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INTRODUCTION

PATHOPHYSIOLOGY

Sickle cell disease is the most common inher-
ited blood disorder in the world. It affects more
than 100,000 individuals in the United States,
and millions more worldwide." Sickle cell dis-
ease is most commonly found in individuals of
African heritage, but the disease also occurs in
Hispanics and people of Middle Eastern and
subcontinent Indian heritage.? The distribu-
tion of the sickle hemoglobin (hemoglobin
S [HbS]) allele overlaps with the distribution
of malaria; HbS carriers, or individuals with
sickle cell trait, have protection against ma-
laria,® and are not considered to have sickle cell
disease.

Sickle cell disease is a severe monogenic
disorder marked by significant morbidity and
mortality, affecting every organ in the body:*
The term sickle cell disease refers to all genotypes
that cause sickling; the most common are the
homozygous hemoglobin SS (HbSS) and com-
pound heterozygotes hemoglobin SC (HbSC),
hemoglobin S—f’-thalassemia (HbSpB"), and he-
moglobin S—f'-thalassemia (HbSB"), although
HbS and several rarer hemoglobin variants such
as HbSO(Arab) and HbSD(Punjab) can also
cause sickle cell disease. The term sickle cell anemia
refers exclusively to the most severe genotypes,
HbSS and HbSP"> Common sickling genotypes
along with their relative clinical severity are shown
in Table 1.5

This article reviews the pathophysiology of
sickle cell disease, common clinical complica-
tions, and available therapies. A complex case
which illustrates diagnostic and management
challenges is presented as well.
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HDbS is the result of a substitution of valine
for glutamic acid in the sixth amino acid of
the p-globin chain.'? The change from a hydro-
philic to a hydrophobic amino acid causes the
hemoglobin molecules to stack, or polymerize,
when deoxygenated. This rigid rod of hemo-
globin distorts the cell, producing the charac-
teristic crescent or sickle shape that gives the
disease its name." Polymerization of hemoglo-
bin within the cell is promoted by dehydration,
which increases the concentration of HbS.!3!*
Polymerization occurs when hemoglobin is in
the deoxygenated state."

The sickle red blood cell is abnormal; it
is rigid and dense, and lacks the deformabil-
ity needed to navigate the microvasculature.'
Blockages of blood flow result in painful vaso-
occlusion that is the hallmark of the disease,
and that also can cause damage to the spleen,
kidneys, and liver.'® The sickle red cell is also
fragile, with a lifespan of only 20 days compared
to the 120-day lifespan of a normal red blood
cell.” Frequent hemolysis results in anemia
and the release of free hemoglobin, which both
scavenges nitric oxide and impairs the produc-
tion of more nitric oxide, which is essential for
vasodilatation.!” This contributes to vascular
dysfunction and an increased risk for stroke.'®
If untreated, the natural course of sickle cell
anemia is mortality in early childhood in most
cases."” Common chronic and acute sickle
cell disease-related complications and recom-
mended therapies, based on 2014 National
Institutes of Health guidelines, are shown in
Table 2 and Table 3.2
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Table I. Genotypes of Sickling Syndromes and Their Relative Severities

Genotype Severity Characteristics

HbSS Severe Most common form

HbSp® Severe Clinically indistinguishable from HbSS®

HbSO-Arab Severe Relatively rare®

HbSD-Punjab Severe Mostly in northern India®

HbSC-Harlem Severe Migrates like HbSC, but rare double B-globin mutation’
HbCS-Antilles Severe Rare double B-globin mutation®

HbSC Moderate 25% of SCD?

HbSpP+, Mediterranean Moderate 5%—16% HbA®

HbAS-Oman Moderate Dominant rare double B-globin mutation'®

HbSP+, African Mild 16%—30% HbA®

HbSE Mild HbE found mostly in Southeast Asia''

HbS-HPFH Very mild Large deletions in B-globin gene complex; > 30% HbF®

HbA = hemoglobin A; HbE = hemoglobin E; HbF = fetal hemoglobin; HbS-HPFH = HbS and gene deletion HPFH; HbSC = heterozygous hemoglobin
SC; HbSS = homozygous hemoglobin SS; HbSB® = hemoglobin S- thalassemia’; HbSp+ = hemoglobin S- thalassemia+; SCD = sickle cell disease.

One of the most challenging aspects of sickle
cell disease is its clinical variability. While in
general, HbSS and HbSB" are the most severe
genotypes, there are patients with HbSC and
HbSB* who have significant sickle-cell-related
complications, and may have a more severe
clinical course than a HbSS patient.?! A great
deal of this clinical variability cannot be ex-
plained, but some can be attributed to endog-
enous fetal hemoglobin (HbF) levels.?>*" The
importance of HbF levels in sickle cell disease
was first noted by a pediatrician in the 1940s.®
She observed that sickle cell disease complica-
tions in children under the age of 1 were rare,
and attributed it to the presence of HbF.*> HbF
levels decline more slowly in individuals with
hemoglobinopathies, reaching their nadir after
the age of 5 rather than within 6 months of birth
in individuals without hemoglobinopathies.?®
HDbF levels remain elevated lifelong in most
sickle cell disease patients, especially those with
the HbSS and HbSP" genotypes. Levels of HbF
vary widely between individuals, from zero to
20% to 30%, with a median of 10%.26?® Indi-
viduals who produce more HbF have a milder
course, in general.?* An association between the
4 B-globin haplotypes and HbF levels has been
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reported in the past,?”# but more sophisticated
next-generation sequencing has revealed causal
variants in BCL11A and HBSI1I-MYB that con-
tribute approximately 50% of the observed vari-
ability in HbF levels.**

Co-inheritance of a-thalassemia also modifies
disease course; less available o-globin chains re-
sults in a lower hemoglobin concentration with-
in the cell. Paradoxically, this results in a higher
overall hemoglobin level, as there is a reduction
in polymerization, and therefore sickling due to
lower HbS concentrations in the cell. Patients
therefore are less anemic, reducing the risk of
stroke in childhood,*®* but blood viscosity may
be higher, resulting in more frequent pain crises
and increased risk® of avascular necrosis.***%7 It
is often helpful to think of sickle cell patients as
falling into 1 of 2 groups: high hemolysis/low
hemoglobin and high viscosity/high hemoglo-
bin. Individuals with high rates of hemolysis are
at greater risk for stroke, pulmonary hyperten-
sion, and acute chest syndrome (ACS). Higher
rates of hemolysis result in higher levels of free
hemoglobin, which scavenges nitric oxide. This
leads to the vascular damage and dysfunction
that contributes to the associated clinical com-
plications. This phenotype is most commonly
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Table 2. Common Adult Sickle Cell Disease Chronic Complications and Recommended Therapies

Chronic Complication

Recommended Therapy

Strength of Recommendation

Chronic pain Opioids
Avascular necrosis

Proliferative sickle retinopathy Laser photocoagulation
Leg ulcers Standard wound care

Recurrent priapism Consult urology

Analgesics and physical therapy

Consensus
Consensus
Strong
Moderate

Moderate

Data from Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Management of sickle cell disease: summary of the 2014 evidence-based report by

expert panel members. JAMA 2014;312:1033—48.

seen in HbSS and HbSB".** High hemoglobin/
high viscosity phenotypes are most often found
in HbSC patients and in sickle cell anemia with
a-thalassemia coinheritance. 2

TREATMENT OPTIONS

In high-resource countries with newborn
screening, the initiation of penicillin prophy-
laxis has dramatically altered the natural history
of the disease, allowing the majority of patients
to reach adulthood.” Penicillin prophylaxis is
usually discontinued at age 5 years; however,
individuals who have undergone surgical sple-
nectomy or have had pneumococcal sepsis on
penicillin prophylaxis may remain on penicillin
to age 18 or beyond.”

Another advance in sickle cell care is screen-
ing for stroke risk through transcranial Doppler
ultrasound (TCD).**" This screening tool has
reduced the incidence of childhood stroke from
10% by age 11 to 1%. TCDs typically cannot be
performed after the age of 16 due to changes in
the skull. Individuals found to have abnormal
(elevated) TCD velocities are placed on chronic
transfusion therapy for primary stroke preven-
tion. They may remain on monthly chronic
transfusions, with the goal of suppressing the
percentage of HbS to 30% to 50% indefinitely.
A clinical trial (STOPII) designed to deter-
mine if pediatric sickle cell disease patients on
chronic transfusion therapy for primary stroke
prevention could be safely taken off transfusion
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therapy was discontinued early due to an excess
of strokes and conversion to abnormal TCD
velocities in the untransfused arm.* Individuals
who have experienced an ischemic stroke have a
70% risk of another stroke, and must remain on
chronic transfusion therapy indefinitely. Chron-
ic transfusion reduces their stroke risk to 13%.
The only widely used pharmacologic therapy
for sickle cell disease is hydroxyurea.'**50 A
significant portion of the benefit of hydroxyurea
stems from its induction of HbE? HbF does
not sickle, and it interrupts the polymerization
of HbS in the cell, if present in high enough
concentrations.”® The level of HbF needed to
achieve clinical improvement is not known, but
in vitro assays suggest 20% HDbF is needed to
prevent sickling.”** However, endogenous and
hydroxyurea-induced HbF is not distributed
evenly through the red cells, so sickling is pos-
sible regardless of the level of HbF induced.**%
Hydroxyurea likely has other disease-modifying
effects as well, including reduction of white
blood cell count and reticulocyte count and
reduction of red cell adhesion to the endothe-
lium.*® Clinical criteria for initiation of hy-
droxyurea in adult sickle cell disease patients are
shown in Table 4. Hydroxyurea is given daily
and is dosed to maximum tolerated dose for the
individual by following the absolute neutrophil
count (ANC). The goal ANC is between 2000
and 4000/pL. At times, absolute reticulocyte
count (ARC) can be doselimiting; goal ARC is
greater than 70,000/ pL.% Platelet counts may be
reduced as well, especially in HbSC patients.**!
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Table 3. Common Adult Sickle Cell Disease Acute Complications and Recommended Therapies

Acute Complication Recommended Therapy

Strength of Recommendation

Vaso-occlusive crisis NSAIDs, opioids for severe pain
ACS Antibiotics, oxygen

Simple transfusion®

Urgent exchange transfusion®
Acute stroke Exchange transfusion
Priapism = 4 hr
Gallstones, symptomatic ~ Cholecystectomy, laparoscopic
Splenic sequestration

Acute renal failure Consult nephrology®

Aggressive hydration, pain control, and urology consult

Intravenous fluids, transfuse cautiously, discuss surgical splenectomy

Moderate-consensus
Strong

Weak

Strong

Strong
Strong-consensus
Strong
Strong-moderate

Consensus

ACS = acute chest syndrome; NSAIDs = nonsteroidal anti-inflammatory drugs.

?For symptomatic ACS with hemoglobin > | g/dL below baseline but > 9.0 g/dL.

®When there is progression of ACS (SpO, < 90% despite supplemental oxygen, increasing respiratory distress, progressive pulmonary infiltrates

despite simple transfusion).

“For acute rise in creatinine = 0.3 mg/dL; do not give transfusions unless there are other indications.

Data from Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Management of sickle cell disease: summary of the 2014 evidence-based report by expert

panel members. JAMA 2014;312:1033-48.

The only curative therapy for sickle cell dis-
ease is hematopoietic stem cell transplant.*”
Transplant use is limited by availability of
matched sibling donors,” and even at experi-
enced centers transplant carries a small risk for
mortality, graft rejection, and graftversus-host
disease. Furthermore, consensus on disease
complications for which transplant is recom-
mended is also lacking.®*® Clinical trials of
gene therapy for sickle cell disease and thalas-
semia are ongoing.®

COMPLICATIONS AND DISEASE-SPECIFIC
THERAPIES

CASE PRESENTATION

A 26-year-old African-American man who
works as a school bus driver presents to an
academic center’s emergency department
complaining of pain in his left leg, similar
to prior pain events. He is described as hav-
ing sickle cell trait, although no hemoglobin
profile is available in his chart. He describes
the pain as dull and aching, 10/10 in inten-
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sity. A complete blood count (CBC) is ob-
tained; it reveals a hemoglobin of 14.5 g/dL,
white blood cell (WBC) count of 5600/pL,
and platelet count of 344,000 /pL. His CBCis also
notable foramean corpuscularvolume (MCV) of
72 L, a mean corpuscular hemoglobin concen-
tration (MCHC) of 37 g/dL, and a red blood
cell distribution width (RDW) of 12. Slide re-
view of a peripheral blood smear shows 2+ target
cells (Figure).

The patient is given 6 mg of morphine, which
provides some relief of his pain, and is discharged
with a prescription for hydrocodone bitartrate/
acetaminophen 5/325 mg. The diagnosis given
is musculoskeletal pain, and he is instructed to
follow-up with a primary care physician. His past
medical history is significant for 4 or 5 visits to
the emergency department per year in the past
4 years. Prior to 4 years ago, he rarely required
medical attention.

* What laboratory and clinical features might
lead you to question the diagnosis of sickle
cell trait in this patient?

The patient’s hemoglobin is within normal
range, which is consistent with sickle cell trait;
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Table 4. Indications for Hydroxyurea in Adult Patients with Sickle Cell Disease

Indication

Strength of Recommendation

SCA with = 3 pain crises per year
SCA with pain that interferes with ADL and QoL
History of severe or recurrent ACS

Chronic kidney disease on epoetin

HbSB+ and HbSC with pain that interferes with ADL and QolL; consult sickle cell disease expert

Strong
Strong
Strong
Weak

Moderate

ACS = acute chest syndrome; ADL = activities of daily living; QoL = quality of life; SCA = sickle cell anemia.

however, he is microcytic, with a normal RDW.
It is possible to be mildly microcytic in the
early stages of iron deficiency, prior to the
development of anemia, but the RDW would
typically be elevated, demonstrating the pres-
ence of newer, smaller cells produced under
conditions of iron deficiency.*’ It is also possible
that his microcytosis with a normal RDW could
represent sickle cell trait with co-inheritance of
B-thalassemia. Up to 30% of African Americans
have B-thalassemia,” and 1 in 10 have sickle cell
trait.®® However, a high MCHC, indicating the
presence of dense cells, and target cells noted
on slide review are most consistent with HbSC.?
HbSC patients, especially males, can have hemo-
globin levels in the normal range.* The biggest
inconsistency with the diagnosis of sickle cell
trait is his history of frequent pain events. Indi-
viduals with sickle cell trait rarely present with
pain crises, except under extreme conditions of
dehydration or high altitude.® Sickle cell trait
is generally regarded as a benign condition,
although a study of U.S. military recruits found
a 30-Hfold higher risk of sudden death during
basic training in persons with sickle cell trait.””
Additional sickle cell trait-related complications
include hematuria, risk of splenic sequestration
or infarct under extreme conditions and high
altitude, and a rare and usually fatal renal ma-
lignancy, renal medullary carcinoma, which is
vanishingly rare in individuals without sickle cell
trait.”*"! Although the patient reported having
sickle cell trait, this diagnosis should have been
verified with a hemoglobin panel, given his
atypical presentation.?

6 Hospital Physician Board Review Manual

* What is the approach to managing pain epi-
sodes in sickle cell disease?

In sickle cell disease, vaso-occlusive pain events
can be common, often beginning in early child-
hood."” This disease complication accounts for
95% of all adult sickle cell disease hospitaliza-
tions.”? There is a great deal of variability in
pain symptoms between individuals, and within
individuals at various times in their lives:® 30%
have no pain events, 50% have occasional events,
and 20% have monthly or more frequent events
that require hospitalizaton.” The frequency and
severity of pain events are modulated by HbF lev-
els, B-thalassemia status, genotypes, therapies like
hydroxyurea, or in rare cases, chronic transfusion
therapy.® Personal factors, such as psychosocial
stressors, also contribute to the frequency of pain
events.” Pain event triggers include exposure to
cold water; windy or cold weather, temperature
changes, and extreme temperatures.”*” Patient
age also contributes to pain event frequency.
Many patients see an increase in pain event fre-
quency in their late 20s, and a marked decrease
in their 40s.2™ More than 3 pain events per year
is associated with reduced life expectancy.”

Acute management of pain episodes involves
nonsteroidal anti-inflammatory drugs, oral opi-
oids, and when hospitalization is required, intra-
venous opioids, often delivered via patient-
controlled analgesia (PCA) pumps.” As sickle
cell disease patients become teenagers and
young adults, some experience an increased
frequency of pain episodes, with fewer painfree
days, or a failure to return to baseline before the
next pain crisis occurs.*® This is characteristic of
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emerging chronic pain.** Chronic pain is a
significant problem in adult patients with sickle
cell disease, with up to 85% reporting pain on
most days.”*® The development of chronic
pain may be reduced by early and aggressive
treatment of acute pain events, as well as use
of hydroxyurea to reduce the number of pain
events. Many adult sickle cell patients with
chronic pain are treated with daily opioids.’
Given the significant side effects of chronic opi-
oid use—sedation, respiratory depression, itch-
ing, nausea, and impairment of function and
quality of life—non-opioid therapies are under
investigation.* Many chronic pain patients have
symptoms of neuropathic pain, and may benefit
from neuropathic agents like gabapentin, both
to reduce opioid use and to more effectively
treat chronic neuropathic pain, which is known
to respond poorly to opioids.?*

¢ Is the patient’s peripheral blood smear con-
sistent with a diagnosis of sickle cell trait?

Several target cells are visible, which is not
typical of sickle cell trait, but may be seen in
HbSC or thalassemia. The finding of an intra-
cellular crystal is pathognomonic for HbSC or
HbCC. HbC polymerizes in high oxygen condi-
tions, opposite of HbS, which polymerizes in low
oxygen conditions.’

CASE CONTINUED

The patient’s family history is significant for a
sister who died at age 3 from sickle cell-related
complications, and a sister with sickle cell trait
who had a cholecystectomy for gallstones at age
22. His father died at age 38 due to unknown
causes. The sickle cell trait status of his parents
is unknown. His mother is alive, and has hyper-
tension.

¢ Is the medical history of this patient’s family

members consistent with sickle cell trait?

It is unlikely that sickle cell trait would result
in early death in childhood, or in gallstones at
age 22. Gallstones in early adulthood is a com-
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Figure. Case patient’s peripheral blood smear, which shows sev-
eral target cells. The arrow is pointing to an intracellular crystal,
which is pathognomonic for HbSC or HbCC.

mon presentation for HbSC patients not diag-
nosed by newborn screening.®” Any hemolytic
condition can lead to the formation of hemo-
globin-containing pigmented gallstones, biliary
sludge, and obstruction of the gallbladder. In
the presence of rightsided abdominal pain, a
serum bilirubin level of more than 4 mg/dL
should lead to measurement of direct bilirubin;
if greater than 10% of total, imaging of the
gallbladder should be obtained. In sickle cell
disease, 30% of patients will have gallstones by
18 years of age. The low hemolysis/high vis-
cosity phenotype patients are typically older at
diagnosis. Co-inheritance of Gilbert syndrome
and sickle cell disease is not uncommon, and
can result in formation of gallstones at a young
age; Gilbert syndrome alone typically results in
gallstones in mid-life.*®

CASE CONTINUED

Two months later, the patient presents again
to the emergency department with the same
complaint of leg pain, as well as abdominal pain.
His hemoglobin is 12.5 g/dL, and his platelet
count is 134,000/pL. His pain is not improved
with 3 doses of morphine 6 mg intravenously,
and he is admitted to the medicine service. A
hemoglobin profile is obtained, revealing 52%
HbS, 45% HbLC, and 1.5% HDbF, consistent
with HbSC. In sickle cell trait, the hemoglobin
profile is 60% HbA and 40% HbS (available
a-globin prefers to pair with a normal -globin,
so the ratio of HbA to HbS is 60:40, not 50:50).
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On the second hospital day, the patient’s
hemoglobin drops to 7.2 g/dL and his platelet
count decreases to 44,000/pL. His abdomen
is distended and diffusely tender. The internist
transfuses him with 2 units of packed red blood
cells (PRBC), after which his hemoglobin increases
to 11 g/dL, while his platelet count increases to
112,000/pL. Following the transfusion, his ab-
dominal pain resolves, as does his anemia and
thrombocytopenia.

¢ What caused this patient’s anemia and throm-
bocytopenia?

High on the differential diagnosis is a splenic
sequestration. Acute splenic sequestration oc-
curs when red cells are trapped in the splenic
sinuses. Massive splenic enlargement may occur
over several hours.*® Unrecognized splenic
sequestration has a high mortality rate from
severe anemia and splenic rupture.” Splenic
sequestration must be ruled out in a sickle cell
patient with abdominal pain accompanied by
dropping platelet and red cell counts, especially
in milder subtypes that often have splenic func-
tion preserved into adolescence and adulthood.
Sickle cell anemia patients usually become func-
tionally asplenic in early childhood.®*'*? The
rise in hemoglobin, more than would be expect-
ed from 2 units of PRBC, plus the improvement
in platelet count without a platelet transfusion
observed in the case patient strongly supports
the diagnosis of splenic sequestration.

Splenic sequestration can occur in any sickle
cell patient whose spleen has not fibrosed.
Splenic sequestration in adulthood is not un-
common in HbSC patients, who often have
preserved splenic function into adulthood.?**

Clinical signs of splenic sequestration in-
clude a rapid drop in hemoglobin, rise
in reticulocyte count, a tender, enlarged
spleen, and, in severe cases, hypovolemia.*%
It is treated with prompt blood transfusion, but
care must be taken not to overtransfuse the
patient, as the spleen can trap several grams of
hemoglobin, which may be released upon trans-
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fusion, potentially causing life-threatening hyper-
viscosity.* Hemoglobin levels must be checked
following transfusion in suspected splenic se-
questration, and “mini transfusions” of 5 mL/kg
are recommended in sickle cell disease patients
who are hemodynamically stable.?

Hepatic sequestration may also occur, but it is
much less common than splenic sequestration.”
Other conditions on the differential diagnosis
include thrombotic thrombocytopenic purpura,
which would be unlikely to respond to a trans-
fusion. ACS can cause a drop in hemoglobin,
and is treated with simple or exchange trans-
fusions.” ACS is less likely without respiratory
symptoms or oxygen requirement, and usually
is not associated with thrombocytopenia. Sepsis
may also cause anemia and thrombocytopenia,
but again would not likely respond to a simple
transfusion. The patient’s response to transfu-
sion is consistent with a sequestering event, not
a destructive event as in the case of sepsis.

CASE CONTINUED

Imaging reveals a grossly enlarged spleen,
which is having a mass effect on the left kidney.
The patient is started on hydroxyurea therapy
at 500 mg 3 times daily. Discharge instructions
include following up with his primary care phy-
sician, continuing hydroxyurea therapy, and
receiving yearly dilated eye exams to evaluate
for proliferative sickle retinopathy.

¢ Are these discharge instructions complete?

Splenic sequestration has a 50% recurrence
rate.” In very young children, watchful waiting
or chronic transfusion may be implemented
to preserve the immunologic function of the
spleen and reduce the risk of sepsis.* Splenec-
tomy after a single episode of sequestration in
adults is a matter of debate, with experts advising
both watchful waiting™ and splenectomy after
recovery from the first sequestering event.'”
The patient should have been informed of the
risk for recurrence, and the signs and symptoms
of splenic sequestration as well as the need for
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emergency medical attention should have been
discussed. Splenic sequestration may be milder
in adults than in children, but fatal sequestra-
tions have been reported.?191-10

Proliferative sickle cell retinopathy is a high
viscosity/high hemoglobin complication that
may occur more frequently in HbSC than HbSS,
with an incidence of 33% in HbSC.*!** Spon-
taneous regression of retinopathy occurs in
approximately 32% of eyes, and laser or scatter
photocoagulation is an effective intervention.'”

* Would the patient need to be transfused prior
to splenectomy?

Preoperative transfusion therapy is standard
of care for HbSS patients undergoing general
anesthesia. The TRAP study found that simple
“top off” transfusion to a hemoglobin of 10 g/dL
was as effective at preventing postoperative
sickle cell-related complications as exchange
transfusion to HbS of 30% or less, and had
fewer transfusion-related complications like al-
loimmunization.'” There is little data regarding
preoperative transfusions in HbSC disease. A
retrospective study suggests that HbSC patients
undergoing abdominal surgeries should be
transfused.'” The higher hemoglobin level of
the typical HbSC patient necessitates exchange
transfusion to avoid hyperviscosity.

¢ Is hydroxyurea therapy indicated in this pa-
tient?

¢ Has it been dosed appropriately?

If the patient had the HbSS subtype, hy-
droxyurea would be clearly indicated, given his
frequent pain events.*” HbSC patients may be
placed on hydroxyurea on a case-by-case basis,
but evidence for its efficacy in this sickle cell
subtype is lacking.'® Large clinical trials like the
Multi-Center Study of Hydroxyurea (MSH) that
established the safety and efficacy of hydroxyurea
in sickle cell anemia excluded HbSC and HbS*
patients.'” These mild to moderate subtypes
produce less HbF at baseline, and typically have a
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minimal to modest rise in HbF on hydroxyurea.'!’

In sickle cell anemia, hydroxyurea is titrated to
maximum tolerated dose, defined as an ANC
of 2000 to 4000/pL and an ARC of 70,000/pL
or higher.”® Because of their lower levels of chron-
ic inflammation and lower reticulocyte counts
due to higher hemoglobin levels, many HbSC
and HbSP* patients have values in that range be-
fore initiating hydroxyurea therapy.® Cytopenias,
particularly of platelets in HbSC, occur at low
doses of hydroxyurea.'!!

Of note, although the halflife of hydroxy-
urea would suggest that 3 times daily dosing is
indicated, daily dosing has been found to have
equal response and is preferred. Another con-
cern is the monitoring of this myelosuppressive
medication. This patient has repeatedly failed
to obtain a primary care physician or a hema-
tologist, and hydroxyurea requires laboratory
monitoring at least every 2 months, especially
in a HbSC patient with a very large spleen who
is at significant risk for thrombocytopenia and
neutropenia.’

CASE CONTINUED

A week after discharge from his admission for
abdominal pain diagnosed as splenic sequestra-
tion, the patient presents again to the emergen-
cy department with abdominal pain which he
reports is his typical sickle cell pain. Hemoglo-
bin is 13.8 g/dL, platelet count is 388,000/pL,
and alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) levels are both 10
times their prior value. Creatinine is 1.2 mg/dL
(0.75 mg/dL on his prior admission), and total
bilirubin is 3 mg/dL, with 0.3 mg/dL direct bili-
rubin. He undergoes an ultrasound exam of his
gallbladder, which reveals sludge and a possible
gallstone. There is no evidence of cholecystitis.
General surgery performs a laparoscopic chole-
cystectomy.

¢ Was this cholecystectomy necessary?

In patients with sickle cell disease, symptom-
atic gallstones and gallbladder sludge should be
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observed; recurrent abdominal pain without a
significant change in bilirubin may not be due
to gallstones or sludge, and therefore may not
be relieved by cholecystectomy.''*!® In sickle
cell disease, 40% of patients with gallbladder
sludge do not develop gallstones.’” The pa-
tient’s bilirubin level was at baseline, and there
was no increase in the direct (conjugated)
fraction. Watchful waiting would have been
appropriate, with cholecystectomy being per-
formed if he experienced recurrent symptoms
associated with fatty foods accompanied by an
elevation in direct bilirubin.

More concerning and deserving of investiga-
tion was his elevated liver enzymes. Patients with
sickle cell disease may experience recurrent isch-
emia and reperfusion injuries in the liver, which
is called right upper quadrant syndrome. On autopsy
of 70 sickle cell patients, 91% had hepatomegaly
and 34% had focal necrosis.!!* AST is often el-
evated in sickle cell disease, as it is affected by
hemolysis. In this patient, both AST and ALT
are elevated, consistent with a hepatocellular
disorder. His abdominal pain and ALT rise may
be a sign of a hepatic crisis."”® Rapid resolution
of ALT elevation in a matter of days suggests a
vaso-occlusive, inflammatory event that is self-
limiting. Prolonged AST elevation requires fur-
ther investigation, with consideration of autoim-
mune hepatitis, viral hepatitis, or iron overload.
Iron overload is unlikely in this patient given his
lifetime history of only 1 transfusion. Hepatic
iron overload typically occurs in sickle cell dis-
ease after a minimum of 10 transfusions.'

CASE CONTINUED

The patient is discharged on the day after
the procedure, with instructions to continue his

hydroxyurea.
¢ Should the patient resume hydroxyurea ther-
apy?

Hydroxyurea is hepatically cleared and thus
it should be held until his liver function tests
normalize.'%
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CASE CONTINUED

Two months later, the patient presents to the
emergency department with abdominal pain that
moves to his left leg. A CBC is obtained, showing
a hemoglobin of 11.8 g/dL and a platelet count
of 144,000/pL. He is given 2 doses of morphine
6 mg intravenously, and reports that his leg pain
is now a 4/10. He is discharged home with a pre-
scription for hydrocodone/acetaminophen.

¢ Is the emergency department evaluation suf-
ficient?

This patient remains at high risk for splenic
sequestration,” with a hemoglobin 2 g lower
than it was 2 months ago and platelets less than
half. This decline could be consistent with early
splenic sequestration.”” Additionally, he had el-
evated liver function tests on a recent admission,
as well as rising creatinine, without evidence of
resolution. It is not appropriate to discharge him
without checking a chemistry and liver panel,
and abdominal imaging should be considered.
The best plan would be to admit him for obser-
vation, given his risk for splenic sequestration,
and consult surgery for an elective splenectomy
if he has a second episode of splenic sequestra-
tion 2 months after the first.!” His abdominal
pain that migrates to his left leg could be due to
his massive splenomegaly compressing his left
kidney, as noted on imaging during his recent
admission for splenic sequestration

CASE CONTINUED

An hour after discharge from the emergency
department, EMS is called to his home for in-
tractable pain. He is found lying on the floor,
and reports excruciating left leg pain. He is
brought to the closest hospital, a community
hospital that he has not visited previously. There,
he is admitted for hydration and pain control
and placed on hydromorphone 2 mg every
4 hours as needed for pain. His hemoglobin
is 10.8 g/dL, and platelets are 121,000/pL. A
chemistry panel is remarkable for a creatinine
level of 1.5 mg/dL and a potassium level of 3.2
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mEq/L. Liver function tests are not obtained.
After 3 doses of hydromorphone, he falls asleep.
He is not in a monitored bed, and intravenous
fluids, while ordered, are not started. At 6:30 AM
the day after admission, he cannot be aroused
on a routine vital sign check; he has an SpO, of
60%, a blood pressure of 80/60 mm Hg, and
heart rate of 148 beats/min. A rapid response is
called, and naloxone is administered along with
oxygen by face mask and several fluid boluses. His
systolic blood pressure increases to 100 mm Hg
from a low of 70 mm Hg. His SpO, increases to
92%, and he is arousable and alert, although he
reports 10/10 leg pain. His abdomen is noted to
be distended and tender.

¢ What may have contributed to his clinical con-
dition?

The patient is opioid tolerant and has re-
ceived equivalent doses of opioids in the past
without excess sedation. He may have liver dys-
function making him unable to metabolize opi-
oids effectively. His hemoglobin and platelets
continue to decline, raising concern for splenic
sequestration versus sepsis. Failure to place him
on a monitor allowed his hypoxia to continue
for an unknown amount of time, placing him
at high risk for developing ACS. Lack of intra-
venous hydration while he was too sedated to
drink likely exacerbated his sickling.

CASE CONTINUED

At 9:20 am, a CBC is obtained and reveals a
hemoglobin of 4.8 g/dL and a platelet count of
44,000/pL. Two units of stat O negative blood
are administered, and preparations are made
to administer an exchange transfusion. A liver
panel is obtained 3 hours later, which reveals an
AST level of 1200 U/L and an ALT level of 1050
U/L. His bilirubin is 10 mg/dL, and his lactate
dehydrogenase level is 1800 U/L. His urine is
dark and is positive for bilirubin and ketones.
He is transferred to the intensive care unit. A
chest X-ray shows pulmonary congestion. He-
matology/oncology is consulted.
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He receives a 7-unit red blood cell exchange,
which reduces his HbS to 11%. He continues to
be hypotensive, and requires norepinephrine to
support his blood pressure. Antibiotic therapy is
started. His creatinine concentration rises to 2.3
mg/dL, potassium is 7.8 mEq/L, and bicarbon-
ate is 12 mEq/L. He is placed on hemodialysis.

Computed tomography of the chest and ab-
domen reveals lower posterior lung infiltrates
and a grossly enlarged spleen. He requires intu-
bation. He is given a diagnosis of ACS in addi-
tion to kidney failure, liver failure, and “sickle cri-
sis.” He continues to require daily to twice daily
transfusions to maintain a hemoglobin of 7 to
9 g/dL, and his abdominal distension increases.
As his condition worsens, surgery is consulted to
discuss a liver transplant. He is deemed to not be
a surgical candidate, and he passes away 6 days
after entering the hospital. The immediate cause
of death is listed as vaso-occlusive crisis, with ACS
and sickle crisis listed as contributors.

e Are the causes of death accurate and com-
plete?

If vaso-occlusive crisis is used to indicate a
pain event, it is not an accurate cause of death.
Pain is one of the most distressing complications
of sickle cell disease, and frequent pain events
are associated with early mortality,** but they
are not in themselves fatal. ACS is the number
one cause of death in sickle cell disease,* and it
likely contributed to this patient’s death. Sickle
erisis is a vague term that should not be used
in this context. Causes of death should include
splenic sequestration and multisystem organ
failure. Multisystem organ failure in sickle cell
disease often responds to aggressive transfusion
therapy, which this patient received.!'*!!8

CONCLUSION

Sickle cell disease is a complex chronic dis-
ease that impacts almost every organ system in
the body. Clinicians may be inclined to attribute
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most pain in a patient with sickle cell disease
to a simple vaso-occlusive crisis, treat them for
this, and not investigate further. As the case pre-
sented here demonstrates, failure to identify the
actual life-threatening process occurring in a pa-
tient with sickle cell disease presenting with pain
can result in preventable early mortality. Clini-
cians must approach a sickle cell patient report-
ing pain in a thoughtful manner, and consider a
complete differential diagnosis, including both
sickle cell disease complications and those un-
related to sickle cell disease. Knowledge of
the disease courses of the different sickle cell
genotypes is essential, and must go beyond a su-
perficial hierarchy of severity, but rather include
an understanding of the complications each
genotype is most prone to, and at what ages.
Complete laboratory assessment, including a
comprehensive metabolic panel, should be per-
formed on all admitted patients, not just a com-
plete blood count. Treating pain with high-dose
opioids, while appropriate in an uncomplicated
pain crisis, can lead to ACS or even respiratory
failure in a patient with uninvestigated liver and
kidney dysfunction. The most important lesson
to remember is that even the sickle cell disease
patient who has been given the unfortunate and
pejorative label of “frequent flyer” by some pro-
viders has the potential for rapid deterioration
into multisystem organ failure and death.

BOARD REVIEW QUESTIONS
Test your knowledge of this topic. Go to

www.turner-white.com/brm/bonco.htm and
click the Board Review Questions button.
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