflow channels and raise the
intraocular pressure, producing glaucoma. In
patients with sickle hemoglobinopathies, even
a moderate increase in eye pressure may cause
a significant reduction in perfusion of the
optic nerve and retina, putting the eye at risk
for ischemic optic atrophy and retinal artery
occlusion. In such instances patients may
require an emergent surgical washout of the
anterior chamber.

Trauma considerations aside, any patient with
a sickle hemoglobinopathy who has an acute
change in vision always should be referred
immediately to an ophthalmologist for a full
evaluation.

RECOMMENDATIONS

Beginning in childhood, all patients with
sickle hemoglobinopathies should have yearly
dilated examinations by an ophthalmologist
with expertise in retinal diseases. Any patient
with a sickle hemoglobinopathy who experi-
ences a change in vision should be referred

for ophthalmologic consultation immediately.
Central retinal artery occlusion, an event which
usually results in permanent, devastating loss of
vision, is one of the few bona fide ophthalmic
emergencies which demands intervention

within minutes to hours after the onset of
symptoms. Treatment consists of hyperoxy-
genation combined with rapid reduction of
eye pressure utilizing surgical and medical
techniques. Vision loss from hemorrhage or
retinal detachment also calls for urgent care,
but, unlike acute vascular occlusion, can be
addressed appropriately within 24 to 48
hours. Any individual with a sickle hemoglo-
binopathy who sustains ocular or periocular
trauma should be examined immediately by
an ophthalmologist because of the increased
risk of visual loss from elevated eye pressure
associated with hemorrhage into the anterior

chamber (hyphema).
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CARDIOVASCULAR MANIFESTATIONS

CRITICAL REVIEW

Cardiac exam findings are rarely normal in
sickle cell disease (SCD); the heart is usually
enlarged and the precordium hyperactive, sys-
tolic murmurs are found in most patients, and
premature contractions are often present in
adults (1). Physical work capacity is reduced
to about half in adults with sickle cell anemia
and 60 to 70 percent in children; this is relat-
ed to the severity of the anemia. Cardiomegaly
and heart murmurs often raise the question

of whether or not congestive heart failure is
present. Contractility is normal and overt
congestive heart failure is uncommon, espe-
cially in children (2). When heart failure is
present, it often can be related to secondary
causes such as fluid overload. Cardiac output
is increased at rest and rises further with exer-
cise (1). Electrocardiograms often have non-
specific abnormalities and can show signs of
ventricular enlargement. At rest, cardiac index
is 1.5 times normal value, and increases further
during exercise; it is not completely explained
by hemoglobin level or oxygen content, sug-
gesting increased tissue extraction of oxygen.

One study evaluated cardiac function by
echocardiogram in 200 persons with SCD
who were 13 years of age or older (3).
Compared to normal controls, patients had
increased left and right ventricular and left
atrial chamber dimensions, increased interven-
tricular septal thickness, and normal contrac-
tility. These dimensions, except for those of
the right ventricle, were inversely related to

the hemoglobin level and indicated cardiac
dilatation. Cardiac dilatation was also depen-
dent on age. When homozygous o-thalassemia-
2 was present, left ventricular dimensions were
more normal, but wall thickness was increased
(4). This difference was postulated to be a
result of the higher hemoglobin levels caused
by a-thalassemia. Nevertheless, the response
to exercise was not improved, perhaps because
of the properties of abnormal sickle erythro-
cytes. Pericardial effusions were present in

10 percent of patients and were also inversely
related to hemoglobin level (3).

As a group, patients with anemia have lower-
than-expected systolic and diastolic blood
pressures and individuals with SCD are no
exception (5,6). This may be due to renal sodi-
um wasting; however, its cause is not known
for certain. The blood pressure of patients with
SCD is higher than expected given the severity
of their anemia, suggesting the possibility that
they have “relative” hypertension (7). In a
study of 89 patients, there was an association
between higher blood pressures and stroke.
Survival decreased and the risk of stroke
increased as blood pressure rose, even though
the blood pressure at which these risks
increased was below the level defining early
hypertension in the normal population. This
suggested that “relative” hypertension was
pathogenetically important. Increased longevi-
ty, a higher prevalence of sickle cell nephropa-
thy, and the consumption of high-calorie,
high-salt diets probably all contribute to the
rising prevalence of absolute hypertension in
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patients with SCD. When this is added to the
apparent risks of even relative hypertension
and the fact that reducing blood pressure in
people without SCD can prevent the conse-
quence of hypertension, it seems reasonable to
consider antihypertensive therapy in patients
with SCD with borderline hypertension.

RECOMMENDATIONS

Chest pain, a common entity in SCD, often
leads to patients being told they have had a
heart attack. Obvious myocardial infarction is
unusual, but it has been reported. Paradoxically,
coronary artery occlusion is not common, sug-
gesting that small vessel disease is responsible
for the cardiac damage (2). Ischemic heart
disease can be present in patients with SCD
and should be considered in all individuals
with chest pain (8).

Sudden unexpected and unexplained death is
common in adults with sickle cell anemia (9,10).
Patients with SCD can have autonomic nervous
system dysfunction that may contribute to sud-
den death. A recent study in 24 patients found
14 patients (58.3 percent) to have cardiovascu-
lar autonomic dysfunction based on abnormal
values for at least two cardiovascular autonomic
function tests, whereas 10 (41.7 percent) had
preserved cardiovascular autonomic function.
In contrast, all control subjects had normal
cardiac autonomic function (9).

Documented congestive heart failure in sickle
cell anemia should be treated with the usual
methods. Severely anemic patients with symp-
toms of congestive heart failure or angina pec-
toris may be helped by cautiously increasing
their hemoglobin concentration by transfusion
or, if possible, with hydroxyurea (see chapter
25, Transfusion, Iron Overload, and Chelation
and chapter 26, Hydroxyurea, for general
information about treating anemia).
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Currently, no trials in patients with sickle cell
anemia can guide decisions regarding when to
begin antihypertensive treatment, what agents
are most effective, what the blood pressure
goals of treatment should be, and whether
blood pressure reduction can reduce the inci-
dence of stroke or prolong life. A reasonable
approach, based on experience in the general
hypertensive population where the risk of
stroke begins well below the normal blood
pressure of 140/90 mmHg, is to carefully
evaluate the patient and consider beginning
antihypertensive treatment when systolic blood
pressure rises by 20 mmHg or the diastolic
blood pressure increases by 10 mmHg. When
there is evidence of target organ damage from
heart disease, nephropathy and peripheral
vascular disease, treatment might be started

at pressures above 130/85 mmHg. Treatment
at pressures of 120/75 mmHg may be indicat-
ed when proteinuria is higher than 1 gram

per day. ACE inhibitors and calcium antago-
nists may be especially useful treatments; the
former appears to reduce proteinuria and pre-
serve renal function, and the latter may induce
a higher rate of response in black patients.
Theoretically, diuretics, by causing hemocon-
centration, might predispose to vaso-occlu-
sion. In practice, it is not clear whether this
occurs, and their use is not contraindicated.
Diuretic dosing should take into consideration
the additive effects of obligate hyposthenuria
in patients with SCD. B-adrenergic receptor
blocking agents can also be used. Renin-
dependent hypertension can result from focal
areas of renal ischemia. Severe blood pressure
increases in individuals with SCD should be
evaluated thoroughly to exclude this and other
forms of secondary hypertension.
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ACUTE CHEST SYNDROME

AND OTHER PULMONARY COMPLICATIONS

The lung is a major target organ for acute
and chronic complications of sickle cell disease
(SCD). Acute chest syndrome (ACS) is a
frequent cause of death in both children and
adults (1-3) with SCD. Pulmonary problems
not directly related to sickle cell vaso-occlu-
sion, such as pneumonia or asthma, can wors-
en SCD because local or systemic hypoxia
increases sickle hemoglobin (Hb S) polymer-
ization. Multiorgan failure often is preceded
or accompanied by pulmonary involvement,
as observed with fat embolization in pain
episodes. There is more frequent recognition
of chronic pulmonary hypertension in adult
patients, as this complication gives a poor
prognosis even though pulmonary artery pres-
sures are not very high compared to those in
patients with primary pulmonary hypertension.

Few of the management recommendations
below are based on randomized clinical trials,
since such trials are largely unavailable. The
proposed guidelines are based on reviews of
small case series in the literature, and on con-
sensus among clinicians with experience in
SCD treatment.

ACUTE CHEST SYNDROME

SUMMARY OF THE STATE
OF KNOWLEDGE

ACS is an acute illness characterized by fever
and respiratory symptoms, accompanied by
a new pulmonary infiltrate on a chest x ray.
Because the appearance of radiographic
changes may be delayed (3), the diagnosis

may not be recognized immediately. A major
risk factor for the development of ACS is the
hemoglobin genotype: the highest incidence
is seen in 3%/B* genotype (12.8 events/100 per-
son-years) and the lowest in B%/pB* thalassemia
genotype (3.9 events/100 person-years) (4).
ACS is the second most common cause of
hospitalization in sickle cell patients and the
most common complication of surgery and
anesthesia (5). Children have higher inci-
dences of ACS (21 events/100 person-years,
B*/B* genotype) but lower mortality (<2 per-
cent) than adults (8.7 events /100 person-years
and 4-9 percent mortality) (3,6). In SCD-SS
persons, the incidence of ACS is related to

low fetal hemoglobin (Hb F) levels and high
steady-state hematocrits and white cell counts,
but not to coexistent o-thalassemia (4).
Children have seasonal variation in ACS
incidence: lower in the summer, but higher
in winter when respiratory infections are
frequent (6). The seasonal pattern is less
marked in adults. Even though the ACS
usually is self-limited, it can present with or
progress to respiratory failure, characterized
by noncardiogenic pulmonary edema and
severe hypoxemia. These critically ill patients
need both respiratory support and emergency
transfusions (see below).

The Multicenter Acute Chest Syndrome
Study (MACSS) group enrolled 538 patients
with 671 ACS episodes in a comprehensive,
standardized diagnostic and management
protocol (3). The protocol included bacteriol-
ogy, virology, and serologic studies, as well as
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examination of bronchoscopy-obtained secre-
tions or deep sputum samples. In 108 of 364
episodes (30 percent) with complete diagnos-
tic data, all results were negative, which led,
by exclusion, to the diagnosis of pulmonary
infarction. Fifty-nine of the 364 episodes
(16.2 percent) had pulmonary fat emboliza-
tion (PFE) defined by the finding of lipid-
laden macrophages in broncho-alveolar lavage
specimens. About one-third of the PFE cases
showed evidence of infection. Previous studies
on mostly older patients had reported higher
prevalences of PFE (44 to 77 percent) in ACS
(7,8). Patients with PFE tend to be older and
have lower oxygen saturations (3). An infec-
tious agent was identified in 197 episodes (54
percent) but a wide variety of microorganisms
was found, the most common of which were
chlamydia (48 episodes, 13 percent), mycoplas-
ma (44 episodes, 12 percent) and viruses

(43 episodes, 12 percent). In 30 ACS episodes
(8.2 percent), bacteria were isolated, which
included Staphylococcus aureus, Streprococcus
pneumoniae, and Hemophilus influenzae.

The MACSS reported findings from the first
ACS episode in 128 adults and 409 children
(82 percent with Hb SS genotype) (3). This
study used strict criteria to define ACS: a pul-
monary infiltrate consistent with consolida-
tion, plus at least one of the following: chest
pain, fever over 38.5°C, tachypnea, wheezing,
or cough. An earlier series, the Cooperative
Study of Sickle Cell Disease (CSSCD)
enrolled 252 adults and 687 children (76
percent with SS genotype) who had a total

of 1722 episodes of ACS (6) defined by the
appearance of a new pulmonary infiltrate on
the chest x ray. Table 1 summarizes findings
from both of these prospective series.
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Clearly, the MACSS enrolled more severely
ill patients than did the CSSCD, as shown
by more frequent use of red cell transfusions,
longer hospital stays, and higher death rate,
particularly in adult patients. In the MACSS,
multilobe involvement, history of cardiac dis-
ease, and lower platelet counts independently
predicted respiratory failure. Low platelet
counts also were associated with neurologic
complications.

TREATMENT RECOMMENDATIONS

Oxygen

Assessment of blood oxygenation requires deter-
mination of baseline arterial blood gases (ABG),
and estimation of the alveolar-arterial (A-a)
oxygen gradient and the PaO,/FiO, ratio.
Oxygen should be administered to moderately
hypoxemic patients (PaO, = 70-80 mmHg,
O, saturation = 92-95 percent) nasally at

a rate of 2 liters per min. Chronically hypox-
emic patients in whom the admission PaO,

is no lower than in their steady state may still
benefit from oxygen because they may not
tolerate additional hypoxemia due to ACS.
Control of chest pain and incentive spirometry
can prevent hypoventilation in most patients
(9). The efficacy of these interventions should
be checked with repeated ABGs as needed to
monitor the A-a gradient, which appears to

be the best predictor of clinical severity (10).
Patients with worsening A-a gradients should
be managed in an intensive care unit for ade-
quate cardiorespiratory support.

Transfusions

Simple transfusions (or exchange transfusions)
decrease the proportion of sickle red cells and
are indicated for the treatment of ACS (3,11)
(see chapter 25, Transfusion, Iron Overload,
and Chelation). Transfusions will increase the



Table 1. Clinical Presentation and Course of Acute Chest Syndrome: Cooperative Study
of Sickle Cell Disease (CSSCD) and Multicenter Acute Chest Syndrome Study (MACSS)

Presenting symptoms and signs (percent) CSSCD MACSS
Fever 80 80
Cough 74 62
Chest pain 57 44
Shortness of breath 28 41
Tachypnea 2 45%
Wheezing 11 26
Rales 46 76
Dullness 31 nrx*
Normal auscultation 35 nr

X-ray and laboratory findings

Multiple lobe involvement, adults (percent) 36 59
Multiple lobe involvement, children (percent) 24 74
Pleural effusion, adults (percent) 21 27
Pleural effusion, children (percent) 3 38
Mean hemoglobin level (g/dL) 7.9%** 7.7
Mean change from steady-state Hb (g/dL) -0.7 -0.8
Mean WBC/pL 21.1x103 23.0x103
Mean PaO, at diagnosis (mmHg) VARREE 70
Mean O, saturation at diagnosis (percent) nr 92
Bacteremia (percent) 3.5 nr

Hospital course, treatment, mortality

Respiratory insufficiency, adults (percent on ventilator) nr 22
Respiratory insufficiency, children (percent on ventilator) nr 10
Neurologic event, (percent patients) nr 11
Antibiotics given (percent patients) nr 100
Bronchodilators used (percent patients) nr 61
Transfusions used (percent patients) 26 72
Mean number of units given nr 3.2
Mean hospital stay, adults (days) 10 12.8
Mean hospital stay, children (days) 5.4 9
Death rate, adults (percent) 4.3 9
Death rate, children (percent) 1.1 <2

* Tachypnea was an inclusion criterion in the MACSS but not in the CSSCD series.
** Not reported.

**x SCD-SS patients.

*##* Only 56 percent had arterial blood gas determinations.

105



Chapter 16: Acute Chest Syndrome and Other Pulmonary Complications

Table 2. Mean Room Air PaO, in ACS before and after Transfusions

Authors Before Transfusion After Transfusion p
Emre et al. (18) 65 mmHg 86 mmHg 0.0001 (N=16)
Vichinsky et al. (3) 63 mmHg 71 mmHg 0.001 (N=387)

oxygen affinity of blood in sickle cell patients
(12). The main indication for transfusion
therapy is poor respiratory function. The
goal is to prevent progression of ACS to acute
respiratory failure. Two studies, though non-
randomized, demonstrate the effect of blood
transfusion on oxygenation in ACS patients

(table 2).

From the data above, it would appear that
transfusions or exchange transfusions should
be initiated at the first sign of hypoxemia
(PaO, below 70 mmHg on room air). For
patients with chronic hypoxemia, a drop in
PaO, of greater than 10 percent from baseline
seems to be a reasonable transfusion trigger.
Transfusions may not be needed if the A-a
oxygen gradient is due to splinting from pain,
that is, if the gradient corrects with analgesia
and incentive spirometry. Transfusion therapy
should not be delayed, particularly in deterio-
rating patients. Altered mentation in such
patients is often erroneously attributed to opi-
oid excess, delaying the therapy of progressive
acute chest syndrome.

Antibiotics

Intravenous broad-spectrum antibiotics should
be given to febrile or severely ill ACS patients
since it is difficult to exclude bacterial pneu-
monia or superinfection of a lung infarct. The
MACSS used erythromycin and cephalosporin.
A macrolide or quinolone antibiotic always
should be included because atypical microor-
ganisms are common (3).
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Other measures

Optimal pain control and incentive spirometry
are important to prevent chest splinting and
atelectasis. A randomized controlled study
showed that incentive spirometry reduced

the risk of development of ACS by 88 percent
in patients hospitalized with thoracic bone
ischemia/infarction (9). Airway hyperreactivity
occurs in up to one-fourth of ACS patients
and is treated with bronchodilators. Fluid
overload should be avoided by the use of 5
percent dextrose in water or 1/2- or 1/4-nor-
mal saline, and by limiting the infusion rate to
1.5 times maintenance requirements (3). More
studies are needed to establish the safety and
efficacy of the use of dexamethasone (13) and
other approaches, such as nitric oxide inhala-
tion (14), in the treatment of ACS.

PREVENTION AND PROGNOSIS
The short-term prognosis of ACS with limited

lung involvement and only mild hypoxemia

is good. Some reports suggest an association
between chronic pulmonary disease and fre-
quent ACS episodes (15,16), but others did
not find long-term lung damage in patients
with recurrent ACS (17). In any case, frequent
ACS episodes or painful events are associated
with shorter lifespans (4). The frequency of
ACS can be reduced by about 50 percent with
hydroxyurea treatment (18). Nonrandomized
observations suggest that transfusion regimens

can prevent ACS. A preliminary report from
the Stroke Prevention Trial in Sickle Cell



Anemia (STOP) showed that patients ran-
domized to receive transfusions had signifi-
cantly fewer ACS events (2.2/100 person-
years), compared to patients in the nontrans-
fused arm (15.7/100 person-years, p<0.001).

SYSTEMIC FAT EMBOLIZATION
SYNDROME

SUMMARY OF THE STATE OF THE ART

Bone marrow infarction and necrosis is

a known complication of SCD (19). When

an infarct is massive, necrotic marrow and fat
embolize to the pulmonary vasculature. Fat
droplets can enter the systemic circulation,
which results in systemic fat embolization
(SFE) syndrome. Thus, in addition to respirato-
ry insufficiency, patients can develop multior-
gan failure from emboli in organs such as the
brain and kidneys. SFE can affect patients
with even the mildest forms of SCD. Few case
reports are available (20,21), but risk factors for
SFE appear to be a %/B€ genotype, pregnancy,
and prior corticosteroid treatment. Clinical
signs of SFE vary and depend on the organs
involved and the degree of involvement.
Initially there may be a painful event, but
patients can present with or develop a fever,
hypoxemia, azotemia, liver damage, altered
mental state, or coma. Hematologic signs
include progressive anemia, normoblastemia,
thrombocytopenia, and disseminated intravas-
cular coagulation. A high index of suspicion for
SFE should be maintained, even though this
diagnosis is hard to prove. Fortunately, SFE

is often preceded or accompanied by pul-
monary involvement (severe chest syndrome,
pulmonary fat embolism), so that transfusions
given to hypoxemic ACS patients may prevent
or inhibit its development.

RECOMMENDATIONS

Because SFE is life-threatening but difficult to
recognize, a proposal for management includes
the following:

= A high index of suspicion for SFE should
be maintained, and all cases of ACS are
considered to be at risk. Treatment of SFE
should not await proof of diagnosis, since
only two premortem findings prove SFE
in sickle cell or trauma patients: detection
of fat droplets within retinal vessels and
a biopsy of petechiae (22) that shows
microvascular fat. Urine fat stains are
unreliable. Indirect evidence of SFE in
sickle cell patients includes positive fat
stain in bronchial macrophages, lung
microvascular cells, or venous blood buffy
coat (23) and multiple areas of necrosis
on bone marrow scans. The descriptions
of these signs are anecdotal in SCD-related
SFE (and in non-SCD patients with fat

emboli due to trauma).

= As in cases of severe ACS, support in a
critical care setting is essential to manage
respiratory insufficiency and multiorgan
failure. Case reports suggest that prompt
transfusion or exchange transfusion may
prevent some deaths from SFE (20). Since
fat embolism causes severe hypoxemia
which promotes Hb S polymerization,
it seems likely that transfused normal
blood will dilute the patient’s sickle cells
and improve pulmonary and systemic
microvascular circulation. Survival in sick-
le cell patients with SFE has been reported
only in those treated with transfusions.

REACTIVE AIRWAY DISEASE

Airway hyperreactivity (asthma) is not a classi-
cal feature of SCD, but transgenic mouse
models of SCD have airway obstruction that
is responsive to albuterol. Cold air challenge
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induced hyperresponsiveness in 83 percent

of asymptomatic children with SCD who had
a history of reactive airways (24). Also, two
large prospective studies of ACS described
above reported wheezing in 11 percent (6)
and 26 percent (3) of patients on admission.
In the latter group, the mean predicted forced
expiratory volume was 53 percent, and 61
percent of patients were treated with bron-
chodilators. Twenty percent of ACS patients
improved with bronchodilators and had a 15
percent increase in predicted forced expiratory
volume (3). Like nonhemoglobinopathy sub-
jects, asthmatic sickle cell patients are treated
with inhaled bronchodilators, with or without
inhaled steroids. Steroids can be added system-
ically to manage acute asthma, but sickle cell
patients should be monitored for the develop-
ment of vaso-occlusive events.

PULMONARY HYPERTENSION

SUMMARY OF THE STATE OF THE ART

Pulmonary hypertension (PHT), defined as

a mean pulmonary artery pressure above 25
mmHg, can be secondary to SCD (20), but
its prevalence is not known. In sickle cell
patients the frequency of chronic lung disease
with cor pulmonale is reported at 4.3 percent.
PHT is probably more frequent in adult
patients (20), although it was not listed as an
underlying condition in 209 adult CSSCD
patients who died during that study (25).

The mechanisms for PHT in SCD are not
known. One or more of the following factors
could be responsible: sickle cell-related vascu-
lopathy, chronic oxygen desaturation or sleep
hypoventilation (26), pulmonary damage from
recurrent chest syndrome (15), repeated
episodes of thromboembolism (27), or high
pulmonary blood flow due to anemia. The
last reason, combined with decreased lung
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vasculature, also was given as a cause of PHT
in thalassemia intermedia (28). Regardless

of the exact mechanism, the development of
PHT raises the risk for cor pulmonale, recur-
rent pulmonary thrombosis, and worsened
hypoxemia, all of which increase the frequency
and severity of vaso-occlusive episodes (pain

events, ACS) in SCD (15).

The diagnosis of PHT should be considered in
sickle cell patients with (a) increased intensity
of the second heart sound, (b) right ventricular
enlargement on chest x ray, EKG, or echocar-
diogram, or (c) unexplained oxygen desatura-
tion. As PHT worsens, patients complain

of chest pain and dyspnea, and have hypox-
emia at rest. Additional problems are right-
sided heart failure, syncope, and a risk of sud-
den death from pulmonary thromboembolism,
systemic hypotension, or cardiac arrhythmia.
Unless an echocardiogram shows tricuspid
regurgitation with increased pulmonary artery
pressure, the diagnosis of PHT requires right-
sided cardiac catheterization. In a few patients
whose catheterization results were published,
the pulmonary pressures were lower and car-
diac outputs (measured by thermodilution)

were higher than in primary PHT (20).

RECOMMENDATIONS

There is no proven treatment for sickle cell-
related PHT. Therefore, recommendations are
tentative and based mostly on what is known
about the treatment of primary PHT. During
cardiac catheterization, vasodilators or oxygen
may be given to see if they reduce pulmonary
pressure acutely in order to predict the benefit
of long-term administration. Continuous infu-
sion of prostacyclin, a vasodilator and inhibitor
of platelet aggregation, improves pulmonary
artery pressure and survival in primary PHT
(29), and also may be effective in secondary
PHT (30). This drug also causes some patients



with SCD-related PHT to respond during
cardiac catheterization (31), but there are no
published data on long-term use. Other agents
used to treat primary PHT are the calcium-
channel blockers nifedipine and diltiazem
(32), and these or similar medications could
be tried in responsive sickle cell patients.
Long-term anticoagulation with warfarin

[to an international normalized ratio (INR)
of 2-3] is used in primary PHT because of
the risk of thromboembolism (29) and also
may be useful for SCD-related PHT (27).
Continuous or nocturnal oxygen therapy
decreases pulmonary artery pressure in patients
who are hypoxemic from various lung disor-
ders. It should be used in SCD-related PHT
if it lowers pulmonary pressure at cardiac
catheterization, and in chronically hypoxemic
patients (PaO, <60 mmHg, O, saturation
<90 percent). A red cell transfusion program
would help to reduce the incidence of vaso-
occlusive events, ACS, lung scarring, and
PHT in some patients. Hydroxyurea would
be expected to have the same effect, but it
does not seem to prevent the development

of PHT in SCD.
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