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Abstract
Purpose  This study aimed to characterize postoperative blood glucose fluctuation in patients who underwent esophagectomy 
for esophageal cancer, and to define its impact on complications and prognosis.
Methods  The subjects of this retrospective study were 284 patients who underwent esophagectomy at Osaka University 
Hospital between 2015 and 2017. Data analyzed included clinicopathological background, the immediate postoperative 
blood glucose level (IPBG), postoperative blood glucose variability (PBGV), insulin dosage, postoperative complications, 
and prognosis.
Results  The median IPBG and PBGV were 170 (64–260) mg/dl and 64.5 (11–217) mg/dl, respectively. Postoperative pneu-
monia was more common in patients with PBGV > 100 mg/dl (P = 0.015). Patients with IPBG < 170 mg/dl had significantly 
worse 5-year overall survival (OS) and 5-year recurrence-free survival (RFS) than those with IPBG > 170 mg/dl (54.5% vs. 
80.4%, respectively, [P < 0.001] and 44.3% vs. 69.3%, respectively, [P = 0.001]). The 5-year OS rates were 43.5%, 68.3%, 
80.6%, and 79.0% for patients with IPBG < 154, 154–170, 170–190, and ≥ 190 mg/dl, respectively. The corresponding 5-year 
RFS rates were 38.1%, 52.4%, 77.0%, and 61.3%, respectively. Multivariate analysis revealed that IPBG < 154 mg/dl and 
pathological stage were independent poor prognostic factors for OS.
Conclusion  PBGV was associated with postoperative pneumonia, and low IPBG was an independent poor prognostic factor 
for patients with esophageal cancer.

Keywords  Esophageal cancer · Esophagectomy · Postoperative blood glucose · Postoperative complications · Overall 
survival

Introduction

Previous studies have shown that high preoperative blood 
glucose and hemoglobin A1c (HbA1c) levels are not only 
associated with postoperative complications [1–3], but 
they are also risk factors for an unfavorable prognosis for 
patients with gastrointestinal cancer, including esophageal 
cancer [4, 5]. However, there are few reports on the impact 

of postoperative blood glucose levels on short- and long-
term postoperative outcomes.

Esophagectomy is a very invasive procedure associated 
with a high incidence of postoperative complications [6] and 
it is estimated that intraoperative and postoperative blood 
glucose levels fluctuate widely. Furthermore, as patients 
with cancer age, the number of those with comorbidities 
such as impaired glucose tolerance is expected to increase 
[7]. However, the status of changes in blood glucose levels 
after esophagectomy has not been determined. In this study, 
we hypothesized that high glycemic variability in response 
to radical esophagectomy for esophageal cancer can predict 
poor short- and long-term outcomes. This is an important 
research topic because the findings may improve the man-
agement of this patient population.
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Materials and methods

Patients

We collected the data of patients who underwent esophagec-
tomy at Osaka University Hospital between January, 2015 
and December, 2017, to clarify the fluctuation of blood glu-
cose levels after esophagectomy. The eligibility criteria for 
this retrospective study were subtotal esophagectomy and 
histologically confirmed primary esophageal cancer. The 
exclusion criteria were trans-hiatal esophagectomy and 
residual esophageal cancer. A total of 284 patients were 
eligible for the study. The study protocol was approved by 
the institutional review board of Osaka University (approval 
number: 08226-10).

Surgical procedures

All patients underwent subtotal esophagectomy followed 
by esophageal reconstruction. Subtotal esophagectomy 
with mediastinal lymphadenectomy was performed via 
right thoracotomy or thoracoscopy. The abdominal pro-
cedure included upper abdominal lymphadenectomy and 
preparation of a gastric conduit or reconstruction of other 
organs. Reconstructed organs were pulled up through the 
retrosternal, posterior mediastinal, or subcutaneous route, 
and cervical or pro-sternal subcutaneous anastomosis was 
performed. Supraclavicular lymph node dissection was per-
formed in patients with upper thoracic esophageal cancer 
and those with lower or middle thoracic esophageal cancer 
with metastasis in the upper mediastinal lymph nodes [8, 
9]. Methylprednisolone (250 mg/body) was administered 
intraoperatively to all patients immediately before the thora-
cotomy incision.

Postoperative control

Postoperative blood glucose was monitored every 4 h and 
insulin was administered using a sliding scale, with a target 
blood glucose level of 80 ~ 180 mg/dl. Enteral nutrition was 
started the day after surgery, and the postoperative infusion 
of maintenance fluid was administered at approximately 
80 ~ 200 ml/hr while monitoring urine volume and vital 
signs.

Outcomes

Blood glucose levels were measured immediately after sur-
gery and during the postoperative intensive care unit (ICU) 
stay. The immediate postoperative blood glucose level 
(IPBG) was defined as the blood glucose level measured 

within 1 h after surgery, and postoperative blood glucose 
variability (PBGV) was defined as the difference between 
the maximum and minimum blood glucose levels during the 
ICU stay within 3 days after surgery. We evaluated whether 
the IPBG and PBGV correlated with clinicopathological 
factors; specifically, postoperative complications and prog-
nosis. Complications from the day of surgery until hospital 
discharge were reviewed by the attending physicians at the 
time of discharge, and were categorized according to the 
Clavien–Dindo classification system [10]. Diabetes was 
defined as preoperative fasting blood glucose ≥ 126 mg/dL 
or HbA1c ≥ 6.5%, and pneumonia was defined as an infiltra-
tive shadow on chest X-ray and an increased inflammatory 
response.

Statistical analysis

Associations between IPBG or PBGV and clinical param-
eters; specifically, age, gender, serum C-reactive protein 
(CRP), serum albumin, serum HbA1c, clinical stage, Charl-
son comorbidity index (CCI), preoperative treatment, surgi-
cal procedure, number of lymphadenectomy fields, operation 
time, intraoperative blood loss, pathological stage, and post-
operative complications, were analyzed using the Chi-square 
test or Fisher’s exact test for categorical variables and the 
Mann–Whitney U test for continuous variables. Recurrence-
free survival (RFS) and overall survival (OS) were evalu-
ated for groups stratified by IPBG or PBGV. These survival 
rates were estimated using the Kaplan–Meier method and 
compared using the log-rank test. Hazard ratios were esti-
mated in both univariate and multivariate analyses using Cox 
proportional hazards regression models. P < 0.05 was con-
sidered significant. Evaluation factors were blood glucose-
related factors in addition to general prognostic factors, and 
factors with P < 0.05 in the univariate hazard analysis were 
entered in the multivariate analysis. Statistical analyses were 
performed using JMP version 16 software (SAS Institute, 
Cary, NC).

Results

Patients

Table 1 summarizes the patients’ characteristics. The median 
age was 69 (41–90) years, 40 patients (14.1%) had diabetes 
and 42 patients (14.8%) had a preoperative HbA1c of 6.5 
or higher. The clinical stage of esophageal cancer (Union 
for International Cancer Control TNM classification) was 
Stage I, II, III, and IV in 60, 53, 126, and 45 patients, respec-
tively. Eighty patients had a CCI of 2 or higher. Intraopera-
tive insulin was administered to 17 patients, for hyperglyce-
mia in 11 patients, for hyperkalemia in 5, and for both in 1.  
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One hundred and eight patients required insulin admin-
istration for postoperative hyperglycemia. The IPBG was 
significantly higher in patients with diabetic comorbidi-
ties (P < 0.001, Fig. 1) and a preoperative HbA1c of 6.5 or 
higher (P = 0.003). The PBGV was significantly higher in 
patients with diabetes (P < 0.001) and a preoperative HbA1c 
of 6.5% or higher (P = 0.003).

Postoperative complications

Postoperative pneumonia and anastomotic leakage devel-
oped in 118 (41.5%) and 31 (10.9%) patients, respectively. 
Table 2 shows the relationship between postoperative com-
plications and clinical factors. The development of pneumo-
nia was significantly related to high PBGV (100 mg/dl or 
higher, P = 0.021). Although the incidence of anastomotic 
leakage was significantly correlated with a longer opera-
tion time (P = 0.002) and high CCI (P < 0.001), it was not 
correlated with preoperative HbA1c, diabetic comorbidity, 
IPBG, or PBGV.

Prognosis

Figure 2 shows postoperative survival stratified by indica-
tors related to blood glucose. Preoperative factors, including 

a history of diabetes and HbA1c level, were not related to 
the prognosis of patients with esophageal cancer. On the 
other hand, patients with a low IPBG (≤ 170 mg/dl) had 
significantly worse 5-year OS and RFS rates than those with 
a higher IPBG (54.5% vs. 80.4%, respectively [P < 0.001] 
and 44.3 vs. 69.3%, respectively [P = 0.001]). Furthermore, 
in a comparison of four groups classified by IPBG quartiles, 
the 5-year OS rates in the lowest group (IPBG < 154 mg/
dl, Q1), second group (154–169 mg/dl, Q2), third group 
(170–189 mg/dl, Q3), and the highest group (≥ 190 mg/dl, 
Q4) were 43.5%, 68.3%, 80.6%, and 79.0%, respectively. The 
5-year RFS rates in the Q1, Q2, Q3, and Q4 groups were 
38.1%, 52.4%, 77.0%, and 61.3%, respectively. PBGV was 
not a prognostic factor for patients with esophageal cancer. 
Univariate analysis of OS identified low IPBG (≤ 154 mg/
dl), postoperative complications, high CCI, pT stage, and 
pN stage as being significantly associated with unfavorable 
prognosis, but PBGV was not a significant factor (Table 3). 
Multivariate analysis revealed that the independent poor 
prognostic factors for OS were IPBG (hazard ratio [HR], 
2.05; 95% confidence interval [CI], 1.28–3.28; P = 0.003), 
pT stage (HR, 2.28; 95% CI, 1.44–3.63; P < 0.001), and pN 
stage (HR, 1.81; 95% CI, 1.05–3.10; P = 0.032). The analy-
sis of RFS identified the same factors. Multivariate analy-
sis revealed that pT stage (HR, 2.00; 95% CI, 1.33–2.95; 

Table 1   Patients’ characteristics

Ut upper third of thoracic esophagus, Mt middle third of thoracic esophagus, Lt lower third of thoracic 
esophagus, UICC Union for International Cancer Control, CCI Charlson comorbidity index, CRT​ Chemo-
radiotherapy, RT radiotherapy, MIE minimally invasive esophagectomy, HbA1c hemoglobin A1c, IPBG 
immediate postoperative blood glucose level, PBGV postoperative blood glucose variability

N = 284

Age (years) Median, range 69, 41–90
Sex Male/female 248/36
Tumor location Ut/Mt/Lt 63/142/79
cT 1/2/3/4 49/52/128/55
cN 0/1/2/3 99/144/36/5
cStage (UICC 7th) I/II/III/IV 60/53/126/45
CCI 0, 1/2 or higher 204/80
Preoperative treatment None/chemotherapy/CRT(RT) 49/187/48
Operation time (min) Median, range 488.5, 227–1101
Blood loss (ml) Median, range 300, 0–2160
Surgical procedure Open/MIE/trans-hiatal 146/134/4
Postoperative complications(Clavien–Dindo clas-

sification)
Grade 0/1/2/3/4/5 83/8/69/100/24/0

Length of postoperative stay in hospital (days) Median, range 26, 16–143
Diabetes  ±  40/244
Preoperative HbA1c (%)  ≥ 6.5/ < 6.5 42/242
IPBG (mg/dl) Median, range 170, 64–260
PBGV (mg/dl) Median, range 64.5, 11–217
Intraoperative insulin administration  ±  17/267
Volume of intraoperative infusion Median, range 3195, 320–7300
Postoperative insulin administration  ±  108/176
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P < 0.001) and pN stage (HR, 2.33; 95% CI, 1.44–3.75; 
P < 0.001) were independent poor prognostic factors.

Recurrence patterns

An analysis of recurrence patterns showed that patients in 
the Q1 group had a significantly higher recurrence rate than 
those in the Q2–4 groups (49.2% vs. 28.9%, respectively, 
P = 0.005, Table 4). Recurrence rates were not associated 
with patterns of recurrence, such as lymph nodes, distant 
organs, disseminated recurrence, and local recurrence, but 
patients in the Q1 group had a significantly higher recur-
rence rate than the Q2–4 groups, involving multiple patterns 
(14.3% vs. 4.3%, respectively; P = 0.016).

Factors correlated with IPBG

Table 5 shows the results of an analysis of factors corre-
lated with low IPBG (≤ 154 mg/dl). Patients with a history 
of diabetes and high preoperative HbA1c were significantly 
more likely to have a high IPBG (≥ 154 mg/dl) (P = 0.003 
and 0.005, respectively). On the other hand, patients in the 
low IPBG group had higher CCI than those in the high IPBG 

group (P = 0.033) and were significantly less likely to have 
received preoperative treatment (P = 0.022). The preopera-
tive serum CRP level, serum albumin level, and intraopera-
tive insulin administration were similar between the groups. 
In the pathological findings, pN stage was significantly more 
advanced in the low IPBG group (P = 0.040).

Discussion

The present study showed that esophageal cancer patients 
with postoperative hypoglycemia immediately after radical 
esophagectomy were at high risk of postoperative recurrence 
and had a very poor prognosis. However, low IPBG was not 
associated with the incidence of postoperative pneumonia 
or anastomotic leakage. Conversely, PBGV greater than 
100 mg/dl was significantly correlated with a higher inci-
dence of pneumonia.

The risk factors for perioperative pneumonia have been 
reported to include advanced age [11, 12], smoking his-
tory [13], low pulmonary function [14], poor nutrition [15], 
impaired glucose tolerance [16], and postoperative hypergly-
cemia [17, 18]. In this study, the incidence of postoperative 

Fig. 1   Upper row: distribution 
of postoperative blood glucose 
levels measured within 1 h after 
surgery. Lower row: range of 
postoperative glycemic excur-
sion. DM diabetes mellitus, 
HbA1c hemoglobin A1c
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pneumonia was higher in patients with large postoperative 
blood glucose fluctuations. A previous study of patients 
in the intensive care unit after cardiac surgery found that 
tight glycemic control with a target blood glucose level of 
81–108 mg/dl increased the risk of death within 90 days 
compared with glycemic control with a target blood glucose 
level of 180 mg/dl or less [19]. Therefore, we maintained 
the postoperative blood glucose level at below 180 mg/dl, 
and patients with high IPBG often had postoperative hyper-
glycemia and received insulin. It was reported that high 
postoperative blood glucose levels caused leukocyte dys-
function and increased the risk of infectious complications 
[20], and that glycemic control with a target blood glucose 
level of less than 200 mg/dl reduced postoperative infectious 
complications and perioperative mortality [19]. Although 
it was unclear whether high PBGV caused pneumonia or 
vice versa based on the present results, postoperative com-
plications might be reduced by management that does not 
increase postoperative PBGV. To explore this possibility, 
further detailed research should evaluate postoperative blood 
glucose fluctuations using prospective continuous blood glu-
cose monitoring.

With regard to esophageal cancer and glucose tolerance-
related factors, high preoperative HbA1c [21] and poor 

nutritional status [22] have been reported as prognostic 
factors, and complications of diabetes mellitus have been 
reported to be associated with recurrence [23]. However, 
to our knowledge, there are no reports on the relationship 
between IPBG and prognosis. The present study found that 
low IPBG was associated with poor prognosis. Factors that 
may influence postoperative blood glucose levels include 
age [24], glucose tolerance [22, 25], liver function [26], 
intraoperative glucose control, and surgical invasiveness. In 
this study, low postoperative blood glucose was correlated 
with the absence of a history of diabetes and with a preop-
erative HbA1c less than 6.5%, indicating that low postop-
erative blood glucose levels were more frequent in patients 
who did not have impaired glucose tolerance preoperatively. 
This suggests that IPBG fluctuations in patients with esopha-
geal cancer may be due to intraoperative factors rather than 
to preoperative glucose intolerance, or that patients who 
undergo esophageal cancer surgery may have a poor glyce-
mic response to the procedure, a characteristic that cannot 
be identified preoperatively with current evaluation methods.

There are three potential mechanisms for hypoglyce-
mia occurring immediately after esophagectomy: insu-
lin hypersecretion, increased insulin sensitivity of the 
peripheral tissues, and decreased secretion or function of 

Table 2   Factors associated with pneumonia and anastomotic leakage

UICC Union for International Cancer Control, CCI Charlson comorbidity index, HbA1c hemoglobin A1c, IPBG immediate postoperative blood 
glucose level, PBGV postoperative blood glucose variability

Pneumonia (−)
N = 166 (%)

Pneumonia ( +)
N = 118 (%)

P value Anastomotic leak-
age (−)
N = 253 (%)

Anastomotic leak-
age ( +)
N = 31 (%)

P value

Age (years) Median, range 68, 45–88 71, 41–90 0.15 68, 41–90 72, 53–82 0.26
Sex Male/female 140 (84)/26 (16) 108 (92)/10 (8) 0.10 219 (87)/34 (13) 29 (94)/2 (6) 0.23
cStage (UICC 7th) I, II/III, IV 63 (38)/103 (62) 50 (42)/68 (58) 0.46 101 (40)/152 (60) 12 (39)/19 (61) 1.00
CCI 0, 1/2 or higher 121 (73)/45 (27) 83 (70)/35 (30) 0.61 191 (75)/62 (25) 13 (42)/18 (58)  < 0.001
Neoadjuvant 

chemotherapy
 ±  117 (71)/49 (30) 70 (59)/48 (41) 0.057 165 (65)/88 (35) 22 (29)/9 (71) 0.69

Operation time 
(min)

Median, range 480.5, 319–1101 499.5, 227–904 0.12 485, 227–1101 535, 363–895 0.002

Blood loss (ml) Median, range 290, 0–2160 330, 10–1980 0.12 300, 0–2160 350, 30–1980 0.44
Surgical procedure Open/MIE/trans-

hiatal
83 (50)/81 (49)/2 

(1)
63 (53)/53 (45)/2 

(2)
0.76 132 (52)/118 

(47)/3 (1)
14 (45)/16 (52)/1 

(3)
0.60

Diabetes  ±  18 (11)/148 (89) 22 (19)/96 (81) 0.083 37 (15)/216 (85) 3 (10)/28 (90) 0.59
Preoperative serum 

HbA1c (%)
 ≥ 6.5/ < 6.5 19 (11)/147 (89) 23 (19)/95 (81) 0.064 39 (15)/214 (85) 3 (10)/28 (90) 0.59

Diabetes and 
preoperative 
HbA1c ≥ 6.5%

 ±  17 (10)/149 (90) 22 (19)/96 (81) 0.054 26 (10)/227 (90) 2 (6)/29 (94) 0.75

IPBG (mg/dl)  ≥ 170/ < 170 72 (49)/74 (51) 52 (50)/52 (50) 1.00 112 (51)/110 (49) 12 (43)/16 (57) 0.55
PBGV (mg/dl)  ≥ 100/ < 100 137 (83)/29 (17) 83 (70)/35 (30) 0.021 197 (78)/56 (22) 23 (74)/8 (26) 0.65
Postoperative 

insulin adminis-
tration

 ±  58 (35)/108 (65) 50 (42)/68 (58) 0.22 97 (38)/156 (62) 11 (35)/20 (65) 0.87
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insulin-counter-regulatory hormones, including growth hor-
mone, glucagon, catecholamine, cortisol, and aldosterone. 
Although insulin hypersecretion is caused by the intravas-
cular influx of glucose or glucagon-like peptide-1 (GLP-1) 
secretion, the latter usually being from the small intestine, 
these events are unlikely to occur during esophageal can-
cer surgery. Moreover, increased peripheral tissue sensitiv-
ity to insulin occurs in patients with a high preoperative 
glucose level or glucose intolerance. In the present study, 
preoperative blood glucose levels and impaired glucose tol-
erance were not found to be poor prognostic factors after 
esophagectomy. Furthermore, IPBG was unrelated to the 
preoperative blood glucose-related or nutritional factors. 

Therefore, the most likely cause of low IPBG seems to be 
decreased secretion or dysfunction of insulin-counter-regu-
latory hormones; however, data on these hormones were not 
collected in this study.

We identified that IPBG was a poor prognostic factor, 
but the mechanism remains unclear. As mentioned, we 
speculate that the cause of low IPBG is the inability to 
raise blood glucose levels in response to surgery. There 
have been several reports on the mechanism whereby dis-
ruption of various insulin-counter-regulatory hormones is 
related to the prognosis of cancer patients. High levels 
of thyroid hormones and cortisol were found to worsen 
the prognosis of patients with cancer [27, 28], and the 

Fig. 2   Kaplan–Meier curves showing the correlation of blood glu-
cose-related factors with overall survival, and the correlation of the 
immediate postoperative blood glucose level (IPBG) with overall 
survival and recurrence-free survival (a–e). Kaplan–Meier curves for 

overall and recurrence-free survival compared in groups defined by 
IPBG quartiles (f–g). HbA1c hemoglobin A1c, DM diabetes mellitus, 
PBGV postoperative blood glucose variability, IPBG immediate post-
operative blood glucose level



913Surgery Today (2023) 53:907–916	

1 3

stimulation of tumor glucagon receptors was reported to 
increase tumor growth [29]. However, the relevant mecha-
nisms have not been identified. On the other hand, it is 
possible that low IPBG does not have a direct negative 
impact on the prognosis of patients with cancer; rather, the 
present results suggest that a population of patients with 
a poor prognosis from various other factors was selected 

based on the criterion of low IPBG. We found that patients 
in a low IPBG group were significantly less likely to have 
received preoperative treatment than those in a high IPBG 
group, despite the comparable clinical stage. This may 
be because a higher rate of comorbidities was observed 
in the low IPBG group, resulting in a significantly more 
advanced pN stage in this group. Lymph node metastasis 

Table 3   Multivariate analysis of overall survival and recurrence-free survival

HR hazard ratio, CI confidential interval, HbA1c hemoglobin A1c, IPBG immediate postoperative blood glucose level, CCI Charlson comorbid-
ity index

Overall survival

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Diabetes − 1.00
 +  1.01 0.56–1.80 0.99

Preoperative HbA1c  < 6.5% 1.00
 ≥ 6.5% 0.62 0.32–1.20 0.13

PBGV  > 100 mg/dL 1.00
 ≤ 100 mg/dL 1.09 0.65–1.81 0.75

IPBG  ≥ 154 mg/dl 1.00
 < 154 mg/dl 2.53 1.62–3.94  < 0.001 2.05 1.28–3.28 0.003

Postoperative complications − 1.00
 +  1.76 1.08–2.86 0.020 1.45 0.86–2.47 0.17

CCI 0–1 1.00
2 or high 1.56 1.03–2.37 0.035 1.28 0.78–2.09 0.33

pT 0–2 1.00
3 2.90 1.94–4.40  < 0.001 2.28 1.44–3.63  < 0.001

pN 0 1.00
1–3 2.45 1.53–3.92  < 0.001 1.81 1.05–3.10 0.032

Recurrence-free survival

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Diabetes − 1.00
 +  1.23 0.68–2.22 0.49

Preoperative HbA1c  < 6.5% 1.00
 ≥ 6.5% 0.74 0.38–1.44 0.38

PBGV  > 100 mg/dL 1.00
 ≤ 100 mg/dL 0.77 0.51–1.16 0.21

IPBG  ≥ 154 mg/dl 1.00
 < 154 mg/dl 1.89 1.28–2.81 0.002 1.40 0.92–2.12 0.12

Postoperative complications − 1.00
 +  1.49 0.99–2.23 0.048 1.40 0.89–2.18 0.14

CCI 0–1 1.00
2 or high 1.53 1.06–2.21 0.025 1.42 0.92–2.18 0.11

pT 0–2 1.00
3 2.61 1.84–3.72  < 0.001 2.00 1.33–2.95  < 0.001

pN 0 1.00
1–3 2.81 1.84–4.29  < 0.001 2.33 1.44–3.75  < 0.001
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in esophageal cancer patients is an indicator of systemic 
disease, which could explain the high incidence of multi-
ple recurrences in the low IPBG group. On the other hand, 
since low IPBG was an independent prognostic factor, 

along with pT and pN stage, it is necessary to consider 
the possibility that high tumor proliferative potential, low 
antitumor immunity, and insufficient intensity of postop-
erative therapy could have affected the prognosis of the 
low IPBG group. Ultimately, this study shows that there 
is a group of patients with a poor prognosis that cannot 
be predicted preoperatively; namely, the low IPBG group, 
whose blood glucose levels cannot be raised in response 
to surgical invasion.

This study had several limitations. First and most 
importantly, it was a single-center, retrospective study 
with a limited number of patients. Second, it analyzed 
blood glucose levels measured only at time points when 
blood glucose monitoring was performed. Detailed stud-
ies with continuous blood glucose monitoring and other 
methods are required to rigorously compare perioperative 
blood glucose fluctuations and short- and long-term post-
operative outcomes after esophageal cancer surgery. Third, 
the mechanism by which IPBG adversely affects prognosis 

Table 4   Recurrence patterns classified by the immediate postopera-
tive glucose level

IPBG immediate postoperative blood glucose level

IPBG < 154 mg/dl IPBG ≥ 154 mg/dl P value
N = 63 (%) N = 187 (%)

Lymph nodes 10 (15.9) 21 (11.2) 0.38
Distant organs 9 (14.3) 19 (10.2) 0.35
Local 0 1 (0.5) 1.00
Disseminated 1 (1.6) 3 (1.6) 1.00
Multiple recur-

rence patterns
9 (14.3) 8 (4.3) 0.016

All 31 (49.2) 54 (28.9) 0.005

Table 5   Factors affecting the immediate postoperative blood glucose level

IPBG immediate postoperative blood glucose level, UICC Union for International Cancer Control, HbA1c hemoglobin A1c, CCI Charlson 
comorbidity index, BMI body mass index, MIE minimally invasive esophagectomy

IPBG < 154 mg/dl IPBG ≥ 154 mg/dl P value
N = 63 (%) N = 187 (%)

Age (years) Median, range 69, 41–88 69, 45–90 0.95
Sex Male/female 55 (87)/8 (13) 166 (89)/21 (11) 0.82
cT 1, 2/3, 4 26 (41)/37 (59) 63 (34)/124 (66) 0.29
cN 0/1–3 24 (38)/39 (62) 67 (36)/120 (64) 0.76
cStage (UICC 7th) I/II/III/IV 16 (25)/11 (18)/27 (43)/9 (14) 37 (20)/38 (20)/82 (44)/30 (16) 0.81
Diabetes  ±  2 (3)/61 (97) 33 (18)/154 (82) 0.003
Preoperative HbA1c (%)  ≥ 6.5/ < 6.5 3 (5)/60 (95) 36 (19)/151 (81) 0.005
CCI 0, 1/2 or higher 39 (62)/24 (38) 143 (76)/44 (24) 0.033
Preoperative treatment  ±  45 (71)/18 (29) 159 (85)/28 (15) 0.022
Preoperative serum albumin (mg/

dl)
Median, range 3.7, 2.7–4.5 3.7, 2.5–4.6 0.92

Preoperative serum CRP (mg/dl) Median, range 0.13, 0.04–0.57 0.08, 0.04–3.46 0.41
BMI (kg/m2) Median, range 20.7, 15.0–26.9 21.7, 15.0–34.7 0.31
Operation time (min) Median, range 479, 326–884 490, 227–1101 0.25
Blood loss (ml) Median, range 270, 50–1250 300, 0–2160 0.080
Surgical procedure Open/MIE/trans-hiatal 30 (48)/31 (49)/2 (3) 97 (52)/88 (47)/2 (1) 0.48
Postoperative complications (Cla-

vien–Dindo classification)
 ±  46 (73)/17 (27) 130 (70)/57 (30) 0.64

Intraoperative insulin administra-
tion

 ±  4 (6)/59 (94) 12 (6)/175 (94) 1.00

The amount of intraoperative insu-
lin administration

Median, range 0, 0–22.2 0, 0–10 0.34

Volume of intraoperative infusion Median, range 3100, 570–5150 3250, 320–7300 0.24
pT 0–2/3 40 (64)/23 (36) 119 (64)/68 (36) 1.00
pN 0/1–3 20 (32)/43 (68) 88 (47)/99 (53) 0.040
pStage (UICC 7th) 0/I/II/III/IV 4 (6)/13 (21)/20 (32)/17 (27)/9 (14) 19 (10)/49 (26)/50 (27)/51 (27)/18 

(10)
0.61
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is unknown, and additional studies, including those exam-
ining intraoperative blood glucose variability and insulin-
counter-regulatory hormones measurements, are needed.

In conclusion, the present study demonstrated that 
patients with esophageal cancer and postoperative hypo-
glycemia immediately after radical esophagectomy were 
at high risk of a poor prognosis. While low postoperative 
blood glucose levels were not associated with the incidence 
of postoperative pneumonia or anastomotic leakage, PBGV 
greater than 100 mg/dl was significantly associated with the 
incidence of pneumonia.

Funding  This study did not receive any financial support.

Declarations 

Conflict of interest  We have no conflict of interest or financial ties to 
disclose.

References

	 1.	 Koumpan Y, VanDenKerkhof E, van Vlymen J. An observational 
cohort study to assess glycosylated hemoglobin screening for elec-
tive surgical patients. Can J Anaesth. 2014;61:407–16.

	 2.	 Goodenough CJ, Liang MK, Nguyen MT, Nguyen DH, Holihan 
JL, Alawadi ZM, et al. Preoperative glycosylated hemoglobin and 
postoperative glucose together predict major complications after 
abdominal surgery. J Am Coll Surg. 2015;221:854–61.

	 3.	 Frisch A, Chandra P, Smiley D, Peng L, Rizzo M, Gatcliffe 
C, et al. Prevalence and clinical outcome of hyperglycemia in 
the perioperative period in noncardiac surgery. Diabetes Care. 
2010;33:1783–8.

	 4.	 Tennyson C, Lee R, Attia R. Is there a role for HbA1c in predict-
ing mortality and morbidity outcomes after coronary artery bypass 
graft surgery? Interact Cardiovasc Thorac Surg. 2013;17:1000–8.

	 5.	 Okamura A, Watanabe M, Imamura Y, Kamiya S, Yamashita K, 
Kurogochi T, et al. Preoperative glycosylated hemoglobin lev-
els predict anastomotic leak after esophagectomy with cervical 
esophagogastric anastomosis. World J Surg. 2017;41:200–7.

	 6.	 Yamashita K, Makino T, Miyata H, Miyazaki Y, Takahashi T, 
Kurokawa Y, et al. Postoperative infectious complications are 
associated with adverse oncologic outcomes in esophageal cancer 
patients undergoing preoperative chemotherapy. Ann Surg Oncol. 
2016;23:2106–14.

	 7.	 Yamashita K, Watanabe M, Mine S, Fukudome I, Okamura A, 
Yuda M, et al. The impact of the Charlson comorbidity index 
on the prognosis of esophageal cancer patients who underwent 
esophagectomy with curative intent. Surg Today. 2018;48:632–9.

	 8.	 Shiozaki H, Yano M, Tsujinaka T, Inoue M, Tamura S, Doki Y, 
et al. Lymph node metastasis along the recurrent nerve chain is an 
indication for cervical lymph node dissection in thoracic esopha-
geal cancer. Dis Esophagus. 2001;14:191–6.

	 9.	 Yamashita K, Makino T, Yamasaki M, Tanaka K, Hara T, 
Miyazaki Y, et al. Comparison of short-term outcomes between 
2- and 3-field lymph node dissection for esophageal cancer. Dis 
Esophagus. 2017;30:1–8.

	10.	 Clavien PA, Sanabria JR, Strasberg SM. Proposed classification 
of complications of surgery with examples of utility in cholecys-
tectomy. Surgery. 1992;111:518–26.

	11.	 Shibata C, Ogawa H, Nakano T, Koyama K, Yamamoto K, Nagao 
M, et al. Influence of age on postoperative complications espe-
cially pneumonia after gastrectomy for gastric cancer. BMC Surg. 
2019;19:106.

	12.	 Trinh VQ, Ravi P, Abd-El-Barr AE, Jhaveri JK, Gervais MK, 
Meyer CP, et al. Pneumonia after major cancer surgery: temporal 
trends and patterns of care. Can Respir J. 2016;2016:6019416.

	13.	 Jung J, Moon SM, Jang HC, Kang CI, Jun JB, Cho YK, et al. 
Incidence and risk factors of postoperative pneumonia following 
cancer surgery in adult patients with selected solid cancer: results 
of “Cancer POP” study. Cancer Med. 2018;7:261–9.

	14.	 Strobel RJ, Liang Q, Zhang M, Wu X, Rogers MA, Theurer 
PF, et al. A preoperative risk model for postoperative pneumo-
nia after coronary artery bypass grafting. Ann Thorac Surg. 
2016;102:1213–9.

	15.	 Windsor JA, Hill GL. Weight loss with physiologic impairment a 
basic indicator of surgical risk. Ann Surg. 1988;207:290–6.

	16.	 Lopez-de-Andres A, Perez-Farinos N, de Miguel-Diez J, Her-
nandez-Barrera V, Jimenez-Trujillo I, Mendez-Bailon M, et al. 
Type 2 diabetes and postoperative pneumonia: an observational, 
population-based study using the Spanish hospital discharge data-
base, 2001–2015. PLoS ONE. 2019;14: e0211230.

	17.	 Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ. Expe-
rience with 1509 patients undergoing thoracoabdominal aortic 
operations. J Vasc Surg. 1993;17:357–68.

	18.	 Azizzadeh A, Sanchez LA, Miller CC 3rd, Marine L, Rubin BG, 
Safi HJ, et al. Glomerular filtration rate is a predictor of mortality 
after endovascular abdominal aortic aneurysm repair. J Vasc Surg. 
2006;43:14–8.

	19.	 Shaw P, Saleem T, Gahtan V. Correlation of hemoglobin A1C 
level with surgical outcomes: can tight perioperative glucose 
control reduce infection and cardiac events? Semin Vasc Surg. 
2014;27:156–61.

	20.	 Jafar N, Edriss H, Nugent K. The effect of short-term hyper-
glycemia on the innate immune system. Am J Med Sci. 
2016;351:201–11.

	21.	 Peila R, Rohan TE. Diabetes, glycated hemoglobin, and risk of 
cancer in the Uk Biobank study. Cancer Epidemiol Biomarkers 
Prev. 2020;29:1107–19.

	22.	 Zhang L, Su Y, Chen Z, Wei Z, Han W, Xu A. The prognostic 
value of preoperative inflammation-based prognostic scores and 
nutritional status for overall survival in resected patients with non-
metastatic Siewert type II/III adenocarcinoma of esophagogastric 
junction. Medicine (Baltimore). 2017;96: e7647.

	23.	 Kochi R, Suzuki T, Yajima S, Oshima Y, Ito M, Funahashi K, 
et al. Does preoperative low HbA1c predict esophageal cancer 
outcomes? Ann Thorac Cardiovasc Surg. 2020;26:184–9.

	24.	 Moorthy V, Sim MA, Liu W, Chew STH, Ti LK. Risk factors and 
impact of postoperative hyperglycemia in nondiabetic patients 
after cardiac surgery: a prospective study. Medicine (Baltimore). 
2019;98: e15911.

	25.	 van Vulpen JK, Siersema PD, van Hillegersberg R, Nieuwenhui-
jzen GAP, Kouwenhoven EA, Groenendijk RPR, et al. Physical 
exercise following esophageal cancer treatment (PERFECT) 
study: design of a randomized controlled trial. BMC Cancer. 
2017;17:552.

	26.	 Szymanska E, Jozwiak-Dziecielewska DA, Gronek J, Niewczas 
M, Czarny W, Rokicki D, et al. Hepatic glycogen storage diseases: 
pathogenesis, clinical symptoms and therapeutic management. 
Arch Med Sci. 2021;17:304–13.

	27.	 Puhr HC, Wolf P, Berghoff AS, Schoppmann SF, Preusser M, 
Ilhan-Mutlu A. Elevated free thyroxine levels are associated with 
poorer overall survival in patients with gastroesophageal cancer: a 
retrospective single center analysis. Horm Cancer. 2020;11:42–51.

	28.	 Zeitzer JM, Nouriani B, Rissling MB, Sledge GW, Kaplan 
KA, Aasly L, et  al. Aberrant nocturnal cortisol and disease 



916	 Surgery Today (2023) 53:907–916

1 3

progression in women with breast cancer. Breast Cancer Res 
Treat. 2016;158:43–50.

	29.	 Jiang HC, Chen XR, Sun HF, Nie YW. Tumor promoting effects 
of glucagon receptor: a promising biomarker of papillary thyroid 
carcinoma via regulating EMT and P38/ERK pathways. Hum 
Cell. 2020;33:175–84.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	The impact of postoperative blood glucose levels on complications and prognosis after esophagectomy in patients with esophageal cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Surgical procedures
	Postoperative control
	Outcomes
	Statistical analysis

	Results
	Patients
	Postoperative complications
	Prognosis
	Recurrence patterns
	Factors correlated with IPBG

	Discussion
	References




