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Postoperative adverse events in patients with
diabetes undergoing orthopedic and general
surgery
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Abstract N
Factors that may result in the occurrence of adverse clinical events in diabetic patients during the postoperative period are not entirely |
clear. This study evaluated factors that may cause adverse events following elective orthopedic or general surgery.

Patients with diabetes who underwent orthopedic or general surgery between January 2010 and October 2015 were
retrospectively selected from the General Hospital of People’s Liberation Army database. Factors associated with postoperative
adverse events were analyzed using multivariable logistic regression.

Among 1525 patients included, mean age was 63.5 + 10.8 years and mean duration of diabetes was 8.8 + 6.6 years. Among them,
49.9% underwent orthopedic surgery and 50.1% underwent general surgery. Postoperatively, 118 (7.7%) patients had adverse
events, including delayed extubation (n=43, 36.4%), circulatory disorder (n=15, 12.7%), respiratory and circulatory abnormalities
(n=23, 19.5%), nonhealing of the incision (h=11, 9.3%), infections at other sites (=15, 12.7%), other complications (=8, 6.8%),
and death (n=38, 2.5%). Multivariable regression analysis showed that age >65 years old [odds ratio (OR)=2.23, 95% confidence
interval (Cl): 1.25-3.98], male sex (OR=2.14, 95% CI: 1.24-3.38), postoperative peripheral blood glucose (OR=1.13,95% Cl: 1.13-
1.82), diabetic complications (OR=2.41, 95% Cl: 1.36-4.28), abnormal kidney function (OR=2.73, 95% CI: 1.13-6.58) and general
surgery (OR=1.48, 95% Cl: 1.11-5.26) were associated with the occurrence of postoperative adverse events.

In patients with diabetes undergoing intermediate or major elective surgery, older age, male sex, high postoperative peripheral
blood glucose, diabetic complications, abnormal kidney function, and general surgery type were associated with the occurrence of
postoperative adverse events.

Abbreviations: BMI| = body mass index, Cl = confidence interval, HbA1c = glycated hemoglobin, ICU = intensive care unit, PLA =

People’s Liberation Army, OR = odds ratio.
Keywords: diabetes mellitus, perioperative care, risk factors

1. Introduction

The global number of diabetic patients has been growing rapidly
over the last 30 years, 70% of them living in developing
countries.'! The number of patients with diabetes in China has
undergone the most rapid increase worldwide.!*! In 2013 the
prevalence of diabetes in China was estimated to be 11.6%.%!
Individuals with diabetes are more prone to cardiovascular and
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cerebrovascular diseases, osteoporosis, tumors, and other
diseases due to high blood glucose, metabolic disorders, and
other factors, and their mean life expectancy is 9 years shorter
compared to the nondiabetic population.”®!

Patients with diabetes may also be at higher risk of adverse
events when undergoing surgery. This is a major concern because
it is estimated that more than half of the diabetic population will
require at least 1 surgical procedure during their lifetime."!
Postoperative complications lengthen hospital stay, increase the
economic burden, and increase mortality.”~”! Hyperglycemia,
hypoglycemia, and large glycemic variability all aggravate the
disease states of patients and increase the incidence of surgically
related adverse events.!

Patients with higher first glucose levels have a significantly
lower cumulative survival rate postoperatively.!®! Hyperglycemia
is also a risk factor for postoperative sepsis,”! endothelial
dysfunction,™® cerebral ischemia,™ and poor wound heal-
ing."?! Stress due to trauma, operative blood loss, and
intraoperative anesthesia will further increase the blood glucose
levels in patients with diabetes."”! In addition, secretion of
glucotropic hormones such as steroids will aggravate insulin
resistance, further exacerbate disorders of glucose metabolism,
and provoke water-electrolyte and acid-base imbalances.!"?
Stress responses can also induce diabetic comorbidities including
ketoacidosis™*! and hyperglycemic hyperosmolar syndrome.!
Studies have shown that blood glucose management in diabetic
patients selecting a better therapeutic regimen for major cardiac
surgery!™! and orthopedic surgery™®! could greatly reduce the
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incidence of disorders of glucose metabolism and postoperative
complications, achieving better surgical outcomes.

It is well recognized that hypertension,!'”! liver diseases,
anemia,"” and malnutrition®®" are risk factors for poor
outcomes in patients undergoing surgery, but it remains unclear
which risk factors may result in adverse events in patients with
diabetes and how they affect the poor outcomes in patients with
diabetes undergoing surgery. Thus, the purpose of the present
study was to determine the factors associated with postoperative
adverse events in patients with diabetes undergoing orthopedic or
general surgery.

[18]

2. Methods
2.1. Patients

This was a single-center retrospective study. Medical records
from all patients with diabetes (type 1 or 2) who underwent
elective orthopedic or general surgery at the General Hospital of
People’s Liberation Army (PLA) between January 2010 and
October 2015 were included in the analysis. The study was
approved by the Ethics Committee of the General Hospital of the
PLA. Informed consent was waived by the committee because of
the retrospective nature of the study.

The inclusion criteria were the patients had been diagnosed
with diabetes mellitus (type 1 or 2) before surgery, according to
the 1999 World Health Organization criteria; and underwent
elective surgery classified as orthopedic or general surgery. For
patients who underwent more than one surgery, only the first
surgery was included. Patients were excluded patients if they
underwent outpatient surgery.

The types of surgery were identified based on the surgical
classification standard of the ministry of health of China (2016
edition).

2.2. Definitions

Diabetes was diagnosed according to the 1999 World Health
Organization criteria. The definition of hyperglycemia was
fasting blood glucose >6 mmol/L and/or postprandial or random
blood glucose >7.8 mmol/L. Small surgery refers to various
operations with low technical difficulty, simple surgical proce-
dure, and low risk. Intermediate/major surgery refers to surgeries
that are technically difficult, complex, and risky.

2.3. Data collection

Patients’ baseline data were obtained from the hospital’s
electronic medical record management system. For each partici-
pant, the following information were collected: age, sex, body
mass index (BMI), disease course, diabetic complications,
diabetic comorbidities, pre-and postoperative nutritional sup-
port, biochemical indices, venous blood glucose levels, and
peripheral blood glucose levels of the patients. Blood glucose
measurements were from the medical charts. Preoperative fasting
venous blood glucose and postoperative fasting venous blood
glucose refers to the examination of fasting venous blood glucose
levels before and after surgery. In cases in which multiple
measurements were performed, the average was taken for
analysis. Postoperative adverse events were defined as admission
to the intensive care unit (ICU) caused by respiratory and
circulatory abnormalities or other severe complications, postop-
erative incision infections, infections of other sites, or death.
Circulatory disorders were defined as a significant rise or drop of
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blood pressure, or arrhythmias which require intervention and
treatment with vasoactive or controlled arrhythmias. Respiratory
abnormalities were defined as delayed extubation caused by
surgery-related respiratory failure and/or respiratory muscle
weakness. Diabetic retinopathy, diabetic nephropathy, diabetic
neuropathy, and diabetic foot were defined as diabetic
complications. Hypertension, coronary heart disease, and
cerebrovascular diseases were defined as diabetic comorbid-
ities.”" Abnormal kidney function refers to the creatinine level
higher than 110 pmol/L.

2.4. Statistical analysis

Data analysis was performed using SAS 9.4 (SAS Institute Inc,
Cary, NC). Continuous variables are expressed as means+
standard deviations, if normally distributed; otherwise we used
the medians (interquartile range; 25th-75th percentiles). De-
scriptive analyses were also conducted to determine frequencies
(%) of categorical variables. For continuous variables the Student
¢ test was used, if normally distributed; otherwise, the Mann-
Whitney-Wilcoxon or Kruskal-Wallis test was used. Frequency
distributions of categorical variables were compared using the
Chi-square test. Multivariable logistic regression (enter method)
and adjusted odds ratios (ORs) were used to determine the
influence of covariates including demographic and clinical
characteristics on the incidence rates of postoperative adverse
events in diabetic patients. P <.05 was considered statistically
significant.

3. Results

3.1. Baseline characteristics

The baseline characteristics of the overall patient population are
presented in Table 1. A total of 1525 patients with diabetes
underwent surgery and were included in the study, including 779
men (51.1%) and 746 women (48.9%). Mean age was 63.5 +
10.8 years, with a mean duration of diabetes of 8.8 +6.6 years,
and a mean BMI of 25.8 +3.9kg/m?. Of the 301 (19.8% of all
patients) patients with diabetic complications, 295 (98.0%) had
major vascular complications, 8 (2.7%) had diabetic nephropa-
thy, 3 (0.7%) had diabetic retinopathy, 3 (0.7%) had diabetic
neuropathy, and 5 (1.7%) had diabetic foot. Of the 1019
(66.8%) patients with diabetic comorbidities, 758 (49.7%) had
hypertension, 183 (12.0%) had coronary heart disease, and 94
(6.2%) had cerebrovascular diseases.

3.2. Perioperative data

The perioperative data are presented in Table 2. The surgery was
orthopedic in 761 (49.9%) patients and general in 764 (50.1%)
patients. Mean hospital stay was 14.7+12.1 days.

3.3. Postoperative adverse events

Postoperative adverse events occurred in 118 (7.7%) patients
(Fig. 1), including 43 (36.4%) patients with delayed extubation
caused by surgery-related respiratory failure and/or respiratory
muscle weakness, 15 (12.7%) patients with circulatory disorders,
23 (19.5%) patients with respiratory and circulatory abnormali-
ties, 11 (9.3%) patients with nonhealing of the incision, 15
(12.7%) patients with infections at other sites, 8 (6.8%) patients
with other complications (including adhesive intestinal obstruc-
tionin 1 case, renal failure in 1 case, disturbance of consciousness
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Patients’ baseline characteristics.

Variable Overall With adverse event No adverse event P
No. % 1525 118 (7.7%) 1396 (91.5%) -
Age (y, mean+SD) 63.49+10.82 68.32+11.20 62.99+10.65 <.001
Male, n (%) 779 (51.1%) 81 (5.3%) 693 (45.4%) <.001
Weight (kg, mean + SD) 70.81+12.60 68.81+13.86 71.00+12.47 288
BMI (kg/m?, mean +SD) 25.80+3.89 24.67+3.76 25.91+3.89 598
Diabetes mellitus 011
Type 1, n (%) 19 (1.2%) 3(0.2%) 16 (1.0%)
Type 2, n (%) 1506 (98.8%) 127 (8.3%) 1379 (90.4%)

Disease course (years, mean =+ SD) 8.81+6.64 9.31+6.75 8.65+6.41 .260
Diabetic complications, n (%) 301 (19.7%) 57 (3.7%) 244 (16.0%) <.001
Diabetic comorbidities, n (%) 1019 (66.8%) 107 (7.0%) 912 (59.8%) <.001
Hypoglycemia (<3.9 mmol/L), n (%) 96 (6.3%) 10 (0.7%) 86 (5.6%) 307
Smoke, n (%) 318 (20.9%) 35 (2.3%) 283 (18.6%) 015
Drink, n (%) 343 (22.5%) 31 (2.0%) 312 (20.5%) 311
Chronic bronchitis, n (%) 8 (0.5%) 1(0.1%) 7 (0.5%) 107
Asthma, n (%) 7 (0.5%) 2 (0.1%) 5 (0.3%) 214
Systolic blood pressure, mean+SD 137.72+17.96 139.05+20.07 137.57+17.64 876
Diastolic blood pressure, mean +SD 79.37+10.57 78.40+12.04 79.47+10.36 .386
FPG (pre-operative), mean +SD 6.97+2.36 6.61+1.83 6.9+2.21 163
FPG (post-operative), mean+SD 9.30+3.42 9.54+3.06 9.16+3.12 208
Mean peripheral blood glucose value, mean+ SD 9.32+2.21 8.66+1.78 9.51+2.21 607
ALT, U/L, mean+SD 18.98+10.71 19.9+14.56 18.91+13.74 564
AST, U/L, mean+SD 17.66+10.58 21.06+12.49 17.38+10.66 324
GGT, U/L, mean+SD 17.66+10.58 39.22+22.74 30.54+19.70 433
Creatinine, pmol/L, mean+SD 69.16+21.49 98.49+29.35 70.28 +37.46 .0012
BUN, mmol/L, mean=+SD 570+2.29 6.79+4.65 5.61+1.96 478

ALT = alanine transaminase, AST = aspartate transaminase, BMI = body mass index, BUN = blood urea nitrogen, FPG = fasting plasma glucose, GGT = gamma-glutamyl transferase, SD = standard deviation.

in 1 case, persistent anastomotic bleeding in 1 case, metabolic
acidosis in 1 case, respiratory acidosis in 1 case, digestive tract
hemorrhage in 1 case, multiple compound injury in 1 case), and 3
(2.5%) patients who died (including 1 case of pulmonary
embolism, 2 cases of severe infection and septic shock).
Univariable analyses comparing baseline and perioperative
factors between groups of patients with and without postopera-
tive adverse events are presented in Table 3. Seven factors were
significantly different between the groups with and without
postoperative adverse events: age >65 years [OR=2.58, 95%
confidence interval (CI): 1.76-3.77, P <.001], sex (OR=2.03,
95% CI: 1.39-2.97, P <.001), systolic blood pressure >140 mm

Hg (OR=1.64, 95% CI: 1.14-2.35, P=.007), smoking (OR=
1.68, 95% CI: 1.11-2.55, P=.01S), postoperative mean
peripheral blood glucose (OR=1.13 per 1mmol/L, 95% CIL:
1.03-1.24, P=.009), diabetic comorbidities (OR=2.32, 95%
CL: 1.44-3.73, P<.001), diabetic complications (OR=3.59,
95% CI: 2.43-5.31, P <.001), abnormal kidney function (OR =
2.73, 95% CI: 1.66-6.69, P=.001) and general surgery (OR =
1.69, 95% CI: 1.32-5.67, P=.013).

Multivariable analysis is shown in Table 3 and Figure 2. Age
>65 years (OR=2.23 95% CI: 1.25-3.98, P=.006), male sex
(OR=2.14, 95% CI: 1.24-3.88, P=.002), postoperative mean
peripheral blood glucose (OR=1.13 per 1mmol/L, 95% CI:

Patients’ perioperative data.

Variable Overall

With adverse event No adverse event P

No. %

Surgery type, n (%)
General surgery
Orthopedic surgery

Anesthesia, n (%)

Local anesthesia
General anesthesia
Epidural anesthesia
Nerve block

Brachial plexus block

15625

764 (50.1%)
761 (49.9%)

92 (6.0%)
1214 (79.6%)
66 (4.3%)
119 (7.8%)
31 (2.0%)

3

Lumbar plexus block 0.2%)
Postoperative antibiotic use, n (%) 1319 (86.5%)
Hospital stay, mean +SD 14.65+12.05

118 (7.7%) 1396 (91.5%)

<.001
86 (5.6%) 678 (44.5%)
32 (2.1%) 729 (47.8%)
064
3 (0.2%) 89 (5.8%)
105 (6.9%) 1109 (72.7%)
1(0.1%) 65 (4.3%)
9 (0.6%) 110 (7.2%)
0 (0%) 31 (2.0%)
0 (0%) 3 (0.2%)
111 (7.3%) 1208 (79.2%)
27.82+26.96 13.43+8.53 0002

SD = standard deviation.
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Figure 1. Postoperative complications in the diabetic patients.

1.13-1.82, P=.029), diabetic complications (OR=2.41, 95%
CI: 1.36-4.28, P=.003), abnormal kidney function (OR=2.73,
95% CI: 1.13-6.58, P=.021) and general surgery (OR=1.48,
95% CI: 1.11-5.26, P=.023) were associated with the
occurrence of postoperative adverse events.

4. Discussion

The aim of this study was to retrospectively analyze the data of
patients with diabetes who had undergone general or orthopedic

surgery to identify factors that might be related to the occurrence
of postoperative adverse events. Multivariable analysis suggested
that increased age, male sex, higher postoperative peripheral
blood glucose level, diabetic complications, abnormal kidney
function, and general surgery type were all likely to increase the
chance of patients experiencing a postoperative adverse event.
This study was undertaken in patients with diabetes because
the incidence of postoperative adverse events is significantly
higher in these patients. Recent investigations suggest that the
main reason for this is hyperglycemia and even in patients

Univariable and multivariable analysis of the perioperative and postoperative complications in the diabetic patients.

Univariable analyses

Multivariable analysis

Variables OR value (95% Cl) P OR value (95% CI) P
Age, y, >65 vs <65 2.58 (1.76, 3.77) <.001 2.23 (1.25,3.98) .006
Sex: male vs female 2.03 (1.39, 2.97) <.001 214 (1.24, 3.38) .002
Systolic blood pressure, mm Hg, >140 vs <140 1.64 (1.14, 2.35) .007 1.66 (0.97, 2.83) .063
Diastolic blood pressure, mm Hg, >90 vs <90 1.14 (0.68, 1.92) 625 0.82 (0.37, 1.84) 672
Body mass index (BM)) >28 kg/m?: yes vs no 0.89 (0.57, 1.39) 598

Smoking: yes vs no 1.68 (1.11, 2.55) 015 1.70 (0.84, 3.47) 1462
Drinking: yes vs no 1.25 (0.81, 1.92) 311

Preoperative fasting venous blood glucose, mmol/L 0.93 (0.85, 1.03) 163

Postoperative fasting venous blood glucose, mmol/L 1.04 (0.98, 1.10) .208

Preoperative mean peripheral blood glucose value, mmol/L 1.01(0.92, 1.12) .807

Postoperative mean peripheral blood glucose value, mmol/L 1.13 (1.03, 1.24) .009 1.31 (1.13,1.82) .029
Diabetic course duration 1.02 (0.99, 1.05) .260

Diabetic comorbidities: yes vs no 2.32 (1.44, 3.73) <.001 1.28 (0.66, 2.50) 462
Diabetic complications: yes vs no 3.59 (2.43, 5.31) <.001 2.41 (1.36, 4.28) .003
Kidney function: abnormal vs normal 2.73 (1.66, 6.69) .001 2.73 (1.13, 6.58) 021
Liver function: normal vs abnormal 1.04 (0.47, 2.30) 922

Hypoglycemia: yes vs no 1.43 (0.72, 2.83) .307

General surgery vs orthopedic surgery 1.69 (1.32, 5.67) 013 1.48 (1.11, 5.26) .023

Cl = confidence interval, OR = odds ratio.
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Figure 2. Multivariable regression analysis showing factors associated with postoperative adverse events. Cl = confidence interval.

without diabetes hyperglycemia can cause postoperative com-
plications.[>*>?3! The present study suggested that increased age,
male sex, higher postoperative peripheral blood glucose level,
diabetic complications, abnormal kidney function, and general
surgery were all major risk factors for the occurrence of severe
perioperative adverse events in diabetic patients. The mean
postoperative peripheral blood glucose was 10.34 +2.18 mmol/L
and an average increase of 1mmol/L in the postoperative
peripheral blood glucose would raise the incidence rate of
postoperative adverse events by 1.31 fold (OR, 95% CI: 1.13-
1.82). Our results indicated that pre- and postoperative fasting
blood glucose was not associated with the occurrence of
postoperative adverse events, which might be because the
enrolled patients all received elective and deadline surgeries
and already had preoperative glycemic control as a requirement
for the surgical treatments. At admission, the mean fasting blood
glucose level of our patients was 6.97 +2.36 mmol/L. In addition,
we have reasons to believe that fasting blood glucose cannot
comprehensively reflect the efficacy of glycemic control.
Variability in blood glucose comprised multiple indices will
cause severe oxidative stress, inflammatory response, vascular
injury, and metabolic abnormalities such as hypoglycemia and
ketosis, and therefore it may be the main reason for the incidence
of multiple adverse outcomes in the diabetic patients./**!
Studies showed that intraoperative hyperglycemia will result in
postoperative infections, cardiovascular and cerebrovascular
accident, cognitive dysfunction, and other poor outcomes in
diabetic patients,!”>8*2¢! whereas the presence or absence, as
well as the specific manifestations, of the poor outcomes is
correlated with the surgical sites and patterns. One prospective
cohort study involving 1462 hyperglycemic patients undergoing
coronary artery bypass grafting indicated that the occurrence rate
of adverse events including glycated hemoglobin (HbA1c)
>6.5%, myocardial infarction, stroke, pneumonia, renal failure,

pericardial tamponade, and death was significantly increased.*”’
In noncardiac surgery, HbAlc, an indicator of long-term
glycemic control, was a risk factor for increased infectious
complications in diabetic patients undergoing surgical treat-
ments.*®! Blood glucose >10mmol/L was observed in 17.2% of
diabetic subjects intraoperatively and increase of intraoperative
blood glucose was positively correlated with the occurrence of
postoperative complications and mortality.””! After controlling
for age, sex, New York Heart Failure class, history of diabetes
mellitus, and other factors, a 4-year follow-up study of
hyperglycemic patients undergoing cardiac surgeries found that
patients with a first glucose level >9.4mmol/L experienced
poorer neurocognitive functions compared to those with a first
glucose level <9.4mmol/L and every 1.1mmol/L increase in
glucose level increased the hazard by 16%.%) Nevertheless,
another systematic review suggested that preoperative HbAlc,
which indicates the level of blood glucose over the past 3 months,
was not definitively associated with increased postoperative
mortality, incidence of stroke, incidence of venous thromboem-
bolism, readmission rate, or prolonged ICU stay in diabetic
patients.*”! It is noteworthy that great heterogeneity was noted in
the surgical specialties, subject populations, and race of the
patients included in the review. Preoperative HbA1c is associated
with postoperative infections, whereas preoperative blood
glucose and increased blood glucose are correlated with the
long-term cognitive dysfunctions in diabetic patients, but it is not
clear whether they are correlated with severe respiratory and/or
circulatory dysfunctions and other poor outcomes.

As a retrospective study, our research was limited by great
heterogeneity in the frequency of blood glucose measurement and
therefore we could not measure indices such as mean blood glucose
fluctuations that could reflect glycemic variability. We used
patients’ peripheral blood glucose to evaluate the impact of
glycemic variability upon postoperative adverse events. According
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to our results, postoperative peripheral blood glucose was
correlated with the incidence of postoperative adverse events,
whereas pre- and postoperative fasting venous blood glucose were
not associated with the incidence of postoperative adverse events.
The results above only measured venous blood glucose, which was
inadequate for the perioperative assessment of diabetic patients.
Multiple perioperative blood glucose monitoring is crucially
necessary, especially for the postoperative glycemic variability
resulting from stress, anesthesia, and other reasons; glycemic
monitoring and management are more important.

Previous studies showed that a higher portion of patients with
tumors, fractures, and cardiovascular and cerebrovascular
diseases was found in the diabetic population than in the normal
population and therefore a higher portion of patients with
diabetes mellitus was observed in those requiring surgical
treatments.!”! Our study mainly enrolled diabetic patients who
underwent intermediary/major orthopedic or general surgery,
whereas their mean age was above 60 years and mean BMI was
25.8 +3.9kg/m>. Our study showed that older and obese patients
were the major populations among the diabetic patients who
suffered from tumors and digestive system diseases and required
orthopedic surgeries. Compared with the nondiabetic patients,
patients with diabetes had significantly higher occurrence of
postoperative death, incision infections, pulmonary infections,
urinary infections, acute cardiac infarct, and acute kidney
failure.l”! Our results demonstrated that the overall incidence
of postoperative adverse events was 7.7% in this population,
whereas the main reasons were the delayed extubation due to
postoperative respiratory and/or circulatory dysfunctions and
application of vasoactive agents, accounting for 68.6% of all the
adverse events. This is possibly because older patients with longer
diabetic disease course are usually complicated with multiple
underlying diseases and poor cardiopulmonary functions.
Therefore, awareness of the cardiopulmonary functions in older
and obese patients with diabetes is even more important and the
associated preoperative assessment should be performed if
necessary.

General surgery was independently associated with postoper-
ative adverse events in patients with diabetes, compared with
elective orthopedic surgery. General surgery covers a wide variety
of surgery types to a wide variety of organs, many of them being
vital organs (e.g., esophagus, stomach, small bowel, colon, liver,
pancreas, gallbladder, and bile ducts). Hence, many general
surgeries can be invasive and morbid procedures associated with
adverse events and complicated recovery. Hence, in the setting of
diabetes, general surgery could be even more risky, as supported
by previous studies,!>*®?*! but the present study did not include a
nondiabetic control group. Nevertheless, orthopedic surgery is
also associated with surgical risk in the context of diabetes,*%>!!
but the risk could be lower than for general surgery because it
does not target vital organs. Additional studies are necessary to
examine this issue.

In our study, the postoperative levels of transaminases in the
diabetic patients were significantly higher than those preopera-
tively. This may be associated with our inclusion of diabetic
patients who underwent abdominal surgery. Systemic organ
ischemia and hypoxia would occur in diabetic patients due to
microvascular disorder. Related research shows that severe
hypoxia results in increased metabolic activity of transaminases
and bilirubin metabolism disorders in the hepatocytes, and even
liver necrosis.[>?! Operative blood loss, ischemia, and stress will
aggravate the state of systemic organ ischemia and may be the
reason for the further transaminase increase in the diabetic
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patients postoperatively. Thus, for diabetic patients with existing
liver damage, their liver function should be monitored postoper-
atively to avoid liver failure.

Effective glycemic management in patients with diabetes can
improve their surgical outcomes, but the target blood glucose
ranges differ among different guidelines. The 2012 Australian
guidelines suggest postponing elective surgery if HbAlc is
>9%.133! The 2015 Great Britain and Ireland guidelines suggest
postponing elective surgery if HbAlc was >8.5% during the past
3 months preoperatively.®* The 2009 American College of
Physicians report recommends a glycemic control target of 6 to
10 mmol/L for hospitalized patients.!**! The British Anesthesiol-
ogists Association recommends 6 to 10 mmol/L as the glycemic
control range but an upper limit of 12.0 mmol/L may be tolerated
if patients are older, with severe complications, or have frequent
hypoglycemic episodes.** Finally, the Chinese Expert consensus
on the perioperative glycemic management of patients with
diabetes recommends an upper limit of 13.9 mmol/L for glycemic
control.*®! Each guideline is limited as they only distinguish the
surgical patterns as minor, intermediate and, major; therefore,
selection of the specific glycemic management criterion should be
based on the surgical sites and patterns.

All patients undergoing surgery routinely undergo strict
thrombosis risk assessment and preventive measures. The VET
risk factor assessment form (Appendix 1) is used routinely to
assess thrombotic risk factors, and basic measures, physical
measures, and appropriate medications were used to prevent
thrombosis in postoperative patients based on the assessment.
We examined all included patients and found 3 patients, 1 of
whom had lower extremity venous thrombosis diagnosed by
ultrasound, 1 who died due to pulmonary embolism, and another
with severe pulmonary infection. In addition, 119 patients had
postoperative D-dimer exceeding 500mol/L and exceeded the
preoperative level by 50%, accounting for 7.8% of all patients.
D-dimers were significantly decreased after physical and
anticoagulant therapy. Lower extremity vascular ultrasound
did not show any case of venous thrombosis. Therefore, the
thrombosis events were not assessed in the present study.

This study has some limitations due to the retrospective nature
of the study. This limited some of the data collection. Our study
provides clinical evidence of the postoperative glycemic range in
patients undergoing intermediate/major elective orthopedic and/
or general surgeries. In intermediate/major elective surgeries
other than cardiovascular and/or cerebrovascular surgery,
random postoperative blood glucose increase indicates increased
incidence of poor postoperative outcomes, as well as a greater
correlation between the postoperative glycemic variability and
the poor postoperative outcomes. Meanwhile, our results also
suggested the little impact of preoperative fasting blood glucose at
6.97 +2.36 mmol/L on the poor prognoses, which was possibly
due to the strict requirement for the admission blood glucose level
of patients undergoing elective surgeries at our center. Unfortu-
nately, HbA1c data were not available for all patients and we
therefore were unable to analyze the correlation between the
levels of HbAlc and the outcomes of postoperative adverse
events. This may be the poor awareness of the association
between HbA1c levels and postoperative blood glucose outcome
in surgeons. Overall, our current study highlights the necessity of
effective preoperative assessment for patients with diabetes,
especially for those with multiple risk factors.

In conclusion, the incidence of postoperative adverse events
was 7.7% in patients with diabetes undergoing intermediate-
major elective orthopedic and general surgery. The main risk
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factors for postoperative adverse events in these patients included
older age, male sex, high postoperative peripheral blood glucose,
diabetic complications, abnormal kidney function, and general
surgery (vs orthopedic surgery).
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