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ABSTRACT

ACKGROUND: Sickle cell disease patients are more likely than the general population to undergo surgery
nd usually do so at a younger age. Female sickle cell disease patients also have special gynecological and
bstetric issues related to their disease.
ETHODS: We collected data through standardized clinical report forms, patient interviews, and medical

ecords from 509 adult sickle cell disease patients. Logistic regression was used to estimate the association
etween multiple variables and each of the surgery types. We also determined the prevalence and outcomes
f pregnancy in 284 women with sickle cell disease in this population.
ESULTS: Almost 50% of patients aged 18-27 years had had a cholecystectomy. Mean corpuscular
emoglobin, total bilirubin, and lactate dehydrogenase were significantly higher in the postcholecystec-
omy group; 9.5% of 504 individuals had undergone splenectomy. Hematocrit, body mass index, and red
lood cell count were significantly higher in the postsplenectomy group. Hip replacement had been
erformed in 9.2% of individuals, with the prevalence increasing as early as the fourth decade and
ontinuing to increase through the sixth decade of life. A history of pregnancy was present in 190 women
67%). Of 410 pregnancies, only 53.9% resulted in live births, 16.6% were voluntarily terminated, and
9.5% were complicated by miscarriage, still birth, or ectopic implantation.
ONCLUSIONS: Sickle cell disease continues to have a strong effect on the mean age for common surgeries
nd impacts pregnancy outcomes. We conclude that this population has a unique surgical and obstetric
istory that should be further studied to provide insight into potentially more effective preventive
pproaches to end-organ damage.
 2008 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2008) 121, 916-921
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NTRODUCTION
ickle cell disease is an inherited hemoglobinopathy, result-

ng from a single nucleotide change in the gene encoding
he � chain of hemoglobin. The mutant � globin chains
HbS) render the red cells more prone to hemolysis, due at
east in part to polymerization of deoxyhemoglobin. In
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ddition, HbS red cells contribute to the process of vaso-
cclusion in both large and small vessels. Adhesion of HbS
ells results in endothelial damage and upregulation of ad-
esion molecules, which stimulates further red cell and
eukocyte adhesion, as well as the release of various cyto-
ines and proteolytic enzymes. This process ultimately
eads to severe anemia and impaired tissue perfusion, re-
ulting in a broad array of end-organ complications.
hronic hemolysis also results in pigment gallstone forma-

ion and cholelithiasis. Splenic sequestration and splenic
ooling can be a major cause of morbidity and mortality in
hildren with sickle cell disease and in adults with other
ickle cell syndromes and often warrant splenectomy. Hy-
ersplenism, splenic infarction, and increased transfusion

equirements also might be indications for splenectomy.1

mailto:soheir.adam@duke.edu
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y age 35 years, about 50% of sickle cell disease patients
ave developed femoral head necrosis. Osteonecrosis of the
emoral head results from infarction of the cancellous tra-
eculae. The femoral head is more commonly affected than
ther sites due to its weight-bearing function.2

Sickle cell disease patients are
uch more likely than the general

opulation to undergo surgical
rocedures in their lifetime,3 and
he age at which surgery is per-
ormed is younger than that of the
eneral population.4,5 The Coop-
rative Study of Sickle Cell Dis-
ase reported the course and out-
ome of all surgical procedures
erformed for 717 sickle cell dis-
ase patients during the period from
978 to 1988.6 For more than 2 de-
ades, there have been no further
eports on the prevalence of major
urgeries in this population.

The aim of the present study
as to determine the current prev-

lence of surgical procedures in an
dult sickle cell disease popula-
ion, in view of both improved
edical care and the advent of hy-

roxyurea therapy for sickle cell disease. In addition, we
xamined patient characteristics associated with history of
revious surgeries. We also analyzed the prevalence and
utcomes of pregnancy in sickle cell disease.

ETHODS
ver a period of 5 years (2002-2007), 509 unrelated adult
atients were enrolled in the study after informed consent
as obtained. There were 21 patients with S�0 thalassemia

nd 488 patients who were homozygous for HbS. The pa-
ient population came primarily from 3 major centers in the
outheast United States: Duke University, Durham, NC;
niversity of North Carolina, Chapel Hill, NC; and Emory
niversity, Atlanta, GA. A small number of patients also
ere enrolled at East Carolina University, Greenville, NC,

nd the Carolinas Medical Center, Charlotte, NC. The pa-
ients enrolled at Duke University Medical Center, Univer-
ity of North Carolina, and Emory University represent
ore than half the HbSS patients followed regularly at these

enters.

ata Collection
edical history was obtained by both patient interviews and

eview of medical records, using standardized case report
orms, and information was then entered into our Pedigene
atabase. Other data collected included demographics, base-
ine hematology and chemistry laboratory values, vital
igns, results of physical examination, body mass index

CLINICAL SIGNIF

● Sickle cell dise
cholecystectomy
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population.

● The prevalence o
appears to plate

● The cumulative
tomy increased
years in Hb SS a

● The live birth
sickle cell diseas
lower than for
American popula
BMI), and current medications.
tatistical Analysis
ontingency tables were used to provide descriptive fre-
uencies of the surgical and obstetric outcomes. Logistic
egression was used to identify statistically significant as-
ociations between surgical outcomes and possible predictor

and related outcome variables. All
analyses were conducted using
SAS version 9.1 (PROC FREQ
and PROC LOGISTIC; SAS Insti-
tute Inc., Cary, NC).

RESULTS
Among all surgeries studied, chole-
cystectomy was 5 times more com-
mon than other surgeries, while to-
tal hip replacement tended to be
performed latest in life (Figure 1).

Cholecystectomy
Cholecystectomy was the most
commonly reported surgery in this
population (291/509, 57.17%).
Among patients 18-47 years of
age, 47.5% of subjects had already
had a cholecystectomy; and 69%
of those who were 47 years and

lder had undergone the procedure (Figure 1). The likeli-
ood of having had a cholecystectomy increased with each
ear of age over 18 (odds ratio [OR] 1.028 per year). The
ean corpuscular volume, total bilirubin, and lactate dehy-

rogenase were significantly higher for those who had had
holecystectomy than those without cholecystectomy
P � .008, P � .008, and P � .006 respectively, Table 1),
lthough the reticulocyte count was not different between
he 2 groups. The odds of having had a cholecystectomy
ncreased for each femtoliter (fl) increase in mean corpus-
ular hemoglobin (OR 1.026). Also, the likelihood of hav-
ng had a cholecystectomy increased with increases in se-

Figure 1 Cumulative prevalence of surgical histories by age.
The prevalence of cholecystectomy, splenectomy, and total hip
replacement is shown. The frequency of all 3 types of surgeries
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patients age.
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0 disease.

for mothers with
ains considerably
general African-
ICAN

ase
and

unger

f all
au as

preva
beyon
nd S�

rate
e rem
the
appeared to plateau as patients aged.



r
t
1
I
a
a

S
A
s
o
T
w
r
f
g
w
s

T
H
i
o
b
r
m
a
l
o

O
O
(
r
b
s
a
a

t
m

D
P
f
s
c
c
c
s
m
1
o
I
P
w
C

V

S
H
H
M
A
T
L
B
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um bilirubin (OR 1.128 per mg/dL increase). Furthermore,
he odds of having had a cholecystectomy increased by
.028 for each 50-unit increase in lactate dehydrogenase.
nterestingly, there was no relationship between BMI or sex
nd cholecystectomy, despite the association of these vari-
bles with cholecystectomy in the general population.

plenectomy
history of surgical splenectomy was reported by 48 of 504

tudy subjects (9.52%) for whom a response was recorded; 43
f 48 post-splenectomy subjects were ages 18-47 (Figure 2).
he percentage of S�0 patients who had had splenectomy
as 43% (9/21), while only 8.1% (39/483) of SS patients

eported having had a splenectomy. The hematocrit was
ound to be significantly higher in the post-splenectomy
roup (26.3 vs 24.3) (P � .017). Interestingly, individuals
ith a higher BMI also were more likely to have had

urgical splenectomy (P � .028, Table 2).

otal Hip Replacement
ip replacement had been performed in 47/509 (9.23%)

ndividuals, and 85% of these reported having it by the age
f 57 years (Figure 1). There was no significant difference
etween the BMI values in those with a history of total hip
eplacement and those with no history of total hip replace-
ent (25.09 � 4.3 and 23.8 � 4.9, respectively, Table 3). In

ddition, there were no differences in hematology or hemo-
ysis-associated laboratory values between patients who had
r had not undergone total hip replacement.

bstetrical History and Outcomes
f the 284 women included in this analysis, 190 subjects

66.9%) reported a history of a total of 410 pregnancies,
esulting in an average pregnancy rate of 2.16 for those who
ecame pregnant at least once, but only 1.44 for all female
ubjects. The mean age at first delivery was 23.7 years. Of
ll reported pregnancies, 221 resulted in live births (53.9%)

Table 1 Correlation of Clinical and Laboratory Variables with P

ariable Cholecystectomy

ex (% female) 59.1
b (g/dL) 8.28 � 1.45
ct 24.25 � 4.50
CV (fl) 91.59 � 12.13
bs. retic. count (� 103/�L) 298.34 � 131.70
. bilirubin (mg/dL) 3.54 � 3.17
DH (U/L)‡ 896.84 � 572.07
MI 23.93 � 4.85

OR � odds ratio; CI � confidence interval; Hb � hemoglobin; Hct �
reticulocyte count; T. bilirubin � total bilirubin; LDH � lactate dehydrog

*All P values were obtained after controlling for age.
†OR: per unit of measure.
‡Odds ratio per 50 U/L LDH change.
nd 121 (29.51%) ended in miscarriages, stillbirths, or ec-
opic implantation. There were 68 (16.59%) voluntary ter-
inations (Table 4).

ISCUSSION
igment gallstones originating from chronic hemolysis af-
ect 20% of children and more than 80% of adults with
ickle cell disease.7 Gallstones cause cholecystitis and re-
urrent attacks of abdominal pain. These frequent compli-
ations have historically made cholecystectomy the most
ommon surgical procedure in sickle cell disease. In this
tudy, we also found cholecystectomy to be the most com-
only performed surgery. Almost one fifth of patients aged

8-27 years had undergone cholecystectomy. Recently, an-
ther group of investigators examined the 2004 Nationwide
npatient Sample from the Healthcare Cost and Utilization
roject and found that the mean age for cholecystectomy
as 52.8 � 0.2 years in the general population (Reed S,
hou SH, personal communication). Clearly, patients with

Figure 2 Number of surgeries performed in each age group.
The numbers of individuals who had had surgery in different
age groups is compared. While a history of cholecystectomy is
far more common than history of other surgeries in all groups,
above age 38 years, a history of total hip replacement is more

nce of Cholecystectomy

olecystectomy P Value* OR (CI)†

.081
4 � 1.52 .466
7 � 4.53 .573
4 � 10.40 .008 1.026 (1.007-1.046)
0 � 134.16 .983
3 � 2.04 .005 1.128 (1.037-1.226)
2 � 489.97 .006 1.028 (1.008-1.048)
9 � 4.93 .642

crit; MCV � mean corpuscular hemoglobin; Abs. retic. count � absolute
MI � body mass index.
revale

No Ch

49.5
8.4

24.6
88.0

302.3
2.9

742.8
23.8

hemato
enase; B
common than a history of splenectomy.
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919Adam et al Surgery and Pregnancy in Sickle Cell Disease
ickle cell disease continue to undergo cholecystectomy at a
ar younger age than do other populations in the United
tates. Interestingly, the levels of bilirubin and lactate de-
ydrogenase were significantly higher in patients who had
ad cholecystectomy, suggesting that differences in hemo-
ytic rate and possibly bilirubin metabolism affect the life-
ime need for cholecystectomy, rather than just the age at
holecystectomy, as has been reported recently.8-10

Only a small number of our study population (48/504,
.5%) had had their spleens surgically removed. Interest-
ngly, splenectomy had occurred at a much higher rate in Hb
�0 than in Hb SS patients (43% in S�0 and 8% in SS).
herefore, the odds of having had a splenectomy were 9.17

imes higher for individuals with Hb S�0 compared with
hose with Hb SS (P � .0001). Nationwide in 2004, the
ean age of splenectomy was 17 years for sickle cell

isease patients (Chou, Reed and colleagues, personal com-
unication), as compared with 45 years in the healthy

opulation. However, the nationwide data are likely to in-
lude patients with Hb SC and Hb S�� thalassemia as well,
nd such patients are more likely to undergo splenectomy at
later age than those with Hb SS. Nevertheless, we were

urprised to find that the cumulative prevalence of splenec-

Table 2 Correlation of Clinical and Laboratory Variables with P

ariable Splenectomy

ex (% female) 58.3%
BC (� 109/L) 3.07 � 0.9
b (g/dL)‡ 8.69 � 1.9
ct‡ 26.31 � 5.6
CV(fl) 87.12 � 12.0
bs. retic. count (� 103/�L) 280.14 � 101.8
. bilirubin (mg/dL) 2.60 � 1.9
DH (U/L) 912.30 � 510.8
MI 25.50 � 5.6

CI � confidence interval; RBC � red blood cell count; Hb � hemo
Count � absolute reticulocyte count; T. bilirubin � total bilirubin; LDH �

*All P values were obtained after controlling for age.
†OR: per unit of measure.
‡Hb SS only.

Table 3 Correlation of Clinical and Laboratory Variables with P

ariable THR

ex (% female) 57.4%
b (g/dL) 8.49 � 1.5
ct 24.91 � 4.6
CV (fl) 91.25 � 9.5
bs. Retic. Count (� 103/�L) 306.39 � 193
. bilirubin (mg/dL) 2.44 � 1.6
DH (U/L) 789.62 � 454
MI 25.09 � 4.3

Hb � hemoglobin; Hct � hematocrit; MCV � mean corpuscular hemo
bilirubin; LDH � lactate dehydrogenase; BMI � body mass index; OR � od
*All P values were obtained after controlling for age.
omy increased beyond age 27 years, even in a population
imited to individuals with Hb SS and Hb S�0 thalassemia.
his may reflect the possibility that use of splenectomy in
ickle cell disease has decreased over time. The hematocrit
lso was significantly higher in those who had had splenec-
omy, despite the fact that in adulthood the vast majority of
atients lack functional spleens; this appears to reflect the
elative increase of splenectomy among the Hb S�0 patients.
lthough Hb SS patients who were surgically splenecto-
ized had a higher hematocrit than similar patients without

plenectomy (25.43 vs 24.22), a greater difference was
bserved for Hb S�0 patients (29.46 vs 26.58). Interest-
ngly, splenectomized patients had a significantly higher
MI than nonsplenectomized subjects. This may be ex-
lained by the negative effect of hypersplenism and the
ypercatabolic symptoms of an enlarged spleen on weight
ain during childhood. In addition, Hb S�0 patients were
ound to have higher body mass indices, thus skewing the
MI results between the 2 groups (Hb S�0 mean
MI � 26.50, Hb SS mean � 23.91, P � .0403 controlling

or age). Alternatively, individuals with higher hemoglobin
evels may have increased risk of splenectomy and higher
MIs. Bone disease is one of the major complications of

nce of Splenectomy

plenectomy P Value* OR (CI)†

% .205
.72 � 0.6 .004 2.025 (1.259-3.257)
.32 � 1.4 .180
.27 � 4.4 .017 1.096 (1.017-1.182)
.37 � 11.5 .122
.43 � 135.2 .368
.31 � 2.8 .085
.12 � 547.9 .334
.75 � 4.8 .028 1.077 (1.008-1.151)

Hct � hematocrit; MCV � mean corpuscular hemoglobin; Abs. Retic.
dehydrogenase; BMI � body mass index; OR � odds ratio.

nce of Total Hip Replacement (THR) Surgery

No THR P Value*

55.2% .452
8.33 � 1.5 .109

24.39 � 4.5 .146
89.99 � 11.7 .933

298.21 � 125.4 .323
3.55 � 2.8 .158

834.60 � 550.7 .464
23.82 � 4.9 .562

Abs. Retic. Count � absolute reticulocyte count; T. bilirubin � total
o; CI � confidence interval.
revale

No S

55.0
2
8

24
90

301
3

824
23

globin;
lactate
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ickle cell disease. This includes bone infection, bone in-
arction, and osteonecrosis of the femoral and, less com-
only, humeral heads.4

About half of the sickle cell disease population is
xpected to develop osteonecrosis by the age of 35
ears.2 The persistence of disabling pain that is unrespon-
ive to conservative measures is usually considered an
ndication for arthroplasty.11 Hip arthroplasty is per-
ormed at a younger age in this population.12,13 While the
ean age for hip replacement nationwide for all individ-

als is 69.8 years (Reed S, Chou SH, personal commu-
ication), the prevalence of hip arthroplasty in sickle cell
isease appears to increase significantly as early as the
ourth and fifth decades of life (Figures 1, 2). Further-
ore, although it is well documented in the literature that

besity is a major risk factor for osteonecrosis in young
dults,14-17 there was no correlation between BMI and
ip replacement surgery in our study. However, this may
e due to the small number of patients who had had hip
urgery (n � 47), as well as to the wide variability in BMI
alues in our patient population.18

Overall, this study showed unique correlations between
ifferent types of surgery, patient age, and specific labora-
ory values. As shown in Figure 2, cholecystectomy was the
ost commonly reported surgery in all group ages. Inter-

stingly, the prevalence of all 3 types of surgeries appeared
o plateau as patients aged, as shown in Figure 1. Around
0% of patients below the age of 28 years had a history of
holecystectomy, and most cholecystectomies appear to
ave been performed by age 50 years in this population. On
he other hand, splenectomies were largely performed be-
ore age 40 years. Total hip replacements were rarely per-
ormed in patients younger than 37 years and also were
arely performed in patients above the age of 57 years.

The average rate of pregnancy was found to be 1.44
mong all sickle cell disease women included in the analysis
nd 2.15 among those who had been pregnant. In the Co-
perative Study of Sickle Cell Disease, 320 pregnancies
ere reported among 155 women, for a similar pregnancy

ate of 2.1.19 The mean age at delivery was comparable to
hat in the general population, for which the mean age at
elivery of all pregnancies is 27.7 � 0.1 years.

Female sickle cell disease patients are known to have an
ncreased incidence of pregnancy-related complications.
he rate of preterm delivery before 36 weeks of gestation
as been estimated to be 30%-50% in sickle cell disease,
ith the average gestational age at delivery being 34
eeks.20 Earlier studies also have shown that more than one

hird of pregnancies in women with sickle cell disease end
n abortion, stillbirth, or neonatal death.19 In the report from
he Cooperative Study of Sickle Cell Disease, 28.5% of
regnancies were terminated electively and 6.5% spontane-
usly. Among 200 live births reported, 20% of the new-
orns were of low birth weight. The reported rate of live
irths in the general African-American population was 67.4/
000 in 2002.21 In our study, women opted for voluntary

erminations in only 16.6% of pregnancies, a number lower
han that observed in the Cooperative Study of Sickle Cell
isease. This observation might reflect the more optimistic

ttitude of both health care providers and patients about
regnancy in this population. However, miscarriages, still-
irths, and ectopic implantations occurred in 29.5%, while
nly 53.9% of pregnancies resulted in live births. Available
ata indicate that around 65% of pregnancies in the United
tates result in live births. Thus, while the percentage of live
irths in our study is actually slightly lower than that re-
orted in the Cooperative Study of Sickle Cell Disease, also
t remains considerably lower than in the general American
opulation.

We conclude, therefore, that as sickle cell disease pa-
ients live longer, the need for better medical and surgical
are for this population increases. The surgical and obstetric
ata in adults with sickle cell disease in our study demon-
trate little positive change since the Cooperative Study of
ickle Cell Disease report of data collected approximately 2
ecades previously, despite the advent of hydroxyurea ther-
py. Future research should focus on developing preventive
easures for sickle cell disease complications in order to

low organ damage and reduce the need for surgery, espe-
ially arthroplasty. New agents also need to be developed to
educe the rate of hemolysis and, as a consequence, the
ncidence of cholelithiasis, thus deferring cholecystectomy.
ther preventive measures to minimize vaso-occlusion and
one necrosis should be investigated in order to obviate the
eed for splenectomy and total hip replacement at relatively
oung ages in sickle cell disease patients. Ideally, genetic
olymorphisms associated with certain clinical complica-
ions in sickle cell disease patients need to be identified, in
rder eventually to allow the adoption of individually tai-
ored prophylaxis in this population. We hope that risk
tratification and preemptive intervention will reduce the
eed for surgery and the risk of negative outcomes of
regnancy in sickle cell disease in the future.
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