
ORIGINAL ARTICLES

Model for End-Stage Liver Disease (MELD) Predicts
Nontransplant Surgical Mortality in Patients With Cirrhosis

Patrick G. Northup, MD,* Ryan C. Wanamaker, MD,† Vanessa D. Lee, MD,†
Reid B. Adams, MD,‡ and Carl L. Berg, MD*

Objective: We sought to determine the ability of the Model for
End-Stage Liver Disease (MELD) score to predict 30-day postop-
erative mortality for patients with cirrhosis undergoing nontrans-
plant surgical procedures.
Summary Background Data: The Child-Pugh class historically
has been used by clinicians to assist in management decisions
involving patients with cirrhosis. However, this classification
scheme has a number of limitations. Recently, MELD was intro-
duced. It has been shown to be highly predictive of mortality in a
variety of clinical scenarios.
Methods: Adult patients with a diagnosis of cirrhosis undergoing
nontransplant surgical procedures between January 1, 1996, and
January 1, 2002, at a single center were analyzed. The preoperative
MELD score was calculated for all patients, and the MELD’s
performance in predicting 30-day mortality was determined using
multivariate regression techniques.
Results: A total of 140 surgical procedures were identified and
analyzed. The 30-day mortality rate was 16.4%. The mean admis-
sion MELD score for the patients who died (23.3, 95% confidence
interval 19.6–27.0) was significantly different from those patients
surviving beyond 30 days (16.9, 15.6–18.2), P � 0.0003. The
c-statistic for MELD score predicting 30-day mortality was 0.72.
Further subgroup analysis of 67 intra-abdominal surgeries showed
an in-hospital mortality of 23.9%. The mean MELD score for
patients dying (24.8, 20.4–29.3) was significantly different from
survivors (16.2, 14.2–18.2), P � 0.0001. The c-statistic for this
subgroup was 0.80.
Conclusions: The MELD score, as an objective scale of disease
severity in patients with cirrhosis, shows promise as being a useful
preoperative predictor of surgical mortality risk.

(Ann Surg 2005;242: 244–251)

Chronic liver failure affects multiple organ systems and
results in a shortened life expectancy. Previous reports

have demonstrated increased perioperative morbidity and
mortality in patients with cirrhosis.1 This morbidity likely is
related to the disruption that liver disease exerts on blood
flow as well as on biochemical and metabolic pathways. The
preprocedure use of diuretics and operative use of anesthetics
further strains the liver and associated pathways. The mor-
bidity and mortality of cirrhotic patients undergoing a variety
of surgical procedures has been well documented.2 This
documentation has contributed to the concern many surgeons
express when confronted with individuals with known liver
disease who may need surgical procedures. Despite this, as
many as 10% of cirrhotic patients will require surgical pro-
cedures, often when their liver disease is poorly compen-
sated.3 Risk stratification for these patients is difficult and
often precludes surgical intervention.

Historically, the severity of cirrhotic liver disease has
been calculated using the Child-Pugh (CP) class. The vari-
ables used in the calculation of the CP class were not the
result of systematic analysis but rather emerged from clinical
experience. The CP class has been shown to be valuable in
determining prognosis in cirrhotic patients undergoing med-
ical management.4 Additionally, the CP score has been
shown to have significant prognostic influence on postoper-
ative complications and mortality. This influence was dem-
onstrated across a range of different surgical procedures and
was significant by both univariate and multivariate analyses.2

However, other authors have reported the Child classification
and Pugh score failed to predict postoperative 30-day mor-
tality.1 This failure may be related to the limitations of the CP
system, including the subjective interpretation of parameters
such as ascites and encephalopathy, as well as a limited
discriminatory ability.

The MELD score originally was developed and vali-
dated to assess the short-term prognosis of patients with
cirrhosis undergoing the transjugular intrahepatic portosys-
temic shunt (ie, TIPS) procedure.5 The score consists of 3
objective, easily obtainable variables: serum International
Normalized Ratio (INR), total bilirubin, and creatinine levels.
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It subsequently has been shown to be a reliable marker of
mortality risk in both hospitalized and ambulatory patients
with cirrhosis.6 The score’s usefulness appears to be irrespec-
tive of underlying disease etiology. The predictive capabili-
ties of the MELD score have been studied in a variety of
conditions, including primary biliary cirrhosis and primary
sclerosing cholangitis.6,7 Additionally, the MELD score has
been demonstrated to be predictive of in-hospital and 1-year
mortality in patients presenting with acute variceal bleeding.8

The MELD score also has been recently validated to predict
1-year and 5-year mortality in a large cohort of nontransplant
cirrhosis patients with widely varying causes and severities of
chronic liver disease.9 Since February 2002, the United Net-
work for Organ Sharing (UNOS) has used a modified MELD
score for liver transplantation organ allocation based on its
utility as an easily verifiable, objective scoring system with
multiple gradations, and its role as a superior disease severity
index. The objective of this study is to determine the ability
of the MELD score to predict 30-day mortality for patients
with cirrhosis undergoing nontransplant surgical procedures.

MATERIALS AND METHODS
Using administrative, financial, and clinical databases,

all adult patients admitted with cirrhosis, as documented by
International Classification of Diseases, 9th Revision code,
that underwent nontransplant surgical procedures at the Uni-
versity of Virginia Health System between January 1, 1996,
and January 1, 2002, were identified. Patients younger than
18 years of age, those undergoing liver transplantation, and
those undergoing outpatient-only procedures were excluded.
Experienced study personnel reviewed the medical records of
all subjects to verify the diagnosis of cirrhosis and the
possible etiology of cirrhosis. Preoperative laboratory data
were used to calculate a MELD score within the initial 24
hours of hospitalization. All eligible patients with laboratory
data available were included in this study. Patients were
excluded from the study if all 3 components of the MELD
score were not available. In patients that had more than one
surgical procedure, a preoperative MELD score was calcu-
lated before each procedure. The MELD score on the day of
hospitalization was chosen because it was felt that this most
accurately represented the patients’ level of underlying liver
disease before surgery. The MELD scores changed remark-
ably after initial hospitalization because of blood product and
plasma transfusions and other medical interventions aimed at
improving the patients’ laboratory values prior to surgery.
All-cause postoperative mortality within 30 days after sur-
gery was the primary end point in the analysis. When patients
were discharged before 30 days after the procedure, their
status was verified by review of electronic death certificate
information incorporated into the health system’s clinical
data repository.

As the original MELD score defined by Malinchoc, et
al,5 has been modified from its original format, the modified
MELD score was used in this study. We calculated the
modified MELD score using the standard UNOS-based for-
mula, which is the most widely used adaptation of the MELD
score currently in use: MELD � 3.78 � loge (bilirubin in
mg/dl) � 11.2 � loge (INR) � 9.57 � loge (creatinine in
mg/dL) � 6.43. To maintain consistency with UNOS scoring
systems, a bilirubin or creatinine value of less than 1.0 mg/dL
was rounded to 1.0 mg/dL to avoid a negative score and the
maximum creatinine allowed was 4.0 mg/dL. All patients
undergoing dialysis received a creatinine of 4.0 mg/dL. Fi-
nally, the calculated MELD score was rounded to the nearest
integer.

After the total population was analyzed, patients were
stratified by type of surgical procedure performed, ie, intra-
abdominal, cardiac, orthopedic and urologic, and individual
subgroup analyses were separately performed. Data manage-
ment and statistical analysis were performed using SAS®,
Version 8 (Cary, NC). Univariate analyses were performed
using the Student t test for parametric continuous variables
and the Wilcoxon rank sum test for nonparametric continuous
variables. Categorical variables were tested using the �2 test
or the Fisher exact test where appropriate. Multivariate lo-
gistic regression modeling using the method of likelihood
estimates was performed with variables that could signifi-
cantly affect the outcome as determined by the univariate
analysis including age, MELD score, the individual compo-
nents of the MELD (INR, bilirubin, creatinine), gender, race,
and the presence of significant medical comorbidities. Sensi-
tivities and specificities for the resulting model were calcu-
lated and used to derive a c-statistic for each model. The
significance level for type I error (�) was set at 0.05 and
all significance tests were 2-sided. Predicted mortality for
all subgroups was calculated by back-transforming the re-
gression equations using the original sample data. The local
institutional review board, the University of Virginia Human
Investigations Committee, reviewed and approved this inves-
tigational protocol.

RESULTS
A total of 140 separate nontransplantation surgical

cases were identified in 131 patients. Table 1 shows the
population characteristics. All cause 30-day postoperative
mortality was 16.4% (23 of 140). The distribution of MELD
scores for the study population is shown in Figure 1. This
figure shows that a wide range of MELD scores were in-
cluded in the study population although the data were some-
what skewed towards the lower scores. The mean MELD
score was 18.0 (standard deviation 7.8), the median was 17.0,
and the interquartile range (between the 25th and 75th per-
centile) was 11.0. Scores ranged from a minimum of 6 to a
maximum of 43.
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Table 2 shows the types of surgical procedures per-
formed. Sixty-seven patients (47.9%) had an intra-abdominal
procedure with the majority being cholecystectomies, hernia
repairs, and exploratory laparotomies. Twenty-nine patients
(20.7%) had musculoskeletal procedures such as repair of
long bone fractures and laminectomies. Twenty-five (17.9%)
had cardiovascular operations including coronary artery by-
pass grafting, heart valve replacement, and aortic aneurysm
repairs. The remainder of the procedures were thoracic,

neurosurgical, or urologic. Mortality rates for the individual
surgical categories are also listed in Table 2.

The characteristics of the 117 patients who survived
and 23 who died postoperatively are shown in Table 3.
Univariate analysis showed statistically significant survival
differences in gender (relative risk �RR� of death for men �
1.16 with 95% confidence interval 1.02–1.33), MELD score
(16.9 in survivors versus 23.3 in patients that died, P �
0.0003), INR (1.58 versus 1.99, P � 0.04), and creatinine
(152.9 versus 204.2 �mol/L �1.73 versus 2.31 mg/dL�, P �
0.03). Race, the presence of chronic lung disease, diabetes
mellitus, metastatic cancer, hemodialysis, albumin level, and
total bilirubin did not differ statistically between the survivors
and nonsurvivors. Because of small sample sizes and low
numbers of deaths in the musculoskeletal, cardiovascular,
urologic, and other procedure groups, there were no statisti-
cally significant differences between survivors and the non-
survivors in those subgroups.

The all-cause 30-day mortality for the intra-abdominal
procedure group was 23.9% (16 of 67). Table 4 shows the
univariate subgroup analysis for the population undergoing
intra-abdominal procedures. Statistically significant survival
differences were found between groups in the presence of
CHF (RR � 1.35, 0.98–1.85), the MELD score (16.2 versus
24.8, P � 0.0001 in survivors versus nonsurvivors, respec-
tively), and serum creatinine (143.2 versus 221.0 �mol/L
�1.62 versus 2.50 mg/dL�, P � 0.009).

Multivariate logistic regression analyses using 30-day
postoperative death as the dependent end point were per-
formed on the total population and the intra-abdominal pro-
cedure subgroup. MELD score, age, albumin, INR, creati-
nine, total bilirubin, gender, race, and the presence of major
comorbidities were entered into the model. The MELD score
was the only statistically significant predictor of 30-day
mortality after surgery (OR � 1.10 per unit increase in
MELD score greater than the lowest possible score of 6,
1.04–1.17, P � 0.001) with a 71.6% concordance rate and a
c-statistic (area under the ROC curve) of 0.72. Likewise, in
the intra-abdominal procedure subgroup model, the MELD
score again showed a statistically significant effect on the
overall model (OR�1.15 per unit increase in MELD score
above the lowest possible score of 6, 1.06–1.25, P � 0.001)
with an 80.3% concordance rate and a c-statistic of 0.80. The
total population model had a sensitivity of 47.8% and spec-
ificity of 78.3% in predicting a 20% mortality rate, whereas
the intra-abdominal model had a sensitivity of 81.3% and
specificity of 70.0% at that mortality rate.

Figures 2 and 3 show plots of the predicted mortality
(based on the multivariate regression models) versus the
MELD score for the total population and the intra-abdominal
subgroup, respectively. Between MELD scores of 5 and 20
there is approximately a 1% increase in mortality risk with
each integer increase in MELD score. As the slope of the

TABLE 1. Population General Characteristics

Total Surgical
Population (n � 140)

Age, mean (SD), range 55.6 (13.2), 21–85
Male gender (%) 90 (64.3)
Race

White (%) 115 (82.1)
Black (%) 24 (17.2)
Other (%) 1 (0.7)

Medicare/Medicaid (%) 85 (60.7)
MELD score, mean (SD) 18.0 (7.8)
Etiology of cirrhosis

Alcohol (%) 39 (27.9)
Hepatitis B (%) 3 (2.1)
Hepatitis C (%) 20 (14.3)
Nonalcoholic steatohepatitis (%) 15 (10.7)
Cryptogenic (%) 23 (16.4)
Other/Unknown (%) 40 (28.6)

30-day mortality (%) 23 (16.4)
Preop length of stay, mean in days (SD) 5.4 (10.7)
Postop length of stay, mean in days (SD) 14.8 (23.7)
Length of stay in the ICU, mean in days,

(SD)
13.7 (23.0)

ICU indicates intensive care unit; MELD, Model for End-Stage Liver
Disease.

FIGURE 1. Distribution of MELD scores in study population.
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TABLE 3. Univariate Analysis of Total Population Characteristics

Survived
(n � 117)

Deceased
(n � 23) P

Age (95% confidence interval) 55.7 (53.3–58.2) 55.1 (49.7–60.4) 0.85 (NS)
Male gender (%) 71 (60.7) 19 (82.6) 0.04
Black (%) 20 (17.1) 4 (17.4) 0.91 (NS)
Comorbidities

Congestive heart failure (%) 46 (39.3) 14 (60.9) 0.06 (NS)
Chronic lung disease (%) 33 (28.2) 9 (39.1) 0.30 (NS)
Diabetes mellitus, complicated (%) 15 (12.8) 3 (13.0) 0.97 (NS)
Metastatic cancer (%) 15 (12.8) 2 (8.7) 0.74 (NS)
Dialysis (%) 17 (14.5) 7 (30.4) 0.07 (NS)

MELD score (95% CI) 16.9 (15.6–18.2) 23.3 (19.6–27.0) 0.0003
Lab values

Albumin, g/L (95% CI) 31.7 (30.3–33.2) 29.3 (25.3–33.3) 0.18 (NS)
�g/dL� �3.17 (3.03–3.32)� �2.93 (2.53–3.33)�
International Normalized Ratio,

INR (95% CI)
1.58 (1.46–1.69) 1.99 (1.61–2.38) 0.04

Creatinine �mol/L (95% CI) 152.9 (135.3–170.6) 204.2 (151.2–256.4) 0.03
�mg/dL� �1.73 (1.53–1.93)� �2.31 (1.71–2.90)�
Total bilirubin �mol/L (95% CI) 44.1 (33.3–54.9) 77.1 (36.3–118.0) 0.12 (NS)
�mg/dL� �2.58 (1.95–3.21)� �4.51 (2.12–6.90)�

MELD indicates Model for End-Stage Liver Disease.

TABLE 2. Surgery Subcategory in Relation to Postoperative 30-Day Mortality

No. Patients
(% of Total)

Survived
(%)

30-Day Mortality
(%)

Total population 140 (100) 117 (83.6) 23 (16.4)
Surgical subcategory*

Intra-abdominal 67 (47.9) 51 (76.1) 16 (23.9)
Cholecystectomies, 43.3%
Hernia repairs, 9.0%
Exploratory laparotomies, 19.4%
Splenectomies, 6.0%
Shunt procedures, 6.0%

Musculoskeletal 29 (20.7) 29 (100) 0 (0)
Hip fracture repairs, 48.3%
Laminectomies, 34.5%

Cardiovascular 25 (17.9) 21 (84.0) 4 (16.0)
Coronary artery bypass, 24.0%
Cardiac valve replacement, 12.0%
Aortic aneurysm repair, 20%

Urologic 7 (5.0) 7 (100) 0 (0)
Other 12 (8.6) 9 (75.0) 3 (25.0)

*Miscellaneous procedures constitute the remainder of each anatomic subcategory.
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regression equation increases as seen with MELD scores
greater than 20, there is approximately an additional 2%
increase in mortality risk with each integer increase in
MELD.

DISCUSSION
This study demonstrates a direct correlation between

the MELD score and postoperative mortality in cirrhotic
patients undergoing nontransplant operative procedures. The
simple rule-of-thumb of a 1% increase per MELD point in

FIGURE 2. Predicted probability of postoperative death within 30
days by MELD score for total population with 95% confidence
intervals. Predicted probabilities are derived from regression
models with c-statistic � 0.72 and 71.6% concordance rate.

FIGURE 3. Probability of postoperative death within 30 days by
MELD score for intra-abdominal surgery cohort with 95% confi-
dence intervals. Predicted probabilities are derived from regres-
sion models with c-statistic � 0.80 and 80.3% concordance rate.

TABLE 4. Univariate Analysis of Intra-abdominal Surgery Subpopulation Characteristics

Survived (n � 51) Deceased (n � 16) P

Age (95% CI) 52.7 (49.1–56.3) 57.5 (49.8–65.2) 0.21 (NS)
Male gender (%) 33 (64.7) 14 (87.5) 0.12 (NS)
Black (%) 9 (17.7) 3 (18.8) 0.99 (NS)
Comorbidities

Congestive Heart Failure (%) 17 (33.3) 10 (62.5) 0.05
Chronic Lung Disease (%) 9 (17.7)) 6 (37.5) 0.17 (NS)
Diabetes Mellitus, Complicated (%) 4 (7.8) 2 (12.5) 0.62 (NS)
Metastatic Cancer (%) 4 (7.8). 2 (12.5) 0.62 (NS)
Dialysis (%) 6 (11.8) 5 (31.3) 0.12 (NS)
MELD score (95% CI) 16.2 (14.2–18.2) 24.8 (20.4–29.3) 0.0001

Lab values
Albumin, g/L (95% CI) 31.2 (29.0–33.4) 30.1 (24.6–35.7) 0.67 (NS)
�g/dL� �3.12 (2.90–3.34)� �3.01 (2.46–3.57)�
International Normalized Ratio, INR (95% CI) 1.52 (1.36–1.68) 2.03 (1.50–2.57) 0.06 (NS)
Creatinine, �mol/L (95% CI) 143.2 (116.7–169.7) 221.0 (158.2–283.8) 0.009
�mg/dL� �1.62 (1.32–1.92)� �2.50 (1.79–3.21)�
Total bilirubin, �mol/L (95% CI) 46.2 (29.8–62.8) 81.2 (33.0–129.3) 0.16 (NS)
�mg/dL� �2.70 (1.74–3.67)� �4.75 (1.93–7.56)�

MELD indicates Model for End-Stage Liver Disease.
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mortality with MELD scores less than 20 and an additional
2% increase per MELD point greater than 20 provides useful
information to the practicing physician when advising pa-
tients regarding procedure-associated mortality. We feel that
the continuous, objective assessment obtained from the
MELD score is more valuable than a categorical system with
imprecise subjective parameters, such as the CP system, in
individually assessing patient risk. This continuous system
avoids categorizing patients with mildly decompensated dis-
ease along with patients with more moderately or severely
decompensated disease. Finally, the MELD score offers a
simple, objective, easily used tool that avoids the subjectivity
of CP classification, ultimately making for more uniform risk
assessment between patients and institutions.

In this study, 30-day postoperative mortality was found
to be 16.4% in the total cohort of cirrhotic patients undergo-
ing surgical procedures. The mortality identified in this study
cohort is consistent with other published reports. Ziser et al2

reported an in-hospital total mortality of 9.8% in a retrospec-
tive review of 733 patients with cirrhosis undergoing surgical
procedures. Rice et al1 reported a 30-day mortality of 28% in
a smaller cohort of nonhepatic surgical procedures. Selection
bias towards patients with less severely decompensated cir-
rhosis is likely to be present in all studies of surgical risk;
however, the distribution of MELD scores in our study
population includes a broad sample of decompensated and
well-compensated patients. This distribution of MELD scores
is relatively representative of the spectrum of cirrhotic pa-
tients treated at a large university medical center. More than
25% of the patients in our study had MELD scores above 22,
which is very close to the mean MELD score for all patients
undergoing liver transplantation in the U.S. in the year
2002.10

Approximately 50% of the patients in our study under-
went intra-abdominal surgeries. In our opinion, this accu-
rately reflects clinical experience. The 30-day mortality for
this important subgroup is consistent with reported values in
the literature.1,11 The distribution of the remaining surgical
procedures in this study is typical of those seen in a large
tertiary care center, especially with an aging population.
Although the mortality in the cardiovascular subgroup ap-
proximates that of the intra-abdominal group, there was no
in-hospital mortality in the cohort of patients undergoing
musculoskeletal surgeries. This difference is likely related to
the increased surgical complexity, longer anesthesia time,
higher complication rates, and longer recovery times of the
cardiovascular and intra-abdominal groups. Our data suggest
that surgeries not involving the peritoneal or thoracic cavities
may be better tolerated in cirrhotic patients.

We used univariate and multiple logistic regression
analyses to determine which variables were most predictive
of 30-day mortality. These findings confirmed previous stud-
ies that demonstrated congestive heart failure1,2 and creati-

nine1,2,5 as variables associated with mortality. The calcu-
lated MELD score also was highly statistically significant.
Notably, other variables were not found to be significant in
our statistical analysis including albumin and bilirubin.
Clearly, renal function (as measured by creatinine) is a
critical contributor to postsurgical mortality in patients with
cirrhosis. This has obvious implications for both the internist
and surgeon, as it is clinically understood that optimization of
renal function should be a priority in this group of patients
during the pre- and postoperative period.

Multiple logistic regression analysis identified the
MELD score as the most significant independent risk factor
for 30-day postoperative mortality. The MELD score per-
formed well in classifying patients according to their risk of
30-day mortality. This is demonstrated by the significant
c-statistics derived from the logistic regression models. In
general, a c-statistic of 0.5 is associated with chance alone,
whereas values greater than 0.7 are generally accepted as an
indication of a useful test. Increasing values of the c-statistic
entail increasingly significant diagnostic accuracy. In our
study, the c-statistic values of 0.72 and 0.80 were obtained for
the total population and intra-abdominal surgery cohorts,
respectively. These compare favorably with current MELD
literature. Kamath et al,6 reported c-statistics of 0.84–0.95
for 1-week mortality and 0.78–0.87 for 3-month mortality in
patients awaiting liver transplantation. The in-hospital mor-
tality associated with acute variceal bleeding demonstrated a
c-statistic of 0.83 as studied by Chalasani et al.8 Sheth et al12

found a value of 0.82 for 30-day mortality in patients hospi-
talized with acute alcoholic hepatitis. C-statistics for the CP
class’ predictive ability in nontransplant postoperative mor-
tality are not reported in the literature.

Because of the retrospective nature of this study, we did
not compare the MELD score to the Child-Pugh classification
or score. Previous reports have demonstrated equivalence or
superiority of MELD to CP in a variety of clinical scenari-
os.13,14 The retrospective nature and methodology of the
current study would not permit accurate calculation of CP
class in the patient population studied. Additionally, we feel
that the MELD scoring system provides clinicians with an
objective and predictive tool that allows easy point-of-care
use. This stands in contrast to CP where clinicians must
subjectively determine the degree of encephalopathy and
ascites. Quantitative bedside assessment of ascites by physi-
cal examination is difficult even by experienced physi-
cians.15,16 The availability and utilization of software and
PDAs (ie, personal digital assistants) enable clinicians to
quickly calculate a patient’s MELD score in either the am-
bulatory or inpatient setting.

Because the indications and priority for various surgical
procedures are so varied across the spectrum of surgical
disease in cirrhotic patients, we cannot make a recommenda-
tion for an absolute cutoff point where surgery is “too risky,”
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based on the MELD score. However, the MELD score should
be a useful tool in counseling cirrhotic patients regarding
their risk for a surgical procedure. Certainly, the higher
MELD scores indicate proportionally higher surgical risk
while the lower MELD scores impart some sense of relative
safety, especially when the MELD score is less than 10.
Finally, with MELD scores above 20, the mortality risks
increase dramatically.

The current study has a number of weaknesses. Admin-
istrative and clinical databases are limited by their retrospec-
tive nature. It was not possible to determine the number of
patients with cirrhosis who were considered for surgical
intervention in whom no surgical procedures were performed.
Thus, one might expect to see a bias in the data towards
surgical intervention in individuals with less advanced or
well-compensated liver disease. However, Figure 1 shows
that a significant proportion of the study population had
relatively high MELD scores, confirming that our population
reflects that of the general population of cirrhotic patients in
a tertiary referral center. The MELD scores in this study are
highly variable and the predicted mortality probabilities,
relative risks, and odds ratios have wide confidence intervals,
especially with the higher MELD scores. Review of the
predictive value of the multivariate models also indicates that
the models are not perfectly predictive, likely because other
unknown factors contributing to postoperative mortality were
not included in the models. Finally, because of the small
sample sizes, especially in the subgroup analyses, the possi-
bility of type II error is significant. This type of error might
incorrectly lead us to find that a factor is not an important
predictor of mortality. Further validation of the MELD score
in large surgical datasets is needed to answer these concerns.

Despite the utility of the MELD score in a variety of
clinical situations, it has notable limitations. Although it uses
objective measures, these variables can be labile, causing
sudden and dramatic changes in the MELD score as a result
of infection, medication side-effects, or fluid shifts. Fluid
changes are particularly important, as serum creatinine is a
primary determinate of mortality. Yoo et al17 recently dem-
onstrated that the MELD score does not correlate well with
the severity of hepatic encephalopathy or ascites. Also, a
familiar problem with the CP and other risk assessment
strategies is determining the optimal timing for risk stratifi-
cation. On the basis of the evidence presented here, we
believe assessment at the time of admission is appropriate
based on the strong correlation between MELD score at
admission and postoperative mortality. Further studies are
needed to address this issue, specifically to determine if
therapeutic correction of MELD scores effects a change in
postoperative mortality significantly after the initial day of
hospitalization. Reanalysis of the variables (INR or creati-
nine) and recalculation of the MELD score may improve its
predictive value for postoperative mortality.

Also at issue is the predictive value of the MELD score
for emergent versus nonemergent procedures. Analysis of the
indications for surgery in our cohort showed that 59 of 140
(42%) of the procedures were performed for nonelective
indications. Despite this, our results may be more represen-
tative of elective or semi-urgent procedures rather than truly
emergent procedures. This is supported by the mean preop-
erative length of stay of 5 days in our population, suggesting
that time for evaluation and stabilization was available. Al-
though unlikely to have a major influence on this study’s
results, this analysis may have missed patients undergoing
true emergent procedures, as they might have been less likely
to undergo a complete laboratory workup (eg, total bilirubin)
prior to the operation. Therefore, some of those patients may
have been excluded from our cohort because of the lack of
valid laboratory values used in calculating the MELD scores.
Likewise, we have no way of including patients in this
retrospective cohort that were evaluated for elective surgery
but were felt not to be surgical candidates because of their
liver disease. These are inherent weaknesses in this study and
in all retrospective evaluations of surgical procedures. How-
ever, with the lack of prospective, controlled studies, we feel
that this study is thought provoking and provides clinicians
with an additional tool useful in the preoperative evaluation
of patients with cirrhosis.

To our knowledge, this is the first comprehensive
evaluation of the MELD scoring system for patients under-
going a broad spectrum of nontransplant surgical procedures.
The MELD score appears to be predictive of 30-day postop-
erative mortality in patients with varying degrees of cirrhosis.
We feel the MELD score provides an additional tool for
physicians and surgeons to use in counseling cirrhotic pa-
tients regarding postoperative surgical mortality. In this
study, patients with low MELD scores tolerated a variety of
surgical procedures with low relative mortality rates. Al-
though reassuring, even a low MELD score of 10 is associ-
ated with a postoperative mortality of 5%. Thus, strong
consideration should be given to performing procedures on
this patient population at experienced centers with the appro-
priate resources required to care for them. Furthermore,
referral to tertiary care centers with hepatologists or trans-
plant teams should be considered for patients with higher
MELD scores. Further refinement of this risk assessment
strategy will come from prospective studies or large database
reviews and should be pursued to validate these findings and
examine the safety of a greater variety of surgical procedures
in patients with cirrhosis.
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