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abstract

background: The glycaemic response and its relation to postoperative complications 
following gynaecologic laparotomies is unknown, although these surgeries carry a 
substantial risk for postoperative morbidity. Therefore, our objective was to assess the 
prevalence of perioperative hyperglycaemia and glucose variability in women undergo-
ing a gynaecologic laparotomy.

methods: in this prospective cohort study, capillary glucose was measured every hour 
during the perioperative period. The primary outcome measures were the proportion 
of patients with postoperative hyperglycaemia (glucose >10 mmol l-1) and the glucose 
variability in the intra- and postoperative period. Postoperative complications were as-
sessed as secondary outcome measure.

results: We included 150 women undergoing a gynaecologic laparotomy. Periopera-
tive hyperglycaemia occurred in 33 patients without diabetes (23.4%) and in 8 patients 
with diabetes (89%). Glucose variability was significantly higher (mean absolute glucose 
change [mAG] 0.6 mmol l-1 hr-1 [iQr 0.4 – 1.0]) in the intraoperative compared to the 
postoperative period (mAG 0.5 mmol l-1hr-1 [iQr 0.2 – 0.8], P = .03). neither hyperglycae-
mia nor glucose variability was associated with postoperative complications.

conclusions: Hyperglycaemia and glucose variability seem to be a minor problem 
during gynaecologic laparotomy. Based on the current data, we would not advocate 
standardised glucose measurements in every patient without diabetes undergoing 
gynaecologic laparotomy.
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introduction

Gynaecologic laparotomies can be classified as major abdominal surgery and carry a 
substantial risk of postoperative morbidity (1). However, the glycaemic response to 
major gynaecologic surgery is not known, contrary to many other types of surgery (2-5). 
in the perioperative period, plasma glucose can increase due to surgical stress, so-called 
stress hyperglycaemia (6). The occurrence of stress hyperglycaemia is related to excessive 
production of cortisol and catecholamine’s, leading to increased gluconeogenesis and 
peripheral insulin resistance (6). This might contribute to complications like an increased 
risk of wound infection, activation of coagulation and longer hospital stay, although not 
in all surgical populations (3,5,7,8). in addition to the type of surgery, several patient 
characteristics, such as increased age and a higher body mass index put this patient 
population at risk for the development of perioperative hyperglycaemia (9). 

retrospective studies have suggested that increased perioperative glucose variability 
in combination with hyperglycaemia is more detrimental than hyperglycaemia alone 
(3,10-13), and glucose variability is associated with a higher risk of mortality in critically 
ill patients (11,12). However, all studies on glucose variability are retrospective in nature, 
with significant bias due to the number of glucose measurements performed. Until now, 
no prospective studies have described the role of glucose variability in the perioperative 
period. 

only when the glycaemic response and glucose variability during gynaecologic lapa-
rotomies are known, can their relevance in the perioperative setting of gynaecologic 
laparotomies be assessed. We therefore prospectively investigated the prevalence of 
perioperative hyperglycaemia and glucose variability in the intra- and postoperative 
period of major gynaecologic laparotomies.

material and methods

This prospective observational cohort study was conducted in the Academic medical 
Centre in Amsterdam. Patients were included between november 1, 2011, and July 31, 
2013. The study protocol nl37308.018.11 was approved by the medical ethics Commit-
tee of the Academic medical Centre. Written informed consent was obtained from every 
patient the day before surgery. 

Patients aged 18-85 years, with or without a history of diabetes (dm), scheduled for 
major gynaecological surgery lasting >150 minutes were included in this study. exclu-



38

Chapter 3

Ch
ap

te
r 3

sion criteria were early termination of surgery (and therefore with only 1 intraoperative 
glucose sample available) and admission to the intensive care unit postoperatively. We 
included patients scheduled for abdominal hysterectomy for uterine fibroids or endo-
metrium cancer, primary or secondary debulking surgery for ovarian cancer or Wertheim 
okabayashi radical hysterectomy for cervical cancer. 

Glucose samples were taken from an intravenous or arterial line every 60 minutes during 
surgery. measurements started 30 minutes prior to surgery and continued until the end 
of the recovery period on the post-anaesthesia care unit. on postoperative days 1, 2, 
and 3, a fasting capillary glucose was measured on the ward. All glucose samples were 
measured using the Accu-Chek inform (roche diagnostics Corporation, indianapolis, in, 
USA). A plasma glucose > 10 mmol l-1 was treated with a bolus of intravenous insulin at 
the discretion of the attending anaesthesiologist. 

Baseline characteristics, including a history of dm and surgical and anaesthetic details, 
were noted. Postoperative complications were assessed for the first 90 days after sur-
gery. The assessment was done by retrospective chart review and a short questionnaire 
by telephone 90 days postoperatively. if chart review was unavailable and patients did 
not answer their phone on 3 different dates and times, they were considered lost to 
follow-up. 

The primary outcome was the glycaemic response to the laparotomy. We used several 
parameters to describe this response: the prevalence of intra- and postoperative hy-
perglycaemia, defined as plasma glucose > 10 mmol l-1 (the advised cut-off value of the 
American diabetes Association (AdA) for treatment of hyperglycaemia) (14); the intra- 
and postoperative median glucose value; and the intra- and postoperative glucose 
variability. 

We chose mean absolute glucose change (mAG) and the coefficient of variation (%CV) 
to describe variability, as both have been associated with mortality in studies including 
critically ill patients (11,15,16). Furthermore, as many studies in this field report mean 
glucose with Sd, this is also reported. To assess the clinical relevance of these glucose 
parameters in the perioperative period, we assessed the relation of hyperglycaemia, 
mAG or %CV with postoperative complications and length of hospital stay. Previous 
reports on the relation of perioperative glucose parameters and outcome in abdominal 
and vascular surgery included 150 to 211 evaluable patients (5,8). However, as the type 
of surgery is a major determinant of outcome, sample size calculation based on these 
studies might not be reliable for gynaecological laparotomies. Therefore, these associa-
tions were assessed as secondary outcomes. The occurrence of postoperative complica-
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tions was a composite outcome of death, readmission, wound bleeding, postoperative 
infection, delirium, thromboembolic complications (such as deep vein thrombosis, lung 
embolism, stroke, and myocardial infarction) and other complications. Postoperative 
infection was defined as wound, pulmonary, or cystitis/urinary tract infection for which 
antibiotic treatment was started. 

Statistical Analyses

We aimed to prospectively include 200 women within a period of 2 years, as a fea-
sible cohort size for descriptive analyses on perioperative glucose parameters (5,8). We 
planned per protocol analyses including every patient with at least 2 intraoperative 
glucose measurements available. Taking into account the dropout rate of 25% due to 
early termination of surgery, 150 women were available for further analyses. 

For every intra- and postoperative hour, we calculated the median glucose with inter-
quartile range (iQr). The Wilcoxon signed rank test was used to compare the intra- and 
postoperative measurements with the baseline measurement in all women with at least 
2 glucose measurements available. The proportion of women with hyperglycaemia was 
calculated for the intra- and postoperative period for women with and without dm. 

The mAG (mmol l-1 hr-1) was calculated by the sum of the absolute glucose difference 
between samples divided by the time over which the samples were taken (11). The %CV 
was calculated by dividing the Sd by the mean glucose times 100. The differences be-
tween intra- and postoperative median glucose, intra- and postoperative mAG, intra- and 
postoperative %CV, and intra- and postoperative Sd were compared with the Wilcoxon 
signed-rank test, as these data were not normally distributed. Subgroup analyses were 
performed for women who received dexamethasone during surgery. 

The intra- and postoperative mAG and the intra- and postoperative %CV were divided 
into quartiles of equal group size for further analyses. We used multivariate logistic 
regression analyses to assess whether intra- or postoperative hyperglycaemia; intra- or 
postoperative mAG and intra- or postoperative %CV were associated with postoperative 
complications. multivariate linear regression analyses were performed to determine the 
relation of hyperglycaemia, mAG, or %CV with length of stay, also analysed separately 
as intra- and postoperative variables. These analyses were adjusted for age, body mass 
index, ASA classification, dexamethasone use, dm, and duration of surgery. P values for 
all the multivariate regression analyses were corrected for multiple testing using the 
Benjamini and Hochberg method (17) A p-value < 0.05 was considered significant. Pa-
tients with only 1 glucose measurement during surgery were excluded from the analy-
ses. Statistical analyses were done using SPSS version 20.0 (SPSS inc, Chicago, il, USA).
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results

A total of 328 patients were eligible for the study, 150 were analysed (Figure 1). Postop-
eratively, 2 women had to be admitted to the intensive care unit and their postoperative 
glucose values were excluded from the postoperative analyses. Twelve had incomplete 
follow-up data. The patient characteristics are displayed in Table 1. no pregnant women 
were included in this study. of patients, 92.7% were Caucasian, 3.4% of African American 
origin, 0.7% Chinese, and 3.2% or other ethnicities. Perioperative data are shown in Table 
2. Three patients with dm were insulin-dependent and received a perioperative infusion 
of glucose 5% with 8 units of insulin. Two patients with dm received an insulin bolus (2 
and 5 units) during surgery, 5 patients (2 patients with dm) received an insulin bolus in 
the immediate postoperative period. no additional sources of glucose were adminis-
tered in the perioperative period. 

Assessed for eligibility (n=328) 

Included (n=202) 

Discontinued data collection (early termination 
of surgery n=52) 

Analysed (n=150) 
• Postoperative glucose values excluded from 

postoperative analysis (ICU admission) 
(n=2) 

• Incomplete postoperative follow up (n=12) 

Excluded (n=126) 
• Not meeting inclusion criteria (n=0) 
• Declined to participate (n=124) 
• Other reasons (n=2) 

Figure 1: Consort flow diagram 

during surgery, glucose increased significantly when compared to the preoperative 
fasting level. intraoperative glucose values were significantly higher than preoperative 
values (p < 0.001, Figure 2). in the postoperative period glucose was relatively stable, and 
the postoperative glucose values did not significantly differ from the first postoperative 
glucose value (p > 0.05, Figure 2). 
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table 1. Patient Characteristics, n = 150.

age (years)  mean (Sd) 56.6 (14.0)

bmi (kg/m2) mean (Sd) 26.1 (4.9)

type of surgery
- Abdominal hysterectomy
- Primary or secondary debulking
- radical hysterectomy

n (%)
n (%)
n (%)

7 (4.7)
99 (66.0)
44 (27.3)

asa- classification
- ASA 1
- ASA 2
- ASA 3

n (%)
n (%)
n (%)

56 (37.8)
83 (55.3)
11 (7.3)

diabetes mellitus
- Type 1
- Type 2, oral medication
- Type 2, insulin 

n (%)
n (%)
n (%)
n (%)

9 (6.0)
2 (1.3)
6 (4.0)
1 (0.7)

table 2. Perioperative data, n=150 

n(%) mean (sd) median (iQr)

intraoperative glucose (mmol l-1) - 6.6 (1.3) 6.3 (5.7 – 7.3)

Postoperative glucose (mmol l-1) - 8.4 (2.0) 8.4 (7.3 – 9.4)

Perioperative hyperglycaemia (>10 mmol l-1) 41 (27.3) - -

Perioperative hypoglycaemia (< 4 mmol l-1) 4 (2.7) - -

duration of surgery (min) - 232 (99) 213 (163-290)

dexamethasone during surgery 118 (78.7) - -

intraoperative blood transfusion 14 (9.3) - -

length of hospital stay (days) - 7.6 (5.1) 6 (5-9)
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Figure 2. Perioperative median glucose with iQr. n, number of patients; S0, preoperative; S1-S6, hours 
intraoperative; r0-r6, hours of postoperative recovery period; W1-W3, fasting glucose day 1-3 on the ward.
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in total 41 patients (27.3%) developed perioperative hyperglycaemia. This occurred in 33 
patients without dm (23.4%); 5 patients from this population developed hyperglycaemia 
intraoperatively, 25 patients developed hyperglycaemia postoperatively, and 3 patients 
developed hyperglycaemia on the ward. in contrast, perioperative hyperglycaemia 
occurred in 8 of the 9 patients with dm (89%), of whom 5 developed hyperglycaemia 
intraoperatively, 2 postoperatively and 1 on the ward. 

The postoperative median glucose (8.4 mmol l-1, iQr 7.3-9.4) was significantly higher 
compared to the intraoperative median glucose (6.3 mmol l-1, iQr 5.6-7.3, p < 0.001). on 
postoperative day 3, glucose values (5.9 mmol l-1, iQr 5.3-6.9) had not yet returned to the 
preoperative fasting level (5.2 mmol l-1, iQr 4.8-5.8, p=0.039) and 3.8% of the women still 
had a glucose > 10 mmol l-1. median’s and mean glucose values are displayed in Table 2. 
As dexamethasone, given as an antiemetic during anaesthesia, might influence glucose 
levels, we investigated glucose values in women with and without dexamethasone 
injection. The mean dose was 4.2 mg (Sd 1.0). There were no significant differences in 
median postoperative glucose values between patients who did receive dexamethasone 
(n = 117, glucose 8.6 mmol l-1 [7.3-9.5] and who did not receive dexamethasone (n = 33, 
glucose 7.9 mmol l-1 [7.3-8.7], p=0.221). 

The mAG decreased from 0.6 mmol l-1 hr-1 (iQr 0.4-1.0) intraoperatively to 0.6 mmol l-1 
hr-1 (iQr 0.2-0.8) after surgery (p=0.030; Figure 3). The %CV decreased form 13.3% (iQr 
9.4-19.5) to 8.3% (iQr 4.2-14.0, p<0.001). The Sd decreased from 0.8 mmol l-1 (iQr 0.6-
1.3) intraoperatively to 0.7 mmol l-1 (iQr 0.3-1.2) postoperatively (p=0.053). 

0

0,2

0,4

0,6

0,8

1

1,2

Intraoperative Postoperative

mmolÊ l-1Ê hr-1Ê

Figure 3. intra- and postoperative glucose variability. expressed as mean absolute glucose change per hour 
(mAG) in mmol l-1 hr-1.
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Postoperative complications are shown in Table 3; 18.1% of the patients had a postop-
erative infection; 9.3% of the women were diagnosed with a thromboembolic event. 
none of the patients were newly diagnosed with dm postoperatively. 

table 3. Postoperative complications

n (%)

any complication (n=142) 66 (46.5)

death (n= 145) 1 (0.7)

readmission (n=140) 22 (15.5)

re-bleeding (n=140) 8 (5.7)

infection (n=138) 25 (18.1)

delirium (n=140) 6 (4.3)

thrombo-embolic events (n=140) 13 (9.3)

other (n=138) 20 (14.5)

After correction for multiple testing, intra- or postoperative hyperglycaemia, intra- or 
postoperative mAG, and intra or postoperative %CV were not associated with our com-
posite end point of any postoperative complication nor with length of hospital stay in 
the multivariate regression analyses.

discussion

This study shows a prevalence of perioperative hyperglycaemia of 23.4%, with sig-
nificantly higher glucose variability in the intraoperative period compared to the 
postoperative period in gynaecologic laparotomies. Glucose increased significantly in-
traoperatively and was relatively stable in the postoperative period, which subsequently 
resulted in a decrease of glucose variability in the postoperative period. no relation 
could be established between postoperative hyperglycaemia or glucose variability and 
postoperative complications. 

The observed increase in glucose concentration during and after surgery has been 
described previously and is reflected in the prevalence of hyperglycaemia (2,3). our 
findings are comparable to those of retrospective cohort studies, where the periopera-
tive prevalence of hyperglycaemia (glucose > 10 mmol l-1) ranges from 17.2% to 32.2% 
(18,19). in these studies, the majority of hyperglycaemic episodes occurred in the im-
mediate postoperative phase. Thus, when strictly looking at glucose, the immediate 
postoperative phase would be the most sensible period to measure glucose when 
screening for stress hyperglycaemia. However, 77% of the patients without dm did not 
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develop hyperglycaemia, most likely due to the low comorbidity rate, thus not requiring 
treatment according to the AdA guideline. 

in 23% of patients, relevant postoperative hyperglycaemia will occur, which requires at-
tention and treatment from the anaesthesiologist. one could argue that when glucose 
is only measured on indication, clinically relevant hyperglycaemia could be missed. 
However, we do not think that it should be pursued to perform standardised glucose 
measurements in patients without dm undergoing a gynaecologic laparotomy. As 
described above, the prevalence of clinical relevant hyperglycaemia in our prospective 
data (23%) is comparable to 17-32% found in retrospective data (18,19), thus missing 
clinically relevant hyperglycaemia seems to be a minor problem. in other words, most 
cases of relevant hyperglycaemia will be found when glucose is only measured with 
routine samples or on indication. 

We found no significant effect of dexamethasone on postoperative glucose values. 
This is comparable with a previous study (20). We suppose that the stress response to 
a gynaecologic laparotomy might have had a greater effect on glucose than the small 
steroid load of a single dexamethasone dose and the treating gynaecologist should not 
withhold dexamethasone to prevent hyperglycaemia in the perioperative period. 

Contrary to previous studies (3,5), we did not find an association between hypergly-
caemia and postoperative complications, which might be due to the relatively low 
complication rate; 18.1% had a postoperative complication, whereas previous studies 
described complication rates of 36-58% (3,5). in the past decade, a lot of effort has been 
made to improve postoperative outcomes via various strategies (21), which might have 
contributed to the low postoperative complication rate we found. 

Up to now the association of glucose variability and complications was consistently 
observed in critically ill patients (11,22,23), but was ambivalently present in patients 
admitted to surgical and general wards (24,25). When looking at perioperative glucose 
variability, the quartiles of the mAG in our study were consistent with those found 
previously in critically ill patients (11). However, in the latter study the mAG was associ-
ated with mortality in critically ill patients, whereas we did not find an association of 
increased mAG with postoperative complications, nor with mortality. Furthermore, in 
our study, the median %CV was 13% intraoperatively and 8% postoperatively. This is 
well below the threshold of 30%, above which the association with mortality in criti-
cally ill patients was seen (16). only 6 (4%) patients experienced a %CV of > 30% in our 
study. This could, indicate that glucose variability was a relatively minor problem in the 
perioperative period in this patient population. in addition, in comparison with the 
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prolonged duration of increased glucose variability in previous iCU studies, short-term 
glucose variability is probably of little clinical significance in the perioperative period of 
a gynaecologic laparotomy. 

This study has several limitations. First, our study population consisted of fairly young 
women, with little comorbidity except for their diagnosed malignancy. Second, the 
proportion of women with diabetes mellitus was very small (n = 9). Thus, one should 
be cautious to extrapolate our findings to surgical patients with dm. However, exclud-
ing the women with dm from the analyses did not significantly change the results. 
Furthermore, loss to follow-up is a frequently encountered problem in prospective 
observational cohort studies; however, this was limited to only 12 patients in our study. 
in 52 patients the tumour was inoperable and surgery was terminated prematurely. our 
aim was to assess the glycaemic response and glucose variability of gynaecologic lapa-
rotomies lasting more than 150 minutes. due to the very short duration (< 60 minutes) 
and less invasive character of the operation, only 1 glucose measurement was available 
in these early-finished surgical procedures. Therefore, these patients were subsequently 
excluded, but this might have introduced selection bias. Finally, due to the much lower 
complication rate after gynaecological laparotomy (18%) compared to for example a 
pancreaticoduodenectomy (58%) (3), this study could have been underpowered to al-
low a definite statement about the association of hyperglycaemia or glucose variability 
with postoperative complications. With a much larger sample size, one might find an 
association between glucose regulation and postoperative complications. However, the 
clinical relevance of the outcome of such a major cohort study would be questionable. 

conclusions

The data presented here, for the first time prospectively collected on glucose variability 
during the perioperative period, show that the glycaemic response and glucose vari-
ability seem to be small and probably of minor clinical significance in the perioperative 
period of gynaecologic laparotomies. Thus, the usefulness of additional standardised 
glucose measurements in women without diabetes undergoing gynaecologic laparoto-
mies can be discussed. evidently, we do suggest standardised glucose measurements in 
women with diabetes undergoing gynaecologic laparotomies.
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