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and Mortality in Trauma Patients With Chronic Liver Disease
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Tracey G. Simon, MD; Fiona K. Gibbons, MD; Kenneth B. Christopher, MD

C irrhosis and chronic liver disease (CLD) are important
causes of morbidity and mortality in the United States
and account for approximately 25 000 deaths per year.1

Acute deterioration of CLD, termed acute-on-chronic liver fail-
ure, often requires critical care and has high mortality rates of
36% to 85%.2 Cirrhosis is present in approximately 1% of ad-
mitted trauma patients.3 In the trauma and postoperative set-
tings, cirrhosis is a well-established risk factor for death and
complications.4 Even after minor injuries, cirrhosis results in
a substantial increase in the risk of mortality.4

An observational study4 found an association between se-
verity of cirrhosis in trauma patients and worse outcomes. The
Child-Turcotte-Pugh classification and Model for End-Stage
Liver Disease (MELD) scores have been used to predict out-
comes in trauma patients with CLD. In the trauma popula-
tion, the MELD has high utility because of its ease of use and
objectivity. However, no data currently indicate whether any

modification of liver function is associated with an improve-
ment in outcomes after trauma.

Because MELD scores appear to be predictive of out-
comes in critically ill trauma patients with CLD, we per-
formed this study to determine the association between a
change in MELD score and all-cause 30-day mortality after criti-
cal care initiation. We hypothesized that a decrease in MELD
score would be associated with improvement in critical care
outcomes among injured patients.

Methods
Source Population
We used administrative and laboratory data from individuals
admitted to 2 teaching hospitals in Boston, Massachusetts:
Brigham and Women’s Hospital (BWH), with 793 beds, and

IMPORTANCE The Model for End-Stage Liver Disease (MELD) score is predictive of trauma
outcomes.

OBJECTIVE To determine whether a decrease in MELD score is associated with improved
mortality in critically ill trauma patients.

DESIGN, SETTING, AND PARTICIPANTS We performed a retrospective registry study of critically ill
trauma patients 18 years or older with chronic liver disease treated between August 3, 1998, and
January 5, 2012, at 2 level I trauma centers in Boston, Massachusetts. The consecutive sample
included 525 patients (male, 373 [71.0%]; white, 399 [76.0%]; mean [SD] age, 55.0 [12.4] years).

EXPOSURES Change in MELD score from intensive care unit (ICU) admission to 48 to 72 hours
later.

MAIN OUTCOMES AND MEASURES Thirty-day all-cause mortality.

RESULTS The mean (SD) MELD score at ICU admission was 19.3 (9.7). The 30-day mortality
was 21.9%. The odds of 30-day mortality with a change in MELD score of less than −2, −2 to
−1, +1 to +4, and greater than +4 were 0.23 (95% CI, 0.10-0.51), 0.30 (95% CI, 0.10-0.85),
0.57 (95% CI, 0.27-1.20), and 1.31 (95% CI, 0.58-2.96), respectively, relative to a change in
MELD score of 0 and adjusted for age, sex, race, Charlson/Deyo Index, sepsis, number of
acute organ failures, International Classification of Diseases, Ninth Revision–based injury
severity score, and ICU admission MELD score.

CONCLUSIONS AND RELEVANCE A decrease in MELD score within 72 hours of ICU admission is
associated with improved mortality.
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Massachusetts General Hospital (MGH), with 902 beds. The
BWH and MGH are level I trauma centers with 45 000 to 47 000
hospital admissions per year. The BWH and MGH are mem-
bers of Partners HealthCare, which is the largest health care
organization in Massachusetts.

Data Sources
Data on all patients admitted to the BWH or MGH between Au-
gust 3, 1998, and January 5, 2012, were obtained through the
Research Patient Data Registry, a computerized registry that
serves as a central data warehouse for all inpatient and out-
patient records at Partners HealthCare sites.5-10 Approval for
the study was granted by the Partners Human Research Com-
mittee (Institutional Review Board). Requirement for con-
sent was waived because the data were analyzed anony-
mously.

Study Population
The inclusion criteria were age of 18 years or older, the pres-
ence of injuries identified by International Classification of Dis-
eases, Ninth Revision (ICD-9) codes,11 CLD,5 assignment of the
Current Procedural Terminology (CPT) code 99291 (critical care,
first 30-74 minutes),6 and the presence of total bilirubin level,
creatinine level, and international normalized ratio (INR) mea-
sured within the first 72 hours of intensive care unit (ICU) ad-
mission. During the study period, 23 721 unique patients met
the inclusion criteria. Exclusions included 22 029 patients with-
out CLD and 1167 patients with missing laboratory data (total
bilirubin level, creatinine level, and INR within the first 72 hours
of ICU admission). Thus, 525 patients constituted the total
study cohort (Figure 1).

Exposure of Interest and Comorbidities
The exposure of interest was a change in MELD score12 from
ICU admission to the maximum MELD score between 48 and
72 hours after ICU admission. The MELD score was calcu-

lated with the United Network for Organ Sharing modifica-
tion as follows: [0.957 × ln(Serum Creatinine) + 0.378 × ln
(Serum Bilirubin) + 1.120 × ln(INR) + 0.643] × 10 (if the patient
is undergoing hemodialysis, the value for serum creatinine is
automatically set to 4.0). Because the MELD uses log scale cal-
culations, any creatinine, bilirubin, or INR value less than 1 is
given a lower limit value of 1 to prevent generating a negative
score. Changes in MELD cut points were modified from the
work of others13 and defined a priori as less than −2, −2 to −1,
0, +1 to +4, and greater than +4. The −2 and +4 cut points were
selected because it was believed that small decreases in cre-
atinine during the 72 hours after ICU admission would more
greatly affect outcome than increases in creatinine of the same
magnitude.

In administrative data from Partners HealthCare, we iden-
tified patients with CLD using a validated assignment of ICD-9
codes for CLD (571.x), chronic hepatitis C (70.54), and chronic
hepatitis B (70.32) before or during hospitalization for critical
care.5 In the Research Patient Data Registry data set, it was
found that 8.4% of patients had a CLD diagnosis associated with
alcohol use.5 Definition and determination of the following co-
variates are outlined in the eMethods in the Supplement: Charl-
son/Deyo Index, ICU admission,6 race, sepsis,7,14 exposure to
inotropes and vasopressors,8,9 acute kidney injury,7,10 non-
cardiogenic acute respiratory failure,15 emergency general
surgery,16 packed red blood cells (PRBCs) transfused,8 num-
ber of acute organ failures,6,7,14,17 and ICD-9–derived Injury Se-
verity Score (ICISS).18-21 The trauma-related ICD-9 diagnosis
codes were grouped into nature and body region of injury cat-
egories based on the Barell Injury Diagnosis Matrix.22

Assessment of Mortality
Information on vital status for the study cohort was obtained
from the Social Security Administration Death Master File,
which has high sensitivity and specificity for mortality,23 and
which we validated for in-hospital and out-of-hospital mor-
tality in our administrative database.6 The censoring date
was March 15, 2012. The entire cohort had at least 90 days of
follow-up.

End Points
The primary end point was 30-day all-cause mortality after
critical care initiation. The prespecified secondary end point
was 90-day all-cause mortality.

Power Calculations and Statistical Analysis
On the basis of our prior data, the 30-day mortality rate in criti-
cally ill trauma patients with CLD is 15.3%.6 In the current study
cohort with 247 patients with an increase in MELD score, 55
patients with no change in MELD score, and 223 patients with
a decrease in MELD score, an α error level of 5%, and a power
of 80%, the minimum absolute increase in percent mortality
that the study is powered to detect between patients with a
decrease in MELD score and patients with an increase in MELD
score is 11.0%.

Categorical covariates were described by frequency dis-
tribution and compared across MELD groups using contin-
gency tables and χ2 testing. Continuous covariates were ex-

Figure 1. Flow Diagram

23 721 Assessed for eligibility
Age ≥18 years, with CPT code 99291,
presence of injuries identified
by ICD-9 codes, and total bilirubin
level, creatinine level, and INR data in
the first 72 hours after ICU admission

525 Study cohort

0 Lost to follow-up

525 Analyzed
0 Excluded from analysis

23 196 Excluded
22 029 Chronic liver disease absent

1167 Missing total bilirubin level,
creatinine level, and INR data

CPT indicates Current Procedural Terminology; ICD-9, International Classification
of Diseases, Ninth Revision; ICU, intensive care unit; INR, international
normalized ratio.
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amined graphically and in terms of summary statistics and
compared across exposure groups using 1-way analysis of vari-
ance. Unadjusted associations between MELD groups and out-
comes were estimated by bivariable logistic regression mod-
els. Adjusted odds ratios were estimated by multivariable
logistic regression models with inclusion of covariate terms
thought to plausibly be associated with change in MELD score
and mortality. Logistic regression was chosen to predict the
likelihood of mortality occurring at 30 days given our expo-
sure and covariates, which is most aligned with the hypoth-
esis under study. For the primary model (30-day mortality),
specification of each continuous covariate (as a linear vs cat-
egorical term) was adjudicated by the empirical association
with the primary outcome using the Akaike Information Cri-
terion. The discriminatory ability for 30-day mortality was
quantified using the C statistic. Model fit was assessed using
the Hosmer-Lemeshow χ2 goodness-of-fit test. We individu-
ally tested for effect modification by MELD scores at day 0 of
ICU admission, hospital, emergency general surgery, vaso-
pressors or inotropes, year of hospitalization, and number of
PRBC transfusions by adding an interaction term to the mul-

tivariate models. Improvement in model performance by the
inclusion of change in MELD score to other covariates was as-
sessed by evaluating the significant net reclassification im-
provement or integrated discrimination improvement.24 A mul-
tivariable Cox proportional hazards regression model was used
to illustrate survival among patients as MELD score changes.

Because the allocation of patients into different MELD score
change groups was not randomized, it might have produced
a resulting imbalance in the baseline risk profile for mortal-
ity. For the time to mortality, we estimated the survival curves
according to MELD score group with the use of the Kaplan-
Meier method and compared the results by means of the log-
rank test. All P values presented are 2-tailed; P < .05 was con-
sidered statistically significant. All analyses are performed
using STATA software, version 13.1MP (StataCorp).

Results
Table 1 gives the characteristics of the study population. Most
patients were men (373 [71.0%]) and white (399 [76.0%]). The

Table 1. Clinical and Demographic Characteristics of the Cohorta

Characteristic
Total
(N = 525)

Alive
(n = 410)

Dead
(n = 115)b P Valuec

30-d Mortality,
Unadjusted OR
(95% CI)

Age, mean (SD), y 55.0 (12.4) 54.3 (12.2) 57.2 (12.6) .03d 1.02 (1.00-1.04)

Male sex 373 (71.0) 293 (71.5) 80 (69.6) .69 0.91 (0.58-1.43)

Nonwhite race 126 (24.0) 93 (22.7) 33 (28.7) .18 1.37 (0.86-2.18)

Charlson/Deyo Index

0-1 51 (9.7) 45 (11.0) 6 (5.2) .09 1 [Reference]

2-3 126 (24.0) 101 (24.6) 25 (21.7) 1.86 (0.71-4.84)

4-6 240 (45.7) 177 (43.2) 63 (54.8) 2.67 (1.09-6.56)

≥7 108 (20.6) 87 (21.2) 21 (18.3) 1.81 (0.68-4.80)

No. of acute
organ failures

0 21 (4.0) 19 (4.6) 2 (1.7) .02 1 [Reference]

1 71 (13.5) 60 (14.6) 11 (9.6) 1.74 (0.35-8.56)

2 109 (20.8) 87 (21.2) 22 (19.1) 2.40 (0.52-11.10)

3 139 (26.5) 114 (27.8) 25 (21.7) 2.08 (0.46-9.53)

≥4 185 (35.2) 130 (31.7) 55 (47.8) 4.02 (0.91-17.85)

Chronic kidney
disease stage

0-2 343 (67.0) 266 (66.8) 77 (68.1) .99 1 [Reference]

3 110 (22.0) 87 (21.9) 23 (20.4) 0.91 (0.54-1.54)

4 36 (7.0) 28 (7.0) 8 (7.1) 0.99 (0.43-2.25)

5 22 (4.0) 17 (4.3) 5 (4.4) 1.02 (0.36-2.84)

MELD score on
day 0, mean (SD)

19.3 (9.7) 18.4 (9.3) 22.4 (10.5) <.001e 1.04 (1.02-1.06)

Change in MELD
score, mean (SD)

0.38 (4.9) −0.08 (4.6) 2.1 (5.7) <.001d 1.09 (1.04-1.14)

Sepsis 194 (37.0) 143 (34.9) 51 (44.4) .06 1.49 (0.98-2.27)

Acute kidney injuryf 125 (23.8) 85 (20.7) 40 (34.8) .002 2.04 (1.30-3.20)

Noncardiogenic
acute respiratory
failure

146 (27.8) 101 (24.6) 45 (39.3) .002 1.97 (1.27-3.04)

Renal replacementg 111 (21.1) 78 (19.0) 33 (28.7) .03 1.71 (1.07-2.75)

Emergency general
surgery

135 (25.7) 115 (28.1) 20 (17.4) .02 0.54 (0.32-0.92)

ICISS, median (IQR) 0.86 (0.78-0.88) 0.86 (0.76-0.88) 0.86 (0.85-0.90) .003e 1.23 (1.03-1.49)h

Abbreviations: ICISS, International
Classification of Diseases, Ninth
Revision–derived Injury Severity
Score; ICU, intensive care unit;
IQR, interquartile range;
MELD, Model for End-Stage Liver
Disease; OR, odds ratio.
a Data are presented as number

(percentage) of patients unless
otherwise indicated.

b Died within 30 days of ICU
admission.

c P values determined by the χ2 test
except where otherwise indicated.

d P value determined by analysis of
variance.

e P value determined by the
Kruskal-Wallis test.

f Acute kidney injury is a RIFLE (risk,
injury, failure, loss, and end-stage
kidney disease) class injury or
failure. Information on acute kidney
injury is available for 483 patients.

g Renal replacement is hemodialysis
or continuous renal replacement
therapy after ICU admission.

h Odds of 30-day mortality per
0.10-unit increase in ICISS.
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mean (SD) age at hospital admission was 55.0 (12.4) years. A
total of 194 individuals (37.0%) in the cohort had sepsis, 125
(23.8%) had acute kidney injury, and 146 (27.8%) had noncar-
diac acute respiratory failure. The mean (SD) MELD score at
ICU admission was 19.3 (9.7). The mean (SD) change in MELD
score was +0.38 (4.9). The median (interquartile range) of days
between hospital and ICU admission was 0 (0-2) days. The
crude 30- and 90-day mortality rates were 21.9% and 32.0%,
respectively. There were 291 patients who subsequently died
with 1140 person-years of follow-up, yielding a mortality rate
of 255 per 1000 person-years. Table 1 indicates that age, acute
kidney injury, noncardiogenic acute respiratory failure, renal
replacement, operative status, and ICISS are significantly as-
sociated with 30-day mortality. Patient characteristics of the
study cohort were stratified according to change in MELD score
(Table 2). Factors that significantly differed between the change
in MELD score groups included acute kidney injury, sepsis, and
noncardiogenic acute respiratory failure. Table 3 indicates that

the most common nature of the injury was classified as for-
eign body related.

The ICU admission MELD score was associated with
mortality. The odds of 30-day mortality for each 1-point
increase in ICU admission MELD score was 1.03 (95% CI,
1.01-1.06), adjusted for age, race, sex, Charlson/Deyo Index,
sepsis, number of acute organ failures, and ICISS. The
adjusted ICU admission MELD model had good calibration
(Hosmer-Lemeshow χ2 = 6.33, P = .61) and moderate dis-
crimination for 30-day mortality (C statistic, 0.68; 95% CI,
0.62-0.79).

Subsequent decreases in MELD score were associated with
30-day mortality and remained so after multivariable adjust-
ment (Table 4). The odds of 30-day mortality in patients with
a change in MELD score less than −2, −2 to −1, +1 to +4, and
greater than +4 were 0.23 (95% CI, 0.10-0.51), 0.30 (95% CI,
0.10-0.85), 0.57 (95% CI, 0.27-1.20), and 1.31 (95% CI, 0.58-
2.96), respectively, relative to patients with no change in MELD

Table 2. Patient Characteristics of the Cohort by Change in MELD Scorea

Characteristic

Change in MELD Score, No. (%)

P Valueb<−2 (n = 174) −2 to −1 (n = 49) 0 (n = 55) 1 to 4 (n = 173) >4 (n = 74) Total (N = 525)
Age, mean (SD), y 55.7 (11.5) 55.0 (12.5) 56.4 (14.6) 54.0 (11.9) 54.5 (13.6) 55.0 (12.4) .64c

Male sex 117 (67.2) 37 (75.5) 39 (70.9) 123 (71.1) 57 (77.0) 373 (71.0) .56

Nonwhite race 36 (20.7) 13 (26.5) 16 (29.1) 35 (20.2) 26 (35.1) 126 (24.0) .08

Charlson/Deyo Index

0-1 16 (9.2) 2 (4.1) 7 (12.7) 19 (11.0) 7 (9.5) 51 (9.7) .26

2-3 41 (23.6) 12 (24.5) 15 (27.3) 47 (27.2) 11 (14.9) 126 (24.0)

4-6 80 (46.0) 23 (46.9) 17 (30.9) 77 (44.5) 43 (58.1) 240 (45.7)

≥7 37 (21.3) 12 (24.5) 16 (29.1) 30 (17.3) 13 (17.6) 108 (20.6)

No. of acute organ failures

0 6 (3.4) 3 (6.1) 4 (7.3) 8 (4.6) 0 21 (4.0) .08

1 20 (11.5) 10 (20.4) 11 (20.0) 25 (14.5) 5 (6.8) 71 (13.5)

2 39 (22.4) 11 (22.4) 11 (20.0) 36 (20.8) 12 (16.2) 109 (20.8)

3 49 (28.2) 12 (24.5) 16 (29.1) 45 (26.0) 17 (23.0) 139 (26.5)

≥4 60 (34.5) 13 (26.5) 13 (23.6) 59 (34.1) 40 (54.1) 185 (35.2)

Acute kidney injuryd 36 (20.7) 10 (20.4) 11 (20.0) 36 (20.8) 32 (43.2) 125 (23.8) .001

Sepsis 69 (39.7) 17 (34.7) 20 (36.4) 50 (28.9) 38 (51.4) 194 (37.0) .02

Noncardiogenic acute
respiratory failure

37 (21.3) 6 (12.2) 21 (38.2) 57 (32.9) 25 (33.8) 146 (27.8) .003

Emergency general surgery 43 (24.7) 13 (26.5) 9 (16.4) 43 (24.9) 27 (36.5) 135 (25.7) .13

Vasopressors or inotropes 105 (60.3) 24 (49.0) 29 (52.7) 105 (60.7) 64 (86.5) 105 (20.0) <.001

Transfused PRBCs,
median (IQR)

0 (0 to 2) 0 (0 to 1) 0 (0 to 2) 0 (0 to 3) 0 (0 to 3) 0 (0 to 2) .73e

MELD score on day 0,
mean (SD)

22.6 (9.8) 19.5 (9.6) 15.2 (8.8) 17.2 (9.1) 19.4 (9.2) 19.3 (9.7) <.001e

Change in MELD score,
median (IQR)

−3.5 (−5 to −2) −1 (−1 to −1) 0 (0 to 0) 2 (1 to 3) 7 (6 to 11) 0 (−2 to 2) <.001e

Mortality, d

30 24 (13.8) 7 (14.3) 16 (29.0) 37 (21.4) 31 (42.0) 115 (21.9) <.001

90 39 (22.4) 12 (24.5) 22 (40.0) 56 (32.4) 39 (52.7) 168 (32.0) <.001

In-hospital death 27 (15.5) 9 (18.4) 15 (27.3) 46 (26.6) 38 (51.4) 135 (25.7) <.001

Abbreviations: IQR, interquartile range; MELD, Model for End-Stage Liver
Disease; PRBCs, packed red blood cells.
a Data are presented as number (percentage) of patients unless otherwise

indicated.
b P values determined by the χ2 test except where indicated otherwise.

c P value determined by analysis of variance.
d Acute kidney injury is a RIFLE (risk, injury, failure, loss, and end-stage kidney

disease) class injury or failure. Information on acute kidney injury is available
for 483 patients.

e P value determined by the Kruskal-Wallis test.
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score and adjusted for ICU admission MELD score, age, race,
sex, Charlson/Deyo Index, sepsis, number of acute organ fail-
ures, and ICISS (Table 4). This finding indicates that patients
who have a change in MELD scores less than −2 have a 77% re-
duced odds of 30-day mortality. In patients with a change in
MELD scores less than −2 (n = 174), the mean (SD) change in
MELD score components was −0.39 (0.83) for INR, −0.12 (2.44)
for total bilirubin level, and −0.59 (0.86) for creatinine level.
Figure 2 illustrates the different survival curves for the change
in MELD score groups. The log-rank test indicates that there
is a significant difference in the overall survival distributions
among the patient groups.

The adjusted change in the MELD score revealed good
calibration (Hosmer-Lemeshow χ2 = 6.90, P = .55) and dis-
crimination (C statistic = 0.74; 95% CI, 0.69-0.79). Differ-
ences in discrimination between the ICU admission MELD

score and the change in MELD score are significant (χ2 =
6.80, P = .009). Furthermore, the net reclassification
improvement was estimated at 8.2% (P = .02), and the inte-
grated discrimination improvement was estimated at 5.0%
(P < .001). The net reclassification improvement and inte-
grated discrimination improvement suggest that the addi-
tion of the change in MELD score to the ICU admission MELD
model results in a significant improvement in model perfor-
mance. When the analysis includes only patients with at
least 2 sequential days of critical care–associated CPT codes
(codes 99291 or 99292, n = 435), although decreased in
power, the decrease in MELD-improved, 30-day mortality
association is preserved after adjustment for age, sex, race,
Charlson/Deyo Index, sepsis, number of acute organ fail-
ures, ICISS, and MELD score at ICU admission. Furthermore,
the hazard ratio of mortality adjusted for age, sex, race, sep-

Table 4. Unadjusted and Adjusted Associations Between Change in MELD Score and Mortality in Trauma Patients With Chronic Liver Disease

Association

Change in MELD Score

<−2 −2 to −1 0 1 to 4 >4

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI)a OR (95% CI) P Value OR (95% CI) P Value
30-d mortality

Crude 0.39 (0.19 to 0.80) .01 0.41 (0.15 to 1.09) .07 1 [Reference] 0.66 (0.33 to 1.32) .24 1.76 (0.84 to 3.69) .13

Adjustedb 0.23 (0.10 to 0.51) <.001 0.30 (0.10 to 0.85) .02 1 [Reference] 0.57 (0.27 to 1.20) .14 1.31 (0.58 to 2.96) .51

90-d mortality

Crude 0.43 (0.23 to 0.83) .01 0.49 (0.21 to 1.13) .10 1 [Reference] 0.72 (0.38 to 1.34) .30 1.67 (0.82 to 3.39) .15

Adjustedb 0.23 (0.11 to 0.49) <.001 0.33 (0.13 to 0.85) .02 1 [Reference] 0.61 (0.30 to 1,24) .17 1.15 (0.51 to 2.57) .74

Abbreviations: MELD, Model for End-Stage Liver Disease; OR, odds ratio.
a Referent in each case is no change in MELD score.
b Estimates adjusted for age, sex, race, Charlson/Deyo Index, sepsis, acute organ

failure, International Classification of Diseases, Ninth Revision–derived Injury
Severity Score, and MELD score at intensive care unit admission.

Table 3. Patient Characteristics of the Cohort by Nature and Body Region of Injury

Characteristics

No. (%) of Patients
Total
(N = 525)

Alive
(n = 410)

Dead
(n = 115)a

Nature of injury

Amputation 3 (1) 3 (1) 0

Blood vessels 11 (2) 7 (2) 4 (3)

Burn 3 (1) 3 (1) 0

Contusion, superficial 29 (6) 23 (6) 6 (5)

Dislocation 8 (2) 7 (2) 1 (1)

Foreign body 220 (42) 172 (42) 48 (42)

Fracture 49 (9) 35 (9) 14 (12)

Internal 79 (15) 62 (15) 17 (15)

Late effects 10 (2) 9 (2) 1 (1)

Open wound 21 (4) 19 (5) 2 (2)

Strain or sprain 5 (1) 4 (1) 1 (1)

Unspecified 87 (17) 66 (16) 21 (18)

Body region of injury

Extremities 66 (13) 49 (12) 17 (15)

Head and neck 95 (18) 75 (18) 20 (17)

Type 1 TBIb 53 (10) 42 (10) 11 (10)

Spine and back 8 (2) 5 (1) 3 (3)

Torso 59 (11) 47 (11) 12 (10)

Unclassifiable by site 297 (57) 234 (57) 63 (55)

Abbreviation: TBI, traumatic brain
injury.
a Died within 30 days of intensive

care unit admission.
b Head injuries are considered type 1

TBIs if there is recorded evidence of
an intracranial injury or a moderate
or a prolonged loss of consciousness
or injuries to the optic nerve
pathways.
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sis, Charlson/Deyo Index, number of acute organ failures,
MELD score at ICU admission, and ICISS in patients with a
change in MELD score less than −2, −2 to −1, +1 to +4, and
greater than +4 were 0.53 (95% CI, 0.35-0.81), 0.59 (95% CI,
0.35-0.99), 0.84 (95% CI, 0.56-1.27), and 1.07 (95% CI, 0.67-
1.71), respectively, relative to patients without a change in
MELD score.

There is no significant effect modification of the change
in MELD score and 30-day mortality association on the basis
of MELD values at day 0 of ICU admission (P for interac-
tion = .42), hospital (P for interaction = .15), emergency gen-
eral surgery (P for interaction = .13), or vasopressors or ino-
tropes (P for interaction = .21). Effect modification is present
with year of hospitalization (P for interaction = .005) and
PRBC transfusions (P for interaction = .01). The 30-day mor-
tality in the cohort before 1998-2007 (n = 305) was 25% com-
pared with 18% after 2007 (n = 220). The 30-day mortality
was 18% for those with no PRBC transfusions and 36% for
those with more than 4 units of PRBCs. Individually adding a
hospital, year, or a PRBC transfusion term to the final model
does not alter the effect size or significance of the change in
MELD score and 30-day mortality association. When the
cohort is constrained by year of hospitalization (before or
after 2007), although limited by power, the estimates main-
tain significance and directionality with a MELD score less
than −2. With addition of a vasopressor or inotrope term, the
directionality of the association between a decrease in MELD
score and decreased 30-day mortality remains, but the asso-
ciation between an increase in MELD score and increased
30-day mortality is attenuated. For the primary model, there
was no multicollinearity as determined by variance inflation
factor using a cut point of 10. Furthermore, no multicol-
linearity exists between the change in MELD score and acute
kidney injury.

Discussion

Our 2-center study aimed to determine whether a decrease in
MELD score was associated with decreased mortality in criti-
cally ill trauma patients with CLD. In both unadjusted and ad-
justed analyses, we found a decrease in the odds and risk of
30-day mortality relative to a decrease in MELD score within
48 to 72 hours after ICU admission. The change in MELD score
improves model performance and discrimination when added
to a model that includes MELD score at ICU admission; how-
ever, because our study is observational and not interven-
tional, a causal relationship between change in MELD score and
outcomes after trauma cannot be inferred from these data
alone.

The management of critically ill patients with cirrhosis is
resource intensive; in this patient population, more than 35%
of the total cost of ICU care is spent on those who do not sur-
vive. The need to optimize hospital resources has resulted in
calls for an improved definition of this subpopulation and more
reliable, validated measures for predicting patient outcomes.
In patients with cirrhosis, the Sequential Organ Failure As-
sessment (SOFA) score and chronic liver failure–specific modi-
fication of the SOFA score (CLIF-SOFA)25 have higher accu-
racy for predicting mortality in patients with cirrhosis than
MELD or Acute Physiology and Chronic Health Evaluation
(APACHE) II.26

The number of extrahepatic acute organ failures is asso-
ciated with mortality in ICU patients with CLD. In our
cohort, patients with acute kidney injury (RIFLE [risk,
injury, failure, loss, and end-stage kidney disease] class
injury or failure) have a 30-day mortality rate of 32%.
Because the MELD score has 3 components (serum bilirubin
level, serum creatinine level, and INR), the association

Figure 2. Survival Analysis by Change in Model for End-Stage Liver Disease (MELD)
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between changes in the MELD and mortality may reflect
improvements in renal function in the 48 to 72 hours after
ICU admission. The INR and creatinine level have higher
multiplicative values and larger contributions to mortality
differences than the total bilirubin level in the MELD score.
Changes in INR or creatinine level alone may result in up to
20% differences in MELD score.27

The present study has all the inherent limitations of a ret-
rospective study. Because our study is observational and
lacks a clear dose-response relationship, causality is limited.
Selection bias may exist because the patient cohort under
study had MELD score components investigated for a par-
ticular reason that may be absent in other patients. Ascertain-
ment bias may be present because a large number of patients
did not have all MELD components measured twice in the
first 72 hours after ICU admission and, thus, were not
included in our study. These issues may decrease the gener-
alizability of our results to all trauma patients. Reliance on
ICD-9 codes to determine the Charlson/Deyo Index, ICISS,
sepsis diagnosis, and CLD does not measure the true inci-
dence, which is likely higher.28 Use of the CPT code 99291 to
identify ICU admissions will not capture patients admitted to
an ICU who are not assigned the CPT code 99291; further-
more, a small percentage of those with a CPT code 99291
assignment in our data set received critical care only in the
emergency department.6 Although we used a validated
approach that has a high positive predictive value,5 it is pos-
sible that misclassification of the CLD diagnosis occurred
because the diagnosis was made with an ICD-9 code combi-
nation. We cannot exclude the possibility that other unmea-
sured variables influence mortality independently of the
change in MELD score, which may have biased estimates.
Furthermore, because of a lack of physiologic and hemody-
namic data present in our data set, we are unable to compare
the discrimination for mortality of the change in MELD score

to the SOFA, CLIF-SOFA, or APACHE II. Because of limitations
of the data set, we cannot determine with precision what
treatment modality may have led to improvement in the
MELD score. Although we adjusted for multiple potential
confounders, there might be residual confounding of unmea-
sured variables, leading to observed differences in outcomes.
The relatively wide CIs reflect lower precision and more sta-
tistical instability than what might be expected in a larger
study.

The present study has several strengths and is unique in
that it investigates the association of a change in MELD score
on 30-day all-cause mortality. The current study has ample sta-
tistical power to detect a clinically relevant difference in 30-
day all-cause mortality if one exists. In determining the ICISS,
we included deaths that occurred outside the hospital (up to
30 days after ICU admission), which likely improves the ac-
curacy of the resulting severity estimates.29 Our inclusion of
the Charlson/Deyo Index likely improves the predictive abil-
ity of ICISS.11 We used previously validated approaches to de-
fine CLD, Charlson/Deyo Index, sepsis, and acute kidney
injury.5,7,30 Although we do not have cause of death data, de-
termination of all-cause mortality was based on the Social Se-
curity Administration Death Master File and validated in the
administrative data set.6

Conclusions
Our results reveal an association between a decrease in
MELD score within 48 to 72 hours of ICU admission and
decreased mortality after trauma in critically ill patients with
CLD. Additional studies are needed to confirm our findings
and establish mechanisms underlying the apparent mortal-
ity benefit from decreased MELD score after trauma in
patients with CLD.
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Invited Commentary

Use of Model for End-Stage Liver Disease Scoring Dynamics
in Critically Ill Cirrhotic Trauma Patients
Timothy A. Pritts, MD, PhD

Care of the critically ill patient with cirrhosis of the liver is
a significant challenge for all surgeons and intensivists. The
occurrence of a traumatic injury in a patient with otherwise

compensated liver disease
may lead to acute-on-chronic
liver failure with a high risk of
death, even after relatively

minor injuries.1 During my training, a senior trauma surgeon
taught us that “cirrhosis plus x = death, and x can be just about
anything.” Unfortunately, that adage remains all too true
today.

The Model for End-Stage Liver Disease (MELD) was ini-
tially developed to aid survival prediction in patients under-
going transjugular intrahepatic portosystemic shunts.2 This ob-
jective scoring system has since proven useful in predicting
mortality in patients with chronic liver disease as well as serv-
ing as the prioritization tool for organ allocation for liver
transplant.3 Recently, investigators have sought to examine the
role of MELD scoring beyond its traditional uses. One study
found that increasing MELD score was associated with signifi-
cantly increased mortality in cirrhotic trauma patients4 and an-
other found that increased MELD score was predictive of ma-
jor complications in cirrhotic patients undergoing emergency

hernia repair.5 These studies indicate that MELD scoring may
be useful in predicting prognosis in trauma and acute care sur-
gery patients with liver disease.

In this issue of JAMA Surgery, Peetz and coworkers6 pre-
sent a novel method of using MELD scoring in trauma pa-
tients. Instead of using MELD scores as a single static data point,
they examined the change in MELD score from the time of in-
tensive care unit admission to hospital day 3. In analyzing the
care of 525 consecutive trauma patients with cirrhosis admit-
ted to intensive care units of 2 level I trauma centers, they found
that MELD score at the time of intensive care unit admission
was associated with subsequent mortality, confirming the re-
sults of previous studies. Interestingly, they also found that a
decline in MELD score within 72 hours of intensive care unit
admission was associated with significantly improved 30-
day all-cause mortality. This conclusion is important to clini-
cians in that it suggests that we should view MELD scoring in
a dynamic fashion and that MELD kinetics may be more im-
portant than any absolute MELD value.

As with any well-done study, this work raises a number
of important questions and opportunities for subsequent
investigation. This is a retrospective study and there is no
intervention arm. Thus, it remains unknown if trauma sur-
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