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Abstract 

Alcohol-related liver disease (ARLD) refers to the spectrum of hepatic pathology 

arising from excessive alcohol consumption. In contrast to most of continental 

Europe, where the incidence is falling, ARLD is a growing clinical problem in the 

UK and currently accounts for ten percent of all deaths occurring between 40 - 49 

years of age. Severe alcoholic hepatitis (AH) is arguably the most florid 

manifestation of ARLD, presenting with jaundice and features of hepatic 

decompensation, often in those without an existing diagnosis of liver disease. 

Despite abstinence short-term mortality approaches 40%, which may be improved by 

early diagnosis and timely medical therapy. Among current controversies in the 

management of severe AH are the necessity for liver biopsy to confirm the diagnosis, 

and hence there is a recognised need for non-invasive diagnostic aids. 

Corticosteroids have remained the mainstay of therapy for over 30 years, although a 

significant minority fail to respond and are particularly susceptible to infections as a 

consequence of treatment. A means of prospectively and non-invasively identifying 

these individuals would be a significant advancement. 

Parenchymal neutrophil infiltration is one of the defining histological features of 

severe AH. The first study presented in this thesis investigated the use of indium-111 

(
111

In)-radiolabelled leucocytes to image hepatic neutrophil migration in vivo in 

severe AH. An abnormal rise in liver-associated radioactivity during the first 24 

hours following 
111

In-leucocyte administration was demonstrated, which correlated 

with the histological severity of steatohepatitis in severe AH. This novel technique 

may form the basis of a useful clinical tool to non-invasively diagnose and assess 

those with suspected severe AH. 



II 

 

Neutrophil dysfunction is known to occur even in those with compensated forms of 

chronic liver disease, who are prone to bacterial and fungal infections. The second 

project conducted using radiolabelled leucocytes investigated the in vivo survival of 

111
In-granulocytes in liver disease, showing significantly suppressed circulating 

granulocyte half-life in inactive alcohol-related cirrhosis compared with normal 

controls. These data give further insight into the potential mechanisms underlying 

susceptibility to infections in cirrhosis. 

Although factors associated with short-term survival in severe AH are well 

described, predictors of prognosis beyond hospital discharge have not previously 

been described. The final study is the first published paper to investigate 

determinants of long-term outcome following hospitalisation with severe AH. The 

results clearly demonstrate that abstinence is the only independent predictor of long-

term survival and highlight the need for strategies to reduce recidivism after 

hospitalisation. Recurrence of severe AH was recognised in several individuals, 

whose cases are described in detail in the first such published series. Female gender 

and episodic recidivism were identified as predictors of recurrence. 
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Chapter 1: Literature review on alcoholic hepatitis 

1.1 Introduction 

Alcohol-related liver disease (ARLD) is a growing problem in the UK, now 

accounting for 40% of liver-related mortality and a tenth of all deaths in those 

between 40 and 50 years of age (1). Arguably the most florid form of ARLD is 

alcoholic hepatitis (AH), an inflammatory liver disorder arising after years of alcohol 

excess. The term is most often applied to the clinical syndrome of jaundice and 

coagulopathy arising in active or recently abstinent heavy drinkers. Although the 

abrupt onset of these symptoms often causes an acute illness, severe AH seldom 

occurs in the absence of underlying advanced hepatic fibrosis, albeit often 

unrecognised prior to presentation. Severe AH therefore invariably represents an 

acute deterioration of established chronic liver disease. This phenomenon is 

increasingly being recognised as acute-on-chronic liver failure (ACLF) and many 

patients with AH, though by no means all, will fulfil criteria for this diagnosis (2). 

Severe AH is defined on clinical grounds using various scoring systems and carries a 

high risk of sepsis, other organ dysfunction (especially the hepatorenal syndrome) 

and incipient hepatic failure (3). Short-term mortality in severe AH approaches 40%, 

which can be improved by timely and targeted medical therapy. Controversy 

surrounds many aspects of management, notably the need for a biopsy-proven 

diagnosis, the relative merits of existing medical therapies and treatment options for 

those who fail to respond. 
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1.2 Alcohol-related liver disease: the extent of the problem 

Having reached a nadir after inter-war prohibition, per capita alcohol use in the UK 

has steadily risen since the 1960s (4). This increase has been most profound among 

adolescents and young adults and it is now estimated that up to 40% of NHS hospital 

admissions are alcohol-related (4). Current guidelines suggest consumption less than 

21 units per week for men and 14 units per week for women is unlikely to be 

harmful (5). Over 2 million British adults are classified as heavy drinkers, regularly 

consuming greater than 35 units per week for men (equivalent to 40 grams of alcohol 

per day) and 22 units per week for women.  

Figure 1.1 Alcohol-related liver deaths by country since 1986 

from Sheron et al, Lancet 2012 (7) 
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In 2009/10 there were approximately 200,000 hospital admissions in England wholly 

attributable to alcohol. Although the majority related to acute intoxication and 

alcohol withdrawal, hospitalisations due to ARLD have risen 45% in the past 7 years 

and in 2010 accounted for 14,700 hospital admissions, of which 1,600 were due to 

AH (6). While mortality from ARLD is falling in many European nations, the UK 

bucks this trend and a steady rise in alcohol-related liver deaths is projected, 

estimated to reach a total of 143,000 over the next 20 years (Figure 1.1) (7). 

1.3 Disease spectrum of alcohol-related liver disease 

The spectrum of liver injury arising from chronic alcohol excess is a broad 

continuum, extending from asymptomatic fatty liver in the earliest stages to 

advanced fibrosis associated with hepatic decompensation and predisposing to 

hepatocellular carcinoma (HCC). For practical and diagnostic purposes, three 

distinct stages are recognised, based upon histopathological features (8): 

1) Simple hepatic steatosis 

2) Alcoholic steatohepatitis (ASH) 

3) Advanced hepatic fibrosis or cirrhosis 

The evolution of liver disease in heavy drinkers is summarised in Figure 1.2. Within 

weeks of alcohol use exceeding 52 units per week (60 grams/day), more than 90% of 

individuals develop simple hepatic steatosis (fatty liver), which usually regresses 

completely following sustained abstinence for 4 - 6 weeks (9). Continued heavy 

alcohol use causes progressive hepatic fibrosis and ultimately cirrhosis in 10-30%, 

with attendant risks of hepatic decompensation and sequelae of portal hypertension 

(8). Alcohol-related cirrhosis (ARC) is a pre-malignant condition with an annual 



4 

 

incidence of hepatocellular carcinoma (HCC) of approximately 2.5%, even in those 

with compensated disease (10). ASH is an inflammatory liver condition which may 

be clinically overt, although is commonly an indolent symptomless intermediary 

preceding the development of cirrhosis. The prevalence of ASH is unknown though 

histological features have been reported in up to 20% of asymptomatic heavy 

drinkers undergoing liver biopsy (11). 

Figure 1.2 Natural history of alcohol-related liver disease 

adapted from American College of Gastroenterology Practice Guidelines, 1998 
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1.4 Clinical features of alcoholic hepatitis 

AH usually presents as spontaneous and progressive jaundice in active or recently 

abstinent heavy drinkers, frequently accompanied by other features of hepatic 

decompensation including ascites, coagulopathy and hepatic encephalopathy (HE). 

Co-existent bacterial or fungal sepsis occurs in up to 40% (3,12), which can be 

difficult to differentiate on clinical grounds from features of the systemic 

inflammatory response syndrome (SIRS) arising from hepatic inflammation. 

Moreover, those with underlying cirrhosis may not mount a classical immune 

response and can harbour such infections with few clinical signs. Protein-calorie 

malnutrition, a common finding in chronic alcoholism, appears to be exacerbated in 

AH (13), likely due to appetite suppression and the catabolic state induced by the 

evolving inflammatory milieu. The liver is typically tender and enlarged, although an 

audible bruit, often quoted as a feature of severe AH, can be absent in up to half of 

patients (14). 

Jaundice is the cardinal sign of severe AH and although the quoted threshold 

bilirubin required for the diagnosis varies, most require a bilirubin >80 mol/l or at 

least fourfold the upper limit of normal (15). Other compatible laboratory parameters 

include a neutrophil leucocytosis, prolongation of prothrombin time (PT) and modest 

derangement of liver transaminases. Aspartate aminotransferase (AST) is 

characteristically 2 - 5 times the upper limit of normal and in the right clinical 

setting, an AST/ALT ratio of >2 is highly suggestive of AH (16). 

The differential diagnosis of suspected AH (Table 1.1) includes biliary obstruction 

and hepatic infiltration, non-inflammatory hepatic pathology related to alcohol and 

non-alcohol related chronic liver disorders. One of the major clinical confounders is 
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the development of jaundice due to sepsis-related cholestasis in those with pre-

existing ARLD. Co-existence of a second aetiology for chronic liver disease is 

frequent, particularly chronic hepatitis C (HCV) infection and hereditary 

haemochromatosis. An alternative cause for jaundice should be suspected in those 

with significantly elevated transaminases (AST >300 IU/l) at presentation, 

particularly paracetamol hepatotoxicity (17) (either from deliberate or inadvertent 

overdose) and viral hepatitides, including acute hepatitis E infection (18). Alcoholic 

foamy fatty change is a clinical entity distinct from AH, characterised by gross 

elevation of alkaline phosphatise (ALP) and γ-glutamyl transpeptidase (γGT) in a 

patient with massive hepatomegaly and jaundice, both of which rapidly improve with 

abstinence (19). Albeit rare, haemolysis and hyperlipidaemia in those who develop 

jaundice following an alcohol binge raise the possibility of Zieve’s syndrome (20). 

This condition is poorly understood though typically affects those with underlying 

alcohol-related cirrhosis and also usually resolves spontaneously with sobriety. 

 Table 1.1 Differential diagnosis of alcoholic hepatitis 

 

 

 

 Decompensated alcohol-related cirrhosis 

  Sepsis-induced cholestasis 

   Biliary obstruction 

   Alcoholic foamy degeneration 

   Non-alcohol related liver disease: 

  - Malignant infiltration 

  - Viral hepatitis (including acute hepatitis E infection) 

  - Drug-induced liver injury 

  - Hereditary haemochromatosis 

  - Autoimmune liver disease 

  - Zieve’s syndrome 
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1.5 Risk factors and at risk population 

The propensity to develop liver disease from alcohol represents an interaction 

between host factors (both innate and acquired) and duration and quantity of 

consumption. Whilst there is a clear dose dependent relationship between alcohol 

and liver disease, only a minority of hazardous drinkers develop chronic liver 

disease, indicating that environmental and host factors, most as yet unidentified, play 

a significant role. The point prevalence of cirrhosis among those chronically 

consuming 30 - 60 g of alcohol per day is approximately 1% compared with 5.7% in 

those drinking greater than 120 g/day (21). Obesity and the metabolic syndrome 

(11), female sex (22), viral co-infection (particularly HCV infection (23)) and iron 

overload (24) are all known to significantly increase risk.  

AH typically affects adults in their 5
th

 and 6
th

 decades with average alcohol 

consumption of 15 units per day for at least the preceding 5 years (11). Features of 

alcohol dependency and alcohol misuse syndromes are common and can be screened 

for using simple tools such as the CAGE (25) and AUDIT (26) questionnaires. 

Significant reduction or indeed cessation of alcohol use may occur in the weeks 

preceding presentation to medical services (15), either as a consequence of anorexia 

accompanying the illness or conscious change in behaviour following the onset of 

symptoms. Symptoms of AH may develop paradoxically following abstinence and 

severe forms of alcohol withdrawal may be a predisposing factor (27). 

1.6 Historical perspective 

Although the onset of jaundice in those abusing alcohol has long been considered a 

sinister sign, AH is a relatively recently recognised clinical entity. Tender 

hepatomegaly in heavy drinkers with or without jaundice was first described by 
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Hurst in 1938 (28), whose patients presented with complaints that he intriguingly 

described as ‘liverishness’ and ‘a touch of liver’. Although the association with HE, 

coagulopathy and other organ dysfunction was made in 1954 (29), the term alcoholic 

hepatitis was first used by Beckett et al. six years later. (30). 

1.7 Pathogenesis of alcoholic hepatitis 

The mechanisms by which long-term alcohol exposure causes liver disease are 

complex and incompletely understood and it is likely that multiple different 

pathways are involved. Many of these pathways are interrelated and no single route 

predominates. It seems likely that multiple ‘hits’ via protean different mechanisms 

are required for alcohol to induce liver injury. 

Fat accumulation within hepatocytes occurs in response to disordered fatty acid 

metabolism and increased lipogenesis (31,32). These processes are largely mediated 

through the effects of the alcohol metabolite acetaldehyde, produced via several 

metabolic pathways. In addition to being directly hepatotoxic, acetaldehyde 

synthesis leads to the production of reactive oxygen species and further sensitises 

mitochondria to oxidative stress (33,34).  

Activation of the innate immune system plays a pivotal role in pathogenesis of AH. 

The trigger for the resulting inflammatory cascade relates to alterations in the gut 

microbiota and intestinal barrier dysfunction, demonstrated by the pronounced small 

bowel bacterial overgrowth induced in mice by ethanol administration (35). 

Acetaldehyde derived from gut alcohol metabolism disrupts the integrity of intestinal 

tight and adherens junctions, causing increased gut permeability to lipopolysacharide 

(LPS), the endotoxin of Gram-negative bacteria (36). These factors give rise to 

chronic portal venous endotoxaemia, activating Kupffer cells (resident hepatic 
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macrophages) via the interaction of LPS with toll-like receptors (specifically TLR4) 

on these cells. The activated pathways lead to Kupffer cell release of reactive oxygen 

species (ROS), causing additional oxidative stress and production of numerous 

cytokines, including pro-inflammatory tumour necrosis factor alpha (TNF-) (37) 

and interleukin (IL)-8 (38). However anti-inflammatory cytokines are also produced, 

including IL-10 (39), in part ameliorating hepatocellular damage from alcohol. 

Parenchymal neutrophil infiltration is a fundamental histopathological feature of AH, 

although it remains uncertain as to whether this represents cause or effect of the liver 

injury. Hepatic neutrophil recruitment occurs as a consequence of TNF- up-

regulation but also hepatic stellate cell release of the CXC chemokines IL-8 and 

GRO- (CXCL-1), expression of which correlates with the histological degree of 

neutrophil infiltration (40). These powerful chemoattractants cause neutrophils to 

aggregate in hepatic sinusoids and promote their subsequent transmigration into the 

hepatic parenchyma (41). The mechanisms by which extravasated neutrophils cause 

hepatocyte injury are unclear, although it seems likely that a combination of 

increased oxidative stress and release of serine proteases contribute (42).  

1.8 Histological features and value of liver biopsy 

Histological features of severe AH are well described and in the context of a 

compatible history and biochemical profile, constitute the gold standard for 

diagnosis. Characteristic histology includes a macrovesicular steatosis, the presence 

of degenerate and swollen (ballooned) hepatocytes surrounded by a neutrophil rich 

inflammatory infiltrate (referred to as satellitosis) (43). The presence of Mallory’s 

hyaline (eosinophilic cytoplasmic inclusion bodies), mega-mitochondria and 

canalicular bile plugs are also compatible with, though not required for the diagnosis. 
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The histological lesion (Figure 1.3) need not be accompanied by the clinical 

syndrome of severe AH and for the avoidance of confusion the term alcoholic 

steatohepatitis (ASH) is often used to denote the pathological as opposed to clinical 

diagnosis. In addition, these findings are not specific to severe AH and similar 

pathological appearances, albeit clinically and histologically less severe, occur in 

non-alcoholic steatohepatitis (NASH) (44), forms of drug-induced liver injury (45) 

and Wilson’s disease (46). 

The need for a liver biopsy to confidently diagnose severe AH remains contentious 

(47). Differentiating severe AH from decompensated alcoholic cirrhosis, sepsis-

induced cholestasis, foamy fatty change and non-alcohol related liver disease on 

clinical parameters alone can be challenging. As well as aiding diagnosis, some 

histological features predict prognosis and notably the degree of parenchymal 

Figure 1.3 H&E stained liver biopsy in severe alcoholic hepatitis 

 

Open arrow: macrovesicular steatosis, closed arrow: Mallory’s hyaline, 

diamond: ballooned hepatocyte, circle: microvesicular steatosis, arrow-head: 

lobular neutrophils  
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neutrophil infiltration is positively associated with clinical response to 

corticosteroids (48). Failure to require histological confirmation of AH for inclusion 

in therapeutic trials has previously been cited as the reason for contradictory 

evidence from these studies (48). However liver biopsy in the decompensated 

cirrhotic is often problematic due to the presence of ascites and/or coagulopathy, 

usually necessitating a transjugular approach. Whilst transjugular biopsy (TJB) has 

an acceptable safety profile in those with bleeding tendencies (49,50), the 

availability of this procedure outside of specialised centres is limited. Where 

performed, TJB risks obtaining insufficient tissue for diagnosis, although the 

diagnostic yield proves similar to percutaneous biopsy when three or more cores are 

obtained (51). Timely processing and interpretation of biopsy material to guide early 

medical intervention also pose additional practical challenges. 

The reported inaccuracy of a clinical diagnosis of severe AH varies widely from 10 - 

50% (52,53) and there is no consensus in recent literature regarding the value of liver 

biopsy. In an analysis of biopsies from 68 patients with decompensated alcohol-

related cirrhosis and jaundice (mean bilirubin 227 mol/l and International 

Normalised Ratio (INR) 1.7), histological ASH was found in just 46% of patients 

(54). Short-term survival was significantly worse in this group compared with those 

without ASH (42% versus 16% mortality at 100 days, P <0.001). Although the vast 

majority (96%) of deaths occurred among those with SIRS, mortality was 

significantly higher when this accompanied histological ASH. However these 

findings are contrary to those of another retrospective study of 110 patients biopsied 

for presumptive ARLD, where histology was found to change the clinical diagnosis 

in just one with Budd Chiari syndrome (55). Of those with clinically severe AH 

biopsied within a month of presentation, histological ASH was present in all 26 
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cases. A further review of results from 11 therapeutic trials requiring biopsy 

evidence of AH for recruitment found overall histological confirmation of AH was 

84.5% and rose to 96% where a threshold bilirubin >80 mol/l was applied (56). 

Histological cirrhosis was present in over 70% of biopsies and did not affect short-

term outcome, leading these authors to conclude that biopsy confirmation added little 

to a clinical diagnosis of severe AH. 

 The utility of liver biopsy in AH has previously been hampered by the lack of 

reproducible and validated scoring systems to grade histological disease severity. As 

a consequence studies have often used proprietary systems or applied criteria 

validated in NASH (44). Two novel AH-specific scoring systems have recently been 

described (54,57) (summarised in Table 1.2). The system proposed by Mookerjee et 

al. utilises loss of immunohistochemical staining for cytokeratin 8/18 (an 

intracellular filament protein) to aid quantification of hepatocyte ballooning, which 

was associated with 30% interobserver disagreement with conventional staining (54). 

In area under the receiver operator characteristic (AUROC) analysis the resulting 

histological grade was a better predictor of 28 day mortality than clinical criteria, 

though surprisingly fibrosis stage was not predictive of mortality and at present the 

score remains unvalidated. The only validated AH-specific histological classification 

to date has been published in abstract form (57). This study analysed biopsies from 

116 Spanish patients with AH and derived a score from parameters independently 

associated with 90 day outcome, subsequently validated in two separate European 

and US cohorts. The degree of neutrophil infiltrate and presence of 

megamitochondria were both positively associated with survival. Contrary to 

Mookerjee et al., fibrosis stage was found to be significantly predictive of death. 

However the validity of incorporating fibrosis into the score is questionable, since 
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those with bridging fibrosis or cirrhosis are classified with at least moderate AH 

regardless of the presence or absence of other features of AH. Nonetheless, the 

resulting Alcoholic Hepatitis Histological Score (AHHS) had a similar AUROC to 

the Mookerjee study (0.75 versus 0.80) though neither correlated histology with 

treatment response. 

Current published guidelines recommend histological confirmation of severe AH in 

cases of diagnostic uncertainty or where medical therapy is contemplated (8). 

Although invasive, it remains a useful adjunct in the diagnosis and management of 

patients with severe AH and should be performed where local expertise permits. In 

the research setting robust clinical trials should mandate histological confirmation of 

AH to exclude the non-AH causes for jaundice and hepatic decompensation 

previously discussed. 
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Table 1.2 Novel histological grading systems for alcoholic hepatitis 

 

1.9 Existing non-invasive diagnostic techniques 

Whilst early confirmation by liver biopsy is likely to represent optimal management 

of severe AH, in many centres this remains an unrealistic prospect. Alternative non-

invasive diagnostic aids are therefore required, though recent studies in this area are 

lacking. 

Doppler ultrasonography has been investigated as a potential diagnostic tool, through 

identification of the changes in hepatic artery blood flow which underlie an audible 

hepatic bruit. Where present, the latter can be a useful clinical sign of severe AH 

though not all hepatologists routinely assess for it. However, in a study of clinical 

Mookerjee et al. (54) Altamirano et al. (57) 

Ballooning & inflammatory score 
No ballooning; no inflammation : 0 
<5% parenchymal ballooning; no/mild inflammation : 1 
>5-10% ballooning; no/mild inflammation : 2 
>10-20% ballooning; mild inflammation : 3 
>20-50% ballooning; mild inflammation : 4 
>50% ballooning; mild/moderate inflammation : 5 
 

Fibrosis stage 
None/portal : 1 
Expansive fibrosis : 2 
Bridging fibrosis or cirrhosis : 3 
 
Neutrophil infiltration 
None/mild : 0 
 Severe : -1 
 
Megamitochondria 
None : 0 
Present : -1 
 
Bilirubinostasis 
None : 1 
Hepatocellular bilirubinostasis : 2 
Canalicular/ductular : 3 
Hepatocellular & canalicular/ductular : 4 

Histological Grade: 
Score 0-1 : Grade 0, No significant histological ASH 
Score 2-3 : Mild/moderate ASH, Grade 1 
Score 4-5 : moderately severe/severe ASH 

Histological grade 
Score 0-2 : Mild ASH 
Score 3-5 : Moderate ASH 
Score 6-7 : Severe ASH 
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but non-biopsy proven AH, hepatic artery ultrasound characteristics did not 

accurately distinguish these patients from cirrhotic controls without AH (58). 

Radiolabelled sulphur colloids are taken up by components of the reticuloendothelial 

system, including the liver, and may be used to assess hepatic perfusion as well as 

anatomy. An abnormal technetium-99m nanocolloid liver-spleen scan is 

characterised by a shift in colloid activity from the liver to spleen and bone marrow 

(59). Whilst this has previously been used to provide corroborative evidence of 

severe AH in studies not requiring histological confirmation (58,60) there is 

insufficient evidence to support its use in clinical practice. 

Transient elastography (TE) measures propagation of a shear wave to determine liver 

stiffness (LS) and allows non-invasive assessment of hepatic fibrosis in a variety of 

chronic liver diseases, including ARLD (61). However TE does not permit 

determination of steatohepatitis and the interpretation of LS appears to be adversely 

affected by the presence of AH, over representing fibrosis stage. LS values in AH are 

elevated compared with repeat measurements following clinical and biochemical 

recovery with abstinence (62), putatively as a result of stiffness caused by hepatocyte 

inflammation and ballooning. TE is therefore not a diagnostic test for severe AH and 

moreover should not be used as a means of assessing fibrosis stage in overt AH or 

where subclinical ASH is likely. 

At present liver biopsy remains the only means of confidently confirming a clinical 

diagnosis of AH and there is an unmet need for alternative non-invasive diagnostic 

tests. 
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1.10 Prognostic scores 

Few medical conditions can claim the number of different prognostic scoring 

systems described for AH, with at least five in current clinical use (outlined in Table 

1.3). This is perhaps a consequence of the inadequacy of existing medical therapies 

and a desire to better target the available treatments. Since corticosteroids are the 

most extensively studied form of medical therapy for AH, many investigators have 

focused on identifying those most likely to benefit from this treatment. 

The Discriminant Function (DF), comprising bilirubin and prothrombin time (PT), 

was described by Maddrey in 1978 during a therapeutic trial of methylprednisolone 

(63). Due to the variability in PT measurement between laboratories the DF was 

modified in 1989 for a multicentre study to use prolongation in PT above the 

laboratory control time (64). To minimise artefact from co-existent vitamin K 

deficiency (common in severe AH secondary to dietary deficiency and 

malabsorption due cholestasis and alcoholic enteropathy), the authors calculated the 

DF 24 hours after administration of parenteral vitamin K. This study only included 

those with DF ≥32 and/or spontaneous HE and these remain the most frequently 

used criteria to define severe AH and the point at which to consider medical therapy. 

The DF is not easy to calculate and requires knowledge of both the patient’s 

prothrombin time and the laboratory control value, neither of which are always 

readily available. Whilst the DF remains a sensitive predictor of short term mortality, 

and is still widely used, concerns over poor specificity have lead to a search for more 

accurate prognostic models. 
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Table 1.3 Clinical prognostic indices used to predict outcome in severe alcoholic hepatitis 

 

Prognostic Score Formula Threshold for severe AH 

Modified DF* 
(64) 

4.6 x (PT - control PT) + bilirubin Severe disease ≥32  

MELD* 
(65) 

6.4 + 3.8 x loge(bilirubin) + 11.2 x loge(INR) + 9.6 x loge(creatinine) 

[Bilirubin ≥1, Creatinine range 1-4; 4 if RRTx twice in 7 days] 

Severe disease ≥21  

GAHS
+ 

(66) 
Composite score: 
Age <50 years: 1 point, ≥50 years: 2 points 
WCC <15x10

9
/l: 1 point, ≥15x10

9
/l: 2 points 

Urea <5mmol/l: 1 points, ≥5mmol/l: 2 points 
INR <1.5: 1 point, 1.5-2: 2 points, >2: 3 points 
Bilirubin <125mol/l: 1 point, 125-250mol/l: 2 points, >250mol/l; 3 points 
 

Severe disease ≥9  

ABIC score* 
(67) 

0.1 x (age) + 0.8 x (bilirubin) + 0.8 x (INR) + 0.3 x (creatinine) 90 day mortality: 
Low risk ≤6.71 
Intermediate risk 6.71 – 9.0 
High risk ≥9.0 

   
Lille model

+ 
(68,69) 

Lille score = e
(-R)

 / [1+e
(-R)

], where: 

R = 3.19 – 0.101 x (age) + 0.147 x (albumin) + 0.0165 x (change in bilirubin) - 0.206 x (renal 

insufficiency) – 0.0065 x (baseline bilirubin) – 0.0096 x (PT) 

[Creatinine ≥115mol/, renal insufficiency =1; creatinine <115mol/l, renal insufficiency=0 

Measure of steroid response: 
Responder: Lille <0.45 
Non-responder: Lille ≥0.45 

 

DF: Discriminant Function, GAHS: Glasgow Alcoholic Hepatitis Score, MELD: Model for End-stage Liver Disease, ABIC: Age-Bilirubin-INR-Creatinine, PT: 

prothrombin time (seconds), INR: International Normalised Ratio, WCC: total peripheral white cell count, RRTx: renal replacement therapy. 
* US units, 

+
 SI units, age in years 
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The Model for End-stage Liver Disease (MELD) was originally described to predict 

survival following a transjugular intrahepatic portosystemic shunt (TIPS) procedure 

for treatment of variceal bleeding or refractory ascites (70). The model is a weighted 

composite of logarithmic values of bilirubin, INR and creatinine and has 

subsequently been applied more widely to predict prognosis in cirrhosis (71) and to 

prioritise allocation of donor livers for transplantation (72). Compared with the DF, 

the addition of renal function and use of INR rather than PT make MELD attractive 

for prognostication in AH, though quoted thresholds for definition of severe AH vary 

widely from 11 to 30 (65,73–75). In large part these differences are an artefact of 

calculation, since the original model excluded a numerical constant in patients with 

ARLD, to reflect their favourable outcome post TIPS compared with other 

aetiologies of cirrhosis (71). The United Network of Organ Sharing (UNOS) 

modified MELD (76) includes this constant regardless of aetiology and applies a 

minimum value to the other parameters, consequently giving rise to higher scores. 

Caution must therefore be exercised when applying published MELD thresholds for 

diagnosis of severe AH in clinical practice and in comparing MELD scores between 

studies. Although there is no consensus on the method of calculation to be used in 

ARLD, current guidelines use the modified formula (8). Regardless of the method 

used, MELD has a consistently higher specificity for short-term mortality in severe 

AH compared with DF and similar sensitivity (65,73–75). The only study to use the 

modified model found a MELD ≥21 had 75% sensitivity and specificity for 90 day 

survival and described a continuous relationship between MELD and mortality (65). 

However it is important to note that of this 73 patient cohort, a little under half had 

undergone liver biopsy and 12 received various immunomodulator therapies. 

Another modification to MELD has been made to reflect the adverse implications of 



19 

 

hyponatraemia in cirrhosis (MELD-Na). This may further improve the accuracy of 

the model in predicting outcome in AH, though to date this is supported by a single 

comparatively small study (77). 

Two other novel scoring systems have been developed specifically for severe AH; 

the Glasgow Alcoholic Hepatitis Score (GAHS) (66) and ABIC score (67). The 

GAHS does not require complex computation and may be calculated easily at the 

bedside in much the same manner as a Child-Pugh score. The included parameters 

(Table 1.3) were found to be associated with short and medium-term mortality in a 

Scottish cohort with AH. Urea was selected to represent renal dysfunction due to the 

inaccuracy of creatinine measurement in the presence of profound jaundice. A sharp 

increase in mortality was noted in those with GAHS ≥9 and using this cut-off the 

accuracy of GAHS in predicting 28 and 84 day mortality was 67% and 71% 

respectively, compared with 48% and 57% for DF ≥32. Three month survival in 

cases with GAHS <9 is unchanged by medical therapy whereas those with higher 

scores seem to benefit from corticosteroids (28 day survival 78% versus 52%, 59% 

versus 38% at 84 days) (78). The GAHS therefore appears to better define the cohort 

of patients with severe AH by DF who are most likely to benefit from treatment. 

There are deficiencies in the GAHS; principally that the derivation cohort did not 

have biopsy-proven disease and the score has only been validated in the UK. 

The newest score was developed by a Spanish group who identified age, bilirubin, 

INR and creatinine (ABIC) as independent predictors of 90 day mortality in a 

prospective study (67). All 103 cases studied had biopsy-proven AH, most had 

underlying cirrhosis and half received corticosteroids. Using two cut points in the 

resulting ABIC score, the authors defined three groups with no (0%), moderate 

(32.5%) and high (72.5%) risk of death at 90 days. ABIC scores at admission 
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remained predictive of survival at one year, which surprisingly was unaffected by 

alcohol relapse. For those with DF ≥32 and either low or high risk ABIC scores, 6 

month survival was not affected by corticosteroids and treatment response was only 

seen in those with intermediate scores. This study suggests that corticosteroids 

appear to be most efficacious in cases of intermediate disease severity, prior to which 

patients are likely to survive in any case and beyond which such therapy is futile. 

Consequently these authors propose focusing novel treatments and aggressive 

management towards the latter group, whose outcome is currently so poor. 

In summary, there are now multiple clinical prognostic scoring systems for 

assessment of disease severity in AH (Table 1.3). The DF is the oldest and has stood 

the test of time, its deficiencies being poor specificity, variation in values between 

laboratories and complexity of calculation. For clinical purposes the newer scoring 

systems (GAHS, MELD or ABIC) in those with DF≥32 are likely to better define the 

cohort warranting treatment. There is little to choose from between these new 

models, all of which appear to have comparable accuracy in predicting outcome (79). 

The GAHS has the advantage of simplicity and can be easily calculated without the 

need for computation. However MELD, MELD-Na and ABIC remain equally valid 

and the choice of score is often determined by local preference and experience. 

  



21 

 

1.11 Medical management of AH 

Regardless of the clinical or histological severity of the illness, sustained abstinence 

from alcohol is considered essential for recovery from AH (15). As has previously 

been discussed, abstinence alone may be insufficient to ensure short-term survival in 

those with severe disease. Medical therapy has largely been considered a temporising 

measure to enable survival to the point where outcome is largely determined by 

abstinence. Therapeutic trials have therefore typically judged treatment efficacy 

using short or medium-term outcome measures. To describe the current state of 

medical therapy for severe AH, a MEDLINE review was performed using the search 

terms ‘alcoholic hepatitis’ and ‘therapy’ or ‘treatment’. All clinical trials published 

in English within the last 20 years (from 1992 onwards) were included, excluding 

pilot studies, small case series (<10 patients) and individual case reports. Two meta-

analyses (69,80) and two systematic reviews (81,82) were identified. Studies were 

categorised according to the therapy evaluated, the results of which are summarised 

in Table 1.4. There is fierce ongoing debate regarding the relative merits of 

corticosteroids and pentoxifylline, which remain the most extensively studied and 

widely used therapies for AH, and hence form the focus of this discussion.
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Table 1.4 Summary of therapeutic trials in alcoholic hepatitis from 1992-2013 

Author (ref) & Year Country Therapy studied Study design Inclusion criteria N Trial outcome 

Mathurin (83) 2013 France CS & PTX vs CS & placebo RCT DF ≥32* 270 No 6 month survival benefit or change in Lille score with PTX 

Sidhu (84) 2012 India PTX & CS vs CS RCT DF ≥32 70 No difference in 6 month survival 

Mathurin (85) 2011 France Early LT vs standard of care Case-control DF ≥32, Lille ≥0.45* 26 2 yr survival benefit with early LT in CS non-responders 

Nguyen-Khac (86) 2011 France CS & NAC vs CS & placebo RCT DF ≥32* 174 1 month survival benefit with NAC, not sustained at 3 months 

Moreno (87) 2010 Belgium NAC vs placebo RCT DF ≥32* 47 No difference in 6 month survival 

De (88) 2009 India PTX vs CS RCT DF ≥32 68 3 month survival benefit with PTX 

Parés (89) 2009 Spain MARS Cohort Bili ≥170 mol/l * 13 Improvement in HE and amino acid levels with MARS 

Louvet (90) 2008 France PTX after CS treatment failure  Cohort DF ≥32*, no ECBL 29 No survival benefit from early switch to PTX at 2 months 

Boetticher (91) 2008 USA Etanercept vs placebo RCT MELD >15 48 Higher 6 month mortality with etanercept


 

Stewart (92) 2008 UK AO CS vs placebo RCT DF ≥32 70 No difference in survival at 6 month 

Phillips (93) 2006 UK AO vs CS RCT Bili ≥100 mol/l, WCC ≥20* 101 1 month survival benefit with CS, not sustained at 1yr 

Sen (94) 2005 UK MARS vs CVVH Cohort ACLF, HVPG ≥12mmHg* 11 Acute reduction in PHT with MARS, not powered for survival 

Naveau (95) 2004 France CS/Infliximab vs CS/Placebo RCT DF ≥32* 36 Higher 2 month mortality with infliximab


 

Mezey (89) 2004 USA/Spain Vitamin E vs placebo RCT ‘Mild-moderate AH’ 51 No difference in 3 month or 1 yr survival 

Pelletier (96) 2003 France UDCA vs placebo RCT Cirrhosis* & bili ≥50mol/l 226 No difference in 6 month survival 

Spahr (97) 2002 Switzerland CS/Infliximab vs CS/Placebo RCT DF 32-55* 20 28 day DF benefit with infliximab, not powered for survival 

Cabre (98) 2000 Spain Enteral tube feeding vs CS RCT DF ≥32/HE* 71 No difference in 28 day survival, higher 1 yr mortality with CS 

Akriviadis (60) 2000 USA PTX vs placebo RCT DF ≥32 101 In-hospital survival benefit with PTX, reduction in HRS 

Bird (99) 1998 UK Amlodipine vs placebo RCT Bili >80mol/l* 62 No difference in 28 day survival 

Mendenhall (100) 1993 USA AS & nutrition vs placebo RCT Bili >86mol/l*, stratified by DF 273 No difference in 6 month survival 

Ramond (53) 1992 France CS vs placebo RCT DF ≥32/HE 61 6 month & 1 yr survival benefit from CS 

Trinchet (101) 1992 France Insulin/glucagon vs placebo RCT Bili >100mol/l, HE, PTA ≤50%* 44 Higher 28 day mortality with insulin/glucagon


 

CS: corticosteroids, AO: antioxidants, AS: anabolic steroid, NAC: N-acetylcysteine, PTX: pentoxifylline, MARS: molecular adsorbents recirculation system, CVVH: continuous veno-venous 

haemofiltration, UDCA: ursodeoxycholic acid, ACLF: acute-on-chronic liver failure, HVPG: hepatic venous pressure gradient, HRS: hepatorenal syndrome, PTA: prothrombin activity, yr: year(s) 

* Biopsy proven AH in >50% of patients, : trial halted prematurely due to higher mortality in treatment arm 
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1.11.1 Corticosteroids 

Corticosteroids have proven efficacy in a wide range of acute and chronic 

inflammatory diseases and to date have been the most extensively studied of all 

therapies in severe AH. However, despite numerous controlled trials, meta-analyses 

and systematic reviews over the past 40 years, their role remains contentious. Early 

trials used ill-defined inclusion criteria and differing treatment regimens and, as a 

consequence, no consensus was reached over two decades of study. The introduction 

of DF to provide a standardised definition of severe AH was a great step forward and 

the first study to use this showed significantly improved short-term survival with 

corticosteroids compared with placebo (94% versus 65%, P=0.006), albeit to only 

28 days follow-up. The most recent large placebo controlled corticosteroids trial was 

published twenty years ago and showed a 6 month survival benefit (88% versus 

45%, P=0.001) (53) which was sustained at one year in a subsequent analysis (48) 

(69% versus 41% respectively, P=0.01) though abrogated at two year follow-up.  

Whilst there have been no subsequent placebo-controlled corticosteroids trials, a 

Cochrane systematic review (81) and meta-analysis (69) have been published, each 

reaching opposing conclusions. The Cochrane review included 15 randomised trials, 

of which 12 studies were deemed at high risk of bias, and found no overall evidence 

survival benefit from corticosteroids (RR 0.83, 95% CI 0.63 - 1.11). Where adverse 

events were reported these were also more common in those receiving 

corticosteroids compared with placebo (RR 3.63, 95% CI 1.95 - 6.76). However in a 

subgroup analysis of 6 trials using DF ≥32 for inclusion, a significant reduction in 

mortality was observed (RR 0.37, 95% CI 0.16 - 0.86) though was associated with 

significant heterogeneity. Paradoxically mortality in the control arms of these studies 

was lower than those which included a wider spectrum of disease (37.7% versus 
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49.3%). This is unexplained and brings into question the validity of the subgroup 

analysis of patients with supposedly more severe disease. Interestingly, and contrary 

to the norm, heterogeneity arose from neutral or negative trials and those observing 

beneficial treatment effects were in fact low risk, albeit with small study numbers. 

The Cochrane authors concluded that on current available data there is insufficient 

evidence to support the use of corticosteroids in AH. 

A more recent meta-analysis has generated an opposing view (69). Data from five 

studies were used, three of which were also included in the Cochrane review 

(53,64,102). Not all trials were placebo-controlled and in two corticosteroids were 

referenced against treatments without proven benefit (antioxidants (93) and enteral 

nutrition (98)). Four trials mandated DF ≥32 or spontaneous HE for inclusion whilst 

in one (102) these criteria were applied retrospectively to select cases for inclusion in 

the meta-analysis. This analysis was therefore performed using highly selected data, 

though has nonetheless generated the largest dataset of severe AH to date (418 

individuals). In the primary outcome measure (limited to 28 day survival by the 

shortest end point used in the constituent trials) corticosteroids were associated with 

benefit (80.0% versus 65.7% with placebo or non-corticosteroid therapies, 

P=0.0005). 

1.11.2 Assessment of corticosteroid response 

A recent major advance in management of severe AH has been the introduction of 

prognostic tools to enable early identification of corticosteroid response. Mathurin et 

al. found that evolution in bilirubin over the first 7 days of therapy accurately 

predicted outcome in 267 individuals with biopsy-proven, corticosteroid treated 

severe AH (DF ≥32) (103). This parameter was defined as early change of bilirubin 
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level (ECBL) and 6 month survival was significantly higher in patients who 

achieved this (82.8%) compared with non-responders (23%, P <0.0001). The two 

groups had similar baseline characteristics, though those achieving ECBL were on 

average younger and had lower PT and creatinine levels at hospitalisation.  

The Lille model arose from a further analysis performed on an extension to the 

original ECBL study cohort. Age, PT, presence of renal dysfunction and baseline 

bilirubin were found to be associated with 6 month mortality in corticosteroid-treated 

severe AH and were added to the model (68). The resulting Lille score is a survival 

probability generated from a composite of these parameters, with heavier weighting 

towards age, baseline bilirubin and change in bilirubin (Table 1.3). In those with low 

Lille scores (<0.45) six month survival was improved with corticosteroids compared 

with placebo (63.9% versus 25.7%, P=0.0003). In contrast, those with Lille scores 

>0.45 had poor short-term survival regardless of the treatment they received. The 

model has recently been refined using data from a meta-analysis of five randomised 

controlled trials evaluating corticosteroids, generating two cut points to identify full, 

partial and null-responders to therapy (69). 

ECBL and the Lille model are therefore useful measures of treatment response 

validated after one week of corticosteroid monotherapy. There are some deficiencies 

in this approach, not least the need to subject all patients to steroid treatment, with 

the attendant risks of infection and gastrointestinal (GI) haemorrhage. This is of 

particular concern given that non-responders to medical therapy seem at greatest risk 

of steroid related infections (104). Again, complex computation is required (aided by 

available online calculators) and, like the original DF, the Lille model uses absolute 

PT and suffers from laboratory variability in this measurement. Caution should be 

exercised in the use of the Lille-INR formula (105) which makes no conversion from 
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INR to PT, being numerically identical to the original model despite the approximate 

tenfold difference between these values. Furthermore, the Lille model may 

overcomplicate assessment of corticosteroid response since other authors have 

proposed a 25% fall in bilirubin after one week as simple measure with comparable 

sensitivity and specificity for 28 day survival (106). 

Corticosteroid resistance is a well recognised phenomenon in other inflammatory 

disorders (107) and depending upon the measure of treatment response, 

approximately a quarter of patients with severe AH do not respond to corticosteroids 

(103). Steroid sensitivity has been shown to be suppressed in AH compared with 

controls and correlates with clinical markers of response such as ECBL (108). In ex 

vivo studies theophylline was found to improve indices of steroid sensitivity though 

to date this has not been evaluated in a clinical trial (108). 

The vast majority of clinical trials, both of corticosteroids and other therapies, have 

excluded those with significant co-morbid disease at presentation, eliminating those 

with known or suspected infection, significant renal impairment or gastrointestinal 

haemorrhage. When one considers the prevalence of sepsis and hepatorenal 

syndrome (HRS) in severe AH (38% and 30% respectively) (3), applying trial 

evidence in the clinical setting precludes therapy in almost two fifths of patients. 

Recent data suggest that with a protocol of early antimicrobial therapy and deferment 

of corticosteroids until infection is contained (prior to completion of antibiotics in 

57%), 60 day survival proves comparable to those without infection at accession 

(104). Hence, whilst infection at admission is common (present in up to 26%) it does 

not preclude corticosteroid therapy, provided one adheres to a policy of rigorous pre-

treatment screening for infection and sepsis is controlled before corticosteroids are 

initiated. Another key finding from this study was the increased risk of infection in 
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non-responders (42.5% of whom went on to develop infection) versus responders 

(11.1%, P <0.000001). Vigilance for the onset of infection is therefore paramount in 

all patients with severe AH, but especially so in those who are treated with 

corticosteroids and fail to respond. 

1.11.3 Pentoxifylline 

Pentoxifylline is a phosphodiesterase inhibitor with anti-TNF properties which is 

currently licensed for the treatment of peripheral arterial insufficiency. It’s use in the 

treatment of severe AH followed the identification of cytokine overproduction, 

including TNF, in the pathogenesis of AH and early trials suggested a survival 

benefit associated with amelioration of renal complications (109). To date there has 

only been one large randomised placebo-controlled study of pentoxifylline involving 

101 patients with non-biopsy proven disease who received four weeks of therapy 

(60). In-hospital mortality was significantly lower in pentoxifylline versus placebo 

treated individuals (24.5% versus 46.1%, P=0.037), again seemingly through a 

reduction in the development of HRS though interestingly independent of serum 

TNF levels. However another trial of pentoxifylline in Child-Pugh C cirrhotics 

found no treatment benefit in the subgroup with severe AH at either 2 or 6 months 

(110). Whilst two further small placebo controlled studies suggested a trend to an 

intervention effect, these findings did not achieve statistically significance (111,112). 

Pentoxifylline is associated with adverse events (typically epigastric pain, vomiting 

and diarrhoea) though the side effect profile is favourable, particularly compared to 

corticosteroids. A Cochrane review concluded that the current evidence points 

towards a reduction in all-cause mortality and HRS with pentoxifylline, though this 

is still largely based on a single low-bias trial and the evidence is not firm (82). 
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Only one study has compared pentoxifylline with prednisolone, finding improved 

survival in the pentoxifylline group at 3 months (85% versus 65%, P=0.04), again 

associated with reduced incidence of HRS (88). However two other studies identified 

no survival benefit when pentoxifylline was combined with corticosteroids (84) or 

used as a rescue therapy in corticosteroid non-responders (90). The Corpentox trial 

(113) (currently published in abstract form only) demonstrated no improvement in 6 

month survival, development of HRS or corticosteroid response in those receiving 

combination therapy versus prednisolone monotherapy. 

Despite equivocal evidence for either treatment, in the absence of better therapies 

and outside of clinical trials, the current choice for most clinicians in the medical 

management of severe AH lies between corticosteroids, pentoxifylline or 

combination therapy. After four decades of study, the evidence for corticosteroids 

remains inconclusive and their use controversial. They are undoubtedly associated 

with adverse events and in about a third co-existent infections or gastrointestinal 

haemorrhage will preclude their use or delay commencement. Often the sickest 

patients, whose need for medical therapy is arguably the greatest, have 

contraindications to corticosteroids. Additionally, a further 25% of those treated will 

prove resistant to therapy and are at high risk of infectious complications. However 

there remains a subset of patients with severe AH who do benefit from 

corticosteroids therapy. The contentious issue is how best to identify such 

individuals prospectively, thus avoiding exposing non-responders to the perils of 

therapy. Pentoxifylline does not seem to be associated with such risks and in some 

series has equal or indeed superior efficacy to corticosteroids. The treatment is 

inexpensive and generally well tolerated. However evidence supporting its use is 

principally derived from a single placebo-controlled study, which did not require 
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histological confirmation of AH. Additionally the mechanism of action remains 

uncertain. Many centres currently prescribe combination therapy, although there is 

no current evidence to support this approach. In conclusion, at present there is 

insufficient evidence to recommend one drug over the other and the choice of 

treatment will largely be dictated by personal experience and local expertise. This 

should change in the near future with the results of a large randomised study that is 

currently in progress. 

1.11.4 Biologic therapies 

Antibodies against TNF have established roles in the management of various 

chronic inflammatory disorders, including inflammatory bowel disease (IBD), 

rheumatoid arthritis and psoriasis. The first trial of biologic therapy in severe AH 

hypothesised that suppression of cytokine levels by steroids was delayed and 

therefore compared the combination of conventional corticosteroid treatment and a 

single intravenous administration of infliximab (5 mg/kg) versus corticosteroids and 

placebo. Infectious complications were anticipated and those with DF >55, who were 

deemed at highest risk, were excluded. All patients underwent a liver biopsy at 

baseline, repeated after 10 days of treatment. Drug tolerability, the study’s primary 

end point, was equal in both groups and, whilst not powered for survival, a 

significant improvement in clinical parameters but not liver histology was observed 

in the treatment group. A subsequent larger study used a similar design, though 

without an upper exclusion threshold for DF and with higher doses of infliximab 

repeated on three occasions (10 mg/kg at 0, 2 and 4 weeks) (95). Despite careful 

patient selection (excluding 70% of those screened due to infections or GI 

haemorrhage), estimated 2 month mortality was higher in the infliximab group 
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compared with placebo (39% versus 18%, NS) and as a consequence the study was 

terminated prematurely. In all probability the increase in infectious complications 

arose from an overly aggressive infliximab dosing strategy and the combination with 

prednisolone (114).  

Unfortunately studies of other biologic agents omitting corticosteroids have proved 

no more promising. In a cohort with severe AH (selected by MELD >15), those who 

received etanercept (at the same dose approved for rheumatoid arthritis) suffered 

higher 6 month mortality than placebo treated controls (OR 4.6 95% CI 1.3 - 16.4) 

(91). Given the high mortality arising from infectious complications with anti-TNF 

therapy despite the stringent selection criteria used in most trials, it seems unlikely 

that these agents will ever achieve widespread clinical use in severe AH. 

1.11.5 Antioxidants 

Oxidative stress is one of the key mediators of liver injury in several inflammatory 

liver disorders, including severe AH, though to date this has not proved a fruitful 

therapeutic target. Cocktails of vitamins and micronutrients with or without steroids 

were not associated with a 6 month survival benefit in one study (92) and 

antioxidants alone proved inferior to corticosteroids in another (93). Vitamin E 

appears efficacious in NASH (115), and in mild/moderate AH was associated with 

an improvement in markers of fibrosis but not in clinical parameters at 3 months 

(89). Addition of N-acetylcysteine (NAC) to enteral nutrition conferred no additional 

survival benefit at 1 or 6 months (87). A subsequent trial has raised the possibility of 

a synergistic effect from the combination of NAC and corticosteroids, which was 

associated with improved 1 month survival (not sustained at 6 months) and lower 

rates of both infection and HRS versus steroid monotherapy (86). 
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1.11.6 Nutritional support 

Protein calorie malnutrition (PCM) is common in severe AH and severity correlates 

inversely with outcome (13). We identified two studies evaluating treatment 

strategies aimed at improving nutrition (98,100). Despite finding features of PCM in 

almost all patients, overall 6 month survival in those treated with a combination of 

oxandrolone (an anabolic steroid) and a protein and calorie rich food supplement was 

no different to placebo treated controls (100). The only sub-group who did appear to 

derive benefit were those judged to have mild PCM (6 month survival 79.7% treated 

versus 62.7% in placebo group, P=0.037). In the second study enteral tube feeding 

with a 2000 kcal daily feed was associated with a trend to improved 1 year survival 

compared with corticosteroids but did not achieve statistical significance (98). 

Therefore, whilst assessment of nutritional status and provision of appropriate 

supplementation should form part of standard supportive care in all patients with 

AH, nutrition is not a substitute for medical therapy. 

1.11.7 Other medical therapies and devices 

A variety of other treatments for severe AH have been studied with no benefit 

demonstrated. These include ursodeoxycholic acid (96), propylthiouracil (116), 

insulin and glucagon infusions (101) and calcium channel antagonists (99). 

Artificial liver support systems have primarily been used as a ‘bridge’ to 

transplantation in acute liver failure (ALF), though have also been assessed as a 

treatment for forms of ACLF, including severe AH. Early trials of the molecular 

adsorbents recirculating system (MARS; a form of albumin dialysis) appeared 

promising with an improvement in clinical parameters, including jaundice (117), 

grade of HE (118) and an acute reduction in portal hypertension (94) in severe AH. 
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However the in-hospital mortality rate remains unacceptably high (79% in one 

series) (119) and there is currently insufficient evidence to justify use of MARS in 

this setting. More recently the use of an extracorporeal liver assist device (ELAD) 

using a human hepatocyte derived cell line has been studied (120). This trial 

randomized 62 patients with either severe AH or acute cirrhotic decompensation 

without AH to receive ELAD or standard medical therapy (SMT). A trend towards 

improved survival at three months was observed in the ELAD treated group (69.2% 

versus 40.0%, P=0.12) with a lower rate of adverse events compared with SMT. 

Whilst these data are encouraging, at present the use of ELAD cannot be 

recommended outside of a research protocol. 

1.11.8 Early liver transplant in AH 

Of all the controversies in the management of severe AH, the debate surrounding the 

role for liver transplantation (LT) in those who fail to respond to medical therapy is 

arguably the most contentious. Transplant services in both Europe and the United 

States have conventionally required sobriety for at least 6 months prior to LT in 

patients with ARLD and therefore by definition patients with severe AH are not 

normally considered to be transplant candidates. Six months is a largely arbitrary 

threshold, chosen to select those least likely to relapse (121) and avoid negative 

public perceptions regarding the use of scarce allografts (122), with attendant risks 

upon organ donor rates. However there is no evidence that the 6 month abstinence 

rule improves post-transplant survival (123) and the recovery afforded by abstinence 

in alcohol-related cirrhosis is largely complete by 3 months (124). Furthermore, 

histological ASH at explant (used as an imperfect marker of ongoing alcohol use at 

the time of transplantation) does not appear to have adverse effects either on post-

transplant recidivism or survival (125,126).  
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Although the 6 month rule is used in most US transplant centres, LT for AH does 

occur on an ad hoc basis. A retrospective analysis of the United Network for Organ 

Sharing (UNOS) database identified 55 such patients with a listing diagnosis of AH, 

of whom 11 had concordant listing and explant diagnoses, and compared outcome 

over 5 years with matched controls undergoing LT for alcoholic cirrhosis (127). This 

study included those with HCV infection and lacks detail regarding the severity of 

AH, selection process and medical therapy prior to LT. Nonetheless, patient and 

graft outcome in AH and alcoholic cirrhosis were comparable after 5 years. 

Since it is now possible to identify severe AH refractory to medical therapy at an 

early stage (68,103), LT before 6 month’s abstinence has been evaluated as a rescue 

therapy in this sub-group with a very poor prognosis, potentially challenging the 

validity of 6 month rule (85). The resulting ethical dilemmas are complex and 

beyond the scope of this review, though have been discussed in detail elsewhere 

(128). To date the only published prospective trial of early LT in severe AH is a case 

control study performed from 2005 - 2010 at 7 French centres (85,129). Outcome in 

26 patients transplanted for corticosteroid-resistant severe AH was compared with 

that in controls matched for age, sex and disease severity. The selection process for 

LT was comprehensive, including only those without a history of psychiatric disease 

or previous hepatic decompensation and requiring consensus among physicians, 

nurses and addiction specialists. For the centres involved these patients represented 

less than 3% of all transplant activity and 8% of local admissions with severe AH. 

Survival to 6 months was significantly higher in those transplanted (77 8% versus 

23 8% in matched controls, P <0.001) and comparable to a further group of 

matched individuals who had responded to medical therapy. The survival benefit was 

maintained to 2 years (71 9% in LT group versus 23 8% in non-responder 
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controls, P <0.001) and alcohol relapse occurred in 3 patients between 2-3 years post 

LT, without resulting graft dysfunction during the period of follow-up.  

Hence whilst preliminary data do suggest that LT may be an efficacious rescue 

therapy in highly selected individuals with refractory severe AH, at present such a 

strategy cannot be recommended outside of a research protocol. Concerns persist 

regarding the potential wider impact on LT services and waiting list times and 

whether this represents judicious use of the finite organ donor pool. Living-donor LT 

has been proposed as an alternative to the use of cadaveric donor organs (130,131) 

although the inherent practical and ethical challenges are likely to preclude such an 

approach. Abandonment of the 6 month rule to permit further study of LT in severe 

AH is likely to remain reserved for selected patients without a prior history of liver 

disease who have not been cautioned about their alcohol use before the index 

presentation with severe AH (132). 

1.11.9 Clinical trials in progress and novel therapeutic targets 

Evaluation of novel therapies for severe AH remains an active area of research and 

to provide an insight into forthcoming studies and those currently in progress, the US 

and EU clinical trial databases were searched using the term ‘alcoholic hepatitis’. 

Registered clinical trials include those evaluating granulocyte colony stimulating 

factor (GCSF; NCT01341951), a phase 3 study of ELAD (NCT01471028) and use 

of terlipressin in the absence of HRS (EnduraCT no 2006-002837-19). 

Arguably the most promising study in progress is the UK multi-centre randomised 

controlled trial of corticosteroids and pentoxifylline therapy in severe AH (133). This 

study has four arms, comprising monotherapy with prednisolone or pentoxifylline, 

combination therapy or placebo. Whilst patients with active sepsis, GI haemorrhage 
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or renal impairment are excluded, the protocol permits rescreening after successful 

treatment of these conditions. Liver biopsy is not mandatory for inclusion, though a 

sub-group analysis of those with biopsy-proven AH will be performed. The study 

aims to recruit 1,200 patients, equal to two thirds of all AH clinical trials in the last 

20 years, and to date has accrued over a third of this ambitious target. 

1.12 Summary and current issues 

The burden of ARLD has risen steadily over the past 30 years and this is anticipated 

to continue, affecting younger patients (134), a greater proportion of whom are likely 

to be women. As one of the most frequent and florid manifestations of advanced 

ARLD, severe AH is an important and unfortunately growing clinical problem. All 

too often this devastating condition occurs with little or no warning in patients 

without an existing diagnosis of liver disease. Alcohol abstinence remains the 

corner-stone of therapy yet short-term mortality remains high and is comparable, for 

example, to in-hospital death in severe sepsis (135).  

The existing management of severe AH includes rigorous exclusion of alternative 

aetiologies and co-factors for chronic liver disease and routine screening for 

infection upon hospitalisation. An early liver biopsy (performed within 7 days of 

presentation) provides valuable prognostic information and is the only means of 

confirming the diagnosis, though cannot be considered mandatory given the limited 

availability of TJB. Assessment of disease severity is largely based upon clinical 

criteria, and although the DF remains the most widely used score, more recent 

prognostic models have superior specificity. Regardless of the severity of AH, 

standard of care should include management of alcohol withdrawal and prophylaxis 

against the development of Wernicke’s encephalopathy. Malnutrition is common and 
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dietetic assessment is therefore mandatory. For those with severe disease, 

corticosteroids remain the mainstay of medical therapy and this is unlikely to change 

in the near future. Treatment response should be judged after 7 days using a measure 

incorporating evolution in bilirubin. 

Since most clinical trials exclude those with active infections, bleeding or renal 

dysfunction, representing up to 40% of patients seen in clinical practice, ‘real world’ 

data are lacking. Unfortunately these patients are often the sickest, with arguably the 

greatest need for effective medical treatment. Hence future research needs to be 

targeted at developing novel and safer therapies for severe AH. New treatments will 

rely on our improved understanding of the pathophysiology of the disease and a 

major advance in this regard would be the development of an animal model, which is 

currently lacking for AH. 

Up to a quarter of patients do not respond to corticosteroids and at present can only 

be identified retrospectively following a trial of therapy. Given that non-responders 

are particularly prone to infections, means of prospectively identifying corticosteroid 

responders are required. In highly selected non-responders LT has recently been 

shown to be efficacious, although this remains a highly emotive subject and one that 

potentially carries with it wider implications for transplant services. To date, most 

clinical studies in severe AH have focused on short or medium term outcome 

measures and the determinants of long term survival are ill defined. 
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Chapter 2: Radionuclide imaging of inflammation 

2.1 Introduction 

Inflammation is the host immune system’s attempt to restore normal tissue function 

in response to noxious stimuli (136) and underlies most infectious and immune 

disorders. The primary cells of the immune system are leucocytes, of which 

granulocytes (specialised leucocytes with cytoplasmic granules) are the most 

abundant. Endothelial activation is one of the first steps in the evolution of an 

inflammatory focus, causing local expression of adhesion molecules and release of 

pro-inflammatory chemokines. This results in attraction of leucocytes, notably 

neutrophil granulocytes, to the site of noxious stimuli and subsequently promotes 

granulocyte migration into affected tissues. Granulocytes are the main effectors of 

the innate immune response, responsible for ingestion and enzymic digestion of 

material marked for phagocytosis by opsonins. Although inflammation often arises 

in response to bacterial infection, similar processes occur in non-infectious disease 

processes such as pancreatitis and autoimmune phenomena including inflammatory 

bowel disease (IBD), rheumatoid arthritis and vasculitides. Detection of 

inflammation in vivo is desirable, both for diagnostic clinical purposes and to study 

disease processes. This may be accomplished using a variety of 

radiopharmaceuticals; medications for in vivo human use made radioactive by the 

incorporation of a radionuclide. 

2.2 Radionuclides used in gamma scintigraphy 

Radionuclides are intrinsically unstable atoms, both naturally occurring and 

manufactured, which decay to a more stable form through loss of energy in the form 

of radiation. Radioactive decay may occur through emission of alpha or beta 
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particles (helium nuclei and free electrons respectively), or high frequency 

electromagnetic radiation (gamma rays). Although the decay of individual atoms 

occurs at random, the time taken for half of an isotope to undergo decay is a 

constant, referred to as the physical half-life. This relates to the stability of the 

radioisotope and is independent of the chemical form or other external influences. 

The in vivo use of alpha and beta emitters is limited by the short range of these 

particles, which prevents their external detection, and confers a greater oncogenic 

potential. The gamma rays emitted by radioisotope decay are of characteristic 

energies (measured in electron volts, eV) inversely proportional to their wavelength. 

As gamma rays pass through materials they are attenuated due to interactions which 

take the form of absorption or various types of scatter. The degree of attenuation is 

determined by the gamma ray energy and density and thickness of the attenuating 

substance. The energy threshold at which gamma ray absorption is sufficient to 

liberate electrons (ionisation) differs according to the attenuating material. However, 

since ionisation of organic matter is of greatest clinical significance, the energy 

required to ionise oxygen and hydrogen (approximately 14 eV) is conventionally 

used to define the threshold of potentially harmful ionising radiation. 

2.3 Detection of ionising radiation 

It is possible to detect radiation using an ionisation detector, due to the potential 

difference created between oppositely charged electrodes from ionisation of a fixed 

volume of a sensitive gas. However this technique is relatively insensitive for the 

detection of gamma rays and therefore for clinical purposes this is usually 

accomplished using a variety of scintillation detectors. These devices incorporate a 

scintillation crystal (most often thallium-activated sodium iodide) which emits 

visible light in a manner proportional to the gamma ray energy absorbed. Light is 
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converted into an electrical current and amplified for measurement by an attached 

photomultiplier tube. Individual scintillation detectors are used in whole body or 

well counters, or an array of multiple detectors combined to form a gamma camera. 

When a lead-lined collimator is applied to limit each detector’s field of view, this 

instrument is capable of producing scintigraphic images portraying the spatial 

distribution of the radioactive source and is the mainstay of nuclear medicine 

imaging. A two dimensional planar image may be generated from a single static 

gamma camera or multiple cameras rotated around the subject to generate a three 

dimensional representation (single photon emission computed tomography; SPECT). 

The suitability of radioisotopes for imaging is partly governed by the optimal energy 

range of gamma rays for detection, which for most gamma cameras is approximately 

60 to 400 keV (137). 

2.4 Radiopharmaceuticals used in imaging of inflammation 

Radionuclide techniques for in vivo imaging of inflammation may be broadly 

classified into two categories; directly administered radiopharmaceuticals which 

accumulate in inflammatory foci or in vitro radiolabelling of autologous 

inflammatory cells for intravenous injection.  

2.4.1 Gallium-67 citrate 

Gallium-67 (
67

Ga) is a gamma emitting analogue of ferric iron which is administered 

as soluble 
67

Ga-citrate and may be used to directly image inflammation by several 

mechanisms that remain incompletely understood. 
67

Ga-citrate binds to transferrin, 

lactoferrin and neutrophil cell membranes and initially enters inflamed tissue non-

specifically due to increased capillary permeability at the site of inflammation. 

Subsequent tissue accumulation also occurs due to binding with lactoferrin, which is 
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released locally by granulocytes and subsequently retained within tissue 

macrophages (138). However this technique is of limited use in imaging the 

abdomen due to isotope excretion in urine, bile and faeces and physiological activity 

arising from reticuloendothelial function of the liver and spleen (139). Whilst being 

highly sensitive for detection of chronic inflammation, 
67

Ga uptake is non-specific 

and may accumulate in malignant as well as inflammatory lesions (140). 

Additionally, gallium has a long physical half-life (78 hours) and emits a broad range 

of gamma ray energies, making it unfavourable for gamma scintigraphy with a high 

absorbed radiation dose (approximately 15 millisieverts, mSv) (141). 

2.5 Leucocyte radiolabelling techniques 

Since leucocytes are integral to the majority of acute inflammatory processes, most 

techniques used to image inflammation rely upon radiolabelling of autologous 

leucocytes using a gamma emitting radionuclide. Radiolabelling is generally 

performed in vitro, following which the cells are re-injected intravenously and a 

gamma camera used to demonstrate their in vivo distribution, either in a dynamic 

fashion or at discrete time points. The ideal radiopharmaceutical for this purpose 

would specifically bind leucocytes in a stable manner without the need for cell 

isolation, minimising the impact upon the in vivo viability and function of 

radiolabelled leucocytes. A suitable gamma-emitting radioisotope should emit 

gamma rays suitable for external detection by a gamma counter or camera, with a 

sufficient physical half-life to permit imaging over 24 - 48 hours and an acceptable 

radiation dose to the patient. 
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2.5.1 Indirect leucocyte radiolabelling 

A means of selectively labelling granulocytes without the need for cell separation 

would be attractive, both for ease of use and to reduce ex vivo cell activation arising 

from manipulation. Two principle methods have been evaluated; indirect labelling 

through phagocytosis of radiolabelled colloids and radiolabelled granulocyte-specific 

monoclonal antibodies. Colloids are only taken up by phagocytosing cells and 

labelling can therefore be performed using whole blood samples (142). However 

phagocytosis adversely affects the cells labelled with this method and hence the 

technique has largely fallen out of clinical use in favour of other radiolabelling 

methods (143,144). 

The primary monoclonal antibody used to image inflammation is
 99m

Tc-labelled 

sulesomab, which is thought to label granulocytes in vivo by binding with the surface 

antigen CD66c (145). Although the ability to label granulocytes in vivo is appealing, 

the mechanism by which 
99m

Tc-sulesomab accumulates at sites of inflammation is 

uncertain. Less than 5% of the administered radioactivity is cell bound following 

injection and the signal above background activity at inflammatory foci is not 

substantially different from radiolabelled plasma proteins of similar molecular size, 

despite the apparent predilection for labelling activated neutrophils (146). 

2.5.2 Direct leucocyte radiolabelling 

2.5.3 DFP-32 

Diisopropyl fluorophsophate-32 (DFP-32) was one of the first radionuclides used to 

radiolabel leucocytes. It specifically labels granulocytes and was used in the initial 

studies of in vivo granulocyte kinetics (147,148). However 
32

P is a pure beta particle 

emitter and therefore cannot be used for imaging. 
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2.5.4 Chromium-51 

A number of candidate gamma emitting radionuclides have been assessed for 

leucocyte radiolabelling, each having their relative merits and limitations (149). 

Chromium-51 (
51

Cr) may be used to radiolabel a number of blood cell lines, 

including leucocytes (150). However the efficiency of gamma ray emission at 

energies optimal for imaging from 
51

Cr decay is poor (~10% at 320 keV). 

Additionally, 
51

Cr preferentially labels monocytes and, to a lesser extent, 

lymphocytes, making it unattractive for granulocyte imaging. 

2.5.5 Indium-111 

Indium-111 (
111

In) was identified as a radionuclide for leucocyte imaging in 1976 

(149,151). This isotope decays to stable cadmium-111 (
111

Cd) by electron capture, 

emitting gamma rays of two energies (171 and 245 keV) with over 90% photon yield 

and a physical half-life of almost 3 days (67.3 hours). Water-soluble 
111

In complexes 

were found to bind to plasma proteins such as transferrin with high affinity and 

consequently did not significantly radiolabel cells (149). However combination with 

lipophilic chelating agents such as 8-hydroxyquinolone (oxine), tropolone or 

acetylacetone allows indium to penetrate the cell membrane. Intracellular indium 

dissociates from the chelate and irreversibly binds to high molecular weight proteins 

within the cytosol, whilst the chelate diffuses out of the cell (152). Some indium 

does elute from labelled cells, although the elution rate is highest early during 

incubation and subsequently falls rapidly. In vivo elution 24 hours after reinjection of 

111
In-labelled cells is minimal and more than 90% of radioactivity remains cell-

associated (153).  
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Indium labels erythrocytes, leucocytes and platelets indiscriminately and therefore 

cell separation techniques are required (discussed in detail below) in order to 

radiolabel specific cell types. The sensitivity for detection of acute infections using 

111
In-labelled mixed leucocytes is similarly high (~90%), regardless of the chelating 

agent used. However indium has a far greater affinity for transferrin than oxine and 

therefore cells must be separated from plasma for radiolabelling with 
111

In-oxine. 

Tropolone does not have this limitation, allowing cells to be labelled in the 

continuous presence of autologous plasma rather than normal saline. Labelling in 

physiological conditions may preserve leucocyte function and viability (154), 

although the evidence to support the use of tropolone over oxine for this reason is 

equivocal (155,156). 

2.5.6 Technetium-99m 

Radionuclides with shorter physical half-lives are appealing given the reduction in 

radiation dose to which the patient is exposed. The artificially produced isomer 

technetium-99m (
99m

Tc) has desirable characteristics for imaging, since it decays by 

emission of a single energy gamma ray (140 keV). The photon flux is higher than 

111
In, giving superior spatial resolution and 

99m
Tc has a significantly shorter physical 

half-life (6.0 hours). For cell labelling 
99m

Tc is bound to the lipophilic complex 

hexamethylpropylene-amineoxime (HMPAO or examatazime). This transforms to a 

hydrophilic complex once inside the cell, causing 
99m

Tc to become trapped within 

the cytoplasm. However the labelling efficiency is lower than with indium and less 

stable, with in vitro elution of approximately 6% over 2 hours (157). This causes 

significant non-specific abdominal activity arising from urinary and faecal excretion 

of free 
99m

Tc and consequently 
111

In-labelled leucocytes are better suited for 

abdominal imaging. The in vivo kinetics of 
99m

Tc and 
111

In-labelled leucocytes are 
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otherwise similar (158) and the lower effective radiation dose and ease of availability 

make 
99m

Tc-HMPAO an attractive leucocyte labelling agent for many applications. 

The physical characteristics and pros and cons of 
111

In and 
99m

Tc for leucocyte 

labelling are summarised in Table 2.1. 

 Table 2.1 Comparison of 
111

In and 
99m

Tc characteristics for leucocyte radiolabelling 

 

2.5.7 Cell separation techniques 

Since complexes of indium and technetium are indiscriminate cell labels, it is 

necessary to isolate the cell line of interest prior to incubation with the radionuclide. 

Various cell separation techniques are used, depending upon the purity of selection 

that is required. In general, higher purity comes at the price of impaired in vivo cell 

 Indium-111 (
111

In) Technetium-99m (
99m

Tc) 

Physical half–life (t½) 67.3 hours 6.0 hours 

Gamma ray energies 171 and 245 keV 140 keV 

Ligand(s) Oxine or tropolone hexamethylpropylene-amineoxime 

(HMPAO) 

   

Advantages  Longer t½ permitting in 

vivo studies 

 

 Superior spatial resolution 

  Higher labelling efficiency 

 

 Shorter image acquisition time 

  Minimal in vivo elution 

 

 Simple labelling process 

  Cell labelling in plasma 

(
111

In-tropolone) 

 Lower effective radiation dose 

   Preferential granulocyte 

labelling 

   

Disadvantages  Higher radiation dose 

 

 Shorter t½ precluding in vivo 

studies 

 

  Inferior temporal 

resolution 

 

 Higher in vivo label elution 

  Longer image acquisition 

time 

 Non-specific abdominal activity 

beyond 4 h post injection (PI) 

 

   Lower labelling efficiency 
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viability and function, as a consequence of the greater degree of ex vivo handling 

required. Regardless of the separation technique used, it is essential to minimise cell 

perturbation and manipulation at all stages of the labelling process. Peripheral blood 

for cell harvesting must be anticoagulated immediately after or during phlebotomy. 

For this purpose acid citrate dextrose (ACD) is preferable to heparin, which is 

associated with increased adhesion of cells to plastic containers and promotes 

granulocyte micro-aggregation during isolation (159). Erythrocytes outnumber 

leucocytes approximately a thousand-fold in peripheral blood and therefore must be 

depleted from the sample. In many inflammatory disorders the erythrocyte 

sedimentation rate (ESR) is high and consequently red cells will naturally sediment 

unaided over the course of an hour. Where the ESR is normal it may be necessary to 

accelerate red cell separation by the addition of a sedimenting agent such as 

hydroxyethyl starch, dextran or methylcellulose. In addition to leucocytes and 

residual erythrocytes, the supernatant is rich in platelets and centrifugation is used to 

sediment leucocytes and contaminating red cells into a cell pellet. Platelets are 

therefore left suspended in plasma, which is then aspirated and either discarded or 

saved for use later in the labelling process.  

Purified cell preparations are required for study or imaging of specific leucocyte 

subtypes, most often purified granulocytes. Pure granulocyte labelling may also be 

used to avoid the need for homologous donor cells in patients with peripheral blood 

neutropenia (155). Density gradient centrifugation is the most established technique 

to accomplish this, utilising the tendency of small particles (such as cells) to separate 

according to their density as they descend through fluids of different specific 

gravities. Individual cell lines can be isolated in this manner using plasma-enriched 

density gradients formed from Percoll, Ficoll-Hypaque or Metrizamide. Using these 
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separation methods it is possible to achieve granulocyte labelling with high purity, 

such that 95% of 
111

In applied becomes granulocyte-associated (160). However this 

comes at the cost of cell viability; 45% in vivo neutrophil viability with Ficoll-

Hypaque separated cells versus 75% with methylcellulose sedimentation (153). 

Although significant numbers of lymphocytes are present in mixed leucocytes 

preparations, indium preferentially labels granulocytes, which are also less radio-

sensitive than lymphocytes. This is demonstrated by one of the original studies on 

indium leucocyte labelling where 80% of radioactivity was neutrophil-associated 

despite constituting only 68% of cells in the preparation (153).  

2.5.8 Measures of labelled cell viability 

Several measures of the viability of labelled cells have been proposed. Tryptan blue 

is a simple and crude measure of viability, allowing identification of living cells 

through dye exclusion. Alternative ex vivo measures of cell viability rely upon 

detection of cellular colour change upon phagocytosis of particles impregnated with 

nitroblue tetrazolium (153). However the in vivo behaviour of labelled cells after re-

injection is often considered a more sensitive and pertinent reflection of their 

viability (161). Prolonged pulmonary transit after in vivo administration is regarded 

as a sensitive marker of ex vivo cell activation during radiolabelling (162), although 

may also be seen in active inflammatory conditions due to neutrophil priming 

(discussed below). 
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2.6 In vivo kinetics of radiolabelled leucocytes 

2.6.1 Physiological distribution 

Gamma scintigraphy, performed repeatedly or in a dynamic fashion, permits 

visualisation of the change in radiolabelled leucocyte distribution over time 

following intravenous (IV) administration. The intravascular survival of mature 

leucocytes may be determined from the proportion of administered leucocyte-

associated activity detectable in sequential peripheral blood samples. The maximum 

recovery of radiolabelled cells from peripheral blood obtained shortly after labelled 

granulocyte administration is approximately half the expected value (163). This is 

explained by the presence of the marginating granulocyte pool (MGP), comprised of 

cells undergoing delayed transit as they pass through organ capillary beds, primarily 

the liver, spleen, lungs and bone marrow. These cells are in equilibrium with those 

freely circulating in the circulating granulocyte pool (CGP). The dynamic exchange 

between circulating and marginating pools is demonstrated by the effects of 

adrenaline and cardiovascular exercise, which rapidly increase the peripheral 

granulocyte count by reducing margination and releasing cells into the circulation 

(163). 

Gamma scintigraphy immediately following labelled cell administration shows that 

over half of total body granulocytes are contained within the MGP, which is over 

90% filled (164). The CGP and MGP reach equilibrium by approximately 40 

minutes post injection (PI), at which point the liver, spleen and lung contain 25%, 

35% and 10% of marginated cells respectively, with the remainder in other sites 

(164). Dynamic exchange of granulocytes occurs between blood and the spleen, 

causing splenic activity to reach a plateau 20 - 40 minutes PI with an intrasplenic 
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transit time of ~9 minutes (165). In contrast, the hepatic transit time is shorter at 

approximately 2 minutes (164). Granulocyte pooling in the bone marrow is similar to 

that in the spleen, with a mean transit time of approximately 12 minutes (166). 

The rapidity with which labelled granulocytes clear the lungs is variable. Four 

different patterns of pulmonary transit have been described, extending from rapid 

clearance to complete retention and slow release over 1 - 2 hours PI (162). 

Pulmonary granulocyte kinetics can in part be predicted by the separation and 

radiolabelling techniques used, and it is likely that prolonged manipulation or 

removal from physiological conditions causes either temporary neutrophil activation 

or irreversible injury. These cells are stiffened and consequently undergo delayed 

transit through pulmonary capillaries. However pulmonary margination is also 

increased in inflammatory conditions such as active IBD (167) and vasculitis (168). 

There is recent evidence to suggest that in these circumstances the pulmonary 

capillary bed serves as a site of in vivo neutrophil depriming, allowing systemically 

primed neutrophils to be returned to the circulation in an inactivated state (169). 

Labelled granulocyte clearance from the circulation may be determined by plotting 

cell-associated radioactivity from sequential whole blood samples obtained after 

labelled cell administration and exhibits a mono-exponential decay function. The 

circulating granulocyte lifespan was first determined using DFP-32 labelling, 

demonstrating a mean intravascular half-life (t½) of 6.6 hours (148). The mean 

intravascular t½ of 
99m

Tc-HMPAO labelled granulocytes is lower than that recorded 

using 
111

In-tropolone labelling (4.4 hours versus 5.9 hours respectively), likely due 

to in vivo 
99m

Tc elution (170). 
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The mechanisms by which senescent granulocytes are physiologically cleared from 

the circulation remain uncertain. The excretion of indium in faeces, urine and saliva 

in those without inflammatory disease is minimal up to 4 days PI (171). Since 

clearance of labelled granulocytes from the circulation is largely complete by 24 

hours PI, foci of radioactivity on images acquired thereafter represent sites of 

pathological migration or physiological disposal. The liver, spleen and bone marrow 

are sites of physiological granulocyte clearance, although a murine model suggests 

that the relative contribution from these sites may vary according to neutrophil 

maturation and activation status (172). The bone marrow is an important site of 

granulocyte disposal, clearing approximately two thirds of circulating neutrophils 

(173).  

2.6.2 Granulocyte recruitment and migratory characteristics during 

inflammation 

Migration refers to the movement of freely circulating intravascular granulocytes to 

sites of inflammation within tissues in response to chemo-attractants. Migrated 

granulocytes undergo necrotic or apoptotic death in situ, or are lost in bodily fluids 

after trans-epithelial migration (174). In the initial phases of granulocyte recruitment 

these cells adhere to the inflamed vessel wall via adhesion molecules of the β2 

integrin family (175). Adhered granulocytes undergo intraluminal ‘crawling’ along 

the walls of post capillary venules and subsequently migrate into the interstitium, 

either through paracellular or transcellular routes (175). Final migration to the 

inflammatory lesion within a tissue occurs in response to gradients in chemo-

attractant concentration, detected by G protein coupled receptors. 
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The behaviour of post-migratory neutrophils differs significantly from those 

harvested from peripheral blood. Leucocytes obtained from the peritoneum in rats 

with induced abdominal abscesses exhibit phagocytic functional defects in vitro. 

When these cells are radiolabelled and re-injected, their localisation at inflammatory 

foci is impaired and hepatic sequestration increased compared with leucocytes 

obtained from peripheral blood (176). 

2.7 Clinical application of leucocyte scintigraphy 

2.7.1 Solid abscesses 

The diagnostic applications for leucocyte scintigraphy rely upon detection of in vivo 

granulocyte migration to determine the anatomical site, and in some instances the 

severity, of an inflammatory focus. Optimal results are obtained in situations where 

granulocyte migration is brisk and sustained, and where post-migratory cells remain 

trapped at the inflammatory focus, such as an abscess. The first reported diagnostic 

use of 
111

In-labelled leucocytes was for this purpose in 1976 (151) and in animal 

models the technique compared favourably with 
67

Ga-citrate for abscess localisation 

(177). 
111

In-tropolonate leucocyte scintigraphy offers a means of rapidly identifying 

infected abdominal collections, with sensitivity and specificity exceeding 95% (178). 

Using this labelling technique abscesses become apparent by 3 hours PI and the 

appearances are most pronounced on images obtained after 24 hours. Although the 

diagnosis of liver abscesses may be problematic due to the presence of physiological 

hepatic activity (179), large pyogenic hepatic collections may be demonstrated by 

sequential imaging in the first few hours after labelled cell administration (159). 

Through repeated imaging it is also possible to estimate the rate at which migration 
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of labelled granulocytes occurs at an inflammatory focus, which correlates with 

serological markers of inflammation (180). 

2.7.2 Inflammatory bowel disease 

Idiopathic inflammatory bowel disease (IBD) is characterised by chronic 

inflammation of the gastrointestinal tract, which often follows a relapsing-remitting 

course. Differentiation of IBD from other causes of chronic diarrhoea, predominantly 

inorganic causes, is both clinically important and challenging, despite the availability 

of advanced endoscopic techniques. 
111

In-labelled granulocytes rapidly accumulate 

in areas of affected bowel, which may be distinguished from abscesses by luminal 

transit on repeated imaging as a consequence of migration into the gut lumen. White 

cell scanning and quantification of faecal 
111

In excretion closely correlate with 

clinical, endoscopic and serological markers of disease severity (180–182) and 

remain the gold standard for diagnosis of IBD against which newer diagnostic tests 

are compared (183). However 
99m

Tc-HMPAO labelled leucocytes are often preferred 

in the clinical assessment of IBD, due to the superior spatial resolution and shorter 

image acquisition time, permitting more accurate delineation of small bowel 

pathology (157) with a lower radiation dose. However faecal and urinary excretion 

of free technetium arising from in vivo isotope elution gives rise to non-specific 

abdominal activity on images acquired beyond 4 hours PI (159).  

2.7.3 Pulmonary disease 

Lung abscesses avidly accumulate 
111

In-leucocytes, in the same manner as for 

abdominal collections (184). However, unlike IBD, pulmonary neutrophil migration 

in pneumonia is normally complete before the onset of symptoms and is therefore 

rarely observed using radiolabelled leucocytes (185). Neutrophil migration is 
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ongoing in chronic obstructive pulmonary disease (COPD) and marked excretion of 

labelled granulocytes has been demonstrated in the sputum of active smokers with 

COPD, indicative of disease activity (186). 

2.7.4 Arthritis and osteomyelitis 

Labelled leucocyte scanning may be used in the detection and localisation of a 

variety of skeletal infections, which can be difficult to diagnose on clinical or 

radiographic grounds. The technique is particularly sensitive for detection of acute 

osteomyelitis occurring in the long bones. However physiological marrow uptake 

reduces the sensitivity for detection of chronic infections or those affecting the axial 

skeleton. Due to ease of availability magnetic resonance imaging (MRI) is often used 

for the first-line investigation of suspected osteomyelitis. However 
111

In-leucocyte 

scintigraphy has a superior sensitivity in the evaluation of diabetic foot ulcers, which 

are a common clinical conundrum (187). Leucocyte scanning also remains the 

investigation of choice for assessment of suspected prosthetic joint infections, where 

MRI is usually precluded and computed tomography (CT) images are significantly 

degraded by metal artefact (188). 

2.7.5 Other infective applications 

Leucocyte scanning is generally insensitive for the diagnosis of heart valve 

infections, although the technique may assist in the identification of peripheral septic 

emboli arising in infective endocarditis (151,189). Other less frequent indications for 

111
In-leucocyte scintigraphy include differentiation of cerebral abscesses from other 

intracranial pathology (190). 
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2.8 Conclusion 

Leucocyte radiolabelling techniques permit the detailed in vivo study of leucocyte 

kinetics, both in physiological circumstances and a wide variety of inflammatory 

pathologies. Despite the improvement in anatomical imaging modalities, white cell 

scanning continues to provide a unique functional which continues to be of clinical 

relevance in the diagnosis of inflammatory and infective disorders.  
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Chapter 3: In vivo imaging of hepatic neutrophil migration 

in severe alcoholic hepatitis with radiolabelled 

leucocytes 

3.1 Statement of contribution 

Histological analysis of liver biopsy material in this study was undertaken by Dr 

Mark Howard and Dr Mark Taylor, Department of Histopathology, Brighton and 

Sussex University Hospitals NHS Trust. Liver biopsy microautoradiography was 

performed in conjunction with Dr Neda Farahi, University of Cambridge School of 

Clinical Medicine. 

3.2 Introduction 

The need for liver biopsy to confirm severe AH is controversial as the reported 

accuracy of clinical diagnosis varies considerably from 50 - 90% (47,54,191). 

Potential diagnostic confounders include sepsis-related cholestasis, end-stage 

alcohol-related liver disease, foamy fatty change (19), Zieve’s syndrome (20) and 

drug-induced liver injury. Histology may yield additional prognostic information and 

notably the degree of neutrophil infiltration positively correlates with clinical 

corticosteroid response (48) and short-term survival (57). In most instances 

coagulopathy and/or ascites mandate transjugular biopsy (TJB), an invasive 

procedure with recognised morbidity and mortality (192). Even in large specialist 

centres, timely TJB and expedient preparation and interpretation of biopsy material 

to guide early medical therapy can be challenging (47). 



55 

 

There are no existing means of non-invasively diagnosing severe AH. Characteristic 

hepatic artery appearances at Doppler ultrasonography have been described in severe 

AH, though these do not aid differentiation from inactive cirrhosis (58,193). 

Radiolabelled nanocolloids accumulate in the reticuloendothelial system and their 

uptake by Kupffer cells is suppressed in forms of advanced liver disease, including 

severe AH. This gives rise to abnormal findings at liver-spleen scintigraphy where 

splenic activity exceeds that of the liver (58). However these appearances are also 

non-specific and occur in various forms of chronic liver disease (59). 

Indium-111 (
111

In) is a gamma-emitting radionuclide with a 67 hour physical half-

life that radiolabels leucocytes in a stable manner and is widely used in the diagnosis 

of occult inflammatory conditions. Autologous leucocytes are separated and 

radiolabelled in vitro, and scintigraphy performed following intravenous 

administration to demonstrate their in vivo distribution at various time points. After 

intravenous administration, radiolabelled leucocytes rapidly distribute between the 

circulation and sites of reversible physiological pooling in the reticuloendothelial 

system, principally the lungs, liver, spleen and bone marrow (164). This 

equilibration is largely complete by 30 minutes post injection (PI), such that the 

maximum normal recovery of radioactivity from whole blood 45 minutes PI is 

approximately half the administered dose (163). Radiolabelled granulocytes, which 

comprise the majority of leucocytes, leave the circulation in an exponential fashion 

with a normal circulating half-life of approximately 7 hours (171). By 24 hours PI 

foci of activity represent sites of physiological leucocyte destruction (in the liver, 

spleen and bone marrow), or pathological migration to sites of inflammation. 

Normally, hepatic activity at 24 hours PI is similar to or slightly less than that at 30 

minutes (Figure 3.1). Although it is possible to identify large liver abscesses using 
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radiolabelled leucocytes, imaging of parenchymal liver inflammation has not 

previously been considered possible due to the presence of physiological liver 

activity. 

 

Figure 3.1 Static anterior and posterior abdominal gamma camera images obtained 

30 minutes and 24 hours post intravenous injection (PI) of autologous 
111

In-labelled 

mixed leucocytes in a normal individual. Physiological hepatic activity between the 

two time points is roughly balanced or exhibits a modest fall. 
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3.3 Hypothesis 

Reticuloendothelial dysfunction occurs in various forms of advanced liver disease 

and underlies the suppressed hepatic uptake of radiolabelled nanocolloids observed 

in severe AH (59). We hypothesised that normal hepatic leucocyte handling would 

be substantially impaired in severe AH, giving rise to suppressed physiological 

hepatic activity from pooling and disposal of leucocytes at scintigraphy. As a 

consequence it would be possible to detect hepatic neutrophil migration, one of the 

histological hallmarks of AH, as an abnormal increase in liver-associated 

radioactivity between 30 minutes and 24 hours PI of radiolabelled leucocytes.  

3.4 Aims 

The aim of this study was to describe findings at leucocyte scintigraphy in severe 

AH and to compare imaging appearances with liver histology, in order to assess the 

utility of this technique as a non-invasive diagnostic and prognostic aid. 

3.5 Patients and methods 

3.5.1 Study population 

Three groups of patients were prospectively recruited: 

1) Patients with severe AH were recruited from consecutive admissions to our 

institution with ARLD. Participants were identified from daily screening of 

medical admissions and electronic lists generated using hospital pathology 

data of patients in whom serum bilirubin exceeded 60 mol/l. Those deemed 

potentially suitable were initially advised of the study by a member of the 

clinical team prior to being approached by researchers. Severe AH was 

suspected from an admission DF ≥32 (64) in active or recently abstinent 
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heavy alcohol users with jaundice (bilirubin ≥80 mol/l) for ≤3 months, and 

proven where possible by TJB. All patients underwent screening to exclude 

other causes of liver disease, co-existent biliary obstruction and focal hepatic 

lesions. Those with the HRS, sepsis or HE were included provided they were 

able to give informed consent and were fit to undergo the study procedures. 

Medical therapy for severe AH with corticosteroids (prednisolone 30 - 40 mg 

daily) and/or pentoxifylline (1200 mg daily) was prescribed at the discretion 

of the managing hepatologist. Response to treatment was determined 

according to Early Change in Bilirubin Level (ECBL) following a week of 

any therapy (103). 

A further small number of patients were recruited at Addenbrooke’s Hospital, 

Cambridge following identification by the local hepatology team. These 

subjects received blinded therapy as part of another ongoing placebo 

controlled study (EnduraCT no 2009-013897-42) (133) and their treatment 

response cannot be determined until the randomisation is revealed. 

2) Controls with inactive alcohol-related cirrhosis (ARC) were identified from 

the outpatient gastroenterology and hepatology clinics and recruited provided 

they had been abstinent from alcohol for ≥6 months. Cirrhosis was diagnosed 

in the presence of any two of the following: clinical features (spider 

angiomata), radiological findings (irregular liver margin with or without 

splenomegaly) and corroborative liver biopsy. 

3) Controls with normal liver function were recruited from patients referred for 

leucocyte scintigraphy to investigate prosthetic joint pain. Those who 
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subsequently proved to have evidence of inflammatory pathology were 

excluded from the analysis. 

3.5.2 Leucocyte labelling and imaging protocol 

All subjects underwent conventional indium-111 (
111

In) labelled leucocyte 

scintigraphy. Mixed leucocytes were radiolabelled in vitro under strict aseptic 

conditions according to published guidelines (194) (see Appendix). Precautions were 

taken at all stages to minimise blood perturbation, which may cause ex vivo 

leucocyte activation. All labelling procedures were performed in a dual chamber 

isolator contained within a dedicated blood labelling suite. The isolator gauntlets 

were checked for defects and the isolator, its contents and gauntlets were cleaned 

using industrial methylated spirits (IMS) immediately before and after each labelling 

procedure. As a quality control measure, plates containing trypticase soy agar and 

dextrose starch culture media were placed at points throughout the labelling suite and 

isolator to detect potential pathogen contamination. 
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Figure 3.2 Summary of autologous mixed leucocyte harvesting and radiolabelling procedure using 
111

In-oxine 

10 ml whole blood 

taken from one tube 

and centrifuged at  

1000 g for 7 min 

1 ml 2% methylcellulose 

added to each tube and 

erythrocytes allowed to 

sediment over 45 min 

Leucocyte & platelet rich 

supernatant aspirated and 

centrifuged at 90 g for 7 min  

Platelet rich plasma 

(PRP) supernatant 

discarded  

Leucocyte rich cell pellet re-suspended in 10 ml 

0.9% saline and centrifuged at 90 g for 7 min. 

Supernatant discarded and re-suspended in 10 ml 

fresh 0.9% saline 

Supernatant 

discarded 

25 MBq 
111

In-oxine 

added, gently mixed & 

incubated for 15 min in 

lead vial 

Supernatant discarded 

and activity of unbound 
111

In measured 

Centrifuged at 

90 g for 7 min 

Platelet poor plasma (PPP) 

supernatant aspirated and 

saved for later use 

3 ml PPP added to terminate cell 

labelling & gently mixed 

111
In-labelled mixed leucocyte pellet re-

suspended in remaining PPP and cell-

associated 
111

In activity measured 

20 MBq 
111

In-labelled mixed 

leucocytes measured and administered 

intravenously within 30 min 

50 ml fresh whole blood drawn into tubes 

containing 2.5 ml acid-citrate-dextrose (ACD) 
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3.5.2.1 111
In mixed leucocyte radiolabelling  

The leucocyte harvesting and radiolabelling procedure using 
111

In-oxine is 

summarised in Figure 3.2. Briefly, 50 ml of venous whole blood was drawn slowly 

into Luer lock syringes containing 8 ml of the anticoagulant ACD, which was stored 

in dark conditions at room temperature to avoid degradation from light exposure. 

The syringes were cleaned using IMS and transferred to the laminar flow cabinet. 

Approximately 10 ml of whole blood was placed in a tube, spun at 1000 g for 5 

minutes and the supernatant of platelet poor plasma (PPP) aspirated and set aside for 

later use. Erythrocytes in the remaining whole blood were allowed to sediment under 

gravity for 45 minutes, aided in most instances by the addition 2 ml 2% 

methylcellulose (Methocel, Department of Nuclear Medicine, Guy’s and St. 

Thomas’ Hospital NHS Foundation Trust, London, UK). The syringes were 

maintained in an upright position during sedimentation, following which the 

supernatant of leucocyte-rich plasma (LRP) was carefully decanted into a further 

tube. A leucocyte-rich, platelet-deplete cell pellet was obtained by centrifugation of 

the LRP at 90 g for 7 minutes, from which the supernatant of platelet-rich plasma 

was aspirated and discarded. The mixed leucocyte pellet was washed in normal 

saline to reduce the number of contaminating platelets and remove residual 

methylcellulose. The saline-suspended cells were centrifuged at 90 g for 7 minutes, 

following which the supernatant was discarded and the cells re-suspended in 10 ml 

of fresh 0.9% saline. 

Approximately 25 MBq of 
111

In-oxine (GE Healthcare Ltd, Amersham, UK) was 

aspirated from a radiopharmaceutical vial and added to the mixed leucocyte cell 

suspension. These were mixed gently and allowed to incubate at room temperature 

for 15 minutes, being agitated periodically to prevent sedimentation. Cell 
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radiolabelling was terminated at the end of the incubation period by the addition of 

approximately 3 ml of the previously prepared PPP. The radiolabelled cells were 

pelleted by centrifuge at 90 g for a further 7 minutes, following which the 

supernatant was aspirated and the radioactivity of unbound 
111

In measured using a 

well counter. The cells were re-suspended in the remaining PPP and cell-associated 

activity measured in the same manner. The labelling efficiency (LE) was calculated 

by the following formula: 

 

       
                              

                                                     
     

 

 Radiolabelled leucocytes were re-injected via separate peripheral venous 

cannulation within 30 minutes of completion of the labelling procedure. The 

administered activity was approximately 20 MBq. 

Due to variation in local protocols, leucocyte labelling in patients with severe AH 

studied at Addenbrooke’s Hospital was performed using 
111

In-tropolone, allowing 

cells to be radiolabelled in the continuous presence of autologous plasma rather than 

normal saline. The cell separation and radiolabelling procedures were otherwise 

identical. 

3.5.2.2 Gamma scintigraphy 

Anterior and posterior static planar images of the chest and abdomen were obtained 

at 30 minutes and 24 hours PI of radiolabelled mixed leucocytes with a dual-headed 
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gamma camera (SMV DSTXL or GE Discovery NM630) using medium energy 

collimators and a 10 minute acquisition time. 

3.5.2.3 Labelled cell recovery 

To determine the in vivo viability of radiolabelled leucocytes, the recovery of cell-

associated activity was determined from whole blood samples obtained 45 minutes 

PI. Peripheral venous blood was drawn into two lithium heparin anticoagulated 

tubes. One tube was centrifuged at 1000 g for 15 minutes and the supernatant of cell 

free plasma (CFP) was aspirated. The radioactivity of unbound 
111

In in CFP was 

measured using a well counter and subtracted from the activity of an equal volume of 

whole blood to determine cell-associated 
111

In activity. This was multiplied by the 

predicted total blood volume, calculated using the Nadler method (195). The 

estimated total activity of cell-associated 
111

In within the circulation was expressed 

as a percentage of the administered activity. 

3.5.2.4 99m
Tc-nanocolloid liver-spleen scintigraphy 

To investigate the proposed mechanism for abnormal hepatic leucocyte handling in 

severe AH, technetium-99m (
99m

Tc) nanocolloid liver-spleen scintigraphy was 

performed immediately after completion of 
111

In-leucocyte imaging in subgroups 

with severe AH and ARC. Abdominal gamma camera images were acquired 20 

minutes after intravenous administration of 80 MBq 
99m

Tc-nanocolloid, obtained 

from a manufactured kit according to departmental guidelines (see Appendix). The 

imaging protocol was similar to that already described, except for the use of 
99m

Tc 

energy windows and low energy, high resolution collimators. 
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3.5.2.5 Image interpretation 

Using image analysis software organ-associated radioactivity (expressed as mean 

counts per pixel) was determined from manually defined regions of interest (ROI) 

placed over homogenous areas of liver, spleen, bone marrow and lungs in each 

gamma camera image. These values were corrected for background activity and 

physical isotope decay and expressed as the geometric mean of anterior and posterior 

values. Change in liver activity was expressed as a ratio of 24 hour : 30 minute 

values, such that a ratio of 2 represented a two-fold rise and conversely 0.5 a two-

fold fall. Hepatic activity in 
99m

Tc-nanocolloid images was expressed relative that of 

the spleen. 

3.5.3 Liver biopsy preparation and interpretation 

Histological confirmation of severe AH by TJB was sought in all cases, although for 

reasons of expediency this often followed leucocyte scintigraphy. Formalin-fixed 

and paraffin-embedded liver cores were de-waxed and conventionally stained using 

haematoxylin and eosin (H&E), orcein and reticulin stains. Interpretation was 

undertaken independently by two expert histopathologists, both blinded to the 

other’s findings and the imaging results of each patient. Histological features of 

ASH, including hepatocyte ballooning, lobular inflammation, steatosis, canalicular 

cholestasis, ductular cholestasis and cholangiolitis, were assessed according to 

recently described criteria (54). Minimum criterion to define ASH was the co-

existence of hepatocyte ballooning and lobular neutrophil infiltration (196). The 

severity of steatohepatitis was subjectively classified as mild, moderate or marked 

based upon the subjective severity of neutrophil infiltration and hepatocyte 

ballooning. Where sufficient biopsy material was available, sections were stained for 
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the granulocyte marker CD15, to more accurately quantify the extent of histological 

neutrophil infiltration. CD15-positive cells were counted in 5 - 10 non-consecutive 

high power fields, the median value selected and averaged between the two 

pathologists. 

3.5.4 Liver biopsy microautoradiography 

Autoradiography is an ex vivo nuclear medicine technique whereby the distribution 

of radioactivity within a tissue sample or other specimen is visualised using a 

superimposed radiosensitive film or emulsion. When performed on samples prepared 

for light microscopy this is known as microautoradiography. To our knowledge liver 

biopsy microautoradiography following radiolabelled leucocyte administration has 

not previously been performed. We reasoned that the half-life of 
111

In would permit 

determination of the histological location of 
111

In-labelled leucocytes within liver 

biopsy specimens obtained within 72 hours of radiolabelled cell administration. 

Where possible we aimed to obtain tissue at ~24 hours PI to best represent the in 

vivo hepatic activity observed at gamma scintigraphy 24 hours PI, which we 

suspected to be dominated by granulocyte migration. 

3.5.4.1 Biopsy preparation and emulsion application 

Liver biopsy cores were formalin fixed and wax embedded as per standard 

laboratory protocol. Sections of 3 m thickness were placed on histological slides 

and de-waxed by emersion in xylene. It proved vital to use pre-cleaned, electrically 

charged adhesive slides (Surgipath X-tra Adhesive, Leica Microsystems) to avoid 

tissue loss during the subsequent autoradiographic processing. 

Microautoradiography was performed based upon the technique previously described 

by Puncher and Blower (197). The slides were transferred to a dark room and 
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radiosensitive emulsions (Ilford K2 and K5, Harman Technology Ltd, Ilford, UK) 

prepared by slowly warming gelatin-emulsion blocks diluted with an equal volume 

of distilled water in a water bath at 40 
o
C. The emulsions were placed in glass 

dipping vessels maintained at 40 
o
C ready for use. 

Two different methods for application of the radiosensitive emulsion were tested: 

1) Direct application of a thin emulsion membrane obtained by dipping an inert 

platinum wire loop in molten emulsion 

2) Application of emulsion to an entire slide held vertically and dipped in 

molten emulsion following which excess emulsion was drained off over dry 

gauze. 

The second method obtained more consistent and even application of the emulsion. 

Slides were allowed to cool at room temperature in dark room conditions for 15 

minutes and were subsequently placed in a sealed dark box containing silica 

desiccant and stored at 4
o
C. The optimal exposure time was unknown and samples 

were exposed for one, two or four weeks. 

3.5.4.2 Microautoradiograph development 

Microautoradiography slides were developed in dark room conditions having been 

allowed to equilibrate at room temperature for 30 minutes. Solutions of GBX 

developer and fixer (Eastman Kodak Company, Rochester, NY, USA) were prepared 

according to the manufacturer’s instructions and ~300 ml of each placed in Perspex 

dipping vessels. Slides were placed in developer for 2½ minutes followed by 1% 

acetic acid for 1 minute (which halted the development reaction) and transferred to 

fixer for a further 5 minutes. After this time the slides were placed in distilled water 
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which was replaced three times over the following 30 minutes. After drying in air 

slides were post stained with H&E and visually inspected for foci of radioactivity. 

3.5.5 Statistical analysis 

Data are presented as mean standard deviation, median [interquartile range] or 

number (%) and all reported P values are two-tailed. Quantitative variables were 

compared using Student’s t-test or analysis of variance (ANOVA) and the Mann-

Whitney U or Kruskal-Wallis for parametric and non-parametric data respectively. 

The kappa statistic (κ) was used to assess interobserver agreement of categorical 

histopathology data. 

3.5.6 Ethical review and radiation exposure 

The project received external Research Ethics Committee approval (REC reference 

number 08/H1107/36) and all patients gave written informed consent. The estimated 

effective radiation doses arising from radiolabelled leucocyte imaging, 
99m

Tc-

nanocolloid imaging and fluoroscopy guidance at TJB were 7, 1 and 10 mSv 

respectively. 
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3.6 Results 

3.6.1 Patient characteristics 

One hundred and five patients with suspected severe AH were identified at the Royal 

Sussex County Hospital, Brighton, of whom 16 were deemed eligible and agreed to 

participate (Table 3.1). A further 3 patients with severe AH were recruited at 

Addenbrooke’s Hospital, Cambridge. Therefore in total 19 subjects with severe AH, 

14 with ARC and 11 normal controls without liver disease were studied. Leucocyte 

radiolabelling was undertaken using 
111

In-oxine in all except the 3 patients studied in 

Cambridge, in whom 
111

In-tropolone labelling was performed. 

Table 3.1 Screening for patients with severe AH from hospital admissions with 

ARLD in Brighton, January 2010 - August 2012. 

 

 

  

 Number 

Recruited 16 

Multi organ failure requiring level 3 care 15 

Declined to participate 14 

Admission DF <32 11 

Readmission following episode of severe AH 8 

Incapacity due to hepatic encephalopathy 7 

Co-existent viral hepatitis 7 

Inconsistent liver biochemistry 6 

Died within 48 hours of admission 6 

Radioisotope unavailable 5 

Self-discharge from hospital 5 

Abstinence >6 weeks prior to admission 3 

Hepatocellular carcinoma 1 

Haemochromatosis 1 

Total 105 
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Baseline characteristics and demographic data are shown in Table 3.2. Clinical 

deterioration after imaging precluded liver biopsy in 2 patients with severe AH and 

in total 17 cases (89.5%) were biopsy-proven. Median alcohol consumption prior to 

admission was 18 [10 - 25] units per day for 10 [5 - 15] years. Four patients with 

ARC (28.6%) had histologically confirmed cirrhosis; in the remainder the diagnosis 

rested on clinical and/or radiological grounds. 

The median DF in those with severe AH was 52 (44 - 75); the admission Glasgow 

Alcoholic Hepatitis Score (GAHS) was ≥9 in 63.2% and Modified End-stage Liver 

Disease (MELD) score was ≥21 in 89.5%. Four (21.1%) had evidence of the 

systemic inflammatory response syndrome (SIRS) and two further patients had 

active infection (limb cellulitis and SBP). Peripheral blood leucocyte counts were 

significantly higher in severe AH than in either control group (Table 3.2; P<0.001). 

The groups were well matched for sex, although normal controls were significantly 

older than either group with liver disease, consistent with the population referred for 

investigation of suspected prosthetic joint injection (P=0.009). 
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Table 3.2 Demographics and patients characteristics at recruitment 

  

 
Severe AH 

(n=19) 
Inactive ARC 

(n=14) 

Normal 

controls 

(n=11) 
P 

Age (years) 50.3 9.8 55.7 8.9 64.0 14.9* 0.009 

Male gender 14 (73.7%) 11 (78.6%) 7 (63.6%) 0.702 

Ascites 11 (57.9%)* 2 (14.3%) - 0.015 

SIRS 4 (21.1%) - -  

Child-Pugh Score 10 (8-11)* 5 (5-6) - <0.0001 

MELD score 23 (22-27)* 8.8 (7.4-9.3) - <0.0001 

DF 52 (44-75) - - - 

GAHS 9 (8-10) - - - 

GAHS ≥9 12 (63.2%) - - - 

Leucocyte count 

(x10
9
/l) 

12.6 (9.3-15.9)* 6.6 (5.6-7.6) 7.0 (6.3-8.7) <0.001 

Neutrophil count 

(x10
9
/l) 

9.8 (7.1-13.3)* 3.9 (2.6-4.9) 4.3 (3.7-5.5) <0.001 

Platelet count (x10
9
/l) 158 (106-264) 136 (91-194)* 239 (174-287) 0.047 

INR 1.8 (1.6-2.1)* 1.1 (1.1-1.2) 1.1 (1.0-1.1) <0.0001 

Bilirubin (mol/l) 288 (202-451)* 10 (8-17) 7 (4-11) <0.0001 

Albumin (g/l) 29 (27-34)* 43.5 (37-46) 43 (42-44) <0.0001 

Creatinine (mol/l) 56 (47-102) 80.5 (62-107) 78 (58-81) 0.085 

ALT (U/l) 63 (49-80)* 17.5 (15-32) 20 (15-22) <0.0001 

AST (U/l) 171 (117-220)* 36.5 (25-46) 18 (14-20) <0.0001 

 

Data are presented as mean standard deviation, median (IQR) or number (%). 

*P<0.05 versus either other group. 

 

SIRS: ≥2 features of the systemic inflammatory response syndrome at recruitment, MELD: 

Modified end-stage liver disease score, DF: Discriminant function, GAHS: Glasgow 

Alcoholic Hepatitis Score, INR: international normalised ratio, ALT: alanine 

aminotransferase, AST: aspartate aminotransferase 

 

Normal values: bilirubin 0-21 mol/l, INR 0.8-1.2, albumin 35-52g/l, ALP 40-129 iu/l, 

ALT 0-41 iu/l, AST 0-40 iu/l, γGT 10-71 iu/l, urea 1.7-8.3 mmol/l, creatinine 62-106 

mol/l, leucocyte count 4-11 x10
9
/l, neutrophil count 2-7.5 x10

9
/l, platelet count 150-450 

10
9
/l 
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3.6.2 Leucocyte scintigraphy findings 

3.6.2.1 Hepatic appearances 

Hepatic activity typically rose between 30 minutes and 24 hours PI in severe AH but 

was static or fell in ARC and normal controls. Accordingly, 24 hour : 30 minute liver 

activity ratios were significantly higher in severe AH (2.5 [1.7 - 4.0]) than ARC and 

normal controls (1.0 [0.8 - 1.1] and 0.8 [0.7 - 0.9], respectively, P <0.0001) (Figure 

3.3). Example gamma camera images and corresponding 24 hour : 30 minute liver 

activity ratios are shown in Figure 3.4. Scintigraphic appearances in severe AH were 

similar using either 
111

In-oxine or 
111

In-tropolone radiolabelling (Figure 3.4c and d). 

 

Figure 3.3 Comparison of 24 hour : 30 minute liver activity ratios at 
111

In-leucocyte 

scintigraphy in severe AH, inactive ARC and normal controls. 

The geometric mean of liver activity was corrected for background activity and isotope 

decay and the value at 24 hours PI expressed relative to that at 30 minutes PI. 24 hour : 30 

minute liver activity ratios were significantly higher in severe AH than cirrhotic and normal 

controls.
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Figure 3.4 Example anterior gamma camera images following 
111

In-leucocyte administration and corresponding 24 hour : 30 minute 

liver activity ratios. 

Normal control (a), inactive ARC (b) and severe AH (SAH), using 
111

In-oxine labelling (c) and 
111

In-tropolone (d) labelling. 
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3.6.2.2 Extrahepatic findings at leucocyte scintigraphy 

Markedly increased lung activity at 30 minutes PI, which cleared by 24 hours, was 

frequent in severe AH (example in Figure 3.5a), and to a lesser degree in ARC. 

Median 30 minute lung activity in severe AH (expressed as a proportion of 30 

minute splenic activity) was therefore significantly higher than normal controls 

(20.1% [14.9 - 26.1] versus 14.5% [13.4 - 15.7] respectively, P=0.019), although did 

not differ significantly from ARC (17.6% [12.5 - 25], P=0.382). By 24 hours PI lung 

activity was similar in all groups (6.1% [4.0 - 9.9], 6.3% [3.9 - 7.7] and 5.5% [3.8 - 

7.7] in severe AH, ARC and normal controls respectively, P=0.636).  

Abnormal gut activity at 24 hours PI (Figure 3.5b) was observed in 4 subjects with 

severe AH (21.1%). Additional imaging performed at 48 - 72 hours PI in two 

individuals demonstrated distal transit of bowel activity over time, consistent with 

the presence of intraluminal labelled leucocytes rather than mural intestinal 

inflammation. 

  

Figure 3.5 Extrahepatic findings at 
111

In-oxine leucocyte scintigraphy in severe AH 

Gamma camera images in this individual with severe AH demonstrate prominent early lung 

activity (arrowheads) at 30 minutes PI (a). By 24 hours PI (b) the lung activity has largely 

cleared and prominent gut activity is apparent (circled). 
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3.6.2.3 Peripheral blood recovery of 
111

In-labelled leucocytes 45 minutes post 

injection 

Recovery of labelled cells from peripheral venous blood obtained 45 minutes PI was 

significantly higher in severe AH (56.7% [48.0 - 62.8]) versus ARC and normal 

controls (37.9% [25.6 - 45.7] and 37.8% [33.5 - 44.4] respectively, P=0.002) (Figure 

3.6). Labelling efficiency was also higher in severe AH (89.2% [84.5 - 92.0]) than 

ARC and normal controls (84.1% [81.4 - 85.0] and 86.0% [81.2 - 88.2] respectively, 

P=0.017). 

 

 

 

 

Figure 3.6 
111

In-labelled cell recovery from peripheral blood 45 minutes post injection (PI) 

Cell-associated radioactivity was determined from peripheral blood samples obtained 45 minutes PI of 
111

In-mixed leucocytes and expressed as a percentage of the injected activity. Labelled cell recovery 

was significantly higher in severe AH than either cirrhotic or normal controls. 
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3.6.3  Liver histology in severe AH 

Table 3.3 summaries the histopathological findings in 17 patients with severe AH 

who underwent liver biopsy. In all cases TJB was performed within a week of 

leucocyte scintigraphy. The majority had advanced hepatic fibrosis or underlying 

cirrhosis and all exhibited some degree of steatohepatitis, judged to be marked in 7 

cases (41.2%). The interobserver agreement on fibrosis stage, degree of steatosis, 

steatohepatitis severity and presence of Mallory’s hyaline was high (κ ≥0.5). 

However there was substantial interobserver variability in the assessment of 

ballooning grade, degree of canalicular cholestasis, and the presence of cholangiolitis 

and Councilman bodies (κ ≤0.2 in all cases). 

The two pathologists agreed on the subjective severity of steatohepatitis in 16 of 17 

cases (94.1%); steatohepatitis was deemed marked in 7, moderate in 7 and mild in 2. 

The 24 hour : 30 minute liver activity ratio at leucocyte scintigraphy was 

significantly higher in those with marked steatohepatitis (4.0 [3.0 - 4.6]) versus 

moderate and mild steatohepatitis (1.9 [1.6 - 3.0] and 1.4 [1.2 - 1.7] respectively, 

P=0.022; Figure 3.7). Figure 3.8 shows examples of leucocyte scintigraphy images 

with liver activity ratios and corresponding liver biopsy sections in mild versus 

marked steatohepatitis. No association was observed between liver activity ratios and 

fibrosis stage.  
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Table 3.3 Summary of dual histopathologist liver biopsy interpretation in severe AH 

(n=17) 

  

Histological parameter 
Pathologist #1 

n (%) 

Pathologist #2 

n (%) 

Agreement 

κ (P) 

Ishak fibrosis stage    

Cirrhosis 9 (52.9%) 10 (58.8%) 0.538 

Stage 5 7 (41.2%) 2 (11.8%) (P<0.0001) 

Stage 4 - 1 (5.9%)  

Stage 3 - 3 (17.6%)  

Stage 2 1 (5.9%) 1 (5.9%)  

Steatosis (parenchymal involvement)    

<5% 1 (5.9%) 2 (11.8%) 0.750 

5-33% 6 (35.3%) 6 (35.3%) (P<0.0001) 

>33-66% 7 (41.2%) 5 (29.4%)  

>66% 3 (17.6%) 4 (23.5%)  

Severity of lobular neutrophil infiltrate    

Minimal 2 (11.8%) 3 (17.6%) 0.904 

Moderate 8 (47.1%) 7 (41.2%) (P<0.0001) 

Marked 7 (41.2%) 7 (41.2%)  

Parenchymal involvement by ballooning    

No ballooning - -  

<5% 1 (5.9%) 2 (11.8%) 0.183 

>5-10% 1 (5.9%) 4 (23.5%) (P=0.160) 

>10-20% 6 (35.3%) 3 (17.6%)  

>20-50% 8 (47.1%) 7 (41.2%)  

>50% 1 (5.9%) 1 (5.9%)  

Canalicular cholestasis 

number of bile plugs in canaliculi 
   

None 5 (29.4%) 5 (29.4%) 0.174 

<5 - 9 (52.9%) (P=0.033) 

>5-10 1 (5.9%) 1 (5.9%)  

>10-20 8 (47.1%) 2 (11.8%)  

>20 3 (17.6%) -  

Ductular cholestasis 

number of bile plus in ductules 
   

None 14 (82.4%) 14 (82.4%) 0.218 

1 2 (11.8%) 3 (17.6%) (P=0.285) 

2 - -  

3 - -  

>3 1 (5.9%) -  

Mallory’s hyaline 14 (82.4%) 15 (88.2%) 
0.767 

(P=0.001) 

Cholangiolitis 

Polymorphs around & in ductule lumen 
13 (76.5%) 12 (70.6%) 

-0.053 

(P=0.825) 

Councilman bodies 9 (47.1%) 4 (23.5%) 
0.029 

(P=0.893) 
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Figure 3.7 24 hour : 30 minute liver activity ratios according to subjective severity of steatohepatitis; pathologist #1 (a) and #2 (b). 

The subjective histological severity of steatohepatitis was graded as mild, moderate or marked by two pathologists blinded to the scintigraphic findings. 24 

hour : 30 minute liver activity ratios were significantly higher in those with marked versus both mild and moderate steatohepatitis.

a) b) 
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Figure 3.8 
111

In-labelled leucocyte gamma camera images and corresponding liver 

biopsy sections in severe AH. 

Examples of leucocyte scintigraphy in patients with histologically mild (a) and marked (b) 

steatohepatitis at liver biopsy with corresponding H&E stained liver biopsy sections (c and d 

respectively; 20x objective magnification). 

Corresponding 24 hour : 30 minute liver activity ratios were 1.2 (mild steatohepatitis) and 3.5 

(marked steatohepatitis). 
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3.6.3.1 Comparison with parenchymal neutrophil quantification 

Immunohistochemical staining for the granulocyte marker CD15 was performed in 

13 cases where sufficient biopsy material was available (Figure 3.9 shows example 

liver biopsy sections). Parenchymal granulocyte quantification, determined from the 

median number of CD15 positive cells per high power field, demonstrated good 

interobserver agreement (=0.863, P<0.001) and was significantly higher in those 

with subjectively marked steatohepatitis (median 75 [66 - 87] cells per high power 

field) versus moderate and mild steatohepatitis (52 [28 - 76] and 17 [12 - 19] 

respectively, P=0.043) There was a positive and statistically significant correlation 

between 24 hour : 30 minute liver activity ratios and the combined histological 

granulocyte quantification from both observers (Figure 3.10; =0.588, P=0.035). 

 

  

Figure 3.9 Example H&E (a) and CD15 (b) stained liver biopsy sections in severe AH. 

Parenchymal granulocytes stained brown with immunohistochemical staining for CD15, aiding 

their quantification versus H&E staining (10x objective magnification). 

 

 

a) 

b) 
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Figure 3.10 Comparison between 24 hour : 30 minute 
111

In-leucocyte scintigraphy liver 

activity ratios versus histological quantification of parenchymal neutrophil infiltration. 

To quantify histological parenchymal neutrophil infiltration in severe AH, biopsy sections were 

stained for the granulocyte marker CD15 and CD15 positive cells counted in 5 - 10 non-

consecutive high power fields by two independent pathologists. The median value was selected in 

each case and plotted against 24 hour : 30 minute liver activity ratio at leucocyte scintigraphy, 

demonstrating a positive and statistically significant correlation. 
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3.6.4 Clinical parameters, treatment response and survival 

Liver activity ratios did not correlate with clinical measures of disease severity 

(Child-Pugh score, DF, GAHS or MELD) or laboratory parameters including serum 

bilirubin and peripheral blood leucocyte and platelet counts (P >0.05 for all). 

Treatment response could not be assessed in 3 of the 19 patients with severe AH 

(15.8%) who received blinded therapy as part of a separate ongoing placebo-

controlled trial. Fourteen of the remaining 16 patients (71.4%) received 

corticosteroids and/or pentoxifylline (one pentoxifylline monotherapy, one 

prednisolone monotherapy and 12 combination therapy), of whom 10 (71.4%) 

exhibited a clinical response after a week of treatment. In 6 cases (35.3%) therapy 

was commenced after imaging and in the remainder the median duration of therapy 

at the time of imaging was 4 [3 - 6] days. No significant difference was observed in 

the 24 hour : 30 minute liver activity ratios of those who responded to therapy versus 

non-responders (2.4 [1.6 - 3.8] versus 2.3 [1.7 - 2.6], P=0.945) (Figure 3.11a). 

Inpatient mortality in severe AH was 21.1% and was not predicted by 24 hour : 30 

minute liver activity ratios (P=0.379, Figure 3.11b). Furthermore there was no 

association between histological findings and either treatment response or survival. 
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a) b) 

Figure 3.11 24 hour : 30 minute liver activity ratios according to treatment response and in-patient survival 

Response to corticosteroids (CS), pentoxifylline (PTX) or combination therapy was determined according to a fall in bilirubin over the first week of any therapy.  

24 hour : 30 minute liver activity ratios did not differ according to treatment response or in-hospital survival. 
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3.6.5 Liver biopsy microautoradiography 

Microautoradiography was successful in one patient with severe AH whose liver 

biopsy was performed the day after radiolabelled leucocyte administration. H&E 

stained liver microautoradiographs demonstrated diffuse, low level background 

hepatic activity with cell-associated foci of radioactivity in areas of parenchymal 

neutrophil infiltration (Figure 3.12a and b). The biopsy was contemporaneous with 

gamma camera images obtained at 24 hours PI (Figure 3.12c and d); the study 

exhibited a 24 hour : 30 minute liver activity ratio of 4.5. 
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Figure 3.12 Liver biopsy microautoradiographs depicting intrahepatic source of radioactivity 

24 hours PI of 
111

In-labelled leucocytes in severe AH. 

A radiosensitive emulsion (Ilford K2) was applied to liver core sections from biopsy material 

obtained 24 hours PI of 
111

In-labelled leucocytes and exposed in dark, cool conditions for 

two weeks. The slides were dipped fixed, developed and stained with H&E. 

Example photographs of liver biopsy microautoradiographs at 40x (a) and 100x (b) objective 

magnification demonstrate low level background radioactivity and foci of parenchymal 

granulocyte-associated activity, indicated by overlying clusters of black silver halide crystals. 

Corresponding gamma camera images 30 minutes (c) and 24 h (d) PI demonstrate a rise in 

liver-associated activity (24 hour : 30 minute liver activity ratio 4.5). 
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3.6.6 99m
Tc-nanocolloid liver : spleen scintigraphy 

99m
Tc-nanocolloid liver : spleen scintigraphy was performed immediately after 

completion of leucocyte imaging in 11 patients with severe AH and 7 with inactive 

ARC and the images compared with 3 historic normal studies (examples shown in 

Figure 3.13). Down-scatter arising from residual 
111

In activity was determined from 

images acquired immediately prior to nanocolloid injection and accounted for <15% 

of measured 
99m

Tc organ activity. Median liver : spleen activity ratios were 

significantly lower in severe AH (0.5 [0.4 - 1.4]) versus ARC and normal controls 

(2.3 [0.6 - 3.0] and 4.2 [3.8 - 5.0] respectively, P=0.003) (Figure 3.14). In those with 

severe AH, liver : spleen ratios did not correlate with either 24 hour : 30 minute liver 

activity ratios at leucocyte scintigraphy (=-0.068, P=0.842) or the histological 

severity of steatohepatitis (correlation with CD15 quantification =-0.410, 

P=0.274). 

 

Figure 3.13 Example 
99m

Tc nanocolloid liver : spleen images. 

Abdominal gamma scintigraphy using 
99m

Tc windowing was performed 20 minutes 

PI of 80 MBq 
99m

Tc-nanocolloid. 

Images in severe AH (a) demonstrate liver ‘drop out’ compared with inactive 

cirrhosis (b) and normal control (c). 
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Figure 3.14 Liver : spleen activity ratios at 
99m

Tc-nanocolloid scintigraphy. 

The geometric mean of background-corrected hepatic activity was expressed relative 

to that of the spleen in 
99m

Tc-nanocolloid scintigraphy images. 

Liver : spleen ratios were significantly lower in severe AH than either inactive ARC 

or normal controls. 
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3.7 Discussion 

Whilst advocating TJB to confirm a clinical diagnosis of severe AH, recently 

published European guidelines recognise the unmet need for non-invasive aids to 

diagnose severe AH (196). This proof of concept study is the first reported use of 

111
In-radiolabelled leucocytes to detect hepatic neutrophil migration in vivo in severe 

AH. Imaging findings in severe AH were characterised by an abnormal increase in 

liver-associated radioactivity between 30 minutes and 24 hours PI, in contrast to 

static or falling liver-associated activity in those with inactive alcohol-related 

cirrhosis and normal controls. The rise in liver-associated activity positively 

correlated with the histological grading of steatohepatitis and is likely to portray 

intrahepatic neutrophil migration. In the correct clinical setting this technique may 

therefore offer a means of diagnosing severe AH without the need for liver biopsy. 

To our knowledge, leucocyte scintigraphy has not been used previously in the 

diagnosis of parenchymal liver inflammation, since normal hepatic 

reticuloendothelial function gives rise to physiological liver activity. This is 

dominated by granulocyte pooling (margination) at 30 minutes PI and their 

physiological disposal at 24 hours PI. We hypothesised that physiological hepatic 

activity at both time points would largely be abolished in severe AH, such that the 

rise in hepatic activity between 30 minutes and 24 hours PI would directly reflect 

hepatic neutrophil migration. In addition to the positive correlation with liver 

histology, there is further evidence to support this hypothesis as the mechanism 

underling the scintigraphic appearances, rather than other unexpected and 

unexplained phenomena. Hepatic accumulation of 
99m

Tc-nanocolloid was suppressed 

in severe AH (median liver : spleen ratio 0.5 [0.4 - 1.4]), verifying the findings of 

previous studies (59,198) and confirming that reticuloendothelial function is indeed 
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impaired in severe AH. Given this evidence for defective Kupffer cell phagocytic 

function, it is unlikely that the increased 24 hour : 30 minute liver activity ratio in 

severe AH simply represents relatively suppressed intrahepatic leucocyte pooling 

(and hence reduced hepatic activity at 30 minutes PI) with preserved or increased 

hepatic leucocyte disposal at 24 hours PI. Additionally, microautoradiography of 

liver biopsy material obtained 24 hours PI (albeit in only one individual) 

demonstrated low background activity and discrete foci of cell-associated activity in 

areas of neutrophil satellitosis within the lobular parenchyma. This further 

substantiates the notion that hepatic activity in gamma camera images obtained 24 

hours PI in severe AH arises largely from neutrophils that have migrated into the 

lobular parenchyma, rather than delayed granulocyte destruction or accumulation of 

free indium. 

Several extrahepatic scintigraphic features are noteworthy in severe AH. Prominent 

lung activity at 30 minutes PI which cleared by 24 hours was a consistent finding. 

Pulmonary leucostasis suggests the presence of primed neutrophils, which are 

stiffened and consequently undergo delayed pulmonary transit, corroborating in vivo 

the existing ex vivo evidence for neutrophil priming in severe AH (199). Lung 

activity was also seen to a variable extent in those with ARC, suggesting that a 

degree of neutrophil priming persists even in those with compensated liver disease. 

Abnormal gut activity was observed in a fifth of those with severe AH, in the 

absence of diarrhoeal symptoms or evidence of gastrointestinal infection. This 

activity appeared to transit through the bowel lumen on delayed imaging, suggesting 

the presence of labelled cells within faeces. Although the cause for this remains 

unclear and warrants further study, possible explanations include excretion of 
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radiolabelled cells within bile or alternatively transmigration of leucocytes arising 

from increased intestinal permeability due to portal hypertension. 

Labelled cell recovery in peripheral blood is used to determine the in vivo viability of 

radiolabelled leucocytes, a maximum normal value being approximately 50% of the 

injected activity due to equilibration between circulating and marginated granulocyte 

pools. The recovery of labelled cells from blood samples obtained 45 min PI was 

56.7% (48.0 - 62.8) in severe AH, significantly higher than in either control group. 

This suggests a shift in physiological granulocyte distribution in favour of the 

circulating pool, despite the increased pulmonary margination already described. 

This is surprising, especially given the existing evidence of neutrophil functional 

defects in severe AH (199), which one might expect to be associated with impaired 

in vivo viability. The most likely explanation lies in suppressed hepatic leucocyte 

margination, displacing a greater proportion of labelled cells to the circulating pool. 

Whilst TJB is likely to remain the gold standard for diagnosis of severe AH, 

leucocyte scintigraphy has a number of potential advantages. The technique is non-

invasive and remains widely available in most centres. Radiation exposure is modest 

and usually lower than that incurred at TJB. Scintigraphy also permits whole organ 

interrogation and avoids the sampling error inherent in liver biopsy. The prevalence 

of infection in severe AH is high (up to 38%) (3) and clinical signs of sepsis may be 

muted or difficult to distinguish from the inflammatory response directly related to 

steatohepatitis. Although not demonstrated in this study, leucocyte scintigraphy may 

detect co-existent infectious foci in those with suspected severe AH. 

We did not identify cases of clinically suspected severe AH where histology refuted 

or altered the diagnosis, as others have shown (54,191), thereby questioning the need 



90 

 

for biopsy or other tests to confirm the condition. However our data demonstrate 

significant heterogeneity in the degree of histological steatohepatitis, which is 

independent of clinical and laboratory disease markers but predicted by leucocyte 

scintigraphy. One recent study found an association between peripheral leucocyte 

and platelet counts and the presence of histological ASH, and proposed an algorithm 

for biopsy based around these parameters (191). However we did not identify a 

statistically significant association between any such laboratory parameters and the 

histological severity of steatohepatitis (data not shown). 

Previous authors have described a positive association between histological 

neutrophil infiltration in severe AH and both the clinical response to corticosteroids 

(48) and survival (57). A means of prospectively identifying those patients likely to 

respond to therapy would be clinically useful, particularly given the high rates of 

infection and poor survival in non-responders to corticosteroids (104). We did not 

demonstrate a relationship between scintigraphic findings and either treatment 

response or in-hospital mortality. Furthermore there was no association between the 

histological severity of steatohepatitis and either outcome or survival, potentially as a 

consequence of the comparatively small cohort and the heterogeneity in prescribed 

therapies. Corticosteroid resistance in severe AH is likely to be multifactorial, 

extending beyond the severity of parenchymal neutrophil infiltration. Additionally, 

previous studies suggest corticosteroids are most efficacious in clinically 

intermediate disease (67) and the relationship between neutrophil migration and 

response to therapy may be similarly ‘bell shaped’. A larger study with defined 

therapeutic interventions, powered to assess therapeutic and survival end points, 

would be required to determine whether the leucocyte scintigraphy may have 

prognostic as well as diagnostic value in severe AH. 
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3.8 Limitations 

Limitations inherent in the current study include the comparatively small number of 

participants and use of unvalidated histological criteria. Severe AH is frequently 

considered a form of acute-on-chronic liver failure (ACLF) (2) and differentiation of 

severe AH from other forms of ACLF including end-stage ARLD and particularly 

sepsis-related cholestasis, is often the most significant clinical challenge. Our study 

lacked such a comparator group, in part due to the desire to obtain a homogenous 

cohort in this proof of concept study. It is hoped that these patients may form part of 

a future study. Gamma scintigraphy was performed at only two time points, which 

were selected to portray leucocyte margination (at 30 minutes PI) and 

destruction/migration (at 24 hours). Repeated imaging at shorter intervals would be 

desirable to demonstrate leucocyte kinetics with superior temporal resolution. This 

may give further insight into the pathological mechanisms of the disease and would 

be particularly valuable given the lack of an acceptable animal model for severe AH. 

We elected to radiolabel mixed leucocytes rather than purified neutrophils, which 

may be isolated using density gradient separation techniques. Pure neutrophil 

labelling has advantages in avoiding activity from other cell types, particularly 

lymphocytes and contaminating erythrocytes and platelets, though risks 

compromising cell viability due to ex vivo activation (153). However 
111

In 

preferentially radiolabels neutrophils, which take up approximately 80% of 

radioactivity applied to mixed leucocytes obtained through methylcellulose 

sedimentation (153). Therefore most of the observed activity at mixed leucocyte 

scintigraphy arises from neutrophils and their use minimises ex vivo cell 

manipulation, which may adversely affect in vivo cell behaviour. 

 



92 

 

3.9 Conclusion 

In conclusion, 
111

In-leucocyte scintigraphy is a novel technique for the assessment of 

hepatic neutrophil migration. In severe AH this results in distinct images, 

characterised by an abnormal rise in hepatic activity between 30 minutes and 24 

hours PI that corresponds to the histological severity of steatohepatitis. 
111

In-

leucocyte scintigraphy therefore has the potential to be developed as a readily 

available and non-invasive diagnostic aid in severe AH. 
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Chapter 4: Circulating granulocyte lifespan in inactive 

alcohol-related cirrhosis 

4.1 Statement of contribution 

The neutrophil lifespan measurements in normal volunteers used for comparison in 

this study were performed by Dr Neda Farahi and Professor Edwin Chilvers, 

University of Cambridge School of Clinical Medicine. 

4.2 Introduction 

Advanced forms of alcohol-related liver disease (ARLD) are associated with high 

rates of bacterial and fungal sepsis, which are a frequent cause of hospitalisation and 

death in patients with cirrhosis (3). In part this relates to defects in neutrophil 

function, including impaired phagocytic capacity and high resting oxidative burst 

(199). More recently, neutrophil dysfunction has been shown to occur in subjects 

with stable cirrhosis and to be transmissible to the neutrophils of healthy controls by 

incubation in plasma from cirrhotic subjects (200). In vitro studies have shown 

increased rates of neutrophil apoptosis in decompensated versus compensated liver 

disease, mediated through increased capsase-3 activity (201). In conjunction with 

hypersplenism arising from portal hypertension, this is likely to account for the 

neutropenia observed in cirrhosis. 

The normal in vivo circulating neutrophil lifespan is controversial, with a wide range 

of values depending upon the means of measurement. When determined from the 

sequential recovery of autologous radiolabelled granulocytes in peripheral blood, the 

normal intravascular half-life (t½) is approximately 7 hours (171). A much longer 

value of 5.4 days has recently been reported using in vivo heavy water (
2
H2O) 
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labelling (202), although significant concerns exist regarding the validity of this 

method (203,204). Indium-111 (
111

In) is a gamma emitting radionuclide with a 67 

hour physical half-life which preferentially labels neutrophils in a stable manner and 

is therefore ideally suited for in vivo study of neutrophil kinetics. Neutrophils 

constitute the majority of circulating granulocytes, the remainder comprising small 

numbers of eosinophils and basophils. Granulocytes are key to the innate immune 

response, although their lifespan in those with cirrhosis is currently unknown.  

4.3 Aims 

The aim of this study was to determine the intravascular survival half life of 
111

In-

labelled granulocytes in a group of subjects with inactive alcohol-related cirrhosis 

(ARC). 

4.4 Patients and methods 

Subjects with ARC were recruited from the outpatient liver clinic at our institution. 

Cirrhosis was diagnosed from any two of: clinical features (spider angiomata), 

radiological findings (irregular liver margin with or without splenomegaly) and 

corroborative liver biopsy. All had previously undergone negative testing for other 

causes of chronic liver disease including iron overload disorders, viral and 

autoimmune liver diseases. To avoid confounding effects from alcohol-induced bone 

marrow toxicity, all had been abstinent for ≥6 months prior to recruitment. For 

comparison, healthy controls without liver disease were recruited at a collaborating 

centre. 
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4.4.1 Leucocyte radiolabelling protocol 

Mixed leucocytes were radiolabelled in vitro under sterile conditions as previously 

described. Patients with cirrhosis underwent 
111

In-oxine leucocyte labelling 

(summarised in Figure 3.2). Leucocyte labelling in normal controls recruited at the 

collaborating centre was performed using 
111

In-tropolone, permitting radiolabelling 

to be performed in the continuous presence of autologous plasma, although the 

labelling procedures were otherwise identical. 

4.4.2 Measurement of circulating neutrophil and granulocyte residency time 

4.4.2.1 Granulocyte separation using CD15-labelled microbeads 

Sequential peripheral venous blood samples were obtained between 30 minutes and 

10 hours post injection (PI) of 
111

In-labelled mixed leucocytes and again between 20 

- 25 hours PI. Purified granulocytes were separated from each whole blood sample 

using a magnetic antibody-microbead method positively selecting for the 

granulocyte-specific antigen CD15 (205) according to the manufacturer’s 

instructions. Fresh peripheral blood samples were obtained in tubes containing the 

anticoagulant ethylenediaminetetraacetic acid (EDTA). A 1 ml fraction was 

transferred to a Falcon tube and mixed gently with 50 l of solution containing 

microbeads conjugated to monoclonal anti-human CD15 antibodies (Miltenyi 

Biotec, Bergisch, Germany) and incubated for 15 minutes at 2 - 8 
o
C. At the end of 

the incubation period the cells were washed by the addition of 3 ml of separation 

buffer and centrifuged at 445 g for 10 minutes at room temperature. The supernatant 

was aspirated and the cell pellet re-suspended in separation buffer to a total volume 

of 1 ml. CD15-labelled samples were transferred to an automated magnetic cell 

separator (autoMACS, Miltenyi Biotec, Bergisch, Germany) and positive cell 
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selection performed based upon CD15 expression using two columns containing 

ferromagnetic spheres. 

4.4.2.2 Measurement of granulocyte-associated radioactivity and calculation of 

circulating half-life 

The radioactivity of CD15 positive and negative fractions from whole blood 

separations was measured using a gamma counter (WIZARD 1480, PerkinElmer, 

Waltham, MA, USA). Samples were mixed and 1 ml aliquots placed in glass 

measuring vials for gamma counting, using 
111

In energy windows and a 5 minute 

counting period per sample. The sample radioactivity (measured in counts per 

minute) was corrected for background activity and decay and measurements repeated 

on serial dilutions to avoid errors arising from detector dead time. The number of 

granulocytes in each CD15 positive sample was determined using a 

haemocytometer, repeated in triplicate and with serial dilutions to avoid counting 

errors. Cell-associated radioactivity was determined at each time point by dividing 

the CD15 positive activity by the number of granulocytes in each sample. These 

values were expressed as a percentage of the peak value in each case and plotted 

over time. Circulating granulocyte survival half-life (G-t½) was calculated from the 

gradient of an exponential fitted to the data points acquired up to 12 hours PI.  

In normal controls studied at the collaborating centre, purified neutrophils were 

isolated from peripheral blood samples obtained up to 24 hours PI using a similar 

negative selection antibody-microbead technique, specifically selecting for 

neutrophils (RoboSep, StemCell Technologies, Vancouver, Canada). Neutrophil-

associated activity was measured using a gamma counter and neutrophil half-life (N-

t½) determined in the same manner as G-t½. 
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4.4.3 Statistical analysis 

Data are presented as mean standard deviation, median [interquartile range] or 

number (%) and all reported P values are two-tailed. Quantitative variables were 

compared using Student’s t-test or analysis of variance (ANOVA) and the Mann-

Whitney U or Kruskal-Wallis for parametric and non-parametric data respectively. 

4.4.4 Ethical approval 

The project received external Research Ethics Committee approval as an amendment 

to the preceding study protocol (REC reference number 08/H1107/36) and all 

participants gave written informed consent.   
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4.5 Results 

4.5.1 Patient characteristics 

Seven patients with cirrhosis and seven normal controls were studied. Compared 

with normal controls, subjects with cirrhosis were younger and a greater proportion 

were male, although these differences were not statistically significant (Table 4.1). 

Total peripheral leucocyte, neutrophil and platelet counts were similar in both 

groups. All cirrhotic patients were Child-Pugh class A (Child-Pugh score 6 in one 

case and 5 in all other subjects) and the stated median duration of abstinence from 

alcohol was 18 [11 - 84] months. Only two patients with cirrhosis had radiological 

evidence of splenomegaly, the maximum spleen size being 12.7 cm. 

Table 4.1 Patient characteristics at recruitment 

 

  

 
Inactive cirrhosis 

(n=7) 
Normal controls 

(n=7) 
P 

Age (years) 57.8 9.4 64.4 5.6 0.137 

Male gender 6 (85.7%) 3 (42.9%) 0.266 

MELD score 9 (7.5-9.2) - - 

Leucocyte count (x10
9
/l) 7.0 (7.0-9.2) 6.8 (4.9-7.4) 0.275 

Neutrophil count (x10
9
/l) 4.6 (3.5-5.5) 2.8 (2.7-4.4) 0.277 

Platelet count (x10
9
/l) 193 (89-256) 223 (188-260) 0.277 

 
Data are presented as mean standard deviation, median (IQR) or number (%) 

 

MELD, Modified end-stage liver disease score 

 

Normal values: leucocyte count 4-11 x10
9
/l, neutrophil count 2-7.5 x10

9
/l, platelet count 

150-450 10
9
/l 
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4.5.2 Intravascular granulocyte and neutrophil lifespan 

Mean normal circulating N-t½ determined from six healthy controls was 4.4 1.0 

hours. One normal control in whom N-t½ was 14.4 hours was deemed to be an outlier 

and excluded from the analysis. Mean G-t½ in cirrhosis was significantly shorter than 

the normal N-t½ (2.7 0.5 hours, P=0.007) (Figure 4.1). 

 

Figure 4.1 Comparison of intravascular granulocyte survival half-time (G-t½) in alcohol-

related cirrhosis versus normal neutrophil half-time (N-t½). 

Circulating granulocyte half-lives in cirrhosis were significantly lower than normal 

neutrophil survival. 

ARC: inactive alcohol-related cirrhosis. 
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Figure 4.2 Example peripheral blood clearance curves of 
111

In-labelled neutrophils in a normal control (a) and 
111

In-labelled granulocytes in patient with inactive 

alcohol-related cirrhosis (b). 

Corresponding rate constants and half-lives were determined from curves fitted to data up to 12 hours post injection (PI). 
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Figure 4.3 Pooled peripheral blood neutrophil recovery values in six normal controls (a) and granulocyte recovery in seven patients with inactive alcohol-related 

cirrhosis (b). 

Corresponding rate constants and half-lives determined from curves fitted to pooled data up to 12 hours post injection (PI). 
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Figure 4.2 shows example clearance curves in a normal control (a) and ARC (b). 

Cell-associated radioactivity up to 12 hours PI followed a monoexponential decay 

function. Pooled recovery values up to 12 hours PI in normal controls (Figure 4.3a) 

displayed a greater spread than in ARC (Figure 4.3b), giving rise to accordingly 

lower R
2
 values (0.74 versus 0.88 respectively). In both groups the intravascular 

half-life determined from the exponential fit of pooled recovery values was similar to 

the mean of individual lifespan measurements (G-t½ in cirrhosis 3.0 hours versus 

normal N-t½ 5.3 hours). Normal neutrophil recovery values after 20 hours PI lay 

close to the extrapolated exponential generated from measurements up to 12 hours 

PI. However in cirrhosis, CD15-associated activity in 13 of 14 (92.9%) of samples 

obtained >20 hours PI lay above the extrapolated exponential function. 

Transient rises in neutrophil-associated and CD15-associated activities were 

observed in 4 normal controls and 4 patients with cirrhosis respectively (example 

recovery curves shown in Figure 4.4). These typically occurred later in normal 

controls (~8 - 10 hours PI) compared with cirrhotic subjects (~4 - 6 hours PI), 

commensurate with the shorter G-t½ in cirrhosis. 
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Figure 4.4 Example peripheral blood clearance curves of 
111

In-labelled neutrophils in a normal control (a) and 
111

In-labelled granulocytes in patient with 

inactive alcohol-related cirrhosis (ARC) (b). 

Both curves exhibit transient rises in cell-associated radioactivity, likely to represent re-circulation of labelled cells into the systemic circulation from as yet 

unidentified sites of margination. 
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4.6 Discussion 

Although defects in neutrophil function have been reported in various forms of liver 

disease, this study is one of the first to describe the in vivo granulocyte lifespan in 

cirrhosis. A number of findings are noteworthy. Firstly, normal intravascular 

neutrophil residency time determined from the recovered neutrophil fraction of 

radiolabelled mixed-leucocytes was substantially shorter than previously reported 

(~5 hours versus ~7 hours) (171). Previous similar studies have labelled purified 

neutrophils, a process that requires substantial ex vivo cell manipulation (171), which 

risks activating cells and consequently altering their in vivo behaviour. The method 

utilised in the current study minimised cell perturbation during radiolabelling and 

only isolated pure cell lines from the whole blood samples used in the measurement 

of labelled neutrophil or granulocytes recovery. Furthermore, the intravascular 

survival of granulocytes and neutrophils in the current study was determined using 

whole blood samples obtained over a longer period than previously described (up to 

12 hours PI versus 5 hours PI) (171).  

Secondly, mean granulocyte lifespan in cirrhosis was significantly shorter than the 

normal neutrophil lifespan. This is despite the presence of small numbers of labelled 

eosinophils selected in CD15 positive samples, which would be expected to 

marginally prolong total granulocyte residency compared to pure neutrophil 

measurement. Suppressed granulocyte lifespan in cirrhosis is consistent with existing 

in vitro data suggesting increased frequency of neutrophil apoptosis in chronic liver 

disease (201). 

A transient decrease in the rate of fall or rise in both neutrophil and granulocyte 

associated activities was observed in both normal controls (Figure 4.4a) and 
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cirrhotics (Figure 4.4b) alike. These findings suggest delayed recirculation of 

labelled cells into the circulating granulocyte pool from sites of margination, 

reminiscent of recently reported findings using 
111

In-labelled eosinophils (206). The 

source(s) of recirculating granulocytes remain unknown and this warrants further 

study with dynamic gamma camera imaging at these time points.  

A ‘tail’ in granulocyte recovery data was observed in ARC, likely to reflect 

eosinophils isolated alongside neutrophils using CD15 positive selection. 

Eosinophils have been shown to have a much longer intravascular residency time 

than neutrophils (approximately 25 hours) (206). Eosinophils constituted just 2.8 

1.2% of total granulocytes in these individuals and are therefore unlikely to 

substantially affect recovery values obtained up to 12 hours PI. However, as a 

consequence of their long intravascular lifespan, over time eosinophils form a greater 

proportion of residual circulating radiolabelled leucocytes. The presence of labelled 

eosinophils in samples obtained after 20 hours PI is likely to account for the 

prolonged curve seen in CD15 separations, not observed with purified neutrophil 

separations in normal controls. 

4.7 Limitations 

Limitations inherent in the study methodology include the use of differing cell 

separation techniques in ARC and normal controls due to the recruitment of subjects 

in two separate centres. However, since neutrophils comprise the vast majority of 

granulocytes (95.3 2.1% in those with ARC), the comparison between N-t½ and G-

t½ appears to be scientifically appropriate. By calculating G-t½ from samples up to 12 

hours PI, the effect of radiolabelled eosinophils within CD15 positive samples is 

minimised. It is possible that the shorter G-t½ we identified in cirrhosis relates in part 
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either to differences in leucocyte radiolabelling or cell selection techniques. 

Additionally our method relies upon rapid and even distribution of radiolabelled 

cells between circulating and marginating granulocyte pools, and upon a steady rate 

of mature granulocyte release from the bone marrow during the period of 

measurement. 

We attempted to use this technique to measure G-t½ in a further cohort with severe 

AH (n=3, data not shown), in whom peripheral neutrophil counts post labelled 

leucocyte administration demonstrated significant variability. Attempts to correct 

radiolabelled cell recovery data for changes in the peripheral neutrophil count 

generated radically differing values and hence we were unable to determine G-t½ in 

these subjects with any degree of confidence. However future research with more 

refined techniques and a larger sample size may enable generation of meaningful 

data in this cohort. 

4.8 Conclusion 

This is the first study to describe granulocyte lifespan in cirrhosis, which is of 

potential significance given the existing evidence for neutrophil dysfunction and 

resulting susceptibility to infections in cirrhosis. Infection is an important trigger of 

hepatic decompensation, often culminating in acute-on-chronic liver failure, and 

remains an important predictor of in-hospital mortality. We identified granulocyte 

lifespan in cirrhosis to be substantially lower than both normal controls and the 

previous reported normal circulating survival half-time for 
111

In-labelled 

granulocytes (171). The delayed recirculation phenomena observed in both cirrhotic 

and normal subjects are novel findings and warrant further study to determine the 

foci from which labelled cells are released into the circulation.  
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Chapter 5: Determinants of long term outcome in severe 

alcoholic hepatitis 

5.1 Introduction 

The short-term outcome of severe AH is well described and mortality despite 

abstinence is high (up to 30% at one month)
 
(207). This can be improved in selected 

individuals with medical therapy, principally corticosteroids and/or pentoxifylline, 

although recent meta analyses and systematic reviews have given conflicting results 

(69,81,208). Data regarding the long-term course of severe AH beyond one year are 

sparse, though one year survival has been associated with corticosteroid therapy 

(abrogated by two years), peripheral leucocytosis and neutrophil infiltrate at liver 

biopsy
 
(48). Five year survival in alcoholic hepatitis has previously been reported, 

however these data are over four decades old and most patients did not have severe 

disease or cirrhosis
 
(209). 

Absolute alcohol cessation is widely accepted to be the sine qua non for recovery in 

severe AH (8,196,207). While this may seem self-evident, the prevalence and 

patterns of recidivism after severe AH are poorly described and data regarding its 

impact upon survival are conflicting (67,103). 

5.2 Aims 

The aim of this study was to describe outcome following index hospitalisation with 

severe AH and to identify factors associated with long-term mortality, both at 

baseline and after hospital discharge. 
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5.3 Patients and methods 

Brighton and Sussex University Hospitals NHS Trust is a large teaching trust in 

South East England with a referral base of ~300,000 patients. In our region, alcohol 

related hospital admissions have doubled over the last 7 years (855/100,000 in 

2003/04 to 1986.54/100,000 in 2010/11) and our primary care trust (PCT) ranks in 

the top quartile of PCTs for alcohol-specific mortality with death from chronic liver 

disease (CLD) being higher than the national average (210). 

The study period was from January 2006 until August 2011, the starting time point 

chosen due to the availability of electronic pathology records. All inpatient episodes 

with a primary coded diagnosis of ARLD (all ‘K70’ ICD-10 codes) were identified 

from the hospital’s database of inpatient admissions during this period. Medical and 

electronic records of consecutive patients admitted with a coded diagnosis of ARLD 

were then retrospectively reviewed to identify those with severe AH as their index 

presentation of liver disease. 

Severe AH was defined by: 

 Presence of jaundice (bilirubin >80 µmol/l) and coagulopathy (INR ≥1.5) 

with admission Discriminant Function (DF) ≥32 (64) 

 Long-standing alcohol excess (>50 g/day in women and >70 g/day in men 

until at least 6 weeks prior to admission) 

plus any one of the following additional criteria 

 AST:ALT ratio >2 

 Enlarged, tender liver with peripheral blood leucocytosis 

 Presence of hepatic encephalopathy at presentation 



109 

 

 Corroborative liver biopsy, where available 

Patients with any other form of co-existent chronic liver disease (viral hepatitis, iron 

overload, biliary or autoimmune disease) or history of jaundice ≥3 months were 

excluded 

In the context of severe AH management, the need for histological confirmation is 

controversial and the frequency of liver biopsy varies according to local facilities and 

expertise (47,54). A minority of our cohort (n=12, 11.0%) had biopsy-proven AH, 

reflective of clinical practice in most UK centres (47). A clinical diagnosis of severe 

AH proves correct in 96% of cases provided a threshold bilirubin ≥80mol/l is 

applied (211), a criterion fulfilled by all our patients. Our short-term outcomes (see 

below), were comparable to studies mandating histological confirmation of alcoholic 

hepatitis (103).  

5.3.1 Data collection 

A retrospective review of clinical records was performed and the following data 

obtained: patient demographics, nature, duration and quantity of alcohol 

consumption, presence of cirrhosis, ascites, infections, hepatorenal syndrome (HRS), 

hepatic encephalopathy (HE) and portal hypertension-related gastrointestinal (GI) 

haemorrhage. The following prognostic scores were calculated at admission: Child-

Pugh Score (CPS), DF (64), Glasgow Alcoholic Hepatitis Score (GAHS) (66), 

Model for End-stage Liver Disease (MELD) (71), and MELD-sodium (MELD-Na) 

(212). 

Medical therapy for severe AH at our institute is prescribed at the discretion of the 

treating hepatologist, though usually comprises corticosteroids (prednisolone 30 mg 
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or 40 mg daily) and/or pentoxifylline 1200 mg daily for four weeks. All patients 

received dietetic input and were offered referral to alcohol liaison counsellors. 

5.3.2 Study definitions 

Spontaneous bacterial peritonitis (SBP): ascitic polymorphonuclear count >250 

cells/mm
3
, with or without positive culture, or the presence of monomicrobial non-

neutrocytic bacterascites (213).  

Type 1 hepatorenal syndrome (HRS): defined according criteria described by the 

International Club of Ascites (214). 

Cirrhosis: any one of the following: corroborative histology, nodular liver margin or 

splenomegaly on imaging. 

Portal hypertension-related GI bleeding: bleeding due to gastric or oesophageal 

varices and/or hypertensive portal gastropathy. 

Recidivism: defined as any amount of regular alcohol use after index hospitalisation 

with severe AH. This was largely determined from self-reported alcohol 

consumption in hospital records, including documentation from Emergency 

Department and outpatient clinic visits, subsequent inpatient admissions and 

correspondence from primary care physicians. Patients were classified into four 

groups according to drinking behaviour following index hospitalisation: 

1) Consistent abstainers: continued abstinence following discharge sustained 

until last follow-up. 

2) Continued drinkers: evidence of early return (within 3 months of discharge) 

to regular alcohol use of any quantity, on-going at last follow-up. 



111 

 

3) Relapsers: those who abstained for at least 3 months after discharge though 

subsequently relapsed, with on-going alcohol use at last follow-up. 

4) Eventual abstainers: those who initially resumed drinking though had been 

abstinent for ≥3 months at last follow-up. 

In view of the small number of patients in group 4, for purposes of data analysis 

these cases were included in group 1. 

Overall survival was calculated from the date of hospitalisation with severe AH and 

censored at death or last hospital follow-up, determined as of July 2012. Cause of 

death was obtained from hospital, HM Coroner and primary care records. Deaths 

arising from hepatocellular carcinoma (HCC), liver failure and portal hypertension-

related GI bleeding were deemed to constitute liver-related mortality (LRM). In 

those surviving the index hospitalisation, the number of subsequent admissions and 

need for liver transplantation (LT) were recorded. Those undergoing LT were 

censored alive at the date of transplantation. 

5.3.3 Statistical analysis 

Data are presented as mean standard deviation, median (interquartile range) or 

number (%) and all reported P values are two-tailed. The Mann-Whitney U and 

Student’s t tests were used to compare non-parametric and parametric continuous 

variables respectively and categorical data were compared using the 
2
 test. Kaplan-

Meier (KM) survival tables and curves were generated and factors compared using 

the log rank test. Cox proportional hazards survival analysis was performed to 

identify factors associated with long-term mortality. Parameters with P value <0.10 

in univariate analysis were selected for inclusion in a multivariable Cox regression 

model to determine independent predictors of survival. Survival analyses were 
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performed in the whole cohort and then repeated to include only those who survived 

index hospitalisation. Receiver operator characteristic (ROC) curves were generated 

to evaluate the use of prognostic scores in predicting outcome beyond 12 months and 

compared using area under the curve (AUROC) analysis. In light of the anticipated 

high short-term mortality, the median follow-up time was calculated using the 

reverse KM method (215). Statistical analyses were undertaken using SPSS Version 

19.0 (Chicago, IL,USA) and figures produced using Prism Version 5 (GraphPad, San 

Diego, CA, USA).  

5.3.4 Ethical review 

This study was classified as service evaluation by both our institute’s Research and 

Development Department and the National Research Ethics Service, and 

consequently formal ethics approval was deemed unnecessary. 
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5.4 Results 

5.4.1 Patient characteristics 

During the study period there were 151,953 acute admissions of whom 1,167 

(0.77%) had a primary coded diagnosis of liver disease (all K70-77 codes). Of the 

latter there were 630 (54%) with a coded diagnosis of ARLD (all K70 codes). One 

hundred and seventy-four patients with suspected severe AH as index presentation of 

liver disease were identified. Sixty-five cases were excluded due to: coexistent viral 

hepatitis (n=8), decompensated alcohol-related cirrhosis rather than severe AH 

(n=22), alcohol-related fatty liver (n=4), incomplete clinical data (n=29) and 

diagnostic uncertainty (n=2). One hundred and nine patients were therefore found 

eligible for the study. This did include 7 patients (6.4% of the whole cohort), who 

were admitted during the study period with a coded diagnosis of ARLD, though their 

index presentation with severe AH pre-dated January 2006.  
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Table 5.1 Patient characteristics, baseline parameters and clinical features in 109 

patients at index hospitalisation with severe AH, stratified according to survival at 

last follow-up. 

 Alive (n=46) Dead (n=63) P value
*
 

Age (years) 48.7 9.8 50.3 9.1 0.360 

Male gender 28 (60.9%) 41 (65.1%) 0.652 

Smoker 24 (52.2%) 27 (42.9%) 0.336 

Duration of alcohol use (years) 15 (12) 10 (12) 0.595 

Alcohol consumption (units/day) 18.5 11.7 16.8 7.8 0.375 

Spirits use 28 (60.9%) 32 (50.8%) 0.296 

Diabetes mellitus 4 (8.5%) 6 (9.7%) 1.000 

    

Parameters at hospitalisation    

 Bilirubin (mol/l) 228 (98) 216 (194) 0.593 

 INR 1.8 (0.5) 1.7 (0.6) 0.609 

 Albumin (g/l) 29 (6) 29 (6) 0.655 

 ALP (iu/l) 215 (148) 202 (155) 0.908 

 ALT (iu/l) 41 (31) 46 (28) 0.404 

 AST (iu/l) 145 (83) 140 (82) 0.387 

 γGT (iu/l) 413 (524) 513 (774) 0.782 

 Urea (mmol/l) 3.2 (3.3) 3.4 (3.2) 0.459 

 Creatinine (mol/l) 51 (40) 56 (36) 0.731 

 Leucocyte count (10
9
/l) 9.6 (7.0) 11.1 (6.9) 0.356 

 Modified DF 59 (33) 55 (33) 0.585 

 GAHS 8 (2) 8.0 (3) 0.955 

 MELD score 23 (5) 23 (8) 0.652 

 MELD-Na score 27 (7) 26 (8) 0.801 

 Underlying cirrhosis 41 (89.1%) 53 (84.1%) 0.454 

 Child-Pugh score 11 (3) 11 (2) 0.583 

 

Complications at/during hospitalisation 

 Ascites 40 (87.0%) 55 (87.3%) 0.958 

 Hepatic encephalopathy 13 (28.3%) 29 (46.0%) 0.060 

 Infection 18 (39.1%) 34 (54.0%) 0.126 

 Spontaneous bacterial peritonitis 2 (4.3%) 5 (7.9%) 0.697 

 Hepatorenal syndrome 3 (6.5%) 17 (27.0%) 0.006 

 GI Haemorrhage 5 (10.9%) 4 (6.3%) 0.397 

    

Received CS and/or PTX 32 (69.6%) 39 (61.9%) 0.407 

CS and PTX 19 (41.3%) 20 (31.7%) 0.304 

CS monotherapy 5 (10.9%) 3 (4.8%) 0.227 

PTX monotherapy 8 (17.4%) 16 (25.4%) 0.319 

 

Data presented as mean standard deviation, median (IQR) or number (%) 

*Comparisons between those alive and dead at last follow-up 

 

Normal values: bilirubin 0-21 mol/l, INR 0.8-1.2, albumin 35-52g/l, ALP 40-129 iu/l, ALT 0-

41 iu/l, AST 0-40 iu/l, γGT 10-71 iu/l, urea 1.7-8.3 mmol/l, creatinine 62-106 mol/l 
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Table 5.1 shows demographic, clinical and laboratory data at entry for the whole 

cohort, stratified according to survival at last follow-up. This was a young and 

predominantly male cohort with severe disease; admission DF was ≥40 in 81.7% and 

admission MELD ≥21 in 77.1%. Of the 12 who underwent liver biopsy, cirrhosis 

was present in 11 (91.7%). An additional 83 patients were considered to have 

cirrhosis based upon radiological criteria. Therefore, based on histological and 

imaging criteria, 94 (86.2%) had cirrhosis, consistent with an earlier study where 

cirrhosis was confirmed on biopsy in ~90% with severe AH (48). Of those with 

cirrhosis, 83.0% were Child-Pugh class C at accession. Median length of hospital 

stay was 12.5 (14) days and estimated median follow-up time from hospitalisation 

was 40.7 months (95% CI 37.2 – 44.3). Of those surviving index hospitalisation, loss 

to follow-up within 6 months occurred in four patients (4.6%) and a cumulative 10 

cases (11.5%) by 12 months. 

The prevalence of various complications including infections, HRS and HE is shown 

in Table 5.1. A total of 64 infections occurred in 52 patients (prevalence 47.7%) 

which included 9 episodes of SBP (14.1% of all infections) (Table 5.2). Overall, 33 

infections (51.6%) were culture positive (54.5% gram negative organisms and 6.1% 

fungal). As regards the SBP episodes, organisms cultured included E. coli (n=5), 

Enterococci (n=1) and Streptococcus mitis (n=1), the remainder being culture 

negative (n=2). 
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Table 5.2 Infectious complications occurring during index hospitalisation with 

severe alcoholic hepatitis. 

(n=64) 

   
Infectious focus and organism isolated Number (%)   

Respiratory tract 17 (26.6%)   

 Culture negative 13   

 Staphylococcus aureus 2   

 Streptococci 1   

 MRSA 1   

    

Urinary tract 16 (25.0%)   

 Mixed coliforms 8   

 Culture negative 3   

 Candida species 2   

 Enterococci 2   

 Escherichia coli 1   

    

SBP / NNBA 9 (14.1%)   

            Escherichia coli 5   

            Culture negative 2   

 Enterococci 1   

 Streptococcus mitis 1   

    

Skin / wound 6 (9.4%) 

 Culture negative 2 

 Enterococci 2 

 Staphylococcus aureus 1 

 Mixed coliforms 1 

  

Gastrointestinal 5 (7.8%) 

 Culture negative 2 

 Clostridium difficile 2 

 Campylobacter jejuni 1 

  

Intravenous catheter associated 2 (3.1%)   

 MRSA 1   

 Bacillus cereus 1   

    

Unidentified focus/organism 9 (14.1%)   

 

MRSA: methicillin resistant Staphylococcus aureus, SBP: 

spontaneous bacterial peritonitis, NNBA: non-neutrocytic 

bacterascites 
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5.4.2 Outcomes 

During the study period there were 63 deaths, overall mortality being 57.8%. Twenty 

two patients died during the index hospital admission (in-hospital mortality 20.2%). 

The cause of death was liver failure in all, with median survival of 15 days (95% CI 

7-23). Factors associated with mortality during index hospitalisation were the 

presence of HE, infection and HRS, and admission bilirubin, urea, creatinine, ALT, 

leucocyte count, MELD score and MELD-Na (P ≤0.05 for all, Table 5.3). A further 

41 of the 87 patients (47.1%) who survived index hospitalisation died during follow-

up with a median survival of 30.2 months (95% CI 20.8 – 39.6). The cause of death 

was liver-related in 39 cases [liver failure (n=29), portal hypertension-related GI 

haemorrhage (n=9) and HCC (n=1)]. Therefore of the 63 total deaths, 61 (96.8%) 

were liver-related.  

A total of seven patients (6.4% overall and 8% of those surviving index 

hospitalisation) were considered for LT. One was listed but died of variceal 

haemorrhage prior to transplantation and in three LT evaluation was terminated 

because of recidivism. Three patients (2.7% of the overall cohort and 3.4% of those 

surviving hospitalisation) were eventually transplanted after a median of 61.6 (range 

18.4 - 87.4) months. Three of the surviving patients with HRS (Table 5.3) were not 

considered for LT due to recidivism. Another six patients who were abstinent died 

within 3 months of hospitalisation and were therefore not also considered for LT. 

Overall median survival for the entire cohort was 22.4 months (95% CI 11.1 - 33.7), 

the estimated five year survival being 31.8% (Figure 5.1).  
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Table 5.3 Patient characteristics and baseline parameters in 109 patients with severe 

alcoholic hepatitis, stratified according to index hospitalisation survival 

 Survived (n=87) Died (n=22) P value
*
 

Age (years) 49.4 (9.4) 50.6 (9.6) 0.593 

Male gender 53 (60.9%) 16 (72.7%) 0.305 

Smoker 41 (47.1%) 10 (45.5%) 0.888 

Duration of alcohol use (years) 15 (10) 10 (14) 0.342 

Alcohol consumption (units/day) 17.1 (9.7) 19.2 (9.5) 0.374 

Spirits use 48 (55.2%) 12 (54.5%) 0.958 

Diabetes mellitus 8 (9.2%) 2 (9.1%) 0.988 

    

Parameters at hospitalisation    

 Bilirubin (mol/l) 216 (132) 303 (399) 0.041 

 INR 1.8 (0.5) 1.8 (0.7) 0.994 

 Albumin (g/l) 29 (5) 29 (8) 0.338 

 ALP (iu/l) 211 (154) 237 (146) 0.831 

 ALT (iu/l) 41 (31) 49 (42) 0.050 

 AST (iu/l) 137 (95) 152 (49) 0.172 

 γGT (iu/l) 413 (552) 705 (1351) 0.071 

 Urea (mmol/l) 3.0 (2.8) 4.0 (9.4) 0.005 

 Creatinine (mol/l) 52 (25) 70 (174) 0.049 

 Leucocyte count (10
9
/l) 9.5 (6.6) 12.1 (7.5) 0.031 

 Modified DF 57.2 (27.0) 66.3 (47.1) 0.406 

 GAHS 8 (2) 9 (2) 0.078 

 MELD score 22.7 (4.5) 27.9 (10.9) 0.018 

 MELD-Na score 25.8 (6.4) 31.4 (9.4) 0.004 

 Underlying cirrhosis 76 (87.4%) 18 (81.8%) 0.498 

 Child-Pugh score 11 (2) 11 (3) 0.119 

    

Complications at/during hospitalisation 

 Ascites 73 (83.9%) 22 (100%) 0.068 

 Hepatic encephalopathy 22 (25.3%) 20 (90.9%) <0.001 

 Infection 32 (36.8%) 20 (90.9%) <0.001 

 Spontaneous bacterial peritonitis 7 (8.0%) 2 (9.1%) 1.000 

 Hepatorenal syndrome 3 (3.4%) 17 (77.3%) <0.001 

 Gastrointestinal Haemorrhage 8 (9.2%) 1 (4.5%) 0.683 

    

Received CS and/or PTX 56 (64.4%) 15 (68.2%) 0.737 

CS and PTX 29 (33.3%) 10 (45.5%) 0.289 

CS monotherapy 8 (9.2%) 0 (0%) 0.355 

PTX monotherapy 19 (21.8%) 5 (22.7%) 0.928 

 

Data presented as mean standard deviation, median (IQR) or number (%) 
*Comparisons according to index hospitalisation survival 
 

Normal values: bilirubin 0-21 mol/l, INR 0.8-1.2, albumin 35-52g/l, ALP 40-129 iu/l, ALT 0-41 

iu/l, AST 0-40 iu/l, γGT 10-71 iu/l, urea 1.7-8.3 mmol/l, creatinine 62-106 mol/l 
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Figure 5.1 Survival following index hospitalisation with severe AH 

Estimated median follow-up in 109 patients presenting with severe AH was 40.7 (95% CI 

37.2-44.3) months). The Kaplan-Meier method was used to estimate survival up to 5 

years following hospitalisation. 



120 

 

Table 5.4 Univariate analysis of demographic and baseline parameters associated 

with death in severe AH. 

(n=109) 

 

[P ≤0.10 indicated by bold font] 

Variable Hazard ratio 95% CI 

Lower   Upper 

P value 

Age 1.009 0.984 1.036 0.482 

Male sex 1.336 0.795 2.244 0.274 

Smoker 0.954 0.578 1.572 0.852 

Duration of alcohol use 0.989 0.960 1.019 0.483 

Alcohol consumption 0.998 0.971 1.025 0.871 

Spirits use 0.754 0.460 1.236 0.263 

BMI 0.991 0.932 1.054 0.769 

Diabetes mellitus 0.916 0.394 2.129 0.916 

Bilirubin 1.001 0.999 1.003 0.269 

INR 1.009 0.703 1.448 0.962 

Albumin 0.953 0.900 1.010 0.104 

ALP 1.001 0.998 1.003 0.664 

ALT 1.001 0.995 1.006 0.813 

γGT 1.000 1.000 1.001 0.108 

Urea 1.036 1.000 1.073 0.053 

Creatinine 1.006 1.002 1.010 0.003 

Sodium 0.971 0.936 1.007 0.118 

Leucocyte count 1.035 0.994 1.079 0.097 

CRP 1.005 0.995 1.014 0.333 

DF 1.001 0.995 1.007 0.785 

GAHS 1.050 0.869 1.269 0.611 

GAHS ≥9 1.134 0.691 1.863 0.618 

MELD 1.027 0.979 1.077 0.275 

MELD ≥21 0.781 0.423 1.444 0.431 

MELD-Na 1.030 0.980 1.083 0.242 

MELD-Na ≥28 1.183 0.704 1.988 0.526 

Child-Pugh score 1.082 0.932 1.257 0.299 

Ascites 1.178 0.560 2.477 0.666 

GI Haemorrhage 0.684 0.248 1.887 0.464 

HE 2.013 1.224 3.310 0.006 

HRS 4.661 2.632 8.253 <0.0001 

Infection 1.726 1.049 2.841 0.032 

Medical treatment 0.906 0.545 1.508 0.705 

CS & PTX 0.946 0.556 1.611 0.839 

CS Monotherapy 0.418 0.131 1.341 0.143 

PTX 1.309 0.741 2.313 0.354 

-blocker use 0.863 0.446 1.967 0.863 

PPI use 0.826 0.485 1.404 0.480 

Paracetamol use 1.210 0.732 2.000 0.458 
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5.4.3 Factors predicting outcome in the whole cohort 

Table 5.4 shows the results of the univariate survival analysis for 20 continuous and 

19 categorical variables measured at baseline. Parameters associated with mortality 

were serum urea and creatinine, peripheral blood leucocyte count and the presence of 

infection, HE and HRS (P ≤0.10 for all). There was significant collinearity between 

leucocyte count and the presence of infection, and multicollinearity between urea, 

creatinine and the presence of HRS. Therefore the following variables were entered 

into the multivariate Cox regression analysis: presence of HE, HRS and infection. 

Only the presence of HRS remained independently associated with mortality in the 

multivariable model (HR 3.842, 95% CI 2.018-7.312, P <0.0001) (Table 5.5). 

However HRS was fatal within three months of accession in 85.0% of cases, with 

median survival of 0.52 months (95% CI 0.43-0.61).  

Table 5.5 Multivariable analysis of demographic and baseline parameters associated 

with death in severe AH. 

(n=109) 

 

Variable B SE Wald df P value Hazard 95% CI 

      Ratio Lower Upper 

HE 0.219 0.299 0.537 1 0.464 1.245 0.693 2.238 

HRS 1.346 0.328 16.802 1 <0.0001 3.842 2.018 7.312 

Infection 0.249 0.275 0.819 1 0.365 1.283 0.748 2.201 
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5.4.4 AUROC analysis for clinical prognostic scores  

In area under the curve (AUROC) analysis, no baseline clinical prognostic score 

proved discriminatory in predicting outcome at 12 (Figure 5.2a), 24 or 48 months 

(Figure 5.2b). In a further analysis, none of the baseline clinical prognostic scores 

were significantly associated with overall survival, either as continuous variables or 

using published cut-offs to define severe disease (GAHS ≥9, MELD ≥21 and 

MELD-Na ≥28) (65,77,78) (data not shown). 
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Figure 5.2 AUROC analysis of baseline prognostic scores at index hospitalisation 

with severe AH in predicting survival at 12 months (a) and 48 months (b). 

No baseline prognostic score proved discriminating in predicting survival at either 

time point with all AUROC values lying close to the diagonal. 

GAHS: Glasgow alcoholic hepatitis score, MELD: modified end-stage liver disease 

score, MELD-Na: MELD-Sodium 

a) 

 

b) 
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5.4.5 Effect of medical therapy 

Medical treatment (taken as a whole or stratified by drug) was not associated with a 

survival benefit in either the Cox analysis (Table 5.4) or in a separate binary logistic 

regression of survival to 12, 24 or 48 months (data not shown). Inpatient mortality 

was not significantly different between treated and untreated groups (21.1% versus 

18.4%, P=0.737). The prevalence of HRS did not differ according to pentoxifylline 

treatment (22.2% treated versus 13.0% untreated, P=0.317). Of the 38 patients not 

treated with corticosteroids and/or pentoxifylline (Table 5.1), infection and 

gastrointestinal haemorrhage were present in 14 (36.8%) and 5 (13.1%) respectively. 

5.4.6 Factors predicting outcome in those surviving index hospitalisation 

Eighty seven patients (79.8%) survived the index hospitalisation with severe AH and 

all bar one had available data regarding alcohol use after discharge. Median survival 

in this cohort was 31.6 months (95% CI 20.8 - 39.6). At last follow up 37 patients 

(43.0%) were abstinent, of whom 30 were consistent abstainers and seven eventual 

abstainers. Forty-nine (57.0%) were drinking alcohol at last follow up, of whom 33 

were continued drinkers and 16 relapsed after initial abstinence. Therefore 56 

(65.1%) suffered an alcohol relapse at some stage, though at last follow up 49 

(57.0%) were still drinking alcohol. In those with recidivism, mean alcohol 

consumption was lower during relapse compared with accession though the 

differences were not statistically significant (12.4 8.9 versus 17.3 12.9 units/day, 

P=0.088). Ten patients had two or more discrete episodes of severe AH, and have 

been reported separately (216).  
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Table 5.6 Univariate analysis of demographic and baseline parameters associated 

with death in those surviving index hospitalisation with severe AH. 

(n=87) 

 

[P ≤0.10 indicated by bold font] 

Variable Hazard 

ratio 

95% CI 

Lower       Upper 

P value 

Age 1.011 0.979 1.043 0.516 

Male sex 1.187 0.633 2.226 0.592 

Smoker 0.946 0.508 1.764 0.862 

Duration of alcohol use 0.992 0.956 1.029 0.669 

Alcohol consumption 0.979 0.939 1.021 0.329 

Spirits use 0.676 0.366 1.249 0.211 

BMI 0.996 0.925 1.072 0.907 

Diabetes mellitus 0.861 0.306 2.420 0.777 

Bilirubin 0.999 0.996 1.001 0.329 

INR 1.027 0.663 1.591 0.905 

Albumin 0.966 0.899 1.038 0.347 

ALP 1.001 0.997 1.004 0.734 

ALT 0.998 0.990 1.005 0.553 

γGT 1.000 0.999 1.001 0.930 

Urea 0.935 0.846 1.034 0.192 

Creatinine 0.993 0.982 1.003 0.185 

Sodium 0.987 0.938 1.038 0.599 

Leucocyte count 0.993 0.935 1.054 0.819 

CRP 0.991 0.977 1.004 0.182 

DF 1.000 0.991 1.008 0.943 

GAHS 0.916 0.716 1.172 0.487 

GAHS >9 0.792 0.419 1.497 0.473 

MELD 0.956 0.887 1.031 0.243 

MELD >21 0.585 0.285 1.203 0.145 

MELD-Na 0.962 0.900 1.028 0.251 

MELD-Na >28 0.546 0.252 1.183 0.125 

Child-Pugh score 1.010 0.840 1.214 0.916 

Ascites 0.714 0.329 1.553 0.396 

GI Haemorrhage 0.742 0.229 2.408 0.619 

HE 0.721 0.344 1.511 0.386 

HRS 0.046 0.000 19.408 0.317 

Infection 0.820 0.429 1.567 0.548 

Medical treatment 0.849 0.456 1.582 0.607 

CS & PTX 0.732 0.359 1.494 0.391 

CS Monotherapy 0.578 0.177 1.884 0.363 

PTX 1.480 0.739 2.964 0.269 

-blocker use 1.125 0.473 2.677 0.790 

PPI use 0.900 0.459 1.765 0.759 

Paracetamol use 2.088 1.064 4.099 0.032 

Alcohol relapse at any time 1.735 0.798 3.769 0.164 

Abstinence at last follow-up 0.329 0.151 0.716 0.005 
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Table 5.6 shows the univariate survival analysis in those surviving index 

hospitalisation. Parameters associated with mortality (at P <0.10 level of 

significance) were paracetamol use and abstinence status at last hospital follow-up. 

There was no significant difference in mean daily inpatient paracetamol dose 

between survivors and those who died (0.51 g/day 0.36 versus 0.96 g/day 1.61, 

P=0.233). In multivariate analysis (Table 5.7) only alcohol abstinence remained 

statistically significantly associated with outcome (HR for death 0.370 (95% CI 

0.168 - 0.818), P=0.014). Median survival in continued or relapsed drinkers was 

24.1 (95% CI 16.9 - 31.3) months, significantly lower than those who remained or 

eventually achieved abstinence where survival plateaued at 75.3% after 19.6 months 

(P=0.003) (Figure 5.3a). When those with recidivism were stratified into continued 

and relapsed drinkers, five year survival was significantly higher in abstainers 

(75.3%) compared with relapsed and continued drinkers (26.8% and 21.0% 

respectively, P=0.005) (Figure 5.3b). In a separate binary logistic regression there 

was no statistically significant difference in survival at 12 months according to 

abstinence (HR 1.714, 95% CI 0.612 - 4.802, P=0.305). By 18 months there was a 

trend to increased survival (HR 2.714, 95% CI 0.995 - 7.404, P=0.051) though this 

only assumed statistical significance at 24 and 48 months (HR 3.207, 95% CI 1.224 - 

8.400, P=0.018 and HR 6.243, 95% CI 2.356 - 16.546, P <0.001 respectively). 

Table 5.7 Multivariable analysis of demographic and baseline parameters associated 

with death in those surviving index hospitalisation with severe AH. 

 (n=87) 

Variable B SE Wald df P value HR 95% CI 

       Lower Upper 

Paracetamol use 0.503 0.352 2.035 1 0.154 1.653 0.829 3.298 

Abstinence at follow-up -0.993 0.404 6.037 1 0.014 0.370 0.168 0.818 
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Figure 5.3 Kaplan-Meier survival curves according to recidivism or abstinence following 

hospitalisation with severe AH. 

Survival was compared according to abstinence status at last follow-up (a) and according to 

pattern of recidivism (b). A statistically significant survival benefit from abstinence was 

observed 18 months after hospitalisation. Outcome was similarly poor in continued drinkers 

and those who relapsed following a period of initial abstinence. 

  

 

a) 

b) 
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Readmission to hospital occurred in 68 (78.2%) of those surviving the index episode, 

in whom there were a further 348 hospitalisations. The median number of 

readmissions per patient was significantly higher in relapsed or continued drinkers 

compared with those who consistently abstained (5 versus 1, P=0.001). The specific 

indication for each readmission was not recorded, though the vast majority appeared 

to be liver-related.  

Amongst the 46 patients alive at last follow-up, clinical prognostic scores at this 

point were significantly better in abstainers than continued or relapsed drinkers 

(median MELD 9.4 versus 13.5, P=0.008, median CPS 6 versus 8, P=0.031). 

5.5 Discussion 

This is one of the first published studies to describe the long-term course in patients 

with severe AH and to comprehensively examine predictors of long-term outcome. 

Several issues are noteworthy. Firstly, of those surviving index hospitalisation, about 

half died during follow up, the estimated five year survival for the whole cohort 

being 31.8%. In fact 65.1% of all deaths occurred after hospital discharge and almost 

all were liver-related. Secondly, the prevalence of recidivism was high (overall 

65.1%, and at last follow up 57.0%) which contributed both to the high overall 

mortality and rates of hospital readmission. Although HRS was an independent 

predictor of mortality, it proved fatal within 3 months of accession in 85.0%, 

consistent with a recent French study (217). Similarly, none of the current prognostic 

scores calculated at accession (DF, GAHS, MELD and MELD-Na) were 

discriminatory in predicting survival beyond 12 months. Abstinence at last follow-up 

remained the only independent predictor of long-term outcome (HR 0.370, 95% CI 

0.168-0.818, P=0.014), with five year survival significantly higher in abstainers 
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(75.3%) compared with relapsed and continued drinkers (26.8% and 21.0% 

respectively, P=0.005). 

Lifelong sobriety has been considered vital for recovery from severe AH 

(8,196,207). Although this may seem intuitive, published data regarding the 

prevalence and patterns of recidivism after severe AH and the impact upon survival 

are conflicting. This is most likely reflective of inadequate follow-up, as well as 

inclusion of patients with the entire spectrum of ARLD (67,124,218). Recidivism 

occurred in almost two-thirds of our cohort, much higher than previously reported in 

patients with severe AH (28%-38% at six and 12 months respectively) (67,103). 

Besides the aforementioned factors, additional reasons for this difference could 

include cultural variations. Although per capita alcohol consumption has stabilised 

or fallen in most Western European countries, the UK bucks this trend having 

amongst the highest rates of alcohol use in the European Union (219). To our 

knowledge only one other published study has assessed the impact of recidivism 

upon severe AH, finding no survival advantage from abstinence at either 3 or 12 

months follow-up (67). This is not surprising in view of our data suggesting that the 

survival benefit from sobriety in severe AH may not be apparent within the first 

year. In addition, the lower prevalence of both recidivism and severe disease in the 

Spanish study (67) may be another explanation for the discordant results.  

Our findings corroborate recent data suggesting abstinence has a positive impact 

even in advanced forms of ARLD (124,218,220) (although these studies focussed 

largely on alcohol-related cirrhosis rather than severe AH). In the French study, 

where only 18% had severe AH, improvement in CPS occurred within 3 months of 

abstinence and a survival benefit became apparent by 8 months (124). However our 

data suggest that with more fulminant forms of ARLD, such as severe AH, 
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improvement in survival due to abstinence can be delayed to 18 months (Figure 5.3). 

This is likely to reflect the more protracted nature of this illness. Furthermore, 

contrary to previous authors (124,209), we found no significant difference in the 

survival of continued versus relapsed drinkers (P=0.182), where outcome was 

equally poor. Transient abstinence is therefore of little benefit in severe AH and 

patients should be given a clear and consistent message regarding the need for 

immediate and sustained sobriety. 

The time lag between abstinence and improved survival provides a window of 

opportunity for medical therapy to prevent early deaths. Our patients were treated 

with various drug regimens including combination therapy (corticosteroids and 

pentoxifylline) despite a lack of corroborative evidence from recent trials (208). 

However, these data only became available towards the end of our study period and 

prescribing patterns at our institution have subsequently been altered. Only 43% of 

our cohort received corticosteroids, consistent with an earlier trial where <40% were 

considered eligible for medical treatment (95). This highlights the on-going 

controversy regarding optimal medical treatment of severe AH and the unmet need 

for safer drugs. We did not observe medical therapy to predict survival at 12 months 

(48,85), or at even later time points, though we accept that this study was neither 

specifically designed nor powered to assess this.  

For many hepatologists, that abstinence determines long-term survival after severe 

AH will be unsurprising. However recognition of this fact is paramount, not least 

because recidivism is one of the few potentially modifiable prognostic factors. Our 

data support interventions to improve abstinence in severe AH during the first year 

after hospitalisation. Unfortunately trials investigating the use of anti-craving drugs 

are currently lacking because of a tendency to exclude those with liver disease due to 
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hepatotoxicity concerns. However, a recent study of the γ-amino butyric acid B 

receptor (GABAB) agonist baclofen in a cohort with ARLD (a third with Child-Pugh 

C disease) found a significant reduction in recidivism compared with placebo (71% 

versus 29%, OR 6.3, 95% CI 2.4 - 16.1, P=0.0001) with an excellent safety profile 

(221).  

The six month abstinence rule has traditionally precluded LT in severe AH (132). 

Only 2.7% of our cohort subsequently underwent LT as definitive treatment, 

consistent with the low rate of transplantation in ARLD as a whole (124). The low 

rates of LT and high mortality in our study suggests that maybe transplantation 

should have been more aggressively pursued. Such a strategy has recently been 

advocated in highly selected individuals with treatment-refractory severe AH as their 

index presentation of ARLD
 
(85). Six of our abstinent patients who died within 3 

months of hospital discharge could therefore potentially have been considered for a 

LT. While this remains an emotive issue, the high recidivism rates which we have 

observed (including the ~20% potential for relapse after initial abstinence), begs the 

question as to whether it is possible during the acute illness to confidently identify 

those likely to remain abstinent after LT. Unfortunately, due to the small numbers, 

our data do not help identify the subgroup likely to benefit from early transplantation 

nor permit us to determine a time point at which sustained abstinence could be 

predicted. 

In those surviving hospitalisation we identified inpatient paracetamol use to be 

associated with mortality in univariate (HR 2.088, 95% CI 1.064 - 4.099, P=0.032) 

though not in a subsequent multivariate analysis. The presence of other stronger 

predictors of early mortality, such as HRS and infections, may explain why this 

association was not seen in the whole cohort. Paracetamol-induced liver injury is 
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recognised to occur at therapeutic doses in chronic alcohol users due to glutathione 

depletion and cytochrome P-450 isoenzyme CYP2E1 induction (222,223). A recent 

study reported that use of 4 g/day of paracetamol was safe in chronic alcohol 

abusers, however most did not appear to have severe ARLD (224). Indications for 

paracetamol prescribing were not recorded in the current study and although it is 

possible that paracetamol is a surrogate marker for concomitant illness, we identified 

no statistically significant difference in peripheral leucocyte count, C-reactive 

protein or incidence of infection according to paracetamol use. 

5.6 Limitations 

Limitations inherent in the study methodology include the retrospective collection of 

data and reliance upon self-reported alcohol use to determine recidivism. 

Nonetheless, we attempted to corroborate abstinence by cross-referencing 

documentation from multiple sources (including outpatient clinics, Emergency 

Department visits and correspondence with primary care) and using objective 

evidence where possible, including Emergency Department blood alcohol testing. 

Our categorisation of recidivism is also likely to be a crude representation of 

complex behaviour. By combining consistent and eventual abstainers (Groups 1 and 

4) for analysis we may risk under-estimating the benefit of abstinence, through 

inclusion of those who abstain at a late stage with terminal disease. However the two 

groups had similar MELD (11.1 versus 9.3, P=0.308) and CPS (7 versus 5.5, 

P=0.157) at last follow-up, making this unlikely. Finally, during the study period we 

were unable to assess if abstinence was associated with regression of cirrhosis, as has 

been reported in CLD of other aetiologies (225). Nonetheless, it is now our practice 

to perform transient elastography in all individuals with ARLD on a yearly basis. 
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5.7 Conclusion 

In conclusion, after index presentation with severe AH only ~30% survive long-

term, with almost all deaths (96.8%) being liver-related. Two-thirds of the total 

deaths occur after initial hospitalisation, undoubtedly due to the high prevalence of 

recidivism (65.1%). Alcohol use at the last follow-up remains the only independent 

predictor of long-term outcome, five year survival being approximately three-fold 

higher in abstainers than continued drinkers. These data are worrying, especially in 

light of the rising tide of ARLD in the UK, and underscore the urgent need for 

innovative strategies to improve abstinence following hospitalisation with severe 

AH. The continued focus on short-term survival as the goal for therapy ignores the 

significant burden of late-stage mortality in severe AH as demonstrated by this 

study. 
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Chapter 6: Clinical characteristics and outcomes in 

recurrent severe alcoholic hepatitis 

6.1 Introduction 

Rates of alcohol relapse following index presentation with severe AH are not well 

described. A French group reported recidivism in just 28% of their cohort 6 months 

after hospitalisation with severe AH (103). However this is somewhat at odds with 

US data, where 67-81% of all-comers treated for alcoholism had returned to drinking 

within one year (226). Although recurrence of AH has previously been recorded, 

accounting for 2.4% - 9.7% of described episodes (48,67), these studies have not 

reported such cases in any detail.  

6.2 Aims 

The aims of this study were to assess the prevalence, patient characteristics and 

outcomes in recurrent severe AH. 

6.3 Patients and methods 

Patients were identified from hospital admissions with ARLD between January 2006 

and August 2011 as previously described. Medical records were retrospectively 

reviewed to identify consecutive patients with severe AH as their index presentation 

of liver disease. Severe AH was defined by: 

 Presence of jaundice (bilirubin >80 µmol/l and coagulopathy (INR ≥1.5) with 

Discriminant Function (DF) ≥32 (64) 

  Long-standing alcohol excess (>50 g/day in women and > 70 g/day in men) 

 AST:ALT ratio >2, where available 
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 Enlarged, tender liver with leucocytosis 

 Presence of hepatic encephalopathy 

 Exclusion of other causes of liver disease (see below) with imaging showing 

absence of biliary disease 

 Corroborative liver biopsy where available 

The necessity to confirm AH histologically remains controversial as the need to 

resort to a transjugular route is challenging and delays medical treatment, thus few 

centres in the UK adopt this approach (15). The main clinical confounder with severe 

AH is decompensated alcohol related cirrhosis. Studies have identified that bilirubin 

>5 times the upper limit of normal (ULN) in presence of ongoing alcohol use 

accurately discriminates severe AH from decompensated cirrhosis (16). In a review 

of randomized controlled trials of therapy for severe AH, a bilirubin >80µmol/l, was 

associated with histological AH in 96% (56). Therefore our criteria for diagnosis of 

severe AH were robust and evidence based. Additionally, a rigorous review of 

medical notes was performed to exclude those with high probability of 

decompensated cirrhosis. 

Since recurrent severe AH has not been described before in any detail, for the 

purposes of this case series it was defined as: two or more discrete episodes of severe 

AH coinciding with recidivism in an individual with documented 

resolution/improvement in jaundice (defined as a reduction in serum bilirubin to <5x 

ULN) during intervening periods of abstinence. At each admission with recurrent 

severe AH additional causes of liver disease were diligently excluded. Recidivism 

was defined as any amount of regular alcohol use after index presentation with 
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severe AH and, depending upon the pattern of recidivism, patients were classified 

into three groups: 

1) Continued drinkers; those with continuous ongoing alcohol use after 

discharge 

2) Relapsers; those who initially achieved abstinence and subsequently 

relapsed 

3) Eventual abstainers; those who initially resumed alcohol intake but 

eventually abstained 

Screening for other causes of liver disease included assessment of hepatotoxic drug 

use, viral hepatitis (A, B & C, E, CMV and EBV), serum ferritin, auto antibodies 

(ANA, SMA, AMA and LKM) and alpha 1 antitrypsin level. Abdominal imaging 

was performed at each episode with either ultrasound and/or computed tomography. 

Histological confirmation of AH is not mandatory at our institute (as is the current 

practice in most UK centres) and the nature of medical treatment is left to the 

discretion of the treating Hepatologist. However, standard practice is to prescribe 

corticosteroids (prednisolone 30 mg or 40 mg daily) and/or pentoxifylline 1200 mg 

daily for four weeks. Prognostic scores for determining severity of AH were 

calculated at each admission including modified DF (64), Glasgow Alcohol Hepatitis 

score (GAHS) (66), and the Model for End-Stage Liver Disease (MELD) (76). 

Treatment response was defined as fall in bilirubin following 7 days of any medical 

therapy (103). 
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6.3.1 Statistical analysis 

Data are presented as mean SD or median (range). Differences between categorical 

and continuous variables were analysed using the 
2
 or Fisher’s exact tests and 

independent-samples t test or Mann Whitney U test respectively. A 2 tailed P value 

<0.05 was considered statistically significant. Statistical analysis was performed 

using the SPSS software package (IBM, version 19). 

6.4 Results 

There were 56 index presentations of severe AH with subsequent recidivism during 

the study period, 62.5% of whom were men. Ten of these 56 patients (17.9%) 

presented with recurrent episodes of severe AH. We excluded three (two men and 

one woman) because of inadequate clinical data (n=1) and concerns regarding other 

forms of co-existent liver disease during the second episode of severe AH (n=2). We 

therefore report on seven patients with 17 episodes of severe AH for whom a) 

complete records were available, b) additional causes for hepatic decompensation 

could be confidently excluded at each admission and c) liver enzymes were 

compatible with severe AH (AST/ALT ratio ≥2, and ALT <3 times ULN). Three of 

the seven patients underwent a transjugular liver biopsy (TJB) during at least one of 

the episodes of severe AH with histology consistent with alcoholic steatohepatitis. 

All seven patients had underlying cirrhosis, diagnosed on clinical, radiological and, 

where available, histological grounds. 
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Table 6.1 Demographic and clinical data in seven patients with recurrent severe alcoholic hepatitis 

Patient 1 2 3 4 5 6 7 

Age (years) 49 61 42 47 38 46 52 

Gender Male Female Male Female Female Female Male 

No of episodes 3 2 3 3 2 2 2 

Alcohol use:        

Units/day 20 10 15 20 30 15 13 

Duration (years) 20 20 15 10 8 20 20 

Laboratory and prognostic parameters during severe AH episodes (mean) 

Bilirubin 292 239 288 322 310 214 253 

INR 1.7 1.7 1.8 2.4 1.8 1.6 2.2 

DF 55 50 57 92 60 44 75 

GAHS 9 8 8 9 8 8 10 

MELD 23 22 24 27 24 21 25 

Child-Pugh score 11 11 9 12 11 10 13 

Medical therapy (Treatment response) 

Episode 1 CS/PTX (NR) CS/PTX (R) CS/PTX (NR) PTX (R) CS/PTX (R) CS (NR) PTX (NR) 

Episode 2 CS/PTX (NR) 
Withheld; 

sepsis 
CS (R) CS/PTX (R) CS/PTX (R) 

Withheld; 

sepsis 

 

PTX* only (sepsis) 

 

Episode 3 CS/PTX (NR) - 
Withheld; 

sepsis 

PTX*only 

(sepsis) 
- - - 

Mean Interval to 2
nd

 severe AH (months) 9 35 8 4 17 36 26 

Mean recidivism duration (months) 6 2 2 12 2 18 6 

Laboratory and prognostic parameters during abstinence (mean) 

Bilirubin 30 17 71 31 21 62 40 

INR 1.2 1.1 1.4 1.3 1.1 1.3 1.5 

MELD 11 7 17 12 8 14 14 

CPS 7 6 8 7 6 8 6 

Duration of follow-up (months) 82 35 41 28 20 73 26 

Outcome 
Alive (LT), 

recidivism 
Died MOF Died MOF Died MOF 

Alive, 

abstinent 

Alive, 

abstinent 
Died MOF 

 

CS: corticosteroids, PTX: pentoxifylline, R: treatment response, NR: treatment non-response, DF: discriminant function, GAHS: Glasgow Alcohol 

Hepatitis Score, MOF: multi organ failure, LT: liver transplant. 
*Death before day 7 of treatment 
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Figure 6.1 Serum bilirubin and prognostic scores during three episodes of severe alcoholic hepatitis (SAH) in patient #1. 
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6.4.1 Patient characteristics 

Table 6.1 shows clinical and biochemical data in the seven patients. Mean age at first 

presentation was 47.9 7.4 years, the majority (57.1%) being female with mean 

duration of follow-up being 43.8 24.3 months. The mean daily alcohol consumption 

and duration of alcohol use was 17.6 6.6 units and 16.1 5.2 years respectively. 

Three patients had three distinct episodes of severe AH, the remainder having two 

each. The recurrent episodes of severe AH corresponded to short periods of 

recidivism (median duration 4 (1.5 - 21) months), with significant clinical and 

biochemical improvement during subsequent periods of abstinence (example shown 

in Figure 6.1). The mean interval between the first and second episodes of severe AH 

was 19.3 13.3 months. 

6.4.2 Treatment response 

There were 14 treatment episodes, comprising combination of corticosteroids and 

pentoxifylline in 8 (57.1%), pentoxifylline monotherapy in 4 (28.5%) and 

corticosteroid monotherapy in two (14.3%). Three patients were treated with 

prednisolone on more than one occasion and responses were consistent in two 

(66.7%). Corticosteroids were withheld due to sepsis in 5 of the 17 (29.4%) episodes 

(Table 6.1). 

6.4.3 Comparison of index versus recurrent episodes 

Table 6.2 shows data in the seven index episodes compared to the subsequent ten 

recurrent ones. The latter were more severe and protracted, as reflected by worse 

prognostic scores and higher prevalence of complications. Not all differences were 

statistically significant, most likely due to the small sample size. 
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Table 6.2 Comparison of index and recurrent episodes of severe alcoholic hepatitis 

 

 

6.4.4 Outcomes 

Overall mortality was 57.1%, being similar in men (66.7%) and women (50%), and 

was liver-related in all cases. Corticosteroids were withheld due to sepsis in all four 

fatal episodes. Of the three who were alive at last hospital follow up, two were 

abstinent (mean duration 27.5 21.3 months). Our first patient did undergo a 

successful liver transplant (LT) following a prolonged period of abstinence after 

three episodes of severe AH but developed significant graft dysfunction with ascites 

20 months later. A liver biopsy showed bridging fibrosis and steatohepatitis, 

consistent with alcohol use. 

 

Index episodes 

n=7 

Recurrent episodes 

n=10 
P value 

Bilirubin at admission (mol/l) 227 39 317 95 0.019 

Bilirubin zenith (mol/l) 316 86 495 223 0.063 

INR at admission 1.7 0.2 2.0 0.5 0.159 

INR zenith 1.9 0.3 2.0 0.9 0.853 

DF 50.5 10.9 70.4 27.9 0.014 

GAHS ≥9 2 (28.6%) 8 (80%) 0.058 

MELD 22.1 1.5 26.2 3.7 0.008 

Alcohol consumption (units/day) 17.6 6.6 13.6 8.8 0.328 

Duration of recidivism (months) - 4 (1.5-21) - 

Duration of hospitalisation (days) 13 (7-22) 11.5 (2-35) 0.922 

Ascites (%) 6 (85.7%) 9 (90%) 0.999 

HE (%) 3 (42.9%) 7 (70%) 0.350 

Renal failure (%) 0 2 (20%) 0.485 

SBP (%) 0 3 (30%) 0.228 

GI haemorrhage (%) 0 2 (20%) 0.485 

Data presented as mean standard deviation, median (range) or number (%)  

Normal values: bilirubin 0-21 µmol/l, INR 0.8-1.2 

 

DF: discriminant function, GAHS: Glasgow alcohol hepatitis score, HE: hepatic 

encephalopathy, SBP: spontaneous bacterial peritonitis, GI: gastrointestinal 
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6.4.5 Factors associated with recurrent severe AH 

Table 6.3 shows data in those with recidivism, comparing the cohorts with and 

without recurrent severe AH. Those with recurrent severe AH were more likely to be 

women, have hepatic encephalopathy (HE) at index presentation, higher alcohol 

intake during relapse and a recidivism pattern characterised by relapse after initial 

abstinence rather than continuous alcohol intake. Again, not all the differences were 

statistically significant, most likely due to the small sample size. 

Table 6.3 Comparison of patients with recidivism with and without recurrent severe 

alcoholic hepatitis. 

 

Recidivism without 

recurrent severe AH 

(n=46) 

Recidivism with 

recurrent severe AH 

(n=7)** 

P 

value 

Age (years) 49.2 9.4 47.9 7.4 0.717 

Male sex 30 (65.2%) 3 (42.9%) 0.405 

Cirrhosis 39 (84.8%) 7 (100%) 0.575 

Spirits use 27 (58.7%) 5 (71.4%) 0.690 

Clinical features during index episode of severe AH 

Bilirubin (mol/l) 225 107 222 51 0.938 

INR 2.0 0.9 1.7 0.2 0.342 

DF 66.6 32.8 49.9 11.0 0.356 

GAHS ≥9 17 (37.0%) 2 (28.6%) 0.999 

MELD 23.8 5.1 22.0 1.5 0.350 

Ascites 36 (78.3%) 6 (85.7%) 0.999 

HE 9 (19.6%) 3 (42.9%) 0.183 

HRS 3 (9.3%) 0 0.999 

Infection 15 (32.6%) 3 (42.9%) 0.678 

GI haemorrhage 5 (10.9%) 0 0.999 

Alcohol use in relapse (units/day) 11.3 8.1 16.0 15.3 0.591 

Nature of alcohol relapse    

Continued drinkers 30 (65.2%) 1 (14.3%) 0.016 

Relapsers 14 (30.4%) 4 (57.1 %) 0.211 

Eventual abstainers 2 (4.3%) 2 (28.6%) 0.080 

Hospitalisations per patient 5.7 4.2 8.9 7.3 0.299 

Mortality 27 (58.7%) 4 (57.1%) 0.999 

 

** Three patients with recurrent severe AH were excluded due to incomplete data (n=1) and 

concerns regarding other forms of coexistent liver disease (n=2) 
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6.5 Discussion 

Despite high recidivism rates (>60%) in those treated for alcoholism (226), there is 

little published literature on recurrent severe AH. A prior study reported persistence 

of histological alcoholic steatohepatitis in 58% of continued heavy drinkers 

undergoing interval liver biopsy, though none appeared to have clinical severe AH 

(227). This is therefore the first case series to describe patient characteristics and 

outcomes in recurrent severe AH, identifying recurrence in a fifth of recidivist 

drinkers, a disproportionate number of whom were women. The recurrent episodes 

of severe AH followed short periods of recidivism with marked clinical and 

biochemical improvement in the intervening periods of abstinence. Treatment 

responses were consistent in 66.7% of those treated with corticosteroids on more 

than one occasion, though sepsis precluded corticosteroid use in approximately a 

third of the episodes. Compared with the index episode, recurrent episodes of severe 

AH featured a more severe clinical course with high overall mortality (57.1%). This 

high prevalence of recurrent severe AH amongst recidivist drinkers and the poor 

(~40%) overall survival is concerning, especially in view of the projected increase in 

mortality from ARLD in the UK (7).  

It remains unclear why only certain individuals with recidivism develop recurrent 

severe AH. In this small case series, compared to recidivist drinkers without 

recurrence, those with recurrent severe AH were more likely to be women, have 

episodes of recidivism followed by abstinence rather than be continuous drinkers, 

and also likely to drink more during relapse. Mortality in those with recidivism was 

similar irrespective of the presence or absence of severe AH (Table 6.3), suggesting 

that abstinence rather than presence of recurrent severe AH predicts mortality. The 

pathogenesis of AH is complex but there may include an immunological basis, as 
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suggested by presence of circulating antibodies to cytochrome P450 enzymes 

(CYP2E1 and CYP3A4) (228) and to adducts formed with products of ethanol 

oxidation and lipid peroxidation (229). The shorter duration of alcohol exposure in 

the first compared to the recurrent episodes (mean 16.1 years versus median 4 

months) as well as the recidivism patterns observed may have contributed to an 

immunologically driven hepatic injury, which could also account for the increased 

disease severity during the recurrent episodes. Women have increased susceptibility 

to immune mediated injury (230) which might explain why 57.1% of our cohort with 

recurrent severe AH were women, in contrast to less than 30% in prior series (6). 

Besides the high prevalence of recurrent severe AH, this series also highlights 

contentious management issues in severe AH, notably corticosteroid resistance 

(patient 1) and the frequency of concurrent sepsis precluding corticosteroid use 

(patients 2, 3, 4, 6 & 7). Non-response to corticosteroids, which occurs in up to a 

third of patients, cannot be identified prospectively and portends a particularly poor 

outcome (231). Corticosteroid resistance is stable over time (232), suggesting that it 

may be related to innate host factors such as IL-2 expression (233). The pattern of 

CS response would therefore be expected to be similar between episodes in any one 

individual. This is corroborated by this case series, though needs further 

confirmation. In approximately 30% of admissions corticosteroids were precluded 

due to sepsis, consistent with earlier studies where the prevalence of infections in 

AH varied from 38% to 49.3% (3,67,104). Unfortunately those with infections are 

often the sickest and such patients arguably have the greatest need for safe and 

effective medical therapy. 
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6.6 Conclusion 

In conclusion, we report an approximately 18% prevalence of recurrent severe AH 

amongst recidivist drinkers with a poor ~40% overall survival. Female gender and 

episodic recidivism, rather than continuous drinking, appear to predispose to 

recurrence of severe AH. Our data underscore the need for further research into the 

pathogenesis of severe AH to elucidate underlying mechanism(s). More importantly, 

it is recidivism rather than presence or absence of severe AH that determines 

mortality. These data underscore the urgent need to identify strategies that will 

improve rates of sustained alcohol abstinence following index presentation with 

severe AH.  
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Chapter 7: Concluding remarks 

Severe alcoholic hepatitis is arguably the most florid manifestation of alcohol-related 

liver disease and a growing clinical problem. Few other common medical conditions 

which primarily affect young or middle-aged adults are associated with such a high 

short-term mortality (approximately 40% at one month). The work described in this 

thesis has sought to improve both inpatient and long-term treatment of these patients 

through development of potential non-invasive diagnostic tools and identification of 

factors contributing to mortality after hospital discharge. 

7.1 Imaging of hepatic neutrophil migration in severe AH 

111
In-leucocyte scintigraphy is an established imaging modality for the diagnosis of 

occult inflammatory and infectious disorders. Physiological liver activity at gamma 

scintigraphy arises from normal hepatic reticuloendothelial activity and consequently 

the technique has not previously been utilised to assess parenchymal inflammatory 

liver disorders. We hypothesised that abolition of normal reticuloendothelial function 

in severe AH would permit in vivo imaging of hepatic neutrophil migration, one of 

the pathological hallmarks of the condition. The scintigraphic findings in severe AH 

are strikingly abnormal, characterised by pronounced hepatic leucopenia in images 

acquired shortly after 
111

In-leucocyte administration, with a subsequent rise in liver-

associated radioactivity over the following 24 hours, compared with static or falling 

activity in normal and cirrhotic controls. Quantification of the change in liver 

activity corresponds to the histological severity of steatohepatitis and 

microautoradiography studies support the hypothesis that change in liver activity 

occurs due to migrating labelled neutrophils. 
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We did not demonstrate any correlation between imaging or liver biopsy findings 

and treatment response or short-term outcome, which may have been anticipated 

given the previous evidence associating parenchymal neutrophil infiltration with 

corticosteroid response. This may be due to the comparatively small and diverse 

cohort and variability in treatment regimens. Nevertheless, this technique appears 

promising as a non-invasive means of assessment in those with clinically suspected 

severe AH and warrants further investigation as a potential diagnostic and prognostic 

alternative to liver biopsy. 

7.2 Circulating granulocyte lifespan in inactive alcohol-related cirrhosis 

Sequential recovery of 
111

In-labelled granulocytes from peripheral blood has 

previously been used to estimate the circulating in vivo survival half-time of these 

cells. Existing data suggest a functional neutrophil defect even in compensated forms 

of chronic liver disease, although neutrophil lifespan in cirrhosis is unknown. Using 

a technique which minimises ex vivo granulocyte manipulation we demonstrated in 

vivo granulocyte half-life to be significantly shortened in abstinent subjects with 

inactive alcohol-related cirrhosis. These experiments found evidence of granulocyte 

recirculation from unidentified foci between 4 - 8 hours PI, a novel and unexpected 

finding which warrants further investigation. In patients with severe AH, fluctuations 

in the peripheral neutrophil count during the study period precluded meaningful 

analysis. However, this may be overcome in the future with refinement of this 

technique and inclusion of a larger sample size. 

7.3 Long-term outcome in severe AH 

Despite the wealth of literature describing factors affecting the short-term survival in 

severe AH, published data regarding the long-term outcome are remarkably sparse. 
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We performed a retrospective cohort study of patients presenting to our institution 

with severe AH and extensively investigated factors associated with long-term 

outcome. Abstinence after hospitalisation was identified as the overriding factor 

determining survival, giving rise to a statistically significant survival advantage after 

18 months. Estimated five year survival was approximately three-fold higher in those 

consistently abstaining from alcohol versus relapsed or continued drinkers. Whilst 

unsurprising, no previous study has conclusively demonstrated the effect of 

abstinence following severe AH. This supports the case for studies assessing 

strategies to reduce recidivism in this patient cohort. 

7.4 Recurrent severe alcoholic hepatitis 

We identified several individuals in whom severe AH recurred after index 

hospitalisation. Although other authors have previously recorded this phenomenon, 

the current study is the first to describe recurrence of severe AH in any detail. 

Female gender and episodic recidivism rather than continuous drinking were 

identified as risk factors for recurrent severe AH, which carries a particularly poor 

prognosis. Again, these data re-affirm the need to improve alcohol abstinence in 

those surviving hospitalisation with severe AH. 

7.5 Final remarks 

Taken in totality, this body of work contributes to the knowledge of one of the most 

frequently occurring forms of severe liver disease. For the first time hepatic 

neutrophil migration has been imaged using radiolabelled leucocytes and this 

technique may form the basis for a novel non-invasive means of assessing severe 

AH. Suppressed granulocyte survival has been demonstrated in those with 

compensated alcohol-related cirrhosis, giving further insight into the complex 
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immune dysfunction associated with chronic liver disease. The studies assessing 

long-term survival and recurrence of severe AH are among the first published papers 

to address these important issues and highlight the unmet need for measures to 

reduce recidivism after hospitalisation. 
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Chapter 8: Appendices 

8.1 Publications 

8.1.1 Peer reviewed journal publications 

1) Potts JR, Goubet S, Heneghan MA, Verma S. Determinants of long-term 

outcome in severe alcoholic hepatitis. Aliment. Pharmacol. Ther. 

2013;38:584–595. 

This manuscript was among the top 10 electronically downloaded articles 

from AP&T in August 2013 and the subject of a press release. 

2) Potts JR, Howard MR, Verma S. Recurrent severe alcoholic hepatitis: clinical 

characteristics and outcomes. Eur. J. Gastroenterol. Hepatol. 2013;25:659–

664. 

 

3) Potts JR, Verma S. Alcoholic hepatitis: diagnosis and management in 2012. 

Expert Rev. Gastroenterol. Hepatol. 2012;6:695–710. 

 

8.1.2 Manuscripts pending submission for publication 

1) Potts JR, Howard MR, Taylor M, Farahi N, Heard S, Shankar A, Alexander 

GJ, Chilvers ER, Verma S, Peters AM. In vivo imaging of hepatic neutrophil 

migration with radiolabelled leucocytes; a new diagnostic tool in severe 

alcoholic hepatitis. 

 

2) Potts JR, Farahi N, Heard S, Chilvers ER, Verma S, Peters AM. Circulating 

granulocyte lifespan is reduced in inactive alcohol-related cirrhosis. 

 

8.1.3 Oral presentations 

1) Circulating granulocyte survival is reduced in inactive alcohol-related 

cirrhosis. 

 

British Nuclear Medicine Society Annual Meeting, Brighton, UK, April 

2013. 

 

2) Imaging hepatic neutrophil migration with indium-111-radiolabelled 

leucocytes. 

 

British Society of Gastroenterology Regional Annual Meeting, London, UK, 

March 2013. Awarded prize for best oral abstract. 
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3) Novel use of Indium-111-(111In)-labelled leucocyte scintigraphy in the non-

invasive diagnosis of severe alcoholic hepatitis. 

 

British Nuclear Medicine Society Annual Meeting, Harrogate, UK, April 

2012. 

8.1.4 Poster presentations 

1) In vivo circulating granulocyte lifespan is reduced in compensated cirrhosis. 

 

Accepted for presentation at the International Liver Congress, European 

Association for Study of the Liver Annual Meeting, London, UK, April 2014. 

Awarded Young Investigator bursary. 

 

2) Hepatic neutrophil migration imaged with indium-111-radiolabeled 

leukocytes correlates with histological severity in severe alcoholic hepatitis.  

 

The Liver Meeting, American Association for Study of Liver Diseases 

Annual Meeting, Washington, DC, USA, November 2013. 

 

3) Imaging hepatic neutrophil migration with indium-111-(
111

In)-radiolabelled 

leucocytes: a novel non-invasive diagnostic test for severe alcoholic hepatitis.  

 

British Society of Gastroenterology Annual Meeting, Glasgow, UK, June 

2013. 

 

4) Imaging hepatic neutrophil migration with indium-111-(111In)-radiolabeled 

leukocytes: a novel non-invasive diagnostic test for severe alcoholic hepatitis. 

 

5) Long-Term Outcome in Severe Alcoholic Hepatitis. 

 

The Liver Meeting, American Association for Study of Liver Diseases 

Annual Meeting, Boston, MA, USA, November 2012. 

 

6) Radiolabelled white cell scanning in the non-invasive diagnosis of severe 

alcoholic hepatitis. 

 

Second prize, University of Brighton Research Poster Competition, Brighton, 

UK, May 2012. 

 

7) Imaging Hepatic Leucocyte Migration in Severe Alcoholic Hepatitis: Interim 

Report. 

 

European Association for Study of the Liver Monothematic Conference on 

Alcoholic Liver Disease, Athens, Greece, December 2010. 

Awarded Young Investigator bursary. 
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8.1.5 Abstract publications 

1) Potts JR, Howard MR, Taylor M, Farahi N, Heard S, Shankar A, et al. 

Hepatic neutrophil migration imaged with indium-111-radiolabeled 

leukocytes correlates with histological severity in severe alcoholic hepatitis. 

Hepatol. Baltim. Md. 2013;58:842A. 

 

2) Potts JR, Farahi N, Chilvers ER, Heard S, Verma S, Peters AM. Circulating 

granulocyte survival is reduced in inactive alcohol-related cirrhosis. Nucl. 

Med. Commun. 2013;34:363. 

 

3) Potts JR, Howard M, Verma S, Peters AM. Imaging hepatic neutrophil 

migration with indium-111-(111In)-radiolabeled leukocytes: a novel non-

invasive diagnostic test for severe alcoholic hepatitis. Hepatol. Baltim. Md. 

2012;56:979A. 

 

4) Potts JR, Goubet S, Heneghan M, Verma S. Long-Term Outcome in Severe 

Alcoholic Hepatitis. Hepatol. Baltim. Md. 2012;56:985A. 

 

5) Potts JR, Verma S, Peters AM. Novel use of Indium-111-(111In)-labelled 

leucocyte scintigraphy in the non-invasive diagnosis of severe alcoholic 

hepatitis. Nucl. Med. Commun. 2012;33:542. 
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8.2 111
In-oxine mixed leucocyte radiolabelling procedure 

111
In White Blood Cell Labelling  

(Performed by authorised person in Blood Labelling Suite) 

1. Carry out external daily checks prior to using the blood suite.  

2. Gown-up as per procedure for ‘Entering the Blood Lab Suite’. 

3. Spray and wipe ‘
111

In White Cell Label’ (WCL) and ‘Cleaning’ boxes (pre-

prepared with required contents) and place into transfer hatch, along with TSA 

plates, folder, 
111

In CDC. 

4. Carry out internal daily checks prior to using the Isolator. Clean the isolator as 

per procedure for “Sessional Cleaning of Blood Isolator”. 

5. Open Cleaning box and remove Chemoprotect mat. Place ‘Finger’ TSA plates in 

small box. 

6. Open, and check contents, of WCL box. Place ‘Process’ plate into box and close. 

7. Spray and wipe ‘
111

In White Cell Label box’, Cleaning box and Chemoprotect 

mat. Open Isolator entry port, wipe base of port, and open ‘Hatch’ plate and 

place in far-left corner, place boxes and mat inside and close port. Set timer for 2 

minutes. 

8. Spray and wipe the blood transfer container and the blood syringes carefully 

placing them into the clean transfer container. Open Isolator entry port and place 

the items inside and then set timer for 2 minutes. 

9. Open internal entry-port and bring everything through. Place the Chemoprotect 

mat to the left side of the centrifuge, blue spots facing up Open Cleaning box and 

place small box to right of centrifuge. Use large box for paper waste. Place both 

the blood syringes and a sterilin tube into the Perspex holder ready.  

10. Remove the stopper from one of the blood syringes and carefully transfer 5mls of 

blood from the syringe and then replace with a new stopper, repeat for other 

syringe(s) until a maximum of 10ml of whole blood has been obtained. Keep the 

sample of blood to one side. 

11. Using a fresh 2ml syringe, draw up 1ml of Methocel 2% and then attach a rapid 

fill connector. Remove the stopper from one of the blood syringe(s) and attach 

the methocel syringe to it. Carefully add the methocel into the blood syringe and 

invert the connected syringes carefully to mix then attach a fresh stopper to the 

syringe. Repeat this step for the remaining blood syringe(s). Leave to settle for 

45mins. 

12. Prepare a balance tube for the centrifuge to match the 10ml volume of whole 

blood then spin the two tubes opposite each other at 1000g (2450rpm) for 5mins. 

Draw off the top layer of solution (platelet poor plasma) into a 20ml syringe 

using a kwill and set aside for use later in the process. 

13. After 45minutes, Place a sterilin tube into Perspex holder housing the two blood 

syringes and loosen lid. Remove PVC extension lines from packets and twist 

stopcock so that the arrows are pointing up, down and to the side with no exit. 

Remove stoppers and attach the extension tube to the first syringe.  

14. Gently depress the syringe (keeping it vertical) and drop the plasma into the 

sterilin tube. When as much as possible has been removed, close off the stopcock 

by turning it 90
o
 to the left. Place syringe and tubing into large, sharps bin. 

Repeat for other syringe(s) until a maximum of 20ml plasma has been obtained. 



154 

 

15. Close sterilin tube. Obtain ‘balance’ tube and match the volume to that of the 

plasma. Press button to open centrifuge lid and place holders into the centrifuge 

and spin the two tubes opposite each other at 90g (675rpm) for 7minutes. 

16. After spinning, using a 20ml syringe and kwill, remove as much supernatant 

[Platelet Rich Plasma (PRP)] without disturbing or drying out the soft pellet of 

WBC. Add 10ml saline to the pellet and gently rotate the tube to resuspend the 

cells. Pour the suspension of cells into a new sterilin tube and then add a further 

2mls of saline to the original sterilin tube and swirl around the inside, washing 

the tube and decant the suspension again into the new sterilin tube. Discard the 

empty sterilin. Adjust the balance tube in the centrifuge to match the volume in 

the sterilin and place both holders opposite each in the centrifuge and spin at 90g 

(675rpm) for 7 minutes. 

17. After spinning, remove the top layer and discard, leaving a pellet of cells at the 

bottom of the sterilin tube. Add 10ml of saline to the pellet and gently rotate the 

tube to resuspend the cells. Add the calculated volume of 
111

In Oxine solution 

(25MBq) to the resuspended cells and then leave to incubate for 15minutes. 

18. When incubation is complete add 3mls of the platelet poor plasma (prepared in 

step 12), mix gently then spin opposite the balance tube at 90g (675rpm) for 7 

minutes. 

19. After spinning, using a 10ml syringe and kwill, remove as much supernatant as 

possible (the top layer) and transfer to a new sterilin tube. Place in the calibrator 

measure and record the activity in the sterilin tube (activity not bound to the 

cells), 

20. Add 2mls of saline to the pellet and 2mls from the syringe containing the platelet 

poor plasma from step 12, using tongs to hold the sterilin, gently rotate the tube 

to resuspend the cells. Assay re-suspended labelled cells and record activity on 

worksheet. 

21. Using a 5ml-luer-lock syringe, draw up labelled cells up to the required dose 

(The dispensed patient dose should be no greater than 20MBq for an adult dose). 

22. Complete 
111

In patient labels (2) with name, activity and expiry time of 30mins 

for RSCH and 1hour for PRH. Attach one to worksheet and the other to the 

syringe. Call the office and inform them that the cells are ready for collection. 

23. Close settle plates, carry out finger dabs and clean isolator, as per procedure for 

‘Cleaning of the Blood Isolator’. Empty waste and re-stock boxes. 

24. Calculate the percentage labelling efficiency, and check all entries are completed 

on the worksheet. 
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8.3 99m
Tc-nanocolloid production protocol 

1. Rationale and Purpose 
 

NANOCOLL (human colloidal albumin) is a diagnostic imaging agent reconstituted 

with Sodium Pertechnetate (99mTc) and injected intravenously. This is used for bone 

marrow and inflammation study in areas other than the abdomen. This can also be 

injected subcutaneously for lymphoscintigraphy studies. The kit vial is reconstituted 

under aseptic and apyrogenic conditions. 

 

2. Recipients 

 

All Radiopharmacy staff engaged in Radiopharmaceutical production. 

 

3. Scope 
 

This SOP describes how to reconstitute a vial of NANOCOLL with sodium 

Pertechnetate (99mTc). The operator must be aware of Good Manufacturing Practice 

(GMP) and radiation safety. Refer to SOPs PRR0010P.doc, QCE0003P.doc, 

VAL0004P.doc and datasheets PRR0010D.doc , KIT0015D.doc 

 

4. Responsibilities 
 

The Radiopharmacy staff are responsible for the use of and adherence to this SOP. 

 

5. Procedure 

 

(To be carried out in Isolator previously sprayed & wiped down with sterile 70% 

IMS.) 

 

1. Using a fresh shielded 5ml syringe aseptically draw a required amount of 
99m 

Tc 

eluate (recommended maximum is 5 GBq) from the eluate vial. 

2. Using tongs remove the syringe from the shield and assay the syringe in the 

dose calibrator to crosscheck that you have drawn the correct activity in the 

syringe.  

3. If the activity is not correct, remove the syringe from the calibrator and insert 

back into the shield using tongs. Draw up more eluate from the eluate vial or 

reduce the volume into the eluate vial and repeat step 2. Repeat if necessary 

4. When the correct amount of eluate is drawn up, using tongs remove the syringe 

from the calibrator and insert the syringe back into the shield. 

5.  Open a fresh Sodium Chloride 0.9% ampoule and dilute to desired volume (1-5 

ml). 

6. Inject this volume into the kit vial and withdraw an equal volume of gas in the 

syringe. Remove the syringe from the syringe shield and dispose into the 

shielded sharps bin in the isolator. 

7. Gently shake for 10 seconds to dissolve contents of the vial. 

8. Measure vial in the dose calibrator. The second operator will then record the 

actual time and reference time activity in the vial, complete data sheets 

PRR0010D, KIT0015D and respective pot labels. 

9. Allow incubation for 5 minutes. 

file:///C:/Users/Potts/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/HSYRY19T/PRR0010P.doc
file:///C:/Users/Potts/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/HSYRY19T/QCE0003P.doc
file:///C:/Users/Potts/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/HSYRY19T/VAL0004P.doc
file:///C:/Users/Potts/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/HSYRY19T/PRR0010D.doc
file:///C:/Users/Potts/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/HSYRY19T/KIT0015D.doc


156 

 

10. Sub dispense if necessary and dilute to desired volume. 

11. The vial expires within 6 hours from reconstitution and is stored at 15 – 25
 

o
C. 

12. Pass shielded vial out to second operator who will transfer the vial from the 

tungsten shield into the external lead pot. 

13. The first vial of every new batch reconstituted is tested for Radiochemical 

Purity, pH (QCE0003P) and Sterility (VAL0004P). 
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