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Abstract 
Sickle cell disease is an autosomal recessive disorder. The vas-occlusive crises 
lead to microinfarcts in the microvasculature in all organs, including the liver 
causing acute and chronic vascular complications in the form of ischemia, 
sequestration, and thrombosis, it also causes acute on top of chronic hepatic 
manifestations. Lifelong hemolytic anemia leads to precipitations of bile salts, 
bile pigments in intrahepatic, and extrahepatic bile ducts, which cause an 
important part of liver problems in sickle cell disease. Many other etiological 
factors could cause sickle cell disease hepatopathy. Liver problems in such pa-
tients could be fatal complications. Dealing with these complications based 
on the etiological factors provides a more accurate diagnosis for the overlap-
ping liver manifestations in sickle cell disease, which means better treatment; 
it also simplifies this complicated medical issue. Sickle cell disease patients 
require periodic biochemistry and imaging studies to detect and treat hepatic 
complications as soon as possible. 
 

Keywords 
Sickle Cell Disease, Hepatopathy, Complication 

 

1. Introduction 

Sickle cell disease (SCD) is an autosomal recessive disorder caused by homozy-
gosity in a sickle beta-globin gene mutation or double heterozygosity in the 
sickle gene and another mutation in a different hemoglobin variant or one of the 
numerous β-thalassemia mutations [1]. A genetic abnormality at the sixth posi-
tion on the beta-globin chain due to a substitution of the amino acid valine for 
glutamic acid leads to the formation of hemoglobin S [2]. Valine is a hydro-
phobic amino acid, while glutamic acid is a hydrophilic amino acid. Therefore, 
this substitution creates a sticky patch at the valine hydrophobic spot, resulting 
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in the distortion of red blood cells, causing sickling and increased hemolysis [3]. 
SCD is widely prevalent in some countries. The USA estimated that 1 in 365 
African-American infants have SCD, while 1 in 13 is born with sickle cell trait 
[4]. SCD is a chronic medical disorder characterized by severe anemia, painful 
crises, and organ dysfunction. Sickle cell hepatopathy is due to several etiological 
factors. Dealing with sickle cell hepatopathy from an etiology point of view pro-
vides an easier understanding and better diagnosis and treatment of SCD liver 
complications Figure 1 [5]. SCD hepatopathy is an overlapping manifestation as 
more than one complication could exist at the same time. In this study, the eti-
ology factors of SCD hepatopathy classified based on hepatic vasculature com-
plications, intrahepatic and extrahepatic bile ducts obstructions, hepatic infec-
tions, iron overload, drug-induced liver disease, and other etiological factors re-
lated to SCD as liver cirrhosis, post-liver transplant, surgical trauma, nutritional 
deficiencies and autoimmune liver diseases related to sickle cell disease. 

2. Hematology and Vasculature Complications 
2.1. Hemolytic Benign Hyperbilirubinemia (HBH) 

It is caused by hemolytic anemia. The HBH is associated with an increase of red 
blood cells destruction in the hemolytic episodes, which are spontaneously re-
versible status [6]. Most bilirubin is produced when hemoglobin is broken down 
into unconjugated bilirubin. Unconjugated bilirubin is to bind albumin in the 
blood to transport to the liver, where it’s taken up by the hepatocytes and conju-
gated with glucuronic acid to make it water-soluble. The conjugated bilirubin is ex-
creted in the bile to the duodenum. In the intestine, the bacteria metabolize biliru-
bin to form urobilinogen. This urobilinogen is eliminated in the feces, and some  
 

 
Figure 1. Internal anatomy of the liver [5]. 
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are reabsorbed, extracted by hepatocytes, reprocessed, and re-excreted in bile 
[7]. Unconjugated hyperbilirubinemia is most often caused by one or more of 
the following reasons, increased production, decreased hepatic uptake, decreased 
conjugation [8]. It also could be caused by an underlying chronic hemolytic cri-
sis [9]. Biochemical abnormalities in BH usually include significant increase 
hyperbilirubinemia, which can be as high as 410 μmol/L [10]. Elevation in indi-
rect bilirubin, LDH, and AST without other evidence of liver disease is found in 
72% of patients with SCA, which is related to the hemolysis [11]. In HBH, we 
assume the liver is within normal, but the hyperbilirubinemia is due to an in-
crease in the hemolytic process. 

2.2. Sickle Ischemic Hepatic Crises (SIHC) 

The first mechanism for this entity is believed to be due to sickled erythrocytes 
that causing a mild sinusoidal obstruction. This obstruction can cause transient 
liver ischemia and, in severe cases, can lead to infarction. On histology, sickle 
cell aggregates are observed in sinusoidal spaces. Depending on the severity of 
the vaso-occlusive crisis, kupffer cell hypertrophy, and in most severe cases, se-
vere centrilobular necrosis can also be observed [12]. SIHC is a clinical syn-
drome that typically presents with acute right upper quadrant pain, jaundice, 
low-grade fever, nausea, and tender hepatomegaly. The serum AST and ALT le-
vels are usually less than 300 IU/L, and total bilirubin rarely exceeds 256 μmol/L 
[13]. It is usually self-limited and resolves with analgesia and intravenous fluid 
administration. In more severe cases, blood exchange transfusions may be ne-
cessary. The prevalence of SHC is not well documented but may occur in up to 
10% of patients with SCD [14]. Diagnosis is often challenging because patients 
typically have other factors contributing to liver dysfunction, such as transfu-
sion-related iron overload, gallstone disease, graft rejection, and recurrent hepa-
titis C infection [15]. 

2.3. Sickle Severe Ischemic Hepatic Crises (SSIHC) 

It is a distinct clinical entity, but some consider it a severe form of SIHC. It re-
sults from the severe obstruction of liver sinusoids leading to stasis, hypoxia, and 
intracanalicular cholestasis secondary to the ballooning of the hepatocytes. Clin-
ically, it resembles an acute hepatic crisis, but the main differentiating points are 
the associated extreme hyperbilirubinemia, coagulopathy, and acute hepatic 
failure. Early recognition of this potentially fatal condition is crucial as it ulti-
mately leads to liver failure, encephalopathy, and renal impairment [16]. The 
diagnosis of SSIHC is based on clinical and laboratory evidence of non-obstructive 
cholestasis, moderately elevated hepatic enzymes, and an enlarged and painful 
liver. SSIHC including marked conjugated hyperbilirubinemia, right upper qua-
drant pain, enlarged liver, and a coagulation disorder but only moderately ele-
vated liver enzymes [17]. SSIHC can be subdivided into mild (average direct bi-
lirubin, 471 μmol/L) and severe disease, average direct bilirubin, 1313 μmol/L, or 
presence of a change in mental status or coagulation disorder, with death rates of 
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4% and 64% respectively [18]. The histological consequences of intrahepatic 
sickling include the impaction of hepatic sinusoids with sickled red blood cells, 
patchy areas of hepatocellular necrosis, engorgement of Kupffer cells, and bile 
stasis [19]. There are no randomized clinical trials with enough evidence to 
prove the efficacy of therapeutic measures [20]. However, the prognosis of 
SSIHC improved significantly with the advent of exchange blood transfusions. 
The incidence is higher in children. Adults tend to experience more aggressive 
disease course, with a mortality rate as high as 50% [21]. 

2.4. Sickle Hepatic Sequestration (SHS) 

Sequestration of red blood cells is a known complication of SCD, it is more 
commonly observed in the lungs and spleen [22]. The SHS crisis is caused by the 
obstruction of the blood flow from the liver sinusoids by the sickled red blood 
cells leading to the compression of the bile ducts [23]. In severe cases, this leads 
to stagnant of the blood within the liver, causing acute hepatic enlargement. It is 
associated with a rapid drop in hemoglobin and hematocrit levels and an in-
crease in reticulocyte count and bilirubin levels [24]. The liver enzymes mildly 
elevated, and hyperbilirubinemia is that of the conjugated fraction. Once diag-
nosed and treated with hydration and blood transfusion, it behaves like splenic 
sequestration with regression of the hepatic size and increase in hemoglobin lev-
el. Recurrence is common, and the form of chronic SHS has also been reported 
[16].  

2.5. Sickle Hepatic Infarction (SHI) 

A rare condition because of the liver’s dual blood supply by the hepatic artery 
and portal vein. SHI can occur when blood flow is occluded in both the hepatic 
artery and the portal vein, but most cases are due to acute portal vein obstruc-
tions. SHI was mainly seen after liver transplantation or hepatobiliary surgery. 
SHI has been observed in 34% of SCD autopsies. In half of these cases, the asso-
ciated cause is infarction as cardiac dysfunction or sepsis existed. The resulting 
high blood viscosity contributes to a predisposition to infarction despite the dual 
blood supply of the liver [25]. The reported incidence of hepatic crises is about 
10% in adults with SCD [26]. SHI could either be asymptomatic or cause right 
upper quadrant pain, fever, nausea, vomiting, and jaundice. Leukocytosis and 
high aminotransferase levels are common [27]. 

2.6. Sickle Budd-Chiari Syndrome (SBS) 

Is an uncommon problem that results from blood clotting in the veins flowing 
out of the liver or hepatic veins. The high pressure of the blood in these veins 
leads to an enlarged liver and accumulation of ascites. The main symptoms in-
clude pain in the upper right portion of the abdomen and a buildup of fluid in 
the abdomen. Blood disorders, such as polycythemia vera and SCD, are the most 
common causes of SBS [28]. The SBS with both hepatic vein thrombosis and in-
ferior vena cava thrombosis has been described in patients with SCD. Extensive 
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thrombosis involving the hepatic, portal, superior mesenteric, and splenic veins 
has also been described in SCD [29]. The presentation may be acute or chronic. 
The acute form results from an acute thrombosis of the main hepatic veins or 
the inferior vena cava. The classic acute presentation is characterized by a rapid 
onset of ascites, hepatomegaly, and abdominal pain, although it is nonspecific. 
The chronic form is related to fibrosis of the intrahepatic veins, presumably re-
lated to inflammation. In a few cases, there may also be unusual swelling due to 
abnormal accumulation of fluid within the tissues of the legs. In some cases, af-
fected individuals may have liver cirrhosis following the development of SBS 
[30].  

3. Biliary Tract Complications 
Sickle Cholelithiasis (SCh) and Sickle Choledocholithiasis (SChd) 

Gallstone disease SCh is fairly common in patients with homozygous SCD, with 
an incidence of 26%  58% in patients aged 10  65 [31]. The gallstones form in 
the gallbladder but may exit into the bile ducts choledocholithiasis. Hence, this is 
a complication particularly, when stones obstruct the common bile duct and 
thereby impede the flow of bile from the liver is to the intestine [32]. Pressure 
rises, resulting in the elevation of liver enzymes, jaundice, and sometimes fever, 
cholangitis, sepsis, and cholangiohepatitis [33]. In SCh, most patients with gall-
stones are asymptomatic, or the patient may experience intermittent abdominal 
pain related to fatty food. Frequently, it goes unnoticed except when the patient 
presents with acute cholecystitis or SChd. Acute cholecystitis symptoms are ab-
dominal pain, nausea, vomiting, fever with or without jaundice. Acute cholecys-
titis should be differentiated from the sickle cell hepatic crisis. Imaging, as well 
as recognition of the pattern of acute hepatic crisis in such cases, can help to dif-
ferentiate these two entities. SChd incidence is 19%  26%; it could be sympto-
matic or asymptomatic [34]. However, if significant obstruction persists, they 
present with right upper quadrant or epigastric pain and jaundice. 

4. Infection 

Patients with SCD are a high-risk group for hepatitis virus infections due to the 
need for blood transfusions and surgical interventions resulting from complica-
tions [35]. Although blood banks worldwide run screening programs for various 
pathogens, the risk of infection with viruses still exists [36]. Hence, the overall 
prevalence of hepatitis decreases with improvements in the socioeconomic sta-
tus, the use of new generation assays in blood banks for the detection of hepatitis 
C viral (HCV) antibodies, and vaccination programs against hepatitis B viral 
(HBV). It is shown that the prevalence of HCV infections in patients with SCD 
was significantly higher than that observed in otherwise healthy individuals [37]. 
HCV infection characterized by a prolonged period in which there are no 
symptoms [38]. In the current COVID-19 virus Pandemic the patients, who are 
otherwise healthy or have chronic disorders such as SCD patients may be asso-
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ciated with macrophage activation syndrome, a hyperinflammatory syndrome 
characterized by a cytokine storm and multi-organ failure [39]. However, sys-
temic viral infections are often associated with transient elevations of transami-
nases. These may also be the case in patients with COVID-19, where liver failure 
has not been specifically reported, even in patients with the most severe and fatal 
course of the disease [40]. Between patients with cirrhosis and COVID-19, are 
they at increased risk of decompensation or development of acute-on-chronic 
liver failure, as has been shown for influenza infection, that remains to be de-
termined [41]. 

5. Iron Overload 

Iron overload or secondary hemochromatosis is one of SCD complications due 
to recurrent blood transfusions because of chronic hemolytic anemia; each pint 
of blood contains 250 mg of iron. Iron overload is defined as excess iron stores 
in the body; hence, excess iron is deposited in organs throughout the body. The 
most notable organs with iron deposition are the liver, heart, and endocrine 
glands [42]. The microscopic examination of the involved tissues reveals iron 
deposition. A liver biopsy can show hemosiderosis on iron staining as well as 
cirrhosis of liver disease is advanced [43]. When signs and symptoms occur, they 
are generally related to specific organ involvement. These include chronic fati-
gue, arthralgia, abdominal pain, hepatomegaly, irregular heart rhythm, hypogo-
nadism, decreased libido, elevated blood glucose levels, hyperpigmentation 
(bronze skin), and depression [44]. Patients with iron overload are asymptomat-
ic in three out of four cases. If transfusion is given without chelation, portal fi-
brosis can develop as early as two years after transfusion. Fibrosis was found in 
one-third of patients. 

The long-term consequences of uncontrolled liver iron are cirrhosis. Post- 
mortem studies have found cirrhosis in 11% of all patients and in about 50% of 
patients who died with severe liver siderosis [45]. In such adult patients, the risk 
of liver cancer exists, and it would be advisable to perform yearly abdominal ul-
trasound and alpha-fetoprotein [46]. 

6. Drug Induced 

Drug-induced liver injury (DILI) is common, and nearly all classes of medica-
tions can cause liver disease. Most cases of DILI are benign and improve after 
drug withdrawal. It is important to recognize and remove the offending agent as 
quickly as possible to prevent the progression of chronic liver disease and liver 
failure. DILI can present with a wide range of acute and chronic liver diseases, 
including acute hepatitis, cholestasis, or a mixed pattern [47]. Some drugs in use 
in SCD treatment documented to cause DILI as Hydroxyurea, which is to sti-
mulate fetal hemoglobin production in SCD. Hydroxyurea has been implicated 
in cases of clinically apparent acute liver injury with jaundice [48]. Deferasirox, 
which also frequently used as a chelating agent in SCD, may change liver en-
zymes parameters, despite being rare, more serious complications such as liver 
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failure [49]. L-glutamine recently approved by the FDA as an SCD treatment 
agent that it possible has a side effect on the liver [50]. Antibiotics like amoxicil-
lin-clavulanate are the most frequent cause of idiosyncratic DILI [51], ceftriax-
one is also a commonly used antibiotic and has been associated with reversible 
biliary sludge, pseudolithiasis, and cholestasis, [52] also some pain killers that 
frequently needed for SCD patients can cause DILI as acetaminophen, nonste-
roidal anti-inflammatory drugs, naproxen, ibuprofen, and anabolic steroids [53] 
[54]. 

7. Cirrhosis 

Liver cirrhosis in SCD usually related to chronic hepatitis B or C infection or to 
iron overload resulting from the many transfusions received by these patients in 
their lifetime. Approximately 15% - 30% of patients with SCD have cirrhosis at 
autopsy [55]. Cirrhosis is slow and moderate in its development. It’s usually well 
advanced before the symptoms are noticeable enough to cause an alarm. The 
early symptoms may be weakness and weight loss [56]. Cirrhosis itself is already 
a late stage of liver damage. These inflammations are not treated; it can lead to 
scarring (fibrosis). If the fibrosis of the liver is not treated, this results in cirrho-
sis. Stage 1 cirrhosis involves some scarring of the liver, with few symptoms. 
This stage is considered compensated cirrhosis, where there are no complica-
tions. Stage 2 cirrhosis includes worsening portal hypertension and the devel-
opment of varices. Stage 3 cirrhosis involves the development of ascites and ad-
vanced liver scarring. This stage marks decompensated cirrhosis, with serious 
complications and possible liver failure. Stage 4 cirrhosis can be life-threatening, 
and people have developed end-stage liver disease (ESLD), which is fatal without 
a transplant [57]. 

8. Post-Liver Transplant 

SCD patients with ESLD need liver transplantation. The recipients of liver trans-
plant are at high risk of suffering from multiple and severe complications. Graft 
related complications are biliary, surgical, systemic, infectious, cardiovascular, 
pulmonary, and renal which are associated with increased risk of recipient mor-
tality or graft loss [58] SCD patients are at high risk of liver transplant complica-
tions, including drug toxicity, graft-versus-host disease, and graft rejection due 
to prior tissue damage, and inflammation [59]. Patients commonly manifest 
symptoms as fever, rash, and diarrhea in the post-transplantation state; these 
symptoms are usually and correctly attributed to the drug toxicity or infectious 
processes. Well-known side effects of commonly used immunosuppressive drugs 
include gastrointestinal intolerance and cytopenias [60]. Post-transplant rejec-
tion related to the vascular anastomosis, hepatic arterial thrombosis: most 
common vascular complication occurring in 2% - 12% of transplants [61], he-
patic abscess, biliary ischemia, stricture [62], arterial pseudoaneurysm, portal 
vein thrombosis, stenosis, hepatic vein thrombosis, inferior vena cava thrombo-
sis, related to the biliary anastomosis, bile leak, biliary, infection, ischemia, cal-
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culus, cholangitis, and sepsis. Post-liver transplant, many complications are 
should be expected. In SCD, it could be more severe. 

9. Biloma 

It is a rare abnormal accumulation of intrahepatic or extrahepatic bile [63]. The 
causes of biloma include trauma to the liver, abdominal surgery, endoscopic 
procedures, and percutaneous catheter drainage. Currently, the term biloma is 
generally used to describe intrahepatic or intraperitoneal focal biliary stasis [64]. 
In SCD, patients develop spontaneous biloma presenting with acute abdominal 
pain, jaundice, and fever. Pneumobilia is a gas collection within the biliary sys-
tem due to an abnormal connection between the biliary tree and adjacent or-
gans, particularly the gastrointestinal tract. Although hepatobiliary complica-
tions are common in SCD, the diagnosis is suspected based on the clinical histo-
ry of recent cholecystectomy or abdominal trauma, location of the lesion, ultra-
sound, and computed tomography (CT), magnetic resonance (MR), and cholan- 
giopancreatography. Gallbladder scintigraphy with technetium-99 may help dif-
ferentiate biloma from hematoma or a liver abscess [65]. Endoscopic retrograde 
cholangiography may provide not only further diagnostic confirmation but also 
a therapeutic option, allowing the decompression of the bile duct and the biliary 
drainage of the fluid and gas collection [66]. 

10. Nutritional Bioelements Deficiency 

Early findings suggest that zinc deficiency in SCD could lead to hyperammone-
mia. This has been attributed to chronic hemolysis, increased demand, utiliza-
tion, and secondary loss of zinc in the urine [34]. In addition, zinc deficiency has 
been suggested as a strong factor when hepatic failure is observed in SCD [67]. 
Selenium deficiency increases oxidative stress in the red blood cells of SCD pa-
tients, as selenium is an antioxidant agent protecting hemoglobin from reactive 
oxygen species (ROS) and has been reported to be lower in the red blood cells in 
SCD [68]. Vitamin D is lower in patients with SCD; this finding hypothesizes 
that metabolic demands have reduced the capacity of the liver to synthesize vi-
tamin D binding protein [69]. Vitamin A deficiency is common in cholecys-
tectomy, which is common in SCD because of decreased bile acid secretion, 
which causes fat and fat-soluble vitamin malabsorption [70]. As liver disease 
progresses, vitamin A deficiency becomes more prevalent [71]. Vitamin B12/ 
Cobalamin It has been suggested that SCD poses a risk for cobalamin deficiency 
because of the increased demand from a high turnover of red blood cells. [72]. 
Previous study published data confirm that serum cobalamin is significantly 
lower in SCD. It is present in 6.9% of SCD patients [73]. 

11. Autoimmune Liver Disease (AILD) 

Is a chronic disease of the liver that occurs when the body’s immune system at-
tacks the liver cells, causing the liver to be inflamed. Common initial symptoms 
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include fatigue, muscle aches, signs of liver inflammation, including fever, jaun-
dice, and abdominal pain at the right upper quadrant. Individuals having au-
toimmune hepatitis often have no initial symptoms, and the disease is detected 
by abnormal liver function tests [74]. Patients with AILD, 60% of them may 
mimic viral hepatitis in clinical manifestations, but without the serologic evi-
dence of viral infection. The disease is strongly associated with the anti-smooth 
muscle autoantibodies, and currently, no evidence as to any specific cause [75]. 
AILD is not rare in patients with SCD [76]. However, a study by Chuang et al. 
1997 reported three cases AILD and SCD in children. Maher et al. study the se-
rological markers for autoimmune hepatitis were positive in two female patients; 
clinically, both had jaundice and hepatomegaly, the liver biopsy revealed signs of 
chronic active hepatitis with cirrhosis associated with dilated sinusoids lined by 
lymphocytes and hyperplastic Kupffer cells. Perisinusoidal fibrosis was present, 
whether a pathophysiological link exists between SCD and autoimmune hepati-
tis remains to be determined [77]. In the association between AILD and SCD, 
the noteworthy 17% of SCD patients in a cohort of 77 children showed serology 
and/or histologic signs of AILD affecting mainly female patients and responding 
well to immunosuppression [76]. 

12. Conclusion 

Sickle cell disease hepatopathy is one of the most common complications of 
sickle cell disease the treating doctors face on a daily basis. A sickle cell hepato-
pathy is a group of disorders from the different etiological background with sim-
ilar overlapping clinical manifestations. The etiological classification provides 
more distinction to the type of the hepatopathy cause rather than the classifica-
tion based on the chronicity of the hepatopathy. The etiology classification 
makes the diagnosis, treatment, prognosis, and follow up of sickle cell patients 
with hepatopathy handy and more accurate that will reflect on the confidence in 
treatment in the proper manner. This study is part of our project concern about 
the clinical classification of sickle cell disease according to the systemic compli-
cations. 
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