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Abstract

Background: Transaminase levels are usually measured as markers of hepatocellular injury following

liver resection, but recent evidence was unclear on their clinical value. This study aimed to identify factors

that determine peak postoperative transaminase levels and correlated transaminase levels to post-

operative complications.

Study design: All liver resections performed at a single center between 2006 and 2015 were included in

the analysis. Multivariate analysis was used to identify factors that determine peak ALT and AST levels

and postoperative morbidity and mortality. An ALT and AST cutoff for the prediction of mortality was

determined using receiver operating characteristic curves analysis.

Results: A total of 539 resections were included. Clavien–Dindo grade III or higher complications,

intraoperative transfusion, and operative duration were identified as determinants of peak transaminases.

A peak AST cut-off value for predicting mortality was defined at 828 U/L, with an area under the curve of

0.81 (0.73–0.89). The cut-off was an independent predictor of mortality (P < 0.01) along with (intra-

operative) transfusion (P < 0.01), fifty–fifty criteria (P < 0.01), and age (P < 0.01).

Conclusion: Postoperative transaminase levels are independent predictors of postoperative morbidity

and mortality and therefore clinically relevant. Transaminase levels usually peak during the first 24 h after

surgery and thus possess early prognostic power in terms of postoperative mortality.
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Introduction

Liver surgery is associated with substantial risks, reflected by
morbidity and mortality rates of 43–45% and 1–6%, respec-
tively, depending on the extent of resection and quality of the
liver parenchyma.1–4 Despite the development and imple-
mentation of risk-reducing procedures such as preoperative
portal vein embolization,5 biliary drainage,6 and vascular inflow
occlusion,7 postoperative morbidity remains substantial.8 Of all
complications, liver failure remains the most feared complication
following major liver resection, with mortality rates up to
80%.9,10 Early identification of high-risk patients and recogni-
tion of potential complications are essential in order to reduce
postoperative morbidity and mortality.
Prothrombin index and plasma bilirubin levels as parameters

of liver function have been used for the identification of
HPB 2016, 18, 915–921 © 2016 International Hepato-P
postoperative liver dysfunction and highly correlate with post-
operative outcome.10 In addition, plasma transaminase levels
(aspartate transaminase, AST, and alanine aminotransferase,
ALT) are measured after liver surgery as markers of hepatocel-
lular injury and have been used as endpoints in several ran-
domized controlled trials.11–14 However, transaminase levels
determined in peripheral blood might not adequately represent
actual hepatocellular injury inasmuch as elevated levels might
have a multifactorial cause.15,16 Recently it was reported that
postoperative peak transaminase levels were not associated with
postoperative outcome.16 Furthermore, transaminase levels did
not correlate with the intra-operatively applied duration of
vascular inflow occlusion (VIO), but rather with operative
duration. These findings introduced some uncertainty regarding
the clinical validity of plasma transaminase levels in liver resec-
tion patients.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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In order to evaluate the clinical value of routine postoperative
measurement of serum transaminase levels, we retrospectively
analyzed the predictive value of postoperative transaminase levels
for postoperative morbidity and mortality following liver
resection.
Methods

Patients
All consecutive patients who underwent liver resection between
January 2006 and September 2015 at the Academic Medical
Center (AMC) in Amsterdam were analyzed. Major resections
were defined as resection of three or more liver segments.17 Liver
resections for both benign and malignant indications were
included in the analysis. Patients without postoperative recorded
ALTand AST levels were excluded from the analysis. The need for
informed consent was waived by the medical ethics committee
because of the retrospective nature of the study.

Liver surgery and postoperative outcomes
Preoperative work-up included diagnostic imaging of the liver
lesions and staging of disease when necessary. Baseline laboratory
parameters including transaminase levels, INR and bilirubin
were routinely determined. The indication for liver surgery was
always made at a multidisciplinary meeting. In all patients
considered for major liver resection future remnant liver volume
was determined and in selected patients hepatobiliary scintig-
raphy was performed for assessment of liver function. In case of
insufficient remnant liver volume, portal vein embolization was
used to increase the future remnant liver volume. In case of
obstructive cholestasis and jaundice, preoperative biliary
drainage was performed of at least the future liver remnant.
During surgery, parenchymal transection was performed using

ultrasonic dissection (CUSA, Tyco Healthcare, Mansfield, MA).
VIO was not routinely performed but was applied when consid-
ered indicated by the operating surgeon. When applied inter-
mittently, VIO was performed using cycles of 20 min occlusion
and 10 min of subsequent reperfusion. Intraoperative transfusion
was defined as transfusion of any blood products during surgery.
Following major liver resection, transaminase levels in the

early morning on postoperative day 1, 3, and 5 along with other
routine laboratory parameters were routinely measured accord-
ing to established care pathways. Where available, patients with
minor hepatectomies and available transaminase levels were also
included. The peak transaminase level corresponded to the
highest ALT or AST concentration measured during the first 5
days after surgery.
Postoperative morbidity was scored and graded according to

the Clavien–Dindo classification, with complications of at least
grade IIIa considered as major morbidity.18 Admission to the
intensive care unit was scored without the routine overnight stay
at the postoperative recovery unit. Mortality was defined as death
within 90 days after surgery.
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Statistical analysis
Normal distribution was tested for continuous variables using
the Shapiro–Wilk test. Normally distributed data were analyzed
with independent samples t-tests or one-way ANOVA and non-
Gaussian data with the Mann–Whitney U test or Kruskal–Wallis
test. Correlations were tested using Spearman’s rank correlation
coefficient. Optimal cut-off value for peak transaminase levels for
the prediction of major morbidity and mortality were deter-
mined using relative operating characteristic (ROC) curve
analysis. Positive predictive value (PPV) was defined as the
proportion of patients with the endpoint (morbidity or mor-
tality) with a peak transaminase above the set cut-off. Negative
predictive value (NPV) was defined as the proportion of patients
without the endpoint when peak transaminase level was below
the cut-off. Uni and multivariate analysis for determinants of
peak transaminase levels were performed using linear regression.
Uni and multivariate analyses for postoperative morbidity and
mortality were performed using logistic regression. Benign dis-
ease was used as reference since mortality was lowest in these
patients. A P-value of <0.05 was considered statistically signifi-
cant. All statistical analysis was performed using SPSS (IBM,
Chicago, IL).
Results

Patients
Between 2006 and 2015, 631 consecutive patients underwent
liver resection. Postoperative peak ALT and AST levels were
available for 539 patients and these patients were therefore
included in the analysis. The majority of patients (312, 58%) had
undergone major resection. Of the 92 patients without available
transaminase levels 90 underwent a minor hepatectomy and 2 a
major hepatectomy.
Baseline patient and disease characteristics are provided in

Table 1 and a detailed description is provided in the
Supplemental information.
A total of 238 patients (44%) experienced a postoperative

complication, of which 168 (31%) were grade IIIa or higher.
Severe morbidity was lowest in patients with benign disease (30/
122; 25%) and highest in patients with PHC (43/87; 49%).
Thirty two patients (6%) died within 90 days after surgery.
Mortality varied among diagnoses from 2% (2/122) in patients
with benign disease to 17% (15/87) in patients with PHC
(Table 2).

Postoperative transaminase levels
Transaminase levels peaked during the first 24 h after surgery and
usually receded towards baseline values 5 days after surgery
(Fig. 1a–d). Peak ALT and AST levels depended on the type of
resection performed (Fig. 1e and f), the diagnoses (Fig. 1g and
H) and the application of VIO (Fig. 1i and j). Postoperative peak
ALT and AST levels correlated with intraoperative VIO duration
(Spearman’s r = 0.234 and 0.225, respectively, P < 0.001) and the
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Baseline patient and operative characteristics

All (n [ 539)

Age, median (IQR) 61 (49–69)

Male, n (%) 293 (54)

BMI, kg/m2, median (IQR) 25 (22–28)

Diagnosis, n (%)

Colorectal liver metastases 193 (36)

Hepatocellular carcinoma 67 (12)

Perihilar cholangiocarcinoma 87 (16)

Intrahepatic cholangiocarcinoma 26 (5)

Benign 122 (23)

Other 44 (8)

ASA, n (%)

I 143 (27)

II 315 (58)

III 80 (15)

IV 1 (0)

Portal vein embolization, n (%) 44 (8)

Neoadjuvant chemotherapy, n (%) 152 (28)

Cirrhosis, n (%) 20 (4)

Preoperative biliary drainage, n (%)

- Percutaneous drainage 36 (7)

- Endoscopic drainage 12 (2)

- Both 32 (6)

Resection, n (%)

- Left hepatectomy 69 (13)

- Extended left hepatectomy 45 (8)

- Right hepatectomy 125 (23)

- Extended right hepatectomy 56 (10)

- Central resection 4 (1)

- Segmentectomy 149 (28)

- Local resection 91 (17)

Major liver resection, n (%) 312 (58)

Laparoscopic procedure, n (%) 49 (9)

Duration of surgery, min, median (IQR) 282 (195–388)

Additional procedures, n (%)

- Colon/rectal resection 19 (4)

- Hilar dissection 87 (16)

- PPPD 7 (1)

- Other 2 (0)

Vascular inflow occlusion, n (%)

- None 353 (66)

- Intermittent 96 (18)

- Continuous 81 (15)

- Unknown 9 (2)

Transfusion, n (%) 176 (32)

Table 2 Operative outcomes

All (n [ 539)

Fifty–fifty criteria positive, n (%) 28 (5)

Morbidity, n (%)

- Any complication 238 (44)

- Clavien–Dindo grade IIIa or higher 168 (31)

ICU admission, n (%) 86 (16)

90 day mortality, n (%) 32 (6)

- Aspiration 2

- Cardiac 2

- Cerebrovascular accident 1

- Multiple organ failure 8

- Septic complications 6

- Liver failure 13

Hospital stay, days, median (IQR) 9 (7–14)
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duration of the operation (Spearman’s r = 0.442 and 0.498,
respectively, P < 0.001). The duration of the operation and VIO
duration was also correlated (Spearman’s r = 0.244, P < 0.001).
In multivariate analysis, the duration of the operation, trans-
fusion, and elevated transaminases at baseline predicted peak
transaminase levels (Table 3). VIO duration was not a predictor
of peak transaminase levels, nor was application of VIO a
dichotomous variable in a separate analysis. Separation of
intermittent and continuous VIO also did not correlate with
peak transaminases.
Table 3 Multivariate analysis of factors correlated to peak ALT and

AST levels

Peak ALT Peak AST

b coefficient P-value b coefficient P-value

Preoperative
ALT >100 U/L

0.12 0.006 – –

Preoperative
AST >100 U/L

– – 0.18 0.001

Major hepatectomy 0.02 0.692 0.03 0.627

Body surface area 0.05 0.274 0.00 0.952

Laparoscopic
procedure

−0.07 0.099 −0.04 0.360

Transfusion 0.13 0.005 0.13 0.004

Operative duration 0.22 0.001 0.19 0.001

Pringle duration 0.05 0.238 0.06 0.214

Neoadjuvant
chemotherapy

−0.01 0.766 −0.02 0.624

Cirrhosis −0.02 0.640 −0.01 0.851

Preoperative
biliary drainage

0.00 0.948 0.01 0.847

Bold P-values indicate statistical significance.

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 Transaminase levels in relation to time, type of resection, diagnosis and vascular inflow occlusion. Postoperative AST (a) and

ALT (b) levels before and 1, 3, and 5 days after hepatectomy. Data represent median ± IQR for N = 192–498 per time point. Panels c and

d display the correlation of peak AST (c) and ALT (d) with day 1 values. Correlations were tested using Spearman’s rank correlation coefficient for

N = 539. Panels e and f display the peak AST (e) and ALT (f) according to the extent of resection. L indicates P < 0.05 versus the local resection

group and S indicates P < 0.05 compared to the segmentectomy group. Data represent mean ± SEM for N = 4–149 per group. Panels g and h

display peak AST (g) and ALT (h) diagnosis and major/minor resection. Data represent mean ± SEM for N = 4–97 per group. # indicates P < 0.05

between major and minor resections within diagnosis groups. Panels i and j demonstrate the peak ALT (i) and AST (j) levels according to the

application of VIO in the different resection groups. Central liver resections were left out as N = 2 per group. Differences between groups were

analyzed using Kruskal–Wallis or Mann–Whitney U tests. * indicates P < 0.05 and ** indicates P < 0.01. Abbreviations: AST, aspartate

transaminase; ALT, alanine aminotransferase; hemi, hemihepatectomy; Ext. hemi, extended hemihepatectomy; CRLM, colorectal liver metas-

tasis; HCC, hepatocellular carcinoma; PHC, perihilar cholangiocarcinoma; IHC, intrahepatic cholangiocarcinoma
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Correlation of peak transaminase levels with
postoperative outcomes
ROC curve analysis was performed to examine the predictive
value of peak ALT and AST levels for postoperative morbidity
and mortality. AUC values of peak ALT and AST as predictor of
major morbidity were 0.656 (0.603–0.709) and 0.684
(0.634–0.734), respectively, which is classified as poor predictive
HPB 2016, 18, 915–921 © 2016 International Hepato-P
value (Fig. 2). The AUC of peak ALT for 90-day mortality was
0.781 (0.686–0.875), which signifies fair predictive value. The
AUC of peak AST for 90-day mortality was 0.809 (0.726–0.893),
which signifies good predictive value (Fig. 2).
Peak ALT and AST levels were highly predictive for 90-day

mortality in several subgroups of patients. In patients with
PHC, peak ALTand AST had good predictive value for mortality,
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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with AUC values of 0.82 (0.68–0.95) and 0.82 (0.69–0.95),
respectively (Fig. 2). The predictive value of ALT and AST levels
was lower for other diagnoses such as CRLM, with AUC levels of
0.75 (0.59–0.91) and 0.77 (0.61–0.93), respectively, albeit at low
number of events (N = 5). The predictive value was also better
for major resections, with AUC values for peak ALT and AST
levels of 0.82 (0.73–0.91) and 0.84 (0.77–0.92), respectively
(Fig. 2). Only 4 patients died in the minor resection group and
proper analysis could therefore not be performed.
Optimal cut-off values for prediction of postoperative mor-

tality using peak ALT and AST levels in the entire cohort were
determined at 812 and 828 U/L, respectively. The PPV of peak
ALT level with a cut-off of 812 U/L was 24%, while the NPV was
97%. The cut-off value for AST at 828 U/L performed slightly
better with a PPVof 25% and a NPVof 98%. For PHC alone, the
cut-off values were 1535 and 1243 U/L for ALT and AST,
respectively, resulting in a PPVof 63% and a NPVof 93% for ALT
and a PPV of 50% and a NPV of 93% for AST.
Due to the lack of events in the minor resection group, the

optimal cut-off values were similar to those for the entire cohort,
Figure 2 Predictive value of transaminases for morbidity and mortali

ROC curve for peak ALT and AST for postoperative mortality. c: ROC cur

curve for peak ALT and AST for mortality in the major resection

aminotransferase
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as for major liver resections alone. Using cut-off values of 812
and 828 U/L for ALTand AST, respectively, the PPVand NPV for
mortality were 31% and 97% for ALT, respectively, and 31% and
97% for AST, respectively. Finally, in the group of PHC patients
the cut-off values of ASTand ALT resulted in a PPVand NPV for
mortality of 50% and 93% for AST, respectively, and, 63% and
93% for ALT, respectively.
Considering that peak AST levels had a better predictive value

for mortality compared to peak ALT, the cut-off for peak ASTwas
used in the multivariate analysis (Table 4). For the entire cohort,
a peak AST level above the cutoff point was an independent
predictor for mortality along with age, fifty–fifty criteria, and
intraoperative transfusion. The multivariable analysis resulted in
a 0.968 significance level using the Hosmer–Lemeshow test,
demonstrating good calibration. Despite the poor predictive
value of peak ALTand AST for severe morbidity, a peak AST level
above 828 U/L was an independent predictor for severe
morbidity in conjunction with a major resection and intra-
operative transfusion. Hosmer–Lemeshow test yielded a
P = 0.421 which again shows good calibration.
ty. a: ROC curve for peak ALT and AST for postoperative morbidity. b:

ve for peak ALT and AST for mortality in the PHC patients only. d: ROC

s only. Abbreviations: AST, aspartate transaminase; ALT, alanine

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Discussion

The present study demonstrated peak AST is a predictor of both
postoperative morbidity and mortality and had slightly higher
predictive value compared to ALT. Several factors determine peak
transaminase levels, including duration of the operation, trans-
fusion, and preoperative elevated transaminase levels. AST levels
correlated positively with postoperative mortality, especially in
perihilar cholangiocarcinoma and major liver resections.
Plasma transaminase levels are used as postoperative markers

of hepatocellular injury and have been used as endpoint in
several clinical studies concerning vascular inflow occlusion and
liver resection.11–14 The current analyses validated a recent study
demonstrating that VIO is not associated with peak transaminase
levels after partial hepatectomy.16 Peak transaminase levels most
likely have multifactorial etiology and a single factor such as VIO
does probably only have a minor effect on the peak levels. Liver
manipulation in itself also can give rise to hepatocellular injury,
as previously reported which is most likely a greater determinant
of peak levels in longer and major liver surgery since these result
in more extensive liver manipulation.19–21 These could all
contribute to the contrasting results in several reports on the
predictive value of peak ALT and AST.16,22

In the present study, postoperative peak ALT and AST levels
showed a good discriminative value for postoperative mortality,
especially in major liver resections and resections for PHC.
Furthermore, the optimal cut-off value for peak AST levels was
an independent predictor of 90-day mortality along with major
morbidity and age. Therefore, peak transaminase levels seem to
Table 4 Multivariate analysis for postoperative morbidity and

mortality

Morbidity Mortality

Hazard ratio
(95%CI)

P-value Hazard
ratio
(95%CI)

P-value

Age 1.02 (1.00–1.03) 0.088 1.11 (1.06–1.18) 0.001

Major
resection

2.37 (1.49–3.76) 0.001 1.11 (0.23–4.22) 0.880

Peak
AST >828
U/L

3.00 (1.75–5.16) 0.001 5.80 (2.2614.93) 0.001

50–50 criteria
present

1.65 (0.74–3.65) 0.221 5.76 (2.18–15.18) 0.001

Transfusion 1.97 (1.28–3.02) 0.002 5.47 (1.92–15.61) 0.001

Diagnosis

- Benign Reference 0.716 Reference 0.238

- CRLM 0.70 (0.38–1.31) 0.269 0.44 (0.06–3.36) 0.435

- HCC 0.82 (0.36–1.81) 0.617 0.75 (0.08–6.96) 0.803

- PHC 1.00 (0.48–2.06) 0.996 2.39 (0.37–15.30) 0.359

- IHC 0.75 (0.26–2.12) 0.584 1.26 (0.1213.40) 0.849

- Other 1.20 (0.54–2.69) 0.650 2.00 (0.24–16.58) 0.520

Bold P-values indicate statistical significance.
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have clinical value despite contrasting previous reports.16,22 In
addition, peak AST level was also an independent predictor of
postoperative morbidity in the present study, despite a poor
positive predictive value of peak ASTand ALT for morbidity. AST
was more predictive of outcomes compared to ALT, however not
significant. Considering operative duration was a major deter-
minant of peak transaminase levels and AST is also present in
muscle tissue, overall operative stress rather than liver tissue
might be a factor in the predictive value of AST.21 However,
higher predictive value of the liver-specific ALT compared to AST
in resections for PHC is contradictory to this theory and suggests
liver transaminase release is most relevant. Analysis of ALT/AST
level ratio did not provide additional insights. The discrepancy
could be due to the higher number of events in the PHC patients
compared to other diagnoses, which increases the statistical
power of the AUC analyses. Alternatively, ALT could be a better
predictor compared to AST in PHC patients since most of these
patients suffer from obstructive cholestasis and jaundice,23 which
could reflect the compromised liver as major determinant of
postoperative outcome.24 Most other patients do not suffer from
obstructive jaundice and therefore surgical stress itself might be a
bigger factor in these patients resulting in higher predictive value
of AST over ALT.
The current study does have some limitations. Firstly, the

retrospective study design may have introduced selection bias.
Although 539 patients between 2006 and 2015 with sufficient
study parameters (e.g., ALT and AST) were included, larger co-
horts are desired to confirm the current results. Secondly, not
every patient was subjected to standardized measurement of peak
transaminase levels daily after liver resection. Standardized
measurements of transaminase levels, preferably according to
structured care pathways, provide more standardized and reliable
results. Nevertheless, clear correlations of transaminase levels
with postoperative outcomes were presently observed and war-
rant future studies to confirm the added value of transaminase
measurement in the postoperative period. The low costs and
minimal invasiveness involved in sampling do provide easy
monitoring of high risk surgical patients.
Although peak transaminase levels following liver surgery

showed clinical value in the present study, they are most likely
not suitable as primary clinical endpoint. Increased transaminase
levels have a multifactorial etiology, largely depending on diag-
nosis, extent of resection, duration of surgery, liver manipula-
tion, and most likely to some extent, on duration of VIO.
Although transaminase levels are related to clinical outcomes, the
relation is indirect. Endpoints such as postoperative morbidity or
hospital stay provide a more solid endpoint and directly relate to
patients’ outcomes. When taken these observations into account,
transaminase levels should be replaced as outcome parameters in
order to ensure the relevance of obtained results. Nevertheless,
peak ALT and AST levels above 812 and 828 U/L, respectively,
have PPV on mortality of 24% and 25%, respectively, and
negative predictive values of 97% and 98%, respectively, for 90-
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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day mortality. These estimations potentially have direct clinical
value, as these patients can be more intensively observed to
adequately anticipate and treat complications. Peak ALT levels
might be of special relevance for PHC patients, as a peak value
above 1535 U/L had a positive predictive value of 63% for
mortality. Considering peak values are most often reached
during the first 24 h postoperatively, these values can predict
outcome as early as in the first morning after surgery.
Conclusion

Transaminase levels usually peak within 24 h following liver
resection and have predictive value for postoperative mortality,
especially after major liver resections and resections for perihilar
cholangiocarcinoma. Since peak AST above 828 U/L was iden-
tified as independent predictor of postoperative morbidity and
mortality, this value provides an early window to anticipate
potential adverse outcomes and clinically manage these
accordingly.
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