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＜Abstract＞ 

Objectives 

Perioperative hyperglycemia is associated with poor postoperative recovery, including 

compromised immune function and increased risk of infection. A closed-loop glycemic 

control system (artificial pancreas) has demonstrated safe perioperative strict glycemic 

control without hypoglycemia risk. We hypothesized that the artificial pancreas would 

reduce surgical site infections and postoperative inflammatory reactions. Our study 

aimed to assess the effect of the artificial pancreas on surgical site infections and C-

reactive protein levels after cardiac surgery. 

Design 

A single-center retrospective, propensity score-matched analysis 

Setting 

A university hospital 

Participants 

In total, 295 patients who underwent cardiovascular surgery with cardiopulmonary 

bypass were included. 

Interventions 

Patients were divided into two groups: artificial pancreas (target blood glucose: 120–

150 mg/dL) and intravenous insulin infusion (conventional insulin therapy, target blood 

glucose: <200 mg/dL).  

Measurements and Main Results 

The difference in the incidence of surgical site infections and C-reactive protein levels 

between the two groups was assessed. After 1:1 propensity score-matching based on 

their covariates, 101 matched patients were selected from each group. The incidence of 
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surgical site infections was reduced by 3%, 5% (conventional insulin therapy), and 2% 

(artificial pancreas), but the reduction was not statistically significant (P=0.45). The 

postoperative maximum C-reactive protein level was significantly lower in the artificial 

pancreas group than in the conventional insulin therapy group (14.53 (5.64) mg/dL vs. 

16.57 (5.58) mg/dL; P=0.01). 

Conclusions 

The artificial pancreas did not demonstrate a significant reduction in the incidence of 

surgical site infections. However, the artificial pancreas was safe and suppressed 

postoperative inflammation compared with conventional insulin therapy. 

 

Key Words:  

artificial pancreas; cardiac surgery; glycemic control; insulin therapy; perioperative 

hyperglycemia; postoperative inflammation; surgical site infection  
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Introduction 

Perioperative hyperglycemia induced by surgical stress is common in patients 

with or without diabetes and is associated with poor postoperative recovery, including 

compromised immune function and increased risk of infection.1–4 Some studies have 

suggested that normal perioperative glycemic control improves surgical outcomes and 

reduces postoperative mortality and morbidity.5,6 Some guidelines also recommend an 

optimal target blood glucose range below 180–200 mg/dL to reduce surgical site 

infections (SSIs).7–9 SSIs are one of the serious complications known to occur after 

cardiac surgery. The incidence of SSIs has been reported to be 1–10% and is associated 

with an increase in the mortality rate, reaching 25% in some cases.10–11 In cardiac 

surgery, cardiopulmonary bypass (CPB) is a significant risk factor for postoperative 

hyperglycemia,12 and postoperative strict glycemic control improves surgical 

outcomes;13 however, strict glycemic control with insulin carries a risk of 

hypoglycemia.14 Additionally, postoperative hypoglycemia is associated with morbidity 

and mortality in cardiac surgery patients.15  

Recent studies have demonstrated that a closed-loop glycemic control system 

can achieve strict perioperative glycemic control safely, with no hypoglycemia 

events.16–22 Therefore, after cardiovascular surgery with CPB, we routinely use a 

bedside closed-loop glycemic control device, termed the artificial pancreas, to maintain 

set blood glucose levels using an automatic infusion of insulin and glucose. The primary 

objective of this study was to test the hypothesis that the incidence of SSIs would be 

different in patients who underwent CPB and were treated with the bedside artificial 

pancreas or conventional insulin therapy. The secondary objective was to compare 
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inflammatory responses between the two groups using C-reactive protein (CRP) as a 

biomarker of inflammation. Therefore, our study aimed to assess the effect of the 

artificial pancreas on SSIs and CRP levels after cardiac surgery. 
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Methods 

Study Design and Ethical Approvals  

This was a single-center, retrospective study whose design was approved by 

our hospital’s ethics committee (ref: 2020–0462). Written informed consent was not 

obtained due to the opt-out option provided during the recruitment of all participants 

who underwent cardiac surgery between July 2018 and September 2020.  

 

Enrollment of Patients 

Patients who underwent cardiovascular surgery with CPB and were transferred 

to the surgical intensive care unit (ICU) were included in the study. Patients who 

underwent an emergency operation or cardiovascular surgery without CPB were 

excluded. Additionally, patients who underwent cardiovascular surgery due to infection 

(i.e., infective endocarditis, infected aortic aneurysm) were excluded. Those who 

underwent heart transplantation and ventricular assist device surgery, thoracoabdominal 

aortic aneurysm replacement, or pulmonary endarterectomy for chronic 

thromboembolic pulmonary hypertension were also excluded. Based on these inclusion 

and exclusion criteria, 295 patients were analyzed. The study included diabetic or non-

diabetic patients. 

In our institution, intraoperative glycemic control is determined by each 

anesthesiologist. Since October 2019, postoperative glycemic treatment with a closed-

loop glycemic control device (artificial pancreas) has been administered after cardiac 

surgery with CPB in the surgical ICU. The patients were divided into two groups: those 

treated with the closed-loop glycemic control device (artificial pancreas) from October 

2019 to September 2020 and those who received conventional insulin therapy to 
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maintain blood glucose levels using insulin infusion (conventional insulin therapy) from 

July 2018 to September 2019. All patients received cephalosporin antibiotics 

immediately before the surgery until 48 h after the surgery to prevent SSIs. 

 

Postoperative Glycemic Control Method 

The bedside artificial pancreas, a closed-loop glycemic control system (STG-

55; Nikkiso Co. LMT, Tokyo, Japan), consists of a blood glucose measurement unit and 

an insulin or glucose injection unit. Blood is continuously collected from an intravenous 

catheter (less than approximately 2 mL/h), and the blood glucose level is continuously 

measured using the glucose oxidase enzyme electrode method. Automatic infusion of 

insulin and glucose is controlled by a management algorithm according to the blood 

glucose level and the change in the blood glucose level per minute. Insulin infusion rate 

= IA/100 × [BG(t) – ID] + IB/100 × [ΔBG(t)] + IC. Glucose infusion rate = GA × [GD 

– BG(t)] – GB × ΔBG(t) + GC. BG(t) is the current blood glucose level, and ΔBG(t) is 

the blood glucose level change. As proportional coefficients, IA was set to 10 (mUnit･

mL/g2/min) and GA to 0.5 (dL/kg/min). As differential coefficients for ΔBG(t), IB was 

set to 100 (mUnit･mL/g2) and GB to 0.5 (dL/kg). As fixed coefficients, IC was set to 

0.225 (mUnit/kg/min) and GC to 0 (mg/kg/min). ID was set to 150 (mg/dL) and GD to 

120 (mg/dL) as target blood glucose levels (120–150 mg/dL). This glycemic control 

with the aid of the artificial pancreas was performed for 16–24 h after surgery. After the 

use of the artificial pancreas, blood glucose was controlled with conventional insulin 

therapy. Data regarding blood glucose, insulin dose, and glucose dose were recorded in 

the artificial pancreas system every minute. 

By contrast, conventional insulin therapy was a glycemic control method of 
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continuous and/or bolus intravenous insulin infusion when the blood glucose levels 

exceeded 200 mg/dL after admission to the surgical ICU. We maintained the blood 

glucose level below 200 mg/dL by adjusting the insulin dose. 

 

Outcome Measurements 

Primary Outcome 

The primary outcome was the incidence of SSIs for each of the two glycemic 

control methods: artificial pancreas vs. conventional insulin therapy. SSIs were broadly 

defined as the presence of signs of infection at the surgical site within 30 days after 

surgery (i.e., local pain, redness, swelling, secretion, purulent discharge, sternal 

osteomyelitis, or mediastinitis).  

Secondary Outcomes 

As a well-known blood test marker of the inflammatory acute phase response, 

baseline CRP level (before surgery), postoperative maximum CRP level (within 7 days 

after surgery), and postoperative 7-day CRP levels were evaluated and compared 

between the two groups. Additionally, the secondary outcome was the incidence of 

hypoglycemia as a major complication of insulin therapy. Hypoglycemia was defined as 

a blood glucose level below 70 mg/dL. Secondary outcomes also included the length of 

ICU stay, length of hospital stay, postoperative 30-day mortality, and postoperative 

acute kidney injury (AKI). AKI was defined as an elevated serum creatinine level of 

≥0.3 mg/dL or ≥1.5 multiplied by the preoperative baseline value, based on the Kidney 

Disease Improving Global Outcomes criteria.23 We also evaluated the use of insulin and 

glucose from the minute-by-minute data recorded in the artificial pancreas.  

Moreover, in the subgroup analysis of the diabetic and non-diabetic groups, the 
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incidence of SSIs, postoperative maximum CRP level, and postoperative 7-day CRP 

levels were evaluated between the two glycemic control methods. 

All of the patients’ data were acquired from electronic medical records, 

electronic anesthesia charts, and the artificial pancreas. The electronic medical records 

were documented by surgeons or nurses who were blinded to the study information. The 

electronic anesthesia records and artificial pancreas data were automatically 

documented.  

 

Statistical Analyses 

A sample size of 88 participants in each group was calculated to provide an 

80% power (two-sided α of 0.05) to test for an expected 3/35 (8.5%) to 0/20 (0%) 

incidence of SSIs, based on the subgroup data in a previous study.21 Therefore, we 

sought to include more than 100 participants in each group to account for an expected 

10% decline in propensity matching. 

Baseline and intraoperative characteristics of the patients were compared using 

Student’s t-test, the Mann–Whitney U test, or Fisher’s exact test. Patients treated with 

the artificial pancreas were individually matched (1:1) with patients who were not 

treated with the artificial pancreas, based on the similarity of the propensity score 

calculated using a logistic regression model. Their covariates included age, sex, body 

mass index, operation time, CPB time, blood transfusion, intraoperative fluid balance, 

surgical procedure type (valve surgery, coronary surgery, aortic surgery, or complex 

surgery), and those with or without diabetes mellitus. The caliper distance for matching 

was defined as 0.1 of the pooled logit score standard deviation (SD). The primary 

outcome, the incidence of SSI between the groups, was statistically analyzed using 
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Fisher’s exact test. As the secondary outcomes, CRP levels at each point were analyzed 

with Student’s t-test. In addition, the incidence of hypoglycemia, AKI, and 

postoperative 30-day mortality were analyzed using Fisher’s exact test, while the 

lengths of ICU stay and hospital stay were analyzed using Mann–Whitney U tests. 

Categorical variables were expressed as numeric values (proportion) and continuous 

variables as means (SD) or medians [interquartile range]. P values of <0.05 were 

considered statistically significant. All statistical analyses were performed using R 

software, version 3.5.1 (The R Foundation for Statistical Computing, Vienna, Austria). 
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Results 

In this study, 501 patients were enrolled. After applying the inclusion and 

exclusion criteria, 295 patients were included in the study and were divided into two 

groups: 113 patients who received the closed-loop glycemic control system (artificial 

pancreas) and 182 patients who received conventional insulin therapy without the 

artificial pancreas. Propensity score matching revealed 101 patients in each group, 

based on their covariates (Fig 1). There were no significant differences between the two 

groups based on their baseline and perioperative characteristics (Table 1).  

Regarding the primary outcome measure (incidence of SSIs), there were 2/101 

patients (2%) in the artificial pancreas vs. 5/101 (5%) in conventional insulin therapy 

who had SSIs. The difference in SSIs between the two groups was 3%; however, the 

difference was not statistically significant (P = 0.45) (Table 2).  

The postoperative maximum CRP level was significantly lower in the artificial 

pancreas group than in the conventional insulin therapy group, both before propensity 

matching [14.58 (5.60) mg/dL vs. 16.18 (6.01) mg/dL; P = 0.02] and after matching 

[14.53 (5.64) mg/dL vs. 16.59 (5.59) mg/dL; P = 0.01], (Table 2). There was no 

difference in the number of postoperative days at which the CRP level was the highest 

in both groups, 3 [(3–3)] vs. 3 [2–3] days for the artificial pancreas vs. conventional 

insulin therapy groups, respectively (P = 0.48). Baseline and postoperative 7-day CRP 

levels before and after propensity matching are shown in Table 2. Fig 2 shows the 

highest CRP value within 7 days after surgery.  

Hypoglycemia (a secondary outcome) did not occur in patients in the artificial 

pancreas group but occurred in 3/182 (2%) patients in the conventional insulin therapy 

group (Table 3). Postoperative AKI decreased from 24/101 (24%) in the conventional 
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insulin therapy group to 15/101 (15%) in the artificial pancreas group, although the 

difference was not statistically significant (P = 0.15) (Table 3). The other secondary 

outcomes, namely, lengths of ICU stay and hospital stay, and postoperative 30-day 

mortality, were not significantly different between the two groups. Additionally, based 

on the minute-by-minute artificial pancreas data, insulin was automatically administered 

to all 113 patients to maintain their blood glucose levels within the target range of 120–

150 mg/dL. 

Regarding the secondary outcome, the results of subgroup analysis on the 

diabetic or non-diabetic groups are shown in Table 4. The incidence of SSIs was not 

significantly different in each group. In the non-diabetic group, the artificial pancreas 

significantly reduced the postoperative maximum CRP levels compared to conventional 

insulin therapy [14.42 (5.37) mg/dL vs. 16.65 (5.90) mg/dL; P = 0.01].   
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Discussion 

In this study, we retrospectively compared the incidence of SSIs and 

postoperative inflammatory reactions of the bedside closed-loop glycemic control 

system (artificial pancreas) with conventional insulin therapy. The artificial pancreas 

(target blood glucose range: 120–150 mg/dL) did not demonstrate a statistically 

significant reduction in the incidence of SSIs compared to conventional insulin therapy 

(target blood glucose levels: < 200 mg/dL). Notably, the artificial pancreas could 

suppress the increase in CRP levels more than conventional insulin therapy. 

Furthermore, automatic insulin infusion was required to control blood glucose levels at 

120–150 mg/dL in all patients who received artificial pancreas treatment. Nevertheless, 

the present study findings demonstrate that the closed-loop glycemic control system 

artificial pancreas was safe, with no hypoglycemic events. Our results suggest that the 

closed-loop glycemic control system artificial pancreas may be safe and effective for 

suppressing postoperative inflammatory responses after cardiac surgery with CPB. 

Shin et al. have suggested that the same artificial pancreas used in our study 

reduced postoperative surgical site complications, including infection and dehiscence, in 

their subgroup analysis.21 They performed a subgroup analysis focusing on isolated 

coronary artery bypass grafts (with the use of CPB not described). However, their study 

did not show a significant reduction in SSIs, with 0/20 (0%) in the artificial pancreas 

(target blood glucose levels < 140 mg/dL) group vs. 3/25 (8%) in the conventional 

insulin therapy (target range of 125–175 mg/dL) group.21 Based on their subgroup 

analysis results, our study focused primarily on the incidence of SSIs as a major 

postoperative complication, with a larger sample size. In our study, the artificial 

pancreas reduced SSI incidence by 3% compared with conventional insulin therapy, 
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although the difference was not significant. There may have been no statistical 

difference in the incidence of SSIs between the two glycemic control methods because 

the incidence of SSIs with conventional insulin therapy was lower than expected. 

Therefore, this study might be considered a pilot study that demonstrated a reduction in 

the incidence of SSIs after cardiac surgery. Further studies with larger sample sizes or 

multicenter trials are required. 

Tamura et al. found in an observational study that included 36 patients in each 

group (artificial pancreas vs. conventional glucose control) that the same closed-loop 

glycemic control system used in our study with a wide target blood glucose range of 

110–180 mg/dL, suppresses the maximal postoperative CRP level after cardiac 

surgery.22 However, in their study, there were 24 cases (67%) involving cardiac surgery 

with CPB in the artificial pancreas group vs. 31 cases (86%) in the conventional insulin 

therapy (P = 0.09) group, and the analysis was not adjusted for patient background 

characteristics. 22 By contrast, our propensity-matched analysis was performed to reduce 

bias with larger sample size. Our findings revealed that postoperative glycemic control 

with the artificial pancreas suppressed the inflammatory response after cardiac surgery 

with CPB, which is a significant risk factor for postoperative hyperglycemia. 

In our subgroup analysis on the diabetic or non-diabetic groups, the artificial 

pancreas significantly reduced the postoperative maximum CRP levels only in the non-

diabetic group. In the diabetic group, the difference may not have been significant due 

to the small sample size (22 cases in artificial pancreas vs. 21 cases in conventional 

insulin therapy) or the varying diabetic control status within the group. However, some 

reports have suggested that perioperative hyperglycemia was associated with worse 

postoperative adverse events in the non-diabetic group than in the diabetic group24 and 
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different perioperative glycemic control strategies between the two groups.25 Therefore, 

further research with a larger sample size and more diverse group of patients is needed. 

van den Berghe et al. demonstrated that intensive insulin therapy with a target 

blood glucose range of 80–110 mg/dL led to lower morbidity and mortality rates than a 

target blood glucose range of 180–200 mg/dL.26 However, many intensive insulin 

therapy studies did not show significant benefits for surgical outcomes; rather, the 

studies found a high risk of hypoglycemia. The optimal postoperative blood glucose 

levels that are safe and reduce mortality and morbidity remain controversial. In this 

study, the artificial pancreas targeted a blood glucose range of 120–150 mg/dL. This 

study confirmed the safety of the closed-loop glycemic control device artificial pancreas 

for maintaining the target blood glucose level, with no adverse events such as 

hypoglycemia. Further research should be safely conducted to assess the optimal blood 

glucose levels, e.g., intensive insulin therapy (blood glucose range 80–110 mg/dL). 

In addition, Egi et al. demonstrated that the variability of blood glucose levels 

is associated with patient outcomes, such as ICU stay and hospital mortality.27 Our 

study findings suggest that the artificial pancreas can suppress fluctuations in blood 

glucose levels. Strictly controlling glucose level variability using this artificial pancreas 

may also have a significant impact on patient outcomes. 

There were several limitations in this study. First, this was a retrospective and 

observational study in which patients were not randomized to the glycemic control 

methods. While we have found no significant differences in patient characteristics 

between the two groups, further randomized controlled trials are required. To obtain 

comparable groups with minimal bias, we used a propensity score-matching approach. 

Second, these data were collected from patients who underwent cardiac surgery with 
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CPB at a single center; consequently, the sample size may be too small to compare the 

glycemic control methods effectively. Therefore, the generalizability of these findings 

remains controversial. Third, although the subgroup analysis on the diabetic and 

diabetic groups was performed, the diabetes control status was not compared in this 

study. Patients with poor preoperative glycemic control are at risk of perioperative 

complications. In our study, a subgroup analysis on preoperative glycemic control status 

was not possible due to the very small sample size; only four patients had a hemoglobin 

A1c level greater than 9% (poor control of diabetes). Patients with a higher body mass 

index and poor glycemic control may have results different from the findings presented 

in this study. Therefore, future studies are needed to determine for which group of 

patients postoperative glycemic control with an artificial pancreas is most effective or 

ineffective. Fourth, this study did not control intraoperative blood glucose levels. 

Intraoperative hyperglycemia in cardiac surgery is associated with worse clinical 

outcomes.28 Further studies are needed to evaluate whether intraoperative use of this 

artificial pancreas affects clinical outcomes. Finally, all patients, with and without 

diabetes, in the artificial pancreas group received glycemic control using the artificial 

pancreas until 24 h postoperatively. However, the Society of Thoracic Surgeons practice 

guidelines recommend that blood glucose levels be maintained below 180 mg/dL for at 

least 24 h postoperatively.9 Furthermore, McConnell et al. demonstrated that the mean 

blood glucose level at 48 h postoperatively was associated with SSIs.29 Strict glycemic 

control using the artificial pancreas for a long period may effectively improve surgical 

outcomes, especially the incidence of SSIs. In addition, the optimal perioperative blood 

glucose level remains unclear. Further studies using this safe closed-loop glycemic 

control system in varying clinical situations are required. 
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In conclusion, the findings suggest that the incidence of SSIs was not 

significantly different in patients who received CPB and were treated with the bedside 

closed-loop glycemic control system artificial pancreas, with a target blood glucose 

range of 120–150 mg/dL, compared to those who received conventional insulin therapy. 

However, the present study findings suggest that the artificial pancreas is safe and can 

suppress postoperative inflammation compared with conventional insulin therapy, 

which adheres to a target blood glucose level below 200 mg/dL.  
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Table 1  

Baseline Characteristics and Intraoperative Data from Each Group Before and After 

Propensity Score-Matching  

 Before matching After matching 

 Artificial 

pancreas 

n = 113 

Conventional 

insulin therapy 

n = 182 

P-

value 

Artificial 

pancreas 

n = 101 

Conventional 

insulin therapy 

n = 101 

P-

value 

Age, years 70 [60–75] 69.5 [61–77] 0.86 70 [60–75] 71 [61–76] 0.65 

Sex, 

Male/Female 

76/37 120/62 0.90 68/33 70/31 0.88 

BMI, kg/m2 22.7 (3.5) 22.9 (3.6) 0.66 22.7 (3.2) 23.0 (3.4) 0.49 

Diabetes  25 (22%) 53 (29%) 0.22 22 (22%) 21 (21%) 1.00 

Surgical 

procedure 

Valve 

Coronary 

Aorta 

Other 

procedures 

Complex 

 

54 (48%) 

21 (19%) 

18 (16%) 

5 (4%) 

15(13%) 

 

89 (49%) 

44 (24%) 

33 (18%) 

7 (4%) 

9 (5%) 

0.13  

53 (53%) 

21 (21%) 

18 (18%) 

4 (4%) 

5 (5%) 

 

54 (54%) 

21 (21%) 

18 (18%) 

4 (4%) 

4 (4%) 

1.00 

operation time, 

min 

415 (91) 402 (110) 0.29 405 (85) 412 (120) 0.60 

CPB time, min 169 (59) 163 (66) 0.47 163 (55) 168 (73) 0.60 
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Blood 

transfusion 

84 (74%) 123 (68%) 0.24 73 (72%) 73 (72%) 1.00 

Intraoperative 

fluid balance, 

mL 

2574 

(1551) 

2446 

(1434) 

0.47 2502 

(1492) 

2469 

(1531) 

0.88 

Values are presented as mean (± standard deviation), median [interquartile range], or 

number (proportion, %) of patients.  

BMI, body mass index; CPB, cardiopulmonary bypass. 
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Table 2  

Surgical Site Infections and Inflammatory Reaction in Each Group Before and After 

Propensity Score-Matching 

 Before matching After matching 

 Artificial 

pancreas 

n = 113 

Conventional 

insulin therapy 

n = 182 

P-

value 

Artificial 

pancreas 

n = 101 

Conventional 

insulin therapy 

n = 101 

P-

value 

SSIs 2 (2%) 9 (5%) 0.21 2 (2%) 5 (5%) 0.45 

Maximum 

CRP, mg/dL 

14.58 

(5.60) 

16.18 

(6.01) 

0.02* 14.53 

(5.64) 

16.59 

(5.59) 

0.01* 

CRP highest 

day 

3 [3–3] 3 [2–3] 0.58 3 [3–3] 3 [2–3] 0.48 

Baseline 

CRP, mg/dL 

0.24 (0.38) 0.20 

(0.28) 

0.39 0.24 (0.40) 0.19 

(0.25) 

0.28 

POD7 CRP, 

mg/dL 

5.46 (3.46) 6.27 

(3.99) 

0.08 5.43 (3.47) 6.54 

(3.94) 

0.04* 

Values are presented as mean (± standard deviation) or number (proportion, %) of 

patients.  

* P <0.05.  

SSIs, surgical site infections; CRP, C-reactive protein; POD, postoperative day. 
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Table 3  

Secondary Outcomes in Each Group Before and After Propensity Score-Matching 

 Before matching After matching 

 Artificial 

pancreas 

n = 113 

Conventional 

insulin therapy 

n = 182 

P-

value 

Artificial 

pancreas 

n = 101 

Conventional 

insulin therapy 

n = 101 

P-

value 

Hypoglycemia 0 (0%) 3 (2%) 0.29 0 (0%) 1 (1%) 1.00 

AKI 18 

(16%) 

41 

(23%) 

0 .18 15 (15%) 24 

(24%) 

0.15 

Hospital stay, 

days 

16 

[13–23] 

17 

[14–22] 

0.26 16 

[13–22] 

17 

[14–23] 

0.22 

ICU stay, days 3 

[2–4] 

3 

[2–4] 

0.18 3 

[2–4] 

3 

[2–4] 

0.45 

Intubation time, 

hours 

8 

[6–14] 

8.5 

[6–15] 

0.35 7.5 

[6–12] 

8.5 

[6–15.5] 

0.18 

30-day mortality 0 (0%) 2 (1%) 0.53 0 (%) 0 (%) - 

Use of insulin 113 

(100%) 

71 

(39%) 

0.01* 101 

(100%) 

37 

(37%) 

0.01* 

Values are presented as median [interquartile range] or number (proportion, %) of 

patients.  

* P <0.05.  

AKI, acute kidney injury, ICU, intensive care unit. 
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Table 4  

Subgroup Analysis on the Diabetic and Non-diabetic groups, Surgical Site Infections 

and Inflammatory Reaction in Two Glycemic Control Methods 

 Diabetes (n = 43) Non-diabetes (n = 159) 

 Artificial 

pancreas 

n = 22 

Convention

al insulin 

therapy 

n = 21 

P-value Artificial 

pancreas 

n = 79 

Convention

al insulin 

therapy 

n = 80 

P-value 

SSIs 0 (0%) 1 (5%) 0.49 2 (3%) 4 (5%) 0.68 

Baseline 

CRP, 

mg/dL 

0.16 (0.17) 0.27 (0.40) 0.21 0.26 (0.44) 0.17 (0.18) 0.08 

Maximum 

CRP, 

mg/dL 

14.92 

(6.64) 

16.37 

(4.30) 

0.40 14.42 

(5.37) 

16.65 

(5.90) 

0.01* 

POD7 CRP, 

mg/dL 

5.00 (3.02) 6.25 (3.76) 0.24 5.55 (3.59) 6.61 (4.01) 0.08 

Values are presented as mean (± standard deviation) or number (proportion, %) of 

patients.  

* P <0.05.  

SSIs, surgical site infections; CRP, C-reactive protein; POD, postoperative day. 
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Figures 

Figure 1  

Flow diagram of the selection of the study population. 

 

✝ Other cardiovascular surgery: heart transplantation and ventricular assist device 

surgery, thoracoabdominal aortic aneurysm replacement, or pulmonary endarterectomy 

for chronic thromboembolic pulmonary hypertension.  
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Figure 2  

Postoperative inflammation, C-reactive protein  

 

Baseline indicates before surgery, POD7 indicates postoperative day 7, and maximum 

indicates the highest CRP value within 7 days after surgery. Values are presented as 

mean, and error bars represent standard deviations. 

* P <0.05. CRP, C-reactive protein; POD, postoperative day. 

 

 


