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GENERAL COMMENTS The main obective of this investigation was to analyse the impact of 
comorbidities on mortality in three different periods of time in liver 
transplantation, i.e. first 90-days, 90-days to 5-years and 5 to 10-
years. The authors performed the study using an adaptated model, 
validated previously (references 20-23, 28) from the Charlson 
Comorbidity Index (CCI). This prospective cohort study was built 
employing records of UK Liver Transplant Audit (UKLTA) based on 
CID-10 of all liver transplant centres in the NHS hospitals in 
England, from April 1997 to March 2010.  
Amongst 3,837 recipients, 45.1% presented at least one 
comorbidity. Cardiovascular disease had a higher mortality in all 
three periods, whereas prior congestive failure and non-hepatic 
malignancy increased mortality only in the first 90 days after 
transplantation. Interestingly, according to the authors, the produced 
data and statistical methodology (multivariable Cox regression and 
hazard ratios) was unable to detect a significant impact on mortality 
of certain important comorbidities, such as connective diseases and, 
particularly, chronic pulmonary and renal diseases and/or diabetes.  
Furthermore, this study demonstrated that comorbidities may have a 
different impact on mortality over time, as well depicted in Figure 2.  
In “Methods”, I entirely agree with authors when they state that 
comorbidities should be considered only in the index prior to 
admission and not for acute complications occured in peri or post-
operative phase, for example myocardial infarctation and acute renal 
failure. In contrast, biological blood samples might be employed at 
this phase in prognostic indices as indicators of early (up to 30-day) 
mortality, as published elsewhere. Somehow controversial, earlier 
investigations (ref.15,16) have shown the inability of CCI modified or 
not to predict early mortality (up to 30-days) after orthotopic liver 
transplantation (ref. 15 and 16, respectively). Perhaps, the modified 
CCI based on CID-10, as suggested by the authors, may reflect 
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better the impact on mortality of certain comorbidities in liver 
transplant recipients.  
In summary, in accordance with the above considerations based on 
the extensive and useful data presented in this study, in my 
comprehension, I recommend that this manuscript should be 
accepted for publication.  

 

REVIEWER Murat Akyol 
The Royal Infirmary of Edinburgh  
UK 

REVIEW RETURNED 17-Dec-2014 

 

GENERAL COMMENTS Assessing the impact of comorbities on liver transplantation outcome 
is a worthwhile aim. The problem with this manuscript is the 
methodology used to define patients with comorbidity. the authors 
have done all they can to link 2 different databases but the clinical 
assumptions they have made are potentially flawed and may have 
under-estimated or over-estimated the prevalence of co-morbidities, 
wrongly identified some problems as comorbidity and missed some 
other patients with genuine comorbidities.  
 
I have listed some of the reasons:  
 
Patients on liver transplantation waiting list are often referred to the 
transplant unit when they develop problems with their health. 
Therefore the assumption that those who were not admitted to 
another hospital in the year before transplantation do not have a 
comorbidity may be wrong.  
 
Those who genuinely have an important co-morbidity may well have 
spent a relatively short time on the waiting list before receiving a 
transplant. If they have had no admission to a hospital during this 
period, they may not have been identified as pateints with 
comorbidity. Indeed transplantation is prioritised in the UK by clinical 
need. Therefore those who were less well (usually because of the 
severity of liver disease but perhaps also because of comorbidities) 
are likely to have spent less time on the waiting list.  
 
It is very difficult to identify comorbidities accurately from a 
retrospective analysis of the coding for admissions (ICD-10 codes). 
For instance it is very common for patients with advanced liver 
disease to require admission for impaired renal function. In some 
occasions this will be true acute kidney injury in a patient who 
previously had normal kidney function. Others may have genuinely 
chronic renal impairment with a degree of additional acute kidney 
injury. There are occasions when the distinction cannot be made 
easily, even after careful assessment in the transplant unit. It is 
difficult to be certain that the quoted prevalence of chronic kidney 
disease (7.7%) is accurate. More importantly some patients 
identified with this co-morbidity may have been suffering from acute 
kidney injury only and others with genuine chronic renal disease 
may have been missed because of the factors mentioned above. 
The analysis of the impact of chronic renal disease on the outcome 
therefore suffers from multiple sources of bias.  
 
The same problem exists for most other comorbidities. for instance 
some with genuine chronic pulmonary disease may well have 
received their transplants without any admission whilst awaiting 
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transplantation, hence missed. Others with (potentially reversible) 
conditions such as porto-pulmonary hypertension or hepato-
pulmonary syndrome may have been identified as sufferers of 
chronic pulmonary disease.  
 
Congestive cardiac failure is another example of potential coding 
error. True congestive cardiac failure (due to ischaemic or valvualr 
heart disease) is a serious condition with poor medium or even short 
term outcome, even without liver transplantation. Those suffering 
from genuine congestive cardiac failure are rarely suitable 
candidates for liver transplantation, since they are unlikey to survive 
the potential cardio-vascular instability surrounding liver transplant 
procedures. It is counter-intuitive that those with congestive cardiac 
failure had medium to long term outcomes as good as those without 
heart failure. Ultimately it uncertain what this group of patients were 
suffering from but it is unlikely that it was primary congestive heart 
failure.  
 
Another example is the group of patients identified as having had 
myocardial infarction. The methodology used may well have picked 
up most (or all) patients who have had an MI whilst on the waiting 
list but those who have had an MI before being placed on the liver 
transplant waiting list may not have been identified. It is likely that 
amongst those with ischaemic heart disease, only a minority will 
have had an admission with a relevant ICD-10 code during the 
period on the waiting list and the majority will have had the diagnosis 
made before presenting to the liver transplant unit.  
 
Those with non-hepatic malignancy are another problematic group, 
in terms of defining the impact of this on transplant outcome. Firstly 
there are only 64 patients (1.7%) in this group, a very small number 
to reach any meaningful conclusion. Secondly the presence of non-
hepatic malignancy is a contra-indication to transplantation, apart 
from rare exceptions. The code C24 is an example, which refers to 
cancer of biliary tract, which is a definite contra-indication to liver 
transplantation in the UK. The 64 patients identified as having the 
co-morbidity of non-hepatic malignancy had one of 50 or 60 different 
codes (Table 1). Therefore, not only is this a very small group, but 
also very heterogeneous. Some in this group presumably have a 
history of basal cell carcinoma of skin....etc, not likely to be relevant 
to the outcome of transplantation.  
 
The outcome is assessed for 3 different time periods: first 90 days, 
90 days to 5 years and 5-10 years after transplantation. The majority 
of patients had less than 5 years of follow-up.  
 
Liver transplants were performed in the period April 1997 to March 
2010. Despite this, a quarter of the group seems to have had less 
than 2 years of follow-up (by 2014). 

 

REVIEWER Dr. Harald Schrem 
Core Facility Quality Management & Health Technology Assessment 
Transplantation, Hannover Medical School, Germany 

REVIEW RETURNED 25-Dec-2014 

 

GENERAL COMMENTS The manuscript is of major interest. The paper presents the results 
of a comprehensive analysis of the clinically relevant influence of 
comorbidity on short-term, medium-term and long-term survival after 
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liver transplantation.  
 
The methodological approach of the study is of principal interest as 
well. The authors have linked the data sets from two large 
databases, the UK Liver Transplant Audit (UKLTA) and the Hospital 
Episode Statistics (HES) records of hospital admissions in the 
English National Health Service (NHS). This approach provides the 
possibility to address the research question with a comparatively 
large data set on a total of 3,837 adult primary liver transplant 
recipients from the UK, who received their liver transplants between 
1997 and 2010. The authors have used the Royal College of 
Surgeons Charlson Score and adapted it for use in liver transplant 
patients and their ICD-10 codes. Hospital Episode Statistics (HES) 
records provided data on hospital admissions on the previous year 
prior to transplantation.  
 
The main message of the manuscript is that the impact of 
comorbidities present at the time of transplantation changes with 
time after transplantation. Interestingly, renal and pulmonary disease 
or diabetes had no impact on mortality in contrast to previous 
reports. Further, recipients with cardiovascular disease had 
statistically significantly higher mortality in all three periods after 
transplantation. Prior congestive heart failure and history of non-
hepatic malignancy increased 90-day mortality after transplantation 
significantly.  
 
However, at least in this reviewer’s opinion the following aspects 
warrant closer examination. The following mayor points should be 
addressed in a revised manuscript:  
 
1. It is not totally clear how prior congestive heart failure differs from 
cardiovascular disease prior to transplantation. The grouping of 
comorbidities obviously poses a methodological challenge for this 
kind of analysis. It may be suspected that congestive heart failure 
and cardiovascular disease cannot be differentiated easily in all 
analyzed cases due to the type of comorbidity classification/coding 
in the data bases used. This aspect should be debated.  
 
2. Further, it can be assumed that the fact that prior diabetes had no 
influence on mortality after transplantation in this study may be a 
consequence of the way diabetes had been coded in the Hospital 
Episode Statistics (HES) records. It can be suspected that insulin-
dependent diabetes would have stratified the mortality risk after 
transplantation in the first 90 days, 90 days to 5 years and beyond 5 
years more significantly. This aspect should also be added to the 
discussion of the paper.  
 
3. Similarly, it may be assumed that renal disease and pulmonary 
disease may have to be stratified more by a more detailed and 
clinically meaningful coding in order to be able to demonstrate the 
exact influence of different renal and pulmonary comorbidities that 
are likely to differ significantly in regard to their prognostic impact, 
e.g. on survival after transplantation. This challenge should also be 
included into the discussion.  
 
4. The authors have decided that morbidity that is linked to liver 
transplantation, even if it affects other organs, as well as morbidity 
that can be caused by liver disease should not be coded as 
comorbidity. This is understandable and follows previously applied 
principles. However, it would be of major clinical interest to 
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understand the influence of this kind of prior morbidity on post-
transplant mortality better since the evaluation of the expected 
prognosis of liver transplant candidates prior to listing for 
transplantation is likely affected by this kind of morbidity. This is a 
point of major interest, especially when it comes to the development 
of improved prognostic tools for the assessment of liver transplant 
candidates with the goal to predict liver transplant outcome and 
benefit better. The ethical and practical implications for donor liver 
allocation regulation would be far reaching. The authors should point 
to this aspect in the discussion.  
 
5. What are the clinical and actionable implications of this study? 
Should recipients with prior cardiovascular disease or congestive 
heart failure be excluded from liver transplantation due to the 
observed associated increased short-term mortality after 
transplantation? How can the findings of this study impact on the 
selection of liver transplant candidates? What are the ethical and 
distributive implications given the fact that the number of altruistically 
donated liver grafts is limited while the number of liver transplant 
candidates outnumbers the number of available grafts by far? These 
highly relevant questions are of major interest. The authors should 
reflect on these questions on the background of the conclusions of 
their study and point to a practical way forward for future research in 
this context.  
 
6. The authors state that the Hospital Episode Statistics (HES) 
records were not designed for research purposes. This reviewer 
believes that the authors should point to actionable steps that could 
improve the Hospital Episode Statistics (HES) records so that these 
records can be explored for scientific purposes more meaningfully 
and effectively which would likely have impact far beyond the special 
topic of liver transplantation.  
 
7. The authors should also reflect on the limitation caused by the 
use of Hospital Episode Statistics (HES) records over the previous 
year prior to transplantation. One of the implications of this approach 
is that the data on prior comorbidities are based only on hospital 
admissions. Not all relevant diagnoses that reflect relevant 
comorbidity necessarily lead to hospital admission. This may be true 
for diabetes, renal disease and pulmonary disease and may partly 
explain the fact that this study contradicts previous reports that 
found these comorbidities to be of significance for post-transplant 
survival.  
 
Minor points:  
 
The authors state that “the absence of an impact of a diagnosis of 
diabetes on outcome after transplantation may also be because the 
multivariable Cox regression models were adjusted for 
cardiovascular disease, which is the main cause of post-transplant 
death in diabetic cases.” This aspect could be easily illuminated 
more by carrying out a principal component analysis of the variables 
that have been included into the multivariable Cox regression 
models.  
 
Concluding remarks:  
Overall, the article is well written and the study’s conclusions and 
limitations are well described. I believe that this manuscript warrants 
publication after mayor revision according to the above mentioned 
points as the findings of this study and its implications will be a 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-006971 on 14 M

ay 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


relevant contribution to the field of liver transplantation and the 
debate on how to improve prognostic models with routine data. 

 

VERSION 1 – AUTHOR RESPONSE 

Response to Reviewer 1's comments:  
We thank this reviewer for his comments.  
 
 
Responses to Reviewer 2's comments:  
1. We did not make the assumption that those who were not admitted to hospital in the year before 
transplantation do not have a comorbidity. Most comorbidities were identified from the record of the 
admission during which the liver transplantation took place. In addition, comorbidities were also 
sought from every admission in the preceding year to ensure that comorbidities were not missed.  
 
2. The 1-year “look-back period” for identifying comorbidities is not limited to the waiting list period, 
but it includes all admissions in NHS hospitals even before the patient was transferred to a liver 
transplant centre and registered on the waiting list for transplantation. We feel that this is adequately 
explained in the Methods section (page 5, paragraph 2).  
 
3. We used broad disease categories for our comorbidity coding scheme in order to limit the impact of 
coding errors. These categories were adapted from a comorbidity coding scheme that was developed 
and validated for use in patients undergoing major surgery (Armitage et al, Brit J Surg 2010), so we 
believe that our coding scheme does not suffer from multiple sources of bias. However, we agree with 
the reviewer that we did not pick up all aspects of the comorbidities that may have prognostic 
implications. We have added this as a limitation in the Discussion section (page 18).  
 
4. We believe that this is currently the best way to identify comorbidities that do not result from a liver 
disease. However, we appreciate that this distinction is not always clear.  
 
5. We agree that it is not always possible to distinguish liver-related conditions from comorbidities. For 
example, volume overload, which is not uncommon in cirrhotic patients, may lead to congestive 
cardiac failure. We have added this as a limitation in the Discussion section (page 18).  
 
6. We identified codes linked to comorbidity in the HES record of the transplant admission and every 
admission to a NHS hospital in the year immediately before transplantation. Also, it is important to 
note that the look back period is one year and is not linked to the waiting list period.  
 
7. Recipients of a liver transplant who have been diagnosed with non-hepatic cancer are only likely to 
be put on a waiting list for liver transplantation if the cancer was diagnosed and treated long before 
liver transplantation. We would like to point out that biliary cancer (C24) is not included in our 
definition for non-hepatic cancers. In addition, it is important to note that we have not included non-
melanoma skin cancer (C44) in our comorbidity codes. We have not changed the manuscript in 
response to this comment as we feel that these issues have already been described in the Discussion 
(page 16, paragraph 3).  
 
8. As presented in first paragraph of the Results section (page 9), the median follow-up time of this 
study cohort was 4.7 years with IQR of 1.9 to 8.0 years. All patients were followed up for at least two 
years (patients who had a liver transplant between 1st April 1997 and 31st March 2010 were followed 
up until 1st October 2012). As explained in our Methods section (page 8, paragraph 1), we used 
conventional Kaplan-Meier methods and Cox regression to calculate the survival percentages taking 
into account that some patients had been followed up for less than 5 years. In response to this 
comment, we have provided more information about the follow-up period in Methods section (page 7, 
paragraph 1).  
 
 
Responses to Reviewer 3's comments:  
1. As mentioned in a response to a comment from Reviewer 2, we developed this tool to capture 
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comorbidity in patients undergoing liver transplantation based on the Royal College of Surgeon 
Charlson Score, which was validated in patients undergoing a number of surgical procedures 
(Armitage et al, Brit J Surg 2010). The original score distinguished congestive cardiac failure, 
myocardial infarction, cerebrovascular accident and peripheral vascular disease. However, we found 
that the prevalence of myocardial infarction and cerebrovascular accident is very low in liver 
transplant recipients. As explained in our Methods section (page 5, paragraph 1), we combined these 
comorbid conditions as they are parts of the same disease spectrum (i.e. atherosclerotic 
cardiovascular disease). Congestive cardiac failure can also result from other causes (e.g. valvular 
heart disease, non-ischaemic cardiomyopathy), and was therefore included as a separate group. We 
have added this further explanation in the Methods section (page 6, paragraph 2).  
 
2. We thank the reviewer for pointing this out. It is reasonable that the prognostic impact of insulin-
dependent (IDDM) and non-insulin dependent diabetes mellitus (NIDDM) is different. Unfortunately, 
we feel that it is difficult to distinguish between IDDM and NIDDM using administrative data. We have 
added this as a further limitation in the Discussion section (page 18).  
 
3. As explained in response to a comment from Reviewer 2, we used broad disease categories for 
our comorbidity coding scheme in order to limit the impact of coding errors. We have added this as a 
limitation in the Discussion section (page 18).  
 
4. We have added in the Discussion section, that our study – as a result of our coding principles – did 
not assess the impact of morbidity linked to liver disease or morbidity caused by liver disease (page 
18).  
 
5. In the Discussion section (page 19, paragraph 1-3), we have already presented a number of 
implications of our study. We now included that the comorbidity information can also be added to 
existing prognostic models to improve “selection and allocation of patients for transplantation” and we 
also indicated here that the comorbidity information should be used in combination with all other 
available risk factors (page 19, paragraph 1).  
 
6. The HES database was not developed for research, but it is increasingly being used by 
researchers for a variety of purposes. A key factor in improving its usefulness for research is the 
development and validation of explicit strategies to identify patients with particular conditions. Our 
study is an example of this work. We have included this point in the Discussion (page 18).  
 
7. We need to point out that our approach uses all diagnostic codes in the HES record and that we 
did not restrict ourselves to using diagnostic codes of comorbidities that led to hospital admissions. In 
the Discussion section of our paper, we already point out that differences between studies may be a 
result of differences in definition of comorbidities (page 15, paragraph 3).  
 
8. We agree that it is important to carry out further research on why we did not find an impact of 
diabetes on post-transplant mortality. However, we also feel that the suggested principal component 
analysis is beyond the scope of our paper.  
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