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Abstract

Associations between degrees of postoperative hyperglycemia and morbidity has

previously been established. There may be an association between the glycemic

profile and patient-reported recovery, and this may be a target for perioperative

quality improvements. We aimed to investigate the association between metrics

of the 30-day glycemic profile and patient-reported recovery in nondiabetic

patients after major abdominal surgery. In a prospective, explorative cohort

study, nondiabetic adult patients undergoing acute, major abdominal surgery

were included within 24 h after surgery. Interstitial fluid glucose concentration

was measured for 30 consecutive days with a continuous glucose measurement

device. The validated questionnaire ‘Quality of Recovery-15’ was used to assess

patient-reported quality of recovery on postoperative days 10, 20, and 30.

Follow-up time was divided into five-day postoperative intervals using days

26–30 as a reference. Linear mixed models were applied to investigate temporal

changes in mean p-glucose, coefficient of variation, time within 70–140 mg/dl,

and time above 200 mg/dl in relation to patient-reported recovery. Twenty-

seven patients completed the study per protocol. A hyperglycemic event

(>200 mg/dl) occurred in 18 of 27 patients (67%) within the first three postoper-

ative days. Compared to the reference period, the coefficient of variation was

significantly increased during all time intervals, indicating prolonged postopera-

tive insulin resistance. During 30 days of follow-up, patient-reported recovery

was associated with the coefficient of variation measured for 3 and 5 days

before the corresponding recovery score assessment (recovery score estimate

�1.52 [p < .001] and �0.92 [p = .006], respectively). We did not find an associa-

tion between the remaining metrics and patient-reported recovery. Alterations in

the glycemic profile are frequent and prolonged during the first postoperative

month after major surgery probably due to peripheral insulin resistance. Our

findings indicate that high-glycemic variation is associated with poorer patient-

reported recovery and might represent a proxy for care improvements in the

postoperative period.
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Editorial Comment

With the neuroendocrine stress response that is expected in the postoperative period, some

degree of transient insulin resistance and hyperglycemia is common and may even to some

degree be adaptive. In this study, the authors followed postoperative blood glucose levels in

nondiabetics, and observed associations of higher levels with lower study participant-reported

recovery scores, where very high glucose levels may be markers for cases which are outside of

the optimal postoperative recovery pattern.

1 | INTRODUCTION

Transient elevations of blood glucose and reduced peripheral insulin

sensitivity may occur in the perioperative setting.1,2 Although large

randomized trials report conflicting survival effects of tight glycemic

control in critically ill patients,3,4 the association between stress-

induced hyperglycemia and morbidity in hospitalized patients is well

established.5 Moreover, high-glycemic variability has been associated

with an increased risk of morbidity in critically ill patients.6 Postopera-

tive changes in glucose metabolism have previously been assessed

using in-hospital point-of-care capillary blood glucose (CBG) measure-

ments, limiting the number of glucose measurements per patient.

Consequently, hyperglycemia events may occur undetected due to

glucose excursions. In addition, glucose variation and the time spent

in the normal glucose range may be difficult to evaluate accurately

without a sufficient sampling rate.

Observable clinical outcomes (e.g., complications or mortality) are

often used as proxy measures of postoperative recovery. However,

surgical recovery is complex and comprises several health domains,

which include biological, psychological, and socioeconomic aspects.7

Patient-reported outcome measures allow for capturing patient-

centered health domains that are not directly observable. Currently,

the relation between the glycemic profile and patient-reported QoR

after major surgery is unknown.

The purpose of this study was to investigate the trajectory of the

30-day postoperative glycemic profile in nondiabetic patients under-

going major emergency abdominal surgery using continuous glucose

monitoring (CGM). In addition, we investigated the association

between CGM metrics and patient-reported QoR.

2 | MATERIALS AND METHODS

Approvals from the local ethics committee and data protection

authorities was obtained prior to study initiation. The study protocol

was registered on clinicaltrials.org (NCT04257344). Written informed

consent was obtained from all study participants at inclusion and the

study adheres to the Helsinki declaration and the ‘Strengthening the

Reporting of Observational Studies in Epidemiology’ (STROBE) guide-

lines for reporting of findings of observational studies.8

This study was part of a larger, prospective, explorative cohort

study aiming at reporting multiple physiological responses after major

emergency abdominal surgery. The scope of this paper is to report the

findings of the glycemic profile in relation to patient-reported recovery.

2.1 | Study population

Recruitment took place at Zealand University Hospital, Denmark,

between October 1, 2019 and January 21, 2021 with the exception of

3 months due to the COVID-19 pandemic. Patients were eligible for

study inclusion if they were included in the local bundle care protocol

“Optimizing emergency major abdominal surgery (OMEGA).” OMEGA

was established locally in 2017 with the implementation of standard-

ized perioperative treatment initiatives for patients undergoing major

emergency abdominal surgery. OMEGA inclusion criteria were age

above 18 years, acute major surgery within 72 h of acute admission to

the surgical department, or an acute reoperation. Acute major abdomi-

nal surgery was defined as any open, laparoscopic, or laparoscopically-

assisted procedure for conditions such as acute bowel obstruction,

intestinal ischemia, bleeding, perforation, intraabdominal abscess, or

fascial dehiscence. Patients were not included if the primary procedure

was appendectomy, cholecystectomy, or related to traumas.

Preoperative OMEGA initiatives included early resuscitation and

sepsis control with intravenous fluids and broad-spectrum antibiotics,

fast-track access to diagnostic imaging, intensified preoperative moni-

toring, and accelerated transfer to the first available surgical theater.

Intraoperative OMEGA initiatives included standardized strategies for

crystalloid therapy, pain management, neuromuscular blockage, venti-

lation, and postoperative monitoring. Postoperative OMEGA initia-

tives included a standardized daily biochemistry panel, focus on early

mobilization and oral feeding, early removal of drains and nasogastric

tube, and standardized antiemetic and opioid-sparing analgesic regi-

men. Details of the OMEGA initiative are described elsewhere.9

In this study, patients were included within 24 h of surgery end

time. Patients with a significant language barrier, cognitive dysfunc-

tion, known pregnancy, chronic immobilization, or history of diabetes

were excluded. Moreover, patients with a history of atrial fibrillation

or pacemaker were excluded, as these were not eligible for heart rate

variability measurements.

CLAUSEN ET AL. 303
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2.2 | Data collection and outcomes

Included patients were followed for 30 days after surgery with sched-

uled visits at postoperative day (POD) 10, 20, and 30. Baseline patient

characteristics and surgery-related variables were extracted from the

electronic health record (EHR). Hemoglobin A1c (HbA1c) was assessed

with a supplemental blood sample at inclusion to rule out preexisting dia-

betes. The HbA1c cutoff value was defined as 48 mmol.mol�1 (6.5%).10

Interstitial fluid glucose concentrations were obtained every 5th

minute using Dexcom G6 CGM device (Dexcom Inc., San Diego, CA,

USA), which does not require subsequent calibration from the

end-user. Dexcom G6 has been validated in pre-diabetic patients

undergoing elective abdominal surgery with acceptable accuracy.11

Immediately after inclusion, the sensor was inserted in the lower lat-

eral part of the abdomen with as much distance from the surgical

wounds as possible (typically approximately 20 cm from the vertical

midline incision). Measured glucose concentrations were automati-

cally transferred wirelessly to a handheld monitor (Dexcom G6

receiver). The measured glucose concentrations were not directly

available for clinicians to support clinical care.

Mean glucose, coefficient of variation (%CV, i.e., the standard

deviation divided by the mean), time in range 70–140 mg/dl (TIR), and

time spent above 200 mg/dl were used as outcomes, as recom-

mended by international consensus on the use of CGM.12 We defined

hyperglycemia as any glucose level above 200 mg/dl in accordance

with the American Diabetes Association's definition of hospital-

related hyperglycemia.13

Postoperative complications were assessed using EHR and

patient interviews at scheduled follow-up visits and were grouped

according to the Clavien-Dindo classification (CDC).14

QoR was assessed at inclusion and at postoperative days 10, 20,

and 30 using the patient-reported outcome measure ‘Quality of

Recovery 15’ (QoR-15).15 QoR-15 is a short-form postoperative

recovery scale adapted from the longer Quality of Recovery-40 (QoR-

40), which was originally developed and psychometrically evaluated

by Myles et al.16 QoR-15 includes 15 selected items with strong psy-

chometric performance covering the five original QoR-40 scale

dimensions (pain, physical comfort, physical independence, psycholog-

ical support, and emotional state). The questionnaire is designed with

a recall period of 24 h with a numerical rating score ranging from 0 to

10, corresponding to a total maximum score of 150. QoR-15 has high

validity, reliability, responsiveness, and acceptability in a broad surgi-

cal population and has been translated into Danish.15,17

2.3 | Statistics

Due to the explorative nature of the study, no sample size calculation

was performed. We a priori planned to include 40 patients. Patients,

who did not complete the full study period, were not included in the

statistical analysis. Baseline characteristics were visualized using

median and interquartile range (IQR) for continuous variables and fre-

quency (%) for categorical variables.

CGMmetrics were calculated for the following periods: Total period,

admission, discharge, and five-day consecutive postoperative intervals.

CGM completeness (i.e., captured CGM readings divided by expected

CGM readings) was calculated per patient for each time-period, and if

completeness was below 25%, data were treated as missing.

CGM metrics were summarized as median and IQR. Paired t-tests

were used to test for differences in CGM metrics during admission and

after discharge. Linear mixed models (LMMs) for repeated measure-

ments were fitted to estimate differences in CGM metrics between

postoperative five-day intervals. For all CGM metrics, the last prede-

fined time period (day 26–30) was chosen as reference for comparison.

In a subsequent analysis, we investigated the temporal relation

between occurrences of postoperative complications and alterations

in the glycemic profile. Hence, the occurrence of any postoperative

complication within each five-day interval (binary variable) were

included as a time-varying covariate in the LMMs. In this analysis, we

further adjusted for age and gender.

F IGURE 1 Inclusion Flowchart. ICU,
intensive care unit.
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The trajectory of QoR and the association with CGM metrics were

estimated by fitting LMMs using QoR-15 score at POD 10, 20, and

30 as the repeated outcome measure. In order to pair CGM metrics

with a corresponding QoR-15 assessment, we defined three different

CGM exposure periods (i.e., measurement periods) for metric calcula-

tion by using 3, 5, and 10 days of CGM data measured immediately

prior to the date of the corresponding QoR assessment. Each CGM

metric was used as a fixed effect in separate models, resulting in three

models per CGM metric and nine models in total. We adjusted for time

of follow-up, age and gender. A post hoc sensitivity analysis was con-

ducted by fitting separate linear models for each follow-up visit.

The following model specifications were used for all LMMs: Gen-

eralized least-squares, restricted maximum likelihood estimation,

assumed unstructured covariance pattern and time (categorical vari-

able) as a fixed effect. Scaled residuals were visually inspected for

model validation.

R version 4.1.1 was used for all statistical analyses with a signifi-

cance level of .05.

3 | RESULTS

Two hundred thirty-nine patients underwent acute major abdominal

surgery during the recruitment period. Forty patients were included in

the study and 27 completed the study per protocol (Figure 1). 12/13

dropouts occurred while hospitalized. In all cases, the reasons for

dropout were lack of willingness to continue with the attached wear-

able devices.

The baseline characteristics are reported in Table 1. All measure-

ments of HbA1c were within the normal range. Of 27 patients complet-

ing the study per protocol, 23 patients underwent open surgery, and the

indications for surgery were mechanical bowel obstruction in 19 patients.

Figure 2 provides an overview of the postoperative 30-day trajec-

tory for each patient. All patients survived the 30 postoperative days.

14/27 patients experienced a postoperative complication, of which

seven had a CDC ≥3 complication: one patient was transferred from

the postanesthesia care unit to the intensive care unit due to postop-

erative hypotension, four patients had at least one surgical complica-

tion requiring acute re-operation, and two patients had postoperative

ileus which was treated conservatively and monitored with oral con-

trast and serial abdominal radiographs. 4/27 patients were readmitted

due to a postdischarge complication.

3.1 | Postoperative glycemic profile

A total of 172,463 glucose values were measured during the study

period. Figure 3 illustrates two selected glycemic trajectories within

the initial five postoperative days. Median 30-day CGM completeness

was 79.1% (IQR: 69.9:84.7). 24/27 patients experienced at least one

event of hyperglycemia. The 21/27 and 18/27 patients were having a

hyperglycemic event within the first five and three postoperative

days, respectively.

During the entire study period, the median of the within-person

mean glucose was 121 mg/dl (IQR: 117:131). Figure 4 shows differ-

ences in CGM metrics between the postoperative in-hospital and

postdischarge periods. Mean glucose and time spent above 200 mg/dl

was higher during admission compared to after discharge (18.6 mg/dl

[95% CI 10.2:27.1] and 5.42% [1.81:9.02]), respectively. TIR was

lower during admission compared to after discharge (�23.9% [95% CI

�33.0: �14.8]). We did not find a significant difference in %CV

between admission and discharge periods (3.2% [95% CI �1.0:7.5]).

Trends were observed with decreasing mean glucose and %CV

and increasing TIR over time (Figure 4). When modeling LMM with

day 26–30 as a reference, we found the largest difference for all

TABLE 1 Baseline characteristics of included patients completing
the study per protocol (N = 27)

Age, years (IQR) 63.5 (54.3, 71.1)

Gender, male (%) 14 (51.9)

BMI (IQR) 24.7 (21.9, 27.2)

Smoking, yes (%) 5 (18.5)

Alcohol, units (IQR) 3.0 (0.0, 7.0)

ASA score (%)

1 6 (22.2)

2 14 (51.9)

≥3 7 (25.9)

HbA1c at inclusion, mmol/mol (IQR) 36.0 (34.0, 37.9)

Surgery indication (%)

Mechanical bowel obstruction 19 (70.4)

Other indications 8 (129.6)

Procedure type (%)

Laparoscopic 4 (14.8)

Open 23 (85.2)

Length of surgery, minutes (IQR) 109.0 (69.5, 145.5)

Thoracic epidural catheter (%) 20 (74)

Surgical Apgar Score (IQR) 8.0 (7.0, 8.5)

First day of solid stool, days (IQR) 3 (2,4)

First day of mobilization out of bed, days (IQR) 2 (1,2)

Postoperative insulin infusion (%) 1 (3.7)

Postoperative parenteral nutrition (%) 6 (22.2)

Length of hospital stay, days (IQR) 6.0 (4.0, 11.5)

Postoperative complications within 30 days (%)

Any complication 14 (51.5)

Complication ≥ CD2 10 (37.0)

Complication ≥ CD3 7 (25.9)

Acute reoperation 4 (14.8)

Any postdischarge complication 6 (22.2)

Acute readmission 4 (14.8)

Note: Continues variables are median (IQR).

Abbreviations: ASA score, American Society of Anesthesiology score; BMI,

body mass index; HbA1c, hemoglobin A1c; CD2, Clavien-Dindo

Classification grade 2; CD3, Clavien-Dindo Classification grade 3.
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CGM metrics on day 1–5 (p ≤ .002 for all CGM metrics) (Table 2).

Moreover, we observed a significant difference in %CV between the

reference period and all previous five-day intervals. Online supporting

information Table S1 provides a full description of the temporal tra-

jectory of all three CGM metrics.

In a subsequent analysis, we investigated the association between

postoperative complications and the glycemic profile during 30 days

of follow-up. Occurrences of complications were significantly associ-

ated with higher mean glucose and lower TIR within the same five-

day interval (7.2 mg/dl [95% CI 1.0: 13.5] and �12.6% [�18.9: �6.2],

respectively). We did not find any significant association between

postoperative complications and %CV or the time spent above

200 mg/dl (1.28% [95% CI: �0.80:3.3] and 0.05% [95% CI: �0.21:

0.31], respectively).

3.2 | Glycemic profile and quality of recovery

Figure 5 summarizes the postoperative trajectory of QoR-15 score

during the 30-day postoperative period. At POD 1, mean QoR-15

score was 89.3 (SD: 28.3). Using POD 30 as reference, mean QoR-15

F IGURE 2 Postoperative course of
patients completing the study per
protocol. Each row corresponds to the
postoperative trajectory of one included
patient. The patients are stratified in
noncomplicated and complicated
postoperative course (top and bottom
section, respectively). Length of stay,
in-hospital complications, postdischarge

complications and readmissions are
visualized. CDC, Clavien-Dindo
Classification of complications; POD,
postoperative day

F IGURE 3 Illustrative example of the glycemic trajectory during
the initial five postoperative days. The blue and red lines represent
the two patients with the lowest and highest time in range
(70-140 mg/dl), respectively.
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score was significantly lower at POD 1 and 10 (�42.9 [95% CI: �55.0:

�30.8], �14.0 [95% CI: �20.4: �7.5], respectively).

The associations between CGM metrics (mean glucose, %CV

and TIR) and all QoR-15 scores during the 30-day follow up are

summarized in Table 3. For each CGM metric, model estimates are

shown using different CGM exposure periods in separate models

(i.e., 3, 5, and 10 days of CGM measurement prior to all QoR-15

assessments). We found that increased %CV was associated with a

significantly lower QoR-15 score when using 3 and 5 days exposure

periods (�1.52 [95% CI: �2.53: �0.79] and �0.92 [95% CI �1.55:

�0.30], respectively). However, the model estimate of %CV was

not statistically significant when using 10 days as the exposure

period (�0.61 [95% CI �1.32, 0.09]). We did not find any associa-

tion between mean glucose, TIR, or time above 200 mg/dl and

QoR-15 score for any exposure period. We observed a trend with

smaller model estimates as the CGM exposure period increased

(Table 3).

To investigate if the associations between CGM metrics and

QoR-score were dependent on follow up time, we performed a

post hoc sensitivity analysis stratifying the data according to QoR-

15 assessment time (i.e., POD 10, 20, and 30). The sensitivity anal-

ysis showed that all CGM metrics were significantly associated

with QoR-15 score on POD 10 (Online supporting information

Table S2).

F IGURE 4 Temporal trajectory of
mean glucose, coefficient of variation (%
CV) and time in range (TIR): 70–140 mg/
dl during the initial 30 days after acute
major abdominal surgery. For all glucose
metrics, the between-person median is
visualized with corresponding
interquartile range. Left column: Glucose
metrics are calculated per five-day after

surgery. P-values are calculated using
ANOVA (F test statistics). Right column:
Glucose metrics during admission and
after discharge until postoperative day 30.
P-values are calculated using paired t-test.

TABLE 2 Relative difference in mean glucose value, coefficient of variation (%CV) and time in range (TIR) during follow up compared to day
26–30 (reference period)

Mean Glucose (mg/dl) Coefficient of Variation (%) Time in Range (%) Time above 200 mg/dl

Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value

Day 1–5 +21.6 (10.9:32.3) <.001 +7.4 (4.3:10.6) <.001 �27.3 (�37.5:-17.2) <.001 +6.9 (2.6:11.2) .002

Day 6–10 +7.3 (�0.2:14.7) .057 +3.7 (0.8:6.6) .016 �8.9 (�15.7:-2.1) .012 +3.2 (�0.2:6.6) .061

Day 11–15 +6.4 (�2.3–15.0) .14 +3.5 (1.3:5.6) .003 �9.1 (�17.3:-0.9) .030 +1.7 (0.1:3.3) .039

Day 16–20 +2.6 (�4.7:10.0) .46 +1.7 (0.5:2.9) .007 �4.9 (�11.1:1.2) .11 +0.6 (�0.1:1.4) .08

Day 21–25 �1.6 (�5.7:2.6) .44 +2.9 (1.7:4.2) <.001 �1.0 (�5.6:3.5) .66 +0.2 (0.0:0.4) .027

Day 26–30 0 Ref 0 Ref 0 Ref 0 Ref

Note: Models are linear mixed models for repeated measurements.

Abbreviation: ref, reference.
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4 | DISCUSSION

This prospective study presents highly granular data on the postoper-

ative 30-day glycemic profile in 27 nondiabetic adult patients under-

going major emergency abdominal surgery. Furthermore, we

investigated whether mean glucose concentration, glucose variation,

time within normal glucose values, and time above 200 mg/dl were

associated with patient-reported QoR during the postoperative

period.

As expected, mean glucose was highest during the first five

postoperative days, which is in accordance with previous retro-

spective studies.18 Moreover, we found that 67% of the patients

had at least one hyperglycemia event during the initial three post-

operative days, which is considerably higher than prior findings in

nondiabetic patients.5,18,19 However, we included patients with

existing preoperative stress undergoing major open emergency

surgery resulting in additional surgical stress response, and the

magnitude of the neuroendocrine changes may increase stress-

hyperglycemia compared to patients undergoing minimal, laparo-

scopic, or elective surgery.20 In addition, low glucose sampling rate

(i.e., point-of-care CBG measurements) may result in underestima-

tion of hyper and hypoglycemia events due to the glucose

excursions.21

Glycemic variation during the initial five postoperative days was

similar to findings from previous retrospective studies on critically ill

nondiabetic patients and surgical patients.6,22

A rapid decline in %CV was observed after the initial 5 days, but

%CV was subsequently higher during all time periods compared to the

reference period. These findings may reflect a slow return to normal

endocrine and metabolic function during the postoperative period.

Patient-reported recovery was substantially affected in a similar popu-

lation even on postoperative day 30.23 Interestingly, we did not find a

significant difference in %CV between admission and discharge

periods despite an overall decline over time. This finding may be

explained by the fact that patients with a high glucose variability tend

to require longer hospital stays.24

F IGURE 5 Postoperative trajectory of
patient-reported quality of recovery
during 30 days of follow up. Blue and
green line corresponds to median and
mean quality of recovery-15 (QoR-15)
score, respectively. Gray lines represent
individual QoR-15 trajectories.

TABLE 3 Association between glycemic profile and patient-
reported quality of recovery

CGM metric QoR-15 estimate 95% CI

Mean glucose (mg/dl)

3 days �0.10 �0.33: 0.13

5 days �0.03 �0.31: 0.25

10 days 0.06 �0.21: 0.35

Coefficient of variation (%)

3 days �1.52 �2.53: �0.79

5 days �0.92 �1.55: �0.30

10 days �0.61 �1.32: 0.09

Time in range (%)

3 days 0.17 �0.05: 0.40

5 days 0.12 �0.14: 0.38

10 days 0.02 �0.23: 0.29

Time above 200 mg/dl (%)

3 days �0.85 �1.86: 0.17

5 days �1.04 �2.10: 0.03

10 days �0.52 �1.53: 0.50

Note: The quality of recovery-15 score is shown relative to a single unit

increase in each glucose metric. Glucose metrics are calculated using 3, 5,

and 10 days of continues glucose measurement (CGM) before the time of

the corresponding QoR-15 assessment.
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Increased glycemic variation was significantly associated with

lower QoR-15 score in the postoperative period. These findings sug-

gest that postoperative glycemic fluctuations, as a biomarker of meta-

bolic stress level, also directly relates to the patient's perception of

health. Subsequent sensitivity analyses further indicate that this asso-

ciation is strongest close to the surgery and diminish with time. In

addition, we found a temporal relationship between occurrences of

postoperative complications and mean glucose concentration and TIR.

These findings are in line with previous studies that report an associa-

tion between stress-induced hyperglycemia and postoperative compli-

cations with a significant dose–response relationship in

nondiabetics.18,19 Hence, stress-induced glycemic variability may be a

biomarker of postoperative recovery and function as postoperative

monitoring metric. Future studies are warranted to explore the prog-

nostic benefit of using CGM on high-risk surgical patients.

The surgical stress response induces a systemic catabolic inflam-

matory state with subsequent hormonal imbalance and altered cyto-

kine production.20 Postoperative alterations in glycemic profile are

probably caused by a combination of reduced peripheral insulin sensi-

tivity and a decreased production of insulin.2,25 In addition, hypergly-

cemia itself may exacerbate the stress-conditioned catabolic changes

as pro-inflammatory cytokines and products of reactive oxygen spe-

cies decrease after resolution of hyperglycemia by insulin infusion.26

One hyperinsulinaemic clamp study showed that glycemic oscillations

cause more endothelial damage than constant high p-glucose,27 and it

could be hypothesized that high glycemic variability itself is more del-

eterious on recovery than stable hyperglycemia. This hypothesis is

supported by studies showing that the adverse effect of perioperative

hyperglycemia is lower in patients with diabetes compared to nondia-

betics.28 However, the survival effect of tight glycemic control

remains controversial, primarily due to an increased risk of hypoglyce-

mia events.3,4 It has also been suggested that mild to moderate stress-

hyperglycemia may in fact be a constructive adaptive process needed

for acute energy mobilization and tissue healing.29

The study has several important limitations. Only 27 patients

completed the study per protocol. One third of the included patients

dropped out during the study, and a substantial selection bias must be

suspected as the severely ill patients at the postoperative ICU were

not included. Consequently, the study population represented a

selected population which is reflected in the low mortality rate

observed (0%). Although 26% of the patients had at least one CDC ≥3

complication, prior studies on similar populations have reported

30-day mortality rates of 18.5–20% and CDC ≥3 complication rates

up to 47%.14,30,31

We did not have the statistical power to correct for confounding

therapeutic agents such as catecholamine infusion, corticosteroids, IV

glucose infusion or parenteral nutrition. These factors are known to

influence glucose metabolism and may partly explain the observed

glycemic variation and its association with QoR.1 Furthermore, we did

not adjust for dietary intake.

QoR measurement was only scheduled on three occasions to

comply with logistic limitations. A higher frequency of scheduled QoR

assessments would increase statistical power and provide more in-

depth analysis of the association between QoR and the glycemic

profile.

Changes in interstitial fluid volume, temperature, perfusion and

local humoral factors may have influenced the complex micro-catheter

based glucose measurement in the interstitial fluid. These factors are

often severely altered in the early postoperative period after major

surgery, possibly skewing CGM results compared to blood glucose

level32 However, previous studies report that CGM has an acceptable

concordance compared to capillary blood glucose after elective

abdominal surgery and in surgical intensive care patients.11,33

In conclusion, stress-induced hyperglycemia occurs frequently in

nondiabetic adults undergoing major emergency abdominal surgery.

Mean glucose concentration, glycemic variation, and time above

200 mg/dl are significantly elevated in the immediate postoperative

period compared to after 1 month. Glycemic variation slowly

decreases over 30 days and is associated with patient-reported recov-

ery. Postdischarge monitoring with CGM is feasible in this population,

and future large-scale studies should confirm the present results and

investigate if CGM data can predict morbidity and mortality after

major surgery.
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