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Introduction 

Sickle-cell disease is one of the most common severe monogenic disorders in the world, 
characterized by the presence of haemoglobin S(HbS).  The polymerisation of this abnormal 
haemoglobin, on exposure to low oxygen tension, leads to erythrocyte rigidity and vaso-
occlusion and is central to the pathophysiology of this disease. In addition, the importance of 
chronic anaemia, haemolysis, and vasculopathy has been established. Clinical management is 
basic and few treatments have a robust evidence base. Recurrent episodes of vaso-occlusion 
and inflammation result in progressive damage to most organs, including the brain, kidneys, 
lungs, liver, bones, and cardiovascular system, which become apparent with increasing age.  
 
Homozygous sickle cell anaemia affects 1 in 600 African American babies, and sickle cell 
trait affects 8% to 10% of the black population. In England, Sickle cell anaemia affects 1 in 
every 2400 live births and is now the most common genetic condition at birth.  It is estimated 
that there are more than 12,500 people with sickle cell disease in England. The highest 
prevalence occurs in people of African or African–Caribbean origin; in these populations, 1 
in every 200 people has sickle cell disease and 1 in every 10 people has sickle cell trait. 
Sickle cell disease also occurs in families from the Middle East, India, and the eastern 
Mediterranean1-3.  
 
Sickle cell Hepatopathy4-13 

 
Sickle cell hepatopathy encompasses a range of hepatic pathology arising from a wide variety 
of insults to the liver in patients with sickle cell disease. It occurs predominantly in patients 
with homozygous sickle cell anaemia, and to a lesser extent in patients with sickle cell trait 
(and Hb SC disease). Liver disease may be caused primarily by the sickling process, but also 
commonly occurs as a consequence of the multiple transfusions that these patients require 
during their lifetime. The direct manifestations of Sickle cell Disease in the liver are 
predominantly related to vascular occlusion with acute ischemia, sequestration, and 
cholestasis.  
 
Chronic cholestatic syndromes have been described. Liver complications of multiple 
transfusions include acute and chronic viral hepatitis and iron overload. A significant 
proportion of patients have cirrhosis- up to 30% in autopsy series. A further potential 
consequence of chronic haemolysis is the development of pigment stones, with consequent 
cholecystitis and biliary obstruction.  The clinical spectrum of Sickle cell disease 
Hepatopathy ranges from mild liver function test abnormalities in asymptomatic patients, to 
dramatic clinical crises with marked hyperbilirubinemia and (acute on chronic)liver failure.  
 
Liver disease co-existent with Sickle cell Disease 
 

A distinct clinical phenotype exists within the spectrum of liver disease in patients with 
Sickle cell disease. This phenotype is of a patient with controlled Sickle disease who has co-
existent liver disease not caused by the sickling process or as a consequence of multiple 
transfusions or chronic haemolysis. The incidence of patients within this distinct sub-group is 
difficult to ascertain, not least because clinical studies have often not specifically 
differentiated the phenotype from Sickle Hepatopathy14. 
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Sickle Hepatopathy is currently not considered an accepted or standard indication for Liver 
Transplantation in the United Kingdom. Transplantation is less controversial for Sickle cell 
patients with co-existent liver disease14. This pilot study focuses on further exploring and 
defining the role for Liver Transplantation in Sickle hepatopathy.   

Liver transplantation for Sickle Cell Hepatopathy 

World-wide experience of liver transplantation for Sickle Cell Hepatopathy is accruing 
slowly, and many questions remain unanswered. The generally poor results of transplantation 
reported in the early clinical experience have been improved upon to some degree. Reasons 
for this improvement include better patient selection and haematologic management in the 
peri-transplant period. An important consideration is that this patient group are becoming 
increasingly empowered and knowledgeable of medical literature- a survey of the Sickle Cell 
Society will attest to this. Increasingly, patients with end stage liver disease (and their 
families) will be asking to be considered for transplantation. 

The published experience of liver transplantation for hepatic complications of Sickle cell 
Disease is limited: only 18 cases have been reported. The collective experience includes case 
reports on 7 adults and 2 children15-22, a case series of 3 paediatric patients23 and most 
recently a case series of 6 adults24. The results from the two case series will be discussed in 
more detail, but first some general comments will be made about the collective experience. 
The spectrum of liver diseases that occur in Sickle cell disease have been represented in 
patients who underwent transplantation. The experience to date suggests that liver 
transplantation is a feasible option for patients with SCD and liver failure but there remain 
significant challenges. Chief among the potential complications is the high rate of vascular 
thrombosis (including graft thrombosis, stroke, and pulmonary embolism) and 
immunosuppression-related infections. An aggressive exchange transfusion strategy has been 
reported to reduce the risk of postoperative complications after non- transplant surgery25. 
However, graft failure from vascular thrombosis may occur after liver transplantation despite 
aggressive blood transfusion regimen17. Moreover, multiple transfusions could potentially 
increase the risk of infection in the post-operative period. 

The course of Sickle cell disease does not appear to be modified by liver transplantation, and 
Sickle Hepatopathy, Hepatitis C infection and transfusion-associated iron overload may recur 
in the graft.  Patients with Sickle cell Disease who survive transplantation continue to suffer 
with the clinical consequences of the disease, including vaso-occlusive crises. However, all 3 
children who underwent liver transplant reported by Mekeel and colleagues23 survived for 
more than 5 years. One patient died 6 years following transplantation from a sub-dural 
haematoma. No episodes of graft vascular thrombosis occurred.  

The most recent series published is from a French group24, and reports their experience of 
liver transplantation in 6 adult patients with end stage liver disease secondary to Sickle 
Hepatopathy. Patients included in this series are probably best classified as having ‘acute-on-
chronic liver failure’- in 5 out of 6 the explanted liver was cirrhotic. Patients with significant 
Sickle-related cardiac and respiratory disease, recent sepsis and cerebral vasculopathy were 
excluded from transplant.  

Median age at transplantation was 40 years. The 1-, 3-, 5-, and 10-year survival rates were 
83.3%, 66.7%, 44.4%, and 44.4%, respectively. A rigid heamatologic protocol in the post-
transplant period was adhered to, with exchange transfusions performed to maintain the HbS 
faction to <30% and Hb at 8-10g/dl for the first six months post transplant. No vascular 
thromboses in the early post-operative period were reported. 2 patients developed early 
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severe neurologic complications, in one the aetiology was (presumed calcineurin-inhibitor 
related) posterior leukoencephalopathy. Sickle-related veno-occlusive crises occurred in 2 
patients during medium to long term follow up. In one patient, this appeared to be related to 
poor compliance with the exchange transfusion and haematologic regimen. In another, veno-
occlusive crises were severe and caused graft damage (ischaemic cholangioapthy).  

The collective experience to date suggests liver transplantation is a potential treatment option 
for patients with end stage liver disease secondary to Sickle Hepatopathy. It would appear 
that potential candidates are patients in whom the liver disease is the predominant threat to 
survival and in whom dysfunction of other major organs (Sickle-related or otherwise), such 
as the heart or lungs, is absent14.  
 
The King’s Liver Unit evaluated a patient for transplant with Sickle Hepatopathy as the 
indication in 2011. The patient conformed to the clinical phenotype outlined above; i.e. end 
stage liver disease, effective haematologic management with documented compliance with 
exchange transfusion regimens, absence of Sickle-related damage to other organs and good 
nutritional and functional status. His candidacy for transplant was referred to the national 
Appeals Committee and he was accepted for listing. He underwent transplantation in July 
2011. The haematologic protocol was to maintain Hb S to <30% and Hb 8-10g/ dl in the 
immediate and medium-term post transplant period. He remains well with good liver graft 
function.   
 

Proposal- A pilot study of Liver Transplantation for Sickle cell hepatopathy 

We propose that 6 patients with Sickle Hepatopathy are identified within the criteria outlined 
below, offered elective liver transplantation and followed for a 5 year period. The concept of 
the study is a service evaluation and audit. Outcome data will add to the previous experience 
of liver transplantation for this condition. 

The assessment of patients will be multi-disciplinary with overall supervision by a dedicated 
Hepatologist and Haematologist. Patients will undergo an assessment process which will 
focus on identifying (1) those in whom the liver disease is the only or predominant threat to 
survival (2) dysfunction of other organs (Sickle-related or not) of a severity which would 
compromise long term survival.   

Study end-points- Primary 

1. Identify the number of eligible patients who can be assessed and listed for elective 
Liver Transplantation. 

2. 90 day, 1 year, 3 year and 5 year patient and graft survival. 

 

Study end-points- Secondary 

1. Incidence of graft vascular thrombosis in the first 90 days post-transplant. 

2. Incidence of other vascular thrombosis (including Cerebro-Vascular Accident, 
Pulmonary Embolism) in the first 90 days post-transplant. 

3. Incidence of clinically significant infection in the first 90 days post-transplant 
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4. Incidence of neurologic complications in the first 90 days post-transplant 

5. Adherence to peri- and post- transplant haematologic management with specific 
reference to exchange transfusion regimen 

6. Incidence of Sickle-related vaso-occlusive crises at 1, 3 and 5 years of follow up 

7. Incidence of Sickle-related liver graft damage 

 

Inclusion Criteria 

1. Adult patients with end stage liver disease secondary to Sickle Hepatopathy. 

2. Patients ≤ 40 years old. 

3. No recent significant sepsis 

4. No evidence on investigation for significant Sickle related cardiac or lung disease (see 
below) 

5. No evidence for cerebral vasculopathy 

6. Compliance with haematologic management of Sickle cell disease, particularly 
compliance with exchange transfusion programmes. 

7. Agreed protocol for peri- and post-transplant management of Sickle cell disease both 
in the immediate operative period and in the medium to long term. 

8. Adequate social support. 

 

Exclusion criteria 

1. Age less than 16 years and more than 40 years.  

2. Significant Sickle-related heart or lung disease (see below) 

3. Recent severe sepsis. 

4. Cerebral vasculopathy. 

5. Documented significant non-compliance with haematologic management of Sickle 
cell Disease. 

6. Other co-morbidities which are assessed to significantly compromise medium and 
long term survival. 

7. Substance mis-use as per standard transplant guidelines. 

8. Inadequate social support. 
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Transplant assessment 

Assessment for transplant will be multi-disciplinary. The Hepatology focus will be on 
defining that liver disease is severe enough to warrant consideration for transplant. The 
Haematologist will focus on defining the peri- and post- operative haematologic management 
and will take the lead in investigation significant Sickle-related damage to extra-hepatic 
organs, with particular emphasis on identifying significant pre-existent cardio-vascular and 
cerebral disease. 

Laboratory investigations 

• Blood group 

• HLA, Coombs 

• Blood count, INR 

• HbS fraction, uncojugated bilirubin 

• Urea and electrolytes, Liver function tests, Calcium and Phosphate 

• Protein electrophoresis 

• Screening for auto-immune and metabolic liver disease 

• Screening for: HAV, HSV, CMV, EBV, HCV, HBV, HIV, HTLV, Toxoplasma 
gondii 

• Arterial blood gases 

 

Radiologic assessment 

• CT scan of the thorax, abdomen and pelvis with contrast 

• Cerebral imaging (see below) 

 

Cardio-Respiratory assessment 

In addition to the standard cardio-respiratory assessment, there are specific requirements for 
complete evaluation in Sickle cell patients. Cardiomegaly, systolic and diastolic mumurs, 
recurrent pulmonary infiltration and chest pain and episodic or chronic dyspnoea all occur in 
patients with Sickle cell anaemia. From the liver transplant perspective, the major 
manifestation of chronic Sickle-related heart and lung disease which will adversely affect 
short and long term survival is the development of significant Pulmonary Hypertension. 
Assessment is focussed on diagnosing this and determining if it is of a severity to contra-
indicate transplant. In addition, the presence of definitive pulmonary infiltrates should trigger 
specialist respiratory assessment.  

• ECG 

• Arterial Blood Gases 
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• Thoracic CT 

- The presence of definitive pulmonary infiltrates suggests significant chronic ling 
disease. If associated with significant base-line hypoxaemia and impaired 
functional testing, patients will be excluded from the study. 

• Cardio Pulmonary Exercise Testing 

• Doppler echocardiography 

- Cardiomegaly is common in Sickle cell anaemia. Abnormalities suggesting 
significant Sickle-cell related Heart Disease include: increased left ventricular 
mass, left ventricular and left atrial dilatation, elevated right sided pressures and 
right heart dilation 

- If tricuspid-valve regurgitant jet velocity is ≥ 2.5m/sec; Right Heart cathertisation 
will be performed to further evaluate elevated right heart pressures 

- If pulmonary hypertension is defined, standard guidelines will be used to 
determine if it is of a severity to contra-indicate liver transplant  

 

Cerebral vasculopathy 

• Screening investigations include cerebral MR scan and trans-cranial Doppler 

• If vascuopathy identified, this will be considered a contra-indication to inclusion in 
the study 

 

Haematologic management in the peri-transplant period 

• Haematologic management in the peri-transplant period will be supervised by a 
dedicated Sickle cell Haematology Consultant. 

• When the projected time to transplant is in the region of three months, a programme 
of exchange transfusions to maintain HbS faction at < 30% and Hb 8-10g/ dl will be 
instituted. Frequency of exchange transfusion is likely to be 4 to 6 weekly. 

• In the first six month post-transplant, exchange transfusions to maintain HbS fraction 
at < 30% and Hb 8-10g/dl will be performed.  

• Subsequent to the six month time point post-transplant, haematologic management 
will be individualised. In some patients, hydroxyurea may be considered as an 
adjunctive treatment. 
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Transplant listing 

Patients will be discussed at the participating unit’s Multi-Disciplinary Team meeting. If 
accepted for transplant, cases will join the unit’s elective adult transplant list and will be 
prioritised within unit protocols. 

 

Peri-transplant management- immunosuppression/ antibiotics  

Immunosuppression and post-transplant antibiotic prophylaxis as per the participating unit’s 
guidelines 

 

Patient follow up 

Patients will be followed up and reviewed at a similar frequency to current adult liver 
transplant recipients in a combined Hepatology- Haematology clinic.  

Data collection for the primary and secondary end points for the study will be at:  

• 90 days post transplant 

• 1 year post transplant  

• Then 3 and 5 years post transplant. 

In addition to standard post- transplant investigations, HbS level will be checked on a 2 
weekly basis for the first three months post-transplant and then monthly. Frequency of 
exchange transfusion will be to maintain HbS levels to within the limits outlined above. 

 

 

Pilot study protocol developed by Abid Suddle, Institute of Liver Studies, Kings College 
Hospital. 
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