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ARTICLE INFO SUMMARY

Article history: Background & aims: In retrospective studies an indisputable causal relationship between hyperglycemia

Received 16 May 2018 and postoperative infections cannot be entirely disclaimed. We aimed investigate whether the time

Accepted 24 July 2018 trends of blood glucose levels in the perioperative period could be a determinant of surgery-related
infections.

Keywords: Methods: Adult patients without diabetes who were candidates for elective major abdominal operation

Hypergycemia were prospectively enrolled in a longitudinal, observational multicenter study. The blood glucose level

lslffre gcetirgn was measured every 6 h for 3 days. We calculated the association between blood glucose (BG) levels and

Trend the risk of occurrence of surgery-related infections using a joint regression modeling for longitudinal and

Joint regression model time-to-event outcomes which accounts for the effect of other risk factors.

Outcomes Results: Between January 2016 and November 2017, we obtained 6078 BG measures distributed on
different time-points in 452 patients. There was a nearly 3-fold increased risk of having hyperglycemia,
defined as BG > 125 mg/dL, if the BG level at admission was >100 mg/dL (OR = 2.986, P < 0.001).The
hazard of infection for each 10 mg/dL increase of BG levels over time was marginal (HR = 1.065,
P = 0.045). The calculated risk of having an infection was 9.6% for BG going from 110 mg/dL during
surgery to 84 mg/dL at the end of day 3, 10.5% for BG decreasing from 140 to 114, 11.8% for BG decreasing
from 180 to 154 and 24.5% for BG increasing from 80 to 145, 24.7% for BG increasing from 110 to 175, and
25.4% for BG increasing from 140 to 205.

Conclusions: The time trends of BG — as opposed to the absolute concentration —are major determinants

of the risk of postoperative infections.
© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction events cannot be entirely established for several reasons. First, for the
retrospective nature of the above studies. Second, in most of these
Several large cohort studies [1—6] propose perioperative hyper- studies only a single assessment of blood glucose (BG) level (often
glycemia as a significant determinant of surgery-related infections. the highest) at different time points (preoperative, day of operation,

However, an indisputable causal relationship between these two postoperative days) was gathered in an indeterminate period of the

day despite the well-defined intra-day fluctuation of glycemia [7,8].
Third, none of these studies considered the potential interference
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[9,10]. Therefore, the determinants of perioperative hyperglycemia
and the effect of BG variation over time and the impact of persistent
hyperglycemia or spontaneous normalization of BG levels during and
after surgery on outcomes are largely unexplored.

As patients receiving treatment for hyperglycemia have a lower
risk of infection to those with high BG levels [5,6,11], a tight and
rigid monitoring of BG levels is recommended to identify poten-
tially dangerous hyperglycemia episodes and to promptly treat
patients with and without history of diabetes [12—16]. This vigilant
glycemic monitoring requires repeated BG measurements which
are time-consuming for care providers and uncomfortable for pa-
tients. These limitations reduce the applicability and postoperative
hyperglycemia, with its potentially harmful consequences, may be
largely underestimated in patient without diabetes or low-risk
patients [15—17].

Developing a better understanding of the kinetics of perioper-
ative glucose metabolism and identifying determinants of hyper-
glycemia may help define subgroups of at high-risk. This risk
stratification could help allocate resources to patients who would
benefit most from strict BG monitoring.

The primary aim of this study was to evaluate whether the time
trends and fluctuation of BG levels in the perioperative period could
be a determinant of surgical morbidity. Specifically, we assessed the
potential association between BG trends over time and the risk of
surgery-related infections at each time point by employing a joint
regression model for continuous, longitudinal, and time-to-event
outcomes adjusted for other perioperative risk factors.

2. Methods
2.1. Study design and participants

We designed as a prospective, longitudinal, observational,
multicenter study to be performed at 4 Italian academic tertiary
hospitals. Eligible for participation were adult (age >18 years) and
candidates for elective major abdominal operation (duration > 2 h)
for surgical diseases of the gastrointestinal and genito-urinary tract.
The exclusion criteria were as follows: fasting glucose level
>125 mg/dL, type 1 and 2 diabetes, any ongoing or history of
pancreatic disease, American Society of Anesthesiologists (ASA)
physical status classification > 3, preoperative weight loss >10% of
the usual body weight in the previous 6 months, ongoing cortico-
steroid therapy, and any recent history of bacterial infection
requiring antibiotic therapy within the previous 3 months.

After the patients were screened according to the inclusion and
exclusion criteria, the selected patients or their legal representa-
tives were asked to provide written informed consent. Afterward,
the patients were enrolled in the study.

The Ethics Committee of San Gerardo Hospital, Monza, Italy
approved the study as an amendment of the PROCY trial [10]. The
study was later approved by the Ethics Committees of the other
participating hospitals. Patient recruitment started on January 8th,
2016 and ended November 30th, 2017.

This trial was designed, managed, coordinated, and analyzed by
the School on Medicine and Surgery of the Milano- Bicocca Uni-
versity at the Department of Surgery of San Gerardo Hospital,
Mongza, Italy. The coordinating center was responsible for central-
ized data collection, monitoring, and statistical analysis, and it
received support from the Centre of Biostatistics for Clinical
Epidemiology of Milano-Bicocca University.

2.2. Interventions

After recruitment, patients were instructed to consume a reg-
ular meal the evening before the operation and were allowed to

drink water until 2 h prior to surgery. No other clear fluids, sweet
beverages or any other type of oral solutions were permitted.

The capillary BG level was measured at the following time-
points: at hospital admission (after 6 h of fasting), at arrival in
the operating theatre, 1 h after abdominal incision, at the end of the
operation, and every day after surgery at 6 and 12 AM, and at 6 and
12 PM for 3 consecutive days. To ensure consistency, all measure-
ments were performed with the same instrument in all centers
(Accu-Chek Inform II; Roche Diagnostic SpA, Monza, Italy). The
instrument was calibrated with plasma glucose standards obtained
from a centralized laboratory. Insulin was a given as per protocol
when the BG level was >180 mg/dL, as recommended by the
American Diabetes Association [18].

Mechanical bowel preparation, wound protectors, wound
lavage, and subcutaneous suture were not employed. Hair removal
technique and skin preparation were the same in all centres.
Antibiotic prophylaxis was given according to the national guide-
lines. All patients received active warming with a heated blanket
and a 38 °C intravenous balanced electrolyte fluid infusion during
the surgical procedure. Core body temperature was monitored with
a bladder catheter or an esophageal probe, and hypothermia was
defined as a body temperature of <35.5 °C for more than 30 min. No
corticosteroid administration was allowed during and after the
operation.

After the operation patients were permitted to drink regular
water at will from postoperative day (POD) 1, but no oral food of any
type or other beverages until midnight of POD 2 were allowed.
Patients were allowed natural food at will starting from day 3 after
the operation.

Intravenous infusions consisted of balanced electrolyte solution
according to fluid balance and clinical needs, and i.v. dextrose was
not given to any patients for the first 3 days after surgery. Artificial
nutrition (enteral and parenteral) was not prescribed unless pa-
tients could not resume oral intake within 7 days after the opera-
tion or patients experienced complications causing catabolism [19].

Data were collected on paper case report forms and were then
transferred to an electronic database with double entry to ensure
consistency of records. In case of missing or implausible data,
queries were mailed to the participating centers to obtain in-
tegrations or corrections.

2.3. Outcomes

Hyperglycemia was defined as the occurrence of at least one
intra- or post-operative measurement of BG > 125 mg/dL [4]. In-
fectious morbidity was defined as any of the following: superficial
and deep wound infection, organ/space infection, urinary tract
infection, pneumonia, sepsis, and septic shock. The determination
of an episode of infection was based on a priori definition [10].

In all patients, C-reactive protein, white cell count and body
temperature were determined routinely during the postoperative
period. Procalcitonin plasma level was assessed only in patients
with a suspected infection.

The assessors of infections were trained by the study coordi-
nator to achieve concordance with respect to definitions. Each
participating center had 2 independent outcome assessors. The
assessors recorded the day and hour of the first clinical manifes-
tation of any infectious complication.

Patients who exhibited a proven anastomotic dehiscence and all
blood glucose data obtained from patients during the actual period
of infection were excluded from the final analysis. In both cases,
hyperglycemia could be the consequence — not the potential cause
— of the infectious complication.

The occurrence of postoperative infection was assessed twice a
day during hospitalization and for 30 days after the operation. Post-
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discharge patient surveillance and follow-up involved weekly
outpatient visits. Telephone interviews were also allowed for
monitoring the health status of patients.

We also evaluated the potential pre- and intra-operative de-
terminants of hyperglycemia and explored whether raising levels
of BG were associated with an increased risk of developing
infections.

We scored the severity of complications according to the Dindo-
Clavien classification [20].

2.4. Statistics

Descriptive statistics of pre- and intra-operative factors were
calculated using median with inter-quartile range for skewed
continuous variables and number with percentages for categorical
variables. The analysis was carried out stratifying patients in
three groups: normoglycemia (all intra- and post-operative
measurements < 125 mg/dL), mild hyperglycemia (all measures
<160 mg/dL but at least one > 125 mg/dL) and moderate hyper-
glycemia (at least one > 160 mg/dL). The comparison between the
three groups was performed using the Kruskal-Wallis test for
continuous variables and the Fisher test or the Chi-squared test
for categorical variables.

To quantify the association between intra and post-operative
potential determinants of hyperglycemia we fitted a logistic
regression model including the following covariates: age, sex, body
mass index, BG level at admission >100 mg/dL (threshold identi-
fied by the Youden index), target organ (upper gastrointestinal or
lower gastrointestinal or genitor-urinary tract), comorbidities (yes
or no), laparoscopy (yes or no), cancer (yes or no), ASA score (3 or
lower), clean surgery (yes or no), epidural analgesia (yes or no),
blood loss, duration of surgery. A similar model was fitted
including BG level at admission as a continuous variable in place of
the dichotomized one.

To describe the overall risk of developing hyperglycemia and
infection in the intra- and post-operative period we estimated the
Kaplan—Meier cumulative incidence curves of the two end-points.
Subsequently, we assessed the association between the longitu-
dinal measurement of BG over time and the risk of developing an
infection, adjusting for the possible confounding effect of pre- and
intra-operative factors (age, sex, body mass index, BG level at
admission, target organ, comorbidities, laparoscopy, cancer, ASA
score, clean surgery, blood loss, duration of surgery). This analysis
was performed using the “joint modelling of longitudinal and
time-to-event outcomes” methodology [21]. The method simul-
taneously evaluates the impact of the covariates on the longitu-
dinal outcome (though a mixed-effects model) and on the time-to-
event outcome (through a hazard-based model) providing also a
measure of the association in the form of a hazard ratio-between
the two outcomes [22,23]. The main advantages of this method
are the following. First, the evolution over time of the longitudinal
variable is described using a (linear) mixed-effect model. Thus, the
variable is continuously estimated over time and its values become
available also for the time points were the measurement was not
taken. In contrast, other methods (e.g. the time varying Cox model)
rely on the “last observation carried forward” approach where the
value of the longitudinal variable for a patient between two
consecutive measurements is assumed constant and equal to the
last observed value. Secondly, the model accounts for the random
measurement error [24].

In particular, we used a linear random intercept and random
slope model for the BG levels and a piecewise-exponential pro-
portional hazards model for the time to infection. The estimated
parameters were then used to make cumulative risk predictions of
infections during the first month after surgery for a “paradigmatic”

patient with BG levels according to 9 different linear profiles: A)
decreasing trend starting from 110 mg/dL in the intraoperative to
84 mg/dL at the end of day 3; B) decreasing from 140 to 114; C)
decreasing from 180 to 154; D) constant at 80; E) constant at 110; F)
constant at 140; G) increasing from 80 to 145; H) increasing from
110 to 175; I) increasing from 140 to 205. With “paradigmatic”
patient we mean an hypothetic subject with baseline characteris-
tics equal to the average or the most frequent observed value in our
sample. It is worth to note that the BG profiles considered were not
derived as a linear interpolation of real values belonging to selected
subgroup of patients from the study. They represent a linear
approximation of possible trends observable in hypothetical new
patients. The predictive ability of the model regarding the risk of
event within the first post-operative month was computed using a
time-dependent AUC index.

All the analyses were performed using the R software version
3.4.3 and in particular with the “JM” package [25].

3. Results

During the study period, 770 patients were screened for eligi-
bility. After applying the exclusion criteria, 498 subjects were
enrolled in the study. Two-hundred and seventy-two patients were
excluded for the following reasons: past medical history of diabetes
(n = 76), or pancreatic disease (n = 70), denied consent (n = 33),
preoperative weight loss >10% (n = 30), fasting glucose level
>125 mg/dL (n = 21), ASA >3 (n = 20), previous infections (n = 15),
and ongoing corticosteroid therapy (n = 7). Forty-six patients were
excluded due to anastomotic leak or because hyperglycemia
occurred after the onset of infection, leaving 452 cases for the final
analysis. In these patients, we obtained 6078 BG measures
distributed among different time points of assessment with an
average of 13.45 per subject.

The cumulative incidence of patients having at least one episode
of hyperglycemia was 69.7% (315/452). Most of the episodes (72.7%;
229/315) of hyperglycemia occurred within 24 h. The overall 30-
day infection rate was 16.1% (73/452).

The trends over time of intra- and post-operative BG is illus-
trated in Fig. 1.

The Kaplan—Meier curves of the cumulative risk of hypergly-
cemia and infection in time are shown in Fig. 2. As graphically
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Fig. 1. Trends of blood glucose levels over time. Numbers are means + standard
deviations.
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Fig. 2. Kaplan—Meier curves describing the cumulative risk of hyperglycemia and
infection over time.

depicted, the occurrence of hyperglycemia preceded the clinical
awareness of infections.

The baseline characteristics and the surgical details after strat-
ification of the cohort into 3 groups are described in Table 1.
Although the groups were not homogenous for several variables,
the results of the multiple logistic regression model showed that
the only significant risk factor for having at least one intra- or post-
operative episode of hyperglycemia was the baseline BG level
(Table 2). Notably, there was a nearly 3-fold increased risk of having
intra- or post-operative hyperglycemia if the BG level at admission
was >100 mg/dL compared to BG < 100 mg/dL (OR = 2.986, 95%

Cl: 1.671-5.333, P < 0.001). According to the model, the risk of
hyperglycemia increased by 28% for each increase of 10 mg/dL
(OR = 1.283, 95%CI: 1.067—1.544, P = 0.008) when the baseline BG
was considered as a continuous variable.

Table 3 summarizes the results of the “joint model” describing
the estimated association between baseline covariates, BG levels
over time, and the risk of infection. The likelihood of developing an
infection increased 0.65% for each 10 mg/dL increase in BG over
time. In addition to the kinetics and levels of BG, the magnitude of
surgical stress (i.e. blood loss and duration of operation) and sur-
gical field contamination significantly affected the risk of infection.

The “joint model” provided a means of estimating the cumula-
tive risk of infection according to the increasing, decreasing or
stable trends of BG over time (keeping the baseline covariates as
constant and equal to normal values of a prototypical patient).
Considering the overall risk in the month following surgery, we
observed an increased risk of infection only in those patients who
experienced an increase of BG levels unrelated to the mean BG
(Fig. 3A—1).

The details and severity of infectious complication, graded per
the Clavien-Dindo classification, are reported in the Supplementary
Table 1. The median time (IQR) for onset of infection was 5.0
(3.7-8.0) days in the BG < 125 mg/dL group, 4.0 (3.0—6.0) days in
the BG 125—160 mg/dL group and 4.0 (3.0—7.0) in the BG > 160 mg/
dL group (p = 0.650).

The overall incidence of infections was 14.5% (20/137) in the
BG < 125 mg/dL group, 16.6% (35/211) in the BG 125—160 mg/dL
group and 18.2% (19/104) in the BG > 160 mg/dL group (P = 0.678).
The group with BG > 160 mg/dL had significantly more abscesses
and more severe infectious complications. The latter group was also

Table 1
Analysis of pre- and intra-operative factors according to blood glucose levels.
Normoglycemia Mild hyperglycemia Moderate hyperglycemia P value
BG < 125 125 > BG < 160 BG > 160
N =137 N =211 N =104
Age, years 69.0 [59.0, 75.0] 70.0 [58.0, 74.0] 70.0 [54.5, 76.0] 0.843
Sex, male 80 (58.4) 117 (55.5) 55(52.9) 0.707
Body mass index 25.0 [23.0, 27.3] 25.3[23.1, 27.7] 25.3[23.5,27.7] 0.719
Fasting blood glucose at admission, mg/dL 89.0 [84.0, 98.0] 93.0 [84.0, 102.0] 95.0 [86.0, 104.0] 0.016
Hemoglobin, g/dL 13.0 [11.7, 14.6] 12.8 [11.5, 14.7] 12.9[11.3, 14.4] 0.806
Albumin, g/dL 3.9[3.6,4.1] 3.8 [34,4.0] 3.9[3.7,4.2] 0.277
Creatinine, mg/dL 0.90 [0.80, 1.02] 0.90 [0.75, 1.10] 0.90 [0.72, 1.08] 0.722
C-reactive protein, mg/L 0.65 [0.20; 1.63] 0.72 [0.23; 1.32] 1.31 [0.25; 2.91] 0.015
Number of comorbidities 0.240
0 51(37.2) 87 (41.2) 48 (46.2)
1 47 (34.3) 62 (29.4) 23(22.1)
2 24 (17.5) 47 (22.3) 23(22.1)
>3 15 (10.9) 15 (7.1) 10 (9.6)
Cancer 117 (85.4) 174 (82.5) 91 (87.5) 0.513
ASA physical status classification 0.626
1-2 99 (72.2) 159 (75.3) 80 (76.9)
3 38 (27.8) 52 (24.7) 24 (22.1)
Target organ for operation 0.853
Upper GI 41 (29.9) 64 (30.5) 34 (32.7)
Lower GI 72 (52.6) 112 (53.3) 49 (47.1)
Urology and gynecology 24 (17.5) 34 (16.2) 21(20.2)
Laparoscopy 49 (40.8) 85 (40.3) 40 (38.5) 0.717
Type of surgery 0.095
Clean 47 (34.3) 77 (36.5) 33 (31.7)
Clean-contaminated 88 (64.2) 124 (58.8) 68 (65.4)
Contaminated 2(1.5) 20 (4.7) 3(1.9)
Epidural analgesia 60 (43.7) 95 (45.0) 45 (43.3) 0.612
Intraoperative hypothermia 3(2.2) 4(1.9) 8(7.7) 0.029
Blood loss, mL 160 [150, 200] 155 [100, 250] 230 [150, 300] <0.001
Duration of surgery, min 165 [140, 200] 170 [140, 210] 165 [145, 230] 0.631

Data as numbers (%) for categorical variables or median [IQR] for continuous variables.

BG: Blood glucose; Upper GI (stomach, liver, esophagus); Lower GI (colon, rectum); Urology and gynecology (kidney, prostate, bladder, uterus/ovary).
Fisher test (Chi-square test) p-value for categorical variables, Kruskal—Wallis test p-value for continuous variables.
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Table 2
Multivariate logistic regression model performed to assess pre- and intra-operative
determinants of hyperglycemia.

Determinants 0Odd Ratio (95% CI) P value

0.897 (0.749; 1.074)
0.825 (0.528; 1.289)
0.995 (0.735; 1.346)
1.283 (1.067; 1.544)
2.986 (1.671; 5.333)
1.040 (0.609; 1.775)  0.887
0.906 (0.482; 1.704)  0.760
1.125 (0.702; 1.804)  0.624
)
)
)
)
)
)
)

0.236
0.399
0.972
0.008
<0.001

Age, per 10 years

Sex (male vs. female)

Body mass index, per 5 units

Blood glucose at admission, per 10 mg/dL?
Blood glucose at admission > 100 mg/dL
Target organ, upper GI (vs. lower GI)
Target organ, others (vs. lower GI)
Comorbidities (yes vs. no)

Laparoscopy (yes vs.no)

Cancer (yes vs. no)

ASA (1/2 vs. 3)

Surgery (clean vs. not clean)

Epidural analgesia (yes vs. no)

Blood loss, per 100 mL

Duration of surgery, per h

0.774 (0.453; 1.322 0.348
0.995 (0.527; 1.877 0.987
0.616 (0.384; 1.089 0.093
1.072 (0.671; 1.714 0.770
1.130 (0.691; 1.847 0.627
1.104 (0.974; 1.252 0.121
1.122 (0.885; 1.422 0.342

GI: Gastrointestinal.

2 The effect of blood glucose level at admission, considered as a continous vari-
able, was assessed in another multivariate logistic model including all the other
determinants with the exception of the dichotomized BG level at admission (<100
or >100 mg/dL).

more likely to be admitted to the intensive care unit (16.3%; 17/104)
than the BG 125—160 mg/dL group (7.6%; 16/211) and BG < 125 mg/
dL group (6.6%; 9/137) (P = 0.023). A similar trend was observed for
30-day overall mortality rates (3.8% in the BG > 160 mg/dL group,
0.5% in the BG 125—160 mg/dL group, and 0.7% in the BG < 125 mg/
dL group; P = 0.061).

4. Discussion

Early hyperglycemia in patients without diabetes occurring
during and after major operations is the consequence of a boost
release and synthesis of glucose (glycogenolysis and gluconeo-
genesis), and to a much higher probability to the reduced glucose
utilization and uptake mediated by insulin resistance and blunt
insulin sensitivity [26—28]. The primary contributing factor for this
glucose metabolism is surgery-related tissue injury, followed by an
immediate release of insulin-regulating inflammatory mediators
and hormones [29].

The consequence of hyperglycemia after elective surgery re-
mains controversial [30]. Temporary and reversal increase in blood
glucose concentrations may simply represent a crucial physiolog-
ical response to injury to maintain vital organ functions. However,
persistent hyperglycemia has been repeatedly shown to blunt

Table 3

several key immune defense mechanisms that are indispensable to
protect the host from the risk of infections [31,32].

Glucose dyshomeostasis is observed quite frequently and early
in stress conditions and can be easily identify through the mea-
surement of circulating glucose concentration. Consistent with
previous results [4,33] we observed close to a 70% cumulative
incidence of hyperglycemia episodes and the vast majority of the
events were observed during surgery and within 24 h after oper-
ations. This observation highlights the need of monitoring BG levels
predominantly during this timeframe and most likely with a lower
intensity during the later postoperative periods.

Our analysis advocates that the only significant predictor of
hyperglycemia occurring during and after surgery is the fasting BG
concentration at admission. More specifically, the risk of having
hyperglycemia was amplified by nearly 30% for each 10 mg/dL in-
crease in BG at baseline. This risk increased almost 3-fold when the
baseline BG concentration was dichotomized at 100 mg/dL. This
results are highly consistent with previous findings [16] and with
some theories postulating that high BG during surgery is an indirect
sign of previously undiagnosed glucose intolerance that is even-
tually revealed in the setting of surgical stress [6]. Another potential
explanation lies in a subclinical inflammatory state as shown by the
increased baseline levels of C-reactive protein found in patients
who experienced moderate hyperglycemia. It is possible that a
“second inflammatory hit” such as surgical injury [34] may worsen
the host glucose metabolism which is already compromised by
chronic inflammation. These results imply that in this subgroup of
patients without diabetes, BG levels should be more carefully
monitored.

In the present study we selected patients without diabetes to
limit the potential differences in the mechanisms and conse-
quences of hyperglycemia on infectious morbidity. In fact, the re-
sults of a recent meta-analysis by Martin et al. [35] supported the
consideration of diabetes as an independent risk factor for surgical
site infections, other authors showed an irrelevant role of diabetic
status [1,3,4], whereas Kwon et al. [5] and Kotagal et al. [6] found a
paradox effect with patients with diabetes being at lower risk than
nondiabetic ones for the occurrence of infections.

A defining feature of this study is our employment of a sound
statistical methodology. This approach allows for the jointly
modeling of the effect of covariates on both a longitudinal (BG
trend over time) and a time-to-event outcome (appearance of
infection) and a risk of the event [21—24]|. The model provides a
solid framework to assess the association between the two out-
comes and to evaluate the impact of a particular profile over time
of the longitudinal factor on the prediction of the absolute risk of
event. By evaluating more than 6000 BG measures (average of

Joint model of continuous and longitudinal blood glucose measures and risk of infection by the hazard model.

Factors

Hazard Ratio (95% CI) P value

Age, per 10 years

Sex (male vs. female)

Body mass index, per 5 units

Blood glucose at admission, per 10 mg/dL
Target organ, upper GI (vs. lower GI)

Target organ, urology/gynecology (vs. lower GI)
Comorbidities (yes vs. no)

ASA (1/2 vs. 3)

Cancer (yes vs. no)

Laparoscopy (yes vs. no)

Type of surgery (not clean vs. clean)

Blood loss, per 100 mL

Duration of surgery >3 h

Time dependent intra-post-operative BG level, per 10 mg/dL

1.002 (0.982; 1.021
1.272 (0.778; 2.081
1.279 (0.959; 1.706
1.076 (0.883; 1.312
0.879 (0.497; 1.556 0.659
1.187 (0.635; 2.217 0.592

) 0.880
)
)
)
)
)
1.154 (0.700; 1.904) 0.711
)
)
)
)
)
)
)

0.338
0.094
0.465

1.024 (0.601; 1.738 0.928
0.915 (0.481; 1.738 0.786
0.688 (0.368; 1.289 0.243
1.752 (1.004; 3.059 0.048
1.128 (1.015; 1.236 0.025
1.841 (1.140; 2.975 0.013
1.065 (1.001; 1.113 0.045

BG: Blood glucose; GI: Gastrointestinal.
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month after surgery is also shown. A) decreasing trend of blood glucose starting from 110 mg/dL in during surgery to 84 mg/dL at the end of day 3; B) decreasing from 140 to 114; C)
decreasing from 180 to 154; D) constant at 80; E) constant at 110; F) constant at 140; G) increasing from 80 to 145; H) increasing from 110 to 175; I) increasing from 140 to 205.

Fig. 3. Predicted cumulative risk of infection for a “paradigmatic” patient according to different blood glucose profiles. For each scenario, the overall risk of infection during the first

an increased risk of 30% for each 40-point increase of plasma

13.45 per subject), we found that the rapidity and the risk of

glucose concentration [1]. The most relevant and remarkable

result of the present investigation is the lack of statistical asso-

infection onset increased by 0.65% for each 10 mg/dL increase of
the BG level. Despite exhibiting statistical significance, the clinical

ciation between the concentration of glucose measured during
the first 3 days after surgery and the 30-day risk of infectious

meaning of this augmented hazard may be negligible since i.e. for

a robust increment of 40 mg of BG, the absolute risk escalates of
2.6%.These finding are in contrast with previous reports showing

other studies [2—6,12]

several

In contrast,

complications.
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advocated a strong association between hyperglycemia and like-
lihood of infections. However, all these studies were retrospective
and evaluated sporadic or even isolated BG measures, obtained at
different time-points during operation or within the first days
after surgery or they evaluated the mean BG among all measures
or the highest value retrieved. Thus, an accurate evaluation of the
effect of glucose variability and trends over time could not be
meaningfully achieved. The important differences in results be-
tween our and those previous trials may partially explained by the
sample size of the studies. In fact, the lack of difference in infec-
tion rates among the subgroups of the our cohort could have been
driven by a type Il error. Moreover, the patients in present study
were kept without source of glucose for two days after surgery to
avoid the interference of an exogenous origin of derangement of
glucose homeostasis. This potential confounder was not assessed
in other studies.

Our findings suggest that the risk of having an infection after the
operation was mostly driven by the fluctuation of BG rather than by
the absolute concentration, since regardless the initial levels of BG,
the risk of infection was mainly driven by trends over time. Our
statistical modeling allowed to predict the risk of infection in a
paradigmatic patient with different BG starting levels and trends
over time. All BG profiles that exhibited an incremental tendency
were associated with high and overlapping calculated risk of
infection irrespective of the initial BG concentrations. These pro-
files may likely represent patients who develop true insulin resis-
tance in the postoperative course. In contrast, the BG profiles
having constant or spontaneously declining slopes over time lead
to a comparably and low risk regardless the initial glucose con-
centration. These finding suggest that the adverse consequences of
hyperglycemia may arise only in specific cohorts of subjects and
these are the one who consequently may require tight glucose
control and probably insulin therapy even at BG level lower than
180 mg/dL [16] as previously recommended [18]. Consistent with
our previous data [10], and taken together the present findings
suggest that mild to moderate hyperglycemia is not a major
determinant for the development of infectious complications
notwithstanding we observed a significant increase of the severity
of infection in patients moderate hyperglycemia. However, our
previous trial was not designed to study the effect of BG fluctuation
and time trends. In that context, the use of preoperative carbohy-
drate loading was effective in blunting insulin resistance and
maintaining BG levels within the normal range after operations.
Thus, the present results strengthen the validity of this therapeutic
approach as the use of preoperative carbohydrate enriched drinks
may limit the occurrence of persisting and incremental hypergly-
cemia over time.

Several limitations of this study should be acknowledged. We
design a study to limit potential intra- and postoperative con-
founding interventions that could affect the BG concentration. One
of these was the 2-day fasting after surgery that may be not
adherent to new standards of care such as the enhanced recovery
programs. Another shortcoming was the avoidance of adminis-
tering steroids that are largely used to prevent nausea and vomit-
ing, and again the use of intravenous dextrose during the time of
observation. In addition, the role of high glucose levels could not be
ruled out from the design of the study. It may be that in these pa-
tients the risk of infection is actually increased as reported by
others [2,3,6,16]. Furthermore, the study was not designed to
evaluate the mechanistic understanding by which persistent or
rising hyperglycemia over time may affect the occurrence of in-
fections. To minimize this drawback, we excluded patients who
exhibited a proven anastomotic leak and all blood glucose data
obtained from patients during the actual period of infection were
excluded from the final analysis.

In conclusion, our data suggest that most of the hyperglycemia
episodes occur during surgery and within the first 24 h after the
operation. The persistence of hyperglycemia over time and the
variation — as opposed to the absolute concentration — of blood
glucose are major determinants of the risk of postoperative in-
fections. These findings helped to determine the appropriate in-
terval for blood glucose measurements in the perioperative period
and in the future to direct the allocation of resources to at-risk
patients.
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