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Abstract

Background: The vast majority of patients with cirrhosis have low Model for End Stage Liver
Disease-Sodium (MELD-Na) scores, however the ability for the MELD-Na score to predict patient
outcomes at low scores is unclear.

Methods: Adult patients in a multicenter, Chicago-wide database of medical records with ICD-9
codes of cirrhosis and without a history of hepatocellular carcinoma were included. Records were
linked with the state death registry and death certificates were manually reviewed. Deaths were
classified as “liver related”, “nonliver related”, and “nondescript” as adjudicated by a panel
comprised of a transplant surgeon, a hepatologist, and an internist. A sensitivity analysis was
performed where patients with hepatocellular carcinoma were included.

Results: Among 7922 identified patients, 3999 patients had MELD-Na scores that were never
higher than 15. In total, 2137 (27%) patients died during the study period with higher mortality
rates for the patients in the high MELD-Na group (19.4 (41.6%) vs 4.1 (12.6%) per 100 person
years, p<0.001). The high MELD-Na group died of a liver related cause in 1142/1632 (70%) as
compared to 240/505 (47.5%) deaths in the low MELD-Na group. There was no difference in the
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distribution of subcategory of liver related death between low and high MELD-Na groups. Among
subclassification of liver related deaths, the most common cause of death was ‘Infectious’ in both

groups.

Conclusions: Despite persistently low MELD-Na scores, patients with cirrhosis still experience
high rates of liver related mortality.

Introduction:

According to estimates by the Center for Disease Control and Prevention (CDC) liver
disease is a major cause of death with over 40 000 patients dying each year.! While it is well
known that liver disease is a major driver of mortality in patients with high Model for End
Stage Liver Disease-Sodium (MELD-Na) scores, very little is known about the leading
causes of death in patients with cirrhosis and low MELD-Na.23 This population is notable
as patients with low MELD-Na scores comprise the vast majority of patients with cirrhosis
in large national samples of waitlisted patients.*> One single-center study of listed patients
with MELD score less than 22 suggests that these patients succumb to liver related
complications and have a mortality rate upwards of 30% over 2 years.5 Unfortunately the
above studies are limited by the inherent selection bias related to the transplant listing
process. The generalizability of the results are also unclear as listed patients comprise a tiny
minority of patients with cirrhosis, with only 10 636 patients listed nationwide in 2015 as
compared to an estimated 600 000 patients with prevalent liver cirrhosis-- slightly less than
2%.78 This leaves the majority of patients with cirrhosis uncaptured by the widely studied
United Network for Organ Sharing (UNOS) database. Therefore, the objective of this study
was to explore the burden of liver related death by describing the causes of death in patients
with low MELD-Na and high MELD-Na scores in a unique, multicenter, population based
cohort within a large metropolitan area.

Materials and Methods:

2.1 Patient Population

All patients age 18 or older greater seen from January 1, 2006 through December 31, 2012
at 1 of 6 large healthcare institutions in Chicago were included if they were associated with
1 of 3 diagnosis codes for cirrhosis as defined by the International Classification of Disease
Ninth edition (ICD-9 codes 571.2, 571.5, or 571.6), a validated method used in
administrative studies of cirrhosis.®-11 MELD-Na scores were calculated with serum
creatinine, bilirubin, INR, and sodium using the standard method from the Organ
Procurement and Transplantation Network (OPTN). For patients missing any values, future
values were used for MELD-Na calculation. The maximum time span allowed between the
values used for 1 calculation was 30 days. If multiple scores were available, the peak score
was used for analysis to truly identify a population that consistently had low MELD-Na
scores. If no scores were available from the EHR and patients were listed for transplant,
biological MELD-Na was manually calculated from United Network for Organ Sharing
(UNQS) data. Patients were excluded if they had insufficient data for even a single MELD-
Na calculation or if they were ever taking warfarin. Patients were allowed to contribute time
at risk up until transplantation, but were censored at date of surgery. Given concern that
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patients who developed hepatocellular carcinoma have an altered disease course which may
not manifest in an elevation of MELD-Na score, these patients were included in a sensitivity
analysis.

2.2 Datasources

Patient records from 6 large healthcare institutions in Chicago were linked into a
deidentified, community based cohort, the HealthLNK database.12 These institutions include
5 major academic healthcare centers: Northwestern Medicine, University of Chicago
Hospitals and Clinic, Rush University Medical Center, University of Illinois at Chicago
Medical Center, and Loyola University Medical Center; and 1 large county health system,
Cook County Health and Hospitals System. HealthLNK contains more than 2.4 million
unique patient records and encompasses ~42% of all inpatient beds in Chicago, IL spanning
from January 1, 2006 to December 31, 2012. These records were merged with the OPTN
database, the Illinois Department of Public Health (IDPH) Death registry, and deidentified
prior to analysis. The OPTN database comprises national registry data of all patients
waitlisted and transplanted in the US. The IDPH is a governmental agency with death
certificates for all patients who have died in Illinois. All databases were linked in 2015. For
patients meeting inclusion, demographics, procedure codes, medications, laboratory
measurements, and diagnostic codes from all inpatient, outpatient, and emergency
department encounters at the participating institutions were abstracted. Northwestern IRB
approval of study protocols was obtained prior to data acquisition and analysis.

2.3 Cause of death ascertainment and adjudication

We manually reviewed death certificate data obtained from the Department of Public Health
on all included patients who died during the follow up period above. Death certificates listed
the “Immediate cause of death” as completed by the physician caring for the patient at the
time of death. Each patient could also have up to 14 associated conditions or contributing
causes which were reported on the death certificate after the immediate cause. Classification
of causes of death was performed in 2 stages (See Supplementary Digital Content, SDC,
http://links.lww.com/TP/B823).

In the first stage, the “immediate cause of death” as listed on the death certificate was
reviewed by a panel consisting of a transplant surgeon, transplant hepatologist, and internist
who were blinded to all other patient data. Patients’ deaths were classified as “liver related”,
“nonliver related”, “nondescript”, or ‘missing’ by an in person consensus according to
specified rules similar to past studies (See Supplementary Digital Content, SDC, http://
links.lww.com/TP/B823)%13 If the decision was not unanimous, the death certificate was
flagged for further review. These debated cases as well as those labeled ‘Nondescript,
‘missing’, or liver related were included in a secondary review.

Upon secondary review, indeterminate death certificates were categorized based on the up to
14 contributing causes and associated conditions listed on the death certificate. Causes of
death and subcategory assignment were allocated based on ordinal interpretation of death
certificates and according to specified rules (See Supplementary Digital Content, SDC,
http://links.lww.com/TP/B823). Specifically, contributing causes of death listed earlier in the
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death certificate were considered to be more immediately contributory to the patient’s cause
of death compared to later causes. For example, patients with intracerebral hemorrhage
required listing of coagulopathy or a cirrhosis related diagnosis to be classified as ‘liver-
related” and ‘bleeding’. Any patient with a ‘liver related’ cause of death was further
categorized into 6 subcategories: Infectious, Oncologic, Portal hypertensive, Variceal
Bleeding, Bleeding, and Other similar to previous studies.®13 Patients with an Oncologic
causes of death were retroactively removed from the primary analysis and included in the
sensitivity analysis. Patients whose death certificates noted death post liver transplant and
who were not noted to have been listed or transplanted in the UNOS database during the
study period were assumed to be posttransplant and therefore excluded.

2.4 Statistical analysis

T tests and chi-squared tests were performed for statistical inference for continuous and
categorical variables respectively. R statistical software version 3.4.3, Rstudio version
1.1.419 were used for data processing, analysis, and graphics generation. The ‘icd’ package
was used to translate ICD-9 and ICD-10 codes.1# The “tableone’ package was used to
compute the above statistical tests and generate tables.1®> A p value of 0.05 was considered
significant.

2. Results

3.1 Population Characteristics

Over the study period, 18 690 patients had an ICD-9 code for cirrhosis and were not on
warfarin. Among the remaining patients, 9719 patients were pretransplant at the start of their
follow up and had sufficient data to calculate a MELD-Na score. Of these patients 1797
were excluded due to a diagnosis of HCC. The remaining 7922 were included in the analysis
below (Table 1). Patients had a mean age of 55 years and were generally white (n=3219,
41.9%), male (n=4610; 58%), and insured by public insurance (n=3381; 42.7%). During the
follow up period, 440 patients underwent liver transplantation. After stratification by
maximal MELD-Na score attained, 3999 (50.4%) patients never had a MELD-Na score
greater than 15. The average mean peak MELD-Na in the 2 groups were 25.3 vs 10.1
(p<0.001). Patients in the low MELD-Na group were less likely to have alcohol related
cirrhosis (32% vs 59%, p<0.001) or complications of liver disease such as ascites, hepatic
encephalopathy, esophageal varices/banding, spontaneous bacterial peritonitis, or
hepatorenal syndrome (p<0.001 for each, Table 1). In contrast patients with lower MELD-
Na scores were more likely to have HCV (41% vs 35%, p<0.001), identify as female (46.5%
vs 37.2%, p<0.001), or have a cholestatic etiology of cirrhosis (11% vs 9%, p<0.001).

3.1 Patient Outcomes

In total, 2137 (27%) patients died during the study period with higher mortality rates for the
patients in the high MELD-Na group (19.4 (41.6%) vs 4.1 (12.6%) per 100 person years,
p<0.001). Death certificates were available for all but 81 patients (3.7% missing). Results of
the death certificate review after stratification by MELD-Na score are displayed in Table 2.
Patients in the high MELD-Na group died of a liver related cause in 1142/1632 (70%) as
compared to 240/505 (47.5%) deaths in the low MELD-Na group. Among subclassification
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of liver related deaths, the most common cause of death was ‘Infectious’ in both groups.
There was no difference in the distribution of subcategory of death between low and high
MELD-Na groups. A high percentage of liver-related deaths did not have enough
information to further classify into a subcategory (663/1632; 56.4% vs 127/505; 51.0%).

When patients were stratified based on the presence of common portal hypertensive
complications (hepatic encephalopathy, varices, or ascites) in the medical chart, patients
with more complications were more likely to die from a liver related cause based on their
death certificate (169/374 45.2% vs 1213/1763 68.8% p<0.001, Table S1, SDC, http://
links.lww.com/TP/B823). Similarly, when patients were stratified based on variceal status
(none, present, or history of bleeding; Table S2, SDC, http://links.lww.com/TP/B823) in the
medical chart, patients with worse variceal status had higher rates of liver related death
(721/1268 56.9% vs 452/603 75.0% vs 209/266 78.6% p<0.001 respectively) and liver
related death in the variceal bleeding subcategory (31/721 4.2% vs 16/452 3.4% vs 27/209
12.6% respectively, p<0.001).

The sensitivity analysis that included the 1797 patients with HCC demonstrated that patients
in both groups were even more likely to die of a liver-related cause (Table 3). Patients in the
high MELD-Na group died of a liver related cause in 1698/2253 (75.4%) cases as compared
to 448/736 (60.9%) deaths in the low MELD-Na group. Inclusion of these patients also
significantly altered the previously similar distribution of cause of liver-related death. The
subclassification of ‘Oncologic’ now accounted for the most common cause of death in the
low MELD-Na group (158/736; 34.4% vs 352/2253; 20.2%, p<0.001).

3. Discussion

Organ allocation is an essential aspect of the field of transplantation in lieu of an adequate
donor supply. Intrinsic to the success of organ allocation is prediction of which patients
would succumb to their liver disease soonest and thus who may attain the most benefit from
such a scarce resource. This study was not designed to examine the benefit of transplantation
in patients with high MELD-Na scores--this is well known and forms the basis for current
transplant policy. Instead, we sought to examine the cause of death for patients with low
MELD-Na scores, considered to be “low risk’ of liver related death. Given that incorporation
of hyponatremia into the MELD benefits patients with lower scores to a higher degree,
examination of patients with persistently low MELD-Na scores creates a new group of the
‘lowest” risk patients.318 Surprisingly, patients in the low MELD-Na group did not have a
different distribution of causes of death as compared to the higher scoring group.
Additionally, nearly half of them died of a liver related cause with a relatively high (12%)
mortality over the 6 year study period, an adjusted rate of 4.1 deaths per 100 patient years.
This implies that 1 in 25 of all patients with persistently low MELD scores will die of their
liver disease each year. Although on first glance this may seem like a relatively low rate, this
finding becomes significant as the vast majority of patients with cirrhosis fall into this
category, with a 2004 study finding 92% of waitlisted patients had a MELD score of 18 or
less and a more recent 2014 analysis noting 73.4% of patients were initially listed with a
MELD less than 16.4° Although many studies have used databases such as UNOS or SRTR
which are comprised of patients who have passed stringent screening and are listed for
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transplant, our study is one of the largest to our knowledge that examines outcomes for all
patients with low MELD-Na scores, not just those who are listed. This is highlighted by the
fact that only about 5% of patients in this study (1.8 per 100 patient-years) underwent
transplantation over the 6 year study period as compared to the national rate of around 40
per 100 years during the same period.” Our findings suggest that the vast majority of patients
with cirrhosis do not receive transplant and, despite low MELD-Na scores, succumb to
complications related to their liver disease.

Our study is also unique in that we examined each patient’s death certificate to attribute
mortality to a liver-related or liver-unrelated cause as compared to using all-cause mortality.
This was intended to characterize the burden of liver related mortality in the low MELD-Na
group as a surrogate for potential benefit from transplantation.

Prior retrospective analyses of waitlisted patients using the UNOS dataset suggest that a
small group of patients with low MELD scores may benefit from transplant but, on average,
have an increased 1 year all-cause mortality if transplanted.1”-18 Additionally, retrospective
studies of living donor liver transplant suggested a benefit for all patients regardless of
MELD score.19-20 Taken together, these findings are consistent with our results in
supporting that liver transplantation could benefit a subset of low MELD-Na patients who
suffer liver-related death. Additional studies would be needed to identify which of these low
MELD-Na patients should be selected.

On sensitivity analysis, when patients with HCC were included the mortality rate increased
to 1 in 20. However given that we censored patients at time of transplant, the inclusion of
HCC patients could enrich the low MELD group with transplant-ineligible patients.
Alternatively, the high rates of oncologic death in the low MELD-Na patient group found on
sensitivity analysis may have several explanations. Perhaps, a patient with chronically
compensated disease may fall out of screening guidelines and specialist care only to present
at a more advanced stage. Our study was not designed to control for specialist care or
screening adherence. Another possibility is that patients with high MELD scores die much
more quickly of more acute issues and so do not have time to develop oncologic
complications. Alternatively the oncogenicity of various etiologies of cirrhosis may correlate
with their likelihood to produce a high MELD score.

Our study has several limitations. First, we could not adjust for other covariates when
calculating mortality rates. However, we would expect adjusting for nonliver factors in the
slightly older, more female, and longer lived low-MELD-Na group to further enlarge the
proportion of patients with liver related death. Second we excluded patients without a
MELD-Na score in the database. We considered the lack of a single MELD-Na lab over the
6 year study period even allowing for a relatively broad, 30 day lab grace period to signify
that the patient was not receiving liver-minded care and therefore may not be generalizable
to the patients of the intended audience of this article. Third, manual review of death
certificate data may introduce subjectivity to outcomes, although this was avoided as much
as possible by implementing a diverse review panel, with defined rules, and by blinding
reviewers to other patient data. Furthermore, when this blinded review of death certificate
data was compared with an EHR-based history of decompensation and varices, patients
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appeared to correspondingly have increased rates of liver related death and variceal bleeding
suggesting validity of our death certificate classifications. Finally, the accuracy of the
clinically determined cause of death listed on death certificates has been questioned
compared to the gold standard of autopsy.21-23 However this inaccuracy appears to be
mainly in cases of cardiovascular death, with a meta-analysis suggesting that a clinical
diagnosis of cirrhosis or hepatobiliary carcinoma had sensitivities and specificities of 57—
70% and 99% respectively.2: Thus our use of cirrhosis related diagnoses in death certificate
data are likely underestimates of the true rate of death due to a liver related cause.

In conclusion, this study suggests that the vast majority of patients with cirrhosis, those with
a low MELD-Na score, are not free from liver-related death. Future studies should center on
distinguishing which of these patients are not as ‘low risk’ as previously thought.
Determining which patients with a low MELD-Na score are at highest risk may allow
transplant providers to explore mechanisms to avert liver related death such as living donor
liver transplant or donation after circulatory death.
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Table 1.
Baseline Patient Demographics
Full Cohort MELD-Na>15 | MELD-Na15or less p
N 7922 3923 3999

Age (Mean (SD)) 55.06 (11.27) 54.87 (11.09) 55.24 (11.45) 0.141
Gender (%) Female 3312 (41.9) 1458 (37.2) 1854 (46.5) <0.001
0.052

White 3219 (40.6) 1640 (41.8) 1579 (39.5)

Black 1707 (21.5) 848 (21.6) 859 (21.5)

Race (%) Hispanic 1690 (21.3) 827 (21.1) 863 (21.6)

Asian 182 (2.3) 76 (1.9) 106 (2.7)

Other 1124 (14.2) 532 (13.6) 592 (14.8]
<0.001

Medicare/Medicaid 3381 (42.7) 1730 (44.1) 1651 (41.3)

Insurance (%) Private 2521 (31.8) 1114 (29.7) 1357 (33.9)

Other 2020 (25.5) 1029 (26.2) 991 (24.8)
Median days of follow up (IQR) 823 (306-1461) | 580 (153-1218) 976 (548-1706) <0.001

Mean Elixhauser Comorbidity
Index (SD) 5.41 (3.24) 6.53 (3.26) 4.31(2.82) <0.001
Median number of

MELD-Na Measurements (IQR) 4 (2-8) 4 (2-10) 4 (2-7) <0.001
during follow up Average Minimum (S 12.87 (6.95) 17.05 (7.59) 8.79 (2.32) <0.001
Average Maximum (SD) 17.62 (9.15) 25.30 (6.68) 10.08 (2.71) <0.001
MELD during follow up Average Maximum (SD) 16.36 (8.43) 22.96 (7.17) 9.92 (2.50) <0.001
Listed Patients 998 (12.6) 787 (20.1) 211 (5.3) <0.001
Median days on Waitlist (IQR) 187 (26-1,208) | 113 (17-607) 1916 (674-2557) <0.001
Transplants 440 (5.4) 418 (10.7) 22 (0.6) <0.001
HCV 38% 35% 41% <0.001
HBV 8% 8% 8% 0.588
Etiology (%) Alcohol 45% 59% 32% <0.001
NASH 19% 18% 19% 0.177
Cholestatic 10% 9% 11% <0.001
Ascites 41% 64% 18% <0.001
HE 37% 58% 16% <0.001
Complications (%) Varices 34% 43% 26% <0.001
SBP 8% 14% 1% <0.001
HRS 8% 15% 1% <0.001
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Results of Death Certificate review

Table 2.

Peak MELD-Na>15 | Peak MELD-Na 15 or less p
Cohortn 3923 3999
Total # deaths (%) 1632 (41.6) 505 (12.6) <0.001
Person-Years at risk 8,412 12,261
Rate of death per 100 person-years 19.4 4.1
Cause of death n (%) <0.00
Liver 1142 (70.0) 240 (47.5)
Nonliver 428 (26.2) 246 (48.7)
Nondescript 62 (3.8) 19 (3.8)
Subcategory if Liver Related n (%) 0.546
Bleeding 42 (3.6) 12 (4.8)
Infectious 325 (27.6) 75 (30.1)
Other 663 (56.4) 127 (51.0)
Portal HTN 85 (7.2) 22 (8.8)
Varices 61 (5.2) 13(5.2)
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Sensitivity analysis including patients with HCC or Cholangiocarcinoma

Table 3.

Peak MELD-Na>15 | Peak MELD-Na15o0r less | p
N 4993 4726
Total # deaths (%) 2253 (45.1) 736 (15.3) <0.001
Person-Years at risk 10,412 14,060
Rate of death per 100 person-years 21.6 5.2
Cause of death n (%) <0.001
Liver 1698 (75.4) 448 (60.9)
Nonliver 477 (21.2) 264 (35.9)
Nondescript 78 (3.5) 24 (3.3)
Subcategory if Liver Related n (%) <0.001
Bleeding 47 (2.7) 14 (3.1)
Infectious 378 (21.7) 89 (19.4)
Oncologic 352 (20.2) 158 (34.4)
Other Portal hypertensive | 104 (6.0) 27 (5.9)
Varices 74 (4.2) 17 (3.7)
Other 787 (45.2) 154 (33.6)

Transplantation. Author manuscript; available in PMC 2020 July 01.

Page 12



	Abstract
	Introduction:
	Materials and Methods:
	Patient Population
	Data sources
	Cause of death ascertainment and adjudication
	Statistical analysis

	Results
	Population Characteristics
	Patient Outcomes

	Discussion
	References
	Table 1.
	Table 2.
	Table 3.

