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Abstract 

Background: Mortality from liver disease is rising. Recent efforts have been 

focussed on early detection and prevention of disease progression. Transient 

elastography (TE) is commonly used in clinical practice to diagnose fibrosis and 

is an accurate predictor of mortality, decompensation, and hepatocellular 

carcinoma (HCC). Electronic health records (EHR) have been used to observe 

‘real world’ data in large cohorts of patients with liver disease. 

Method: EHR data was used to observe outcomes in patients with advanced 

fibrosis. This included a systematic review followed by synthesis and validation 

of a code set to identify cirrhosis and complications in EHR data. Data extracted 

from EHR was used to assess survival and competing risk of liver and non-liver 

related events in a cohort of patients with advanced chronic liver disease defined 

by TE. Data was analysed to examine patterns of screening and surveillance for 

complications of cirrhosis in accordance with current practice guidelines. 

Results: The developed consensus code set showed improved performance 

characteristics for identifying cirrhosis in comparison to previously used codes. In 

the analysis of over 3000 patients with advanced fibrosis, liver stiffness was 

associated with the development of varices, the transition from compensated 

cirrhosis to decompensated cirrhosis, and the development of hepatocellular 

carcinoma. Only a minority of patients had undergone the recommended 

surveillance interventions. 

Conclusion:  Electronic health databases can be used to evaluate screening and 

surveillance strategies, and to accurately define clinical progression and 

outcomes in large patient cohorts and estimates of disease progression in EHR 

cohorts are comparable to landmark studies of patients diagnosed using liver 
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biopsy. Transient elastography is strongly associated with outcomes in patients 

with advanced fibrosis. This study highlights the utility of EHR data in 

contemporary research practice in cirrhosis, highlighting the potential for a 

registry to impact on patient care and to improve outcomes for patients with 

cirrhosis. 
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Chapter 1  

 

Introduction  
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Aims & Objectives 

 

The main objective of this project is to demonstrate the effectiveness of electronic 

health record (EHR) data in facilitating the follow-up of patients with liver disease. 

 

The main objectives of this study are: 

1. Conduct a systematic review to evaluate the validity of diagnostic coding for 

identifying cirrhosis in electronic health record databases. 

2. Develop a comprehensive set of ICD-10 codes that accurately define cirrhosis 

in electronic heath records 

3. Validate the ICD-10 consensus code set and algorithms for determining 

aetiology and disease severity using a contemporary cohort of patients with 

chronic liver disease defined by transient elastography. 

4. Analyse survival and competing risk of liver and non-liver related outcomes  

5. Examine screening and surveillance patterns for complications of cirrhosis in 

accordance with practice guidelines  
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This chapter serves as an introduction to the central themes that will be discussed 

in further detail throughout the project. It will first consider the definition of liver 

disease, cirrhosis, and clinically significant portal hypertension. Studies which 

have described the natural history of liver disease will be explored, and the impact 

that non-invasive modalities have had on the diagnosis and risk stratification of 

liver disease Following this it will focus on the impact of liver disease in the United 

Kingdom, with a focus on the preventable causes of cirrhosis which are becoming 

increasingly prevalent. Finally, the role of routinely collected electronic health 

data in research in liver disease will be discussed. 

 

1.1 Stages and causes of liver disease  

Chronic liver disease refers to the process of gradual, progressive damage to the 

liver parenchyma occurring over an extended period. This chronic inflammatory 

process causes disruption to the liver architecture and scarring known as 

advanced fibrosis. The development of cirrhosis represents the end stage of 

chronic liver disease and is characterised histologically by the presence of 

regenerative nodules and distortion of hepatic vascular architecture on a 

background of advanced fibrosis (1). The main causes of cirrhosis in the UK are 

alcoholic related liver disease, non-alcoholic fatty liver disease (NAFLD) and 

chronic viral hepatitis. In addition to this there are rarer autoimmune and 

metabolic conditions including autoimmune hepatitis, primary sclerosing 

cholangitis, primary biliary cirrhosis, and haemochromatosis. 

Alcohol-related liver disease (ArLD) is hepatocyte damage occurring in the 

context of hazardous alcohol consumption, defined as greater than 14 units of 
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alcohol per week. Although reversible steatosis occurs in 90% of heavy drinkers 

(2), there is a risk of progressive fibrosis and irreversible cirrhosis in up to 37% of 

cases (3).  

NAFLD refers to the development of hepatic steatosis in the absence of 

significant alcohol consumption, most often in conjunction with other metabolic 

risk factors such as diabetes mellitus, obesity and hypercholesterolaemia (4). It 

encompasses a spectrum of liver disease which are differentiated histologically 

depending upon the presence of hepatocellular inflammation known as non-

alcoholic steatohepatitis (NASH) and fibrosis or cirrhosis.  

The natural history of NAFLD is not fully understood, as most of our current 

understanding of the condition is based on estimates derived from studies of 

patients with risk factors for NAFLD who have undergone liver biopsy (5). In 

addition, the competing risk of non-liver mortality particularly from cardiovascular 

disease is substantial in this patient group, with relatively few patients with 

NAFLD progressing to cirrhosis (6). Despite these caveats and the reservations 

surrounding diagnostic testing, cost effectiveness and valid therapeutic options 

for NAFLD, European and National Institute for Health and Care Excellence 

(NICE) guidance supports screening for advanced liver fibrosis in ‘at-risk’ 

individuals (7, 8). 

Chronic viral hepatitis refers to persisting viral infection which cause liver 

inflammation, fibrosis and eventually cirrhosis. There are two primary viruses 

which can cause both acute and chronic infection, hepatitis B virus (HBV) and 

hepatitis C virus (HCV). Hepatitis B is a virus is most often transmitted vertically 

from mother to child, but also through contact with infected blood and bodily fluids 

(9). If the infection persists beyond six months, it is chronic. Treatment strategies 
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are aimed at suppressing viral replication and thereby preventing disease 

progression and the development of primary liver cancer. 90% of hepatitis C is 

transmitted through blood borne contact by injecting drugs (10). Like chronic HBV 

infection, if left untreated HCV can lead to progressive liver fibrosis and ultimately 

cirrhosis. The introduction of curative direct acting anti-viral medication has led to 

a decline in the number of deaths relate HCV since 2016. During this time there 

has also been reduction in the number of patients requiring liver transplantation 

(11). 

 

1.2 Complications of clinically significant portal hypertension 

The chronic inflammatory process caused by any continued liver insult causes a 

cascade of cellular abnormalities resulting in parenchymal necrosis, raised intra-

hepatic resistance and increased portal blood flow which ultimately leads to 

clinical significant portal hypertension (CSPH) (12). It is portal hypertension which 

is responsible for most complications associated with cirrhosis.  

A formal diagnosis of CSPH relies upon hepatic venous pressure gradient 

(HVPG), which indirectly measures portal pressures. A HVPG of ≥ 6 mmHg 

defines portal hypertension and a threshold of >10mmHg is a strong predictor of 

the development of varices (13, 14), clinical decompensation (15) and 

hepatocellular carcinoma (HCC) (16).  

Cirrhosis has historically been categorised into compensated and 

decompensated phases with distinct clinical courses and differing survival rates. 

Throughout the compensated phase the patient remains asymptomatic, and the 

duration may vary depending upon the underlying aetiology and the degree of 
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on-going liver injury. This is followed by a progressive decompensated phase 

characterised by complications of CSPH, specifically the development of varices, 

ascites, and hepatic encephalopathy.  

Raised intra-hepatic resistance leads to splanchnic and systemic vasodilatation 

and portosystemic collaterals, which in turn leads to the formation of varices. A 

HVPG of >12mmHg correlates strongly with increased risk of bleeding and more 

advanced disease (14). Consequently, the incidence of decompensation and 

hepatocellular carcinoma (HCC) is higher amongst those patients with varices 

(17). The prevalence of varices in patients with compensated disease is 44% (18) 

with a yearly incidence of 7-8% (13, 19).  

Variceal bleeding remains a major cause of mortality in cirrhotic patients (18), 

however advancements in the endoscopic and pharmacological management of 

bleeding have improved overall survival, with in-hospital mortality following an 

initial bleed estimated at 15% (20). Risk of re-bleeding is highest within the first 

six weeks with mortality occurring in 20% (21), although with increased access to 

early trans jugular intra-hepatic portosystemic shunt (TIPSS) in selected patients 

it is likely that this figure is now lower.  

Splanchnic vasodilatation leads to hyperdynamic circulation, hypervolaemia and 

water retention which results in the development of ascites. This occurs at HVPG 

above 10 mmHg. Ascites is common in cirrhosis and it develops in half of cirrhotic 

patients over a 10-year period (22). It can be associated with several 

complications, including hepatorenal syndrome, dilutional hyponatraemia and 

refractory accumulation.  

Although the management of ascites has improved in recent years, it remains a 

landmark in the progression of an individual’s disease and following its 
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development it has a five-year mortality rate of approximately 50%. Those 

patients who develop complications of ascites have a much higher mortality rate 

with refractory ascites carries a one-year survival probability of 30% (23). 

The pathophysiology of hepatic encephalopathy is multifactorial and incompletely 

understood. The primary mechanism is considered to be due to impaired 

detoxification of ammonia in the context of portosystemic shunting leads to 

hyperammonaemia, which in turn causes neuronal dysfunction (24). Hepatic 

encephalopathy occurs in 30-45% of cirrhotic patients, with an incidence of 2-3% 

per year (22, 25, 26). It occurs in patients with more advanced disease and is 

rarely the first decompensating event to occur (27). Thus, the development of 

hepatic encephalopathy is associated with a poor prognosis with a transplant free 

survival probability of 42% at 1-year (28).  

 

1.3 Natural history 

The Baveno IV consensus sub-divides cirrhosis into stages based on the severity 

of CSPH, allowing more detailed stratification of those patients at increased risk 

in patients with compensated cirrhosis without varices is as low as 1% per year, 

in contrast to those with decompensated disease which carries a mortality rate of 

57% (18). The Baveno IV classification can be applied to all patients with 

cirrhosis, irrespective of underlying aetiology. 

Compensated cirrhosis encompasses two stages: Stage 1 indicating the absence 

of varices and ascites and stage 2 which is characterised by the presence of 

oesophageal varices without ascites. The remaining stages correspond to 

decompensated disease: Stage 3 indicates the presence of ascites without 
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varices, whilst stage 4 refers to those patients who have bled from varices with 

or without ascites. A schematic of this staging system is shown in Figure 1.1 

Figure 1.1 Schematic representation of Baveno IV classification of cirrhosis severity.  
Adapted from D’Amico et al (18)  

 

 

 

Whilst it provides valuable information, it is recognised that the four-stage system 

had limitations, in so far as patients do not move unidirectionally through each 

stage, and that some decompensating episodes carried a poorer prognosis. 

Additionally, it does not consider the risk of non-liver events, such as non-variceal 

gastrointestinal bleeding. In addition, the system relies heavily on endoscopic 

evaluation to determine the presence of varices. It is worth noting that the Baveno 

IV staging system was developed in 2005, and has since been refined by D’Amico 

et al, to reflect the poorer outcomes observed in decompensated patients with 

ascites than those without (29, 30). The most recent multistate model involves 
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six stages which differentiate between first and second non-bleeding 

decompensation events and end state decompensation (31). These newer 

systems aim to address some of the limitations of the original Baveno IV system 

and provide a more comprehensive risk assessment. 

Progression through stages of cirrhosis remains unpredictable with numerous 

variables which influence both the rate and direction in which a patient may 

transition. More recently natural history studies of cirrhosis have incorporated 

multistate models of progression, which consider multiple outcomes and 

competing events which can influence each other over time (31, 32). This concept 

is particularly relevant in cirrhosis, as epidemiological studies are difficult due to 

the asymptomatic phase of the disease and the slow and variable rate at which 

patients may progress.  

Competing risk refers to an event which precludes or impacts upon the 

occurrence of a second event within a patient’s lifetime. There are many 

significant clinical events which can occur throughout the course of cirrhosis, 

which may not be captured when simply performing survival analysis. For 

example, a clinically relevant outcome such as the development of HCC will have 

the potentially relevant competing events of death and decompensation (31). 

Patients with varices are at risk not only from bleeding, but also from other 

decompensating events and death before or after further decompensation. These 

models should be considered when studying the natural history of cirrhosis. 
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1.4 Diagnosis and transient elastography 

Establishing the presence and degree of fibrosis is important in the prognosis and 

management of liver disease. The diagnosis, grading and staging of cirrhosis has 

traditionally relied upon histology obtained by percutaneous liver biopsy. 

However this procedure is not without risk; up to 3% of patients will require 

admission for complications following liver biopsy, with pain and hypotension 

being amongst the most frequent complications (33). In addition, concerns 

remain regarding the accuracy of histological diagnosis due to sampling 

variability and intra and inter-observer reliability (34, 35).  

Non-invasive techniques have gained popularity in recent years, to confirm and 

measure the degree of fibrosis present in the liver. The most widely used modality 

in the United Kingdom is transient elastography (TE), which is well validated, 

easily accessible and endorsed by National Institute for Health and Care 

Excellence (NICE) guidelines (36).  

Transient elastography was initially developed 20 years ago by the food industry 

to assess the maturity of cheese (37). It describes the process of using an 

ultrasound impulse to measure the velocity of shear waves transmitted across a 

tissue, thereby giving a measurement of its’ elasticity (38).  

As a liver becomes more fibrotic it increases in stiffness, which correlates with 

fibrosis in patients with chronic liver disease (39). The result is based upon the 

median of ten valid measurements obtained by an experienced operator. There 

are a number of quality indices which must be satisfied in order to produce a valid 

measurement, including an interquartile range (IQR) of less than 30%, which 

indicates the variation between each measurement, and a success rate of greater 
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than 60%, reflecting the ratio of successful measurements to the total number of 

scans taken (40). A body mass index of greater than 28 is associated with higher 

risk of failure (41), although this has been mitigated by the introduction of an XL 

probe (42) and conditions which increase liver stiffness, such as cholestasis, 

congestion, inflammation and insufficient fasting period prior to scan may 

produce falsely elevated results.  

Liver stiffness is measured in kilopascals (kPa) and ranges between 2.5kPa to 

75kPa. Meta-analyses have been conducted to assess the overall performance 

of TE in the diagnosis of cirrhosis. Friedrich-Rust et al found that a threshold of 

13kPa could accurately differentiate cirrhosis with a mean area under the receiver 

operating curve (AUROC) of 0.94 (43). Similarly Tsochatzis et al demonstrated 

that a reading of above 15.4kPa had a 90% probability of diagnosing cirrhosis 

across different aetiologies (44). Both studies confirm that TE performs better in 

the diagnosis of cirrhosis as opposed to fibrosis, for which the AUROC drops to 

0.84.  

Whilst it is accepted that a reading of >10kPa suggested advanced fibrosis, this 

cut-off value varies amongst studies and different diseases. It is perhaps more 

precise to consider elastography measurements as a continuum through which a 

patient may progress or indeed regress depending upon a variety of co-factors, 

such as underlying disease activity, the degree of ongoing inflammatory insult 

and the introduction of therapeutic interventions. 

As liver stiffness reflects increasing portal pressures, TE is a surrogate marker 

for portal hypertension. Meta-analyses have found that TE had a AUROC of 0.93 

for CSPH and 0.84 for oesophageal varices (45), whilst a cut-off value of 21kPa 

correlated well with HVPG measurements (46). TE has also been shown to 
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accurately predict mortality and liver-related events including decompensation 

and hepatocellular carcinoma (47, 48). Whilst the majority of studies using TE to 

determine prognosis have been conducted in patients with viral hepatitis (49, 50), 

more recently its’ prognostic value for both liver and non-liver related outcomes 

has been assessed within the NAFLD population (51).  

Various studies have evaluated the combination of TE with other measurements 

such as platelet count to determine if non-invasive methods can be used for risk 

stratification. The Baveno VI consensus suggests that patients with a liver 

stiffness measurement (LSM) of less than 20kPa with a platelet count of greater 

than 150x103/µl are unlikely to have varices and can therefore safely avoid 

screening endoscopy (52). This criterion has since been validated in several 

studies (53, 54) which show it can effectively ‘rule out’ CSPH with only a small 

number of patients being misclassified, but that the number of avoided 

endoscopies is relatively low. For this reason, the thresholds for avoidance of 

endoscopy have been adjusted to LSM less than 25kPa and platelet count 

greater than 110x103/µl, which increases the number of endoscopies spared 

whilst maintaining a minimal number of missed high-risk varices (55). 

It is likely that the widespread use of non-invasive techniques to diagnose 

advanced chronic liver disease (ACLD) will alter the recognised trajectory of liver 

disease and its’ complications. The landmark natural history studies which have 

influenced our understanding and practice over the past two decades are largely 

based on small prospective cohorts of patients with biopsy proven cirrhosis (18). 

This highly selected group are likely to have more advanced disease than those 

patients considered to be ‘high risk’ who are diagnosed opportunistically through 
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non-invasive modalities. This is an important consideration when using TE data 

to predict and compare outcomes in liver disease. 

 

1.5 The burden of liver disease 

Liver disease is a public health crisis, the scale of which has been overlooked 

and under-prioritised for decades. There is an abundance of statistics which 

illustrate the concerning rise in liver disease in the United Kingdom (UK). Over 

the past fifty years liver-related deaths have increased by 400%, accounting for 

2.5% of all deaths in England in 2018 (56, 57). The majority of these deaths occur 

in those aged between 18 and 65 years (58), with liver disease now accounting 

for 10% of deaths in 35 to 49 year olds, surpassing mortality relating to suicide 

and heart disease in this age group (59).  

The impact of liver disease is not limited to loss of life; it also falls within the top 

five leading causes of years of working life lost for both men and women, 

accounting for 28,000 years lost amongst women, and 45,000 years in men in 

2020 (57). The impact on the National Health Service (NHS) is substantial, with 

the number of cirrhosis-related hospital admissions doubling between 2005 and 

2015 to over 65,000 admissions per year (58). This compares to unplanned 

admissions relating to respiratory medicine and cardiology 143,000 and 163,000 

during the same period (60). The total number of unplanned admissions to NHS 

hospitals in 2015/2016 came to 5.7 million. 

Preventing premature death secondary to liver disease has gained prominence 

in the media over recent years. In 2012, it was recognised as a key public health 

priority in the Chief Medical Officers Annual Report (61), followed by a 2014 All-
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Party Parliamentary Hepatology Group report entitled ‘Liver Disease: Today’s 

Complacency, Tomorrow’s Catastrophe’ (62). This report gained extensive media 

coverage and prompted Public Health England (PHE) to develop a framework 

aimed at addressing preventable causes of liver disease. In 2017, PHE published 

the Atlas of Variation in Liver Disease, illustrating the widespread variation in 

premature mortality, hospital admissions and health inequality across England 

(63).  

The Lancet Commission on Liver Disease was established in 2014 to address 

the growing burden of liver disease and to improve the quality of care for patients 

with this condition. The Commission has published five strategic documents that 

focus on lifestyle issues and risk factors for cirrhosis, with the goal of reducing 

the morbidity and mortality associated with liver disease (10, 64-67).  

Despite the progress which has been made over the past decade, the final Lancet 

publication in 2019 stressed the on-going public health crisis posed by liver 

disease due to preventable causes and the lack of public awareness into the 

hazards of obesity and excess alcohol (68). The report also highlighted the 

unacceptably high levels of in-hospital mortality due to liver disease outside of 

specialist centres and the perceived short-comings in government policies aimed 

at tackles liver disease. 

Cirrhosis is a disease of deprivation, which disproportionately affects the poorest 

and most marginalised members of society. Rising social inequality across the 

UK in comparison to other developed countries (69) has resulted in high levels of 

unemployment, substance misuse and poor access to healthcare services in this 

vulnerable patient population, all of which are risk factors for liver disease. On 

average those from the poorest socioeconomic group die from liver disease ten 
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years earlier than the most affluent economic group (63), highlighting the 

significant impact of socioeconomic status on health outcomes. 

Stigma surrounding drug and alcohol abuse as well as obesity further compounds 

the problem for patients with cirrhosis, and is associated with poor quality of life, 

and reduced social support (70). This stigma also discourages patients from 

seeking medical help, leading to delays in diagnosis and treatment. 

In addition to these challenges, public awareness of liver disease in general 

remains poor. A recent survey of over 2000 British adults demonstrated that only 

1 in 10 people were able to correctly identify the three major causes of liver 

disease and only 16% of responders were aware of the guidance surrounding 

safe number of units of alcohol per week for low-risk drinking (68). 

Overall, it is estimated that 20% of the population are at risk of developing liver 

disease, primarily due to preventable causes including alcohol consumption, 

NAFLD and chronic viral hepatitis (67). These risk factors highlight the 

importance of promoting healthy lifestyle choices and effective disease 

prevention strategies to reduce the incidence of liver disease in the general 

population. 

In the UK, one in five adults are considered to drink excessively (71) and alcohol 

misuse is the leading cause of morbidity and mortality in those under 50 years of 

age (72). Hospital stays relating to alcohol have risen over the past decade, 

accounting for 338,000 admissions in 2017/18, whilst the number of admissions 

due to ArLD has increased by almost 60% during this time (71).  

Age, gender and socioeconomic status are all risk factors for alcohol-related 

harm; socially deprived individuals are eight times more likely to be admitted to 
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hospital with alcohol related issues, and six times more likely to die from ArLD 

(63). The societal cost of alcohol misuse in the UK is estimated as high as £52 

billion per year, due to a combination of alcohol-related admissions, working 

years lost and benefit allowance (73). 

A quarter of adults in England are classed as obese (74), and NAFLD is the most 

common liver disease worldwide with an estimated prevalence of 20%, whilst the 

prevalence of NASH ranges between 3% to 5% (75). In England the rate of 

hospital admissions due to NAFLD lies at 4.5 per 100,000 with 7,425 people 

being admitted in 2019 (76). The economic burden is considerable, with a 

projected annual cost of €35 billion in European countries and more than $100 

billion in the United States (77).  

There are 180,000 people in the UK with chronic HBV and 240 million worldwide 

(78, 79). Prevalence in Europe is influenced by migration from high endemic 

areas and 95% of newly diagnosed cases of chronic HBV in the UK occur in 

migrant groups who have contracted the virus during childhood (80).  

The five-year cumulative incidence rates of cirrhosis in chronic untreated HBV 

ranges from 8-17%, whilst the annual incidence rate of hepatocellular carcinoma 

in patients with established cirrhosis secondary to HBV ranges from 2-5% (81). 

Due to geographical limitations in the diagnosis and treatment of HBV in endemic 

areas, in 2016 only 10.5% of individuals were aware of their diagnosis, with 

16.7% receiving treatment (9). As a result, routine childhood immunisation 

against HBV forms the cornerstone of the worldwide prevention strategy. 

There are approximately 71 million individuals worldwide living with chronic HCV 

and 160,000 people in England (82, 83). 40-50% of individuals with HCV remain 

unaware of their diagnosis (11). This group form some of the poorest and most 
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vulnerable members of society with very limited access to healthcare, and the 

challenge remains in identifying and engaging these undiagnosed patients in 

treatment. The estimated financial cost of HCV in the UK through lost productivity 

is £367 million per year (9), although there is some evidence to suggest that the 

cost-effectiveness of anti-viral medication will mitigate this (84). 

 

1.6 Data and electronic health records 

NHS Digital was established in 2016, replacing the Health and Social Care 

Information Centre (HSCIC). It is the primary provider of data and IT systems in 

England and facilitates data sharing between different sectors of the NHS, as well 

as annual statistical publications. NHS Digital also collects data submitted to the 

national Hospital Episodes Statistics (HES) database, which contains details 

regarding all hospital attendances, admissions, and appointments to NHS 

hospitals in England.  

In the context of HES data, an ‘admission’ and an ‘episode’ refer to different 

aspects of an in-patient hospital encounter. An admission refers to a patient’s 

arrival into hospital and the beginning of an in-patient stay, whereas an episode 

can denote a specific period of care within an admission, for example a surgical 

procedure or a therapeutic intervention. In addition to this, a ‘finished consultant 

episode’ describes specific care provided by one consultant during a hospital 

stay. If care is transferred to another hospital or consultant, the finished 

consultant episode ends a new one begins. Thus, within an admission there may 

be multiple episodes with distinct start and end dates. A series of one or more of 
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these episodes each containing data regarding the patient journey combine to 

form a full admission, or in-patient spell.  

In 2018-2019 this included 17.1 million admissions, an increase of 21% over the 

previous decade (85). On a local level each hospital has a Secondary Uses 

Service (SUS) system which extracts data monthly and submits this to NHS 

Digital. This data are then deposited in the HES data warehouse, which 

consolidates large amounts of anonymised data regarding dates and routes of 

in-patient admissions and discharge. It also contains patient demographic details 

such as age group, gender, ethnicity, and geographical data, as well as 

information regarding diagnoses and procedures. Out-patient activity is also 

recorded in the HES data warehouse, including records of appointment made 

and attendance and the specialty provider. It should be noted that payment by 

results only applies to HES Admitted Patient Care Data and as a result HES 

outpatient data coding is poor. A schematic of the HES data processing cycle is 

shown in Figure 1.2. 
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Figure 1.2. Schematic overview of the HES data extraction process1.  

Taken directly from ‘The HES Processing Cycle and HES Data Quality’ (86). 

 

 

 

 

 

 

 

 

 

 

Electronic health records (EHR) collate longitudinal data generated throughout 

the course of routine clinical care. This data are easily accessible and there have 

been epidemiological studies relating to liver disease which use these databases 

to provide comprehensive information from a ‘real-world’ setting (87-89).  

Both EHR and the HES database use coded patient data to allow uniformity and 

comparability. This is classified using the International Statistical Classification of 

Diseases and Related Health Problems (ICD). The World Health Organisation 

published the first ICD dictionary in 1948 and this has been updated and revised 

 
1 PbR; Payment by results, SEM; Standard extraction mart, SUS; Secondary uses service 
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periodically over time (90). The most recent version is ICD-11, which came into 

use in January 2022. ICD-10 has been used in the UK since 1995 and is updated 

every three years, whilst in the United States the ICD-9 system is still commonly 

used. The ICD dictionary contains codes for diseases, signs, symptoms, or 

injuries depending upon the reason for hospital attendance or admission. A list of 

the ICD-10 chapters and descriptions is shown in the Appendix Pg 198(Table 

1). Each admission contains a primary diagnosis code and multiple secondary 

codes for each hospital admission or encounter (91).  

An admission may also contain details regarding procedures and diagnostic 

investigations (92, 93), which are based on the Office of Population and Surveys 

Censuses Classification of Interventions and Procedures version 4 (OPCS-4) 

(94). This version has been in use since 1990 and has been updated periodically, 

most recently in 2007 (95). A list of OPCS-4 chapters and descriptions is shown 

in the Appendix Pg 199 (Table 2). 

The primary use of the HES dataset is to allow reimbursement to hospitals from 

NHS England for services provided during a care episode. But one of the key 

additional uses of HES has been for research purposes, for which it is well 

validated (96). Between 2011 and 2016 there were 264 publications using the 

HES dataset (97). As a result, the same raw data stored on EHR which feed into 

secondary use service and subsequently HES can also be used. NHS Digital 

provide numerous different electronic datasets which have been utilised for 

healthcare planning, clinical audit, service development and research.  

There are practical restrictions to using routinely collected EHR data for research. 

The process of data extraction can be time consuming and may require input 

from specialist data processors. This can lead to delays in receiving and quality 
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checking the data, which can then impact upon the available for analysis. 

Permissions are required for access to data, with stringent Information 

Governance procedures to ensure the data sharing and privacy laws are adhered 

to. This can be a challenging and lengthy process for researchers (98, 99). 

The Department for Health and Social Care outlined the importance of health 

technology systems in their Policy paper in 2018. In this they describe how 

clinicians should have easy access to data and be able to apply algorithms to 

analyse this for research purposes (100). Indeed the use of EHR data for 

research has expanded in recent years, encouraged by funding through Health 

Data Research  UK (101) and the development of research Hubs, including the 

‘Gut Reaction-Health Data Research Hub for Inflammatory Bowel Disease’ (102), 

which is used for secure data processing. To date there is no Heath Data 

Research funded research focussed on liver disease. 
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Chapter 2  

 

A systematic review of codes used 

to identify cirrhosis in electronic 

health records 
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2.1 Introduction 

The ability to identify large cohorts of patients with chronic liver disease can 

improve understanding of the natural history of cirrhosis and liver-related 

complications. Data collated in EHR, and administrative databases are easily 

accessible and can provide comprehensive information regarding ‘real-world’ 

care patterns, costs, and outcomes (87-89). 

The meaning and value of these data are directly related to both their validity and 

applicability to the population with cirrhosis. There have been several studies 

conducted which evaluate the validity of diagnostic codes in identifying patients 

with cirrhosis (103-106). As there are many codes relating to liver disease and its 

complications there is variation amongst studies in terms of the codes used to 

define the presence of cirrhosis. To date there is no consensus set of codes which 

is used internationally to define cirrhosis in EHR. 

This chapter will provide evidence supporting the utility of EHR data in the follow-

up of patients with liver disease. This chapter aims to synthesize a 

comprehensive code set which can be used for future studies using EHR to study 

patients with cirrhosis by comparing definitions of cirrhosis based upon sets of 

existing diagnostic and procedural codes across studies and countries. 
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2.2 Method 

2.2.1 Data sources and search strategy 

A systematic review was conducted. The aim of this was to analyse and compare 

studies utilising EHR data to define cirrhosis. A systematic search strategy was 

developed. This was adapted from previous studies validating ICD codes within 

databases (107, 108). The search terms used were as follows: 

1. Health Services Research/ 
2. administrative data.mp. 
3. hospital discharge data.mp  
4. icd9.mp. 
5. icd10.mp 
6. icd-9.mp 
7. icd-10.mp 
8. icd-9-CM.mp 
9. icd-10-CM.mp 
10. “International Classification of Diseases”/ 
11. medical record*.mp 
12. health information.mp 
13. surveillance.mp 
14. physician claims.mp 
15. claims.mp  
16. hospital discharge.mp 
17. coding.mp 
18. codes.mp 
19. clinical coding.mp 
20. medical coding.m 
21. diagnostic coding.mp 
22. (validity or validation or case definition or algorithm or agreement or 

accuracy or sensitivity or specificity or positive predictive value or 
negative preditive value or validity of results or reliability or reference 
values or reference range).af 

23. cirrhosis.mp 
24. hepatic cirrhosis.mp 
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25. exp Liver Cirrhosis/ 
26. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 

or 16 or 17 or 18 or 19 or 20 or 21 
27. 22 and 26 

28.  23 or 24 or 25 
29. 27 and 28 
30. Limit 29 to English language 
31. Limit 30 to humans 
32. Remove duplicates from 31 

 
A search was completed using the OVID platforms of MEDLINE and EMBASE 

electronic bibliographic databases from inception (1946 and 1947 respectively) 

to March 2020 including ‘In-Process’ citations of all peer reviewed literature and 

conference abstracts. The search was limited to articles published in English and 

human studies, and the studies were de-duplicated prior to evaluation. To identify 

additional studies, the author hand-searched bibliography lists. Following this, the 

identified studies were reviewed in full text and assessed for eligibility against the 

inclusion and exclusion criteria.  

The systematic review protocol was prospectively registered with PROSPERO 

(International prospective register of systematic reviews) registration ID: CRD 

42019118848. The systematic review protocol is included in the Appendix Pg 

200-202. 

It was conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) guidelines and checklist (109). This is 

show in Table 2.1.
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Table 2.1. PRISMA Checklist2 

 
2 PICO; population, intervention, comparison, outcome 

Section/topic  # Checklist item  Page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  24 
ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of 
key findings; systematic review registration number.  

N/A 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  23 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  
24-25 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

25 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, 
publication status) used as criteria for eligibility, giving rationale.  

29 

Information 
sources  

7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional 
studies) in the search and date last searched.  

25 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.  24-25 
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Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting 
within studies).  

31 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which 
were pre-specified.  

N/A 

RESULTS  

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each 
stage, ideally with a flow diagram.  

34 

Study 
characteristics  

18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

35 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  40 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention 
group (b) effect estimates and confidence intervals, ideally with a forest plot.  

35-36 

Synthesis of 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  N/A 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included 
in the meta-analysis).  

29 

Data collection 
process  

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for 
obtaining and confirming data from investigators.  

30 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

30 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at 
the study or outcome level), and how this information is to be used in any data synthesis.  

31 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, difference in means).  30-31 

Synthesis of 
results  

14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) 
for each meta-analysis.  

N/A 
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results  

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias across studies (see Item 15).  40 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression  N/A 

DISCUSSION   

Summary of 
evidence  

24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key 
groups (e.g., healthcare providers, users, and policy makers).  

51-57 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified 
research, reporting bias).  

58-59 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  60 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data), role of funders for the 
systematic review.  

N/A 
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2.2.2 Study selection 

Studies were evaluated for inclusion in two stages. In the first stage all identified 

titles and abstracts were screened. In the second stage relevant studies were 

retrieved and a full text review was done on all studies which met the pre-defined 

inclusion criteria. All observational cohort studies assessing the validity of 

diagnostic and procedural codes (ICD-9 and ICD-10) to identify cirrhosis in adult 

patients either as their primary aim or as part of a larger epidemiological paper 

were included. Studies had to report the code set or algorithm employed to search 

the electronic database.  

 

2.2.3 Inclusion and exclusion criteria 

A study was included in the systematic review if it met the following predefined 

criteria: age >18 years, information regarding hospital admissions stored in 

electronic records as part of routine care, ICD-9 or ICD-10 codes explicitly defined 

and validated in medical record review. Studies using laboratory data to identify 

and define those patients with cirrhosis were excluded, as this data are not 

routinely available through EHR data alone. Where conference abstracts and full 

manuscripts of the same study are identified, data were extracted from the full 

manuscript. 
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2.2.4 Data extraction and quality assessment 

The full text of each article was reviewed. Data was extracted, tabulated, and 

summarised onto a standardised template. The information gathered included 

study author, year of publication and site, start date and duration of data 

collection, electronic data source, sample size, ICD codes or algorithm employed. 

If statistical estimates were not reported in the original paper, estimates were 

calculated from the available data. This included sensitivity, specificity, positive 

predictive value, negative predictive value, and kappa value (a measure of 

agreement beyond that expected by chance).  

In this context, sensitivity refers to the ability of a code or algorithm to correctly 

identify individuals who have liver disease (true positives), whilst specificity 

measures the ability to correctly identify individuals who do not have liver disease 

(true negatives). A highly specific test rarely produces false positive results, 

therefore when the test yields a positive result, it strongly suggests the presence 

of the condition being tested for. Similarly, a highly sensitive test rarely produces 

false negative results, meaning that when a test is negative it effectively rules out 

a disease. A test with both high sensitivity and high specificity is ideal, as it 

accurately detects the presence or absence of a disease. 

Positive predictive value refers to the probability of a patient having liver disease 

when a code or algorithm is present. Conversely, negative predictive value is the 

probability of patient not having liver disease when a code or algorithm yields a 

negative result. These measures are influenced by the prevalence of liver 

disease within a specific population, thus as prevalence increase so too does the 

positive predictive value. In summary, positive predictive value and negative 

predictive value are measures that assess the accuracy of a code or algorithm in 
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determining the presence or absence of a disease. Table 2.2 shows a 2x2 table 

describing the performance metrics of interest recorded in the analysis. 

Table 2.2. 2x2 table to describe performance characteristics included in systematic 
review 

 

Confirmation of 
presence of liver 

disease in medical 
record 

Confirmation of 
absence of liver 

disease in medical 
record 

Performance 
characteristic 

ICD-10 Code 
Algorithm positive 
(suggesting liver 
disease present) 

True positive (A) False positive (B) 
A/A+B 

Positive 
predictive value 

ICD-10 Code 
Algorithm negative 
(suggesting liver 
disease absent) 

False negative (C) True negative (D) 
D/C+D 

Negative 
predictive value 

Performance 
characteristic 

Sensitivity 
A/A+C 

Specificity 
D/B+D 

 

 

As there is no validated quality assessment tool for non-comparator retrospective 

studies (studies which examine the outcome or characteristics based on data 

from existing records of a group of individuals without comparing them to a 

separate control group). an adaptation of the QUADAS tool (Quality Assessment 

of Diagnostic Accuracy Studies) was used to evaluate the quality of the included 

studies (110). This is included in the Appendix Pg 204 (Figure 2). 

 

2.2.5 Data synthesis and citation analysis 

Data was synthesised qualitatively, with the authors reviewing the data extraction 

table and then re-reviewing the relevant articles. Citation analysis was conducted 

using the web resource Scopus to assess the impact, geographical reach, and 

applicability of the studies. This analysis was conducted in September 2020. 

Abstracts were excluded and only those studies in which the primary objective 
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was validation of codes within liver disease were included, as it was felt that this 

would be a more accurate reflection of the impact and use of these validated code 

sets. Only those studies published at least five years ago were included, and 

citations were analysed per publication year.  

 

2.3 Results 

2.3.1 Study characteristics 

A flow chart of studies identified is shown in Figure 2.1. Results from the search 

strategy are shown in the Appendix Pg 203 ( Figure 1). A total of 1975 abstracts 

were identified. After de-duplication 1626 abstracts remained. 138 studies were 

reviewed in full text. A further twenty-nine papers were identified and reviewed 

through hand-searching of reference lists. Overall, eighteen studies met the 

inclusion criteria and were included in the final qualitative analysis. The studies 

and a description of their characteristics and source populations are shown below 

in Table 2.3. 

The sample size ranged between 84 to 6714 people, with a total of 18,704 

patients included. Twelve studies were conducted in the United States (103-106, 

111-118), two in Denmark (119, 120), two in Canada (121, 122) and two in the 

United Kingdom (123, 124). Of those studies from the United States, five used 

cohorts from the Veterans Administration (VA) population (103, 104, 112, 114, 

125). In two studies the evaluation was carried out in a single hospital setting 

(105, 117).  

Seventeen of the studies used medical record review to validate the diagnosis of 

cirrhosis (103-106, 111-117, 119-122, 124, 125). In these studies, the full medical 
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record was retrieved and compared with the diagnostic codes of interest. 

Amongst the seventeen studies, thirteen outlined an explicit definition of their 

primary outcome measure (103-106, 111, 113, 114, 116, 117, 119, 121, 123, 

124). All these included histological and/or radiological evidence of liver disease 

and five also included specific laboratory parameters (103, 104, 113, 116, 119). 

One study searched primary and secondary care records and death registry data 

for codes or free-text terms relating to cirrhosis as their validation standard (123). 

A detailed description of validation standards used is shown in Table 2.4. 

Ten studies evaluated codes using electronic health records (104, 105, 111, 113-

115, 117, 123-125) and seven used administrative databases (103, 106, 112, 

116, 119, 121, 122), the majority of which reported on in-patient and out-patient 

data. One study used a national registry database (120). Validation was the 

primary outcome measure in fourteen studies (103-106, 111-115, 117, 120-122, 

124). Two of these studies focussed on validation of the comorbidity variables 

which constitute the Charlson index, of which liver disease was extracted 

separately (120, 122). Seven of the validation studies analysed disease severity 

i.e., codes representing decompensation events in addition to cirrhosis codes 

(104-106, 113, 114, 121, 124). One study validated an algorithm using ICD codes 

with and without the addition of a natural language processing algorithm (111).  
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Full-text articles excluded  
(n =120) 

Duplicate records n=4 

Pertained to specific aetiology 

n=13 

Did not validate data or report 

validity statistics n=84 

Used codes validated in different 
cohort n=15 

Did not used electronic database 

n=1 

Systematic review n=1 

Used ICD-8 codes only n=2 

Studies included in 

qualitative synthesis  

(n =18) 

Records after duplicates removed  

(n =1626) 

Records identified through 

database searching  

(n = 1975) 

Records screened  

(n =1626) 

Records excluded  

(n =1488) 

Full-text articles assessed 

for eligibility  

(n =138) 

Inclusion criteria 
• >18 years with information 

stored in EHR 

• Statistical estimates 
reported  

• ICD-9/ICD-10 codes for 
cirrhosis defined and 

independently validated 

• Satisfactory validation 
standard including MR 
review +/- radiology +/- 

histological +/- biochemical 

evidence of cirrhosis 

Figure 2.1. Study flow chart 
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3 AD; administrative database, MR; medical record, IP; inpatient, OP; outpatient, EHR; 

electronic health record, VA; veterans affairs, NR; national registry, US; United States, UK; 
United Kingdom 

Table 2.3. Study characteristics of studies validating diagnostic codes in liver disease 
in order of publication year3.  

Author 
(year) Country Study 

years Source population Type of 
database 

Sample 
size 

Records 
validated 

Quan et al 
(122) 
(2002) 

Canada 1996-
1997 

Patients admitted to 
one of three hospitals 
within the Calgary 
Regional Health 
Authority 

AD 1200 1200 

Hachem et 
al (112) 
(2008) 

US 1995-
2005 

Veterans registered at 
VA medical clinics in 
Houston, Texas 

AD 84 84 

Kramer et 
al (103) 
(2008) 

US 1998-
2004 

Veterans registered at 
VA medical clinics in 
Houston, Texas 

AD 331 331 

Re et al 
(104) 
(2011) 

US 2005 
Patients enrolled in the 
Veterans Aging Cohort 
Study 

EHR 137 137 

Thygesen 
et al (120) 
(2011) 

Denmark 1998-
2007 

Patients registered in 
the Danish National 
Registry in the North 
Jutland Region, 
Denmark 

NR 950 50 

Singal et al 
(117) 
(2011) 

US 2008-
2009 

Patients admitted to 
one hospital in Dallas 
County 

EHR 1589 1589 

Goldberg et 
al (106) 
(2012) 

US 1997-
2011 

Patients receiving IP or 
OP care at two tertiary 
care hospitals in 
Pennsylvania 

AD 266 244 

Kanwal et 
al (125) 
(2012) 

US 2000-
2007 

Patients receiving IP or 
OP care at 3 VA 
medical centres and 15 
clinics in the Midwest 

EHR 774 300 

Rakoski et 
al (116) 
(2012) 

US 2008 

Patients enrolled in the 
national Health and 
Retirement Study & 
receiving care at 
University of Michigan 

AD 317 100 

Fialla et al 
(119) 
(2012) 

Denmark 1996-
2006 

Patients enrolled in the 
Funen Patient 

AD 1369 1369 
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Administrative System 
registry in Denmark 

Rabin et al 
(115) 
(2013) 

US 2013 

Patients enrolled in the 
Chronic Hepatitis 
Cohort Study in Detroit, 
Michigan* 

EHR 283 283 

Nehra et al 
(105) 
(2013) 

US 2008-
2011 

Patients receiving IP or 
OP care at one hospital 
in Dallas County 

EHR 2893 2893 

Ratib et al 
(123) 
(2014) 

England 1998-
2009 

Patients enrolled in 
primary and secondary 
registries in England 

EHR 5118 2282 

Chang et al 
(111) 
(2016) 

US 2013-
2015 

Patients receiving IP or 
OP care at 4 hospitals 
in Los Angeles 

EHR 5343 168 

Lu et al 
(113)(2017) US 2015-

2016 

Patients enrolled in the 
Chronic Hepatitis 
Cohort Study in Detroit, 
Michigan 

EHR 296 296 

Mapakshi 
et al (114) 
(2018) 

US 2015-
2016 

Patients with data 
stored within the VA 
Corporate Data 
Warehouse 

EHR 325 325 

Lapointe-
Shaw et al 
(121) 
(2018) 

Canada 2006-
2013 

Patients receiving IP or 
OP care at two tertiary 
care hospitals in 
Ontario, Canada 

AD 6714 6714 

Driver et al 
(124)(2019) UK 2007-

2016 

Patients diagnosed with 
hepatocellular 
carcinoma in two NHS 
cancer centres in 
England 

EHR 339 339 
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4 HCC; hepatocellular carcinoma, HRS; hepatorenal syndrome, HE; hepatic encephalopathy, 

CT; computerised tomography, MRI; magnetic resonance imaging, USS; ultrasound scan, 
SBP; spontaneous bacterial peritonitis, FTD; primary care free text data, TE; transient 
elastography, INR; International Normalised Ratio; GI; gastrointestinal, MR; medical 
record, N/A; not available, MDT; multidisciplinary team 

Table 2.4. Details of validation standard used to identify cirrhosis and complications4.  

Author 
(year) 

Gold 
standard Definition of validation Validator 

Quan et al 
(122) 
(2002) 

MR Details not given in paper 1 clinician 

Hachem et 
al (112) 
(2008) 

MR Pathology +/- radiology +/- evidence in medical 
records 1 clinician 

Kramer et 
al 
(103)(2008) 

MR 

Stage 4 cirrhosis on liver biopsy or ≥2 of ascites, 
cirrhosis, HCC, or portal hypertension on imaging or 
≥2 of cirrhosis, ascites/peritonitis, varices, HCC, 
HRS, HE on imaging (CT/MRI/USS) or in notes or ≥2 
albumin <30g/L, bilirubin>2.0mg/dL, INR >1.2 (or 1 of 
laboratory parameters with one of above) 

1 clinician, 
20% by 2nd 
clinician, 
10% by 3rd 
clinician 

Re et al 
(104) 
(2011) 

MR 

Radiological evidence of ascites (CT/MRI/USS) or 
evidence of peritoneal fluid analysis +/- 
polymorphonuclear leukocyte count ≥250 cells/mL or 
bacterascites or bleeding varices on endoscopy 
report or documentation of mental confusion in 
absence of non-hepatic causes or diagnosis of HCC 
on biopsy or radiology (CT/MRI) 

1 non-
clinician, 
results 
reviewed 
by 2 
clinicians 

Thygesen 
et al 
(120)(2011) 

MR Discharge summary/medical record describing exact 
diagnosis 

1 clinician, 
1 arbitrator 

Singal et al 
(117) 
(2011) 

MR 

Consistent histology +/- cirrhotic-appearing liver on 
imaging with evidence portal hypertension (ascites, 
HE, varices, or splenomegaly with thrombocytopenia) 
* 

1 clinician 

Goldberg et 
al (106) 
(2012) 

MR 
Liver biopsy demonstrating cirrhosis or radiological 
evidence of cirrhosis (CT/MRI/USS), or 
documentation of cirrhosis based on biopsy/radiology 

1 clinician 

Kanwal et 
al (125) 
(2012) 

MR 
Documentation, laboratory, or radiological evidence 
of ascites, HE, in-patient GI bleeding, paracentesis or 
SBP 

1 clinician, 
10% by 2nd 
clinician 

Rakoski et 
al (116) 
(2012) 

MR 

Liver biopsy demonstrating cirrhosis or radiological 
evidence of cirrhotic liver with splenomegaly + 
platelet count of <120,000mm/3 or evidence of 
decompensated cirrhosis with HE, HRS, ascites, or 
variceal bleeding 

1 clinician 
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Fialla et al 
(119) 
(2012) 

MR 

Consistent histology cirrhosis or evidence of portal 
hypertension with hepatic wedge pressure of 
>8mmHg or INR >1.5 or cirrhotic liver on USS or 
perioperatively or evidence of complications such as 
varices, ascites +/- HE 

N/A 

Rabin et al 
(115) 
(2013) 

MR Radiology, laboratory parameters, biopsy, and clinical 
events 

2 
clinicians, 
1 arbitrator 

Nehra et al 
(105) 
(2013) 

MR 

Stage 4 cirrhosis on liver biopsy or radiological 
evidence of cirrhosis + evidence of portal 
hypertension on imaging or clinical evidence of portal 
hypertension/complications (ascites, varices, HE, 
HCC) 

1 clinician 

Ratib et al 
(123) 
(2014) 

EHR + 
FTD 

Search of primary and secondary care records and 
ONS death registry data for codes related to liver 
disease + examination of FTD for any of the following 
terms: “cirrhosis”, “ascites”, “varices”, “liver”, “portal 
hypertension”, “hepatic”, “jaundice” or “paracentesis” 

N/A 

Chang et al 
(111) 
(2016) 

MR 
Stage 4 cirrhosis on liver biopsy, radiological 
evidence of cirrhosis (CT/MRI/USS) or documented 
clinical diagnosis 

1 clinician, 
1 non-
clinician 

Lu et al 
(113)(2017) MR 

Documented evidence of HE or GI bleeding due to 
portal hypertension or jaundice with bilirubin 
>2.5mg/dL or ascites/hydrothorax due to portal 
hypertension/HCC 

2 
clinicians, 
1 arbitrator 

Mapakshi 
et al (114) 
(2018) 

MR 
Stage 4 cirrhosis on liver biopsy or documentation of 
cirrhosis or complications in medical record, 
radiological or endoscopic evidence of cirrhosis 

1 clinician 

Lapointe-
Shaw et al 
(121) 
(2018) 

MR 

Stage 4 cirrhosis on liver biopsy or cirrhotic 
appearance on USS, non-invasive test result 
consistent with Stage 4 fibrosis or evidence in clinical 
record of ascites, bleeding varices, encephalopathy, 
use of spironolactone or nadolol without alternative 
indication or explicit mention of 
cirrhosis/decompensation/non-bleeding varices 

2 
clinicians,1 
arbitrator, 
5% by 2nd 
clinician 

Driver et al 
(124) 
(2019) 

MR 

Documentation of cirrhosis in MR or MDT minutes, 
radiological/endoscopic evidence of portal 
hypertension, cirrhosis on liver biopsy, consistent TE 
result 

3 clinicians 
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2.3.2 Study quality 

Study quality was assessed using an adapted QUADAS tool (110). A detailed 

copy of the tool and a breakdown of individual scores for each study is shown in 

Table 2.5. The QUADAS scores ranged from 7 to 11 with a maximum of 14 

(median 10). 

Three studies used a selected population of patients; patients enrolled in the 

chronic hepatitis cohort study (113, 115) and patients with an ICD-10 code for 

hepatocellular carcinoma (124). Two studies did not adequately describe their 

selection criteria in detail (120, 122). Three studies used a random selection from 

their total sample to verify as a gold standard comparison (111, 116, 118). Seven 

studies stated that the individual abstracting data from the medical record was 

blinded to the database coding (103, 112, 114, 117, 118, 121, 122), whilst the 

rest did not specify. Seven studies used a single clinician to conduct chart review 

(105, 106, 112, 114, 116, 117, 122) the remaining ten studies used more than 

one clinician often in addition to an arbitrator. 
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Table 2.5. QUADAS assessment for papers included in systematic review 
 Studies included in systematic review 

Item Quan Hachem Kramer Re Thygesen Singal Goldberg Kanwal Rakoski Fialla Rabin Nehra Ratib Chang Lu Mapakshi Lapointe-
Shaw Driver 

1 • • • • • • • • • • • • • • • • • • 

2 • • • • • • • • • • • • • • • • • • 

3 • • • • • • • • • • • • • • • • • • 

4 • • • • • • • • • • • • • • • • • • 

5 • • • • • • • • • • • • • • • • • • 

6 • • • • • • • • • • • • • • • • • • 

7 • • • • • • • • • • • • • • • • • • 

8 • • • • • • • • • • • • • • • • • • 

9 • • • • • • • • • • • • • • • • • • 

10 • • • • • • • • • • • • • • • • • • 

11 • • • • • • • • • • • • • • • • • • 

12 • • • • • • • • • • • • • • • • • • 

13 • • • • • • • • • • • • • • • • • • 

14 • • • • • • • • • • • • • • • • • • 

Score 
(max 
14) 

8 10 11 10 8 10 10 10 10 10 7 10 10 10 9 11 11 11 

• YES; • NO; • UNKNOWN 
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2.3.3 Quality of coding sets 

Details of the type and number of codes used are shown in Table 2.6. Fifteen 

studies reported specific ICD codes used to define liver disease in their cohort 

(103-106, 111-114, 116, 119-121, 123-125). The remaining three studies (115, 

117, 122) did not specify the codes however it was possible to obtain the 

information from other related studies (126-128). Seven papers adopted ICD 

code sets which had previously been used and validated by other authors (112, 

113, 115, 120, 122-124), whilst eleven studies developed their own selection of 

codes (103-106, 111, 114, 116, 117, 119, 121, 125).  

Quan et al used a coding algorithm developed previously by Deyo et al (126), 

which included fourteen ICD-9 codes in total. The ‘mild’ liver disease category of 

the Charlson criteria included 3 codes for cirrhosis, and this was therefore 

combined with the codes for ‘moderate or severe’ liver disease. Thygesen et al 

used a larger number of codes to define ‘mild’ liver disease which included codes 

considered to be less specific for cirrhosis (K71; K74; K76.0) (120). For this 

reason, only the coding algorithm which was employed for ‘moderate or severe 

liver disease’ were included. 

There was significant variation in the number and type of codes used. These are 

shown in the Appendix Pg 206-212 (Tables 4-7). Overall, there were a total of 

sixty-three ICD-9 codes and fifty-four ICD-10 codes as well as seventy-seven 

procedural codes used to identify cirrhosis. Of those papers using the ICD-10 

classification, this included codes from five disease manifestation categories 

(B15.0-94.2; C22; E80-E84.5; I81-I98.3; K22-K92.2) and two symptom-related 

and external causation categories (R16-R18.8; T86). Three ICD-9 and four ICD-
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10 codes appeared as clustered codes denoting that all the sub-codes were used 

in that paper. Five papers incorporated procedural codes into their code sets. In 

one paper the specific procedural codes were unavailable (115). In the remaining 

four papers the number of procedural codes used ranged between 7 and 60 (113, 

121, 123, 124). Whilst there were similarities between some of the code sets 

used, none of the papers used the same codes from the same ICD dictionary. 

 

2.3.4 Assessment of validation in the literature 

The validation statistics are shown in Table 2.7. PPV was available in all but one 

study (121) and was >90% in ten studies with a range of 71-100% (103, 104, 106, 

111, 114, 117, 120, 123-125). Negative predictive value (NPV) was reported in 

seven studies (103-105, 111, 115, 122, 124) with a range of 72-99%. Nine studies 

reported sensitivity and/or specificity values (104, 105, 111, 113, 115, 116, 121, 

122, 124), the range for which were 20-98% and 43-99% respectively. Kappa 

values were reported in only four studies and the values ranged from 0.48-0.71 

(103-105, 122). Of the ten papers which reported a PPV of >90%, six of these 

included codes taken from both the in-patient and outpatient setting.  

The median number of codes used was thirteen. There was no increase in the 

PPV in those papers that used more codes within their definition (≤13 codes PPV 

range 71-100%; >13 codes PPV range 71-91%). However, four studies which 

validated diagnostic codes found that combinations of codes improved sensitivity 

in comparison to a single code (104-106, 121). 
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There was no difference in the range of PPV between studies using ICD-9 codes 

(71-95%) and those using ICD-10 codes (71-100%). There was also no 

discernible difference in PPV depending upon the type of database from which 

coded information was extracted (administrative database 71-94%; EHR 71-

99%). The study which used the Danish national registry reported PPV of 100%, 

although only 50 patient records were reviewed. There was an increase in the 

minimal value of the PPV range in the five studies conducted in the Veterans 

Affairs population (89-93%) in comparison to the remaining studies (71-100%). 

The eighteen studies included were published over a 17-year period (2002-2019). 

The range of time for data collection varied widely from 1 to 14 years with a 

median length of 4 years and four of the studies collected data from over ten 

years (106, 112, 119, 123). None of the studies commented upon any longitudinal 

changes in statistical estimates during the study collection period. It was noted 

that here was no difference in the trend in PPV in later years compared to earlier 

years; in the six earliest studies published between 2002-2012 (103, 104, 106, 

112, 116, 118-120, 122, 128), the PPV ranged between 71-100% whilst in the 

most recent studies published between 2013-2018 the PPV ranged between 71-

99%. 
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5 ICD; international classification of diseases, CPT; current procedural terminology, ONS; office 

for national statistics, CCP; Canadian classification of diagnostic, therapeutic and surgical 

procedures, IP; in-patient, OP; out-patient; OPCS  office of population and surveys censuses 

classification of interventions and procedures 

* Information not in original abstract-deduced from subsequent paper (30)   

** Paper uses ICD-9-CM (clinical modification) classification 

Table 2.6. Details of code dictionary and number of codes used in each study 5 

Author (year) Codes used Case definition 
Number 

of 
codes 

Quan et al (122) (2002) ICD-9 ≥ 1 code (IP only) 14 

Hachem et al (112) (2008) ICD-9 ≥ 1 code (IP or OP) 2** 

Kramer et al (103)(2008) ICD-9 ≥ 1 code (IP or OP) 3 

Re et al (104) (2011) ICD-9 1 IP+2 OP codes 22** 

Thygesen et al (120)(2011) ICD-10 1st listed code (IP or 
OP) 11 

Singal et al (117) (2011) ICD-9 ≥ 3 codes 11* 

Goldberg et al (106) (2012) ICD-9 ≥ 2 codes (IP or OP) 58** 

Kanwal et al (125) (2012) ICD-9 ≥ 2 codes (IP or OP) 12 

Rakoski et al (116) (2012) ICD-9 ≥ 1 code (IP or OP) 12** 

Fialla et al (119) (2012) ICD-10 ≥ 1 code (IP or OP) 4 

Rabin et al (115) (2013) ICD-9 +CPT ≥ 1 code 41 

Nehra et al (105) (2013) ICD-9 ≥ 1 code (IP or OP)  11 

Ratib et al (123) (2014) ICD-10 + OPCS4 ≥ 1 code 21 

Chang et al (111) (2016) ICD-9 ≥ 1 code (IP or OP) 16 

Lu et al (113)(2017)  ICD-9/10 + CPT ≥ 1 code (IP or OP)  43 

Mapakshi et al (114) (2018) ICD-10 ≥ 1 code (IP or OP) 7 

Lapointe-Shaw et al (121) (2018)  ICD-9/10+ CCP ≥ 1 code (IP or OP) 40 

Driver et al (124) (2019) ICD-10- +OPCS4 ≥ 1 code (IP only) 33 
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6 Se; Sensitivity, Sp; Specificity, PPV; positive predictive value, NPV; negative predictive value  

*Estimated performance statistics using random sample of 100 patients without codes/hepatic 

decompensation 

**Authors validated sensitivity using cohort of patients prospectively determined to have cirrhosis 

‡ Paper uses a specific combination of codes to achieve these performance characteristics 

§ Range given as results separated into 3 separate cohorts 

Table 2.7. Performance characteristics of each study. 6 

Author (year) Se (%) Sp (%) PPV (%) NPV (%) Kappa 
(κ) 

Quan et al (122) (2002) 72 99 80 99 0.75 

Hachem et al (112) (2008) - - 89 - - 

Kramer et al (103)(2008) - - 90 87 0.70 

Re et al (104) (2011) 20* 99* 91 99* 0.48* 

Thygesen et al (120)(2011) - - 100 - - 

Singal et al (117) (2011) - - 95 - - 

Goldberg et al (106) (2012) - - 94 - - 

Kanwal et al (125) (2012) - - 91 - - 

Rakoski et al (116) (2012) 67 - 88 - - 

Fialla et al (119) (2012) - - 71 - - 

Rabin et al (115) (2013) 91 72 71 91 - 

Nehra et al (105) (2013) ‡ 98** 43** 78 91** 0.71** 

Ratib et al (123) (2014) - - 90 - - 

Chang et al (111) (2016) 47 97 92 72 - 

Lu et al (113)(2017) ‡ 83 89 85 - - 

Mapakshi et al (114) (2018) - - 93 - - 

Lapointe-Shaw et al (121) 
(2018) § 67-82 77-90 - - - 

Driver et al (124) (2019) 86 98 99 79 - 
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2.3.5 Citation Analysis 

Citation analysis is a research method used to examine the pattern, impact, and 

quality of citations within academic publications. In this case, this method was 

used to evaluate the research impact of articles by assessing the number of times 

it has been cited by other authors.  

Citation analysis was conducted focussing on those manuscripts cited most 

frequently over the last 3 years, specifically those authored by Kramer et al, 

Nehra et al, Re et al and Goldberg et al. The total number of citations per study, 

mean number of citations per year over that period and the field-weighted citation 

impact (FWCI), which compare how a frequently a document is cited in 

comparison to similar documents (values greater than 1.00 indicate that a 

publication is cited more than expected according to the average) (129), are 

displayed in Table 2.8. 

Over that period, the code set most frequently cited was from Kramer et al, but 

those from Nehra et al, and Goldberg et al were also often reported (103, 105, 

106). This use of different code sets between studies highlights the need for a 

 
7 Total number of citations since publication is shown alongside the number of citations within 

the most recent three years (2018, 2019, 2020). FWCI; field-weighted citation impact 

Table 2.8. Details of citation analysis.7 

Author (year) 
Total 

number of 
citations 

Number of 
citations within 

last 3 years 
FWCI 

Mean number 
of citations 

per year 
Kramer et al 
(103)(2008) 166 56 (18, 21, 17) 2.67 12.8 

Re et al (104) (2011) 76 29 (10, 7 12) 1.87 8.4 

Goldberg et al (106) 
(2012) 77 46 (8, 15 23) 1.45 9.6 

Nehra et al (105) 
(2013) 86 46 (8, 20 18) 2.97 10.3 
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consensus approach to EHR research in the identification of patients with 

cirrhosis. Figure 2.2 shows the citations per study-year since publication. 

 

 

Analysis showed that the studies had been cited on 401 occasions. 342 of these 

studies were conducted within the United States and 140 of these were affiliated 

with Veterans Affairs institutions. Figure 2.3 shows the total number of citations 

sub-divided by the country of authorship. 
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Figure 2.3. Citation analysis subdivided by country of author.8  

 

The most cited paper within this subset was by Kramer et al (103), which was 

referenced by 166 articles over an eleven-year period. As the Kramer paper also 

validated codes for viral hepatitis each citing paper was reviewed individually to 

determine how many used the cirrhosis code set. Seventy-nine of the 166 studies 

used the cirrhosis code set, whilst forty-two papers referenced Kramer et al after 

using the code set to identify viral hepatitis. The remaining twenty-one articles did 

not use either code set. 

  

 
8 Publications from US divided into Veterans Affairs and non- Veterans Affairs affiliated. 

Papers conducted in Asia included Israel, Japan, South Korea, and Taiwan. Papers 
conducted in Europe included Denmark, Germany, Italy, Portugal, Spain, and UK 
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2.3.6 Consensus code set synthesis 

ICD-9 codes were converted to the closest possible ICD-10 equivalent. This was 

done using General Equivalence Mapping, a technique developed by the Centers 

for Medicare & Medicaid Services and the Centers for Disease Control and 

Prevention (130). This process is used in medical coding to map codes from one 

system to another,  ensuring continuity and accuracy in coding when transitioning 

to new systems. Mapping has been used extensively in the United States during 

the transition of coding systems from ICD-9 to ICD-10.  

Here, the 2018 General Equivalence Mapping conversion table was used (131), 

and all converted codes were manually reviewed for accuracy and 

appropriateness prior to inclusion in the consensus code set. In most cases, a  

direct one to one translation was observed. However, there was one exception in 

which the ICD-9 code 571.6, which represents ‘biliary cirrhosis’, was mapped to 

two distinct ICD-10 codes: K74.4 for ‘secondary biliary cirrhosis’ and K74.5 for 

‘biliary cirrhosis, unspecified’. It is noteworthy that a third code, K74.3, which 

corresponds to the ICD-9 code 571.6, denoting ‘primary biliary cirrhosis’, was not 

considered for inclusion. This omission was made because K74.3 is commonly 

used to specifically indicate the condition primary biliary cirrhosis rather than 

merely underlying cirrhosis. 

The most common codes and definitions used across all studies were identified 

and considered for inclusion in the consensus code set (Table 2.9). The most 

frequently used codes were (when mapped to ICD-10) K70.3 – alcoholic 

cirrhosis, and K74.6 – other / unspecified cirrhosis. Other commonly used codes 

related to complications of cirrhosis and portal hypertension, including the 

presence of oesophageal varices and ascites. 
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Table 2.9. Most common codes used to identify cirrhosis 9 
 

 

Since ascites can occur in conditions unrelated to liver disease (e.g., cardiac, or 

renal failure, or intra-abdominal malignancy) this code was of low specificity, and 

it was excluded from the proposed consensus code set to evaluate for future use 

(Table 2.10). 

This is supported in previous studies (105, 132), which have found that using the 

code for ascites alone rather than in combination with other codes for chronic 

liver disease yields a PPV between 43-63%.  

  

 
9 Conversions using General Quivalence Mapping from ICD-9 to ICD-10 dictionary have been 

applied to determine the most appropriate code(s). The number of authors using the code 
includes those papers which used the code in either ICD-9 or ICD-10 format. ICD;  
international classification of diseases 

ICD-9 
code 

ICD-10 
code Description (ICD-10 version) 

Number of 
authors using 

code 

571.5 K74.6 Other and unspecified cirrhosis of the liver 16 

571.2 K70.3 Alcoholic cirrhosis of the liver 16 

456 
-456.0 
-456.1 
-456.2 
-456.21 
-456.20 

I85 
-I85.0 
-I85.9 

I98 
-I98.2 
-I98.3 

Oesophageal varices 
-with bleeding 

-without bleeding 
Oesophageal varices in diseases classified 

elsewhere 
-without bleeding 

-with bleeding 

14 

572.3 K76.6 Portal hypertension 13 

572.2 K72.9 Hepatic failure, unspecified 12 

572.4 K76.7 Hepatorenal syndrome 9 

571.6 K74.4 
K74.5 

Secondary biliary cirrhosis 
Biliary cirrhosis, unspecified 9 

572.8 K72.1 Chronic hepatic failure 8 

789.5 R18.0 Ascites 8 
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Table 2.10. Consensus code set 10 

 

2.4 Discussion 

Accurate assessments of the population burden and the impact of cirrhosis in 

EHR research depend on the performance and validity of the coding algorithms 

used to identify cases. The aim of the systematic review was to review the 

available literature and to synthesise a comprehensive set of codes which can be 

used to facilitate future research internationally. There was substantial variation 

in the codes used to define cirrhosis. The nine most frequently used and relevant 

codes were extracted and combined into a consensus code set (Table 2.10). 

 
 

 
10 Final code set used to define cirrhosis in electronic health records. ICD; international 

classification of disease 

ICD-10 code Description 

K74.6 Other and unspecified cirrhosis of the liver 

K70.3 Alcoholic cirrhosis of the liver 

I85 
-I85.0 
-I85.9 

I98 
-I98.2 

-I98.3 

Oesophageal varices 
-with bleeding 

-without bleeding 

Oesophageal varices in diseases classified elsewhere 
-without bleeding 

-with bleeding 

K76.6 Portal hypertension 

K72.9 Hepatic failure, unspecified 

K76.7 Hepatorenal syndrome 
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2.4.1 The purpose and context of diagnostic coding 

The increasing importance of EHR based research and the role of real-world 

evidence in clinical decision making demands a critical appraisal of the tools used 

to identify cirrhosis in such studies. When reviewing the literature to determine 

the validity of diagnostic coding one must consider the study purpose, location, 

and the data source from which the codes were extracted.  

The provision of healthcare and the databases in use vary considerably 

worldwide, and in developed countries the most important factor to consider is 

the role of medical billing. In the UK and most Scandinavian countries healthcare 

is financed through tax payments. European countries such as Germany and 

France use insurance systems and Canada employs a government-led publicly 

funded model, with the option of privately paid insurance as a supplement. In the 

United States there are numerous systems in place, the majority of which rely 

upon medical billing and coding. Administrative and physicians claims databases 

were developed primarily for the purpose of billing and financial re-payment. 

Whilst the accuracy of these databases in identifying diseases has been widely 

reported upon (133-135) how precisely these findings translate to those countries 

where databases and healthcare systems differ remains unclear.  

In addition to different EHR databases, coding practices within EHRs vary both 

between different countries and across the UK. These variations can be attributed 

to several factors, including healthcare structures, ICD revisions and adaptations 

and regional differences. The 10th revision of ICD is the most widely used version 

worldwide, however countries often adopt modified versions of the ICD to suit 

their specific needs. For example, the United States uses a national variation 
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known as ICD-10 CM (clinical modification), whilst  Canada uses the ICD-10-CA. 

These adaptations are designed to align the coding system with the countries 

healthcare requirements and practices. Furthermore, the transition to new 

revisions of the ICD published by WHO can be a gradual process, leading to 

further variation and making comparisons between different healthcare systems 

challenging. 

Regional variations also exist within the UK and the transition to newer coding 

standards, such as SNOMED CT (136), contributes to variations in coding 

practices  across different regions and organisations. Devolved regions have 

separate policies and preferences, leading to differences in how data is coded 

and recorded. Moreover, local coding practices may vary between hospitals, as 

NHS trusts have the autonomy to set their coding standards based on local 

policies and priorities. These variations in coding practices can present difficulties 

in data exchange and interoperability.  

The HES database contains coded information regarding admissions and 

procedures carried out in NHS hospitals in England. Whilst it reports upon 

outpatient activity, including demographic data and whether or not an 

appointment was attended, it rarely assigns diagnostic codes to outpatient visits 

(137). This is a key difference when considering EHR-based studies which are 

conducted in England compared to those done in the US, where outpatient 

information is coded similarly and with much greater frequency to in-patient data.  

In addition, the HES database does not link with primary care data. Whilst the 

Clinical Practice Research Datalink (CPRD) provides linked data between 

registered GP practices and secondary care (138), it is not routinely available and 
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require annual funding for access. As a result, a study using secondary care data, 

particularly those limited to tertiary care centres, will inevitably capture those 

patients with more advanced decompensated disease and overlook patients who 

are more ambulatory and require primary care input only. This may lead to an 

underestimation of the prevalence of liver disease within a population. 

 
2.4.2 The need for a consensus code set 

Information in databases has been used widely in epidemiological studies of liver 

disease, yet many of these use code sets which have been developed by 

previous authors. Of those papers which were excluded after full text review, the 

majority of these were because they did not validate codes within their own data 

or did not report validity statistics.  

The most widely used coding algorithm within the literature to date is adopted 

from Kramer et al (103). The Veterans Affairs system differs from the rest of 

healthcare provided in the US, both in terms of structure and funding and 

demographically. Most Veterans Affairs patients with cirrhosis are middle-aged 

males with a higher prevalence of HCV and comorbidities than the general 

population (139, 140). Despite this, more than half of studies citing the Kramer 

code set were from outside the Veterans Affairs system suggesting wide adoption 

of these codes for EHR research particularly in the US. However, to facilitate 

international collaboration and comparison a consensus code set that is better 

able to identify cirrhosis has several advantages and indeed these have gained 

traction in other disease areas (107, 108, 141).  
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2.4.3 Assessing code set performance 

There was variation in the measures of performance of the various code sets 

reported. Most frequently the positive predictive value was reported, and this was 

often related to the study design, in which the medical record reviewed were 

already selected to enrich for the presence of cirrhosis. As a result, to avoid 

verification bias only the PPV could be reported. 

Several factors can be identified that improve the performance of code sets 

recognising that there is a balance to be found between the sensitivity and the 

PPV of these. Increasing numbers of codes used, codes from both the inpatient 

and outpatient setting, and codes that encompass the whole range of cirrhosis 

complications all yield improvements in the sensitivity of the described code sets. 

This increase in sensitivity however must be considered in the light of any 

reductions in the PPV. For example, Nehra and colleagues reported that the 

inclusion of multiple codes relating to liver decompensation, except for ascites, 

maximised detection of cirrhosis. Additionally, they found that almost 5% of 

cirrhotic patients had a code for a complication of cirrhosis without a specific 

cirrhosis code, supporting their inclusion within a code set (105).  

Only three of the studies from the United States examined ICD-10 codes, despite 

the transition from the ICD-9 dictionary in 2015. In comparison, all of the studies 

conducted in Europe and Canada use ICD-10 codes aside from the earliest study 

by Quan et al which pre-dated the introduction of the ICD-10 dictionary in Canada 

(122). Over two-thirds of the included studies came from the United States and 

only a small minority were from Europe. Whilst there was no difference in 
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performance statistics based on location, this lack of geographical variation is 

likely to impact on the reproducibility of their findings worldwide.  

The impact of using poorly specific algorithms is that patients with mild liver 

conditions will be mislabelled and cases of cirrhosis will be over-predicted. This 

is of relevance when considering those studies using more generalised codes to 

identify cirrhosis. Two studies used broad definitions that included aetiology and 

codes such as jaundice, coagulopathy and melaena (106, 113). Goldberg et al 

developed three separate algorithms to identify cirrhosis, decompensation, and 

end stage liver disease. Whilst the PPV for cirrhosis remained high without using 

chronic liver disease codes, very few patients with cirrhosis were identified overall 

(35 patients; PPV 94.3%), suggesting that these codes reduce the sensitivity of 

the algorithm considerably. Unsurprisingly, this study also found that when these 

non-specific codes were used alone, they were able to identify only 8.8% of 

patients with end stage liver disease (106).  

Very few studies incorporated procedural codes into their code sets to identify 

cirrhosis. This approach has been adopted by Public Health England in the most 

recent Atlas of Variation in liver disease, in which they combine procedural codes 

with cirrhosis codes (OPCS T461/T462 and ICD-10 K70-K77) to determine the 

number of emergency admissions for paracentesis (142). None of the studies 

commented upon whether the addition of procedural codes improved the 

performance measures.  
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2.4.4 Inclusion of consensus code set in HDRUK Phenotype Library 

To enhance the reach and applicability of the consensus code set the HDRUK 

Phenotype Library was reviewed (143), to determine if any code sets for liver 

disease were already included.  

The HDRUK Library is a comprehensive collection of terms and descriptions used 

to describe clinical conditions. It provides a standardised vocabulary and 

classification system which facilitates the analysis and interpretation of a broad 

spectrum of clinical data in research. None of the included studies have published 

lists to the HDRUK Library. 

The library contains a set of ICD-10 codes to define liver fibrosis, sclerosis and 

cirrhosis (144). This code set was developed and published as part of a broader 

study which defined and published 308 disease phenotypes (145). While this 

code set offers valuable insights, it is important to note that it does not incorporate 

any ICD-10 codes specifically addressing decompensation, which is an important 

aspect of liver disease progression. In addition, the recommended set of codes 

includes specific codes for alcoholic hepatitis, the presence of which does not 

always indicate the existence of underlying cirrhosis. While alcoholic hepatitis can 

be a manifestation of advanced liver disease, cirrhosis encompasses a broader 

spectrum of liver damage and functional impairment.  

A request to publish the consensus code list via the HDRUK Phenotype library 

has been submitted and is pending approval at the time of thesis publication 

(submission: June 2023).  
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2.4.5 Limitations 

There are several limitations to consider regarding this systematic review. First, 

many of the included studies relied on small validation sets from single 

institutions, which may introduce bias in assessing the presence of cirrhosis 

through medical chart review. The lack of external validation further limits the 

generalisability of the findings. In addition, whilst many of the studies combined 

in-patient and out-patient codes, these are often limited to tertiary care centres 

with access to specialist input. An inherent bias which results from using 

electronic health databases is that they rely upon the patient receiving hospital 

care, either as an in-patient or out-patient. As a result, it will inevitably capture 

those patients with more advanced decompensated disease and overlook 

patients who are ambulatory.  

Second, the weight of importance of the individual codes analysed in the primary 

reports was seldom reported, meaning that a quantitative analysis was not 

possible to define the codes carrying the most information in the EHR and how 

this varied between studies.  

Third, developing a consensus code set that can be used across all healthcare 

systems is a challenge and it is recognised that no two electronic systems are 

the same with differing structures, coding practices, and terminologies. Achieving 

standardisation and comparability between different systems can be difficult due 

to these inherent variations. 

Finally, the QUADAS tool was used to assess the methodological quality and risk 

of bias between the included studies. Whilst this tool provides a standardised 

framework for evaluating study design, it does not capture other aspects of study 
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reporting such as generalisability and clinical utility in the real-world setting. In 

addition, the QUADAS tool requires subjective judgement in rating of each item, 

which can lead to potential variability in scoring, and the interpretation of the 

overall score is not clearly outlined. There is no universally agreed-upon score 

which unequivocally reflects a good quality study. Some authors suggest a score  

greater than 10 denotes a good quality paper, whilst others propose a score of 7. 

Such discrepancies make it challenging to interpret the results objectively.  

Whilst the QUADAS tool may provide a structured and quantitative measure with 

which to compare studies, evaluating each individual item response offers a more 

comprehensive understanding of the strengths of each study and helps identify 

potential biases. It is important to emphasise that this tool does not replace the 

need for critical appraisal and interpretation of the study findings within the 

broader context of the research question and available evidence. 

 

2.5 Conclusions 

Many diagnostic codes have been proposed to define cirrhosis in EHR 

research. To promote international collaboration and comparisons, a consensus 

code has been established to standardize the use of these codes in EHR studies 

on cirrhosis. This will help ensure consistent and comparable data across 

different research initiatives and ultimately contribute to a better understanding of 

this condition.   
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Chapter 3  

Validation of a consensus code set 

to identify cirrhosis, aetiology and 

disease severity using electronic 

health records  
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3.1 Introduction 

Validation is a necessary process in medical research, particularly in studies 

which use electronic health data. It is important to verify the accuracy of 

diagnostic coding and algorithms which employ these codes to identify patients 

and clinical events, to product useful, generalisable results. 

This chapter aims to validates the ICD-10 consensus code set developed and 

outlined previously in Chapter 2. Following this it will describe algorithms which 

will determine aetiology and disease severity in a contemporary cohort of patients 

with chronic liver disease defined by transient elastography. 
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3.2 Methods 

3.2.1 Cohorts used to validate the consensus code set 

To comprehensively assess the relevant performance characteristics of the 

consensus code set , validation was conducted using four distinct independent 

cohorts.  

The first validation cohort consisted of 300 patients (referred to as the UK cohort 

[sensitivity]) with cirrhosis as determined by transient elastography. Patients who 

attended the outpatient hepatology department at Leeds Teaching Hospitals NHS 

Trust (LTHT) between 2012 and 2017 were included. LTHT provides 

comprehensive hepatology and liver transplantation services across Yorkshire, 

the Humber, Lincolnshire and the North West of England (146). Those patients 

who underwent TE with a LSM of ≥15 kPa were included. This threshold was 

chosen as studies have shown that irrespective of underlying aetiology, a liver 

stiffness of 13kPa or above accurately differentiates cirrhosis (43). 

This cohort was utilised to evaluate the sensitivity of the consensus code set 

(Table 2.10), which refers to its ability to accurately identify individuals with 

cirrhosis. The sensitivity was calculated by dividing the number of true positives 

(correctly identified cirrhosis cases) by the sum of true positives and false 

negatives.  Here, the sensitivity refers to the ability of the consensus code set to 

correctly identify individuals who have cirrhosis (true positives/true positives + 

false negatives). 

The second aspect assessed was the PPV of the consensus code set. As the 

initial cohort mentioned above only included patients with cirrhosis, an additional 
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patient cohort was necessary for this evaluation. A cohort of 335 patients 

admitted to LTHT (referred to as the UK cohort [PPV]) in 2019, who had one or 

more codes from the consensus code set, was employed for this purpose. The 

PPV indicates the probability of a patient having cirrhosis when a code from the 

consensus code set is present. It was calculated by dividing the number of true 

positives by the sum of true positives and false positives. 

External validation was conducted to verify whether the consensus code set was 

generalisable and reliable. The validation process began by applying the 

consensus code set to a cohort of 113 patients from the University of Michigan 

Hepatology Clinic (referred to as the US cohort [sensitivity]). These patients were 

enrolled prospectively in a chronic disease monitoring system between 2010-

2015 and were followed for a minimum of 3 years. By validating the consensus 

code set in this independent cohort, its performance could be evaluated in a 

different healthcare setting and patient population.  

Finally, the PPV was evaluated in 241 patients identified by any one or more of 

the codes in the consensus code set with an outpatient encounter in May or June 

2021 at the University of Michigan (US cohort [PPV]). To determine the PPV, the 

full medical records of these patients were thoroughly reviewed, to confirm if each 

patient had a verified diagnosis of cirrhosis. This comprehensive assessment 

allowed for accurate determination of the true positives (patients with confirmed 

cirrhosis) as well as the false positives (patients incorrectly identified as having 

cirrhosis). 
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Process of validation used in UK cohort [sensitivity] 

TE measurements were taken in an outpatient setting using FibroScanÓ 

equipment. Examinations were done by trained practitioners using the 

conventional approach (decubitus position with right arm in abduction), with 

access to both the medium and XL probes. Those patients with inadequate or 

low quality TE readings were excluded (success rate <60%; IQR >30%) (40), as 

well as patients under 18 years at the time of TE. When multiple scans were 

performed on the same patient, the first scan indicating the presence of fibrosis 

was included.  

Each patient was assigned an incident diagnosis of chronic liver disease as the 

date of TE. Those patients who had undergone liver transplantation prior to TE 

were discounted, as well as those who had a prior decompensation event 

(variceal bleeding, ascites, and hepatic encephalopathy) to identify newly 

diagnosed cases of advanced fibrosis. Demographic data including gender, 

ethnicity, and age at baseline (continuous variable) were collected. Ethnicity was 

grouped together into the five broad ethic groups as recommended by the UK 

government and Public Health England (147): White, mixed/multiple ethnic 

groups, Asian, Black/African/Caribbean, other ethnic group/not known.  

The MR was reviewed and all events following identification of fibrosis were 

recorded. Diagnosis was taken from documentation by a specialist clinician in the 

medical notes and relied upon either histological and/or biochemical and/or 

radiological evidence of cirrhosis, Details including out-patient visits in the 

hepatology clinic and admissions to hospital with decompensation were 

recorded. Patients were followed up to either death, transplantation, or the end 
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of the data collection period (Censor date: 1st July 2019). Cause of death was 

taken directly from documentation on death certificate or bereavement summary 

where available on the clinical record.  

Data was extracted from the hospital EHR, which contains coded data submitted 

to the HES database as described previously. Coded information (ICD-10 and 

OPCS-4) relating to hospital admissions, investigations, procedures, and 

mortality was collected. During the validation process, all diagnostic and 

procedural codes associated with each admission were considered, rather than 

solely relying on the primary diagnosis code. The patient had to have at least one 

of the codes outlined in the consensus code set (Section 2.3.6) associated with 

an in-patient admission to be identified. Out-patient codes were not available to 

analyse in this cohort.  

The performance of the consensus code set was compared to the most frequently 

used code set by Kramer et al identified through citation analysis (103). The 

codes included in the Kramer code set are shown in the Appendix Pg 213 (Table 

8). 

 

Process of validation used in UK cohort  [PPV] 

Two experienced clinicians11 independently reviewed the medical record to 

confirm if the diagnosis of cirrhosis was correct. A positive diagnosis of cirrhosis 

was made following review on one or more of the following criteria:  

 
11 The candidate (Jessica Shearer) and Thazin Min (credited in the acknowledgements 

section) 
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1. Histological confirmation of cirrhosis, portal hypertension on imaging 

(varices/ascites) 

2. Documentation in medical record by a Specialist Gastroenterologist or 

Hepatologist of an episode of decompensation (ascites, variceal bleeding, 

hepatic encephalopathy) 

3. Synthetic dysfunction consistent with cirrhosis (Albumin ≤30, Bilirubin ≥20, 

INR ≥1.2).  

This criterion was considered the gold standard and was based upon the criteria 

used by Kramer et al (103), described previously in Table 2.4. The gold standard 

was agreed upon in advance by the clinicians reviewing the medical record and 

members of the research supervisor team. 

 

Process of validation used in US cohort [sensitivity & PPV] 

As described elsewhere (148), in the sensitivity cohort all patients had a CT scan 

within 365 days of enrolment and received their diagnosis of cirrhosis based on 

imaging, laboratory and/or histological parameters from a board-certified 

transplant hepatologist and were followed clinically thereafter. All diagnosis 

codes were entered in or mapped to ICD-10 in the electronic medical record, 

using the process described in the previous chapter (Section 2.3.6). In both 

cohorts the patients had compensated cirrhosis at baseline (without ascites, 

encephalopathy, variceal haemorrhage, or liver cancer). A proportion of patients 

(24%) experienced one or more decompensation events during the follow-up 

period. Further details regarding these events are described later in this chapter. 
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The full medical record was reviewed. Basic demographic information was 

extracted, including age at time of TE, gender, aetiology of liver disease (Viral, 

autoimmune, metabolic, ArLD, NAFLD) and ethnicity (Asian, Black, Hispanic, 

White, other, unknown). All events following the identification of fibrosis were 

recorded. This included out-patient visits in the hepatology clinic and admissions 

to hospital with decompensation (variceal bleeding, ascites, and hepatic 

encephalopathy). ICD-10 codes from the consensus code set which were 

attached to in-patient  admissions were extracted from the EHR. Only those 

codes occurring after transient elastography were included and out-patient codes 

were not used for consistency with the UK cohort data. 

In the PPV cohort, the medical record of patients with an out-patient encounter 

was reviewed to confirm if each patient had a verified diagnosis of cirrhosis. 

 

Data analysis 

All analysis was carried out using Stata/SE 15.1 Package (Single User License; 

Serial Number 401506311102).  

The ‘strpos’ command was used to determine the location of specific codes in the 

consensus code set. It works by identifying the position of the desired code within 

a string, returning zero if the substring is not found and one if it is. The syntax for 

‘strpos’ is as follows: 

Strpos(varname, substring) 
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The ‘varname’ is the string variable which is being searched. In this case this 

refers to the codes attached to each in-patient admission. ‘Substring’ is the string 

that is to be located within ‘varname’, which refers to the code of interest from the 

consensus code set. A full description of the Stata code used to validate the 

consensus code set  is included in the Appendix (Page 214-215). 

 

3.2.2 Validation of coding algorithm for aetiology 

The cohort of 300 patients used to validate sensitivity of the consensus code set 

(UK cohort [sensitivity]) were used to validate coding algorithms to determine 

aetiology.  

Aetiology was assigned in the following hierarchical order: viral hepatitis, 

autoimmune, metabolic disease, ArLD, NAFLD. This method has been described 

and validated previously in the literature (123). The algorithm was adjusted to 

include codes for fatty liver disease and diabetes if no other aetiology codes were 

identified. If no relevant codes were recorded the patient was recorded as having 

unknown aetiology. The ‘strpos’ command was used to identify codes of interest 

for each disease group from the EHR. Following this the ‘regexm’ command was 

used to create the hierarchical diagnosis system. This command applies regular 

expressions to string variables to search for a specific pattern. The basic syntax 

is as follows: 

Regexm(string_variable, regular_expression) 
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As such, each string is checked for a particular sequence and the result is stored 

as a new variable. The codes included and the algorithm used to determine 

aetiology are shown in full the Appendix (Table 7).  

The true aetiology was determined through review of the medical record and 

documentation of a positive diagnosis by a Specialist Gastroenterologist or 

Hepatologist.  

 

3.2.3 Validation of coding algorithm for cirrhosis staging  

The cohort of 300 patients used to validate sensitivity of the consensus code set 

(UK cohort [sensitivity]) were used to validate the coding algorithms for cirrhosis 

staging. Coding algorithms to determine decompensation and underlying 

cirrhosis severity were developed, using the validated Baveno IV classification 

(149), which sub-divides cirrhosis into four stages based on the presence and 

severity of CSPH (Figure 1.1) (150).  

The medical records were reviewed to determine changes in Baveno IV stage at 

yearly intervals throughout follow-up. Patients were classified as Baveno IV stage 

one if they had had an endoscopy which showed that they did not have varices. 

Only those patients who remained either Baveno IV stage one or were ‘low risk’ 

according to the Baveno VI criteria at the end of 12 months follow-up were 

included in the analysis (LSM <20kPa; platelet count >150x103/µl (52)).  

The Baveno IV determined by the coding algorithms was compared to the true 

Baveno stage identified through the clinical records. This was reassessed at 

yearly intervals during follow-up. The ‘strmatch’’ command was used to determine 
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if an exact string variable matched a specified set of values. The basic syntax is 

as follows: 

Strmatch string_variable, match_values 

The ‘string variable’ refers to the variable which is matched against and the 

‘match values’ is a list of values which are checked for a match. A worked 

example using ICD-10 codes from EHR data is shown: 

replace bav = 1 if (strmatch(epicode,"*I85.9*") | /// 
   strmatch(epicode,"*G10.4*")| strmatch(epicode,"*G10.8*")| /// 
   strmatch(epicode,"*G10.9*")| strmatch(epicode,"*G14.4*")| /// 
   strmatch(epicode,"*I85.9*")| strmatch(epicode,"*I86.4*")| /// 
   strmatch(epicode,"*I98.2*")| /// 
   strmatch(epicode,"*J06.1*")| strmatch(epicode,"*J06.2*")| /// 
   strmatch(epicode,"*G17.4*")| strmatch(epicode,"*G43.4*")| /// 
   strmatch(epicode,"*G43.7*")) 
 

In this, ‘epicode’ refers to the string variable and the ICD-10 code is the match 

value. The codes and detailed algorithms used to define Baveno stages are 

shown in the Appendix (Table 8). 

 
 

3.2.4 Data management 

The source data for patients included in the validation were obtained from local 

hospital EHR systems with the assistance of information technology analysts 

located at participating sites. Source data comprised the following demographic 

variables: gender, ethnicity, and age at baseline (time of TE). Diagnostic and 

procedural codes attached to hospital admissions occurring after the date of TE 

were obtained. 
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The candidate (Dr Jessica Shearer) applied and obtained data and is 

accountable for data management. Permission to access data was strictly 

granted to those individuals directly involved in the study, namely the candidate 

(Dr Jessica Shearer) and members of the research supervisor team. 

To ensure data security, the data were stored on an encrypted Leeds Teaching 

Hospitals NHS Trust Laptop (Standard specification; IT equipment number: 

1590849). The laptop was kept in a physically secured room on site in the Clinical 

Sciences Building at the St James’ University Hospital site. The building requires 

access via swipe card and the room is kept locked with access only to authorised 

specific members of research team.  

Data undergo anonymisation prior to analysis in adherence with the NHS Code 

of Confidentiality (151). The anonymisation process was carried out by the 

candidate utilising the method of pseudonymisation.  Each individual within the 

data set was assigned a unique pseudonym following the pseudonymisation 

process outlined in the General Data Protection Regulation privacy rules (152). 

The candidate retained the identification key, thereby maintaining privacy and 

ensuring secure data analysis. Figure 3.1 shows the pseudonymisation process 

used. 
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Figure 3.1. Flow chart illustrating the data pseudonymisation process 

 

Raw data spreadsheets containing identifiable information were stored on a 

password-encrypted Excel spreadsheet stored on the NHS Trust Laptop. Data 

obtained from external sites were also anonymised prior to transfer. Any 

transmission of sensitive data electronically was done through encrypted 

channels using secure NHS email. Importantly, no patient data were storied on 

personal laptops or private computers.  

For long-term storage and sharing purposes beyond the project's duration, the 

data were stored on secure LTHT disk space. This ensured that the data could 

be shared, reused, and cited while maintaining proper security measures.  

Ethical approval was gained prior to data acquisition (IRAS Study ID: 224964), 

and throughout the process, data collection and storage adhered to the privacy 

rules set forth in the General Data Protection Regulation.  
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3.3 Results 

3.3.1 Demographics 

Table 3.1. Demographic details of UK and US cohort (sensitivity)12 

Variables UK cohort (sensitivity)  
(n=300) (%) 

US cohort (sensitivity)  
(n= 113) (%) 

Age (years) 55 (47, 69) 64 (57, 72) 

Male, n (%) 188 (62.6) 67 (59.2) 

Ethnicity, n (%) 

White 266 (88.6) 100 (88.5) 

Black/Hispanic/Asian 25 (8.3) 10 (8.8) 

Other/Unknown 9 (3) 3 (2.7) 

Disease, n (%) 

  NAFLD 131 (43.7) 21 (18.6) 

  Alcohol 82 (27.3) 11 (9.7) 

  Viral hepatitis 56 (18.7) 52 (46) 

  Autoimmune/cholestatic 19 (6.3) 15 (13.3) 

  Metabolic/Other/Unknown 12 (4)  14 (12.4) 

Transient elastography (kPa) 

15-25 144 - 

>25 156 - 

  

 
12 Continuous variables shown as median and interquartile range. Categorical variables shown 

as numbers and percentages. NAFLD; non-alcoholic fatty liver disease, UK; United 
Kingdom, US; United States 
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Table 3.2 Details of validation cohorts used to determine positive predictive value of 

consensus code set.13 

Variables UK cohort (PPV) 
(n=335) (%) 

US cohort (PPV) 
(n=241) (%) 

NAFLD 40 (11.9) 69 (29) 

Alcohol 181 (54) 98 (41) 

Viral hepatitis 23 (6.9) 57 (24) 

Autoimmune/cholestatic 13 (3.9) 9 (3.7) 

Metabolic 10 (3) 0 

Other/unknown 68 (20.3) 8 (3.3) 

 
Four independent samples were used to validate the sensitivity and PPV of the 

consensus code set, with a total of 989 patients included in the cohort. The 

demographic details of these patients are shown in Table 3.1 and Table 3.2. 

300 patients were included in the UK cohort (sensitivity). The mean age at time 

of diagnosis was 55 years. The median length of follow-up was 45 months. 43% 

of the cohort had NAFLD, followed by 27% with alcohol related liver disease and 

19% with viral hepatitis. Most patients in the cohort were white British (89%). The 

median transient elastography measurement was 25.4 kPa. 113 patients were 

included in the US cohort (sensitivity). The mean age was 64 years, 59% were 

male, and the commonest liver disease aetiology was HCV infection. In both the 

UK and US (PPV) cohorts, the most common liver disease aetiology was alcohol 

(54% and 41% respectively).   

 
13 NAFLD; Non-alcoholic fatty liver disease, UK; United Kingdom, PPV; Positive predictive 

value, US; United States 
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3.3.2 Consensus code set 

The sensitivity for individual codes within the consensus code set was low (Table 

3.3). There were three codes (K74.4, K74.5 and K72.1) which did not appear 

within either the UK or US validation cohorts (sensitivity). Given the additional 

benefit gained from including these codes was likely to be negligible, these were 

subsequently excluded from the proposed consensus code set. 

The final consensus code set improved the sensitivity in the UK cohort from 44% 

using the Kramer et al code set to 61% using the consensus code set (p < 0.0001, 

McNamar’s test). Sensitivity in the US cohort was also improved from 89% to 

100% (p = 0.0015, McNamar’s test) highlighting the utility of the consensus code 

set in diverse patient populations.  

The consensus code set was further evaluated in the subset of the UK validation 

cohort using different liver stiffness measurements (LSM) to define cirrhosis. 

When using a threshold of >20kPa rather than >15kPa, the sensitivity for the 

detection of cirrhosis was improved from 61% to 68% in 227 patients. If the 

threshold was raised to >25kPa LSM the sensitivity improved to 74% in 156 

individuals. In comparison to the Kramer et al codes the sensitivity was 51% and 

58% for patients with a liver stiffness measurement of >20kPa and >25kPa 

respectively. 

To understand whether relevant information was lost by excluding the term for 

ascites, the analyses were repeated including this code. In these analyses the 

sensitivity was not significantly changed; in the UK cohort the sensitivity was 60%, 

whilst in the Michigan dataset sensitivity was maintained at 100%. Utilising only 
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the two most widely used codes (K74.6/K70.3) the sensitivity for detecting 

cirrhosis was reduced to 52% in the UK cohort and 84% in the Michigan dataset.  

To determine if the inclusion of patients with evidence of prior decompensation 

altered the performance characteristics, the medical record of an additional 33 

patients with decompensation events prior to index transient elastography was 

reviewed. Twenty-three of these patients would have been subsequently 

identified by the consensus code set as being cirrhotic. When combined with the 

UK cohort the overall sensitivity was unchanged at 61% (204 out of 333 patients 

correctly identified). 

Of the 335 patients in the UK cohort, 278 patients had cirrhosis confirmed in the 

medical records, giving a PPV of 83%. In the US cohort 214 out of 241 patients 

had a confirmed diagnosis of cirrhosis, equating to a PPV of 89%. 
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14 Approximate conversions from ICD-9 to ICD-10 dictionary have been used to determine the 

most appropriate code(s). The number of authors using the code includes those papers 
which used the code in either ICD-9 or ICD-10 format. In the sensitivity calculation a 
patient can have multiple codes contributing to the identification of cirrhosis. ICD-10; 
International classification of diseases 10th Edition  

Table 3.3. Table to show most common codes used to identify cirrhosis with 

sensitivity for the prediction of cirrhosis in combined validation cohort (UK and US 

cohorts).14  

ICD-10 
code 

 
Description (ICD-10 version) 

Sensitivity of individual 
codes in validation 

group (total 413 
patients), n (%) 

K74.6 Other and unspecified cirrhosis of the liver 177 (43) 

K70.3 Alcoholic cirrhosis of the liver 74 (18) 

I85 

-I85.0 

-I85.9 

I98 

-I98.2 

-I98.3 

Oesophageal varices 

-with bleeding 

-without bleeding 

Oesophageal varices in diseases classified 
elsewhere 

-without bleeding 

-with bleeding 

99 (24) 

K76.6 Portal hypertension 153 (37) 

K72.9 Hepatic failure, unspecified 29 (7) 

K76.7 Hepatorenal syndrome 4 (1) 

K74.4 

K74.5 

Secondary biliary cirrhosis 

Biliary cirrhosis, unspecified 

0 

K72.1 Chronic hepatic failure 0 

R18.0 Ascites 58 (14) 
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3.3.3 Aetiology 

Out of the 300 patients studied, 67% (200 patients) had codes which could be 

used to determine underlying aetiology. When compared to the MR, the 

hierarchical coding algorithm had an overall PPV of 63%. A breakdown to show 

accuracy of the coding algorithm for underlying aetiology is shown in Table 3.4. 

The performance characteristics for individual diseases are shown in Table 3.5. 

The specificity remains above 90% across aetiologies, whilst sensitivity ranges 

from 55% in viral hepatitis to 100% in metabolic liver disease. PPV ranged from 

73% to 94%, and NPV ranged from 91% to 100%.  

All six of the patients with metabolic liver disease (haemochromatosis) were 

correctly identified. Patients with ArLD had a PPV of 73%, with patients most 

commonly mis-identified as having NAFLD. NAFLD had a PPV of 84% and were 

most misidentified as ArLD. The PPV for autoimmune liver disease was 79% and 

for viral hepatitis was 94%. 
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Table 3.5. Performance characteristics for algorithms used to determine aetiology16  

 
 
 

  

 
15 ICD-10; International classification of diseases 10th Edition, NAFLD; non-alcoholic fatty liver 

disease 
16 Se; Sensitivity, Sp; Specificity, PPV; Positive predictive value, NPV; negative predictive 

value, NAFLD; non-alcoholic fatty liver disease, CI; confidence intervals 

Table 3.4. Coding algorithm to determine underlying aetiology15 

 Aetiology in medical records  

Aetiology in 
ICD-10 codes Viral Autoimmune Metabolic Alcohol NAFLD 

 

Unknown 

Viral 31 0 0 2 0 0 

Autoimmune 0 11 0 1 3 0 

Metabolic 0 0 6 2 2 0 

Alcohol 7 1 0 57 11 2 

NAFLD 1 2 0 10 83 3 

Unknown 17 5 0 10 32 1 

 Se (CI) Sp (CI) PPV (CI) NPV (CI) 

Viral 0.55 (0.41-0.69) 0.99 (0.97-0.99) 0.94 (0.80-0.99) 0.91 (0.86-0.94) 

Autoimmune 0.58 (0.34-0.80) 0.99 (0.94-0.99) 0.73 (0.45-0.92) 0.96 (0.92-0.98) 

Metabolic 1.00 (0.54-1.00) 0.98 (0.95-0.99) 0.60 (0.26-0.88) 1.00 (0.98-1.00) 

Alcohol 0.70 (0.58-0.79) 0.91 (0.86-0.94) 0.73 (0.62-0.83) 0.89 (0.84-0.93) 

NAFLD 0.63 (0.55-0.72) 0.91 (0.85-0.94) 0.84 (0.75-0.90 0.76 (0.70-0.83) 
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3.3.4 Decompensation 

Within the validation cohort, 22% of patients (66 out of 300) experienced 90 

decompensating events during the follow-up period, with ascites being the most 

prevalent event, affecting 32 of the 66 patients. Further details regarding clinical 

events are shown in Table 3.6.  

 Using coding algorithms to detect decompensation correctly identified 46 out of 

66 patients with a sensitivity of 70%. A comparison of the occurrence of 

decompensation in medical records and the results obtained from coding 

algorithms is displayed in Table 3.7 using a 2x2 table format. 

Table 3.7. Comparison of coding algorithms to identify decompensation with medical 
records 

 

Table 3.7. Comparison of coding algorithms to identify decompensation with medical 
records18 

 
17 HE; Hepatic encephalopathy 
18 ICD-10; International Classification of Diseases 10th Edition 

Table 3.6. Number of patients with decompensation, including those who had more 
than one decompensating event17 

Decompensation event Number in cohort 

Ascites 32 

Hepatic encephalopathy (HE) 7 

Variceal bleeding 5 

Ascites + HE 9 

Ascites + bleeding 7 

Bleeding + HE 3 

Ascites + HE + bleeding 3 

Total 66 
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Individual patients Decompensation in 
medical records 

No decompensation in 
medical records 

ICD-10 code for 
decompensation 46 1 

No ICD-10 code for 
decompensation 20 233 

Total 66 234 

 
 

 

 

When observing decompensation events rather than individual patients, the code 

algorithms identified 82% (74 out of 90) events. The remaining 16 events that 

were not identified by the algorithms included 8 admissions for hepatic 

 
19 HE: Hepatic encephalopathy, OP; out-patient, HES; Hospital Episode Statistics 

Table 3.8. Details of decompensation events not captured by coding algorithm19 
Patient No: Event Reason event not captured 
8 Ascites Ascites on same admission as death 

54 HE HE on same admission as death 

69 Ascites Not coded on discharge summary 

86 HE HE on same admission as death 

224 Ascites Admission after retrieval of data from HES  

224 HE Admission after retrieval of data from HES 

263 HE Treated as OP 

272 Ascites Admission after retrieval of data from HES  

297 Ascites Ascites on same admission as death 

357 HE Not coded on d/c summary 

357 Variceal bleeding Coded for gastric varices only (non-bleeding) 

378 HE HE on same admission as death 

399 HE Treated as OP 

829 Ascites Admission in different hospital 

829 HE Treated as OP 

903 Ascites Treated as OP 
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encephalopathy, 7 cases of ascites, and 1 instance of variceal haemorrhage. 

Further details from these sixteen missed events are shown in Table 3.8. 

Four events were treated as an outpatient and did not require in-patient 

admission; five decompensating events occurred during the same admission as 

the patients’ death; three admissions occurred after the EHR data was retrieved; 

one patient was admitted to a different hospital. Three admissions had not been 

coded correctly on discharge. If the above discrepancies are accounted for and 

only those in whom the coding appeared incorrect are included, this improves the 

PPV of codes for decompensation events to 96% (71 out of 74). 

 

3.3.5 Baveno staging 

Figure 3.2.  Patient identification for validation of cirrhosis staging 

 
A flow chart to illustrate patient identification is showed in Figure 3.2. Patients 

within the validation cohort were then sub-divided according to the Baveno IV 

criteria. 

300 patients 
(UK cohort [sensitivity])

91 patients Baveno stage 1
45 additonal patients 'low risk' at 12 

months

136 patients suitbale for analysis

108 patients with ICD-10 codes
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Out of 300 patients, 136 were identified to be either Baveno Stage 1 or ‘low risk’ 

by Baveno risk stratifying criteria (LSM <20kPa; platelet count >150x103/µl) at the 

end of the 12 month follow up period. Among these 136 patients, 58 were 

specifically deemed 'low risk'. Out of these 58 patients, 13 were already identified 

as having a Baveno stage at the end of the first year based on clinical events. 

The use of the Baveno low risk criteria thus identified an additional 45 patients. 

The confirmed Baveno stages for the patients at the yearly transitions, as 

recorded in medical records, are presented in Table 3.9.  

 
Out of the 136 patients classified as either Baveno Stage 1 or 'low risk', 79% (108 

patients) had ICD-10 codes in their medical records that allowed determination 

of their Baveno stage. Of the remaining 28 patients who did not have any codes, 

26 patients continued as Baveno stage 1 throughout the follow-up period. As 

previously stated, a patient was only classified as Stage 1 if they underwent an 

endoscopy that confirmed the absence of varices. Out of the 28 patients without 

codes, 18 were classified as Baveno Stage 1 based on their LSM and platelet 

count, and therefore, did not have endoscopy codes in their records. Upon further 

review of the medical records, it was discovered that the remaining 8 patients out 

of the 28 without codes had undergone endoscopies at private medical facilities 

and, therefore, did not generate any OPCS-4 codes. 2 of the 28 patients passed 

Table 3.9. Baveno stage transition during follow-up confirmed in medical records.  

Follow-up 
(months) 

12 24 36 48 60 

Baveno 1 136 132 123 113 112 

Baveno 2 - - 1 5 6 

Baveno 3 - 2 2 5 5 

Baveno 4 - - 2 2 2 

Death - 2 8 11 11 
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away during the third year of follow-up, one of whom was admitted and died 

during the same admission, and therefore did not acquire any codes. The 

remaining 108 patients were utilised to validate the ICD-10 coding algorithms. A 

comparison of the coding algorithms to the medical records is presented in Table 

3.10. where the top table displays the 'true' interval Baveno stage as confirmed 

by the medical records and the bottom table shows the interval Baveno stage 

determined by the ICD-10 codes. 

Table 3.10. Comparison of cumulative Baveno stage transition during follow up 

between medical record and ICD-10 coding algorithm. 20 

 Follow-up (months) 
Baveno stage 12 24 36 48 60 

Medical record 
1 108 104 97 87 86 

2 - - 1 5 6 

3 - 2 2 5 5 

4 - - 2 2 2 

Death - 2 6 9 9 

ICD-10 algorithm 
1 108 104 98 91 90 

2 - - 3 5 6 

3 - 2 1 3 3 

4 - - - - - 

Death - 2 6 9 9 

The medical records and ICD-10 coding algorithms showed agreement in the 

interval Baveno staging for 101 out of 108 patients, or 94%, over the course of 

five years of follow-up. 

 
20 International classification of diseases 10th Edition 
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In the seven cases which the Baveno staging was incorrect, two patients were 

incorrectly classified as Baveno stage 1 by the algorithm, when they transitioned 

to Baveno stage 2 during follow-up. One of these patients had an endoscopy in 

the private sector, and thus no procedural code was generated in their NHS EHR 

record. The second patient had an endoscopy showing grade 1 varices which 

was not coded. Two patients were incorrectly classified as Baveno stage 2 when 

they were Baveno stage 4. Both patients had bleeding varices (one parastomal) 

which were incorrectly coded as non-bleeding varices. Two patients were 

incorrectly classified as Baveno stage 1 when they had transitioned to Baveno 

stage 3 during follow-up. One of these patients had developed ascites requiring 

admission to a different hospital, as a result no code was generated in the local 

EHR record. The remaining patient had moderate ascites controlled with diuretics 

which did not requiring admission for paracentesis. Finally, for one patient the 

transition time from Baveno stage 1 to 2 was incorrectly identified as occurring in 

the fifth year of follow-up when it occurred in the fourth year.  

Taking these discrepancies into account and disregarding those in which the 

coding algorithm was not at fault, a correct identification was made in 101 out of 

106 cases. 
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3.4  Discussion 

3.4.1 Consensus code set 

Important differences in the sensitivity between the validation cohorts were 

identified. This highlights the challenges in translating coding approaches derived 

from one dataset to another and the importance of reporting validation from 

different settings when these approaches are being developed and used. The 

lack of out-patient codes in the UK validation cohort likely impacted on the 

comparatively low sensitivity. Whilst diagnosis and procedural codes are included 

in the HES out-patient dictionary they are not frequently included alongside out-

patient attendances (96), and this has been highlighted as an important area of 

improvement for studies using HES-derived datasets (153). Where available, 

both in-patient and out-patient codes should be used. 

The Kramer code set performed poorly in the UK cohort, in comparison to the US 

database and previous validations within the Veterans Affairs database. This may 

be attributable to the different demographics observed between the UK and 

Veterans Affairs cohorts; Veterans Affairs databases are predominantly 

comprised of males with viral hepatitis (154), whilst the UK validation cohort is 

primarily comprised of patients with NAFLD. Treatment and monitoring practices 

differs between these two conditions, and this will impact upon the coded data. 

Whilst the use of HES derived databases for research is becoming increasingly 

common (155), concerns remain regarding the quality and completeness of 

coding within HES-derived databases, which will impact upon its secondary use 

within research (137). Issues surrounding lack of clinician engagement and 

validity of clinical coding have been recognised as areas for improvement by the 
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Royal College of Physicians. Training, collaborative frameworks and financial 

incentives have been developed over the past decade in order to improve data 

quality (156). Conversely, the Veterans Affairs database was established in 1982, 

and was one of the first healthcare systems to embrace the notion of ‘big data’ 

and its’ role within health research (157). As a result, it has a well-established 

and standardised infrastructure which has been developed to minimise variation 

in coding practice and has been utilised extensively for large scale research for 

the past three decades. Discrepancies between HES derived databases and 

Veterans Affairs systems, in addition to differences due to alterations in ICD 

coding revisions (158) must be considered when comparing the efficacy of coding 

algorithms between different cohorts.  

It is notable that the PPV of the consensus code set ranged between 61-100% 

between the UK and US cohorts, which is lower than the PPV found through the 

systematic review (71-100%). This is most likely attributable to the lack of 

outpatient diagnostic codes, which was available for the majority validation 

studies conducted in the US (Table 2.6) and the lack of linked primary care data. 

Whilst diagnosis and procedural codes are included in the HES out-patient 

dictionary they are often not included alongside out-patient attendances (159). In 

a validation study of HES out-patient data in England it was found that only 0.9% 

of 12,154 appointments included any diagnosis code and 6.7% had an operation 

code (96). This lack of diagnosis record in out-patient datasets has been 

highlighted as an important area for improvement for studies using HES-derived 

datasets (153). 

HES data are now linked to the Clinical Practice Research Datalink (CPRD) 

(160), which allows access to primary care records and inevitably provides a 
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more detailed picture of a patients clinical encounters. Access to CPRD has a 

data cost and was not available for this study however it has been interrogated 

successfully in other studies of liver disease (161). One might assume that most 

patients with established cirrhosis will be under secondary care follow-up, 

however it is possible that ambulatory patients without decompensation would be 

managed in a primary care setting and would be overlooked in the current 

validation. To maximise the efficacy of the code set access to linked primary care 

and out-patient data are preferrable.   

There are several limitations to consider with this validation. Validation using 

chart review has inherent limitations with the potential for misclassification, 

though extraction was done blind to the code set evaluation. The approaches 

taken in the qualitative synthesis recognise these limitations and validation in four 

diverse patient populations addresses, to some extent, issues regarding the 

validity of the consensus code set across healthcare systems. It is recognised 

that the sensitivity in the UK cohort was comparatively low (61%). This was in 

part owing to the population, which comprised of patients who had undergone 

transient elastography in the out-patient setting, and due to the lack of out-patient 

coded data meaning a proportion of patients did not have any coded information 

that could be used. Furthermore, as the patients in the assessment of PPV were 

identified using the consensus code set it was not possible to assess its specificity 

or negative predictive value since no code set negative cases were identified to 

enter the cohort. This is also a limitation to the description of existing code sets 

where these measures are infrequently reported. The potential impact of the 

uncertainty regarding the specificity of the consensus code set should be 

considered in the design of EHR-based studies. Finally, as the validation was 
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conducted in two tertiary care systems, further evaluation of the performance of 

the consensus code set in other healthcare systems would be appropriate. 

 

3.4.2 Aetiology 

The natural history and treatment of liver diseases varies depending upon the 

underlying aetiology. It is therefore essential to accurately differentiate between 

different diseases when using electronic databases to examine clinical outcomes 

in this patient group. There have been several studies which have examined the 

validity of codes for liver disease aetiology, which are shown in Table 3.11. The 

PPV in these studies varies considerably from 40 to 93%.  

In this study, the performance of the coding algorithms in determining aetiology 

was found to have an overall PPV of 63%. However, this accuracy varied 

between diseases. Part of this is likely due to overlapping aetiology in those 

patients with viral hepatitis with alcohol as a co-factor, which is not accounted for 

using the hierarchical algorithm. There was a similar overlap between those with 

ArLD and metabolic co-factors; ten patients with ArLD were coded as NAFLD, 

whilst 11 patients with NAFLD were coded incorrectly as ArLD.  

A recent validation study of a hierarchical algorithm to identify liver disease 

aetiology in Canadian administrative databases combined ICD code algorithms 

with viral serology (162). This showed excellent PPV for both HCV and HBV 

(PPV; 100% and 86% respectively). A further study using Veterans Affairs 

databases to identify NAFLD employed a predictive algorithm based on ICD 

codes, laboratory data, viral serology, and AUDIT-C (Alcohol Use Disorder 

Identification Test: a validated three item screening test used to identify 
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hazardous alcohol consumption), achieving a PPV of 81% (163). These studies 

suggest that a combination of ICD codes alongside laboratory data in a 

hierarchical algorithm is superior to codes alone and is a worthwhile 

consideration when using EHR data to define patient populations in liver disease. 

Ultimately performance of the algorithm was limited largely due to the lack of 

available coded data from hospital admissions in a proportion of the cohort. This 

is an inherent limitation of this analysis and should be taken into consideration in 

future studies. 

 
21 PBC; Primary biliary cholangitis, PSC; Primary sclerosing cholangitis; AIH; autoimmune 

hepatitis, HH; hereditary haemochromatosis, ICD; International classification of diseases, 
PPV; positive predictive value, HCV; hepatitis C, HBV; hepatitis B, ArLD; alcohol related 
liver disease, NAFLD; non-alcoholic fatty liver disease 

Table 3.11. Studies evaluating the validity of codes to define aetiology in liver 

disease.21  

Author (Year) Disease ICD-9/ICD-10 Codes PPV 

Kramer et al (103) (2008) HCV 070.41, 070.44, 070.51, 070.54 0.93 

Kramer et al (103) (2008) ArLD 571.0x, 571.1x, 571.3x, 571.2 0.83 

Kramer et al (103) (2008) HBV 070.2, 070.3, V02.61 0.67 

Myers et al (164) (2010) PBC K74.3 0.73 

Molodecky et al (165) (2011) PSC K83.0 0.59 

Niu et al (166) (2014) HCV 070.41, 070.44, 070.51, 070.54, 
070.7, 070.1 

0.88 

Niu et al (166) (2014) HBV 070.2, 070.02, 070.21, 070.22, 
070.23, 070.31, 070.32, 070.33 

0.81 

Philip et al (162) (2020) ArLD F10.0-F10.9, X45, Y15, X65 K70.0-
K70.4, K70.9, K29.2, G31.2, G62.1, 
G72.1, I42.6, K85.2, K86.0, E24.4, 
T51.0, T51.9, R78.0, O35.4, Q86.0, 
P0.43  

0.40 

Philip et al (162) (2020) HH E83.10 0.90 

Philip et al (162) (2020) AIH/PBC/PSC K74.3, K83.0, K75.4 0.90 

Corey et al (167) (2015) NAFLD 571.8, 571.9 0.89 
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3.4.3 Decompensations & Baveno staging 

Algorithms to determine decompensation and disease staging according to 

Baveno status showed excellent PPV, at 96% and 95% respectively. This has 

important implications for studies using electronic databases to study liver 

disease, as it allows accurate identification of incident decompensation events. 

Following this, patients can be risk stratified according to underlying disease and 

biochemistry which in turn can be used to target those patients who are at the 

highest risk of disease progression. 

It is important to note that the use of inpatient-only data may lead to an 

underrepresentation of patients who experienced decompensation that was 

managed as an outpatient. Thus, the performance of the algorithm could have 

been improved with the inclusion of data from outpatient care. Nonetheless, the 

results of this study are still comparable to those found in other studies that have 

utilised ICD codes to identify decompensation, which demonstrates the potential 

usefulness of such algorithms (104). 

There was a relatively low incidence of decompensation events in the cohort, 

which contributes to the high PPV observed in the Baveno staging analysis. 

Decompensation events were infrequently missed overall, but it is important to 

note that some individuals who decompensate and die during the same 

admission may be overlooked. In this validation study, only one patient fell into 

this category, which suggests that the number of such events is likely to be small. 

However, it is an important factor to keep in mind when differentiating between 

liver and non-liver related deaths. 
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The use of the four-stage system is acknowledged as having limitations, as it has 

since been advanced into more sophisticated bidirectional multistate models. The 

coded data used in this study could not accurately capture certain critical clinical 

details, such as the need for organ support and the presence of renal dysfunction, 

which could affect the observation of outcomes in cirrhosis. Although the four-

stage system remains prognostically relevant, it is crucial to consider the missing 

clinical information when using EHR data for this purpose. 

 

3.5 Conclusions 

This chapter demonstrated the reliability of the consensus code set in identifying 

cirrhosis, aetiology, and decompensation. The results show that the coding 

algorithms used provide a robust foundation for evaluating the burden of cirrhosis 

in a population. The algorithms described in this chapter will be utilised in the next 

chapter to analyse a larger data set, providing deeper insights into the impact of 

cirrhosis in a population. 
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Chapter 4  

The natural history of advanced 

chronic liver disease defined by 

transient elastography  
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4.1  Introduction 

Progression of cirrhosis is unpredictable, with numerous variables which 

influence both the rate and direction in which a patient may transition. As a result, 

the concept of competing risk in cirrhosis has been explored recently in natural 

history studies using multistate models of disease progression (31).  

Over the past decade, non-invasive techniques for the detection of liver fibrosis 

have become widely available. TE provides a liver stiffness measurement, which 

correlates with fibrosis in patients with compensated ACLD (39), a term which 

has been adopted by the Baveno VI consensus to reflect the spectrum of disease 

in asymptomatic patients, ranging from severe fibrosis to cirrhosis (52). A TE 

reading of greater than 12kPa is highly predictive of ACLD irrespective of the 

underlying aetiology (168). Moreover, TE is a surrogate marker of portal 

hypertension which can be used as a prognostic tool to predict mortality and liver-

related events including decompensation and hepatocellular carcinoma (47, 48).  

Indirect fibrosis tests are used to estimate the degree of liver fibrosis and predict 

the risk of liver-related complications. These tests incorporate clinical and 

laboratory data to estimate the degree of liver fibrosis and categorise patients 

into low, medium, or high risk of advanced fibrosis or cirrhosis. Indirect fibrosis 

tests such as Fibrosis-4 (FIB-4) and ALBI score are convenient, low risk and 

circumvent the need for liver biopsy and are widely used in clinical practice. 

Traditionally natural history studies of liver disease have been limited to cohorts 

of patients with biopsy proven cirrhosis. The introduction of TE, together with the 

use of routinely collected EHR data, represents an opportunity to study larger and 

more heterogenous groups of patients with chronic liver disease (169).   
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This chapter describes the natural history of ACLD defined by TE in terms of the 

first evidence clinical events and the overall progression of disease.  

 

4.2 Survival and competing risk 

4.2.1 Patients and methods 

Study population 

Data was collected from consecutive patients undergoing TE at St James’s 

University Hospital in Leeds and the Queen Elizabeth Hospital in Birmingham 

(QEHB) between 2008 and 2019. St James’s University hospital is managed by 

LTHT, which provide specialist services for a region of 5.4 million people (170). 

QEHB is within the University Birmingham NHS Foundation Trust, which covers 

a catchment population of 5.2 million people (171). Both NHS Teaching Hospitals 

are large tertiary referral centres with access to liver transplantation. Patients with 

liver disease were managed in these centres according to established national 

and international guidelines. 

All LSM were taken routinely in the outpatient setting by practitioners trained in 

its use. Whilst Baveno VI consensus states that values between 10-15kPa are 

suggestive of ACLD, and that further tests may be required for confirmation (52), 

more recent studies have suggested a lower threshold of 13.6kPa maintains a 

high sensitivity and that with a reading of >10kPa suggested probable ACLD (39). 

Thus, patients with a median LSM of >10kPa were included. Those patients with 

inadequate or low-quality TE readings were excluded. This was defined as a 

success rate <60% and interquartile range >30%, in keeping with established 
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reliability criteria (172). Patients who had undergone more than one 

measurement were excluded, as well as patients under 18 years at the time of 

TE.  

 

Data collection 

Each patient was assigned the incident diagnosis of chronic liver disease as the 

date of TE plus three months to exclude those with TE done at the time of incident 

decompensation or HCC diagnosis. To account for ascertainment bias, those 

patients who had undergone liver transplantation prior to TE, and those who had 

a prior decompensation event (hepatic encephalopathy, variceal bleeding, 

ascites, spontaneous bacterial peritonitis) were discounted. This enabled 

identification of newly diagnosed cases of compensated ACLD. In addition, 

patients with events occurring within three months of TE were excluded from the 

analyses.  

 
Demographic data including gender, ethnicity and age at baseline were collected. 

Specific age in years was considered identifiable patient data by Information 

Governance in accordance with the Data Protection Act. To avoid breaches in 

sharing of patient confidential information, age was grouped into 5 yearly groups 

and later, for the purposes of analysis, 10-yearly. Ethnicity was grouped together 

into the five broad ethnic groups as recommended by the UK government and 

Public Health England (147): White, mixed/multiple ethnic groups, Asian, 

Black/African/Caribbean and other ethnic group/unknown. 
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When biochemical data was available at baseline or within six months of TE, this 

was analysed using the ALBI score [(log10 bilirubin [µmol/L] × 0.66) + (albumin 

[g/L] × −0.0852): ALBI score ≤ − 2.60 (ALBI grade 1), > −2.60 to ≤ −1.39 (ALBI 

grade 2), and > −1.39 (ALBI grade 3)] (173). The ALBI score is validated in 

chronic liver disease for the prediction of patients at risk of decompensation both 

with and without hepatocellular carcinoma (173-176). In addition the FIB-4 index 

(Age* x AST)/Platelets x √(ALT)) (177) was calculated, which has been validated 

in viral hepatitis and non-alcoholic fatty liver disease (NAFLD) cohorts (178, 179). 

 

EHR data description 

Local EHR data containing coded longitudinal information regarding admissions 

and attendances to the NHS hospitals in England were used to identify clinical 

events. Validated coding algorithms described in the previous chapter were used 

to interrogate the HER to determine underlying aetiology.  

EHR data was used to identify relevant clinical events occurring after TE. This 

included liver specific events comprising of bleeding and non-bleeding varices, 

ascites, hepatic encephalopathy, hepatocellular carcinoma, and liver-related 

death. In addition, algorithms were developed to identify relevant non-liver events 

such as cardiovascular events, non-hepatic malignancy, and non-liver deaths. 

The codes and algorithms used to define diagnoses and clinical events are 

shown in the Appendix Pg 213 (Table 7).  
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Code exploration by disease group 

Prior to analysis of outcome data, the specific codes, frequency of admissions 

and number of admissions per patient were examined. The codes were grouped 

according to Charlson comorbidity index (CCI) (180). This index was first 

developed in 1987 and has been used to predict mortality within 1-year of 

hospitalisation for patient with varying degrees of comorbidity. The index is 

weighted depending upon the number, type, and severity of comorbid condition. 

Coding algorithms have been developed using ICD-10 codes for use of the index 

in electronic health databases, and the CCI is now recognised as a well-validated 

prognostic indicator of mortality (181). Coding algorithms used to define Charlson 

are shown in the Appendix Pg 222 (Table 10). 

Following this the number and type of codes were divided by disease group to 

observe for differences. The total and mean number of codes per admission was 

analysed, followed by the ten most frequently used codes per disease group was 

determined.  
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Survival analysis 

All analysis was carried out using Stata/SE 15.1 Package (Single User License; 

Serial Number 401506311102).  

Survival time was calculated from the date of TE either to the end of the data 

collection period, death, or liver transplantation. Cause of death in the full cohort 

was deemed to be liver-related if it occurred after decompensation or the 

development of HCC. Otherwise, death was deemed to be non-liver. Variation in 

survival according to TE measurement, ALBI grade and disease group was 

assessed visually using Kaplan-Meier plots. Log-rank tests of equality were used 

for categorical variables to compare survival distributions, testing the null 

hypothesis that there was no difference in the probability of death between the 

groups. 

To identify prognostic factors associated with overall survival, univariable Cox 

proportional hazard regression modelling was done. This method of analysis 

measures the effect of variables upon time to an event occurring. This included 

age group, sex, liver stiffness, ALBI score and aetiology. Following this, 

multivariable Cox regression analyses was conducted using these variables. A p 

value of <0.05 was considered significant. The stcox command was used to fit 

the proportional hazard model via maximum likelihood.  

 

Cumulative incidence analysis 

The cumulative incidence of liver events, transplant and death was calculated at 

one, three and five years of follow-up. This was displayed per 100 person years 
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and categorised according to the severity of liver fibrosis as assessed by baseline 

liver stiffness, ALBI grade and FIB-4 score. The command stptime was used to 

calculate person-time (estimate of time at risk of all participants) and incidence 

rates at specific intervals. 

 

Competing risk analysis 

The Stata command stcrreg was used to fit a competing risk regression model, 

according to the method of Fine and Gray (182). This approach allows for the 

modelling of the subhazard function for a specific event of interest, considering 

the presence of multiple competing events. By utilizing this command, incidence 

curves can be generated to visualize the observed data. The syntax is as follows 

(183): 

stcrreg x1 x2, compete(fvar==2) 

Here, the competing-risks regression model uses covariates x1 and x2 and the 

competing event is defined by fvar = 2. Data is structured using the stset 

command beforehand, which creates a survival-time structure for survival 

analysis. 

The Fine and Gray method provides a framework for estimating the subhazard 

function. This method was chosen to account for the occurrence of an event 

which occurs in a patient with cirrhosis, that may prevent the occurrence of other 

events. The benefit of this analysis is that it provides a more accurate and 

comprehensive understanding of event probabilities and the impact these have 

upon the overall survival of the patient. This is of relevance in patients with liver 
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disease who are at risk of multiple different events during their lifetime. This 

method provides insight into risk factors associated with each event, which in turn 

can guide management. 

In this analysis the following outcomes were modelled: 

1. Death 

2. Development of varices 

3. Bleeding varices 

4. Non-bleeding decompensation (hepatic encephalopathy, ascites) 

5. Hepatocellular carcinoma 

6. Cardiovascular event 

7. Non-hepatic malignancy 

The following syntax was used: 

stset time, failure(status== 1) id(id) 

stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status==2 3 4  
5 6 7 

 

Firstly, the stset command is used to specify the survival-time data and identify 

the event of interest, which is denoted by status==1 (in this case, death). This 

step ensures that the data is recognized and prepared for survival analysis. 

Next, the stcrreg command is employed to perform a competing risk regression. 

The covariates (independent variables) included in the model are age, gender, 

TE score, aetiology, ALBI score, and FIB-4. These covariates are used to assess 

their association with the cumulative incidence of the event of interest (death), 

while considering other events as competing risks. 
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The competing events in this analysis are specified as status values 2, 3, 4, 5, 6, 

and 7, which represent varices, bleeding varices, non-bleeding decompensation, 

hepatocellular carcinoma (HCC), cardiovascular events, and non-hepatic 

malignancy, respectively. 

Complete case analysis was used to handle missing data in the dataset, which 

analysed only the cases with complete information for all variables of interest 

whilst excluding cases with missing values. 

In summary, the Fine and Gray model is employed to perform a competing risk 

regression analysis, evaluating the cumulative incidence of death while 

accounting for the aforementioned covariates. Meanwhile, varices, bleeding 

varices, non-bleeding decompensation, HCC, cardiovascular events, and non-

hepatic malignancy are treated as competing events in the analysis. 
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4.2.2 Results 

 
22 Continuous variables: median with interquartile range; categorical variables; number and 

percentage. LTHT; Leeds teaching hospitals NHS Trust, QEHB; Queen Elizabeth Hospital 
Birmingham, NAFLD; non-alcoholic fatty liver disease, INR; international normalised ratio, 
AST; Aspartate transaminase, ALT; Alanine transaminase 

Table 4.1.Demographic details for full cohort22 
 

Patient demographics Full cohort 
(n-3028) 

LTHT 
(n=941) 

QEHB 
(n=2087) 

Missing 
Data 

Age (years), n (%) - 
18-27 173 (5.7) 26 (2.8) 147 (7)  
28-37 289 (9.5) 97 (10.3) 192 (9.2)  
38-47 533 (17.6) 169 (18) 364 (17.4)  
48-57 794 (26.2) 271 (28.8) 523 (25.1)  
58-67 759 (25.1) 247 (26.3) 511 (24.5)  
68-77 397 (13.1) 111 (11.8) 286 (13.1)  
78+ 84 (2.8) 20 (2.1) 64 (3.1)  
Sex, n (%) - 
  Male 1766 (58.3) 583 (62) 1183 (56.7)  
  Female 1263 (41.7) 358 (38) 904 (43.3)  
Aetiology, n (%) 1287 (42.5) 
  NAFLD 835 (27.6) 305 (32.4) 530 (25.4)  
  Alcohol 333 (11) 142 (15.1) 191 (9.2)  
  Viral hepatitis 292 (9.6) 112 (11.9) 180 (8.6)  
  Autoimmune/cholestatic 210 (6.9) 44 (4.7) 166 (8)  
  Metabolic 71 (2.3) 26 (2.8) 45 (2.2)  
Ethnicity, n (%) - 
  White 1918 (63.3) 746 (79.3) 1172 (56.2)  
  Mixed/Multiple ethnic 
groups 

27 (0.9) 11 (1.2) 16 (0.8)  

  Asian 335 (11.1) 93 (9.9) 242 (11.6)   
 Black/African/Caribbean 76 (2.5) 35 (3.7) 41 (2)  
  Other ethnic group/not 
known 

672 (22.2) 56 (6) 616 (29.5)  

Biochemistry  
Albumin (g/l, missing = 296) 44 (41, 47) 42 (39, 44) 45 (42, 48) 296 
Bilirubin (μmol/L, missing = 
296)  

10 (7, 16) 10 (8, 15) 10 (7, 16) 296 

Platelets (x103/µl, missing = 
319) 

192 (141, 243) 206 (157, 
258) 

185 (134, 
237) 

319 

INR 1 (1, 1.1) 1 (0.9, 1.1) 1.1 (1, 1.2)  
AST (iu/L) 48 (32, 76) 48 (35, 70) 48 (31, 78)  
ALT (iu/L) 51 (32, 83) 55 (35, 84) 49 (30, 82)  
ALBI grade at baseline, n (%) 292 (9.6) 
  1 2242 (74) 708 (75.2) 1534 (73.5)  
  2 474 (15.7) 221 (23.5) 253 (12.1)  
  3 20 (0.7) 7 (0.7) 13 (0.6)  
FIB-4 Index at baseline, n (%) 877 (29) 
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Baseline characteristics 

Demographic details are shown in Table 4.1. In total 3459 patients underwent 

TE during the study period, of which 3028 were eligible for inclusion. The total 

follow-up was 10,909 patient years with median length per patient follow-up of 

3.3 years. Age at baseline was grouped into 10-year categories, with the most 

frequently occurring age group being between 48-57 years. 58% of the cohort 

were male. Aetiology was determined in 58% of individuals: 28% had NAFLD, 

11% alcohol and 10% viral hepatitis. 63% of the cohort were white British. 

 Biochemistry data to calculate ALBI grade at baseline was available for 90% of 

the cohort. The majority of these were ALBI grade 1 (74%) and the median ALBI 

score was -3.08. Sufficient data were available to calculate FIB-4 grade for 71% 

of the overall cohort and the median FIB-4 score was 1.86. The median transient 

elastography measurement was 15.1kPa. 49% of patients had a baseline TE 

measurement of between 10-15kPa, 27% between 15-25kPa and 24% >25kPa. 

  

<1.45 768 (25.4) 250 (26.6) 518 (24.8)  
1.45-3.25 850 (28.1) 227 (24.1) 623 (29.9)  
>3.25 534 (17.6) 105 (11.2) 429 (20.6)  
Transient elastography (kPa), n (%) - 
   10-15 1480 (48.9) 460 (48.9) 1020 (48.9)  
   15-25 811 (26.8) 243 (25.8) 568 (27.2)  
   >25 738 (24.4) 238 (25.3) 499 (23.9)  
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Admissions and codes 

The study analysed medical records of the 1967 patients (65%) who had 

experienced at least one hospital admission after index TE. A total of 6689 

admissions were recorded, with the average number of admissions being 

summarised for each disease group in Table 4.2. During these admissions, 

17,632 codes were utilised, with most patients having between one and three 

codes assigned per admission, as depicted in the graphical representation of the 

data in Figure 4.1. The range of codes assigned per admission was between 1 

to 12.  

Figures 4.2 to 4.7 illustrate the 10 most frequent codes used in each disease 

group. Full definitions for these codes provided in the ICD-10 dictionary (90) 

which can be found in the Appendix (Table 9). Out of these codes 19 appeared 

in the top ten.  

 

Table 4.2 Number of admissions divided by aetiology23 

 
 

 
23 NAFLD; Non-alcoholic fatty liver disease 

Aetiology Number 
of 
patients 

Number of admissions Average number of 
admissions per patient 

Viral 273 1274 4.7 

Autoimmune 188 645 3.4 

Metabolic 72 518 7.2 

Alcohol 330 1538 4.7 

NAFLD 790 2714 3.4 

Unknown 842 314 2.7 
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Figure 4.1. Number of codes per admission sub-divided by aetiology  
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Figure 4.2. Top ten most frequently occurring in patients with viral hepatitis24 

 

Figure 4.3. Top ten most frequently occurring in patients with autoimmune liver disease 

 
24 CVH; chronic viral hepatitis, T2DM; Type 2 diabetes mellitus, ARD; Alcohol related disorders, 

ArLD; alcohol related liver disease, HCC; hepatocellular carcinoma, OV; oesophageal 
varices, RA; rheumatoid arthritis, COPD; chronic obstructive pulmonary disorder, T1DM; 
Type 1 diabetes,  
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Figure 4.4. Top ten most frequently occurring in patients with metabolic liver disease25 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5. Top ten most frequently occurring in patients with alcohol related liver 
disease 
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Figure 4.6. Top ten most frequently occurring in patients with NAFLD26 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7. Top ten most frequently occurring in patients with unknown aetiology 
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Major clinical outcomes 

During the follow-up period 9.8% of patients died and 2.9% received a liver 

transplant. 6% of deaths were non-liver deaths, as the patient had no evidence 

of decompensation or hepatocellular carcinoma prior to death. The frequency of 

liver transplantation and both liver and non-liver death was greatest in those 

patients with LSM >25kPa. Death after decompensation and transplantation 

occurred in 9.1% and 5.8% of patients with a LSM >25kPa compared with 1.0% 

and 1.5% of patients with LSM 10-15kPa. 7.6% of patients were diagnosed with 

varices, and a further 2.1% had admissions with bleeding varices. 5.5% of 

patients had a non-bleeding decompensation event and 2.4% were diagnosed 

with hepatocellular carcinoma.  

Information regarding clinical events, death and transplantation are shown in 

Table 4.3. 

  

Table 4.3 First clinical events during follow-up sub-divided by baseline liver stiffness 
measurement 
Clinical outcome Overall 

n=3028  
(%) 

10-15kPa 
n=1480 
(%) 

15-25kPa 
n=811  
(%) 

>25kPa 
n=738 
(%) 

Death or transplantation 
Liver-related death 105 (3.5) 15 (1) 23 (2.8) 67 (9.1) 

Non-liver related death 192 (6.3) 62 (4.1) 44 (5.4) 86 (11.7) 

Liver transplantation 87 (2.9) 22 (1.5) 22 (2.7) 43 (5.8) 

Clinical events 
Varices (non-bleeding) 230 (7.6) 41 (2.8) 64 (7.9) 125 (16.9) 

Varices (bleeding) 65 (2.1) 17 (1.1) 17 (2.1) 31 (4.2) 

Non-bleeding decompensation 167 (5.5) 28 (1.9) 36 (4.4) 103 (14) 

Hepatocellular carcinoma 73 (2.4) 18 (1.2) 19 (2.3) 36 (4.9) 
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Survival outcomes 

The relationship between overall survival and various baseline parameters was 

analysed and visualized in Figures 4.8 to 4.14. Figure 4.8 displays the survival 

estimates divided by the baseline LSM, offering a clear understanding of the 

impact of liver stiffness on overall survival. The pattern is consistent when survival 

is divided by the ALBI grade (Figure 4.9) and FIB-4 score (Figure 4.10). 

Further analysis was performed on the relationship between survival and non-

invasive parameters. Figure 4.10 presents survival estimates divided by the TE 

score and ALBI score, while Figure 4.11 demonstrates the division of survival by 

the FIB-4 score. As each of these measures increase, the prognosis and long-

term survival of the patient is notably impacted. 

The incorporation of a non-invasive risk score alongside liver stiffness 

measurement (LSM) brings valuable prognostic information that surpasses the 

individual predictive capabilities of either measure alone. This integration offers 

a more comprehensive understanding of the relationship between fibrosis 

severity and patient survival, emphasising the importance of considering both 

factors when risk stratifying patients with liver disease. This combined approach 

provides a more accurate assessment of the disease severity and enables better 

risk stratification, aiding in the identification of patients who may require closer 

monitoring, intervention, or targeted therapies. The impact of underlying disease 

on survival is depicted in Figure 4.13 including cases where the cause could not 

be determined. Lastly, Figure 4.14 illustrates the division of these results by liver 

stiffness. 
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Figure 4.8. Survival estimates divided by baseline  liver stiffness
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Figure 4.9. Survival estimates divided by baseline ALBI grade 

  
 

Figure 4.10. Survival estimates divided by baseline FIB-4
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Figure 4.11. Survival estimates divided by ALBI grade and liver stiffness at baseline  
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Figure 4.12. Survival estimates divided by FIB-4 score and liver stiffness at baseline 
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Figure 4.13. Survival estimates divided by aetiology 
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Figure 4.14. Survival estimates sub-divided by aetiology and liver stiffness 
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The factors associated with survival were analysed in univariable Cox models and are 

presented in Table 4.4. The results show that LSM, decreased synthetic function as 

indicated by ALBI grade and FIB-4 score, male gender and older age were all 

associated with a higher risk of death. In comparison to alcohol, all other aetiologies 

were at lower risk of death.  

The effect of liver stiffness on overall survival was evaluated. In a multivariable 

analysis (Table 4.5) that adjusted for various factors including age, sex, ALBI score, 

FIB-4 and underlying aetiology, the hazard ratio (HR) for LSM was found to be 1.02. 

 

 
27 NAFLD; non-alcoholic fatty liver disease, HR; Hazard ratio, CI; Confidence interval 

Table 4.4. Exploratory univariable Cox proportional hazard regression analysis to determine 
impact on survival27 
Variable HR 95% CI p value 
Baseline liver stiffness (kPa) 1.03 1.03-1.04 <0.0001 

ALBI score 4.24 3.58-5.01 <0.0001 

FIB-4 score 1.10 1.09-1.12 <0.0001 

Sex (male) 1.40 1.10-1.79 0.006 

Age (years) 1.21 1.16-1.27 <0.0001 

Aetiology 
  Alcohol - - - 

  Viral 0.65 0.45-0.94 0.02 

  NAFLD 0.23 0.16-0.32 <0.0001 

  Metabolic/Autoimmune 0.49 0.32-0.75 0.001 

  Unknown 0.25 0.18-0.35 <0.0001 
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Major clinical outcomes 
 
The impact of non-invasive fibrosis and functional testing on liver-related morbidity 

and mortality was investigated. The cumulative incidence of liver-related events, 

including varices, decompensation, transplantation, and death, at three years of 

follow-up was calculated and stratified based on baseline liver stiffness, FIB-4 score, 

and ALBI grade (Table 4.6). These results highlight the significance of non-invasive 

measures in predicting liver-related outcomes. 

 
28 NAFLD; non-alcoholic fatty liver disease, HR; Hazard ratio, CI; Confidence interval 

Table 4.5. Factors associated with survival in multivariable Cox proportional hazards model 

28 

Variable HR 95% CI p value 
Age (years) 
18-27 0.73 0.28-1.86 0.51 

28-37 0.64 0.30-1.37 0.25 

38-47 0.90 0.55-1.47 0.66 

48-57 - - - 

58-67 1.42 0.95-2.14 0.09 

68-77 2.91 1.92-4.43 <0.0001 

78+ 2.62 1.30-5.29 0.007 

Sex (Male) 1.51 1.11-2.06 0.008 

Baseline liver stiffness (kPa) 1.02 1.01-1.03 <0.0001 

ALBI score 2.47 1.93-3.15 <0.0001 

FIB 4 score 1.04 1.01-1.06 0.008 

Aetiology 

  Alcohol - - - 

  Viral 1.12 0.67-1.87 0.67 

  NAFLD 0.43 0.27-0.68 <0.0001 

  Metabolic/Autoimmune 0.80 0.46-1.37 0.41 

  Unknown 0.54 0.36-0.80 0.002 
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Overall, the cumulative incidence of decompensation was 7.2% (95% confidence 

interval [CI], 6.2%–8.2%) at 3 years and 8.9% (95% CI, 7.7%–10.2%) at 5 years. 

Patients identified with ArLD had the highest cumulative incidence of decompensation 

at 5 years (19.2%, 14.8%–24.0%), and patients with NAFLD had the lowest (3.8%, 

2.9%–5.0%). There was a clear association of the incidence of decompensation with 

baseline LSM. In those with LSM <15 kPa the incidence of decompensation at 5 years 

was 3.7% (95% CI, 2.7%–5.1%), rising to 8.6% (95% CI, 6.4%– 11.1%) in those with 

LSM 15–25 kPa and to 19.0% (95% CI, 15.8%–22.4%) in those with LSM >25 kPa.  

The cumulative incidence of HCC was low: 1.6% (95% CI, 1.2%–2.2%) at 3 years and 

2.5% (95% CI, 1.8%–3.3%) at 5 years. This incidence of HCC at 5 years was lower in 

patients identified with ArLD (3.8%; 95% CI, 2.1%–6.2%) and NAFLD (1.3%, 95% CI 

0.7-2.2%) than those with viral hepatitis (5.7%; 95% CI, 3.2%–9.2%). Again, there was 

an association between LSM and the incidence of HCC; 1.7% (0.9%– 2.9%) of those 

with LSM <15 kPa, 2.4% (95% CI, 1.3%– 4.0%) of those with LSM 15–25 kPa, and 

4.1% (95% CI, 2.6%–6.1%) of those with LSM >25 kPa developed HCC at 5 years.  

Overall, the incidence of a first major clinical event in liver disease, either 

decompensation or the development of HCC was greatest in those with a LSM >25kPa 

(Figure 4.17 and Figure 4.18). 
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Figure 4.15. Cumulative incidence of varices according to liver stiffness  

 

 

Figure 4.16. Cumulative incidence of bleeding varices according to liver stiffness 
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Figure 4.17. Cumulative incidence of decompensation according to liver stiffness 

  

 

Figure 4.18. Cumulative incidence of hepatocellular carcinoma according to liver stiffness 
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Table 4.6. Cumulative incidence rate at 3 years divided by liver stiffness, ALBI grade and FIB-4 per 100-person years.29 

 
29 CI; confidence interval, HCC; hepatocellular carcinoma, TE; transient elastography 

Cumulative incidence at 3 years 

 TE score ALBI grade FIB-4 
 10-15 kPa 15-25 kPa >25 kPa 1 2 or 3 <1.3 1.3-2.67 >2.67 

Varices (n) 0.71 (26) 2.69 (52) 6.52 (106) 1.78 (98) 7.15 (72) 0.35 (6) 1.39 (26) 6.40 (99) 

95% CI 0.48-1.04 2.05-3.53 5.39-7.89 1.46-2.17 5.68-9.01 0.16-0.79 0.95-2.05 5.25-7.79 

Bleeding varices (n) 0.44 (16) 0.71 (14) 1.62 (28) 0.72 (40) 1.40 (15) 0.30 (5) 0.63 (12) 1.28 (21) 

95% CI 0.27-0.71 0.42-1.20 1.12-2.40 0.53-0.98 0.85-2.33 0.12-0.72 0.36-1.12 0.84-1.96 

Non-bleeding 
decompensation (n) 0.49 (18) 1.47 (29) 4.57 (78) 0.84 (47) 6.83 (71) 0.36 (6) 0.74 (14) 4.07 (66) 

95% CI 0.30—0.78 1.02-2.11 3.66-5.71 0.63-1.12 5.41-8.61 0.16-0.79 0.44-1.25 3.20-5.18 

HCC (n) 0.32 (12) 0.71 (14) 1.61 (28) 0.57 (32) 1.77 (19) 0.12 (2) 0.42 (8) 1.58 (26) 

95% CI 0.19-0.57 0.42-1.19 1.11-2.34 0.40-0.81 1.13-2.77 0.03-0.47 0.21-0.84 1.08-2.33 

Liver transplant (n) 0.32 (12) 0.75 (15) 1.82 (32) 0.34 (19) 3.21 (35) 0.59 (10) 0.47 (9) 1.80 (30) 

95% CI 0.18-0.57 0.45-1.25 1.31-2.57 0.22-0.53 2.31-4.47 0.32-1.10 0.25-0.91 1.26-2.57 

Liver Death (n) 0.14 (5) 0.60 (12) 2.21 (39) 0.35 (20) 3.20 (35) - 0.31 (6) 1.86 (31) 

95% CI 0.06-0.32 0.34-1.06 1.62-3.03 0.23-0.55 2.30-4.46 - 0.14-0.70 1.31-2.64 
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Competing risk regression 

The cumulative incidence of first clinical events was calculated using a competing 

risk regression model. In this analysis non-liver events (cardiovascular and non-

hepatic malignancy) were considered as competing events with the occurrence 

of varices, decompensation, and hepatocellular carcinoma. Table 4.7 shows the 

variables assessed to determine their impact on clinical events during the follow-

up period. TE and ALBI score were analysed as continuous variables rather than 

categorical. 

LSM and FIB-4 were significantly associated with a diagnosis of varices, whilst 

LSM, ALBI score and FIB4 score at baseline were significantly associated with 

bleeding varices as a first clinical event. Only baseline ALBI score was 

significantly associated with non-bleeding decompensation. In comparison to 

persons with alcohol related liver disease, individuals with NAFLD were 

significantly less likely to have bleeding and non-bleeding varices, whilst those 

with viral hepatitis were more likely to have HCC. There was no statistically 

significant association with sex and age group in relation to competing risk of 

varices, bleeding, and non-bleeding decompensation. The impact of advancing 

liver disease (as described by non-invasive techniques) on extrahepatic morbidity 

and mortality was assessed (Table 4.8). Increasing age was the only variable 

found to be significantly associated with the occurrence of both cardiovascular 

disease and non-hepatic malignancy whereas male sex was associated with 

incident cardiovascular disease. Neither non-invasive measures of increasing 

liver fibrosis nor liver disease was associated with cardiovascular disease or 

extrahepatic cancers in this study population, but ALBI score was also associated 

with the occurrence of non-liver death.  
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Table 4.7. Sub hazard ratios for competing liver events.30 
 

 

 

 

 

 

 

 
30 sHR; sub-hazard ratio, CI; confidence interval, NAFLD; non-alcoholic fatty liver disease 
– indicates baseline comparator.  - - Indicates too few events to analyse 

Variable sHR 95% CI p value sHR 95% CI p value sHR 95% CI p value 
 Varices Bleeding varices Non-bleeding decompensation 
Age (years) 
18-27 5.46 2.77-10.7 <0.0001 2.16 0.60-7.83 0.24 - - - - - - 
28-37 1.47 0.66-3.25 0.35 0.90 0.25-3.19 0.87 1.83 0.46-7.28 0.39 
38-47 1.09 0.57-2.07 0.80 1.02 0.47-2.25 0.95 1.33 0.42-4.22 0.63 
48-57 - - - - - - - - - 
58-67 1.11 0.70-1.77 0.65 1.28 0.67-2.45 0.45 1.23 0.45-3.40 0.69 
68-77 0.93 0.53-1.64 0.80 0.69 0.27-1.77 0.45 0.93 0.27-3.18 0.91 
78+ 0.95 0.35-2.58 0.92 0.98 0.20-4.72 0.98 1.24 0.15-10.2 0.84 
Sex (male) 0.86 0.61-1.22 0.41 1.12 0.64-1.96 0.69 1.49 0.64-3.43 0.35 
TE score 1.02 1.01-1.03 <0.0001 1.02 1.00-1.03 0.01 1.01 0.99-1.02 0.34 
ALBI score 1.26 0.89-1.78 0.20 2.62 1.74-3.95 <0.0001 1.69 1.01-2.84 0.06 
FIB4 score 3.06 2.23-4.22 <0.0001 2.09 1.32-3.30 0.002 1.49 0.881-2.48 0.18 
Aetiology 
Alcohol - - - - - - - - - 
Viral 0.91 0.42-1.98 0.82 1.53 0.72-3.23 0.27 1.45 0.38-5.57 0.59 
NAFLD 1.93 1.10-3.39 0.02 0.32 0.14-0.75 0.009 1.32 0.44-3.97 0.63 
Other 2.88 1.55-5.34 0.001 0.83 0.37-1.87 0.65 1.09 0.24-5.08 0.91 
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Table 4.8. Sub hazard ratios for competing non-liver events31

 
31 sHR; sub-hazard ratio, CI; confidence interval, NAFLD; non-alcoholic fatty liver disease 
– indicates baseline comparator.  - - Indicates too few events to analyse 

Variable sHR 95% CI p value sHR 95% CI p value sHR 95% CI p value sHR 95% CI p value 
 HCC Cardiovascular events Non-hepatic malignancy Non-liver death 
Age (years) 
18-27 - - - - - - 0.33 0.04-2.68 0.30 - - - - - - 1.05 0.36-3.08 0.93 
28-37 1.16 0.24-5.60 0.85 0.22 0.03-1.75 0.15 - - - - - - 0.79 0.30-2.08 0.64 
38-47 0.75 0.21-2.66 0.66 0.45 0.14-1.39 0.16 0.57 0.19-1.75 0.33 1.16 0.59-2.27 0.66 
48-57 - - - - - - - - - - - - 
58-67 1.30 0.48-3.49 0.60 1.79 0.86-3.75 0.12 1.16 0.53-2.51 0.71 0.96 0.51-1.81 0.90 
68-77 2.21 0.77-6.26 0.14 2.80 1.24-6.34 0.01 2.63 1.24-5.57 0.01 2.19 1.18-4.07 0.01 
78+ - - - - - - 11.2 4.65-26.9 <0.0001 1.84 0.37-9.10 0.45 2.24 0.83-6.03 0.11 
Sex (male) 1.79 0.68-4.70 0.24 3.77 1.91-7.43 <0.0001 1.40 0.76-2.58 0.28 1.25 0.80-1.97 0.33 
TE score 1.00 0.98-1.02 0.92 0.98 0.96-1.00 0.02 0.99 0.97-1.02 0.55 1.01 1.00-1.02 0.14 
ALBI score 1.20 0.55-2.62 0.65 0.92 0.49-1.75 0.80 0.53 0.27-1.07 0.08 2.72 1.90-3.89 <0.0001 
FIB4 score 1.82 1.00-3.33 0.05 0.80 0.52-1.24 0.32 1.37 0.90-2.08 0.14 1.19 0.87-1.62 0.28 
Aetiology 
Alcohol - - - - - - - - - - - - 
Viral 2.87 1.01-8.11 0.05 0.70 0.26-1.88 0.47 0.33 0.09-1.19 0.09 0.74 0.28-1.97 0.55 
NAFLD 0.48 0.13-1.74 0.26 0.75 0.38-1.51 0.42 0.47 0.23-0.98 0.04 0.54 0.25-1.17 0.12 
Other 0.89 0.19-4.07 0.88 1.07 0.43-2.63 0.89 0.44 0.14-1.43 0.17 0.35 0.12-1.07 0.07 
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4.2.3 Discussion 

Admissions and codes 

Liver related diagnosis codes comprised seven out of the ‘top ten’ codes 

associated with in-patient admissions, suggesting that a large proportion of the 

admissions related to underlying liver disease rather than comorbidity. It is 

recognised that hospitalisation in patients with cirrhosis are usually a result of 

complications of portal hypertension, most commonly ascites (R18) (184). 

However, the codes which feature most frequently were diagnostic codes for liver 

disease (B18, K70, K74-K76), as opposed to codes for decompensation. One 

explanation may be that clinical coders attach the diagnostic liver disease code 

to an admission as a relevant condition which coexists at the time of admission, 

rather than the direct reason for admission. This highlights the importance of 

accurately identifying decompensation events to distinguish between liver-related 

and non-liver-related admissions. 

The relatively high number of admissions per patient in the metabolic group is 

most likely frequent elective admissions for venesection in patients with 

haemochromatosis. This is supported by the most frequent code associated with 

in-patient admissions in the metabolic group being the code for ‘disorder of iron 

metabolism’. This should be considered when using EHR data to determine 

outcomes and could be mitigated by separating emergency and urgent 

admissions from routine or elective admissions. The route of admission is a 

routinely collected data field within the HES database (85). This would also be of 

relevance for patients attending day case units for elective paracentesis, which 

may be coded as ‘non-malignant ascites’.  
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The absence of a significant difference in the number of codes per admission 

between different diseases may appear counter-intuitive given the known 

association between NAFLD and extra-hepatic comorbidities. One possible 

explanation for this observation could be related to the way coded data are 

recorded in the EHR system, where certain comorbidities may not have been 

recorded in all cases or may have been recorded differently across different 

disease groups. Further investigation is needed to fully understand the reasons 

behind this observation and the potential impact on the accuracy of EHR-based 

studies of liver disease. 

Codes for diabetes also occurred frequently, most notably within the NAFLD 

group in whom it was the most frequently occurring code, appearing in 

association with 709 in-patient admissions. Patients with cirrhosis are at 

increased risk of type 2 diabetes mellitus, irrespective of the underlying aetiology 

(185), and the presence of diabetes increases the risk of cirrhosis complications, 

death and hepatocellular carcinoma (186). In addition, studies have shown that 

cirrhotic patients with type 2 diabetes mellitus have a higher rate of hospital re-

admission, extended length of stay and a higher rate of liver and non-liver related 

admissions (187). Using EHR data to observe the burden of diabetes-related 

admissions in the cirrhosis population may allow targeted interventions of those 

patients most at risk.  

Codes for acute respiratory illness were common across all disease groups. This 

is in-keeping with previous studies which have shown that bacterial infections 

occur frequently in patients with cirrhosis and are a common cause for repeated 

hospital admissions and intensive care stays (188), and that mortality associated 
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with pneumonia is higher than other infectious diseases in patients with cirrhosis, 

particularly amongst those with ascites (189). 

In this study, it is worth noting that the distinction  between primary and secondary 

coding was not considered. In the HES dataset, each finished consultant episode 

derived from admitted patient care data can encompass a maximum of 20 ICD-

10 codes, with one code designated as the primary diagnosis. The primary 

diagnosis represents the primary reason for the patient's healthcare encounter 

(97).   

Secondary coding may include up to 19 additional ICD-10 codes, which capture 

additional information relevant to the patient’s care but not necessarily 

representing the primary reason for hospitalisation. This can include 

comorbidities and concurrent conditions. The inclusion of secondary codes in the 

analysis is crucial as they help account for additional factors that may impact 

patient outcomes or contribute to the complexity of their care. 

While the distinction between primary and secondary coding was not specifically 

addressed in this study, understanding, and utilising the full range of available 

codes in the HES dataset, including primary and secondary codes, can enhance 

the accuracy and depth of research findings. This is a consideration for future 

research using this data set.  
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Survival and clinical outcomes 

Survival divided by disease and biochemical parameters as shown in the 

univariable and multivariable analysis followed the expected trajectory. The 

poorest survival was observed in those patients with viral and ArLD and higher 

LSM, whilst those patients with NAFLD were at a lower risk of death. This 

observation is in-keeping with disease registry studies in Europe and the United 

States, providing face validity to these findings (190, 191). 

The outcomes illustrated in  follow the expected pattern; as liver stiffness 

increases, so too does the risk of mortality. At five years of follow-up, 

approximately 25% of those with a LSM >25kPa have died, in comparison to 5% 

of those with a LSM between 10-15kPa. This supports the utility of TE, not only 

as a diagnostic tool in identifying ACLD but also in recognising those patients 

who are most at risk of death. This initial survival analysis was in-keeping with 

existing studies, with meta-analyses demonstrating that the risk of mortality has 

a ‘dose response’ relationship with LSM (48).  

Increased mortality according to biochemical non-invasive measures was well 

defined in this analysis (Figure 4.11 and Figure 4.12). Those patients in whom 

there was insufficient data to calculate ALBI score had a similar survival outcome 

to the ALBI grade 1 individuals. This is likely due to the nature of this patient 

group, who had no further contact with secondary care following their initial TE. 

The data suggests that their synthetic function is most in-keeping with the ALBI 

grade 1 group. Survival estimates were stratified according to both liver stiffness 

and ALBI grade. The proportion of patients with ALBI grade 2 or 3 biochemistry 
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is higher amongst those patients with increased liver stiffness, and it is this group 

who appear at the greatest risk of mortality.  

 

Risk stratification 

The observation that combined non-invasive measures provide additional 

information is a striking concept and raises the possibility of a merged calculation 

which uses validated biochemical scores and liver stiffness to further risk stratify 

patients who are the highest risk of death and decompensation. The notion of 

combining ALBI and FIB-4 scores to create a predictive model for 

decompensation has been described previously (174), but not in combination 

with LSM. Comparable models have been used in cardiovascular disease for 

almost twenty years to estimate the ten-year risk of a fatal cardiovascular events, 

considering recognised risk factors such as smoking, age hypercholesterolaemia 

and geographical variation (192). This data suggests that liver stiffness, together 

with albumin and bilirubin are important predictors of outcomes in ACLD and can 

be used to inform stratification for follow up. 

A suggested risk calculation based on these survival estimates is demonstrated 

in   

Table 4.9. This simple prognostic tool could be easily deployed in the out-patient 

setting and would provide useful information for the clinician in terms of 

stratification for surveillance and screening based on risk of liver-related morbidity 

and mortality. It would also provide a visual illustration to patients help them 

understand their disease and the associated mortality risk. This is of particular 
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importance in cirrhotic patients given the widespread lack of understanding and 

knowledge about disease trajectory (193). In addition, risk scores can be used by 

non-liver clinicians and in primary care to help determine frequency of monitoring 

and to identify those patients who require referral to specialist services. This 

approach has been used with success in nephrology, with chronic kidney disease 

‘road maps’ highlighting to primary care physicians who and when to refer (194).  

Table 4.9. Non-invasive risk calculation based on liver stiffness and ALBI grade 
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Findings in the context of current knowledge 

The natural history of cirrhosis is most well described in relatively small cohorts 

of patients with biopsy proved disease (18, 195), frequently enriched for viral 

hepatitis than more common diseases such as ArLD and NAFLD. Predicted 

outcomes incorporating LSM and ALBI grade and FIB-4 score (Table 4.6 and 

Table 4.7) are comparable to outcomes described in an inception cohort of 

patients with biopsy-proven compensated disease (31, 196). Table 4.10 presents 

a direct comparison between these studies and this elastography cohort at 36 

months following initial diagnosis (197).  
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A lower frequency of non-bleeding varices was observed in this cohort (8% 

vs.17%). This may relate in part to use of the Baveno IV criteria, for risk 

stratification of individuals who require variceal screening and less likely to be 

deployed in a patient with biopsy proven cirrhosis.  

A lower incidence of both liver and non-liver complications was observed in 

patients with NAFLD, and it is recognised that there are differences between the 

natural history of liver disease of different aetiologies. For instance, the rate of 

liver-related complications in biopsied patients with hepatitis C virus infection is 

higher than in a similar population with NAFLD (198). Whilst it is recognised that 

cardiovascular events and extra-hepatic malignancy are the two leading causes 

of death in NAFLD (199, 200), this risk is most evident in patients undergoing 

liver biopsy for diagnosis and staging of liver disease in NAFLD. This group are 

likely to have a different prognosis to patients undergoing TE, and this may 

account for the differing rates of complications observed. Of note a recent 

retrospective population based case-control study, which used electronic primary 

care databases found a low prevalence of NAFLD and only a weak association 

between NAFLD and cardiovascular events when adjusted for known risk factors 

(201). One could postulate that the risk of incident cardiovascular events in 

Table 4.10. Comparison of clinical events observed in this cohort in comparison with 
previous study of biopsy proven cirrhosis. 

Clinical event Transient elastography 
cohort  
n=3029 (%) 

Biopsy cohort 
N=202 (%) 

Non-bleeding varices 230 (8) 35 (17) 

Bleeding varices 65 (2) 2 (1) 

Non-bleeding decompensation 167 (6) 17 (8) 
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NAFLD may have been over-estimated due to selection bias in studies using 

biopsy proven cohorts.  

The overall cumulative incidence of HCC in this cohort was low, but did increase 

with LSM, ALBI score and FIB-4 score. Whilst it is possible that the rate was 

underestimated in this analysis, the codes used to define HCC in the EHR have 

been validated in the literature and show good performance characteristics 

across different aetiologies (Sensitivity 94–96%; Specificity 93–98%) (121). In 

addition the same coding scheme as that used by Public Health England and the 

National Cancer Registration and Analysis Service was used here (63). Thus, it 

seems unlikely that many incident cases of HCC have been missed.  

The incidence of HCC varies depending on underlying aetiology, ranging from 

<1.5% per year in patients with metabolic liver disease and NAFLD, between 0.2-

1.8% per year in patients with ArLD cirrhosis and up to 3-5% per year in patients 

with cirrhosis secondary to viral hepatitis (202, 203). The low incidence rate of 

HCC observed may be due to the relatively high number of patients with NAFLD 

in comparison to viral hepatitis.  

It should be noted that the rate described in this cohort is similar to that observed 

in a recent Danish registry-based cohort study of patients with ArLD cirrhosis 

(195). The authors of this study highlight the importance of death as a competing 

event when considering the true incidence of HCC, a factor which is not always 

considered in models estimating risk of HCC (204) and subsequent cost benefit 

analyses of HCC surveillance. The absolute benefits of surveillance where the 

incidence of HCC is low will be small (205, 206), and assessments of surveillance 

suggest cost-effectiveness at a threshold of 1.5% incidence per annum (207). 
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Those patients at the highest risk of developing HCC (high LSM, ALBI score and 

FIB-4) also have the poorest predicted mortality risk. Many of these patients will 

either decompensate and not be eligible for on-going surveillance or die from 

non-HCC causes. The data presented here lend weight to the recent arguments 

in favour of a randomised controlled trial of surveillance for HCC (208). 
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Limitations 

There are limitations to this analysis worth consideration. The clinical context of 

elastography was not available, and factors which may affect the initial liver 

stiffness measurement such alcohol use and body mass index (BMI) could not 

be accounted for. A minority of patients had low non-invasive risk scores, 

suggesting a low probability of significant liver fibrosis. It may be because of this 

that several patients included were falsely considered to have advanced fibrosis.  

The median follow-up period per patient was modest, which may have impacted 

upon the overall number of events observed. The patients included were drawn 

from the routine clinics of two large secondary care centres with associated 

tertiary care services, including transplantation. The description of natural history 

here may therefore not be applicable to other settings, particularly primary care 

though the relevance is likely greater than those studies using liver biopsy as the 

entry point.  

In Figures 4.9-4.12 the interaction of liver stiffness and non-invasive measures 

was visualised, showing that combing these two parameters improves prognostic 

ability. It is important to note that in the modelling process these interactions were 

not specifically accounted for, and thus the potential relationship may not have 

been fully captured. The absence of formal interaction modelling should be 

considered a limitation of this study, and future studies can explore more 

advanced methods to investigate and quantify the interactions among the 

variables of interest. 

Whilst it was possible to identify admissions with liver-related complications and 

downstream mortality, the ascertainment of disease aetiology was incomplete in 
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a large proportion of individuals who had few or no hospital attendances. This 

was not unexpected given the validation findings described previously (Page 78), 

It is recognised that there is a degree of crossover between patients with ArLD 

and metabolic cofactors, and those with NAFLD who consume moderate 

amounts of alcohol (209), which will result in misclassification bias in some 

patients.  

Completed case analyses was conducted in this analysis. This method has 

certain benefits; it is a straightforward approach which preserves observed data 

relationships and focuses solely on reliable information. It also avoids 

assumptions about missing data which may introduce bias. However, completed 

case analysis does have limitations. It results in a reduced sample size and the 

potential for lost information. This method risks introducing bias if completed 

cases are not representative of the whole population and if missing cases are 

non-random. 

Alternative methods for handling missing data,  such as multiple imputation, offer 

advantages over complete case analysis. Multiple imputations replace missing 

values with estimated values based on the available data (210), thereby 

mitigating the loss of information and potential bias associated with completed 

case analysis.  

Although the current analysis did not adopt multiple imputation due to time 

constraints and limited expertise, future studies using this dataset should 

consider incorporating this method to address missing data. This approach allows 

for a more complete utilization of the available data, enhancing the statistical 

power and accuracy of the analysis. 
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It is not possible to identify BMI nor levels of alcohol consumption between 

different disease groups using EHR data alone, and the impact of disease 

modifiers such as antiviral treatment in patients with viral hepatitis cannot be 

automatically captured. Treatment of hepatitis B with significant liver fibrosis was 

offered universally in routine practice for the duration of the data collection, while 

direct acting antiviral treatments for hepatitis C emerged during the 

period. Patients with hepatitis C virus infection and significant liver fibrosis, as 

measured by transient elastography, were prioritised for treatment and since 

most patients had their first LSM in 2015 or later many of those patients with 

hepatitis C will have been treated and had a sustained virological response.  

As only secondary care records were available, some events occurring in 

ambulatory patients will have been missed. Examples may include ascites or 

hepatic encephalopathy which is medically controlled and does not warrant in-

patient admission. Although it is likely that this would represent a small number 

of events given the nature of the clinical events being analysed, and that the 

broad evaluation and conclusions would remain largely comparable. Similarly, 

whilst adjustments were made to the coding algorithms to exclude those patients 

with ICD-10 codes for decompensation prior to baseline TE, some cases may 

have been overlooked. 

Finally, it is acknowledged that using the term ‘natural history’ to describe 

outcomes following a recorded secondary care encounter is not wholly accurate, 

the same being true of all observational studies which use selected populations 

of EHR data. Rather, this analysis describes outcomes in a cohort who have been 

pre-defined at baseline, a similar approach to other natural history studies of liver 

disease using biopsy proven cohorts. 
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Chapter 5  

Screening and surveillance 

patterns in a UK population of 

patients with advanced chronic 

liver disease  

 

  



 

 

 

140 

 

5.1 Introduction 

The incidence rate for primary liver cancer in the United Kingdom has risen over 

the past two decades, with an estimated 5,900 new cases being diagnosed each 

year. This trend is predicted to continue, with rates expected to rise by 38% over 

the next 15 years (211). Chronic viral hepatitis alongside alcohol misuse are the 

main risk factors worldwide (212), with the ongoing obesity epidemic and 

diabetes also contributing to the increasing incidence (213, 214). Whilst 

hepatocellular carcinoma (HCC) can occur in non-cirrhotic patients, the risk 

increases with clinically significant portal hypertension, with between 70-90% of 

all cases occurring in the context of established cirrhosis (215, 216).  

Many patients are diagnosed with HCC at a late stage when treatment options 

are limited. Prognosis is improved when HCC is diagnosed at an early stage and 

curative treatment such as resection, ablation or liver transplantation can be 

considered (217). To facilitate detection, current European and American 

guidelines recommend that patients with cirrhosis, as well as some high-risk 

groups of patients including those with non-cirrhotic HBV, should be offered 6-

monthly ultrasound scan (USS) surveillance to allow early diagnosis and initiation 

of curative treatment (218, 219). Whilst this guidance is supported by meta-

analysis which suggest a survival advantage (220), the benefits of surveillance 

are not fully supported by randomised data and are inherently subjected to lead 

and length time bias (221). In addition, predictive modelling has shown that the 

absolute mortality benefit of surveillance is small (206).  

The provision of HCC surveillance practices in the UK is poorly organised, owing 

mainly to the lack of database information and IT infrastructure supporting 
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automated 6-monthly recall for scans. A national survey published in 2015 

showed that the 86% of UK hospitals did not have a database of patients 

attending surveillance nor any framework in place to allow audit or assessment 

(222). It is now well recognised that adherence to surveillance programmes in at-

risk populations is sub-optimal, with database studies in North America and 

Europe demonstrating rates of regular surveillance of between 20-25% (223-

225).  

British, European, and American guidelines recommend that all patients identified 

as having advanced chronic liver disease (ACLD) should undergo endoscopic 

screening (36, 226, 227). Population base studies assessing adherence to these 

guidelines have shown varying levels of compliance (228-230).  

This chapter uses EHR data to analyses the provision of ultrasound surveillance 

for HCC and variceal screening in a contemporary UK population. 
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5.2 Ultrasound surveillance 

5.2.1 Patients and methods 

Patient selection and population 

Data regarding out-patient appointments was not available from the LTHT cohort. 

As a result, only data from the QEHB cohort was analysed. Patients were deemed 

eligible for surveillance if they fulfilled the following criteria:  

i. Absence of a recorded HCC diagnosis prior to or within first six months of 

TE  

ii. No evidence of decompensation documented within EHR prior to or within 

first six months of TE 

iii. No recorded history of transplantation prior to or within two years of TE 

iv. Liver stiffness measurement of ≥ 15kPa 

v. Active follow-up in the hepatology outpatient department for a minimum of 

two years post-TE 

 

Categorisation of follow-up 

Active follow-up was defined as attending at least one hepatology clinic 

appointment annually for 2 years after the initial TE, with the first appointment 

being scheduled at least one month after the TE. The follow-up was divided into 

three categories: 

i. Regular follow-up - Patients who attended at least one outpatient 

appointment per year for 2 years after TE  



 

 

 

143 

 

ii. Inconsistent follow-up - Patients who attended one outpatient 

appointment either in the first or second year after TE  

iii. No follow-up - Patients who did not attend any outpatient 

appointments within 2 years after TE. 

 

Categorisation of surveillance 

Ultrasound scans (USS) were evaluated within two years of diagnosis of 

cirrhosis. The timing of the scan was adapted from the hierarchical system 

described by Thein et al (223). All scans occurring at least 4.5 months from the 

previous scan were deemed to be part of surveillance, with those occurring before 

this time considered additional likely for an acute indication. Scans included were 

limited either to ‘US abdominal’ or ‘US liver’. Adherence to surveillance was 

ascribed as: 

i. Appropriate surveillance - ≥ two USS for two years following TE at least 

4.5 months apart 

ii. Incomplete surveillance - either having one USS performed annually for 

two years following TE, or at least one USS conducted within two years of 

TE. 

iii. No surveillance - No USS within two years of TE 

 

Categorisation of comorbidity 

The CCI was used to classify baseline comorbidity prior to TE and within the first 

2 years of follow-up, details of which are included in Appendix Pg 220 (Table 
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10). For the purposes of this analysis the index was adapted to remove codes for 

‘mild’ and ‘moderate’ liver disease and HCC. Patients were categorised by CCI 

into the following groups depending upon weight adjusted comorbidities: 

i. No codes for comorbid disease 

ii. One code for comorbid disease 

iii. Two codes for comorbid disease 

iv. Three or more codes for comorbid disease 

 

Statistical analysis 

All analysis was carried out using Stata/SE 15.1 Package (Single User License; 

Serial Number 401506311102) Once the surveillance cohort was identified, 

demographic details were extracted. This included age, underlying aetiology, and 

baseline biochemistry data. Clinical outcomes were analysed, included mortality, 

transplantation, and decompensation events during the follow-up period. Codes 

used to define these clinical events have been described previously and are 

included in the Appendix Pg 211 (Table 7). 

Survival estimates according to patterns of surveillance and follow up in out-

patient clinic were analysed and displayed using Kaplan-Meier curves. An 

ordered logistic regression model was used to estimate the relationship between 

surveillance and a set of independent variables. This method was used as 

patterns surveillance was categorised and ordered into three outcomes (none, 

inconsistent and appropriate), rather than combining two of these variables to 

enforce dichotomy (183).  
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Binomial logistic regression was used to determine predictors of receiving 

appropriate follow-up by modelling the relationship between a set of independent 

variables and the binary outcome. The model estimates the probability of the 

outcome occurring, and the predicted probability is used to classify the cases into 

one of the two outcome categories.  

Variables of presumed clinical importance were chosen for inclusion in the 

regression model, including categorical variables of age, sex, and aetiology and 

CCI and continuous variables of LSM, ALBI score and FIB-4. Coding algorithms 

used are included in the Appendix Pg 221-222. A Cox proportional hazards 

regression analysis was used to assess the effect of surveillance on risk of 

mortality. This was initially unadjusted and then adjusted according to the 

variables described previously. 
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5.2.2 Results  

Patient selection 

The original QEHB cohort comprised of 2087 patients. The demographic 

information of the patients can be found in Table 4.1. The exclusion criteria were 

applied as depicted in Figure 5.1. Patients with decompensation, HCC or 

transplantation have been excluded prior to this analysis. A further 56 patients 

had one of these events within 6 months of TE. 24 patients had no ultrasounds 

following TE. 998 patients had a LSM <15kPa. 280 patients had no recorded out-

patient appointments within 2 years following TE. 

After taking these factors into consideration, a total of 729 patients were identified 

as suitable candidates for ultrasound surveillance and were used for further 

analysis.  
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Figure 5.1. Flow chart demonstrating identification of patients suitable for ultrasound 
surveillance  
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Patient characteristics 

Demographic details of the 729 patients eligible for inclusion in the surveillance 

analysis are shown in Table 5.1. The median duration of follow up was 3.3 years. 

The most represented age group was 48 to 57 years old. 54% of the cohort were 

male. 28% of the cohort had NAFLD, 13% ArLD and 10% viral hepatitis. 56% of 

the cohort identified as White British. 

The data necessary to calculate ALBI grade was available for 90% of the cohort. 

The majority of the cohort, 68%, was found to be ALBI grade 1 at baseline. The 

median ALBI score was -2.99. Data to determine FIB-4 index was available for 

80% of the cohort and the median FIB-4 score was 3.57. Median TE score was 

29.3 kPa. The CCI distribution of the cohort was as follows: 19% had a CCI score 

of 0, 20% had a CCI score of 1 or 2, and 40% had a CCI score greater than 3. 

During the follow up period 14% of the patients in the surveillance cohort died, 

while 3.7% received a liver transplant. The most common first clinical event was 

non-bleeding varices, which occurred in 13% of the patients. This was followed 

by non-bleeding decompensation (4.5%) and cardiovascular events (4%). Table 

5.2 provides further details on the deaths and clinical events that took place.   
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32 NAFLD; non-alcoholic fatty liver disease, INR; international normalised ratio, AST; aspartate 

transaminase, ALT; alanine transaminase 

Table 5.1. Demographic details for surveillance cohort32 

Patient demographics Surveillance cohort (n=729) (%) 
Age (years), n (%) 
18-27 44 (6.2) 
28-37 53 (7.3) 
38-47 104 (14.3) 
48-57 205 (28.1) 
58-67 200 (27.4) 
68-77 99 (13.6) 
78+ 23 (3.2) 
Sex, n (%) 
  Male 393 (53.9) 
  Female 336 (46.1) 
Aetiology, n (%) 
  NAFLD 207 (28.4) 
  Alcohol 96 (13.2) 
  Viral hepatitis 76 (10.4) 
  Autoimmune/cholestatic 87 (11.3) 
  Metabolic 16 (2.2) 
  Missing 253 (34.7) 
Ethnicity, n (%) 
  White 410 (56.2) 
  Mixed/Multiple ethnic groups 5 (0.7) 
  Asian/Asian British 89 (12.2) 
 Black/African/Caribbean/Black British 18 (2.5) 
  Other ethnic group/not known 207 (28.4) 
Biochemistry 
Albumin (g/l, missing = 73) 43 (41, 47) 
Bilirubin (μmol/L, missing = 73)  17 (8, 20) 
Platelets (x103/µl, missing = 87) 173 (115, 218) 
INR (missing =108) 1.2 (1, 1.2) 
AST (iu/L, missing = 130) 73 (36, 84) 
ALT(iu/L, missing =78) 74 (33, 84) 
ALBI grade at baseline, n (%) 
  1 515 (70.6) 
  2 134 (18.4) 
  3 7 (1.0) 
 Missing 73 (10) 
FIB-4 Index at baseline, n (%) 
<1.45 101 (17.5) 
1.45-3.25 192 (33.2) 
>3.25 285 (49.3) 
Unknown 151 (20.8) 
Transient elastography (kPa), n (%) 
   15-25 391 (53.6) 
   >25 338 (46.4) 
Charlson comorbidity index 
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Table 5.2. First clinical events of surveillance cohort  

 

Incidence of HCC 

During the follow-up period, a total of 26 patients (3.6%) were diagnosed with 

HCC. Thirteen of these diagnoses occurred as the first clinical event. Table 5.3 

provides further clinical information about these patients. 

The median time from the start of the follow-up period to the diagnosis of HCC 

was 987 days. The most common underlying cause of HCC was viral hepatitis, 

affecting seven patients. Alcohol and NAFLD were each responsible for five 

cases. The underlying cause was unknown in six patients. The median LSM was 

27kPa, ALBI score was -2.9, and FIB-4 score was 4.3. Over half of the patients 

diagnosed with HCC had a CCI score greater than 3, with 14 patients in this 

category. 

  0 138 (18.9) 
  1 147 (20.2) 
  2 154 (21.1) 
  >3 290 (39.8) 

Clinical outcome Surveillance cohort n=729 

Death or transplantation 

Liver-related death 36 (4.9) 

Non-liver related death 64 (8.8) 

Liver transplantation 27 (3.7) 

Clinical events 

Varices (non-bleeding) 98 (13.4) 

Varices (bleeding) 10 (1.4) 

Non-bleeding decompensation 33 (4.5) 

Cardiovascular event 29 (4) 

Non hepatic malignancy 14 (1.9) 

Hepatocellular carcinoma 13 (1.8) 



 

 

 

151 

 

Table 5.3. Table to show individual characteristics of patients diagnosed with HCC 33

 
33 LSM; liver stiffness measurement, CCI; Charlson comorbidity index, HCC; hepatocellular 

carcinoma, NAFLD; non-alcoholic fatty liver disease 

Sex Age 
(years) Aetiology LSM 

(kPa) ALBI FIB-4 CCI 

Length of 
time to 
HCC 

diagnosis 
(days) 

Female 68-77 Unknown 23.7 -2.48 3.31 3 198 
Male 58-67 Metabolic 23.5 -2.92 4.53 2 874 

Female 68-77 NAFLD 29.1 -3.48 3.02 3 699 
Female 38-47 Unknown 33.3 -2.77 - 0 1178 

Male 48-57 Viral 33 -2.8 6.04 2 1544 
Male 58-67 Metabolic 44.3 3.4 7.79 3 207 
Male 28-37 Viral 26.3 -3.14 2.1 1 1560 

Female 68-77 Viral 16 -2.9 - 3 2296 
Male 58-67 Alcohol 27 -3.48 - 3 1030 
Male 48-57 Viral 28.9 - - 2 1140 

Female 68-77 Alcohol 21.3 -3.68 1.56 3 861 
Male 68-77 Unknown 33.8 -3.19 4.36 3 658 
Male 78+ Unknown 15.1 - - 3 907 
Male 58-67 Alcohol 15.4 -2.89 1.6 3 564 
Male 48-57 Viral 60 -2.43 7.14 1 1142 

Female 58-67 NAFLD 45 -2.59 2.22 2 2479 
Male 58-67 Metabolic 60 -1.76 10.68 3 1091 
Male 48-57 Viral 21.3 -3.14 3.15 2 1731 
Male 48-57 Alcohol 56.1 - - 2 580 
Male 68-77 Alcohol 48 -1.71 5.91 3 492 
Male 68-77 NAFLD 22.1 -3.62 2.74 3 1204 
Male 68-77 NAFLD 15.7 -2.66 3.97 3 252 
Male 58-67 Unknown 46.1 -1.46 8.69 2 943 
Male 48-57 Viral 46.4 -2.97 6.63 1 1289 
Male 48-57 Unknown 23.2 -3.12 8.15 1 834 
Male 58-67 NAFLD 19.8 -3 4.24 3 2556 
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Adherence to surveillance and follow-up 

Out of a total of 729 patients, 41% (301 patients) were undergoing appropriate 

surveillance ultrasounds, while 33% (238 patients) were receiving incomplete 

surveillance. 26% of patients (190) were not receiving regular surveillance at all. 

29% (214 patients) were receiving regular follow-up while the remaining 71% 

(515 patients) were experiencing inconsistent follow-up. The characteristics of 

patients undergoing different patterns of surveillance are detailed in Table 5.4. 

During the follow-up period, 26 patients were diagnosed with HCC. Out of these, 

11 patients (42%) were receiving appropriate HCC surveillance, 12 (46%) were 

undergoing incomplete surveillance, and the remaining 3 (12%) had no 

surveillance. In terms of follow-up appointments, 7 patients (27%) were receiving 

regular follow-up, while the remaining 19 patients (73%) were receiving 

inconsistent follow-up. 
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Table 5.4. Table of descriptive characteristics of patients undergoing different 

surveillance patterns34 

 
 

Survival estimates, predictors of surveillance and follow up 

The median survival between patients receiving appropriate surveillance and 

those receiving incomplete, or no surveillance showed a statistically significant 

difference (p = 0.0377) as per the log-rank test, as shown in Figure 5.2. Figure 

5.3 also highlights the impact of follow-up patterns on survival, with patients 

regularly attending follow-up appointments showing greater survival (p = 0.0407). 

Additionally, the survival rate among patients divided by CCI group was also 

found to be statistically significant (p = 0.0089), as shown in Figure 5.4. An 

 
34 NAFLD; non-alcoholic fatty liver disease, CCI; Charlson comorbidity index 

 Appropriate surveillance 
(n=301) 

Incomplete surveillance 
(n=238) 

No surveillance 
(n=190) 

Age (years), n (%) 
18-27 9 (3) 23 (9.6) 13 (6.8) 
28-37 15 (5) 23 (9.6) 15 (7.9) 
38-47 46 (15.3) 31 (13) 27 (14.2) 
48-57 90 (29.9) 57 (24) 58 (30.5) 
58-67 88 (29.2) 69 (30) 43 (22.6) 
68-77 45 (15) 29 (12.2) 25 (13.2) 
78+ 8 (2.7) 6 (2.5) 9 (4.7) 
Sex 
Male 168 (55.8) 132 (55.5) 93 (49) 
Female 133 (44.2) 106 (44.5) 97 (51.1) 
Aetiology 
Viral 45 (15) 18 (7.6) 18 (9.5) 
Metabolic 35 (11.6) 27 (11.3) 14 (7.4) 
Autoimmune 6 (2) 9 (3.8) 1 (0.5) 
Alcohol 47 (15.6) 27 (11.3) 22 (11.6) 
NAFLD 72 (23.9) 74 (31.1) 61 (32.1) 
Unknown 96 (31.9) 83 (34.9) 74 (39) 
CCI 
0 52 (17.3) 54 (22.7) 32 (16.8) 
1 64 (21.3) 38 (16) 45 (23.7) 
2 65 (21.6) 52 (21.9) 37 (19.5) 
>3 120 (39.9) 94 (39.5) 76 (40) 
Follow-up 
Regular 107 (35.6) 81 (34) 26 (13.7) 
Inconsistent 194 (64.5) 157 (66) 164 (86.3) 
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ordered logistic regression was conducted to identify factors which influenced 

regular hepatoma surveillance, as shown in  

Table 5.5. The results indicated that younger patients, those with a lower CCI 

score, and patients with NAFLD or an unknown aetiology were less likely to 

receive regular surveillance ultrasounds. Regular follow-up appointments were 

associated with increased odds of receiving regular surveillance (p<0.001). 

Binomial logistic regression did not reveal any significant predictors of regular 

follow-up (Table 5.6). 

The unadjusted Cox regression model showed that the association between 

appropriate and incomplete surveillance and mortality risk was significant (HR = 

0.59 and 0.56, respectively) as shown in Table 5.7. After adjusting for potential 

confounders, the association remained significant (HR = 0.36 and 0.28, 

respectively). 
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Figure 5.2. Survival estimates of patients receiving different patterns of surveillance 

 

 

Figure 5.3. Survival estimates of patients receiving regular or inconsistent follow-up 
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Figure 5.4. Survival estimates by Charlson comorbidity index 

 
 

Table 5.5. Predictors of regular ultrasound surveillance by ordered logistic regression35 
Variable Odds ratio 95% CI P value 
Age 
18-27 0.35 0.15-0.78 0.010 
28-37 0.41 0.19-0.87 0.020 
38-47 0.53 0.27-1.03 0.061 
48-57 - - - 
58-67 1.41 0.85-2.36 0.185 
68-77 1.12 0.59-2.15 0.723 
78+ 0.75 0.26-2.19 0.600 
Sex (male) 1.01 0.74-1.40 0.946 
LSM (kPa) 1.00 0.99-1.02 0.261 
ALBI score 0.87 0.63-1.22 0.419 
FIB-4 score 1.00 0.95-1.05 0.948 
Aetiology 
Viral - - - 
Autoimmune 0.83 0.40-1.70 0.605 
Metabolic 0.92 0.30-2.76 0.877 
Alcohol 0.62 0.31-1.21 0.160 
NAFLD 0.54 0.30-0.98 0.042 
Unknown 0.48 0.26-0.87 0.015 
CCI 
  0 - - - 
  1 0.49 0.26-0.93 0.029 

 
35 CI; confidence interval, LSM; liver stiffness measurement, NAFLD; non-alcoholic fatty liver 

disease, CCI; Charlson comorbidity index 
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  2 0.48 0.22-1.06 0.071 
  >3 0.40 0.17-0.94 0.034 
Follow-up (regular) 2.16 1.53-3.06 <0.0001 

 
 

Table 5.6. Predictors of regular follow up. Binomial logistic regression36 
Follow-up 
Variable Odds ratio 95% CI P value 
Age 
18-27 0.53 0.19-1.47 0.220 
28-37 0.57 0.22-1.50 0.258 
38-47 0.80 0.35-1.80 0.587 
48-57 - - - 
58-67 1.28 0.67-2.44 0.450 
68-77 1.67 0.75-3.69 0.206 
78+ 1.82 0.52-6.36 0.346 
Sex (male) 1.10 0.74-1.61 0.644 
LSM (kPa) 1.00 0.98-1.01 0.768 
ALBI score 1.15 0.77-1.73 0.492 
FIB-4 score 0.91 0.83-0.99 0.028 
Aetiology 
Viral - - - 
Autoimmune 1.33 0.58-3.05 0.499 
Metabolic 0.28 0.03-2.35 0.240 
Alcohol 1.50 0.69-3.22 0.304 
NAFLD 0.98 0.49-1.96 0.955 
Unknown 1.20 0.61-2.35 0.596 
CCI 
  0 - - - 
  1 0.82 0.37-1.80 0.618 
  2 0.51 0.19-1.40 0.192 
  >3 0.46 0.16-1.32 0.151 

 
 
 

Table 5.7.  Cox proportional hazard regression models for risk of mortality with 
appropriate, incomplete and no surveillance. HR; hazard ratio.37 

 Unadjusted HR 
(95% CI) 

P value Adjusted HR* 
 (95% CI) 

P value 

Appropriate surveillance 0.59 (0.36-0.95) 0.031 0.36 (0.20-0.65) 0.001 
Incomplete surveillance 0.56 (0.34-0.93) 0.024 0.28 (0.15-0.52) <0.0001 
No surveillance - - - - 

 

 
36 CI; confidence interval, LSM; liver stiffness measurement, NAFLD; non-alcoholic fatty liver 

disease, CCI; Charlson comorbidity index 
37 * Adjusted for age, sex, liver stiffness, ALBI score, FIB-4 score, aetiology, Charlson 

comorbidity score and pattern of follow-up. HR; hazard ratio. 
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5.2.3 Discussion 

In this study, the timing, and patterns of ultrasound surveillance for HCC and 

follow-up appointments for patients with compensated cirrhosis were analysed in 

a cohort of 729 patients. The patients were selected based on their suitability for 

surveillance, considering factors such as their synthetic function, markers of 

disease severity, and presence of comorbid conditions. The profile of patients 

diagnosed with HCC during the follow-up period was in line with previous 

research findings. The majority of these patients had either viral hepatitis or 

alcoholic liver disease, and a LSM of greater than 20kPa. 41% of the patients in 

this study were receiving appropriate ultrasound surveillance. Poor adherence to 

HCC surveillance is a well-documented issue, with previous studies reporting 

rates ranging from 8.8% to 46% (as detailed in Table 5.8) (231-236).  

Table 5.8. Reported adherence rates to surveillance programmes38 

Author 
(Year) Study population Number of 

patients, n Surveillance rate (%) 

Davila (2010) 
(232) 

Patients diagnosed with HCC in 
Medicare databases 1873 Complete:17 

Incomplete: 38 

Davila (2011) 
(231) 

Veterans Affairs registered 
patients diagnosed with 
hepatitis C 

13,002 
Complete: 12 
Incomplete: 58.5 
None: 29.5 

Goldberg 
(2016) (234) 

Commercially insured patients 
in United States 8916 

Complete: 8.8 
Incomplete: 55.4 
None: 35.8 

Farrell (2016) 
(233) 

Patients with cirrhosis identified 
through radiology information 
system 

804 Complete: 46 
Incomplete: 54 

Mittal (2016) 
(235) 

Patients diagnosed with HCC in 
Veterans Affairs database 887 Complete: 46.5 

None: 53.5 

Tran (2017) 
(236) 

Patients monitored at Stanford 
University Medical Centre, 
United States 

2366 Complete: 24.4 
Incomplete: 44 

Yeo (2021) 
(237) 

Patients enrolled in Truven 
Health MarketScan Research 
Database 

82,427 
Complete: 8.8 
Incomplete: 20.5; 25.3 
None: 45.4 

 
38 HCC; hepatocellular carcinoma 
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A recent meta-analysis found that pooled HCC surveillance rates varied 

depending upon the setting, ranging from 9.8% in population-based studies, to 

29.5% in centre-based studies and 73.7% in those patients attending speciality 

clinics (238). The overall rate of surveillance was 24%, a minimal improvement 

in comparison to a systematic review conducted in 2012, which reported pooled 

surveillance rates of 18.4% (239).  

There are many factors which influence adherence to surveillance 

recommendations. A national survey of UK hospitals showed that most centres 

arrange surveillance on an ad hoc basis, with no formal database in place to 

identify and monitor practice. Difficulty accessing radiology, cost and doubts over 

efficacy were cited as the most common barriers to implementation (222). Studies 

have also reviewed patient-reported barriers, the most frequently reported issues 

being difficulties with the scheduling process, cost (in US based cohorts) and 

problems with transportation to appointments (240).  

It was striking that only 29% of individuals were receiving regular follow up with a 

specialist, despite having a LSM in-keeping with advanced fibrosis. The reasons 

for such poor follow-up are not known, but it is well recognised that patients with 

cirrhosis have poor understanding of their condition (241) and engagement with 

services. Data available through NHS Digital shows that patients did not attend 

(DNA) 7.1% of out-patient appointments in hepatology clinics between August 

2019 and July 2020, higher than overall reported DNA rates for out-patient 

services and those within other specialties such as renal, cardiology and 

respiratory (5.7%, 4.9% and 1.76% respectively) (242). This data highlights the 

importance of improving patient education about the complications of cirrhosis 

and engagement in long-term follow-up.  
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This study found that the lack of surveillance was associated with a higher 

mortality risk, as demonstrated by both the survival analysis and Cox regression 

analysis. This finding aligns with the results of a systematic review by Singal et. 

al, which showed that patients receiving HCC surveillance had a significantly 

improved survival rate (pooled OR 1.90, 95% CI 1.67-2.17) (220). However, it is 

important to interpret this data with caution due to the limitations of retrospective 

observational cohort studies, such as inherent selection and lead time biases, 

which can overestimate the positive effects of screening on a population. 

It is notable in this cohort that many of the patients not receiving surveillance 

ultrasounds died within the first two years of follow up. One could speculate that 

this is appropriate patient selection by the clinician, with those individuals at risk 

of decompensating and dying being removed from the surveillance programme, 

as they would not be eligible for curative therapy if an HCC was identified. The 

effect of selection and lead time biases was recognised in a systematic review by 

Kansagara and colleagues, which concluded that it was impossible to measure 

the true effect of screening on mortality based on the results of observational 

studies (243). 

The main limitation to this analysis was that not possible to determine the reason 

why an ultrasound was being done. Whilst it was assumed that those at regular 

6 monthly intervals were part of routine surveillance, it is conceivable that some 

of the scans were being done acutely for a separate indication. Additionally, the 

data are presented from a single tertiary care referral centre, and it is recognised 

that surveillance provision in centres with access to speciality care is higher than 

in population-based studies (238). 
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This data are in-keeping with previous observational studies which have shown 

that the provision of hepatoma surveillance in the UK remains poor, with over half 

of patients who were suitable for surveillance not receiving it. More recently there 

have been arguments put forward in favour of a randomised trial (208), which 

would provide insight into the true cost effectiveness, benefits and potential 

harms of a surveillance programme. To deliver this effectively in the UK on a 

national level, a robust infrastructure would be required, which allows for careful 

patient selection for entry into surveillance, and removal of patients when no 

longer suitable for curative treatment. 
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5.3 Variceal screening 

5.3.1 Patients and methods 

The same patient cohort used previously in this chapter were used to assess 

adherence to variceal screening ( as outlined in Section 4.2.1). All patients with 

a valid LSM of 10kPa or higher were included in the analysis. Demographic data 

at baseline was also collected, including age at TE, gender, and ethnicity. 

Algorithms were applied to determine underlying aetiology, CCI and clinical 

events of interest. Data to determine ALBI and FIB-4 score and platelet count 

(x103/µl) were included. 

The EHR data for each patient was reviewed to determine if the patient had an 

upper gastrointestinal endoscopy within one year of index TE. The OPCS 

procedural codes used to define an endoscopy are included in the Appendix Pg 

223 Table 11. Codes denoting the presence of non-bleeding varices occurring 

within one year of TE were also noted, and if the patient did not have an 

accompanying procedural code it was assumed that the patient had undergone 

an endoscopy. Procedures which occurred within 30 days of an admission with 

codes for variceal bleeding was not considered to be part of screening. The 

medical record was not reviewed therefore, the grade of varices could not be 

determined. 

Binomial logistic regression was used to determine predictors of undergoing 

screening endoscopy within one year. Variables of presumed clinical importance 

were chosen for inclusion in the regression model, including categorical variables 

of age, sex, and aetiology and continuous variables of LSM, ALBI score and FIB-

4 index.  
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This study adheres to the guidelines set forth by the Baveno VI consensus which 

recommend using a LSM value of less than 20kPa with a platelet count greater 

than 150x103/µl as criteria for avoiding screening endoscopy in patients with 

suspected varices (52). Following this the expanded Baveno VI criteria was used; 

this refers to a continued risk prediction model which adjusts the thresholds to 

LSM less than 25kPa and platelet count greater than 110x103/µl. The extended 

criteria has performed well in validation studies (53, 244). These criteria have 

also been validated within this cohort with good performance characteristics 

(245), the results of which are included in the Appendix Pg 224-226 for 

reference.  

The results of this analysis aimed to provide insight into the factors that influence 

adherence to variceal screening. 
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5.3.2 Results 

Patient characteristics  

Table 5.9. Demographic details comparing screening and non-screening cohorts.39 

 
39 Continuous variables shown as median with interquartile range. Categorical variables shown 

as number and percentage. Missing data listed as screening followed by non-screening numbers. 

NAFLD; non-alcoholic fatty liver disease, AST; aspartate transaminase, ALT; alanine 

transaminase, INR; international normalised ratio 

 

Patient demographics Screening cohort 
(n=499) (%) 

Non-screening cohort 
(n=2511) (%) 

Age (years), n (%) 
18-27 22 (4.4) 151 (6.0) 
28-37 42 (8.4) 245 (9.8) 
38-47 71 (14.2) 459 (18.2) 
48-57 124 (24.9) 668 (26.6) 
58-67 123 (24.7) 626 (24.9) 
68-77 98 (19.6) 297 (11.8) 
78+ 19 (3.8) 65 (2.6) 
Sex, n (%) 
  Male 297 (59.5) 1460 (58.1) 
  Female 202 (40.5) 1051 (41.9) 
Aetiology, n (%) 
  NAFLD 155 (31.1) 673 (26.8) 
  Alcohol 112 (22.4) 218 (8.9) 
  Viral hepatitis 56 (11.2) 235 (9.4) 
  Autoimmune/cholestatic 65 (13.0) 142 (5.7) 
  Metabolic 14 (2.8) 57 (2.3) 
  Missing 97 (19.4) 1186 (47.2) 
Biochemistry  
Albumin (g/l, missing = 30; 262) 43 (39, 46) 44 (41, 47) 
Bilirubin (μmol/L, missing = 30; 262)  12 (8, 19) 10 (7, 15) 
Platelets (x103/µl, missing = 30; 287) 157 (113, 202) 200 (151, 248.5) 
INR (missing =55; 443) 1 (1.1, 1.2) 1 (1, 1.1) 
AST (iu/L, missing = 127; 697) 51.5 (35.5, 85.5) 47 (32, 75) 
ALT(iu/L, missing =32; 282) 46 (29, 75) 53 (32, 84) 
ALBI grade at baseline, n (%) 
  1 341 (68.3) 1889 (75.2) 
  2 125 (25.1) 344 (13.7) 
  3 3 (0.6) 17 (0.7) 
 Missing 30 (6.0) 261 (10.4) 
FIB-4 Index at baseline, n (%) 
<1.45 53 (10.6) 607 (24.2) 
1.45-3.25 111 (22.2) 658 (26.2) 
>3.25 206 (41.3) 503 (20.0) 
Unknown 129 (25.9) 743 (29.6) 
Transient elastography (kPa), n (%) 
 10-15 107 (21.4) 1368 (54.5) 
 15-25 173 (34.7) 636 (25.3) 
  >25 219 (43.9) 507 (20.2) 



 

 

 

165 

 

 
Demographic details are shown in Table 5.9 A total of 3010 patients were eligible 

for inclusion, with 18  patients excluded due to the presence of codes for variceal 

bleeding within 30 days of initial endoscopy. Out of these eligible patients 16% 

(499 patients) had an upper gastrointestinal endoscopy within one year of TE, 

with 326 of these procedures (67%) occurring within the first six months of initial 

visit. In both cohorts there was a similar distribution of age, gender, and aetiology, 

although comparatively more missing data in the non-screening cohort. The 

median LSM in the screening cohort was 21.8kPa, whilst in the non-screening 

group it was lower at 14.3kPa. Similarly median FIB-4 score was higher in the 

screening cohort (2.97 vs 1.72). 

Outcomes 

 

 

 
40 CI; Confidence internal, LSM; liver stiffness measurement 

Table 5.10. Predictors of screening endoscopy within one year. Binomial logistic 
regression.40 
 
Variceal screening 
Variable Odds ratio 95% CI P value 
LSM (kPa) 1.02 1.01-1.03 <0.0001 
FIB-4 Index 
<1.45 - - - 
1.45-3.25 1.49 0.99-2.23 0.05 
>3.25 2.36 1.45-3.84 0.001 
Platelets (x103/µl) 
>250 - - - 
150-250 1.41 0.93-2.14 0.11 
<150 1.73 1.05-2.86 0.03 
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Binomial logistic regression found that increased LSM, FIB-4 score, and platelet 

count were all significantly associated with increased likelihood of undergoing 

prompt screening endoscopy. This information is presented in Table 5.10 and 

illustrated in Figure 5.5 and Figure 5.6. 

Figure 5.5. Predicted probabilities with confidence intervals of screening endoscopy at 
different LSM thresholds 
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Figure 5.6. Predicted probabilities with confidence intervals of screening endoscopy at 
different platelet thresholds. 

 

Of the patients who underwent screening endoscopy 89 (17.8%) were found to 

have non-bleeding varices, whilst 13 patients (2.7%) were subsequently admitted 

with variceal bleeding (excluding those occurring within 30 days). The median 

length of time between index endoscopy and variceal haemorrhage was 239 days 

(IQR 125, 294). 

Overall, 1650 patients (54.8%) fulfilled the Baveno VI criteria. 129 of these 

patients had an endoscopy within one year of TE, which could have been safely 

avoided. When the extended Baveno VI criteria was applied, 2116 (70.3%) were 

identified, of which 234 patients underwent endoscopic screening within one 

year.  
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5.3.3 Discussion 

Screening for oesophageal varices is recommended to improve outcomes for 

patients with cirrhosis (36). This data shows that adherence with these 

recommendations is poor, with only 17% of patients undergoing endoscopy within 

the first year of follow-up. Increased liver stiffness and FIB-4 score increased the 

likelihood of undergoing screening, likely a reflection of the clinician’s higher 

index of suspicion of CSPH in these individuals. Over half of the cohort were low 

risk according to the Baveno VI criteria, which may account for the low rate of 

screening.  

There are few studies which have evaluated adherence rates to varices 

surveillance recommendations. Two US studies reported high rates of screening 

within one year of between 80-94% in 119 and 179 patients respectively (229, 

230). Given the small number of patients included in these single centre studies 

it is difficult to extrapolate these findings to a contemporary UK population. A 

more direct comparison can be made with validation studies of the Baveno VI 

criteria, which evaluated endoscopies within one year of transient elastography. 

A UK study excluded 1471 patients (79%) out of a possible 1862 patients with 

LSM >10kPa, as they had not undergone endoscopic surveillance within 12 

months of TE (54), whilst a US validation cohort of 296 patients with a LSM 

>10kPa found that 135 patients (45%) had no screening endoscopy within one 

year (246). Similarly low rates can be observed in a recent population-based 

study of 82,427 privately insured patients with cirrhosis in the US, with more than 

80% of patients having no endoscopy during the follow up period (237). 
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This study has certain limitations that need to be considered when interpreting 

the results. The medical record was not reviewed in this analysis; thus, it is not 

known how many patients declined endoscopic evaluation nor their reason for 

declining it. Nor was it possible to determine the grade of varices and the 

treatment implemented thereafter.  

A modest threshold of 10kPa was used to define advanced fibrosis, accepting 

that this would misclassify a proportion of patients. However, as recent validation 

studies have proposed lower thresholds of <7kPa and >12kPa (Sensitivity 91%; 

Specificity 92%) for excluding and diagnosis compensated ACLD (168), it was 

felt that measurements above 10kPa was acceptable.  
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5.4 Conclusion 

The first part of this chapter describes the natural history of compensated 

advanced chronic liver disease and identifies variation in rates of development of 

complications according to liver stiffness, severity of biochemical abnormalities 

and disease aetiology. The analysis shows that TE is strongly associated with 

outcomes in two large contemporary cohorts of patients. The utility of existing 

measures of liver fibrosis and liver function can, using EHR data, be exploited to 

provide large scale natural history information for patients with ACLD. This 

approach is of value in the development of large-scale effectiveness trials and 

cost-effectiveness analyses to understand the benefits of interventions and 

treatments in this growing patient population. 

The second part of this chapter describes the provision of HCC surveillance and 

variceal screening. Only a minority of patients had undergone the recommended 

interventions. This data emphasises the short comings in the provision of 

surveillance and regular follow up which remain in UK practice and highlights the 

potential for a cirrhosis registry to support improved data collection and outcomes 

in patients with cirrhosis. 
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Chapter 6  

Conclusions and 

Recommendations 
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6.1 Summary of findings 

Liver disease, particularly cirrhosis, poses significant challenges in terms of 

understanding its progression and managing patient care effectively. To address 

these challenges, this work explores the potential of EHR data to observe 

outcomes in patients with cirrhosis aiming to improve the understanding and 

management of liver disease. 

The use of EHR data offers several advantages in studying liver disease. EHRs 

provide a comprehensive and detailed record of patient encounters, including 

medical history, laboratory results, imaging findings, medication usage, and 

clinical notes. This wealth of information allows researchers to examine patient 

outcomes, identify risk factors, assess treatment effectiveness, and uncover 

patterns of care delivery. 

To lay the foundations for this project, a rigorous systematic review of existing 

literature was conducted. A total of 1626 records were screened, and from this 

existing pool, 18 key studies were identified for evaluation. Building upon the 

insights gained from the literature review,  a consensus code set consisting of 

nine essential ICD-10 codes was developed (Table 2.10). This code set serves 

as a standardised tool for accurately identifying cases of cirrhosis within EHR 

data.  

The developed code set was validated in four diverse patient populations from 

Europe and North America, ensuring its applicability and reliability across 

different healthcare settings (Section 3.3.2). 
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The code set demonstrated improved performance characteristics compared to 

the commonly used code set reported in recent literature. In the UK the sensitivity 

of the consensus code set was improved from 44% to 61%, whilst in the US it 

improved from 89% to 100%. The PPV of the consensus code set was also 

encouraging, with 83% of cases positively identified in the UK and 89% in the US. 

This enhancement in accuracy and reliability strengthens the foundation for future 

EHR based research related to cirrhosis.  

Additional validation was conducted to gain insights into the underlying causes of 

cirrhosis (Sections 3.3.3 and  3.3.4). To achieve this a hierarchical coding 

algorithm was developed and applied, resulting in an overall PPV of 63%. 

Algorithms to identify key clinical events of interest within EHR data were also 

developed. These algorithms demonstrated high levels of agreement, reaching 

94% in the analysed cases. The ability to accurately identify and classify such 

critical clinical events is an essential aspect of liver disease research utilizing 

electronic data. The robust agreement achieved by the algorithms validates their 

effectiveness in capturing and categorising important clinical milestones in this 

patient population. 

Data derived from EHR was used to analyse the natural history of liver disease 

in a large contemporary cohort of over 3000 patients with advanced fibrosis 

defined by transient elastography (Section 4.2.2). The impact of non-invasive 

fibrosis and functional testing on liver-related morbidity and mortality was 

investigated. The results of this analysis revealed compelling associations 

between key variables and patient outcomes. This showed that  increasing liver 

stiffness, ALBI score, and disease aetiology are each associated with poorer 

outcomes. These findings provide valuable insights into the factors that contribute 
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to disease progression and help identify patients who are at higher risk of 

experiencing adverse liver-related events. 

Based on these findings a suggested risk calculation was developed as 

presented in Table 4.9 which serves as a practical tool that clinicians can employ 

to quickly assess and stratify patients based on their individual risk profiles. By 

incorporating relevant factors identified in the analysis, this risk calculation 

facilitates more efficient and informed decision-making, allowing clinicians to 

tailor interventions and allocate resources more effectively. 

This project also examined patterns of screening and surveillance for 

complications of cirrhosis in accordance with current practice guidelines 

(Sections 5.2.2 and 5.3.2). The findings shed light on the current state of care 

delivery and revealed areas of concern that warrant attention. The results 

demonstrated suboptimal adherence to recommended guidelines for ultrasound 

surveillance for HCC. Alarmingly, only 41% of the patients included in the study 

were receiving the appropriate ultrasound surveillance, indicating a significant 

gap in the delivery of this crucial aspect of care. Similarly, the rate of endoscopy 

within the first year of follow-up, a vital component of surveillance for varices, was 

found to be low, with only 17% of patients undergoing this procedure. Improving 

the rates of ultrasound surveillance and endoscopic screening for varices is of 

paramount importance, due to the critical role these interventions play in 

preventing two of the most life-threatening complications of cirrhosis: the 

development of hepatocellular carcinoma and variceal bleeding. 

Through the analysis of EHR data, potential gaps in care were identified and 

areas for improvement were identified in the management of patients with 
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advanced liver disease. This approach holds great potential for optimising patient 

care pathways and reducing adverse outcomes associated with cirrhosis. 

It is important to contextualize this research within the broader landscape of liver 

disease care. The Lancet commission’s final report in 2020 highlighted the 

increasing burden of liver disease in the UK and the ongoing shortfalls in 

adequate care for patients admitted to hospital (68). To truly enhance the quality 

of care for patients with liver disease, there is a need for a national registry that 

provides a comprehensive overview of the disease's trajectory, enabling the 

development of prognostic models to mitigate risks and assess the efficacy of 

preventative interventions.  

By leveraging the power of EHR data and advocating for a national registry, this 

research aims to drive improvements in the care and management of patients 

with liver disease, ultimately enhancing patient outcomes and addressing the 

current challenges in healthcare delivery. 
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6.2 The role of a disease registry  

A disease registry is a centralised database that collects and organises clinical 

information relating to a specific disease or condition. The primary goal of a 

registry is to evaluate patient outcomes and gain a deeper understanding of the 

natural progression of a disease. By collecting epidemiological data from a large 

patient population, disease registries can identify eligible patients for large-scale 

clinical trials and cost-effectiveness evaluations. Additionally, they can be used 

to assess the effectiveness of novel therapeutic agents, monitor adherence to 

screening and surveillance strategies and to compare the quality of care provided 

across different centres.  

Disease registries have been used successfully to map outcomes and responses 

to treatment in patients with a variety of medical conditions. One successful 

example is the Myocardial Ischaemic National Audit Project, a UK based 

programme which focusses on the management and outcomes of patients with 

myocardial infarction and unstable angina (247). This registry monitors variation 

in care and adherence to national guidelines and provides feedback to healthcare 

professionals to improve quality improvement initiatives. This project has been 

shown to improve quality of care for patients with ischaemic heart disease (248). 

The EuroHeart (European Unified Registries for heart Care Evaluation and 

Randomised Trials) initiative, is an important collaboration between national 

registries within Europe (249). It aims to enhance the quality of heart disease care 

by establishing common data sets and standardised quality criteria across 

participating countries. By utilizing shared data standards, EuroHeart promotes 

consistency and comparability in the collection and analysis of heart disease 
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related data. One of the significant achievements of the EuroHeart project has 

been the publication of pan-European data standards (250). These standards 

serve as guidelines for collecting and evaluating data related to heart disease. 

Both the Myocardial Ischaemic National Audit Project and EuroHeart showcase 

how good quality data, harmonised code lists and international consensus can 

assess the effectiveness of different treatment approaches, identify best 

practices, and inform evidence-based decision-making. 

However, despite the increasing burden of liver disease in the UK, there is 

currently no mandatory registry that documents the clinical course, complications, 

and treatment practices of patients with liver disease. 

 As the burden of liver disease grows and becomes more widely recognised by 

policymakers (251), the need for a disease registry using electronic database 

information becomes increasingly urgent. Such a registry would provide a 

valuable resource for clinicians and researchers to track and analyse key data 

points, including disease incidence, progression, treatment responses, and 

outcomes. 

In 2013, National Confidential Enquiry into Patient Outcome and Death 

(NCEPOD) highlighted avoidable deaths in patients admitted with ArLD, with less 

than half of those receiving good quality care (252). Since then, it has become 

increasingly clear that the lack of comprehensive service and outcome data are 

a major shortcoming in the inpatient management of liver disease. Establishing a 

disease registry would be an ideal solution to address these deficiencies.  

Non-invasive testing at baseline predicts outcomes and can be used to stratify 

risk in patients with compensated cirrhosis (253). With the increasing availability 
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of elastography data, there is now a well-defined entry point for research studies 

and quality improvement approaches aimed at optimising outcomes for these 

patients. While many of these studies are biopsy-controlled prospective studies 

with small cohorts, large population-based studies using national registry data 

are starting to emerge (254), highlighting the potential of EHR data to improve 

our understanding of the natural history of liver disease under the currently 

recommended standard of care.  

By gathering and analysing data on patient outcomes and service provision, a 

registry could provide a detailed understanding of the current state of inpatient 

liver disease management. This could help to identify areas for improvement, 

guide the development of best practices, and facilitate the implementation of 

quality improvement initiatives. By tracking data over time, a registry could also 

help to identify trends in care delivery and provide valuable insights into the 

effectiveness of different management strategies. 

This research project demonstrates that EHRs provide a wealth of valuable 

information. However, there are specific details that may be missing from EHRs 

but are crucial for a comprehensive disease registry. To establish a bespoke 

disease registry that complements EHR data, several aspects should be 

considered. 

Firstly, EHRs primarily capture data from healthcare encounters but to achieve a 

complete picture, out-patient data is vital. This includes day case paracentesis, 

out-patient endoscopy attendance for variceal banding, and clinic attendances, 

all of which provide valuable information about patient care and disease 

management. It is recognised that there are challenges associated with out-
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patient data. These encounters are often shorter visits, with less structured 

documentation, and high administrative workloads. The lack of standardised 

coding practices results in inconsistencies and gaps in coding. Nevertheless, 

including both in-patient and out-patient data is essential for a comprehensive 

understanding of liver disease, ensuring that a registry captures the diverse 

aspects of patient care. 

EHRs may not capture all relevant phenotypic information needed for a disease 

registry, in particular details regarding disease aetiology which was highlighted in 

this project. As disease aetiology can significantly influence disease progression, 

and outcomes it is an important data element to include in a registry and should 

therefore be collected separately. 

The integration of laboratory data into EHRs offers significant benefits for 

streamlining registry data collection. However, it is important to address the issue 

of incomplete laboratory data to ensure comprehensive mapping of outcomes in 

patients with liver disease. 

In this study it was noted that key laboratory data were often incomplete, such as 

AST values required for calculating FIB-4 scores. Whilst it is important to avoid 

time-consuming manual data entry, ensuring that laboratory results are captured 

at registry entry is an essential part of mapping outcomes in patients with liver 

disease. One approach to addressing this is to implement data capture 

mechanisms that prompt healthcare providers to enter specific laboratory results 

relevant to the registry. This could involve integrating decision support tools or 

reminders within the EHR system.  
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In addition to this, details regarding prescribed medications should be recorded 

separately. Whilst this was not explored specifically in this project, recording 

medications allows for a more comprehensive understanding of treatment 

responses and their impact on patient outcomes over time.  Researchers can 

easily access and analyse medication data in a standardized format, ensuring 

consistency and facilitating comparative analyses across different patient 

cohorts. Moreover, a separate medication record in the registry allows for the 

inclusion of additional more detailed information that may not be routinely 

captured in EHRs. This can include details such as medication dosages, 

treatment durations, changes in medications over time, and reasons for 

medication adjustments or discontinuations.  

Finally, to comprehensively assess liver disease risk factors and outcomes, 

capturing information about environmental exposures, occupational history, 

lifestyle factors such as body mass index and smoking status is crucial. These 

data elements may not be routinely collected in EHRs but are important for 

conducting population-level research and understanding the broader 

determinants of disease. 

Ultimately, the establishment of a national liver disease registry would be a 

significant step forward in improving the quality of care and treatment outcomes 

for patients with liver disease in the UK and should be a top priority for 

policymakers and healthcare professionals alike. 
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Risk stratification 

Liver disease is a complex heterogenous condition with multiple underlying 

causes and different treatment modalities. Clinicians face the challenge of not 

only detecting and classifying the disease and managing modifiable risk factors, 

but also determining the appropriate timing of therapeutic interventions and 

monitoring the response to therapy. These considerations are especially difficult 

when the underlying disease trajectory is not well-defined; although it is well 

known that a large proportion of the population is overweight and drink alcohol 

hazardously, only a minority of these patients will develop cirrhosis during their 

lifetime.  

To improve the management of liver disease, clinicians need a better 

understanding of patient phenotypes based on demographics, clinical 

observations, and aggregated biochemical measurements. This approach can 

help identify patients who are most likely to be at risk of progression and enable 

clinicians to tailor follow-up accordingly. 

The concept of ‘phenomapping’ using large datasets has been effectively used 

in cardiovascular medicine to classify disease groups and stratify patient risk 

(255). A model based on non-invasive testing, such as the one suggested in   

Table 4.9, shows that a similar approach using EHR data can be used in liver 

disease to facilitate early detection of patients with advanced fibrosis. These risk 

stratification models can be integrated into referral pathways from the community 

to ensure that patients with the highest risk of liver related morbidity and mortality 

are referred to specialist clinics. Once patients with ACLD are identified, they can 

be enrolled in a registry that is supported by EHR data. A pathway for registry 
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entry, based on the Nottingham liver disease stratification pathway (256), is 

depicted in Figure 6.1. 

Figure 6.1. Referral pathway of patient identification and entry into registry 

 

  

Risk factors identified 
in primary or 

secondary care

Yes- Non-invasive 
testing to risk stratify 

(LSM +/- ALBI +/-
FIB4)

Low risk- repeat 
every 3-5 years 

(primary care based) 
High risk- referral to 
Hepatology Service

Entry into registry 

Minimum data input

De-identified data 
linkage to primary 

care

Prospective follow up to 
death or transplantation

Analysis of clinical 
events & surveillance 

patterns

e.g., Obesity, metabolic 
syndrome, type 2 diabetes, 

harmful alcohol use +/- raised 
liver enzymes 
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Defining the natural history 

Recent natural history studies have employed multistate models of disease 

progression (31, 32), including proposed models that account for competing 

events and illustrate different transitional states from compensated ACLD, as 

shown in Figure 6.2. 

Whilst most of these models have been developed using cohorts of patients with 

biopsy-proven cirrhosis from selected populations, the use of a registry that 

includes patients diagnosed by non-invasive measures could refine our 

understanding of the clinical course of cirrhosis from an earlier time point, 

allowing for more opportunities for intervention and adjustment of modifiable risk 

factors. By incorporating variables such as aetiology, liver stiffness, FIB-4, and 

ALBI score, modelling can be adjusted to better predict disease progression and 

outcomes. 

Using multistate models can improve the identification of the target demographic 

for HCC surveillance, as it helps to determine which individuals are more likely to 

die a non-HCC death and thus may not benefit from ongoing surveillance. This 

modelling approach allows for the description of high and low-risk groups based 

on non-invasive measures, gender, and disease aetiology. A registry is an ideal 

tool for prospective follow up of these groups, providing a platform for designing 

and delivering randomised controlled trials. Indeed defining the target group is 

considered the first and most crucial step towards designing effective HCC 

surveillance programs (257). 
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Figure 6.2. Multistate model for the evaluation of the natural history of compensated 
advanced chronic liver disease.   

  

 

Cost effectiveness analysis 

EHR data has the potential to improve the cost effectiveness of liver disease 

management, by capturing long-term clinical outcomes in a contemporary 

population. Analogous approaches are already in place for cardiovascular 

disease, where bespoke data platforms have been used to map cardiovascular 

epidemiology and prognostic modelling. These models can be used to estimate 

lifetime healthcare costs, with which evidence-based decisions regarding funding 

and commissioning can be made (258). Despite the potential, the value of this 

method in liver disease is yet to be fully realised. 

A sophisticated model based on contemporary diagnostics, which incorporates 

additional information on disease aetiology and liver function would provide a 

framework for improved cost-effectiveness analyses of existing and new 
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technologies, with patients stratified by baseline risk. This approach is particularly 

relevant to the NHS, where the cost of care for alcohol misuse and obesity alone 

is estimated at £9 billion per year (67).  

The NICE guidelines recommend screening of all at-risk individuals for NAFLD 

(8), yet there is no valid cost-effectiveness analysis of this approach. Harnessing 

long-term EHR data offers the opportunity to improve understanding treatment 

benefits and to target screening for conditions such as NAFLD. This is crucial in 

the delivery of hepatology services with limited resources. 

 

Quality improvement 

The PHE Atlas of variation has highlighted the significant disparities in mortality 

from liver disease across different regions of England (63), which can be partially 

attributed to the inconsistent delivery of specialised care. In an effort to address 

this disparity, the RCP has endorsed the Improvement in Quality Liver Services 

(IQILS) programme, which aims to implement care quality standards through 

training and self-evaluation (259).  

A national registry can play a crucial role in measuring the impact of these service 

improvements by working collaboratively with IQILS to provide objective 

feedback to participating centres. By collating data on adherence to surveillance 

guidelines, a bespoke web-based tool can identify potential areas that require 

development, which will drive improvements in the quality of care. This approach 

will help to ensure that all patients receive the same high-quality care regardless 
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of their geographical location, ultimately leading to a reduction in mortality rates 

from liver disease across the country. 

 

6.3 Practical considerations 

Data linkage  

To capture patients with early-stage disease, who are the target population for 

screening and surveillance strategies, it is preferrable to have linked data 

between primary and secondary healthcare providers. CPRD (Page 52) is a 

valuable resource that can facilitate this linkage, and previous studies have 

successfully utilised its’ rich source of data to analyse trends and epidemiological 

impact of liver disease (123, 260). Figure 6.3 (160) provides an illustration of the 

intricate process involved in linking CPRD data to research studies.  

An alternative approach is to link primary care data can be linked via the Royal 

College of General Practitioners Research and Surveillance Centre (RCGP 

RSC). The RCGP RSC regularly extracts pseudo anonymised coded data from 

more than 1700 general practices in England (261). In 2017, the British Liver 

Trust (BLT) and RCGP Liver Priority Project published a set of recommended 

read codes, which have been validated for use in primary care electronic 

systems. These codes and the RCGP RSC database were utilised in the Lancet 

Commission reports (64), highlighting the strength of linked data to observe 

modifiable risk factors for liver disease, which are routinely recorded in primary 

care, such as body mass index and alcohol consumption.  
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Figure 6.3. Depiction of process and approvals required for retrieval of data via the CPRD 
(160) 

 

 
Registry funding 

Collaborating with either CPRD or RCGP RSC requires funding, which need to 

be considered in the development of a registry that exploits data from both 

primary and secondary care. This includes the costs associated with maintaining 

secure data platforms and supporting ongoing data input over extended periods 

of time. The Liver Priority Project recommended reviewing data and developing 

pathways for case finding, assessment, follow up and referral to optimise 

management of liver disease (262). A comprehensive linked registry that can 

evaluate and improve the delivery of care could address these unmet needs, 

providing robust justification for funding support. 

In the first instance, grant funding can be considered whilst a registry is 

established. Research grants, such as the EASL Registry grant (263) and the 

Health Data Research grant (101) or a National Institute for Health Research 
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funded programme (264), industry collaborators or charitable bursaries such as 

Guts UK/Dr Falk and British Society of Gastroenterology research awards (265), 

could be potential funding sources. Once the value of the registry has been 

recognised, a fee for service can be requested from participating NHS Trusts.  

 

Consent 

Using EHR data for research raises concerns about patient consent. Whilst 

consent is not typically required to store routine clinical information in EHRs, 

using identifiable data for secondary purposes, including research and 

submission to registries, requires either obtaining informed consent from patients 

or obtaining specific legal exemption from the Confidentiality Advisory Group 

(CAG) under section 251 of the NHS Act 2006 (266).  

For the CAG to grant approval, they must be satisfied that there is no practicable 

alternative option available. This implies that consent cannot be feasibly obtained 

by any other means and that both patient groups and the public find it acceptable 

for the potential benefits of data collection to outweigh the breach in 

confidentiality (151). An example is the National Cancer Registration and 

Analysis Service (NCRAS), which registers all diagnoses of cancer in England.  

The CAG has granted NCRAS permission under section 251 to collect 

confidential information about cancer patients without the need to seek consent 

(267).  

There are strong arguments in favour of seeking section 251 exemption for a 

cirrhosis registry. Firstly, one of the primary purposes of the database is for audit 
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and service evaluation, to monitor performance between different centres and to 

drive improvements in the overall clinical care for patients with liver disease. 

Whilst this data may form a resource for research and identification of patients 

suitable for entry into clinical trials this is not its principal purpose.  

Secondly, most of the analysis carried out on information provided by the 

database can be done without patient identifiable data, with only anonymised 

data leaving secure NHS Trust computers. The issue is understandably more 

contentious when patient identifiable data such as NHS numbers is required for 

data linkage.  

Thirdly, with the increasing emphasis on community services and outreach clinics 

for diagnosing and monitoring liver disease, fewer patients will be attending 

specialist clinics in secondary care, making it challenging to obtain consent from 

all individuals non-invasively diagnosed with advanced fibrosis.  

It should be noted that obtaining a section 251 exemption requires substantial 

patient and public involvement strategies, which have been identified as one of 

the most critical factors in successful applications (268). This process may be 

lengthy and challenging, but it is crucial to take the necessary steps to ensure the 

ethical and responsible use of patient data. 

One example of the process for obtaining permission to use patient data for a 

registry is when the British Society of Gastroenterology applied to the CAG for 

permission to form a national Inflammatory Bowel Disease (IBD) registry in 2013. 

Despite concerns that obtaining consent should be practicable given regular 

clinician reviews, a 3-year period of exemption from patient consent was granted 

under section 251. During this time, the usefulness of data collection and linkage 
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was demonstrated, and efforts were made to seek written consent from patients 

(269). Like the IBD registry, it is likely that the CAG will consider an exemption 

for a national liver disease registry, given the regular bi-annual reviews of patients 

with cirrhosis. Ultimately, gaining patient consent may be required and worthwhile 

in the long-term to ensure that data obtained from a registry can be utilised in the 

most effective way possible to improve outcomes. 

 

Minimum dataset 

The data presented in this study highlights the potential of EHR data in observing 

outcomes in patients with liver disease. However, it is important to acknowledge 

that there were several limitations due to the lack of patient-level information. 

While many essential data fields are collected by EHR as part of routine clinical 

care, in-depth and standardised analysis of patients entering a registry requires 

the prospective collection of clinical information at cohort registration which 

cannot be derived directly from the EHR.  

Since there is no existing registry for cirrhosis, creating the minimum dataset 

(MDS) is a crucial step prior to collection, processing, and analysis. This will 

address the shortfalls in real-world coded data identified by this study and ensure 

that the registry provides a comprehensive and reliable source of information for 

evaluating and improving the management of liver disease. 

The study showed that the most challenging data field to determine using coded 

data was the aetiology of liver disease. Although the hierarchical system used in 

this study had good performance characteristics, it was mainly reliant on the 
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patient being admitted to the hospital to generate codes. The approach was less 

effective in those patients with overlapping aetiologies, such as viral hepatitis and 

alcohol as a co-factor, or ArLD and NAFLD. Therefore, inputting aetiology data 

at baseline will be essential to enable accurate comparison of clinical outcomes 

by disease group.  

Although demographic details were largely available for patients in this study, 

there was often missing biochemical data, which limited the opportunity to 

calculate non-invasive risk scores. Therefore, to create a comprehensive 

minimum dataset (MDS), it will be necessary to prospectively collect essential 

clinical information, including baseline demographics, and biochemical data at 

the time of cohort registration.  

Table 6.1 and Table 6.2 provide a comprehensive guide for the initial Minimum 

Dataset (MDS) required to establish a registry for patients with liver disease. The 

essential data fields listed in Table 6.1 are necessary for the registry's function, 

while the desirable data fields in Table 6.2 would enhance the database's clinical 

utility.  
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Table 6.1. Recommended minimum dataset of essential data fields for entry into 
registry.41 

Minimum Dataset Form 
Essential variables (at cohort registration) 

Item Response Comment 
Personal identification NHS number Allow data linkage to primary care 

record and pseudo anonymisation 

Pseudonymised unique 
identifier 

- - 

Age at entry Years Age important risk factor for 

progression of liver disease and is 

a non-sensitive data field (as 

opposed to date of birth) 

Date of entry into registry dd/mm/yyyy Registry entry point 

Sex Male/Female Allow analysis of demographic 

distribution of liver disease 

Transient elastography 

score  

Liver stiffness measured in 

kPa 

Non-invasive confirmation of 

advanced chronic liver disease 

Transient elastography 

date 

dd/mm/yyyy - 

Disease aetiology Viral (Hepatitis B/C) 

Autoimmune 

Metabolic 

Alcohol 

NAFLD 

Other (specify) 

Unknown 

Second aetiology to be recorded 

if appropriate 

Baseline biochemistry Albumin (g/l) 

Bilirubin (μmol/L)  

Platelets (x103/µl) 

INR 

AST (iu/L) 

ALT (iu/L) 
Sodium (mmol/L) 

For calculation of non-invasive 

risk stratification scores including 

FIB4 and ALBI score, Baveno 

stage and UKELD 

 

 

 
41 NAFLD; non-alcoholic fatty liver disease, INR; international normalised ratio, AST; aspartate 

transaminase, ALT; alanine transaminase 
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Table 6.2. Recommended minimum dataset of desirable data fields for entry into 

registry.42 

Minimum Dataset Form 

Desirable variables (at cohort registration) 
Item Response Comment 
Ethnicity Categorised according to 

PHE definitions 

Important when considering 

inequality and deprivation 

quintiles 

Postcode Partial postcode To assess geographical 
variation in service provision of 

liver disease 

Weight at registration Kilograms (measured at 

entry) 

To allow calculation of body 

mass index at baseline 

Height Centimetres As above 

Alcohol consumption  Units/week To analyse trends and impact of 

alcohol on disease progression 

Relevant comorbidities 

 

Type 2 diabetes 

Metabolic syndrome 

Cardiovascular disease 
Non-hepatic malignancy 

To determine impact of non-liver 

morbidity on outcomes and 

disease progression 

Relevant disease modifying 

treatments 

Treatment for viral 

hepatitis which may 

impact upon 

To account for impact of 

disease modifying treatment on 

disease progression 

Transient elastography 

quality indices 

IQR <30% 

Success rate >60% 

Quality control of non-invasive 

diagnosis of ACLD  

Relevant biochemistry Hba1c 

Lipid profile 

For assessment of extra-hepatic 

morbidity 

Medications Name, indication, dosage  

 

  

 
42 PHE; Public Health England, IQR; Interquartile range, ACLD; advanced chronic liver disease 
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6.4 Future work 

 
This research highlights the value of utilising electronic health record data in 

contemporary research practice in cirrhosis, reinforcing its potential for future use 

in developing a cirrhosis registry. The proposed consensus code set will be used 

to facilitate international collaboration and comparisons using route electronic 

data.  

Liver stiffness, together with liver biochemistry measures taken at baseline, are 

critical predictors of outcomes in advanced chronic liver disease. This can be 

used to inform stratification for follow-up in patients with advanced chronic liver 

disease. Future efforts will aim to integrate this measure into routine clinical 

practice. 

Prospective work can use routinely available EHR data to facilitate large-scale 

quality improved studies focussed on improving the delivery of hepatoma 

surveillance and refining the target patient population for surveillance. 
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Appendix 

Table 1. ICD-10 Chapters and definitions (90).  

  
Chapter Category Description 

I A00–B99 Certain infectious and parasitic diseases 

II C00–D48 Neoplasms 

III D50–D89 Diseases of the blood and blood-forming organs and certain 
disorders involving the immune mechanism 

IV E00–E90 Endocrine, nutritional, and metabolic diseases 

V F00–F99 Mental and behavioural disorders 

VI G00–G99 Diseases of the nervous system 

VII H00–H59 Diseases of the eye and adnexa 

VIII H60–H95 Diseases of the ear and mastoid process 

IX I00–I99 Diseases of the circulatory system 

X J00–J99 Diseases of the respiratory system 

XI K00–K93 Diseases of the digestive system 

XII L00–L99 Diseases of the skin and subcutaneous tissue 

XIII M00–M99 Diseases of the musculoskeletal system and connective tissue 

XIV N00–N99 Diseases of the genitourinary system 

XV O00–O99 Pregnancy, childbirth, and the puerperium 

XVI P00–P96 Certain conditions originating in the perinatal period 

XVII Q00–Q99 Congenital malformations, deformations, and chromosomal 
abnormalities 

XVIII R00–R99 Symptoms, signs, and abnormal clinical and laboratory findings, not 
elsewhere classified 

XIX S00–T98 Injury, poisoning and certain other consequences of external causes 

XX V01–Y98 External causes of morbidity and mortality 

XXI Z00–Z99 Factors influencing health status and contact with health services 

XXII U00–U99 Codes for special purposes 
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Table 2. OPCS-4 Chapters and definitions (95). 

  

Chapter Category Description 

A A01-A84 Nervous system 

B B01-B41 Endocrine system and breast 

C C01-C90 Eye 

D D01-D28 Ear 

E E01-E98 Respiratory tract 

G G01-G82 Upper digestive tract 

H H01-H70 Lower digestive tract 

J J01-J77 Other abdominal organs-principally digestive 

K K01-K78 Heart 

L 

L01-L99 

O01-O05 

O15, O20 

Arteries and veins 

M M01-M86 Urinary 

N N01-N35 Male genital organs 

P P01-P32 Lower female genital tract 

Q Q01-Q56 Upper female genital tract 

R R01-R43 Female genital tract associated with pregnancy, 
childbirth & puerperium 

S S01S70 Skin 

T T01-T97 Soft tissue 

U U01U54 Diagnostic imaging, testing and rehabilitation 

V V01-V68 Bones and joints of skull and spine 

W W01-W99, O06-O10, O17-
O19, O21-O27, O29, O32 Other bones and joints 

X X01-X98 Miscellaneous operations 

Y Y01-Y99 Subsidiary classification of methods of operation 

Z Z01-Z99, O11-O14, O16, 
O28, O30-31, O33 Subsidiary classification of sites of operation 
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PROSPERO SYSTEMATIC REVIEW PROTOCOL 
Validity of diagnostic coding in liver disease: a systemic review  
Background and rationale  
Liver disease is one of the leading causes of death in the United Kingdom 
(UK) and is recognised as a growing public health and economic burden 
worldwide. Over the past decade there have been many epidemiological 
studies relating to cirrhosis which use administrative databases and 
electronic health records. Electronic health records (EHR) collate 
longitudinal patient data generated throughout the course of routine clinical 
care. The majority of these databases rely upon the International 
Classification of Diseases codes, which assigns a primary diagnosis code 
and multiple secondary codes for each hospital admission or encounter. An 
admission may also contain details regarding procedures and 
investigations, which are coded using the Office of Population, Censuses 
and Surveys Classification of Interventions and Procedures (OPCS) 
classification codes.  

 
Information stored within electronic health records has the potential to 
provide comprehensive data on large cohorts of patients with liver disease 
over a long duration of follow-up. As coded information is subject to 
inaccuracies and incompleteness, users must validate their findings against 
a pre-defined criterion. There are a number of codes relating to liver disease 
and its’ complications which may be used alone or in combination to define 
the presence of cirrhosis. There have been several studies which evaluate 
the validity of diagnostic codes in identifying patients with cirrhosis, 
underlying aetiology, and decompensation. The aim of this systematic 
review is to evaluate the accuracy of diagnostic coding of cirrhosis in 
observational cohort studies using electronic health record databases. The 
review aims to compare and validate definitions of cirrhosis based upon sets 
of ICD-9 and ICD-10 codes across studies and countries.  

 
Methods  
Study design  
Systematic review of the peer reviewed literature and conference abstracts.  
Types of studies  
Observational cohort studies assessing the validity of diagnostic and 
procedural codes to identify cirrhosis in adult patients.  
Types of patients  
Patients aged >18 years with information regarding in-patient hospital 
admissions stored in an electronic database captured as part of routine 
clinical care.  
Types of interventions  
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Observational studies reporting the validity of diagnostic and procedural 
codes pertaining to cirrhosis only will be included in the review.  
Types of outcome measures  
The primary outcome measure will be the proportion of patients accurately 
identified as having cirrhosis when compared to the full medical record. This 
will include, sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV) reported for each of the ICD codes or combination of 
codes for a diagnosis of cirrhosis. A secondary outcome measure will be to 
determine the proportion of patients in whom the underlying liver disease 
aetiology can be correctly identified.  
A secondary outcome measure will be to determine the proportion of 
patients in whom the occurrence of decompensation can be accurately 
identified.  
Data sources  
MedLine and EmBase Libraries  
Search strategy  
This will include the following terms: health services research or 
administrative data or hospital discharge data or ICD-9 or ICD-10 or ICD9 
or ICD10 or ICD-9-CM or ICD-10- CM or international classification of 
diseases or medical record or health information or surveillance or physician 
claims or claims or hospital discharge or coding or codes or clinical coding 
or medical coding or diagnostic coding AND validity or validation or case 
definition or algorithm or agreement or accuracy or sensitivity or specificity 
or positive predictive value or negative predictive value or validity of results 
or reliability or reference values or reference range AND cirrhosis or hepatic 
cirrhosis or liver cirrhosis.  
The search will be limited to articles published in English and human studies.  
Selection of primary articles and conference abstracts  
Studies will be evaluated for eligibility in a two-stage procedure. In the first 
stage all identified titles and abstracts will be reviewed. In the second stage 
a full text review will be performed on all studies which met the following 
eligibility criteria.  
Inclusion/exclusion criteria  

1. Study population including those >18 years of age.  
2. Statistical estimates (sensitivity, specificity, positive predictive value, 

negative  
predictive) value will be reported or could be calculated from the available 
data.  

3. An ICD-9 or ICD-10 code or combination of codes for cirrhosis which has 
been  

defined and validated.  
4. A satisfactory validation standard e.g., full medical record review.  
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5. Studies using laboratory data to identify and define those patients with 
cirrhosis  

will be excluded, as this data is not routinely available through EHR data 
alone.  
6. Where conference abstracts and full manuscripts of the same trial are 
identified, data will be extracted from the full manuscript.  
Reference lists of those studies included will be reviewed and subsequent 
studies included if they meet the above criteria but were not identified using 
the search strategy.  
Data extraction and analysis  
Data will be extracted and tabulated onto a standardised template. This will 
include the following information: study identifier and year of publication, 
site, start date and duration, sample size, ICD codes used. If statistical 
estimates were not reported in the original paper, estimates will be 
calculated from the available data.  
Dissemination  
The results of this systematic review will be shared with the scientific 
community at national and international liver meetings and will be submitted 
for publication in open access peer reviewed journals.  
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 Figure 1. Search strategy for systematic review 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 



 

 

 

201 

 

Table extracted directly from Whiting, P., et al., The development of QUADAS: a tool for the quality assessment of studies of diagnostic 

accuracy included in systematic reviews. BMC Med Res Methodol, 2003. 3: p. 25. 

 

Figure 2. QUADAS Tool.  
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Table 3. ICD-9 codes used to identify liver disease. 

When appropriate listed as code category to indicate that all sub-codes were used by that 

author. 

Code 
Number 
of sub-
codes 

Description Number of authors 
using code 

155 3 Malignant neoplasm of digestive organs and 
peritoneum 

1 

155.0  Hepatocellular carcinoma 2 

V42.7  Liver- Organ or tissue replacement 2 

070.2  Viral hepatitis B with hepatic coma 1 

070.21  Acute hepatitis B with delta with hepatic coma 1 

070.22  Chronic viral hepatitis without delta 1 

070.23  Chronic viral hepatitis B with delta 1 

070.3  Acute hepatitis B without delta without hepatic 
coma 

1 

070.31  Acute hepatitis B with delta without coma 1 

070.41  Acute hepatitis C with hepatic coma 1 

070.42  Acute delta (super) infection of hepatitis B carrier 1 

070.44  Chronic viral hepatitis C 1 

070.49  Other unspecified acute viral hepatitis 1 

070.51  Acute hepatitis C without hepatic coma 1 

070.54  Chronic viral hepatitis C 1 

070.59  Other acute or chronic hepatitis 1 

070.6  Unspecified viral hepatitis with hepatic coma 1 

070.7  Unspecified viral hepatitis C without hepatic coma 1 

070.71  Unspecified viral hepatitis C with hepatic coma 1 

070.90  Unspecified viral hepatitis without hepatic coma 1 

273.4  Alpha-1-Antitrypsin deficiency 1 

275.1  Wilson’s disease 1 

453.0  Budd Chiari syndrome 1 

456.0  Oesophageal varices with bleeding 8 

456.1  Oesophageal varices without mention of bleeding 7 

456.2 2 Oesophageal varices in diseases classified 
elsewhere 

7 

530.7  Mallory-Weiss syndrome 1 

530.82  Oesophageal haemorrhage (excluding variceal) 1 

567.0  Disorder of peritoneum in infectious diseases 1 

567.21  Generalised acute peritonitis 1 

567.23  Spontaneous bacterial peritonitis 3 

567.89  Other peritonitis 1 



 

 

204 

 

571.0  Alcoholic fatty liver 2 

571.10  Alcoholic hepatitis without ascites 1 

571.2  Alcoholic cirrhosis of the liver 10 

571.3  Alcoholic liver damage, unspecified 1 

571.4 4 Chronic hepatitis (excludes viral) 2 

571.40  Chronic hepatitis, unspecified 1 

571.41  Chronic persistent hepatitis, not otherwise 
specified 

1 

571.42  Autoimmune hepatitis 1 

571.5  Cirrhosis of liver without mention of alcohol 11 

571.6  Biliary cirrhosis 6 

571.8  Other chronic non-alcoholic liver disease 1 

572.2  Hepatic coma 8 

572.3  Portal hypertension 7 

572.4  Hepatorenal syndrome 7 

572.8  Other sequelae of chronic liver disease 3 

573.0  Chronic passive congestion of the liver 1 

573.1  Liver disorders in diseases classified elsewhere 1 

573.9  Liver disease, unspecified 1 

576.1  Cholangitis 1 

578.0  Haematemesis 1 

578.1  Melaena 1 

578.9  Haemorrhage of GI tract 1 

782.4  Jaundice, unspecified 1 

789.5  Ascites 6 

789.59  Non-malignant ascites 3 

996.82  Liver-complications of transplanted organs 1 
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Table 4. ICD-10 codes used to identify liver disease. 
* Denotes ICD-O3 (Oncology classification) 

 

Code Number of 
subcodes Description 

Number of 
authors using 

code 
B15.0  Hepatitis A with hepatic coma 2 

B16.0  Acute hepatitis B with delta-agent with 
hepatic coma 

2 

B16.2  Acute hepatitis B without delta-agent with 
hepatic coma 

2 

B17.1  Acute hepatitis C with hepatic coma 1 

B19 2 Unspecified viral hepatitis with hepatic coma 2 

C22.0/81703*  Liver cell carcinoma 3 

C22.1/81803*  Intrahepatic bile duct carcinoma 1 

C22.2  Hepatoblastoma 1 

C22.7  Other specified carcinomas of the liver 1 

C22.8  Malignant neoplasm of liver, primary, 
unspecified 

2 

C22.9  Liver neoplasm, unspecified 3 

I85 2 Oesophageal varices 6 

I85.9  Oesophageal varices without bleeding 2 

I86.4  Gastric varices 4 

I98.2  Oesophageal varices without bleeding 
elsewhere 

2 

I98.3  Oesophageal varices with bleeding 
elsewhere 

2 

K22.6  Mallory Weiss Syndrome 1 

K22.8  Other unspecified diseases of oesophagus 1 

K65.2  Spontaneous bacterial peritonitis 1 

K70.1  Alcoholic hepatitis 2 

K70.2  Alcoholic fibrosis and sclerosis of liver 1 

K70.3  Alcoholic cirrhosis of liver 6 

K70.4  Alcoholic hepatic failure 4 

K70.9  Alcoholic liver disease, unspecified 1 

K71.7  Toxic liver disease with fibrosis and cirrhosis 
of liver 

3 

K72 3 Hepatic failure, not elsewhere classified 1 

K72.1  Chronic hepatic failure 5 

K72.9  Hepatic failure, unspecified with coma 4 

K74 7 Fibrosis and cirrhosis of liver 1 

K74.3  Primary biliary cirrhosis 1 

K74.4  Secondary biliary cirrhosis 3 
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K74.5  Biliary cirrhosis, unspecified 3 

K74.6  Other and unspecified cirrhosis of liver 5 

K76.6  Portal hypertension 6 

K76.7  Hepatorenal syndrome 2 

K92.0  Haematemesis 2 

K92.1  Melaena 2 

K92.2  Gastric haemorrhage, unspecified 2 

R17  Unspecified jaundice 1 

R18.0  Ascites 2 

R18.8  Other ascites 2 

T86.40  Unspecified complication of liver transplant 2 

T86.41  Liver transplant rejection 2 

T86.42  Liver transplant failure 1 
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Table 5. OPCS and CCP codes used to identify liver disease. 

Some of the included codes are specific to a national extension of the ICD coding dictionary. 

These codes are included separately. 

Code Description Number of 
authors 
using code 

J06.1 Trans jugular intrahepatic insertion of stent into portal 
vein 

2 

J06.2 Trans jugular intrahepatic insertion of stent graft into 
portal vein 

2 

T46.1 Paracentesis abdominis for ascites 2 

T46.2 Drainage of ascites NEC 2 

G10.4 Local ligation of varices of oesophagus 2 

G10.8 Other specified open operation on varices of 
oesophagus 

1 

G10.9 Unspecified open operations on varices of oesophagus 2 

G14.4 Fibre-optic endoscopic injection sclerotherapy to varices 
of oesophagus 

2 

G17.4 Endoscopic injection sclerotherapy to varices of 
oesophagus using rigid oesophagoscope 

2 

G43.4 Fibreoptic endoscopic sclerotherapy to lesion of upper 
gastrointestinal tract 

1 

G43.7 Fibre-optic endoscopic rubber band ligation of upper 
gastrointestinal tract varices 

1 

Z76804 Liver transplant candidate 1 

Z944 Liver transplant status 1 

62.40/62.41/62.49 Transplant procedural code 1 

66.91 Liver dysfunction procedural code 1 

10.06 Insertion of Sengstaken tube 1 
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Table 6. CPT codes used to identify liver disease. 

Some of the included codes are specific to a national extension of the ICD coding dictionary. 

These codes are included separately. 

Code Description 
47135/47136 Liver transplantation procedures 

0FY00Z0 Allogenic Transplantation of Liver 

0FY00Z1 Syngeneic Transplantation of Liver 

0FY00Z2 Zooplastic Transplantation of Liver 

37140/37160/37180/3718
1/37182/37183 

Portal decompression procedure 

43204/43205 Endoscopy 

43243/43244 Oesophagogastroduodenoscopy 

43400/43401 Repair procedure of oesophagus 

42.91 Ligation of oesophageal varices 

44.91 Ligation of gastric varices 

96.06 Insertion of Sengstaken tube 

06L30CZ Occlusion of oesophageal vein with extra-luminal device 

06L30DZ Occlusion of oesophageal vein with intra-luminal device 

06L30ZZ Occlusion of oesophageal vein, open approach 

06L33CZ Occlusion of oesophageal vein with extra-luminal device, 
percutaneous approach 

06L33DZ Occlusion of oesophageal vein with intra-luminal device, 
percutaneous approach 

06L33ZZ Occlusion of oesophageal vein, percutaneous approach 

06L34CZ Occlusion of oesophageal vein with extra-luminal device, 
percutaneous endoscopic approach 

06L34ZZ Occlusion of oesophageal vein, percutaneous endoscopic 
approach 

06L20ZZ Occlusion of gastric vein, open approach 

06L23ZZ Occlusion of gastric vein, percutaneous approach 

06L24ZZ Occlusion of gastric vein, percutaneous endoscopic approach 

0DL57DZ Occlusion of oesophagus with intra-luminal device via natural or 
artificial opening 

0DL58DZ Occlusion of oesophagus with intra-luminal device via natural or 
artificial opening, endoscopic 

49080/49081 Abdominal paracentesis 

54.91 Percutaneous abdominal drainage 

0D9S30Z/0D9S3ZZ Drainage of greater omentum, percutaneous approach 

0D9S4ZZ Drainage of greater omentum, percutaneous endoscopic 
approach 
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0D9T30Z/0D9T3ZZ Drainage of lesser omentum, percutaneous approach 

0D9T40Z/0D9T4ZZ Drainage of lesser omentum, percutaneous endoscopic 
approach 

0D9V3ZZ Drainage of mesentery, percutaneous approach 

0D9V40Z/0D9V4ZZ Drainage of mesentery, percutaneous endoscopic approach 

0D9W30Z/OD9W3ZZ Drainage of peritoneum, percutaneous approach 

0D9W40Z/0D9W4ZZ Drainage of peritoneum, percutaneous endoscopic approach 

0W9F30Z/0W9F3ZZ Drainage of abdominal wall, percutaneous approach 

0W9F40Z/0W9F4ZZZ Drainage of abdominal wall, percutaneous endoscopic 
approach 

0W9G30Z/0W9G3ZZ Drainage of peritoneal cavity, percutaneous approach 

0W9G40Z/0W9G4ZZ Drainage of peritoneal cavity, percutaneous endoscopic 
approach 

0W9J30Z/0W9J3ZZ Drainage of pelvic cavity, percutaneous approach 
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Table 7. Diagnosis and procedure codes used to determine clinical events of interest.43  

 

Diagnoses ICD-10 Codes  OPCS codes 

Aetiology 

Viral hepatitis B18.0, B18.1, B18.2 B18.8, B18.9, B19.0, B19.9 --- 

Autoimmune K74.3, K75.4, K83.0 --- 

Metabolic E83.1, E83.0, E88.0 --- 

Alcohol F10, G62.1, G31.2, G72.1, I42.6, K29.2, K70, K85.2, X45, Y15, T51.0, T51.1, 
T51.9, X65, R78.0 --- 

NAFLD K76.0, K78.8, E11, E12, E13, E14 --- 

Clinical event 

Varices I85.9, I86.4, I98.2 G10.4, G10.8, G10.9, G14.4, G17.4, G43.4, 
G43.7 

Decompensation R18, R17, K76.7, K65.2, I85.0, I98.3, K72.9 K92.0 K92.1, K92.2, K25-28 T46.1, T46.2, G10.4, G10.8, G10.9, G14.4, 
K06.1, J06.2, G17.4, G43.4, G43.7 

Liver transplantation --- J01 

Hepatocellular carcinoma C22 J02, J03, J10, J12 

Cardiovascular event I21, I22, I23, I24, I25, I50, I20, I72, I46, I63.9, I64 --- 

Non-hepatic malignancy C0, C1, C20, C21, C23, C24, C25, C26, C3-C9, C25, C26 --- 

Kramer code set K74.6, K70.3, K74.4, K74.5*  

 
43 *Kramer code set converted from ICD-9 to ICD-10 equivalent. NAFLD; non-alcoholic fatty liver disease, ICD; international classification of diseases, Office of 

Population Censuses and Surveys 
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Algorithm to determine presence of codes within the consensus code set 

(Stata)  

An application to submit this information in the Research Data Leeds Repository 

has been made and will be made available as an open access resource 

following publication of the thesis (application submitted June 2023). 

//Identifying cirrhosis 
//codes for consensus codeset // 
drop if id==. 
gen cirrhosis = strpos(aet, "K74.6")>0 | /// 
   strpos(aet, "K70.3")>0 | /// 
   strpos(aet, "I85.0")>0 | /// 
   strpos(aet, "I85.9")>0 | /// 
   strpos(aet, "I98.2")>0 | /// 
   strpos(aet, "I98.3")>0 | /// 
   strpos(aet, "K76.6")>0 | /// 
   strpos(aet, "K76.7")>0 | /// 
   strpos(aet, "K72.9")>0  

 

Hierarchical algorithm to determine aetiology (Stata)  

drop if id ==. 
 
//1. Identifying different aetiology based on codes// 
gen viral = strpos(aet, "B18.0")>0 | /// 
   strpos(aet, "B18.1")>0 | /// 
   strpos(aet, "B18.2")>0 | /// 
   strpos(aet, "B18.8")>0 | /// 
   strpos(aet, "B18.9")>0 | /// 
   strpos(aet, "B19.0")>0 | /// 
   strpos(aet, "B19.9")>0 
    
gen autoimmune = strpos(aet, "K74.3")>0 | /// 
    strpos(aet, "K75.4")>0 | /// 
    strpos(aet, "K83.0")>0   
     
gen metabolic = strpos(aet, "E83.1")>0 | /// 
    strpos(aet, "E83.0")>0 | /// 
    strpos(aet, "E88.0")>0 
     
gen alcohol = strpos(aet, "F10")>0 | /// 
    strpos(aet, "G62.1")>0 | /// 
    strpos(aet, "G31.2")>0 | /// 
    strpos(aet, "G72.1")>0 | /// 
    strpos(aet, "I42.6")>0 | /// 
    strpos(aet, "K29.2")>0 | /// 
    strpos(aet, "K70")>0 | /// 
    strpos(aet, "K85.2")>0 | /// 
    strpos(aet, "X45")>0 | /// 
    strpos(aet, "Y15")>0 | /// 
    strpos(aet, "T51.0")>0 | /// 
    strpos(aet, "T51.1")>0 | /// 
    strpos(aet, "T51.9")>0 | /// 
    strpos(aet, "X65")>0 | /// 
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    strpos(aet, "R78.0")>0 
        
gen nafld = strpos(aet, "K76.0")>0 | /// 
    strpos(aet, "K78.8")>0 | /// 
    strpos(aet, "E11")>0 | /// 
    strpos(aet, "E12")>0 | /// 
    strpos(aet, "E13")>0 | /// 
    strpos(aet, "E14")>0 
     
//2. Creates hierarchical diagnosis system//   
replace autoimmune = 2 if autoimmune==1 
replace metabolic = 3 if metabolic==1 
replace alcohol = 4 if alcohol==1 
replace nafld= 5 if nafld==1 
 
 
egen concatdiag = concat(viral metabolic autoimmune alcohol nafld) 
 
replace concatdiag = subinstr(concatdiag, "0", "", .) 
 
gen newdiagnosis=. 
 
replace newdiagnosis = 1 if regexm(concatdiag, "1") 
replace newdiagnosis = 2 if regexm(concatdiag, "^2") 
replace newdiagnosis = 3 if regexm(concatdiag, "^3") 
replace newdiagnosis = 4 if regexm(concatdiag, "^4") 
replace newdiagnosis = 5 if regexm(concatdiag, "^5") 
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Table 8. Diagnosis and procedure codes used to define Baveno stages.  

Algorithm designed in step wise approach from Baveno 2-4. If none of the above codes occurred, it was assumed that the patient was Baveno stage 1. 

 
Baveno Stage ICD-10 Codes  OPCS codes 

2 I85.9, I86.4, I98.2 G10.4, G10.8, G10.9, G14.4, J06.1, J06.2, 
G17.4, G43.4, G43.7 

3 R17, R18, K76.7, K65.2 T46.1, T46.2 

4 I85.0, I98.3, K92.0, K92.1, K92.2 G10.4, G10.8, G10.9, G14.4, J06.1, J06.2, 
G17.4, G43.4, G43.7 

1 If none of the above codes are present 
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Algorithm to determine Baveno staging/disease severity (Stata) 

An application to submit this information in the Research Data Leeds Repository 

has been made and will be made available as an open access resource 

following publication of the thesis (application submitted June 2023). 

//1. Removes those patients who did not have any admissions after TE// 
//intervaldays refers to the number of days between the TE and an admission// 
sort id 
drop if intervaldays=="NULL" 
destring intervaldays, generate(int_days1) 
drop intervaldays 
 
//2. Identifies events occurring before and after TE// 
gen event=. 
replace event=0 if int_days1 <0 
replace event=1 if int_days1 >=0 
gen decomp_pre=. 
replace decomp_pre=1 if event==0 & decomp==1 
replace decomp_pre=0 if event==1 & decomp==1 
by id: egen decomppre_n=max(decomp_pre) 
drop if decomppre_n==1 
 
//3. Remove patients with decompensation prior to TE// 
gen decomp = strpos(episodediagnosis, "I85.0")>0 | /// 
   strpos(episodediagnosis, "I98.3")>0 | /// 
   strpos(episodediagnosis, "R18.X")>0 | /// 
   strpos(episodediagnosis, "T46.2")>0 | /// 
   strpos(episodediagnosis, "K72.9")>0  
 
 
//4. Combine codes occurring in the same episode (defined by intervaldays)  
to form new variable epicode// 
 
gen epicode = code[_n] 
forvalues j =1/20  { 
replace epicode = epicode + code[_n+`j'] if (intervaldays[_n]== /// 
intervaldays[_n+`j']& id[_n]==id[_n+`j'])  
} 
 
//5. remove the duplicate codes in the same episode // 
 
drop if (intervaldays[_n]==intervaldays[_n-1] & id[_n]==id[_n-1]) 
 
keep id  fibroscan_score sex daystodeath dateofdeath /// 
  intervaldays epi_date epicode fibroscandate /// 
  end_date max_days end_date age_te 
 
//6. New baveno code (bav). It does not include ascites/ paracentesis on its own 
Baveno =1 if patient is cirrhotic and there are no other codes that suggest decompensation //
  
gen baveno=. 
 
/* baveno = 2 if non-bleeding varices, or treatment for varices, or portal 
hypertension */  
replace bav = 2 if (strmatch(epicode,"*I85.9*") | /// 
   strmatch(epicode,"*G10.4*")| strmatch(epicode,"*G10.8*")| /// 
   strmatch(epicode,"*G10.9*")| strmatch(epicode,"*G14.4*")| /// 
   strmatch(epicode,"*I85.9*")| strmatch(epicode,"*I86.4*")| /// 
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   strmatch(epicode,"*I98.2*")| /// 
   strmatch(epicode,"*J06.1*")| strmatch(epicode,"*J06.2*")| /// 
   strmatch(epicode,"*G17.4*")| strmatch(epicode,"*G43.4*")| /// 
   strmatch(epicode,"*G43.7*")) 
 
/* baveno = 3 if ascites or paracentesis */    
replace bav = 3 if (strmatch(epicode,"*R18.X*") | strmatch(epicode,"*R17*") | /// 
    strmatch(epicode,"*T46.1*")| strmatch(epicode,"*T46.2*") | /// 
 strmatch(epicode,"*K76.7*") | strmatch(epicode,"*K65.2*")) 
 
/* baveno = 4 if bleeding varices, or UGI bleed PLUS treatment for varices 
of UGI bleed PLUS varices  or UGI bleed PLUS portal hypertension*/  
replace bav = 4 if (strmatch(epicode,"*I85.0*") | /// 
    strmatch(epicode,"*I98.3*")| /// 
    ((strmatch(epicode,"*K92.0*")| strmatch(epicode,"*K92.1*")| /// 
   strmatch(epicode,"*K92.2*")) & /// 
  (strmatch(epicode,"*G10.4*")| strmatch(epicode,"*G10.8*")| /// 
   strmatch(epicode,"*G10.9*")| strmatch(epicode,"*G14.4*")| /// 
   strmatch(epicode,"*J06.1*")| strmatch(epicode,"*J06.2*")| /// 
   strmatch(epicode,"*G17.4*")| strmatch(epicode,"*G43.4*")| /// 
   strmatch(epicode,"*G43.7*")))) 
 
replace bav = 4 if (strmatch(epicode,"*K25.*")| strmatch(epicode,"*K26.*")| /// 
   strmatch(epicode,"*K27.*")| strmatch(epicode,"*K28.*")| /// 
  strmatch(epicode,"*K72.9")) 
 
 
//7. Identifies first event to occur during follow-up// 
sort id 
by id: gen long obsno = _n 
by id : gen countnonmissing = sum(!missing(bav_non)) if !missing(bav_non) 
bysort id (countnonmissing) : gen firstnonmissing = bav_non[1] 
rename firstnonmissing first_event 
drop obsno countnonmissing 
replace first_event=0 if first_event==. 
 
/* identify the start time of follow-up  */ 
 
gen starttime = fibro_date 
 
/* identify time to any event - total follow-up */ 
rename maxdate intervaldays 
generate transtime = intervaldays if first_event[_n]>first_event[_n-1] & /// 
id[_n]==id[_n-1] 
replace transtime = intervaldays if id[_n]!=id[_n-1] 
replace transtime=. if first_event==0 & transtime>0 
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Algorithm used for competing risk analysis (Stata) 
 
//status_new// 
//0= no event// 
//1= varices// 
//2= non liver death 
//3= non bleeding decomp// 
//4= bleeding decomp// 
//6= hcc// 
//7= cvd// 
//8= non hep malig// 
 
 
               //**CI ANALYSIS*// 
       
 
//CI of first event varices// 
stset time, failure(status_new== 1) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==2 3 4 6 7 8)  
 
//CI of first event bleeding varices// 
stset time, failure(status_new== 3) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==2 1 4 6 7 8)  
 
//CI of first event non bleeding decomp// 
stset time, failure(status_new== 4) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==3 1 2 6 7 8)  
 
//CI of first event hcc// 
stset time, failure(status_new== 6) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==3 1 2 4 7 8)  
 
//CI of first event cvd// 
stset time, failure(status_new== 7) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==3 1 2 4 6 8)  
 
//CI of first event non-hep// 
stset time, failure(status_new== 8) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==3 1 2 4 6 7)  
 
//CI of first event non-liver death// 
stset time, failure(status_new== 2) id(id) 
stcrreg ib4.age i.sex_n te_exact i.aet_n albi_score fib4, compete(status_new==3 1 9 4 6 7)  
 
 
          //*CI GRAPHS*// 
     
//CI of first event varices// 
stset time2, failure(status_new== 1)  
stcrreg te_score age_group sex_n aet_n albi_score, compete(status_new== 2 3 4 6 7 8)  
stcurve, cif at0(te_score=0) at1(te_score=1) at2(te_score=2) /// 
ytitle("CI of varices", size (small)) /// 
xtitle("Follow-up (years)", size (small)) /// 
xscale(range(0 12)) /// 
xlabel(0(1)12)  
 
//CI of first event bleeding varices// 
stset time2, failure(status_new== 3)  
stcrreg te_score age_group sex_n aet_n albi_score, compete(status_new== 2 1 4 6 7 8)  
stcurve, cif at0(te_score=0) at1(te_score=1) at2(te_score=2) /// 
ytitle("CI of bleeding varices", size (small)) /// 
xtitle("Follow-up (years)", size (small)) /// 
xscale(range(0 12)) /// 
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xlabel(0(1)12)  
 
//CI of first event non bleeding decomp// 
stset time2, failure(status_new== 4)  
stcrreg te_score age_group sex_n aet_n albi_score, compete(status_new== 3 1 2 6 7 8)  
stcurve, cif at0(te_score=0) at1(te_score=1) at2(te_score=2) /// 
ytitle("CI of non-bleeding decompensation", size (small)) /// 
xtitle("Follow-up (years)", size (small)) /// 
xscale(range(0 12)) /// 
xlabel(0(1)12)  
 
//CI of first event hcc// 
stset time2, failure(status_new== 6)  
stcrreg te_score age_group sex_n aet_n albi_score, compete(status_new== 3 1 2 4 7 8)  
stcurve, cif at0(te_score=0) at1(te_score=1) at2(te_score=2) /// 
ytitle("CI of non-bleeding HCC", size (small)) /// 
xtitle("Follow-up (years)", size (small)) /// 
xscale(range(0 12)) /// 
xlabel(0(1)12) 
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Table 9. Definition of most frequently occurring codes associated with admissions 

 

 

 
 
 

ICD-10 
code Description  

B18 Chronic viral hepatitis 

C50 Malignant neoplasm of breast 

C70 Malignant neoplasm of eye, brain, or other part of CNS 

C22 Malignant neoplasm of liver and intrahepatic bile ducts 

E10 Insulin-dependent diabetes mellitus 

E11 Non-insulin-dependent diabetes mellitus 

E83 Disorder of iron metabolism 

E88 Alpha-1-antitrypsin deficiency 

F10 Mental and behavioural disorders due to use of alcohol 

I85 Oesophageal varices with/without bleeding 

I98 Oesophageal varices without bleeding in diseases classified elsewhere 

J44 Chronic obstructive pulmonary disease with acute lower respiratory tract infection 

J45 Asthma 

K70 Alcoholic fatty liver 

K74 Fibrosis and cirrhosis of the liver 

K75 Other specified inflammatory liver disease 

K76 Other diseases of the liver 

M06 Rheumatoid arthritis 

R18 Ascites 
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44 COPD; Chronic obstructive pulmonary disease, AIDS; Acquired immunodeficiency disorder, HIV; Human Immunodeficiency Virus, HCC; hepatocellular 

carcinoma. 

Table 10. Codes used to define Charlson comorbidity index.44  

Charlson comorbidity ICD-10 Codes  Points contributing to 
CCI Score 

Myocardial infarction I21, I22, I25.2 1 

Congestive cardiac failure I09.9, I11.0, 013.0, I13.2, I25.5, I42.0, I42.5-I42.9, I43, I50, P29.0 1 

Peripheral vascular disease I70, I71, I73.1, I77.1, I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9 1 

Cerebrovascular disease G45, G46, H34.0, I60-I69 1 

Dementia F00-F03, F05.1, G30, G31.1 1 

COPD I27.8, I27.9, J40-J47, J60-J67, J68.4, J70.1, J70.3 1 

Rheumatic/connective tissue M05, M06, M31.5, M32, M33, M35.3, M36 1 

Peptic ulcer disease K25-K28 1 

Uncomplicated diabetes E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, E12.6, E12.8, 
E12.9, E13.0, E13.1, E13.6, E13.8, E13.9, E14.0, E14.1,E14.6, E14.8, E14.9 

1 

Complicated diabetes E10.2-E10.5, E10.7, E11.2-E11.5, E11.7, E12.2-E12.5, E12.7, E13.2-E13.5, E13.7, E14.2-E14.5, 
E14.7 

2 

Hemiplegia G04.1, G11.4, G80.1, G80.2, G81, G82, G83.1-G83.4, G83.9 2 

Chronic kidney disease I12.0, I13.1, N03.2-N03.7,N05.2, N05.3-N05.7, E12.2, N18, N19, N25.0, Z49.0-Z49.2, N94.0, Z99.2 2 

Malignancy (excluding HCC) C0, C1, C20, C21, C23-C26, C30-C34, C37-C40, C40, C50,C60, C70-C76, C81-C85, C88, C90 2 

Metastatic cancer C77, C78, C79, C80 6 

AIDS/HIV B20, B21, B22, B24 6 
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Algorithm used to determine if patient receiving ultrasound surveillance 

An application to submit this information in the Research Data Leeds Repository 

has been made and will be made available as an open access resource 

following publication of the thesis (application submitted June 2023). 

 
//1. Determine how many have had/not had uss during FU// 
by id: egen surveillance=max(epi_type)  
 
//2. Identify patients with at least 2y follow-up// 
gen end_date = max_days/365 
gen end_avg = round(end_date,0.5)  
gen avg_2y = 1 if end_avg >=2 
 
//3. Identify USS within 2 years of TE// 
gen uss_2y = 1 if uss_days <=730 
 
//4. At least 2y FU & at least 1 USS within 2y// 
gen uss2y_endFU=1 if avg_2y==1 & uss_2y==1 
 
//5. Identifies if gap between uss less than 4.5 months// 
gen uss_4m = 1 if int_uss2 >4.5 
 
//6. Identifies if gap between uss is greater than 1y// 
gen uss_12m =1 if avg_uss <12 
 
//7. Identifies patients with only one uss in 2y// 
sort id ussdate_n 
by id: gen seqno= _n 
by id: egen max_seqno=max(seqno) 
 
by id: egen median_uss = median(int_uss2) 
gen avg_median = round(median_uss,0.5) 
 
 
//8. Hierarchical timing of hcc// 
//1= >2 USS annually for 2y >4.5 apart (2 screen) // 
//2= 1 screen annually for 2y (1 screen per year for first 2y) // 
//3= at least 1 screen within 2y period (inconsistent) // 
//4= no surveillance within first 2y (no screen)// 
//excludes anything beyond 2y following te// 
 
//1// 
gen uss_surv=. 
replace uss_surv=1 if uss_4m==1 & uss_12==1 & max_seqno >1 & /// 
      avg_median >=4 & avg_median < 8 & /// 
      uss2y_endFU==1  
       
by id: egen uss_surv_n= max(uss_surv) 
 
//2//       
replace uss_surv_n=2 if uss_surv_n==. & uss_4m==1 & uss_12==1 & max_seqno >1 & /// 
     seqno >1 & avg_median2y >=8  & avg_median2y <=12 
& /// 
      uss2y_endFU==1 
       
replace uss_surv_n=2 if uss_surv_n==. & surveillance==1 & uss2y_endFU==1 & /// 
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      avg_median2y <=12 & seqno <2 & avg_uss>4 
       
by id: egen uss_surv_2= max(uss_surv_n)   
 
//3//      
replace uss_surv_2=3 if uss_surv_2==. & uss_4m==1 & uss_12==. & max_seqno >1 & /// 
      uss2y_endFU==1 
replace uss_surv_2=3 if uss_surv_2==. & uss2y_endFU==1  
       
by id: egen uss_surv_3= max(uss_surv_2)  
      
//4// 
replace uss_surv_3=4 if uss_surv_3==. 
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Table 11. Office of Population Censuses and Surveys codes and definitions used to 

define upper gastrointestinal endoscopy within 12 months of transient elastography. 

 
  

Code Definition 
G10.4 Local ligation of varices of oesophagus 
G10.8 Other specified open operations on varices of oesophagus 
G10.9 Unspecified open operations on varices of oesophagus 
G14.4 Fibreoptic endoscopic injection sclerotherapy to varices of oesophagus 
G17.4 Endoscopic injection sclerotherapy to varices of oesophagus using rigid 

oesophagoscope 
G43.4 Fibreoptic endoscopic sclerotherapy to lesion of upper gastrointestinal tract 
G43.7 Fibreoptic endoscopic rubber band ligation of upper gastrointestinal tract varices 
G45.1 Fibreoptic endoscopic examination of upper gastrointestinal tract and biopsy of 

lesion of upper gastrointestinal tract 
G45.4 Fibreoptic endoscopic examination of upper gastrointestinal tract and staining of 

gastric mucosa 
G45.8 Other specified diagnostic fibreoptic endoscopic examination of upper 

gastrointestinal tract 
G46.8 Other specified therapeutic fibreoptic endoscopic operations on upper 

gastrointestinal tract 
G46.9 Unspecified therapeutic fibreoptic endoscopic operations on upper gastrointestinal 

tract 
G16.1 Diagnostic fibreoptic endoscopic examination of oesophagus and biopsy of lesion of 

oesophagus 
G16.8 Other specified diagnostic fibreoptic endoscopic examination of oesophagus 
G16.9 Unspecified diagnostic fibreoptic endoscopic examination of oesophagus 
G10.5 Open injection sclerotherapy to varices of oesophagus 
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Internal validation of Baveno VI and extended Baveno VI criteria 

Demographic details of the cohort are included in Table 12.The validation cohort 

comprised of 205 patients with a valid LSM ≥10kPa with a and an upper 

gastrointestinal endoscopy within 12 months of TE. Gastroesophageal varices 

were defined as low-risk varices (LRV, < grade 2) or high-risk varices (HRV, small 

with red signs, ³ grade 2 + any gastric varices).  

Table 12. Demographic details of validation cohort 45 
 
Characteristics Total n=205 (%) HRV n=29 No HRV n= 176 
Age (years) 56.7 ± 12.7 59 ± 10.9 56 ± 13.0 
Male (%) 132 (64) 20 (69) 112 (64) 
Female (%) 73 (36) 9 (31) 64 (36) 
Aetiology 
  NAFLD (%) 88 (43) 11 (38) 77 (44) 
  ArLD (%) 57 (28) 11 (38) 46 (26) 
  Hepatitis C (%) 32 (15) 3 (10) 29 (16) 
  Hepatitis B (%) 9 (4) 1 (3) 8 (5) 
  Miscellaneous (%) 19 (9) 3 (10) 16 (9) 
MELD score (median) 7 9 7 
LSM (kPa) (median) 24.8 46.2 21.5 
Laboratory results 
  Platelets (cells x103/µl) 177 ± 81.6 113 ± 31.5 188 ± 82.5 
  Creatinine (µmol/L) 69 ± 25.8 65 ± 21.1 69 ± 26.5 
  Bilirubin (µmol/L) 15 ± 11.8 21 ± 14.6 15 ± 11.1 
  INR 1.1 ± 0.3 1.2 ± 0.2 1.0 ± 0.3 
  Sodium (mmol/L) 139 ± 2.9 139 ± 2.9 139 ± 2.9 

 

48 patients (23%) met Baveno VI criteria (LSM <20kPa and platelet count >150 

x103/µl) of whom five patients (10%) had any varices, all of which were LRV 

(Figure 3). Of the 157/205 (77%) cases that did not meet the Baveno VI criteria, 

62/157 (39%) had any varices of which 29/205 (14%) were HRV. 88 patients 

(43%) met the expanded Baveno VI criteria (LSM <25kPa and platelet count >110 

x103/µl) of whom eleven patients (13%) had any varices, two (2%) of which were 

 
45 NAFLD; non-alcoholic fatty liver disease, ArLD; alcohol-related liver disease, INR; 

international normalised ratio, HRV; high risk varices 
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HRV (Figure 4). Of the 117/205 (57%) cases that did not meet the expanded 

Baveno VI criteria, fifty-six patients (48%) had any varices of which 27/205 (13%) 

were HRV. Sensitivity characteristics are shown in Table 13.  

Figure 3. Flow chart of patients in cohort as defined by the Baveno VI criteria 

 

 

 

 

 

Figure 4. Flow chart of patients in cohort as defined by the Expanded Baveno VI criteria 
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Table 13. Comparison of risk stratifying criteria in number of endoscopies avoided46 

 

  

 
46 HRV; high risk varices, NPV: negative predictive value 

 Endoscopies 
avoided 

HRV 
missed 

Sensitivity NPV 

Baveno VI criteria 48 (23%) 0 1.00 1.00 
Expanded Baveno VI criteria 88 (43%) 2 (2.3%) 0.93 0.98 
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