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Abstract

Background Diabetes mellitus (DM) is known to be a risk factor for postoperative infectious complications (PICs). However,
the significance of postoperative hyperglycemia in non-DM cases has not been well investigated. We sought to establish
whether postoperative hyperglycemia is associated with PICs and survival among patients with esophageal cancer, with a
focus on non-DM cases.

Methods A total of 430 patients who underwent subtotal esophagectomy for esophageal cancer between 2014 and 2018
were enrolled. Postoperative blood glucose was measured by arterial blood gas test every 8 h from postoperative day (POD)
1 to POD4. The association between hyperglycemia (mean > 200 mg/dl) and PICs or long-term outcomes on each POD was
investigated.

Results There were 53 DM and 377 non-DM cases. PICs occurred in 127 patients. In the multivariate analysis of all cases,
PICs were associated with hyperglycemia on PODI1 or -2 (odds ratio [OR]=1.69, 95% CI, 1.05-2.73, P=0.031 for POD1;
OR=2.55,95% CI, 1.10-5.93, P=0.029 for POD 2). Among non-DM cases, the association was more evident, and per-
sisted until POD4 (OR=1.94, 95% CI, 1.16-3.24, P=0.012 for POD1; OR=3.68, 95% CI, 1.28-10.6, P=0.016 for POD2;
OR=3.07,95% CI, 1.11-8.51, P=0.031 for POD4). Survival analyses limited to RO cases revealed hyperglycemia on
POD?2 as an independent prognostic factor in all cases (N=412) [hazard ratio (HR)=2.61, 95%CI, 1.21-5.63, P=0.014],
with the prognostic impact more evident among non-DM cases (N=360) (HR =4.38, 95% CI, 1.82-10.57, P=0.0010).
Conclusion Postoperative hyperglycemia is associated with PICs and worse survival after esophagectomy, particularly in
patients without DM.
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Introduction

Esophageal cancer is an aggressive, malignant tumor, and
esophagectomy is the mainstay for curative treatment. How-
ever, esophagectomy is associated with a high incidence of
postoperative infectious complications (PICs)," ? which
adversely affect patient postoperative outcomes.™>*

In clinical practice, patients diagnosed with type 2 dia-
betes mellitus (DM) frequently experience postoperative
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hyperglycemia and PICs after esophagectomy.>’ Surgical
stress often increases insulin resistance through an elevated
production of inflammatory cytokines, resulting in postop-
erative hyperglycemia.® This, in turn, causes a functional
impairment of neutrophils, bactericidal activity, chemotaxis
and phagocytosis,”!! and hyperglycemia itself triggers the
activation of inflammatory circuits.

Although postoperative hyperglycemia occurs to various
degrees regardless of the presence or absence of DM, it is
unclear whether postoperative hyperglycemia in non-DM
cases is associated with the PICs or affects prognosis. In
this study, we sought to investigate whether postoperative
hyperglycemia was associated with the incidence of PICs or
long-term outcomes after esophagectomy, with a particular
focus on non-DM patients.
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Methods
Patients

Initially, 445 patients with esophageal cancer, who under-
went subtotal esophagectomy with reconstruction with a
gastric conduit at the Cancer Institute Hospital between
2014 and 2018, were included in this study. Patients
who underwent salvage surgery after chemoradiotherapy
(N=15) were excluded because such cases are at high risk
of PICs. As aresult, 430 cases were eligible for this study.

Our study was conducted in accordance with the Dec-
laration of Helsinki and the national ethical guidelines of
Japan and approved by the human ethics review committee
(Institutional Review Board number 2014-1028 for the
Cancer Institute Hospital). Informed consent was waived
due to the retrospective nature of this study and the analy-
ses used anonymous clinical data.

DM and hyperglycemia

DM was diagnosed in patients who had a medical his-
tory of DM or presented with HbAlc >6.5% at diagnosis
of esophageal cancer, as defined by the National Glyco-
hemoglobin Standardization Program.'? !> Postoperative
blood glucose was measured by arterial blood gas test,
which was taken at the intensive care unit (ICU) every 8§ h
over postoperative days (POD) 1 to POD4. When blood
glucose levels were 200 mg/dl or higher, insulin therapy
using a sliding scale was administered. Hyperglycemia
on each POD was defined as the mean blood glucose
level > 200 mg/dl on that day.

Data collection

Medical records were retrospectively reviewed to obtain
the following clinical information: age at surgery; body
mass index at surgery; sex; physical status, as defined by
the American Society of Anesthesiologists (ASA) (ASA
I-VI); clinical and pathological disease stage (cStage and
pStage), as defined by the Union for International Cancer
Control (UICC) 7th TNM classification of esophageal can-
cer (I-IV); histological type [adenocarcinoma (AC) and
squamous cell carcinoma (SCC)]; preoperative neoadju-
vant chemotherapy (presence vs. absence); preoperative
HbAlc levels (%); surgical procedure (thoracotomy vs.
thoracoscopy); preoperative intravenous administration of
methylprednisolone 250 mg (present vs. absent); operative
time (min); blood loss (g); postoperative blood glucose
level (mg/dl); incidence of PICs (presence vs. absence);
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and patient survival. PICs were defined as “present” when
they appeared during the hospital stay and had a Clavien-
Dindo grade > II. In the event that a patient presented with
more than one PIC, the first PIC recorded was analyzed
in this study.

Procedure and perioperative management

Surgical procedures were performed via thoracoscopy or
thoracotomy combined with laparoscopy or laparotomy. A
feeding catheter was routinely placed in the jejunum through
the gastric conduit or the duodenal bulb. Non-DM patients
were intravenously administered with 250 mg methylpredni-
solone 30 min before surgery. An enteral diet of 5 to 10 kcal/
kg/day was commenced within 24 h after surgery and gradu-
ally increased to the required energy level (30 to 40 kcal/kg/
day) within 5 days, according to the conventional clinical
pathway in our hospital. MEIN (Meiji, Japan) or ELENTAL
(EA pharma, Japan) was used for non-DM cases and a low
carbohydrate enteral nutrition (Glucerna, Abbott, Japan)
was used for DM cases to minimize blood sugar spikes after
surgery.

Endpoints and statistical analysis

The primary endpoint was the identification of an associa-
tion between postoperative hyperglycemia and the incidence
of PICs, and which POD they appeared. As a secondary end-
point, the impact of postoperative hyperglycemia on overall
survival (OS) was evaluated among patients who underwent
RO resection.

All P-values were two-sided. Univariate and multivariate
analyses were employed to investigate the relation between
clinical characteristics and the incidence of PICs. In the
univariate analysis, categorical data were assessed using
Chi-squared or Fisher’s exact tests, whereas continuous data
were assessed using Student’s 7-test or the Mann—Whitney
U-test. In the multivariate analysis, a logistic regression
was performed separately analyses. In survival analysis, the
Kaplan—-Meier method was used to estimate overall survival
distribution, and the log-rank test was performed to compare
the overall survival probability according to postoperative
hyperglycemia status. The Cox proportional hazards model
was used in the multivariate overall survival analyses.

The multivariate model initially included the following
clinicopathological variables (without missing information):
sex (male vs. female), age (<75 vs.>75 years old), BMI
(<25vs.>25 kg/mz), physical status (ASA I vs. II-VI), clini-
cal and pathological disease stage (cStage I-II vs. III or IV,
pStage O-II vs. III-IV), histological subtype (AC vs. SCC),
neoadjuvant chemotherapy (presence vs. absence), surgi-
cal procedure (thoracotomy vs. thoracoscopy), operative
time (median split, 550 < vs. > 550 min), blood loss volume



Journal of Gastrointestinal Surgery (2023) 27:2743-2751

2745

(median split, 130 <vs. > 130 g), and the incidence of PICs.
A backward elimination was performed with a threshold of
P =0.10 to avoid overfitting in the multivariate analyses.
All statistical analyses were performed using the statistical
software “R (ver.3.5.2)”.

Results
The baseline characteristics of the eligible 430 patients are

shown in Table 1. There were 53 DM and 377 non-DM
patients. RO resection was achieved in 412 cases (95.8%).

Table 1 Baseline characteristics of the patients in this study (N=430)

Characteristics No. (%)
Age (average [+ SD]) (years) 64 [+9.1]
Sex Male 334 (78%)
Female 96 (22%)
BMI (average [+ SD]) (kg/mz) 21.7 [+£3.0]
Physical status (by ASA) 1 158 (37%)
248 (58%)
3 14 (3%)
4-6 0
cStage (UICC 7th) 1 163 (38%)
i 105 (24%)
I 138 (32%)
v 24 (6%)
pStage (UICC7th) 0 5(1%)
I 115 (27%)
I 81 (19%)
I 101 (23%)
v 26 (6%)
Histological type SccC 374 (87%)
AC 49 (11%)
Others 6 (1%)
Neoadjuvant chemotherapy Present 263 (61%)
Absent 163 (38%)
DM Present 53 (12%)
Absent 377 (88%)
Operative approach Thoracotomy 28 (7%)
Thoracoscopy 402 (93%)
Preoperative corticosteroid use Present 374 (87%)
Absent 56 (13%)
Operation time (median [range]) 542 [339—956]
(min)
Blood loss (median [range]) (ml) 130 [0 -1300]
Resection margin RO 412 (95.8%)
R1-2 18 (4.2%)

BMI, body mass index; SD, standard deviation; ASA, the American
society of anesthesiologists; DM, diabetes mellitus; UICC, the Union
for International Cancer Control; SCC, squamous cell carcinoma;
AC, adenocarcinoma

DM cases more frequently experienced hyperglycemia
through POD1-4 as compared to non-DM cases (Supple-
mentary Fig. 1).

PICs occurred in 127/430 cases (29.5%) including
112/377 cases of non-DM (29.7%) and 15/53 cases with DM
(28.3%). Among the PICs observed, pneumonia was most
common (51.1%), followed by anastomotic leakage (21.2%),
surgical site infection (14.1%), abdominal abscess (2.4%),
pyothorax (2.4%), mediastinitis (1.6%), pancreatic fistula
(1.6%), liver abscess (0.8%), cholangitis (0.8%), catheter-
related bloodstream infection (0.8%), infections endocardi-
tis (0.8%), bacteremia (0.8%), and infection from unknown
focus (1.6%) (Table 2). These descriptors are shown accord-
ing to DM status in Table 2.

PIC timing of occurrence in all cases showed a bimodal
distribution, with the first and second peaks at POD3 and
POD7, respectively (Fig. 1A). Among the 127 cases with
PICs, 38 cases (29.9%) experienced infectious events early,
during POD1-4 [two patients at PODI, seven patients at
POD?2, 16 patients at POD3, and 13 patients at POD4].
Pneumoniae was the most frequent PIC on POD3. These
trends were the same when the data was split for observa-
tions in non-DM cases only (Fig. 1B). Comparatively, in
DM cases, PICs most frequently occurred on POD?9; albeit
the number of events was limited (Supplementary Fig. 2).

Association between hyperglycemia and PICs
on each POD

The association between mean hyperglycemia and PIC inci-
dence on each POD was examined in all cases (including
DM and non-DM cases) and then separately for non-DM
cases. In the univariate analysis of all cases (N=430), the
presence of PICs was significantly associated with hyper-
glycemia on POD1 [univariate OR=1.88, 95% confidence
interval (CI), 1.17-3.00, P=0.0068]. The multivariate
analysis revealed a significant positive relation between
PICs and hyperglycemia on POD1 and -2 (multivariate
OR=1.69, 95%CI, 1.05-2.73, P=0.031 for POD1; multi-
variate OR=2.55, 95%ClI, 1.10-5.93, P=0.029 for POD2;
Table 3a). When limited to non-DM cases (N=377), the
association was more evident, with significant associations
observed on PODI, -2, and -4 in the multivariate analyses
(multivariate OR=1.94, 95%CI, 1.16-3.24, P=0.012 for
POD1; multivariate OR =3.68, 95%CI, 1.28-10.6, P=0.016
for POD2; multivariate OR=3.07, 95%CI, 1.11-8.51,
P=0.031 for POD 4; Table 3b). Because surgical stress is
one of the well-known causes of postoperative hyperglyce-
mia, we also examined the association between operation
time, blood loss volume and postoperative hyperglycemia
in non-DM cases. The non-DM patients with hyperglycemia
on POD1 significantly longer operative time, as compared
to those without (P=0.017; 564 + 84 min in the patients
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Table 2 Details of postoperative

. : o Infectious complications Total No. (%) DM status

infectious complications (Clavien-Dindo grade > IT)

(N=430) Non-DM DM

No. (%) No. (%)
A total of postoperative infectious complications 127 112 15

Pneumonia 65 (51.1%) 58 (51.7%) 7 (46.6%)
Anastomotic leakage 27 (21.2%) 22 (19.6%) 5(33.3%)
Surgical site infection 18 (14.1%) 18 (16.1%) 0
Abdominal abscess 3(2.4%) 3(2.7%) 0
Pyothorax 3 (2.4%) 3(2.7%) 0
Mediastinitis 2 (1.6%) 2 (1.8%) 0
Pancreatic fistula 2 (1.6%) 2 (1.8%) 0
Liver abscess 1(0.8%) 1(0.9%) 0
Cholangitis 1(0.8%) 0 1(6.7%)
Catheter-related bloodstream infection 1(0.8%) 0 1(6.7%)
Infectious endocarditis 1(0.8%) 1(0.9%) 0
Bacteremia 1(0.8%) 1(0.9%) 0
Unknown focus 2 (1.6%) 1(0.9%) 1(6.7%)

DM, diabetes mellitus

with hyperglycemia, and 534 & 98 min in the patients with-
out hyperglycemia). Such association was limited to POD1.
Similar association was observed between hyperglycemia
on POD1 and blood loss volume in non-DM cases, how-
ever, it did not reach a statistical significance (P =0.059;
150 +247 min in the patients with hyperglycemia, and
130+ 178 min in the patients without hyperglycemia).

Overall survival impact of postoperative
hyperglycemia in RO resected cases

We also tested the prognostic impact of postoperative hyper-
glycemia among RO resected cases (N=412) in univariate
and multivariate analysis. The median follow-up for these
412 cases was 919 days. There was no surgery-related death
during the research period, in spite that 14 patients were
categorized into ASA class III.

Kaplan—Meier curves according to hyperglycemic status
at POD1, 2, 3, and 4 for all cases are provided in Supplemen-
tary Fig. 3. The 3-year overall survival rates of those with
and without hyperglycemia were 75.1% and 87.2% on POD1
(P=0.0050), 68.2% and 84.9% on POD2 (P =0.0017),
74.2% and 84.5% on POD3 (P=0.023), and 83.8% and
84.0% on POD4 (P =0.25), respectively (Supplementary
Fig. 3). Limiting to non-DM cases, the 3-year overall sur-
vival rates with and without hyperglycemia were 76.8% and
87.2% on POD1 (P=0.018), 70.1% and 85.5% on POD2
(P=0.0022), 88.2% and 84.4% on POD3 (P =0.80), and
93.3% and 84.5% on POD4 (P =0.96), respectively (Sup-
plementary Fig. 4).

In multivariate analysis utilizing all cases, hyperglycemia
on POD2 was an independent prognostic factor of worse
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overall survival in the multivariate analysis [multivariate
hazard ratio (HR)=2.61, 95%CI, 1.21-5.63, P=0.014,
Table 4a]. When focusing on the non-DM cases with RO
resection (N =360), the prognostic impact of hyperglycemia
at POD2 was more evident (multivariate HR =4.38, 95%CI
1.82-10.57, P=0.0010 for POD2, Table 4b). Similar trends
were observed for POD1 in the analyses of all cases and
non-DM only cases (Table 4a, b); albeit these findings did
not reach statistical significance in the multivariate analyses.

Discussion

Esophageal cancer surgery is an invasive treatment and fre-
quently causes varying degrees of postoperative hyperglyce-
mia. DM is widely accepted to be associated with the pres-
entation of infectious complications after esophagectomy.>~’
However, the significance of such complications among
patients without DM has not been well examined. This study
revealed hyperglycemia on PODI, -2, or -4, defined as the
mean blood glucose level >200 mg/dl on that day, to be an
independent risk factor for PICs. In particular, evidence of
hyperglycemia on POD2 was determined as being an inde-
pendent prognostic factor among non-DM esophageal cancer
patients who underwent esophagectomy.

Previous reports have investigated the association
between early-postoperative hyperglycemia and PICs in
patients with esophageal cancer; however, the results from
these studies are controversial.'* * Specifically, Vriesendorp
et al. reported that early postoperative hyperglycemia was
not a risk factor for PICs in patients undergoing esophagec-
tomy (N=151), the authors divided the patients into four
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Fig. 1 Incidence of postoperative infectious complications (PICs)
detected during the hospital stay and recorded on a specific postop-
erative day (POD). a A bimodal distribution of infections (N=127)

groups according to quartiles of the mean blood glucose
levels during the 48 h after surgery, and analyzed the quar-
tiles as ordinal variables.'* The authors observed a higher
PIC frequency in the 3rd and 4th quartiles (higher blood
glucose quartiles) than in the 1st and 2nd ones (lower quar-
tiles); although there was no statistical significance. A posi-
tive association may have been observed if the patients were
dichotomized as hyperglycemia “present” or “absent” at the
specific blood glucose level, as in our current study. Another
study by Ito et al. examined the mean blood glucose levels on
POD1, -3, -5, and -7 after esophagectomy (N=109) in rela-
tion to PICs, with subgroup analyses performed according
to three types of glucose tolerance levels: i.e., DM, pre-DM,

in all cases (including DM and non-DM cases), with the first peak
at POD3 and the second one at POD7. b Distribution limited to non-
DM cases (N=112). DM, diabetes mellitus

and normal, as defined by the American Diabetes Associa-
tion criteria.'> Among the normal cases, PICs were signifi-
cantly associated with the relatively higher blood glucose
levels on POD3 or PODS, but, in the multivariate analysis,
adjustments for the clinical factors could not be undertaken
due to a limited number of cases. Both reports examined
relative blood glucose levels rather than setting a specific
cutoff value for hyperglycemia; such a strategy is less use-
ful in clinical postoperative patient management. To date,
in the field of general surgery, perioperative hyperglycemia
is usually examined in relation to PICs by setting a specific
cutoff value of hyperglycemia at 125, 180 or 200 mg/dl.'%2
Consistent with our findings, some studies have identified
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Table 3 Incidence of postoperative infectious complications according to the presence of hyperglycemia on postoperative days (PODs) 1, -2, -3

and -4
(a) All cases (N=430)

Univariate Multivariate
Hyperalycemia No.of No.of Incidence rate
perey cases  event  of PICs (%) Odds g5l Pvalue Odds g50c1 Palue
ratio ratio
+ 122 48 393 —— 1.88  1.17-3.00 0.0068 —&— 1.69 1.05-2.73 0.031
POD1
- 308 79 25.6 (Reference) (Reference)
op2 + 30 12 40.0 —— 1.65 0.70-3.75 0.21 —— 255 1.10-593  0.029
POD:
- 400 115 28.8 (Reference) (Reference)
oD3 + 35 13 37.1 —-— 147 0.66-3.17 0.33 . 1.67 0.77-3.65 0.198
POD:
- 394 113 28.7 (Reference) (Reference)
PODA + 43 15 349 JE P — 1.33  0.63-2.69 0.48 +—e—— 1.79  0.81-397 0.154
- 386 111 28.8 (Reference) (Reference)
0.1 1 10 0.1 1 10
POD, postoperative day; PICs, postoperative infectious complications; CI confidence interval.
(b) Non-DM cases (N=377)
Univariate Multivariate
Hyperalycemia No. of No.of Incidence rate
perEy cases  event  of PICs (%) 0dds g5yl Pvalue 0dds  gs0c1 P value
ratio ratio
o1 + 91 39 429 —e— 224 1.32-375  0.0022 —— 1.94  1.16-324 0.012
POD
- 286 72 25.2 (Reference) (Reference)
+ 17 8 47.1 ——e—— 221 0.72-6.66 0.11 ——e—— 368 128-10.6 0016
POD2
- 360 103 28.6 - (Reference) ) (Reference)
oD3 + 19 9 474 ——e—— 228 0.79-6.44 0.12 —e—— 246 0.94-643  0.067
POD:
- 357 101 28.3 (Reference) . (Reference)
+ 17 8 47.1 ——e—— 223 0.73-6.73 0.11 — e 3.07 1.11-851 0.031
POD4
- 359 102 284 (Reference) (Reference)

0.1 1

10

POD, postoperative day; PICs, postoperative infectious complications; CI confidence interval.

blood glucose levels > 200 mg/dl as being associated with a
high risk of PICs.!”-2% 22 In the present study, we observed
mean blood glucose levels > 200 mg/dl on early POD1 or -2
as being a significant risk factor of PICs, with the associa-
tion more evident among non-DM cases.

In this study, despite that postoperative hyperglycemia
less frequently occurred in non-DM patients than DM cases
on POD1-4 (Supplementary Fig. 1), we observed that the
incidence of PIC was similar regardless of the presence or
absence of DM. Positive association between longer opera-
tive time and hyperglycemia on POD1 in non-DM patients
supported that surgical stress causes hyperglycemia, result-
ing in higher incidence rate of PICs. However, we observed
such causal relation was limited to POD1 in this study, and
the reason why hyperglycemia on POD2 was the most signif-
icant relation to PIC still remains unclear. Further prospec-
tive interventional or experimental studies are warranted,
particularly studies that control for blood glucose through
continuous glucose monitoring or provision of low carbo-
hydrate enteral nutrition during the early PODs, focusing
on non-DM patients who experienced severe surgical stress.

@ Springer

DM is a dismal prognostic factor for various types of
cancer. "% In the present study, we showed that hyper-
glycemia onset during the early PODs was associated with
worse prognosis among non-DM cases. Fiorillo et al., also
reported worse oncologic-related mortality among non-
diabetic gastric cancer patients who experienced hypergly-
cemia (defined as blood glucose levels > 140 mg/dl) within
72 h after gastrectomy.”® Surgical stress causes an excess
production of hyperglycemic hormones and insulin resist-
ance, which, in turn, triggers the production of inflammatory
cytokines, such as TNF-a and IL-6. These cytokines impair
anti-tumor immune function, thereby promoting microme-
tastasis and leading to worse outcomes.>’" Further basic
research is necessary to clarify the mechanism underlying
the link between early postoperative hyperglycemia and
worse overall survival.

There are some potential limitations in our work. First, it
is plausible that our observations might have been influenced
by postoperative hyperglycemia caused by a preceding yet
inapparent incidence of PICs, and thus the cause-and-effect
of the findings remains unclear. However, more than 70%
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of PICs appeared on PODS or after, and we assume that
these results did not significantly impact our observations.
Another limitation of this study is that it is a single-center,
retrospective study, utilizing intermittent blood glucose
monitoring. Furthermore, due to the limited statistical power
of DM cases (N =153), their dismal effect of hyperglycemia
on PICs could not be compared to that in non-DM cases.
Nonetheless, the results of this study are based on the largest
cohort to date of patients treated with esophagectomy using
standardized monitoring of postoperative blood glucose.

In conclusion, hyperglycemia within the early postopera-
tive period after esophagectomy among patients with esoph-
ageal cancer is associated with a high risk of PICs and poor
long-term prognosis, particularly among non-DM cases.

Supplementary Information The online version contains supplemen-
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