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ABSTRACT  

 

Background Perioperative hyperglycaemia is associated with complications after 

various types of surgery. This relation was never investigated for 

pancreatoduodenectomy. Aim of this study was to investigate the relation between 

perioperative hyperglycaemia and complications after pancreatoduodenectomy. 

Methods In a consecutive series of 330 patients undergoing 

pancreatodoudenectomy, glucose values were collected from the hospital 

information system during three 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 for complications were 

calculated for the upper versus lower dual, adjusted for age, gender, ASA-

classification, BMI, 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 hyperglycaemia 

(>7.8 mmol/l) was significantly associated with complications (OR 2.9, 95%CI 1.7 to 

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 

to 6.8) compared to the lower glucose dual. 

Conclusions Early postoperative hyperglycaemia 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 below 5% in high 

volume centres, 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, non-dilated 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 orthopaedic 

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 

hyperglycaemia does not increase postoperative morbidity in all types of surgery: in 

oesophageal resection no relation was found between early postoperative 

hyperglycaemia and postoperative complications.19  

The relation between perioperative glucose levels and postoperative complications 

after PD has never been investigated. Apart from surgical stress hyperglycaemia, 

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 hyperglycaemic.23;24  

Aiming for near-normal glucose levels (4.4 to 6.1 mmol/l) in a surgical intensive 

care unit (ICU) significantly reduced mortality.25 Although subsequent studies on 

such strict glucose control has yielded conflicting results in various populations, it 

seems to reduce mortality and morbidity in surgical ICU patients.26  

Because patients undergoing PD are at risk for hyperglycaemia, it seems important 

to establish whether increased perioperative glucose levels are associated with poor 
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outcome, especially since 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.  
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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 analysed retrospectively. Since the 

present study involved a retrospective analysis of anonymised 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 WhippleÊs 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-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. 

 

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 non-fasting state were mostly unknown. All available intraoperative and 

early postoperative glucose values (from operation until the end of the first 

postoperative day) were collected. During surgery and in the early postoperative 

period (defined as the period at the recovery room, or in case of extended stay at the 

recovery room, until postoperative day 1), 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 
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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 non-surgical 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 analyses 

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. Using 

multivariate binary logistic regression, we calculated Odds Ratios (OR) for all 

dichotomous outcome measures for patients in the upper versus the lower dual. 

Correlation with length of hospital stay (Natural log (Ln)-transformed) was 

calculated using linear regression. Calculations were carried out separately for 

each period (preoperative, intraoperative and early postoperative). Analyses were 

adjusted for age, gender, ASA-classification, body mass index (BMI), 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 below 0.05 were considered statistically 

significant. All analyses were performed in SPSS version 16.0 (SPSS Inc.,Chicago, 

IL, USA). 
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RESULTS 

 

Patient population 

Patient and operative characteristics are summarised in Table 1. Mean age of the 

cohort was 62 (SD 12); 56% was male 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).  

 

 

 

Table 1-baseline and operative characteristics of 330 patients undergoing 
pancreatoduodenectomy in the period July 2000 – December 2006 

Baseline characteristics 
Age, years (mean, SD) 62.3        12 
Male sex, n (%) 185 (56) 
ASA  I, n (%) 58  (18) 
ASA  II, n (%) 209  (63) 
ASA III, n (%) 63  (19) 
Body Mass Index, n (%)     
-Underweight (<18.5) 19  (6) 
-Normal weight (18.5 – 24.9) 173  (52) 
-Overweight (25 – 29.9) 120 (36) 
-Obese (30 or higher) 18  (6) 
Diabetes Mellitus, n (%) 53        (16) 
Underlying disease, n (%)   
-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) 

Operative characteristics   

Operative time, minutes (median, IQR) 280 (242-338) 
Blood transfusions, n (%)   
-None 259 (78) 
-1-3 59 (18) 
-4 or more 12 (4) 
Pylorus preserved, n (%) 299 (91) 

SD, standard deviation; ASA, American Society of Anesthesiologists; CBD, 
common bile duct; IQR, interquartile range 
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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 (p<0.001, paired t-test, 

Figure 1).  

Table 2-perioperative glucose values of 330 patients undergoing 
pancreatoduodenectomy 

Moment of sampling 
Preoperative   
-Preoperative value available, n (%) 259 (79) 
-Preoperative value, mmol/l*  (mean, SD) 7.5 (4.2) 
Intraoperative       
-At least 1 value available, n (%) 320 (97) 
->1 value available, n (%) 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 mmol/l  (mean, SD) 1.0 (1.2) 
Early postoperative   
-At least 1 value available, n (%) 329 (100) 
->1 value available, n (%) 328 (99) 
-No. of samples per patient (mean,SD) 4.3 (1.9) 
-Postoperative value, mmol/l (mean, SD) 7.9 (1.5) 
-Standard deviation, mmol/l (mean,  SD) 1.1 (0.9) 

SD, standard deviation 

Figure 1- mean glucose values pre-, intra-, and early postoperative  
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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). 

Table 3-postoperative complications and other outcomes in 330 patients undergoing pancreatoduodenectomy 

Complication   

Any complication, n (%) 191 (58) 
Surgical complications, n (%) 158 (48) 
-Delayed gastric emptying (ISGPS grade B or C) 99 (30) 
-Pancreaticojejunostomy leakage (ISGPS grade B or C) 52 (16) 
-Postpancreatectomy hemorrhage (ISGPS grade B or C) 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, n (%) 97 (29) 
-Pneumonia       17 (5) 
-Other pulmonary 21 (6) 
-Cardiac 25 (8) 
-Urinary tract infection 45 (14) 
-Other 31 (9) 
Infectious complications, n (%) 140 (42) 

Other outcomes   

In-hospital mortality, n (%) 7 (2) 
Reoperation, n (%) 22 (7) 
Admission to ICU/MC or readmission to recovery room, n (%) 42 (13) 
Length of hospital stay  - days, (median, IQR) 12 (9-21) 
Hospital readmission within 30 days, n (%) 29 (9) 

ISGPS, International Study Group of Pancreatic Surgery; PJ, pancreaticojejunostomy; HJ, hepaticojejunostomy; ICU, 
intensive care unit; MC, medium care; IQR, interquartile range 

Table 4-classification of 330 patients undergoing pancreatoduodenectomy according to the Clavien-Dindo 
classification of complications  

Clavien-Dindo grade, n (%) 
   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) 

MC, medium care; IC, intensive care 
* Allowed: antiemetics, antipyretics, analgetics, diuretics, electrolytes, physiotherapy, wound infections opened at 
bedside 
† Includes blood transfusions and total parenteral nutrition   
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Table 5-distribution of glucose levels and complications after 330 pancreatoduodenectomies in patients without 
diabetes and patients with diabetes 

 Glucose values in mmol/l, results presented as mean (SD).  
* Chi-squared test for between group difference in any complication p = 0.16 

 

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 mmol/l) was significantly associated with 

postoperative complication (OR 2.9, 95%CI 1.7 to 4.9) (Figure 2). A Receiver-

Operator-Characteristic curve (ROC-curve) showed that a cut-off 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). 

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 to 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 to 3.2, and 2.3, 95% CI 1.4 to 3.8, respectively), 

delayed gastric emptying (OR 2.1, 95% CI 1.2 to 3.7), Dindo-Clavien complication 

score >=III (OR 2.3, 95% CI 1.3 to 4.3), and relaparotomy (OR 6.1, 95% CI 1.6 to 

24.1). Length of stay was 1.2 days (95% CI 1.1 to 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.   

 

 

 

 Preoperative Intraoperative  Early 
postoperative  

Any complication* 
N (%) 

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) 
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DISCUSSION 

 

In this study we showed that early postoperative hyperglycaemia (>7.8 mmol/l) 

after pancreatoduodenectomy was 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, Dindo-Clavien complication score >=III and relaparotomy. Also length of 

stay was significantly longer in these patients. When elevated 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, 

gender, ASA-classification, BMI, 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 and coworkers identified postoperative 

hyperglycaemia 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 to 

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 hyperglycaemia results from postoperative complications or 

indeed contributes to their development, we believe the latter mechanism is 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 hyperglycaemia 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 

complication of longstanding diabetes mellitus. It has also been associated with 

acute hyperglycaemia.36 
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Several explanations for the harmful effects of both stress hyperglycaemia 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 and coworkers recently showed that strict 

control of perioperative blood glucose following 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. Diabetes patients did not have more complications than non-diabeties 

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 an ROC-curve analysis we found that the cut-off 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 subjects will not peak above 7.8 mmol/l when 

challenged with oral glucose, supporting the strength of this cut-off 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 value available (59% versus 58%, data not shown). Glucose sampling 

was not standardised, leading to differences in timing, amount and indication of 

glucose samples. To minimise 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.  
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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 above 7.8 mmol/l are significantly 

associated with postoperative complications after PD. Future research must clarify 

the underlying mechanisms and pathways of this relation. Treatment of 

hyperglycaemia is possible and strict glucose control may be favourable in surgical 

patients.26 A randomised clinical trial should be conducted to investigate whether a 

strategy of strict glucose control (versus glucose correction on indication) in the 

early postoperative period is beneficial in this patient group. 
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