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Background: Perioperative glycemic status after pancreatic surgery has never been described. However,
it’s essential for optimal perioperative glucose management and understanding the pathogenesis of new-onset
diabetes mellitus (NODM) after pancreatectomy. Continuous glucose monitoring (CGM) system provides us
a helpful tool for closely monitoring and studying perioperative glucose change. This study tried to describe
and compare perioperative glucose level and glycemic variability between different types of pancreatic
surgeries via CGM device.

Methods: This study was designed as a prospective observational study. Eighteen patients were enrolled
and were grouped by different types of surgery received: control group (CTRL), pancreaticoduodenectomy
(PD), distal pancreatectomy (DP), and total pancreatectomy (TP). CGM devices were implanted and
initiated right after the surgery. Mean glucose value (MGYV), coefficient of variation (CV), mean of daily
difference (MODD), continuous overall net glycemic action (CONGA), and time above range (TAR)/time
below range (TBR) was compared between groups to assess glucose level and glycemic variability.

Results: TP showed the highest MGV and CV among all groups (P<0.001), while CTRL showed the
lowest (P<0.001). PD and DP had similar MGV and CV lower than TP but higher than CTRL (P<0.001).
TP had the highest MODD and CONGA, CTRL had the lowest, but no significant differences were found
between groups. TP had the highest TAR (24.29%) and the lowest TBR (1.28%), while the control group
showed the opposite. The differences in TAR/TBR between groups were all significant (P<0.05).
Conclusions: TP had the highest mean glucose level and the greatest glycemic variability. PD and DP
had similar results: a higher mean glucose level than control but lower than TP. For glycemic variability,
PD and DP seemed to have a near-normal result resembling the control group. CGM is useful for glucose

monitoring in the perioperative management of pancreatic surgery.
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Introduction

Optimal perioperative glucose control is crucial for
surgical patients during the perioperative period, as both
hyperglycemia or hypoglycemia might lead to a higher
incidence of surgical site infection (SSI) and poor surgical
outcomes (1-3). For pancreatic surgery, perioperative
intensive insulin therapy might also help to lower the
incidence of postoperative pancreatic fistula (POPF) (4).

However, it’s usually challenging to maintain the glucose
level in the optimal range for patients after pancreatic
surgeries. Pancreatic surgery and underlying pancreas
disease might hamper a patient’s glucose metabolism by
directly reducing insulin secretion. In the meanwhile, most
patients remain normal insulin sensitivity (5,6). This makes
patients more vulnerable to glycemic change and results
in a higher risk for both hypoglycemic and hyperglycemic
events. Besides, different types of pancreatic surgeries might
have different impacts on a patient’s glucose metabolism
(7,8), thus making perioperative glycemic variability more
unpredictable.

Therefore, it’s relatively essential to know the perioperative
glycemic status for different types of pancreatic surgeries.
It might reveal different patterns of glucose fluctuation
between different surgical types and help identify more
extreme glucose values during the perioperative period,
which was helpful for surgeons to make an optimal plan for
perioperative glucose management (9). In addition to that,
perioperative glycemic variability might also be beneficial
for exploring the pathogenesis of new-onset diabetes
mellitus (NODM) after pancreatectomy and recognizing
potential early triggers for this disease (10,11).

Continuous glucose monitoring system (CGM) utilizes
a subcutaneous sensor to monitor the glucose level in the
interstitial fluid (12). It can continuously monitor real-
time interstitial glucose and record the glucose value every
15 minutes for a maximum of 14 days. CGM has been
widely used to improve glycemic control in outpatients with
diabetes mellitus (12-14). It also has been introduced for in-
patients in the intensive care unit (ICU), or those receiving
cardiac or neurosurgeries (15-18). The characteristics of
CGM above making it especially suitable for monitoring
and evaluating the perioperative glycemic status after
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pancreatic surgery: all glucose values recorded every
15 minutes can help us to know the pattern of glycemic
fluctuation after surgery, and the real-time monitoring is
able to recognize potential hyper- or hypoglycemic attacks
and avoid serious complications.

Nevertheless, only a few studies are applying CGM to
patients after pancreatic surgeries. Recent two studies used
CGM to investigate the long-term postoperative, rather than
perioperative, glycemic status for pancreaticoduodenectomy
(PD), distal pancreatectomy (DP), and total pancreatectomy
(TP) (7,8). 'To the extent of our knowledge, the perioperative
glycemic status has never been described for pancreatic
surgeries so far.

In this pilot study, we tried to describe and compare
the different patterns of perioperative glycemic status for
three different types of pancreatectomy (PD, DP, and TP)
via CGM device, hoping to provide some information
for further study the complex glucose metabolism after
pancreatectomy. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/gs-21-495).

Methods
Ethics statement

The study was conducted at the department of pancreatic
surgery, Huashan Hospital, Fudan University, Shanghai,
China, in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by the Clinical
Ethics Committee of Huashan Hospital and registered at
chictr.org.cn (ChiCTR2000030177). All patients included
agreed to donate their data for research voluntarily and
provided written informed consent on admission.

Patients and study design

The study was designed as a prospective, observational
study. Patients were prospectively recruited from in-patients
who planned to receive surgical therapy at our department
from May to September in 2020. All patients included
should fulfill the following criteria: (I) aged from 18 to
75; (II) no history of diabetes mellitus; (III) fasting plasma
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glucose <7.0 mmol/L and HbAlc <6.5% on admission;
(IV) planned to receive an inerratic pancreatectomy
(including PD, DP, and TP) or a palliative surgery without
pancreatectomy (like gastrojejunostomy or “open-close”
laparotomy). Patients with the following characteristics
were excluded: (I) previous history of any types of pancreatic
surgery; (II) unregular pancreatectomy (enucleation, middle
pancreatectomy, etc.) was performed; (III) pancreatic or
extra-pancreas lesions might influence normal glucose
metabolism like insulinoma, glucagonoma, ectopic ACTH
syndrome, etc. Patients were separated into four different
groups (control group, PD, DP, and TP) by different
surgical procedures received. Those who received palliative
surgeries without pancreatectomy were categorized to the
control group.

CGM system and glucose monitoring

The FreeStyle Libre (FL; Abbott Diabetes Care, Alameda,
CA, USA) flash glucose monitoring system was used in our
study for CGM. This device used a small disposable sensor,
which should be implanted subcutaneously to measure
interstitial glucose values for a maximum of 14 days.
After being implanted and fully set, the CGM device will
continuously monitor interstitial glucose levels and record
the glucose value down for an interval of every 15 minutes.

In this study, the sensor was implanted on the lateral
side of the right upper arm for all participants. To avoid
potential disturbance brought by electrothermal surgical
devices (16), sensors were placed and activated in the post-
anesthesia care unit (PACU) right after the surgery. After
the device had been set for over 14 days or the patient
was discharged, the sensor was removed from the patient,
and all data were gathered. During the whole process of
the study, clinical decisions were made independent of the
glucose value recorded by the CGM system.

Perioperative management

As all patients included were non-diabetic preoperatively,
no extra intravenous or subcutaneous insulin was prescribed
preoperatively. During the postoperative period, for
patients who underwent PD, DP, and TP, 1 unit of insulin
was applied with every 3 grams of carbohydrates if there
were carbohydrates in the intravenous fluids. For patients
in the control group, no intravenous insulin was applied
with carbohydrates in fluids. Besides insulin prescribed
with fluids, for patients in the control group, PD, and DP,
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subcutaneous insulin was prescribed on demand to keep
the patient reach a target glucose level of 3.9-10 mmol/L.
In the TP group, an intravenous insulin pump was used to
control glucose until the patient resumed oral intake. After
a TP patient resumed oral intake, an insulin replacement
therapy strategy combining subcutaneous rapid-acting
and long-acting insulin was prescribed. The strategy
was adjusted daily according to the glucose status on the
previous day. In this study, the daily extra insulin dose
during the CGM monitoring period was calculated as the
total amount of insulin prescribed except for insulin applied
with carbohydrates in intravenous fluids.

Major postoperative complications, including clinically
relevant postoperative pancreatic fistula (CR-POPF) (19),
delayed gastric empty (DGE) (20), post-pancreatectomy
hemorrhage (PPH) (21), SSI (1), and other events met
Clavien-Dindo grade 3 or higher (22), were recorded in our
study.

Statistical analysis

The mean and the standard variation (SD) of glucose
value was calculated with all glucose values recorded in
all patients of each group. To access perioperative glucose
variability between different groups, the following several
parameters were introduced. The coefficient of variation
(CV) of glucose for each group was calculated as the SD
divided by the mean of glucose. Mean of daily difference
(MODD), reflecting inter-day glucose variation, was
defined as the mean of absolute differences between
glucose values taken on two sequent days at the same
time (23). Continuous overall net glycemic action per z
hours (CONGA, n), a parameter for describing intra-day
glucose variation, was defined as the SD of all differences
between the current glucose value and the value » hours
ago (23,24). For describing the glucose distribution in
each group, time above range (TAR) (>10 mmol/L), time
in range (3.9-10 mmol/L), and time below range (TBR)
(<3.9 mmol/L) was evaluated according to the published
international consensus (13).

All statistical analyses were performed with R (version
4.0.2), and graphic presentations were made in GraphPad
Prism 8 (GraphPad Software, San Diego, California, USA).
We used R package CGManalyzer to calculate MODD
and CONGA for each individual (25), and R package
cvequality (version 0.1.3; Marwick and Krishnamoorthy
2019) to calculate CV and test for significant differences
between groups. For continuous data, if a variable followed
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Table 1 Preoperative baseline characteristics between different groups

Mao et al. Glycemic status after pancreatic surgery

All cases CTRL PD DP TP P value
Gender (male/female) 7/11 1/2 4/4 41 11 0.727
Age (years) 57.11£13.35 57.0+17.1 61.9+11.5 50.6+15.5 54.5+12.0 0.554
Height (cm) 164.11+5.44 164.00+5.29 165.25+6.54 161.60+4.10 166.00+5.66 0.686
Weight (kg) 57.25+8.41 55.17+4.75 54.63+7.31 58.40+9.36 68.00+11.31 0.236
BMI (kg/m?) 21.21+2.51 20.50+1.14 19.95+1.86 22.29+2.79 24.58+2.43 0.060
FBG (mmol/L) 5.22+0.53 4.90+0.87 5.21+0.35 5.14+0.47 5.50+0.99 0.611
HbA1c (%) 5.38+0.63 5.07+0.61 5.48+0.77 5.48+0.58 5.20+0.28 0.868
C-peptide (ug/L) 2.01+1.22 3.58+2.35 1.83+0.58 1.51+0.79 1.62+0.28 0.086
HOMA-IR 2.37+2.09 4.14+3.81 2.39+2.04 1.36+0.39 2.14+0.79 0.365
Daily extra insulin (IU) 4.11+£9.43 0.10+0.18 0.95+0.81 1.76+1.52 28.60+12.03 <0.001
POD (days) 11.94+6.70 7.00+5.29 15.25+7.74 10.20+5.17 10.50+0.70 0.273

Data are presented as mean + standard deviation. BMI, body mass index; FBG, fasting blood glucose; HOMR-IR, homeostatic model
assessment for insulin resistance; 1U, international units; POD, postoperative days of stary before discharge; CTRL, control group; PD,
pancreaticoduodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy.

the Gaussian distribution, one-way ANOVA was used to
compare group differences; otherwise, the Kruskal-Wallis
test was applied. For categorized data, chi-square test was
applied. Continuous data were presented as mean = SD
if applicable. P values <0.05 were accepted as statistically
significant.

Results
Baseline characteristics of all participants

A total of 20 participants were initially recruited, 18 were
finally included in further evaluation. Two patients dropped
out of the study, one was excluded due to a technical failure
of the sensor, and the other withdrew the informed consent
before discharge. A flow diagram of participants recruited
was provided in Figure S1.

Among 18 patients finally included, 2 received TP,
8 received PD (the Whipple procedure), 5 received DP,
and 3 received palliative surgery without pancreatectomy
(2 palliative bypass surgery and 1 “open-close” laparotomy).
The pathological diagnosis of these patients included
14 pancreatic ductal adenocarcinoma (PDAC), 1 intraductal
papillary mucinous neoplasm (IPMN), 1 serous cystic
neoplasm (SCN), 1 periampullary carcinoma, and
1 multiple myeloma (Table S1). The average length of
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CGM monitoring for all participants was 10.00+3.40 days.

The baseline characteristics of all participants for each
group were listed in Table 1. For patients in four different
groups, they had no statistically significant difference in
gender distribution (P=0.727). They had similar results in
average age, height, weight, body mass index (BMI), fasting
blood glucose (FBG), HbAlc, C-peptide, and homeostatic
model assessment for insulin resistance (HOMA-IR) index
(all P value >0.05).

The average postoperative days of stay before discharge
was 11.94x6.70 days, and no significant difference was
noticed between all four groups (P=0.273). For postoperative
daily extra insulin dose during the monitoring period,
the TP group had the highest dose of 28.60+12.03 units,
the control group had the lowest dose of 0.10+0.18 units
(P<0.001). The PD and the DP group had a similar dose
of extra insulin, and further pairwise comparison found no
significant difference between these two groups (P>0.05).

The overall incidence of postoperative complications
was low. The control group and the TP group had no
complications. CR-POPF occurred only on 1 patient in the
DP group, and biochemical leak happened on 6 patients (2
in PD, 4 in DP). Grade C DGE happened on 2 patients in
the PD group. Superficial SSI occurred on 1 patient in the
PD group.
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Table 2 Postoperative glycemic variability between different groups
CTRL PD DP TP P value
Mean glucose value 4.61+1.61 6.20+2.26 6.16+2.07 8.24+3.76 <0.001
CV of mean glucose 0.349 0.365 0.336 0.457 <0.001
CONGA, 2 1.492+0.569 1.786+0.420 1.764+0.318 2.164+0.536 0.428
MODD 0.437+0.272 0.401+0.082 0.409+0.042 0.506+0.147 0.753

Data are presented as mean =+ standard deviation if applicable. CV, coefficient of variation; CONGA, continuous overall net glycemic
action; MODD, mean of daily difference; CTRL, control group; PD, pancreaticoduodenectomy; DP, distal pancreatectomy; TP, total

pancreatectomy.
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Figure 1 The perioperative mean glucose level and deviation
for different groups. ****, P<0.001. CTRL, control group; PD,
pancreaticoduodenectomy; DP, distal pancreatectomy; TP, total

pancreatectomy; ns, not significant.

Perioperative glucose level and glycemic variability

The data about perioperative mean glucose value (MGV)
and glycemic variability for all groups were presented
in Table 2. As expected, the MGV for the control group
was 4.61x1.61 mmol/L, which was the lowest, while the
TP group had the highest MGV of 8.24£3.76 mmol/L.
The PD group and the DP group had similar MGVs
(6.20+2.26 mmol/L for PD, 6.16+2.07 mmol/L for DP)
with no significant difference (P=0.098). The further
pairwise comparison suggested, except for the difference
between PD and DP, other differences between groups were
all significant (P<0.001) (Figure 1, Table S2).

Furthermore, the TP group had the highest CV of 0.457,
indicating patients who underwent TP were characterized

by greater postoperative glucose fluctuation than others.
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Other three groups had similar CV values (Control:
0.349; PD: 0.365; DP: 0.336). Nevertheless, statistical
analysis suggested the pairwise differences of CV between
groups were all significant (Table S2). Figure 2 presents
the difference in glucose fluctuation per 24-hour period
between the control group and other groups.

For net glycemic variation accessed by CONGA, 2, the
TP group exhibited the highest value of 2.164+0.536, and
the control group had the lowest value of 1.492+0.569.
Meanwhile, PD and DP had similar values between TP and
the control group (PD: 1.786+0.420; DP: 1.764£0.318).
However, no statistically significant differences were found
between groups. For MODD, the TP group had the
highest value (0.506+0.147), followed by the control group,
DP, and PD. But there were also no statistically significant
differences between groups.

The distribution of postoperative glucose value

The glucose distribution of each group was listed in Table 3
and graphically presented in Figure 3. In all four groups,
the TP group spent the most time above the target range
(24.29%) and the least time below the range (1.28%). In
contrast, the control group bare have glucose value above
range (0.79%) and spent the most time below the range
(37.01%). Pairwise comparisons between groups about
time above/below range were presented in Table S3, all P
values <0.05.

Other potential factors that might affect glucose status

Besides the difference between different surgical
procedures, we also tried to explore the potential effect of
2 other factors that might have an impact on postoperative
glucose status.

Firstly, postoperative complications were taken into
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Figure 2 Comparisons of glucose fluctuation per 24-hour period between the control and other groups. (A) The control group (CTRL,
grey) vs. total pancreatectomy (TP, red). (B) The control group (CTRL, grey) vs. pancreaticoduodenectomy (PD, blue); (C) The

control group (CTRL, grey) vs. distal pancreatectomy (DP, green). CTRL, control group; PD, pancreaticoduodenectomy; DP, distal
pancreatectomy; TP, total pancreatectomy.

Table 3 The distribution of postoperative glucose value between different groups

CTRL PD DP TP P value
Time below range (<3.9 mmol/L) (%) 37.01 13.40 10.85 1.28 <0.001
Time within range (3.9-10 mmol/L) (%) 62.20 79.95 83.62 74.43
Time above range (>10 mmol/L) (%) 0.79 6.65 5.53 24.29

CTRL, control group; PD, pancreaticoduodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy.
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Figure 3 The glucose distribution of different groups. CTRL, control group; PD, pancreaticoduodenectomy; DP, distal pancreatectomy;
TP, total pancreatectomy.
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consideration. On this topic, we only took data from PD
and DP groups to avoid potential bias caused by different
surgical procedures. Results suggested that patients without
any grades of POPF seemed to have a higher mean glucose
level than those with POPF (6.68+2.24 vs. 5.77+1.98,
P<0.001), but they had no significant difference in glycemic
variability (Table S4). A similar result was also found
between patients with and without major complications
(6.17+1.96 vs. 6.03+2.50, P<0.001) (Table S5).

Secondly, the difference between the first 5 days and
5 days after surgery was investigated (Table S6). PD and DP
group had a higher mean glucose level in the first 5 days,
while the TP group showed a higher mean glucose level
after 5 days (all P values <0.001).

Discussion

As pancreatic surgeries have been performed more
than before, NODM or the glycemic change after
pancreatectomy is now attracting greater attention from
both surgeons and physicians (7,8,10,26,27). Nevertheless,
neither the pathophysiology nor the pathogenesis behind
it has been fully understood, and only a few studies have
demonstrated the detailed glycemic variability after
pancreatectomy. CGM device provides us a utility tool
for glucose monitoring (13,28). Recently, there were two
studies using CGM to investigate patients’ glycemic status
and variation long after the original pancreatic surgery
(7,8). However, perioperative glycemic variability seems
to have never been described for pancreatic surgeries. Our
work might be the first study using CGM to characterize
the perioperative glucose level and glycemic variability of
different types of pancreatic surgeries.

The results of our study revealed that patients after total
pancreatectomy had the highest mean glucose level, the
greatest glycemic variability, and the longest time above the
target range in all four groups. Those who underwent PD
or DP had similar mean glucose levels, which were higher
than the control group and lower than the TP group.
Furthermore, these two groups seemed to have a near-
normal glucose variability resembling the control group.

All patients who received any type of pancreatectomy
had a higher mean glucose level than control. This could
be mainly explained by the loss of beta cells, leading to
the definite insufficiency of intrinsic insulin. TP led to
the loss of all intrinsic insulin, mimicking patients with
type 1 diabetes mellitus (8), thus presented the highest
mean glucose level. In the meanwhile, TP also depleted
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all alpha cells and completely broke down the existing
glucose hemostatic system, making patients insufficient
for both glucose-raising and glucose-lowering hormones.
Besides, patients who received TP were related to increased
peripheral insulin sensitivity and decreased hepatic reaction
to insulin (29,30). These made the TP group also presents
the most significant glycemic variability assessed by CV,
CONGA, and MODD, which was in accordance with the
clinical impression of “brittle” diabetes when talking about
NODM after pancreatectomy (30).

When it comes to PD and DP, they had a higher mean
glucose level than control but lower than TP. The finding
was consistent with the fact that PD and DP were only
related to partial depletion of pancreas parenchyma and
beta cells. At the same time, they also seemed to have a
near-normal glycemic variability resembling the control
group, reflecting these two groups could still somehow
maintain glucose hemostasis to some certain extent under
the circumstance of insulin deficiency. This might partially
be attributed to the function of other endocrine cells in the
Langerhans islet (31-33).

Interestingly, existent evidence suggested that the tail
of the pancreas usually had a higher density of beta cells
than the head of the pancreas (34). Therefore, patients who
received DP were supposed to suffer more from insulin
insufficiency than PD. However, our study found no
difference between these two groups. This might remind
us there might be other factors besides beta-cell loss that
could affect postoperative glucose metabolism. In fact,
the exact volume of resected pancreas parenchyma (10),
gastrointestinal anastomosis (35,36), intestinal microbes
(7,37,38) and so on were all possible factors. These factors
might also contribute to maintaining a near-normal glucose
variability after PD and DP. Further studies could make
a more elaborate design to investigate the effect of each
possible factor on glucose metabolism after different types
of pancreatic surgeries.

In this study, we also found patients in the control
group experienced the largest percentage of TBR, leading
to an illusion that the control group might have a higher
chance of suffering hypoglycemic attacks. However, we
consider this result was not clinically significant because
the normal range of glucose level could extend down
to 3 mmol/L (39) and interstitial glucose detected by
CGM was usually lower than capillary or venous glucose
(16,40). Therefore, a glucose level below the target range
(4 mmol/L) but above 3 mmol/L could be regarded as
normal values for patients in our control group.
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We also tried to investigate the effect of postoperative
complications on glycemic status. Our results suggest
that patients with complications were related to a lower
average glucose level, which seemed just opposite to the
hypothesis that hyperglycemia could lead to a poor surgical
outcome (1-3). Our team considered that our postoperative
management might cause the difference. For instance, when
a patient had already or was about to develop comorbidities,
we always started to give the patient more intensive glucose
management than the previous period. Meanwhile, after a
complication developed, discharging was delayed. These
factors made patients with complications receive intensive
glucose management for longer, finally leading to a lower
average glucose level.

In addition, we also found PD and DP had higher
mean glucose in the first 5 days while TP showed the
opposite. We assumed that the PD and DP were caused
by postoperative stress and intravenous fluids in the first
3 to 5 days after surgery. When it comes to TP, although
postoperative stress and fluids do play a role, the higher
mean glucose after 5 days might reflect that oral diets could
cause a more significant effect and exceed what was caused
by fluids or stress. As these two results were extracted from
limited data, they should be carefully interpreted to other
fields and re-confirmed by future studies.

Through the current study, for the first time, we
acquired a preliminary acknowledgment for the general
pattern of perioperative glycemic status after three major
types of pancreatic surgeries. The result might help
surgeons to optimize the strategy of perioperative glucose
management. The diurnal glucose fluctuation provided by
CGM like Figure 2 could help us find some interesting and
easily overlooked factors, which would never be detected
when using traditional point of care tests. According to the
findings, different strategies of insulin replacement therapy
and glucose monitoring could be tailored for different types
of surgery. For example, patients after TP might need a
higher total dose of daily insulin to reach optimal glucose
control as they presented a higher mean glucose level.
Moreover, to avoid acute complications related to hypo-
or hyperglycemia, they might also need more intensive
glucose monitoring and avoid bolus insulin administration
due to the more significant glycemic variability. Besides,
CGM devices might be more suitable for these patients.
It can provide the patient with more meticulous care of
glucose while bringing no extra painful experiences, and it
can also reduce the workload and the burden for nurses (16).
Meanwhile, patients who received PD or DP might share a
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similar strategy during the perioperative period. Additional
insulin replacement might help them to maintain the
glucose level in the optimal range, and a regular point-of-
care approach would be enough for glucose monitoring.

Furthermore, revealing perioperative glycemic status
for different surgeries might help explore the pathogenesis
and pathophysiology of NODM after pancreatectomy.
Comparing results between different surgical groups might
help us to recognize different triggers of NODM related
to specific surgical procedures. Comparing perioperative
glycemic status with results long after initial surgery might
discover compensation mechanisms for regaining glucose
hemostasis. For instance, in a recent study, researchers
found that patients who underwent DP were more
vulnerable to diabetes than PD (7), whereas our study
found almost no difference between these two groups.
This indicating there might be one or more “late triggers”
developed during the long postoperative period, which
might be discovered in future studies.

As it was only a pilot observational study, our study still
had several limitations. First, the study had a relatively small
sample size, and subjects were not evenly distributed in each
group. Some results might not show a statistically significant
difference due to this limitation. For example, our study
found a trend of CONGA was higher in PD/DP than the
control and was highest in TP, which was in line with clinical
experience, but statistical analysis showed no significant
difference. Another limitation was our control group was not
that a “perfect” control group. As “no pancreatectomy” was
the only inclusion criteria, patients in this group received
different palliative surgeries, thus making the control group
somehow lacked internal consistency. As no pancreatectomy
was performed, the control group usually resumed oral
intake earlier than others and had no limitations on diets.
This made them have less external consistency and present
higher inter-day glucose variation than others due to the
influence of diets. Therefore, in our results, the control
group had a higher MODD than PD and DP. Besides
the patients in the control group were at a late stage of
pancreatic cancer and were unresectable, which was distinct
from the other three groups, and this might give additional
bias to the results. To solve these issues, our future studies
will focus on only one or two specific types of pancreatic
surgery, include a greater number of participants, and choose
a more suitable control group for it. Finally, it was a pity
that we failed to give most of these patients a proper long-
term follow-up, so the long-term glycemic status between
different surgical procedures was unknown. Now we are
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conducting a new study on this topic.

Conclusions

Our study first attempted to describe the perioperative
glucose level and glycemic variability after three different
types of pancreatic surgeries with the CGM system. TP
group had the highest mean glucose level and the greatest
glycemic variability. PD and DP had similar results: a
higher mean glucose level than control but lower than TP.
For glycemic variability, PD and DP seemed to have a near-
normal result resembling the control group.
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Supplementary

20 participants initially recruited

Y

18 participants included for analysis

2 participants dropped out:
1 excluded due to technical failure of the CGM sensor
v 1 withdraw the informed consent

Y

3 in the control group

8 received pancreaticoduodenectomy

5 received distal pancreatectomy

>
>

2 received total pancreatectomy

Figure S1 The flow diagram for participants recruited.

Table S1 The pathological diagnosis and surgery for each patient

Patient Diagnosis Surgery Resection line Average daily extra insulin (IU)
1 PDAC DP Above PV 3.80
2 PDAC PD Above PV 2.00
3 IPMN PD Above PV 0
4 PDAC TP N/A 20.09
5 periampullary cancer PD Above PV 0
6 PDAC DP Above PV 2.44
7 PDAC DP Above PV 0.57
8 multiple myeloma PD Above PV 0.57
9 PDAC DP Above PV 0
10 PDAC PD Above PV 1.14
11 SCN DP 3 cm left to PV 2.00
12 PDAC TP N/A 37.10
13 PDAC Palliative gastrojejunostomy and cholangiojejunosotmy N/A 0
14 PDAC PD Above PV 0.86
15 PDAC Palliative gastrojejunostomy N/A 0
16 PDAC PD Above PV 217
17 PDAC “Open-close” laparotomy with biopsy for metastatic N/A 0.31
lesions on peritoneum
18 PDAC PD Above PV 0.86

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm; SCN, serous cystic neoplasm; PD,
pancreaticoduodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy; PV, portal vein; N/A, not applicable; U, international

units.
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Table S2 Results of pairwise comparison of postoperative glycemic Table S3 Results of pairwise comparison of the distribution of

variability different groups postoperative glucose value between different groups

Mean glucose value  CV of mean glucose Time above range Time below range
CTRL vs. PD <0.001 0.009 CTRL vs. PD <0.001 <0.001
CTRL vs. DP <0.001 0.030 CTRL vs. DP <0.001 <0.001
CTRLvs. TP <0.001 <0.001 CTRLvs. TP <0.001 <0.001
TP vs. PD <0.001 <0.001 TP vs. PD <0.001 <0.001
TP vs. DP <0.001 <0.001 TP vs. DP <0.001 <0.001
PD vs. DP 0.980 <0.001 PD vs. DP 0.012 <0.001
CTRL, control group; PD, pancreaticoduodenectomy; DP, distal CTRL, control group; PD, pancreaticoduodenectomy; DP, distal
pancreatectomy; TP, total pancreatectomy. pancreatectomy; TP, total pancreatectomy.

Table S4 The potential effect of post-operative complication (POPF) on patients’ glycemic status in PD and DP

With POPF (n=7) Without POPF (n=6) P value
Mean glucose value 5.77+1.98 6.68+2.24 <0.001
CV of mean glucose 0.3427 0.3354 0.138
CONGA, 2 1.69+0.35 1.88+0.40 0.705
MODD 0.38+0.05 0.42+0.08 0.353

POPF included all levels of POPF: biochemic leak, grade B, and grade C. POPF, post-operative pancreatic fistula; PD,
pancreaticoduodenectomy; DP, distal pancreatectomy; CV, coefficient of variation; CONGA, continuous overall net glycemic action;
MODD, mean of daily difference.

Table S5 The potential effect of post-operative complication (major complications) on patients’ glycemic status in PD and DP

With complications (n=4) Without complications (n=9) P value
Mean glucose value 6.03+2.50 6.17+1.96 <0.001
CV of mean glucose 0.4151 0.3175 <0.001
CONGA, 2 1.78+0.54 1.78+0.31 0.179
MODD 0.42+0.10 0.40+0.06 0.212

Major complications were defined as clinical relevant post-operative pancreatic fistula (CR-POPF), all grades of delayed gastric empty
(DGE), all grades of post-pancreatectomy hemorrhage (PPH), all grades of surgical site infection (SSI), and all other Clavien-Dindo
>3 events. PD, pancreaticoduodenectomy; DP, distal pancreatectomy; CV, coefficient of variation; CONGA, continuous overall net
glycemic action; MODD, mean of daily difference.

Table S6 The difference of mean glucose level (mmol/L) within
and after 5 days in each group

First 5 days After 5 days P value
PD 6.67+2.07 5.71+£2.24 <0.001
DP 6.28+2.09 6.02+1.94 <0.001
TP 8.02+3.21 8.60+4.13 <0.001

PD, pancreaticoduodenectomy; DP, distal pancreatectomy; TP,
total pancreatectomy.
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