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A B S T R A C T

Background: Surgical stress and inflammation can cause hyperbilirubinemia, which sometimes occurs after
esophagectomy for esophageal cancer (EC). The aim of this study was to elucidate the clinical significance of
postoperative hyperbilirubinemia in the management of EC patients.
Materials and methods: We retrospectively reviewed records of 81 EC patients who underwent esophagectomy
from 2009 to 2014. We compared the clinicopathological and perioperative factors, including the presence of
hyperbilirubinemia (total bilirubin ≥1.5 mg/dL), between patients with postoperative infectious complications
(PIC group) and those without (Non-PIC group).
Results: PIC developed in 52 patients (64.2%). There were significant differences in incidence of postoperative
hyperbilirubinemia between the PIC group and the non-PIC group (34.6% vs. 3.4%, P=0.002), as well as the
approach of esophagectomy (P=0.045), the surgical duration (469 vs. 389 min, P < 0.001), the amount of
blood loss (420 vs. 300mL, P=0.018), the frequency of intraoperative blood transfusions (32.7% vs. 6.9%,
P=0.012) and the peak postoperative C-reactive protein level (17.3 vs. 8.6 mg/dL, P=0.007). Multivariate
analysis revealed hyperbilirubinemia was independently associated with the occurrence of PICs (odds ratio:
38.6, P=0.010). The median time to the diagnosis of hyperbilirubinemia was significantly shorter than that of
PICs (3.0 vs. 4.5 days, P=0.025).
Conclusions: Postoperative hyperbilirubinemia was associated with the occurrence of PICs and frequently oc-
curred before any PICs become apparent. More attention should be paid to the serum bilirubin level in the
management after esophagectomy for EC.

1. Introduction

Esophageal cancer is the eighth most common cancer worldwide
and was the sixth most common cause of cancer-related death in 2012
[1]. Esophagectomy with lymph node (LN) dissection is the principal
treatment for locally advanced cancer. Although recent advances in
surgical techniques and perioperative management have improved
long-term outcomes after esophagectomy [2], esophagectomy remains
an extremely invasive procedure with severe morbidity and high

mortality. Nation-wide studies in Japan, France and United states
showed 41.9–50.0% of morbidity and 1.2–5.6% of 30-day mortality
after esophagectomy [3–5]. Research informing better management
strategies for post-esophagectomy patients could reduce the morbidity
and mortality associated with this procedure.

Postoperative infectious complications (PICs), such as pneumonia
and deep organ space infection, represent a major cause of morbidity
and mortality following esophagectomy, resulting in longer hospital
stays and higher medical costs [3,6,7]. Recently, it has been suggested
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that the development of severe PICs is associated with adverse onco-
logic outcomes in esophageal cancer patients [8,9]. Given that severe
PICs can be harmful to both short- and long-term outcomes after eso-
phagectomy, early detection and appropriate management to prevent
the aggravation of PICs are critical for achieving favorable outcomes in
these patients.

Elevated serum bilirubin levels are sometimes observed in patients
following esophagectomy for esophageal cancer. It has been shown that
surgical stress and inflammation after major surgery cause post-
operative hyperbilirubinemia [10]. In addition, several studies have
elucidated that postoperative hyperbilirubinemia is associated with the
extent of surgery and postoperative complications [11,12]. However,
the clinical implication of postoperative hyperbilirubinemia in the
management of these patients has not yet been clarified.

In this study we hypothesized that postoperative hyperbilir-
ubinemia is an informative factor in the appropriate management of
patients after esophagectomy for esophageal cancer. The aim of this
study was to investigate the association between postoperative hy-
perbilirubinemia and the occurrence of PICs.

2. Materials and methods

2.1. Study population

We retrospectively investigated 81 consecutive patients with thor-
acic esophageal cancer who underwent curative esophagectomy with
LN dissection between January 2009 and December 2014. This study
has been reported in line with the Strengthening the Reporting of
Cohort Studies in Surgery (STROCSS) criteria [13]. Clinical data from
the medical records of these patients were retrospectively collected and
reviewed. The primary tumor characteristics were described according
to the tumor-node-metastasis (TNM) classification of the International
Union Against Cancer (UICC), 7th edition [14]. The characteristics of
the 81 patients are shown in Table 1. The study population comprised
63 (77.8%) men and 18 (22.2%) women, with the median age of 68
years (range, 44–82 years). Of the 81 patients, six patients had a history
of chronic liver disease due to alcoholic chronic hepatitis.

2.2. Surgery and preoperative chemotherapy

Surgical procedures, including the approach and the extent of LN
dissection, depended mainly on tumor location, preoperative staging,
and patients’ general condition and comorbidities, as described else-
where [15,16]. In brief, open transthoracic esophagectomy (OE) was a
standard surgical procedure in our institution. Minimally invasive
transthoracic esophagectomy (MIE) with thoracoscopic approach was
performed for superficial carcinoma without mediastinal LN metastasis
based on clinical staging. Transthoracic esophagectomy including OE
and MIE were performed either with mediastinal and abdominal LN
dissection (two-field LN dissection) or cervical, mediastinal, and ab-
dominal LN dissection (three-field LN dissection). Transhiatal esopha-
gectomy (THE) with abdominal and limited mediastinal LN dissection
was performed for tumor of the lower thoracic esophagus without
mediastinal LN metastasis. All of the patients underwent feeding jeju-
nostomy at the same time of esophagectomy, and enteral nutrition was
started within 4 days after esophagectomy. Preoperative chemotherapy
using a combination of 5-fluorouracil and cisplatin or nedaplatin was
performed in patients with stage IB, II or III disease.

2.3. Definition of postoperative hyperbilirubinemia and complications

We performed routine blood tests at postoperative days 1, 2, 3, 5
and 7. The subsequent blood tests were performed according to the
clinicians’ decision. We defined postoperative hyperbilirubinemia as a
peak in the total bilirubin (T-bil) level above the upper limit of normal
(≥1.5mg/dL) within 7 days following esophagectomy. If the

occurrence of postoperative complications was suspected based on
clinical symptoms and/or the results of the blood test, complete ex-
aminations, such as X-ray imaging and computed tomography, were
added to diagnose complications. We defined the following complica-
tions which were grade II or higher according to the Clavien-Dindo
classification [17] as PICs: pneumonia, superficial or deep incisional
surgical site infection (SSI), organ/space SSI including anastomotic
leakage, mediastinitis pyothorax, abdominal abscess, enteritis, blood
stream infection, and urinary tract infection.

2.4. Data analysis

Differences of clinicopathological and perioperative factors between
patients with postoperative infectious complications (PIC group) and
those without (Non-PIC group) were assessed using the Mann-Whitney
U test for continuous variables and the Pearson chi-square test or
Fisher's exact test for categorical variables as univariate analyses.
Differences in the number of days after esophagectomy until the diag-
nosis of postoperative hyperbilirubinemia and PICs were evaluated
with the non-parametric Wilcoxon signed-rank test. A two-sided P
value < 0.05 was considered statistically significant. Multivariate
analyses were performed using logistic regression analyses to assess the
independent association between postoperative hyperbilirubinemia and
PICs: stepwise selection was used for variable selection, with entry and
limits of P value < 0.05. The stability of this model was confirmed by
means of a step-backward and step-forward fitting procedure. All ana-
lyses were performed using IBM SPSS statistical software version 22
(IBM Corp., Armonk, NY).

Table 1
Patient and tumor characteristics.

Variables N=81

Age: median (range) 68 (44–82)
Gender

Male/Female 63/18
BMI: median (range) 21.6 (14.5–25.7)
History of liver disease

Absent/Present 75/6
Performance status (ECOG)

0/1/2 53/26/2
Preoperative nutritional support

Absent/Present 64/17
Preoperative chemotherapy

Absent/Present 42/39
Preoperative T-bil level (mg/dL)

Median (range) 0.5(0.1–1.8)
Preoperative serum Alb level (g/dL)

Median (range) 3.9 (2.8–4.8)
Tumor location

Ut/Mt/Lt 8/46/27
Histological type

SCC/Ad/Other 75/2/4
UICC-pT stage

T0/T1/T2/T3/T4 4a/37/11/25/4
UICC-pN stage

N0/N1/N2/N3 42/23/12/4
UICC-pM stage

M0/M1 79/2b

UICC-pStage
0/I/II/III/IV 4/32/19/24/2

BMI, body mass index; ECOG, Eastern Cooperative Oncology
Group.
T-bil, total bilirubin; Alb, albumin; Ut, upper thoracic; Mt, mid-
thoracic; Lt, lower thoracic; SCC, squamous cell carcinoma; Ad,
adenocarcinoma; UICC, International Union Against Cancer.

a These patients achieved complete response by preoperative
chemotherapy.

b These patients had metastasis in supraclavicular lymph
nodes.
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3. Results

3.1. The details of PICs and mortality in the study population

PICs occurred in 52 (64.2%) of 81 patients, and the details of PICs
are shown in Table 2. The most common infectious complication was
pneumonia, which developed in 31 patients (38.3%). Organ/space SSI
was observed in 17 patients (21.0%), including anastomotic leakage in
12 patients (14.8%), mediastinitis in five patients (6.2%), pyothorax in
one patient (1.2%), and abdominal abscess in one patient (1.2%).
Mediastinitis and abdominal abscess caused by anastomotic leakage
each occurred in one patient. Operative mortality was not observed in
the study population.

3.2. Clinicopathological and perioperative factors

There were no significant differences in any clinicopathological
factors including the history of chronic liver disease, preoperative
serum albumin and T-bil levels between the two groups (Table 3). The
details of the perioperative data of the two groups are given in Table 4.
The peak postoperative T-bil level was significantly higher in the PIC
group than in non-PIC group (1.2 vs. 0.9 mg/dL, P < 0.001). The in-
cidence of postoperative hyperbilirubinemia was significantly higher in
the PIC group than in non-PIC group (34.6% vs. 3.4%, P=0.002). In
addition, there were significant differences between the PIC group and
non-PIC group in the following five factors: the approach of esopha-
gectomy (P=0.013), the surgical duration (469 vs. 389 min,
P < 0.001), the amount of blood loss (420 vs. 300mL, P=0.018), the
frequency of intraoperative blood transfusions (32.7% vs. 6.9%,
P=0.012), and the peak postoperative C-reactive protein (CRP) level
(17.3 vs. 8.6 mg/dL, P=0.007). To assess the independent association
between postoperative hyperbilirubinemia and the occurrence of PICs,
the above-mentioned five factors and hyperbilirubinemia were included
in the logistic regression analysis (Table 5). We found that hyperbilir-
ubinemia (odds ratio [OR]: 38.6, 95% confidence of interval [CI]:
2.4–613.6) was independently associated with the occurrence of PICs,
in addition to intraoperative blood transfusion (OR: 5.9, 95% CI:
1.1–33.2); elevated CRP level of 15mg/dL or more, which was the
median value of peak CRP levels within 7 days following esopha-
gectomy in all cases (OR: 8.2, 95% CI: 2.0–33.8); and transthoracic
esophagectomy (OR: 24.8, 95% CI: 3.4–180.3).

3.3. Time to diagnosis of hyperbilirubinemia and PICs after esophagectomy

To examine the clinical significance of postoperative hyperbilir-
ubinemia, we focused on the 18 patients who developed PICs and hy-
perbilirubinemia after esophagectomy. The number of days after eso-
phagectomy until the diagnosis of hyperbilirubinemia and PICs are
shown in Fig. 1. Postoperative hyperbilirubinemia occurred before any
PICs became apparent in 12 patients (67%) and the median time to the
diagnosis of hyperbilirubinemia was significantly shorter than that of
PICs (3.0 vs. 4.5 days, P=0.025). On the other hand, the median time
to the diagnosis of elevated CRP level over 15mg/dL was almost same
as that of PICs (4.0 vs. 4.5 days, P=0.389).

4. Discussion

PICs such as pneumonia and anastomotic leakage unfortunately
develop after esophagectomy in spite of meticulous postoperative
management. Early detection and appropriate management to prevent
the aggravation of PICs might be necessary to achieve favorable long-
term outcomes after highly invasive esophagectomy with LN dissection
for esophageal cancer. Several studies have already reported that hy-
perbilirubinemia is associated with not only major thoracic surgery
such as esophagectomy but also post-esophagectomy complications
[11,12]. We conducted this retrospective study to elucidate the clinical
significance of postoperative hyperbilirubinemia especially in the
management of patients with esophageal cancer after esophagectomy.
Multivariate analysis revealed the significant association between hy-
perbilirubinemia within 7 days following esophagectomy and occur-
rence of PICs. Furthermore, postoperative hyperbilirubinemia occurred
significantly earlier than any PICs became apparent in this patient

Table 2
Postoperative infectious complications according to the Clavien-Dindo classi-
fication.

Variables All patients (N=81)

Grade I Grade II Grade III Grade IV Grade≥ II

Any infectious
complication

7 32 12 8 52 (64.2%)

Pneumonia 0 20 3 8 31 (38.3%)
Surgical site infection 7 13 11 0 24 (29.6%)
Superficial or deep
incisional

7 5 2 0 7 (8.6%)

Organ/space 0 8a 9b 0 17 (21.0%)
Anastomotic
leakage

0 6 6 0 12 (14.8%)

Mediastinitis 0 3 2 0 5 (6.2%)
Pyothorax 0 0 1 0 1 (1.2%)
Abdominal abscess 0 0 1 0 1 (1.2%)

Enteritis 1 7 0 0 7 (8.6%)
Blood stream infection 0 0 0 2 2 (2.4%)
Urinary tract infection 0 2 0 0 2 (2.4%)

Several infectious complications were observed in 20 patients.
a One patient had mediastinitis caused by anastomotic leakage.
b One patient had abdominal abscess caused by anastomotic leakage.

Table 3
Clinicopathological parameters in patients with postoperative infectious com-
plications and patients without postoperative infectious complications.

Variables PIC group Non-PIC group P value

N=52 N=29

Age: median (range) 70 (44–82) 68 (52–79) 0.972
Gender 0.173
Male/Female 43/9 20/9

BMI: median (range) 21.5(14.5–25.6) 22.1(16.4–25.7) 0.798
History of liver disease 0.412
Absent/Present 47/5 28/1

Performance status (ECOG) 0.279
0/1/2 37/14/1 16/12/1

Preoperative nutritional support 0.961
Absent/Present 41/11 23/6

Preoperative chemotherapy 0.631
Absent/Present 28/24 14/15

Preoperative T-bil level (mg/dL) 0.054
Median (range) 0.6 (0.3–1.8) 0.5 (0.1–1.0)

Preoperative serum Alb level (g/
dL)

0.371

Median (range) 3.9 (2.8–4.6) 4.0 (3.3–4.8)
Tumor location 0.266
Ut/Mt/Lt 6/32/14 2/14/13

Histological type 0.819
SCC/Ad/Other 47/2/3 28/0/1

UICC-pT stage 0.452
T0/T1/T2/T3/T4 2/21/8/19/2 2/16/3/6/2

UICC-pN stage 0.146
N0/N1/N2/N3 25/14/11/2 17/9/1/2

UICC-pM stage 0.535
M0/M1 50/2 29/0

UICC-pStage 0.539
0/I/II/III/IV 2/18/12/18/2 2/14/7/6/0

PIC, postoperative infectious complication; BMI, body mass index; ECOG,
Eastern Cooperative Oncology Group; T-bil, total bilirubin; Alb, albumin; Ut,
upper thoracic; Mt, mid-thoracic; Lt, lower thoracic; SCC, squamous cell car-
cinoma; Ad, adenocarcinoma; UICC, International Union Against Cancer.
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population. To the best of our knowledge, this is the first study to de-
monstrate that T-bil level is a potentially useful marker for the early
detection of PICs after esophagectomy for esophageal cancer.

The pathophysiologic mechanism of postoperative hyperbilir-
ubinemia after esophagectomy has been conceived to be intrahepatic
cholestasis due to cytokine overproduction. Geier et al. reported that
proinflammatory cytokines, including tumor necrosis factor, inter-
leukin-6, and interleukin-1β, which are produced by macrophages re-
sident in the liver (Kupffer cells), were potent inhibitors of the hepa-
tocellular and cholangiocellular transport systems to excrete bilirubin
[18]. In the present study, the peak postoperative T-bil levels were
significantly higher in the PIC group than in non-PIC group (1.2 vs.
0.9 mg/dL). PICs was the only independent risk factor of postoperative

hyperbilirubinemia (data not shown, OR: 14.8, 95% CI: 1.86–118.05,
P=0.011). These results support the theory that cytokine over-
production and inflammation caused by PICs may be related to the
elevation of postoperative bilirubin levels. Constitutional jaundice, as in
Gilbert's syndrome and Dubin-Johnson syndrome, is also a known cause
of postoperative hyperbilirubinemia [19]. In this study, the median
preoperative T-bil level in the enrolled 81 patients was 0.5mg/dL, and
only one patient had preoperative T-bil level of 1.5 mg/dL or more.
There were no significant differences in preoperative T-bil level be-
tween patients with PICs and those without it. Therefore, we considered
that there was no potential association between constitutional jaundice
and postoperative hyperbilirubinemia in this cohort.

In this study, we defined postoperative hyperbilirubinemia as a peak
in T-bil level of 1.5 mg/dL or more within 7 days following esopha-
gectomy. We could calculate T-bil cutoff level on the basis of sensitivity
and specificity using receiver operator curve. However, there is a pos-
sibility that the calculated cutoff level excessively fit this research co-
hort and loses reproducibility. Therefore, we adopted the cutoff level of
T-bil which was determined according to the upper limit value of the
normal range (1.5 mg/dL) in our institution. In addition, because the
routine blood tests were performed at postoperative days 1, 2, 3, 5 and
7, we could get the reliable data of T-bil without missing values within
7 days after esophagectomy in all the enrolled patients. Therefore, we
used a peak T-bil level within 7 days after esophagectomy to define the
postoperative hyperbilirubinemia.

At present several biochemical markers of the acute systemic in-
flammatory response, such as CRP and white blood cell (WBC) count,
have been used for predicting postoperative complications in patients
following surgery for esophagogastric cancer [20,21]. In line with these
studies, elevated CRP level (≥15mg/dL) was identified as one of the
significantly associated factors with PICs in the present study. However,
we found that the median time to the diagnosis of elevated CRP level
was almost the same as that of PICs. On the other hand, the median
time to diagnosis of postoperative hyperbilirubinemia as determined by
T-bil testing was significantly shorter than that of PICs. In addition, the
severity of PICs was not associated with whether the postoperative
hyperbilirubinemia antecedent to PICs was observed or not (data not
shown). These results suggest that T-bil might be a useful indicator for
predicting PICs regardless of the severity in clinical practice.

Table 4
Perioperative parameters in patients with postoperative infectious complica-
tions and patients without postoperative infectious complications.

Variables PIC group
N=52

Non-PIC group
N=29

P value

Approach of esophagectomy 0.013
Transthoracica 46 (88.5%) 19 (65.5%)
Transhiatal 6 (11.5%) 10 (34.5%)

LN dissection 0.224
One/Two-field 30 (57.7%) 21 (72.4%)
Three-field 22 (42.3%) 8 (27.6%)

Number of dissected LN 0.059
Median (range) 57 (6–125) 38 (2–113)

Surgical duration (min) < 0.001
Median (range) 469 (246–959) 389 (219–871)

Blood loss (mL) 0.018
Median (range) 420 (95–1796) 300 (55–1150)

Blood transfusion 0.012
Absent 35 (67.3%) 27 (93.1%)
Present 17 (32.7%) 2 (6.9%)

Peak WBC level (× 104/μL) 0.399
Median (range) 1.36 (0.56–3.30) 1.22 (0.80–2.32)

Peak CRP level (mg/dL) 0.007
Median (range) 17.3 (1.08–34.9) 8.63 (0.75–33.1)

Peak T-bil level (mg/dL) < 0.001
Median (range) 1.2 (0.5–4.3) 0.9 (0.5–2.2)

Hyperbilirubinemiab 0.002
Abesent 34 (65.4%) 28 (96.6%)
Present 18 (34.6%) 1 (3.4%)

LN, lymph node; WBC, white blood cell; CRP, C-reactive protein; T-bil, total
bilirubin.

a Transthoracic esophagectomy includes open esophagectomy (N=37) and
minimally invasive esophagectomy (N=28).

b We defined hyperbilirubinemia as a peak in the total bilirubin level of
≥1.5 mg/dL.

Table 5
Multivariate analysis of risk factors for postoperative infectious complications.

Variables Odds ratio 95% confidence interval P value

Approach of esophagectomy
Transhiatal 1.00
Transthoracica 24.81 3.42–180.30 0.002

Hyperbilirubinemiab

Absent 1.00
Present 38.56 2.42–613.59 0.010

Peak CRP level (mg/dl)
< 15 1.00
≥ 15 8.15 1.96–33.84 0.004

Blood transfusion
Absent 1.00
Present 5.94 1.06–33.17 0.042

CRP, C-reactive protein.
a Transthoracic esophagectomy includes open esophagectomy (N=37) and

minimally invasive esophagectomy (N=28).
b We defined hyperbilirubinemia as a peak in the total bilirubin level of

≥1.5 mg/dL.

Fig. 1. The number of days after esophagectomy until the diagnosis of hy-
perbilirubinemia and postoperative infectious complications. Upper graph
shows 12 patients whose hyperbilirubinemia occurred before any PICs became
apparent. Lower graph shows 6 patients whose hyperbilirubinemia occurred
after any PICs became apparent. The median time to diagnosis of hyperbilir-
ubinemia was significantly shorter than that of PICs (3.0 days vs. 4.5 days,
P=0.025).
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In the 1990s the incidence of postoperative hyperbilirubinemia (T-
bil level ≥2.0mg/dL) was reported as 64–67% [10–12,22]. A more
recent study showed that the incidence of postoperative hyperbilir-
ubinemia (≥2.0mg/dL) was 35.5%, which was lower than the previous
studies [23]. This discrepancy is likely due to the recent advances in
operative techniques and perioperative management, which contribute
to the reduction of postoperative inflammation. In this study the in-
cidence of hyperbilirubinemia of 23.5% was lower still, even though
the T-bil cutoff value of ≥1.5 mg/dL was lower than previous studies.
One possible explanation of the lower incidence of hyperbilirubinemia
might be the influence of early enteral nutrition. Early postoperative
enteral nutrition from feeding jejunostomy is considered to reduce the
production of inflammatory cytokines by preserving the gut mucosal
barrier and preventing bacterial translocation [24,25]. Indeed, early
enteral nutrition reduced the duration of systematic inflammatory re-
sponse syndrome after esophagectomy in our previous study [26]. Aiko
et al. showed that the mean values of total bilirubin were lower in the
immediate enteral nutrition group than in the parenteral nutrition
group [27]. Enteral nutrition was identified as an independent nega-
tively associated factor with hyperbilirubinemia after esophagectomy
[23]. The postoperative enteral nutrition was started within 4 days for
all patients in our study. We carefully introduced the enteral nutrition
with an initial dose of 200–250mL of elemental diet under 20mL/h to
prevent the refeeding syndrome. On the other hand, patients who un-
derwent total parental nutrition were included in the previous studies
[10,12,23]. Therefore, postoperative early enteral nutrition might
prevent the elevation of T-bil after esophagectomy.

There are three main limitations of the present study. First, this was
a single institutional analysis of a small number of patients. However,
we enrolled all the 81 consecutive patients who underwent curative
esophagectomy for thoracic esophageal cancer during a short term from
2009 to 2014. This high rate and short-term inclusion period reduces
potential selection bias arising from differences in preoperative man-
agement, surgical techniques, and preoperative therapies. Second, the
traditional inflammatory factors such as IL-6 and IL-8 were associated
with the complications after esophagectomy [28–30]. It is important to
clarify a correlation between these factors and T-bil level. However,
because we did not obtain the data on postoperative levels of these
factors, we could not assess the correlation in this retrospective study.
Future analysis should be conducted including this point. Third, it re-
mains unclear whether early diagnostic approaches based on post-
operative hyperbilirubinemia actually lead to the earlier detection and
the reduction of the severe PICs and improvements in outcomes after
esophagectomy. Nonetheless, we believe that our present findings are
clinically informative for further multi-institutional prospective studies
to demonstrate the clinical utility of T-bil level monitoring in the
management following esophagectomy.

5. Conclusions

In conclusion, postoperative hyperbilirubinemia was independently
associated with the occurrence of PICs in patients with esophageal
cancer after esophagectomy. Furthermore, postoperative hyperbilir-
ubinemia frequently occurred before any PICs become apparent. More
attention should be paid to the serum bilirubin level in the management
after esophagectomy for esophageal cancer.

Ethical approval

The institutional review board at Niigata University Graduate
School of Medical and Dental Sciences approved this study.

Judgment's number was 2016-0040.

Sources of funding

This research was supported by the Japan Society for the Promotion

of Science KAKENHI Grant Number JP16K10491.

Author contribution

Study design: Yusuke Muneoka, Hiroshi Ichikawa and Shin-ichi
Kosugi.

Data analysis: Yusuke Muneoka, Hiroshi Ichikawa.
Data collections: Yusuke Muneoka, Hiroshi Ichikawa, Takaaki

Hanyu, Takashi Ishikawa and Yosuke Kano.
Supervised the study design and data analyses: Yoshifumi Shimada,

Masayuki Nagahashi, Jun Sakata, Takashi Kobayashi and Hitoshi
Kameyama.

Supervised the statistical analyses: Kohei Akazawa.
Supervised the whole study: Toshifumi Wakai.
Drafting the manuscript: Yusuke Muneoka, Hiroshi Ichikawa and

Shin-ichi Kosugi.
Revising the manuscript, final approval of the version to be pub-

lished: All authors.

Conflicts of interest

The author have no financial conflicts of interest.

Trial registry number

Our research is not RCT.

Research registration unique identifying number (UIN)

UIN of this study was researchregistry4493.

Guarantor

Hiroshi Ichikawa is the guarantor of this study.

Provenance and peer review

Not commissioned, externally peer reviewed.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.amsu.2019.02.004.

References

[1] J. Ferlay, I. Soerjomataram, R. Dikshit, S. Eser, C. Mathers, M. Rebelo, D.M. Parkin,
D. Forman, F. Bray, Cancer incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012, Int. J. Cancer 136 (2015) E359–E386.

[2] M. Morita, R. Yoshida, K. Ikeda, A. Egashira, E. Oki, N. Sadanaga, Y. Kakeji,
T. Yamanaka, Y. Maehara, Advances in esophagieal cancer surgery in Japan: an
analysis of 1000 consecutive patients treated at a single institute, Surgery 143
(2008) 499–508.

[3] H. Takeuchi, H. Miyata, M. Gotoh, Y. Kitagawa, H. Baba, W. Kimura, N. Tomita,
T. Nakagoe, M. Shimada, K. Sugihara, M. Mori, A risk model for esophagectomy
using data of 5354 patients included in a Japanese nationwide web-based database,
Ann. Surg. 260 (2014) 259–266.

[4] B. Dhungel, B.S. Diggs, J.G. Hunter, B.C. Sheppard, J.T. Vetto, J.P. Dolan, Patient
and peri-operative predictors of morbidity and mortality after esophagectomy:
American college of surgeons national surgical quality improvement program (ACS-
NSQIP), J. Gastrointest. Surg. 14 (2010) 1492–1501 2005-2008.

[5] A. Pasquer, F. Renaud, F. Hec, A. Gandon, M. Vanderbeken, V. Drubay,
G. Caranhac, G. Piessen, C. Mariette, FREGAT Working GroupFRENCH, Is cen-
tralization needed for esophageal and gastric cancer patients with low operative
risk?: a nationwide study, Ann. Surg. 264 (2016) 823–830.

[6] S. Markar, C. Gronnier, A. Duhamel, J.M. Bigourdan, B. Badic, M.C. du Rieu,
J.H. Lefevre, K. Turner, G. Luc, C. Mariette, Pattern of postoperative mortality after
esophageal cancer resection according to center volume: results from a large
European multicenter study, Ann. Surg. Oncol. 22 (2015) 2615–2623.

[7] K.U. Park, I. Rubinfeld, A. Hodari, Z. Hammoud, Prolonged length of stay after
esophageal resection: identifying drivers of increased length of stay using the NSQIP

Y. Muneoka, et al. Annals of Medicine and Surgery 39 (2019) 16–21

20

https://doi.org/10.1016/j.amsu.2019.02.004
https://doi.org/10.1016/j.amsu.2019.02.004
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref1
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref1
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref1
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref2
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref2
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref2
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref2
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref3
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref3
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref3
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref3
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref4
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref4
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref4
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref4
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref5
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref5
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref5
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref5
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref6
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref6
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref6
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref6
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref7
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref7


database, J. Am. Coll. Surg. 223 (2016) 286–290.
[8] S. Markar, C. Gronnier, A. Duhamel, J.Y. Mabrut, J.P. Bail, N. Carrere, J.H. Lefevre,

C. Brigand, J.C. Vaillant, M. Adham, S. Msika, N. Demartines, I.E. Nakadi,
B. Meunier, D. Collet, C. Mariette, FREGAT working group, FRENCH and AFC, The
impact of severe anastomotic leak on long-term survival and cancer recurrence after
surgical resection for esophageal malignancy, Ann. Surg. 262 (2015) 972–980.

[9] K. Yamashita, T. Makino, H. Miyata, Y. Miyazaki, T. Takahashi, Y. Kurokawa,
M. Yamasaki, K. Nakajima, S. Takiguchi, M. Mori, Y. Doki, Postoperative infectious
complications are associated with adverse oncologic outcomes in esophageal cancer
patients undergoing preoperative chemotherapy, Ann. Surg. Oncol. 23 (2016)
2106–2114.

[10] T. Tsujinaka, Y. Kido, M. Ogawa, H. Shiozaki, A. Murata, K. Kobayashi, T. Mori,
Postoperative hyperbilirubinemia after resection of thoracic esophageal cancer,
Am. J. Gastroenterol. 85 (1990) 1473–1479.

[11] T. Tsujinaka, J. Fujita, T. Morimoto, A. Ogawa, C. Ebisui, M. Yano, H. Shiozaki,
M. Monden, T. Yamaguchi, H. Nakajima, Increased urinary excretion of bilirubin
metabolites in association with hyperbilirubinemia after esophagectomy, Surg.
Today 28 (1998) 1119–1123.

[12] K.K. Hosotsubo, M. Nishimura, S. Nishimura, Hyperbilirubinemia after major
thoracic surgery: comparison between open-heart surgery and oesophagectomy,
Crit. Care 4 (2000) 180–187.

[13] R.A. Agha, M.R. Borrelli, M. Vella-Baldacchino, R. Thavayogan, D.P. Orgill, for the
STROCSS Group, The STROCSS statement: strengthening the reporting of cohort
studies in surgery, Int. J. Surg. 46 (2017) 198–202.

[14] L.H. Sobin, M.K. Gospodarowicz, C. Wittekind, TNM Classification of Malignant
Tumours (Uicc International Union against Cancer), seventh ed., Wiley-Blackwell,
Oxford, 2010.

[15] T. Nishimaki, T. Suzuki, S. Suzuki, S. Kuwabara, K. Hatakeyama, Outcomes of ex-
tended radical esophagectomy for thoracic esophagieal cancer, J. Am. Coll. Surg.
186 (1998) 306–312.

[16] H. Ichikawa, S.I. Kosugi, T. Kanda, K. Yajima, T. Ishikawa, T. Hanyu, Y. Muneoka,
T. Otani, M. Nagahashi, J. Sakata, T. Kobayashi, H. Kameyama, T. Wakai, Surgical
and long-term outcomes following oesophagectomy in oesophageal cancer patients
with comorbidity, Int. J. Surg. 36 (2016) 212–218.

[17] D. Dindo, N. Demartines, P.A. Clavien, Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey,
Ann. Surg. 240 (2004) 205–213.

[18] A. Geier, P. Fickert, M. Trauner, Mechanism of disease: mechanisms and clinical
implications of cholestasis in sepsis, Nat. Clin. Pract. Gastroenterol. Hepatol. 10

(2006) 574–585.
[19] S. Taylor, Gilbert's syndrome as a cause of postoperative jaundice, Anaesthesia 39

(1984) 1222–1224.
[20] S. Dutta, G.M. Fullarton, M.J. Forshaw, P.G. Horgan, D.C. McMillan, Persistent

elevation of C-reactive protein following esophagogastric cancer resection as a
predictor of postoperative surgical site infectious complications, World J. Surg. 35
(2011) 1017–1125.

[21] R. Warschkow, I. Tarantino, K. Ukegjini, U. Beutner, S.A. Muller, B.M. Schmied,
T. Steffen, Diagnostic study and meta-analysis of C-reactive protein as a predictor of
postoperative inflammatory complications after gastroesophageal cancer surgery,
Langenbeck's Arch. Surg. 397 (2012) 727–736.

[22] T. Shirota, K. Sasajima, Hyperbilirubinemia after esophagectomy. A possible role of
lipid peroxidation, Nihon Ika Daigaku Zasshi 59 (1992) 21–28.

[23] T. Takesue, H. Takeuchi, K. Fukuda, R. Nakamura, T. Takahashi, N. Wada,
H. Kawakubo, Y. Saikawa, T. Omori, Y. Kitagawa, Postoperative hyperbilirubinemia
suggests the occurrence of complications after esophagectomy for esophageal
cancer, World J. Surg. 39 (2015) 1111–1118.

[24] E.A. Deitch, Bacterial translocation: the influence of dietary variables, Gut 35
(1994) S23–S27.

[25] E.M. Quigley, M.N. Marsh, J.L. Shaffer, R.S. Markin, Hepatobiliary complications of
total parenteral nutrition, Gastroenterology 104 (1993) 286–301.

[26] K. Kobayashi, Y. Koyama, S. Kosugi, T. Ishikawa, K. Sakamoto, H. Ichikawa,
T. Wakai, Is early enteral nutrition better for postoperative course in esophageal
cancer patients? Nutrients 5 (2013) 3461–3469.

[27] S. Aiko, Y. Yoshizumi, Y. Sugiura, T. Matsuyama, Y. Naito, J. Matsuzaki,
T. Maehara, Beneficial effects of immediate enteral nutrition after esophageal
cancer surgery, Surg. Today 31 (2001) 971–978.

[28] A. Okamura, H. Takeuchi, S. Matsuda, M. Ogura, T. Miyasho, R. Nakamura,
T. Takahashi, N. Wada, H. Kawakubo, Y. Saikawa, Y. Kitagawa, Factors affecting
cytokine change after esophagectomy for esophageal cancer, Ann. Surg. Oncol. 22
(2015) 3130–3135.

[29] M. Morita, R. Yoshida, K. Ikeda, E. Oki, N. Sadanaga, Y. Kakeji, Y. Ichiki, K. Sugio,
K. Yasumoto, Y. Maehara, Acute lung injury following an esophagectomy for eso-
phageal cancer, with special reference to the clinical factors and cytokine levels of
peripheral blood and pleural drainage fluid, Dis. Esophagus 21 (2008) 30–36.

[30] H. Tsujimoto, R. Takahata, S. Nomura, I. Kumano, Y. Matsumoto, K. Yoshida,
S. Hiraki, S. Aosasa, S. Ono, J. Yamamoto, K. Hase, Predictive value of pleural and
serum interleukin-6 levels for pneumonia and hypo-oxygenations after esopha-
gectomy, J. Surg. Res. 182 (2013) e61–67.

Y. Muneoka, et al. Annals of Medicine and Surgery 39 (2019) 16–21

21

http://refhub.elsevier.com/S2049-0801(19)30009-3/sref7
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref8
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref8
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref8
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref8
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref8
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref9
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref9
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref9
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref9
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref9
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref10
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref10
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref10
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref11
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref11
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref11
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref11
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref12
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref12
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref12
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref13
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref13
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref13
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref14
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref14
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref14
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref15
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref15
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref15
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref16
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref16
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref16
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref16
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref17
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref17
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref17
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref18
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref18
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref18
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref19
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref19
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref20
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref20
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref20
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref20
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref21
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref21
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref21
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref21
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref22
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref22
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref23
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref23
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref23
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref23
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref24
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref24
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref25
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref25
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref26
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref26
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref26
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref27
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref27
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref27
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref28
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref28
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref28
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref28
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref29
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref29
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref29
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref29
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref30
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref30
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref30
http://refhub.elsevier.com/S2049-0801(19)30009-3/sref30

	Hyperbilirubinemia predicts the infectious complications after esophagectomy for esophageal cancer
	Introduction
	Materials and methods
	Study population
	Surgery and preoperative chemotherapy
	Definition of postoperative hyperbilirubinemia and complications
	Data analysis

	Results
	The details of PICs and mortality in the study population
	Clinicopathological and perioperative factors
	Time to diagnosis of hyperbilirubinemia and PICs after esophagectomy

	Discussion
	Conclusions
	Ethical approval
	Sources of funding
	Author contribution
	Conflicts of interest
	Trial registry number
	Research registration unique identifying number (UIN)
	Guarantor
	Provenance and peer review
	Supplementary data
	References




