
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Shifting emphasis in pancreatic surgery: Pre-, intra-, and postoperative
determinants of outcome

Eshuis, W.J.

Publication date
2014

Link to publication

Citation for published version (APA):
Eshuis, W. J. (2014). Shifting emphasis in pancreatic surgery: Pre-, intra-, and postoperative
determinants of outcome. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/shifting-emphasis-in-pancreatic-surgery-pre-intra-and-postoperative-determinants-of-outcome(59052c59-4e32-4240-be52-79502094f01a).html


CHAPTER 10

EARLY POSTOPERATIVE HYPERGLYCEMIA IS ASSOCIATED 

WITH POSTOPERATIVE COMPLICATIONS AFTER 

PANCREATODUODENECTOMY

Wietse J. Eshuis
Jeroen Hermanides

Jan Willem van Dalen
Gan van Samkar

Olivier R.C. Busch
Thomas M. van Gulik

J. Hans DeVries
Joost B.L. Hoekstra 

 

Ann Surg 2011;253:739-44



Chapter 10

172

ABSTRACT

Objective: To investigate the relation between perioperative hyperglycemia and 
complications after pancreatoduodenectomy.

Background: Perioperative hyperglycemia is associated with complications 
after various types of surgery. This relation was never investigated for 
pancreatoduodenectomy. 

Methods: In a consecutive series of 330 patients undergoing pancreatoduodenectomy, 
glucose values were collected from the hospital information system during 3 periods: 
pre-, intra-, and early postoperative. The average glucose value per period was 
calculated for each patient and divided in duals according to the median group value. 
Odds ratios (OR) for complications were calculated for the upper versus lower dual, 
adjusted for age, sex, American Society of Anesthesiologists classification, body 
mass index, diabetes mellitus, intraoperative blood transfusion, duration of surgery, 
intraoperative insulin administration, and octreotide use. The same procedures were 
carried out to assess the consequences of increased glucose variability, expressed by 
the standard deviation.

Results: Average glucose values were 7.5 (preoperative), 7.4 (intraoperative) and 
7.9 mmol/L (early postoperative). Pre- and intraoperative glucose values were not 
associated with postoperative complications. Early postoperative hyperglycemia (≥ 
7.9 mmol/L) was significantly associated with complications (OR 2.9, 95% confidence 
interval [CI] 1.7-4.9). Overall, high glucose variability was not significantly associated 
with postoperative complications, but early postoperative patients who had both high 
glucose values and high variability had an OR for complications of 3.6 (95%CI 1.9-
6.8) compared to the lower glucose dual.

Conclusions: Early postoperative hyperglycemia is associated with postoperative 
complications after pancreatoduodenectomy. High glucose variability may enhance 
this risk. Future research must demonstrate whether strict glucose control in the early 
postoperative period prevents complications after pancreatoduodenectomy.
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INTRODUCTION

Although mortality of pancreatoduodenectomy (PD) is well fewer than 5% in high-
volume centers, complications occur in up to 50% of patients. Most prevalent surgical 
complications include delayed gastric emptying, leakage of pancreaticojejunostomy 
or hepaticojejunostomy and infectious complications. Complications that are not 
directly related to surgery are mostly of cardiac, pulmonary, or urogenital origin.1-4 

Numerous studies have been carried out to identify risk factors for the development 
of complications after PD. Factors reported to be associated with morbidity after PD 
include high body mass index, diabetes mellitus, high preoperative blood urea nitrogen 
and low preoperative serum albumin, longer duration of surgery, intraoperative blood 
transfusion and a small, nondilated main pancreatic duct.5-11

Higher perioperative glucose levels have been shown to be associated with 
complications after various types of cardiac, general, vascular and orthopedic 
surgery.12-18 This effect is generally attributed to an impaired immune response, in 
combination with an excessive release of stress hormones and inflammatory cytokines 
resulting in diminished insulin action.12,15,17 However, perioperative hyperglycemia 
does not increase postoperative morbidity in all types of surgery: in esophageal 
resection no relation was found between early postoperative hyperglycemia and 
postoperative complications.19

The relation between perioperative glucose levels and postoperative complications 
after PD has never been investigated. Apart from surgical stress hyperglycemia, 
patients undergoing PD might be extra susceptible to disarrangement of glucose 
levels: pancreatic cancer – the main indication for PD – is associated with progressive 
hyperglycemia and (new onset) diabetes mellitus in 20% to 30% of patients before 
diagnosis.20-22 The operation itself involves manipulation and resection of pancreatic 
tissue, and resection of the duodenum, one of the enteric regions where the incretin 
hormone GIP (glucose-dependent insulinotropic polypeptide) is released, which 
assists in maintaining glucose homeostasis. Together, this may render patients 
hyperglycemic.23,24 

Aiming for near-normal glucose levels (4.4 – 6.1 mmol/L) in a surgical intensive 
care unit (ICU) significantly reduced mortality.25 Although subsequent studies on such 
strict glucose control have yielded conflicting results in various populations, it seems 
to reduce mortality and morbidity in surgical intensive care unit (ICU) patients.26 
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Because patients undergoing PD are at risk for hyperglycemia, it seems important 
to establish whether increased perioperative glucose levels are associated with 
poor outcome, especially because strict glucose control may be beneficial in this 
population.26 The aim of the present study was therefore to investigate the association 
of perioperative glucose levels with postoperative complications after PD.

METHODS

PATIENTS AND STUDY OUTLINE
In a consecutive series of 330 patients undergoing elective PD between July 

2000 and December 2006 for suspected pancreatic or periampullary malignancy, 
clinicopathologic data, demographics and postoperative outcomes were prospectively 
registered. Glucose values were analyzed retrospectively. Because the present study 
involved a retrospective analysis of anonymized data, the Dutch Ethical Review 
Board regulations do not require informed consent.

SURGICAL PROCEDURE 
The standard surgical procedure was the pylorus-preserving PD with removal 

of lymph nodes at the right side of the portal vein, as earlier described.27 In case 
of tumor ingrowth in pylorus or duodenum, a classic Whipple’s resection was 
performed. If minimal tumor ingrowth in the portal or superior mesenteric vein 
was found, a segmental or wedge resection was carried out.28 Reconstruction was 
performed by retrocolic hepaticojejunostomy and pancreaticojejunostomy and 
retrocolic or antecolic duodenojejunostomy, without Roux-en-Y reconstruction. One 
silicone drain was left in the foramen of Winslow near the hepaticojejunostomy and 
pancreaticojejunostomy.27 Feeding jejunostomy was not standard.29 Octreotide was 
routinely administered for 7 days until 2002, and afterwards on indication of soft 
pancreatic tissue or small pancreatic duct. Postoperatively, patients stayed at the 
recovery room until the morning of the first postoperative day, before returning to 
the surgical ward.

Perioperative glucose control occurred at the discretion of the treating 
anesthesiologist. No specific treatment algorithm was used, but in general, the insulin 
dosage was proportionate to the degree of hyperglycemia. This can be considered a 
sliding scale approach. The only insulin administered in the perioperative period was 
regular insulin, intravenously.
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MEASURES OF GLUCOSE
The most recent venous plasma glucose level within 4 months before surgery 

was collected from the clinical information system or patient chart. Details about 
fasting or nonfasting state were mostly unknown. All available intraoperative and 
early postoperative glucose values (from the end of operation until the end of the 
first postoperative day) were collected. During surgery and in the early postoperative 
period, all blood glucose values were fasting. They were measured by a blood gas/
pH analyzer (Ciba Corning 865, Chiron Diagnostics, Medford, MA, USA) in blood 
samples obtained from an arterial catheter and automatically stored in the hospital 
information system. We calculated the mean intraoperative and early postoperative 
glucose value per patient. Furthermore, as a measure of glucose variability, the 
standard deviations (SD) of intraoperative and early postoperative glucose values in 
each patient were calculated.

OUTCOME MEASURES
Primary outcome measure was whether the patient experienced any postoperative 

complication. All surgical complications and nonsurgical complications were 
taken into account. Secondary outcome measures were the occurrence of a surgical 
complication, the occurrence of an infectious complication, a score of IIIa or higher 
in the Dindo-Clavien classification of complications, delayed gastric emptying 
and pancreaticojejunostomy leakage (grade B or C according to the International 
Study Group of Pancreatic Surgery criteria), relaparotomy, admission to intensive or 
medium care unit or readmission to the recovery room, length of hospital stay, and 
hospital readmission within 30 days.30-32 

STATISTICAL ANALYSIS
Results are presented as mean ± SD or median with interquartile range (IQR) 

depending on the distribution of the data. 
All glucose variables (the preoperative value, mean and SD of intraoperative and 

early postoperative values) were divided into duals of equal group size according to the 
median group value. Using multivariate binary logistic regression, we calculated odds 
ratios (OR) for all dichotomous outcome measures for patients in the upper versus the 
lower dual (i.e., patients above the median group value vs patients below the median 
group value). Correlation with length of hospital stay (Natural log [Ln]-transformed) 
was calculated using linear regression. Calculations were carried out separately for 
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each period (preoperative, intraoperative and early postoperative). Analyses were 
adjusted for age, sex, American Society of Anesthesiologists classification, body 
mass index, diabetes mellitus, intraoperative blood transfusion, duration of surgery, 
intraoperative insulin administration, and octreotide use. Analyses of SD were also 
adjusted for the mean glucose value in the respective period. 

Finally, secondary outcomes analyses were corrected for multiple testing 
according to Benjamini and Hochberg.33 P-values less than 0.05 were considered 
statistically significant. All analyses were performed in SPSS version 16.0 (SPSS Inc, 
Chicago, IL, USA).

RESULTS

PATIENT POPULATION
Patient and operative characteristics are summarized in Table 1. Mean age of the 

cohort was 62 (SD 12); 56% were men and 16% had diabetes mellitus. A preoperative 
glucose value was available in 79% of patients. At least one intraoperative glucose 
value was available in 97% of patients and at least one early postoperative glucose 
value was available in 99% of patients (Table 2). Mean preoperative glucose 
was 7.5 (SD 4.2) mmol/L and mean intraoperative glucose 7.4 (SD 1.9) mmol/L. 
Intraoperative insulin was administered in 14% of patients. During stay at recovery, 
mean glucose was significantly higher as compared to the intraoperative period: 7.9 
(SD 1.5) mmol/L versus 7.4 (SD 1.9) mmol/L (P < 0.001, paired t-test, Figure 1).

Postoperative morbidity was 58%. Surgical complications occurred in 48% 
of patients; most prevalent complications were delayed gastric emptying and 
pancreaticojejunostomy leakage (Table 3); 83 patients (25%) had a complication of 
grade IIIa or higher in the Dindo-Clavien classification (Table 4). There were no 
significant differences in complications in patients with or without diabetes (Table 5).
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Table 1. Baseline and operative characteristics of 330 patients undergoing pancreatoduodenectomy 
in the period July 2000 – December 2006

Characteristic Patients undergoing PD  
(n = 330) 

Patient variables
Age (years), mean ± SD 62.3 ± 12
Male gender – No. (%) 185 (56)
ASA classification – No. (%)
  I 58 (18)
  II 209 (63)
  III/IV 63 (19)
Bode mass index – No. (%)*
  Underweight (< 18.5) 19 (6)
  Normal weight (18.5 – 24.9) 173 (52)
  Overweight (25 – 29.9) 120 (36)
  Obese (≥ 30) 18 (6)

Diabetes mellitus – No. (%) 53 (16) 

Underlying disease – No. (%)
  Pancreatic adenocarcinoma 103 (31)
  Ampullary adenocarcinoma 77 (23)
  Distal CBD adenocarcinoma 43 (13)
  Other (pre)malignant 58 (18)
  Chronic pancreatitis 32 (10)
  Other benign 17 (5)
Treatment variables
Operative time (minutes), median (IQR) 280 (96.5)
Blood transfusions – No. (%)
  None 259 (78)
  1 – 3 59 (18)
  4 or more 12 (4)
Pylorus preserved – No. (%) 299 (91)
*Body-mass index is the weight in kilograms divided by the square of the height in 
meters.
ASA, American Society of Anesthesiologists; SD, standard deviation; CBD, common 
bile duct; IQR, interquartile range
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Table 2. Perioperative glucose values of 330 patients undergoing pancreatoduodenectomy

Moment of sampling Patients undergoing PD 
(n = 330)

Preoperative 
  Preoperative value available – No. (%) 259 (79)
  Preoperative value (mmol/L), mean ± SD 7.5 ± 4.2
Intraoperative    
  At least 1 value available – No. (%) 320 (97)
  > 1 value available – No. (%) 263 (80)
  No. of samples per patient, mean ± SD 2.9 ± 1.6
  Intraoperative value (mmol/L), mean ± SD 7.4 ± 1.9
  Standard deviation, mean ± SD 1.0 ± 1.2
Early postoperative
  At least 1 value available – No. (%) 329 (100)
  > 1 value available – No. (%) 328 (99)
  No. of samples per patient, mean ± SD 4.3 ± 1.9
  Postoperative value, mean ± SD 7.9 ± 1.5
  Standard deviation, mean ± SD 1.1 ± 0.9
SD, standard deviation

Figure 1. Mean pre-, intra-, and early postoperative glucose levels
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Table 3. Postoperative complications and other outcomes in 330 patients undergoing 
pancreatoduodenectomy

Outcome Patients undergoing 
PD (n = 330) 

Complications – No. (%)

  Any complication 191 (58)

  Surgical complications 158 (48)

    Delayed gastric emptying* 99 (30)

    Pancreaticojejunostomy leakage* 52 (16)

    Postpancreatectomy hemorrhage* 17 (5)

    Hepaticojejunostomy leakage 11 (3)

    Intra-abdominal abscess (without PJ- or HJ-leakage) 10 (3)

    Wound infection 43 (13)

    Other 45 (14)

  Non-surgical complications 97 (29)

    Pneumonia 17 (5)

    Other pulmonary 21 (6)

    Cardiac 25 (8)

    Urinary tract infection 45 (14)

    Other 31 (9)

  Infectious complications 140 (42)

Other outcomes

  In-hospital mortality – No. (%) 7 (2)

  Reoperation – No. (%) 22 (7)

  Admission to ICU/MC or readmission to recovery room – No. (%) 42 (13)

  Length of hospital stay (days), median (IQR) 12 (9-21)

  Hospital readmission within 30 days 29 (9)

*According to the International Study Group of Pancreatic Surgery definition, grade B or C.
PD, pancreatoduodenectomy; PJ, pancreaticojejunostomy; HJ, hepaticojejunostomy; ICU, intensive care unit; 
MC, medium care unit; IQR, interquartile range
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Table 4. Classification of 330 patients undergoing pancreatoduodenectomy according to the 
Clavien-Dindo classification of complications

Clavien-Dindo grade – No. (%) Patients undergoing 
PD (n = 330) 

0 – No complication 121 (37)
I – No pharmacologic treatment or intervention needed* 21 (6)
II – Requiring pharmacological treatment† 105 (32)
IIIa – Requiring intervention – not under general anesthesia 35 (11)
IIIb – Requiring intervention – under general anesthesia 3 (1)

IVa – Life-threatening complication requiring MC/IC management, single 
organ dysfunction 34 (10)

IVb – As IVa, but with multiple organ dysfunction 3 (1)
V – Death 8 (2)
*Allowed: antiemetics, antipyretics, analgetics, diuretics, electrolytes, physiotherapy, and wound infections 
opened at the bed side.
†Includes blood transfusions and total parenteral nutrition.
MC, medium care; IC, intensive care

Table 5. Distribution of glucose levels and complications after 330 pancreatoduodenectomies in 
patients without diabetes and patients with diabetes

Preoperative
– mean ± SD

Intraoperative
– mean ± SD

Early postoperative
 – mean ± SD

Any complication 
– No. (%)* 

No diabetes
(n = 277) 6.5 ± 2.1 7.1 ± 1.4 7.9 ± 1.4 165 (59.6)

Diabetes
(n = 53) 11.5 ± 7.2 8.7 ± 3.3 8.2 ± 2.1 26 (49.1)

*χ2 test for between-group difference in any complication: P = 0.16.
Glucose values in mmol/L; SD, standard deviation

PERIOPERATIVE GLUCOSE VALUES AND POSTOPERATIVE COMPLICATIONS
Preoperative and mean intraoperative glucose values were not associated with 

the occurrence of a postoperative complication (Figure 2). In the early postoperative 
period, a higher mean glucose (≥ 7.8 mg/dL) was significantly associated with 
postoperative complications (OR 2.9, 95% confidence interval [CI], 1.7-4.9) (Figure 
2). A receiver-operator-characteristic curve showed that a cutoff point of 7.8 mmol/L 
was the best discriminative value for the occurrence of a postoperative complication, 
with a sensitivity of 0.58 and a specificity of 0.63 (curve not shown).
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Figure 2a. Odds Ratios (OR) for all outcomes comparing patients with a preoperative glucose above 
the median group value (≥ 6.30 mmol/L) with patients with a preoperative glucose below the median 
group value (< 6.30 mmol/L). After correction for multiple testing, none of the ORs were significant 
PJ, pancreaticojejunostomy; DGE, delayed gastric emptying; ICU admittance, admittance to 
intensive or medium care unit or readmission to recovery room

Figure 2b. Odds Ratios (OR) for all outcomes comparing patients with a mean intraoperative 
glucose above the median group value (≥ 7.06 mmol/L) with patients with a mean intraoperative 
glucose below the median group value (< 7.06 mmol/L). After correction for multiple testing, none 
of the ORs were significant
PJ, pancreaticojejunostomy; DGE, delayed gastric emptying; ICU admittance, admittance to 
intensive or medium care unit or readmission to recovery room



Chapter 10

182

Figure 2c. Odds Ratios (OR) for all outcomes comparing patients with a mean early postoperative 
glucose above the median group value (≥ 7.78 mmol/L) with patients with a mean early 
postoperative glucose below the median group value (< 7.78 mmol/L). P-values are adjusted for 
multiple testing.
PJ, pancreaticojejunostomy; DGE, delayed gastric emptying; ICU admittance, admittance to 
intensive or medium care unit or readmission to recovery room

High glucose variability during operation or in the early postoperative period 
was not associated with the occurrence of a postoperative complication. Patients 
in the upper dual for both mean glucose value and glucose variability in the early 
postoperative period had an OR for the development of a postoperative complication 
of 3.6 (95% CI, 1.9-6.8) compared to the lower glucose dual.

SECONDARY OUTCOME MEASURES
Preoperative and mean intraoperative glucose values were not associated with any 

of the secondary outcome measures (Figure 2). A higher mean early postoperative 
glucose value was significantly associated with surgical and infectious complications 
(ORs 2.0, 95% CI, 1.2-3.2, and 2.3, 95% CI, 1.4-3.8, respectively), delayed gastric 
emptying (OR 2.1, 95% CI, 1.2-3.7), a Dindo-Clavien complication score of at 
least III (OR 2.3, 95% CI, 1.3-4.3), and relaparotomy (OR 6.1, 95% CI, 1.6-24.1). 
Length of stay was 1.2 days (95% CI, 1.1-1.4, P = 0.01) longer in the upper dual. 
High glucose variability intraoperatively or in the early postoperative period was not 
associated with any of the secondary outcome measures.  
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DISCUSSION

In this study, we show that early postoperative hyperglycemia (≥ 7.8 mmol/L) 
after pancreatoduodenectomy is significantly associated with the development of 
a postoperative complication, possible confounders taken into account. This was 
reflected by a higher risk of surgical and infectious complications, delayed gastric 
emptying, a Dindo-Clavien complication score of III or more, and relaparotomy. 
Also length of stay was significantly longer in these patients. When elevated early 
postoperative glucose was accompanied by high glucose variability, the risk of a 
postoperative complication seemed to increase. These novel findings were all 
adjusted for age, sex, American Society of Anesthesiologists classification, body 
mass index, diabetes mellitus, intraoperative blood transfusion, duration of surgery, 
intraoperative insulin administration, and use of octreotide. Mean glucose levels 
before and during PD were comparable and significantly lower as compared to early 
postoperative levels. Elevated preoperative and intraoperative glucose and higher 
glucose variability were not associated with the development of complications.

Our findings that early postoperative higher glucose levels are associated with 
complications after PD are in line with previous studies investigating this relation 
in other types of surgery. Ramos et al. identified postoperative hyperglycemia as a 
significant risk factor for postoperative infections in general and vascular surgery.13 
Vriesendorp et al. observed an OR of 5.1 (95% CI, 1.6-17.1) for postoperative 
infections when early postoperative glucose values were 8.4 mmol/L or above in 
peripheral vascular surgery.12 Also the seemingly additional detrimental effect of high 
glucose variability was described before in populations of critically ill and surgical 
intensive care unit patients.34,35

Although it is difficult to elucidate whether hyperglycemia results from 
postoperative complications or indeed contributes to their development, we believe 
the latter mechanism might be most plausible, but should be proven in the future 
by early regulation and control. As the increase in glucose levels preceded the 
development of complications and possible confounders were accounted for in the 
analyses, a causal relation between elevated glucose levels postoperatively and the 
development of complications is suspected.

Early postoperative hyperglycemia was associated with the most prevalent 
complication in our cohort, delayed gastric emptying. Besides being a common 
complication after pancreatoduodenectomy, gastroparesis is a well-known 
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complication of longstanding diabetes mellitus. It has also been associated with 
acute hyperglycemia.36 Considering the largely unknown etiology of delayed gastric 
emptying after PD, the association of this complication with early postoperative 
hyperglycemia may be of importance.

Several explanations for the harmful effects of both stress hyperglycemia and 
glucose variability have been proposed, such as glucose toxicity and oxidative stress, 
stimulating intracellular pathways that lead to detrimental tissue effects such as 
mitochondrial dysfunction and immune dysregulation.22,37 Although the application 
of strict glucose control has led to conflicting results in a variety of populations, a 
recent meta-analysis suggests that surgical ICU patients benefit from strict glucose 
control.26 Okabayashi et al. recently showed that strict control of perioperative blood 
glucose after pancreatic resection is possible, and may reduce postoperative infection 
rates.38,39

We found that in PD, intraoperative glucose levels were comparable to preoperative 
levels, and that pre- and intraoperative glucose values and variability were not a risk 
factor for postoperative complications after PD. Intraoperative glucose values have 
earlier been described as risk factor for adverse outcomes in cardiac surgery and liver 
transplantation.14,15,40,41 Contrary to PD, these operations involve substantial ischemia 
and reperfusion injury, which may explain these seemingly contradictory different 
findings.  

Interestingly, the mean glucose in patients with diabetes decreased after surgery 
as compared to the intraoperative values, indicating a different glucose response to 
surgery. Diabetic patients did not have more complications than nondiabetic patients 
in our series, whereas diabetes mellitus has been described as a risk factor for intra-
abdominal complications after PD.8 Our cohort was, however, too small to draw firm 
conclusions about the diabetes subpopulation.

Using a receiver-operator-characteristic curve analysis we found that the cutoff 
value of 7.8 mmol/L early postoperatively was the most discriminatory value when 
predicting complications. This was comparable to our population mean and median 
value. Perhaps not coincidentally, normal healthy participants will not peak above 
7.8 mmol/L when challenged with oral glucose, supporting the strength of this cutoff 
value.42

Our study was limited by the retrospective collection of glucose values. 
Preoperative values were not available in 21% of patients. However, postoperative 
morbidity in these patients was not different from patients who did have a preoperative 



Early postoperative hyperglycemia and complications

185

value available (59% versus 58%, data not shown). Glucose sampling was not 
standardized, leading to differences in timing, amount, and indication of glucose 
samples. To minimize these sources of error, the average glucose value per period 
was taken. Also, intraoperative and postoperative glucose values were available 
in nearly all patients, showing that frequent perioperative sampling was common, 
irrespective of the condition of the patient. 

Our study is the first to investigate the effect of perioperative glucose levels 
in this specific patient group with pancreatic disease. It was performed in a large 
consecutive series of elective patients. Patient characteristics and hospital course 
were prospectively scored.

In conclusion, early postoperative glucose levels of at least 7.8 mmol/L are 
significantly associated with postoperative complications after PD. The identification 
of this risk factor for complications after PD is an important first step. Its relevance 
must be clarified in future studies on the underlying mechanisms and pathways of 
this relation. Treatment of hyperglycemia is possible and strict glucose control may 
be favorable in surgical patients.26 A randomized clinical trial should be conducted 
to investigate whether a strategy of strict glucose control in the early postoperative 
period is beneficial in this patient group.
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