World J Surg (2018) 42:61-72
DOI 10.1007/500268-017-4106-4

@ CrossMark

Association of Elevated Pre-operative Hemoglobin Alc and
Post-operative Complications in Non-diabetic Patients:

A Systematic Review

Negar Karimian'? - Petru Niculiseanu' - Alexandre Amar-Zifkin® -

Francesco Carli* - Liane S. Feldman!>>¢

Published online: 17 July 2017
© Société Internationale de Chirurgie 2017

Abstract

Importance Pre-operative hyperglycemia is associated with post-operative adverse outcomes in diabetic and non-
diabetic patients. Current pre-operative screening includes random plasma glucose, yet plasma glycated hemoglobin
(HbAIc) is a better measure of long-term glycemic control. It is not clear whether pre-operative HbAlc can identify
non-diabetic patients at risk of post-operative complications.

Objective The systematic review summarizes the evidence pertaining to the association of suboptimal pre-operative
HbAlc on post-operative outcomes in adult surgical patients with no history of diabetes mellitus.

Evidence review A detailed search strategy was developed by a librarian to identify all the relevant studies to date
from the major online databases.

Findings Six observational studies met all the eligibility criteria and were included in the review. Four studies
reported a significant association between pre-operative HbAlc levels and post-operative complications in non-
diabetic patients. Two studies reported increased post-operative infection rates, and two reported no difference. Of
four studies assessing the length of stay, three did not observe any association with HbAlc level and only one study
observed a significant impact. Only one study found higher mortality rates in patients with suboptimal HbAlc.
Conclusions and relevance Based on the limited available evidence, suboptimal pre-operative HbAlc levels in patients
with no prior history of diabetes predict post-operative complications and represent a potentially modifiable risk factor.

Introduction

Pre-operative hyperglycemia and insulin resistance are
well-established risk factors for post-operative complica-
tions in both diabetic and non-diabetic surgical patients
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[1-4]. Insulin resistance and post-operative hyperglycemia
are accentuated in diabetic patients [5] as well as non-
diabetic patients with some degree of pre-operative insulin
resistance and/or dysglycemia [6-8]. The prevalence of
undiagnosed/provisional diabetes and pre-diabetes is
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unexpectedly high in surgical population, varying from
23% to over 60% [9-15]. Perioperative hyperglycemia has
been linked to infectious complications and even death in
non-diabetic patients [16, 17]. As such, a reliable test to
screen for dysglycemia and insulin resistance pre-opera-
tively is needed.

However, routine pre-operative screening does not
include a reliable test for diagnosing insulin resistance or
dysglycemia. Some practice guidelines recommend ran-
dom blood sugar (RBS) levels as a pre-operative screen for
hyperglycemia [18, 19]. Although RBS may identify
patients with established uncontrolled diabetes, it is highly
dependent on the prandial state of the patient and may not
identify patients with provisional diabetes or pre-diabetic
patients with some levels of insulin resistance who are
prone to become hyperglycemic during and after surgery
[10]. Even a fasting blood glucose test might not be able to
identify all patients with dysglycemia before surgery [9].

With these limitations in random blood sugar testing, there
is increasing interest in the use of plasma level of glycosy-
lated hemoglobin (HbAlc) to diagnose both dysglycemia
and insulin resistance in surgical patients [10]. HbAlc is a
form of hemoglobin made by non-enzymatic glycation of
hemoglobin in exposure to plasma glucose [20]. HbAlc is an
indicator of long-term (3—4 months) glycemic control [21]
and is an excellent measure for diagnosing both diabetes and
pre-diabetes. It does not require the patient to be fasted, is not
affected by acute changes in blood glucose levels and is
completely independent of the patient’s prandial status [22].
Thus, it could be used as part of routine screening in the pre-
operative visit and provides a potentially modifiable risk
factor. According to American and Canadian Diabetes
Associations guidelines, HbAlc >6.5% is diagnostic for
diabetes and 5.7% < HbAlc < 6.4% is considered pre-dia-
betes [22, 23].

While HbAlc level has been studied as indicator of
poorer surgical outcomes in diabetic patients [24, 25],
whether suboptimal HbAlc levels are also associated with
higher post-operative hyperglycemia and complications in
non-diabetic is unclear [26, 27]. The introduction of
HbAlc screening requires resources and should be sup-
ported by evidence. In this systematic review, we sum-
marize the evidence regarding the correlation of
suboptimized HbAlc levels with post-operative complica-
tions in non-diabetic adult surgical patients.

Methods
Protocol and registration

This systematic review was conducted based on the
PRISMA statement guidelines [28]. The review protocol
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was registered and published on PROSPERO (ID#
CRD42015016400) [29].

Search strategy

A systematic search of bibliographic databases following
PICO framework [30] was conducted by a librarian (AA-Z)
to retrieve all publications that evaluated pre-operative
measurement of HbAlc as predictive of any kind of post-
operative complication. A search strategy was developed
for Medline via OvidSP and peer-reviewed by two other
hospital librarians. The search was then adapted and run in
other databases, including Medline via OvidSP, on October
20, 2014, Embase via OvidSP (1947-2014 October 17),
Biosis via OvidSP (1969-2014 week 46), all databases
comprising the Cochrane Library via Wiley, CINAHL via
Ebsco, Scopus, Web of Science and Medline via PubMed
(for records “as supplied by publisher”), all with no date
restrictions. A second hospital librarian also reviewed the
adapted search strategies.

The search strategy was designed to retrieve (1) HbAlc
and possible variations, (2) pre-operative care or the pre-
operative period, (3) peri- or per-operative care or the peri-
or per-operative period, or post-operative care or the post-
operative period, (4) surgery, (5) post-operative compli-
cations and (6) risk. All concepts were searched using
MeSH or other controlled vocabulary (e.g., Emtree) where
available, in combination with text words. The concepts
were combined: 1 and 2, or 1 and (3 or 4) and 5. Both these
searches were combined, filtered by the final concept of
risk (6) and limited to adult humans. Search strategy details
are available in “Appendix.” References from the searches
were imported into an EndNote library. Duplicates were
removed after all database results were imported.

Eligibility criteria

The eligibility of the identified observational and cohort
studies was evaluated according to the inclusion and
exclusion criteria listed in Table 1.

Outcome measures

The main outcomes of interest were 30-day all-cause post-
operative morbidity (complications) and mortality. The other
studied outcomes were post-operative infection and inflam-
matory response as well as any procedure-specific complica-
tions, length of hospital stay, re-operation and re-admission.

Study selection and data extraction

Two reviewers (NK and PN) independently assessed the
eligibility of bibliographic records. Studies selected after
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Table 1 Eligibility criteria

Inclusion criteria
Types of studies
Types of participants

All published observational cohort and case—control studies to date
Over 18-year-old Individuals with pre-diabetes or no known history of confirmed diabetes who have

undergone any type of surgical procedure and have documented pre-operative HbAlc levels

Primary and secondary
outcome measures
operation and re-admission

Exclusion criteria
Types of studies

Types of participants
the non-diabetic cohort

Primary and secondary
outcome measures

Post-operative complications, inflammatory response, infection and procedure-specific complications,
mortality and morbidity within 30 days after surgery related to the surgery, duration of hospital stay, re-

Systematic reviews and conference abstracts
A mixed population of diabetic and non-diabetic surgical patients without subanalysis of results specific to

Long-term outcomes after surgery, prognosis or survival

the first screening were retrieved and independently eval-
uated by two reviewers, and conflicts were resolved. After
screening, a citation search was performed using Scopus
and Web of Science, retrieving articles cited in the selected
studies, as well as articles which have cited the selected
studies. These articles were subsequently screened.

The Ovid Medline and PubMed (non-Medline) searches
were updated on December 20, 2016. The six included
studies, all available in Medline, were also checked Jan-
uary 4, 2017, for corrections, errata, retractions or updates.
None had been amended.

Risk of bias and quality of evidence assessment

All the included studies were critically appraised by two
separate reviewers (NK and PN) according to the quality
in prognostic studies (QUIPS) tool [31]. This tool is
specifically designed to evaluate risk of bias in prognostic
cohort-type studies across six main domains: (1) study
participants, (2) study attrition, (3) prognostic factor
measurement, (4) outcome measurement, (5) study con-
founding and (6) statistical analysis and reporting. Studies
could be rated to have either low, moderate or serious bias
across different domains [31]. Then we rated the overall
evidence by employing Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
approach [32]; while GRADE was originally designed to
judge the evidence derived from interventional studies, it
can also be used to judge the evidence in systematic
reviews of prognostic factor studies [33]. Based on this
framework, the level of evidence is judged for each out-
come of interest separately; it can be downgraded con-
sidering the studies’ limitations, inconsistency,
indirectness, imprecision and publication bias and
upgraded considering large effect and exposure—gradient
responses [33].

Data analysis

Based on the very diverse populations in the reviewed
studies, we were not able to combine their results to con-
duct a meta-analysis; therefore, the results were narratively
reviewed.

Results
Study selection

A total of 4153 studies were retrieved using our search
strategy; after removing the duplicates (n = 1620), we
screened the abstracts based on the eligibility criteria.
Fifty-eight full texts were retrieved for extensive review.
Six studies met all the eligibility criteria and remained in
the systematic review (Fig. 1).

Characteristics of the included studies

The included studies had either low or moderate risk of
bias across different domains according to the QUIPS tool
[31] (Table 2). Three out of six studies were prospective
observational studies, while the other three were retro-
spective. Overall, a total of 14,363 non-diabetic patients
undergoing various types of surgeries were included in the
studies; 34% of these patients (n = 4898) had subopti-
mized HbAlc prior to surgery as defined most commonly
as HbAlc >6% (Table 3). Three of the six studies
[26, 27, 34] did not define an upper limit for HbAlc as an
exclusion, defining non-diabetic patients as those without
diet/pharmacologically controlled diabetes [34] and/or
having fasted glucose levels below 7 mmol/L [26, 27].
The results from the included studies will be summarized
in the following categories: 30-day post-operative
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Fig. 1 PRISMA flow diagram
(flow of information through the
phases of the systematic review)

Database deduplications

(Removed) (n = 1620)

(n=2374)

Original search Yields (n)
Medline 717
Embase 1625
CINAHL 136
Biosis 244
Cochrane 42
PubMed (non- Medline) 168
Scopus 621
Web of Science 441
TOTAL 3994

Title and Abstract screening

Full-text screening
(n=54)

Records excluded
(n=2293)

Wrong patient population

No Pre-op HbA1lc

measurement

Not studied the post -op

complication

Records excluded

(n=48)
No comparison among the
non -diabetic patients
based on HbA1c level

Records added by reference

lists
(n=411)

Included studies
(n=6)

Records excluded
(n=411)

Included studies
(n=6)

Update (12/20/2016)
Ovid Medline (n=230)
PubMed (n=70)

Records excluded

(n = 300)

Included studies

(n=6)

Table 2 Risk of bias for included studies
Quality in prognostic studies (QUIPS)
Study ID Study Study Prognostic factor Outcome Study Statistical analysis

participation attrition measurement measurement confounding and reporting
Gustafsson et al. [34] Low risk Low risk Low risk Low risk Low risk Low risk
Hudson et al. [27] Low risk Low risk Low risk Low risk Low risk Low risk
Medhi et al. [37] Low risk Low risk Low risk Low risk Moderate risk Moderate risk
O’Sullivan et al. [26] Low risk Low risk Low risk Low risk Moderate risk Low risk
Stenberg et al. [35] Low risk Low risk Low risk Low risk Low risk Low risk
Walid et al. [14] Low risk Low risk Low risk Moderate risk Moderate risk Low risk

complication/morbidity, post-operative infection, 30-day

mortality, length of stay, re-operation and re-admission.

The overall strength of the existing evidence for each
outcome is summarized in Table 5 using the GRADE

framework.
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Post-operative complications/morbidity

Four out of six studies reported 30-day post-operative
complications and overall morbidity [26, 27, 34, 35]

(Table 4). All had low risk of bias. Two of them were
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Table 3 continued

1S

Results (suboptimal HbAlc vs normal HbAlc)

Primary outcome Secondary outcomes

Patient population (N)

with suboptimal

Non-diabetics
HbAlc (%)

diabetics
(%)

Number
of non-

Design of the
study

Study ID
and year

Springer

HbAlc > 6.1% versus HbAlc < 6.1%

Total cost

LOS

Diabetics and non-

(110) 14.3%

320

Retrospective

Walid et al.

diabetics, spine surgery

(442)

observational (72.4%)

[14]

Tin LOS and total cost only in LDF subgroup

(p < 0.05), no difference among LMD and

ACDF

LDF lumbar decompression and fusion subgroup, LMD lumbar microdiscectomy, ACDF anterior cervical decompression and fusion

*Post-operative inflammatory response and recovery included C-reactive protein levels (adjusted p = 0.008), time to oral food only (no drips) (adjusted p = 0.013), time to first bowel

movement, time to epidural anesthesia removal, length of stay and time to fulfill discharge criteria

# Respiratory failure, plural fluid, cardiac failure, cardiac arrhythmia, post-op bleed, post-op ileus, anastomotic leak, stoma necrosis, wound infection, pneumonia, sepsis, urinary infection

and other infection

b Leakage/abscesses, bleeding, small bowel obstruction/prolonged ileus, anastomotic stricture, stromal ulcer, wound dehiscence, port related complication, venous thromboembolism, urinary

tract infection, pulmonary complication, cardiovascular complication

prospective observational studies on colorectal surgery [34]
and vascular surgery patients [26]; the other two were both
retrospective observational studies on collected data from
large prospectively maintained databases of cardiac sur-
gery [27] and laparoscopic gastric bypass surgery patients
[35]. All four studies showed some degrees of association
between suboptimized levels of HbAlc and post-operative
overall complication rate or specific procedure-related
complications. In the colorectal surgery study, after
adjusting for different confounders, the authors observed a
threefold increase risk of overall post-operative complica-
tions. This was mainly due to pneumonia, urinary tract
infection, pleural effusion and post-operative ileus (45 vs
25%, adjusted OR = 2.9, 95% CI 1.1-7.9, p = 0.037)
[34].

O’Sullivan et al. [26] observed that the non-diabetic
vascular surgery patients with suboptimal HbAlc had a
significantly higher all-cause 30-day morbidity compared
to the normal HbAlc group (56.5 vs 15.7%, 95% CI
2.8-17.2, RR = 7, p < 0.001); when categorized based on
the procedures, more specifically, they observed significant
differences in non-diabetic patients with suboptimal
HbAlc wundergoing aortic procedures (50 vs 6.7%;
p = 0.009) and peripheral arterial procedures (77.8 vs
20%; p = 0.003). Among the cardiac surgery patients, the
risk of acute kidney injury was higher in patients with
elevated HbAIc levels even after adjusting for other known
renal risk factors (adjusted OR = 1.148, 95% CI
1.003-1.313, p = 0.04) [27]. Among the non-diabetic
gastric bypass patients, Stenberg et al. [35] observed that
suboptimal HbAlc was associated with having any post-
operative complication (OR 1.16, 95% CI 1.00-1.33,
p = 0.043) and a severe (>3b Clavien—-Dindo [36]) post-
operative complication (OR = 1.3, 95% CI 1.05-1.61,
p = 0.012), which remained after adjusting for confound-
ing factors (adjusted OR = 1.26, 95% CI 1.01-1.59,
p = 0.042). More specifically, higher HbAlc was associ-
ated with increased risk of pulmonary complications
(OR =192, 95% CI 1.17-3.14, p = 0.009) and small
bowel obstruction/prolonged ileus (OR = 1.55, 95% CI
1.09-2.22, p = 0.016) [35].

Post-operative infection

Three studies with low risk of bias reported the rate of post-
operative infection among cardiac, colorectal and vascular
surgery patients [26, 27, 34], and one study reported the
risk of leakage and abscesses among the non-diabetic
gastric bypass patients [35]. Three out of four studies did
not see any association between rate of post-operative
infection and the pre-operative level of HbAlc, while only
one found a significant association in their study popula-
tions (Table 4). While the 30-day post-operative infection
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Table 4 Summary of results categorized by the eligible studies
Gustafsson et al.  Hudson et al. Medhi O’Sullivan et al. [26] Stenberg et al. Walid et al.
[34] [27] et al. [37] [35] [14]
Post-op 1 post-op 1 post-op acute  N/A 1 incidence of all-cause 1 risk of any N/A
complications/morbidity complication kidney injury 30-day morbidity post-op
(adjusted (OR = 1.148, (RR =7, p =0.001) complication
OR =29 p = 0.04) (OR = 1.16,
p = 0.037 p = 0.043)
Post-op infection No difference in ~ No association N/A 1 incidence of overall 1 risk of N/A
infection rate with post-op post-op infection leakage/
(adjusted infection rate (p = 0.037) and post- abscesses
OR =23 (p = 0.48) op wound infection
p = 0.129) (p < 0.05),
Mortality N/A 1 post-op 30-day N/A No difference in mortality N/A N/A
mortality
(OR = 1.53,
p = 0.0005)
Length of stay No increase in N/A No No increase in LOS N/A T in LOS
LOS increase only in
in LOS LDF
subgroup
(p <0.05)

rate was increased in the higher pre-operative HbAlc
subgroup, this did not reach statistical significance among
the non-diabetic colorectal surgery patient (29% vs 17%,
adjusted OR 2.3, 95% CI 0.8-5.2, p = 0.129) [34]. Like-
wise, among the non-diabetic patients undergoing laparo-
scopic gastric bypass, while higher HbAlc was associated
with increased risk of anastomotic leakage/abscess, this did
not reach statistical significance (OR = 1.33, 95% CI
0.98-1.82, p = 0.071) [35]. In addition, in the study on the
cardiac surgery patients, no association was observed
between post-operative infection and elevated HbAlc
levels (p = 0.48) [27]. Only, O’Sullivan et al. [26] docu-
mented an overall higher incidence of overall post-opera-
tive infection (21.1 vs 5.9%, p = 0.037), specifically
surgical wound infection (9.9 vs 0%, p < 0.05) among
non-diabetic patients with suboptimized HbAlc levels
undergoing vascular surgery.

Mortality

Two of the included studies with low risk of bias reported
30-day mortality as their primary outcome [26, 27]
(Table 4). One in vascular surgery patients did not find any
significant difference in all-cause 30-day mortality between
the non-diabetic patients with higher than normal HbAlc
and with normal HbAlc (6% < HbAlc <7% vs
HbAlc < 6%) [26]. In a second study in cardiac surgery
patients, HbAlc >6% in non-diabetic patients was inde-
pendently associated with increased risk of 30-day mor-
tality, i.e., 53% increase in the risk of early post-operative
mortality per percent increase in HbAlc level (OR 1.53;

95% CI +1.24 to 1.91, p = 0.0005); similar results were
found even after excluding the borderline diabetic patients
(with fasting blood glucose >7 mmol/l; p = 0.05) [27].

Length of stay

Four of the included studies compare length of stay in non-
diabetic surgical patient population stratified by pre-oper-
ative HbAlc levels (Table 4). None of the three prospec-
tive observational studies in colorectal [34], cardiac [37]
and vascular [26] surgery patients found any association
between levels of pre-op HbAlc and length of stay
[26, 27, 34, 37]. Only the retrospective study on spine
surgery patients observed that LOS and total cost (hospital
and physician) were significantly higher in non-diabetics
with HbAlc >6.1 compared to non-diabetics with normal
HbAlc (<6.1%) [14].

Re-operation and re-admission

None of the included studies included re-operation or re-
admission rates as outcomes.

Discussion

The purpose of this systematic review was to summarize
the available evidence to better understand whether pre-
operative level of HbAlc in the non-diabetic adult surgical

patients is an indicator of increased risk of post-operative
adverse outcomes. This is a critical question to address
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prior to evaluating the candidacy of HbAlc as a potential
screening test pre-operatively. In synthesizing the available
data on 14,363 patients without previously diagnosed dia-
betes undergoing various types of surgeries, we found that
high pre-operative HbAlc (generally defined as >6%) was
associated with higher risk of overall post-operative com-
plications after colorectal, bariatric, vascular and cardiac
surgery.

We specifically addressed the prognostic value of pre-
operative HbAlc screening in patients without previously
diagnosed diabetes. A previous systematic review reported
an association of high pre-operative glucose and HbAlc
levels with increased post-operative complications [38];
however, this review also included diabetic patients. The
HbAIlc levels of a diabetic patient who is receiving phar-
macological treatment might be as low as the levels of a
non-diabetic individual; however, similar HbAlc levels do
not necessarily reflect the same metabolic status. The
increased risk of post-operative complications in studies
with mixed population could be attributed to diabetes status
and not to HbAlc level alone [38], and the review con-
cluded that neither blood glucose testing nor HbAlc
screening was recommended for non-diabetic patients,
except for procedures where there is a high prevalence of
undiagnosed diabetes, e.g., vascular and orthopedics
surgery.

In the studies included in the present review, higher
levels of HbAlc were seen in patients with higher BMI and
older age and were regarded as confounding factors
adjusted for in the statistical analysis [27, 34, 35]. These
are well-defined risk factors for the development of peri-
operative complications [39-42]. A state of increased
insulin resistance, as identified by higher HbAlc levels,
could accentuate the surgery induced metabolic stress in
this population and further complicate or slow their
recovery after surgery. Therefore, it might be particularly
beneficial to target these patients for HbAlc screening
prior to surgery.

Pre-operative HbAlc screening can help identify
patients with undiagnosed diabetes as well as pre-diabetic
patients and can differentiate patients with stress hyper-
glycemia [10, 12]. Undiagnosed diabetes has been sug-
gested to represent a much higher risk factor for post-
operative complications than known diabetic state [43, 44].
In USA alone, the overall prevalence of pre-diabetes in
20112012 was estimated to be 38%; the same data also
indicated that among the diabetic population in USA, up to
36% were undiagnosed [45]. Both diabetes and pre-dia-
betes may result in some degrees of insulin resistance [23]
which may warrant pre-operative physiological condition-
ing and/or pharmacological interventions as well as closer
post-operative glucose monitoring and control [46—48].
Higher pre-operative HbAlc levels are associated with
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post-operative hyperglycemia and possible need for insulin
infusion among non-diabetic patients [6, 27, 34, 49]. As
insulin resistance is a central feature of the metabolic
response to surgery, identification of interventions that
preserve insulin sensitivity is a key strategy to improve
outcomes [50]. Regardless of diabetes status, a 20%
increase in insulin resistance was associated with a more
than twofold increase in the risk of serious complications
after cardiac surgery [4].

The four studies that investigated post-operative com-
plication/morbidity were all consistent in observing strong
associations between higher levels of HbAlc (>6%) and
elevated rate of post-operative complications. Based on
GRADE approach (Table 5), the strength of evidence
regarding this finding is at high level because for prog-
nostic studies, retrospective and prospective cohorts could
be the best approach to investigate the association between
the prognostic factor and outcomes [33]. Furthermore, the
large effects observed in at least two of the included studies
and the gradient response of HbAlc levels in relation to
post-operative outcomes contribute to upgrading the evi-
dence [33].

Post-operative infections are among the most resource-
consuming and costly complications after surgery, con-
tributing to longer hospital stays, re-admissions and
emergency visits [51, 52]. Perioperative hyperglycemia is a
risk factor for post-operative infections [2, 15, 53]. Post-
operative hyperglycemia was associated with superficial
site infections, sepsis and even death in non-diabetic
patients undergoing colorectal surgery [16]. Hence, an
efficient screening tool for pre-operative hyperglycemia
such as plasma HbAlc could play an important role in
preventing post-operative infections by identifying non-
diabetic patients who may benefit from monitoring and
treatment of hyperglycemia. Yet the data from the few
studies reporting post-operative infections were conflicting,
with an increase rate of infection in the non-diabetic vas-
cular surgery patients with high pre-operative HbAlc [26],
a trend toward increased infections and risk of anastomotic
leakage/abscess in patients with suboptimal HbAlc
undergoing colorectal surgery [34] and gastric bypass
surgery [35], but no increased risk in cardiac surgery
patients [27].

Recently, pre-operative HbAlc screening has been
included in the 2014 draft of best practices for periopera-
tive glucose control from Strong for Surgery which issues
guidelines for perioperative care in Washington State.
Although it is unclear whether optimization of patients
with poorly controlled diabetes improves outcomes, this
guideline recommends screening all diabetic patients and
patients at risk of diabetes or pre-diabetes (i.e., age > 40 or
BMI > 30) by HbAlc or fasting blood glucose prior to
surgery [54]. Other major guidelines also recommend
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Table 5 Quality assessment using GRADE approach

Quality assessment Quality Importance
No of  Design Risk of bias Inconsistency Indirectness Imprecision Other considerations
studies
Post-operative complications/morbidity (follow-up 30 days) [25, 26, 33, 34]
4 Observational ~ No serious ~ No serious No serious No serious Strong association’ ©®®@ CRITICAL
studies® risk of inconsistency® indirectness imprecision dose-response HIGH
bias® gradient®
Post-operative infection (follow-up 30 days) [25, 26, 33]
4 Observational ~ No serious  Serious’ No serious No serious Dose-response @300 CRITICAL
studies risk of indirectness imprecision gradient® LOW
bias®
Mortality (follow-up 30 days) [25, 26]
2 Observational ~ No serious  Serious® No serious No serious Dose-response ®a®00 CRITICAL
studies risk of indirectness imprecision gradient® LOW
bias®
Length of stay (14, 25, 33, 36)
4 Observational ~ Serious” No serious ~ No serious No serious Dose-response @®@00 IMPORTANT
studies inconsistency' indirectness imprecision gradient® LOW
Re-operation and re-admission
0 No evidence None
available

? Two prospective observational cohort studies and two retrograde cohorts using very large prospectively collected databases

® The overall risk of bias for these studies has been rated the lowest as assessed by quality in prognostic studies (QUIPS) tool for observational
prognostic studies

¢ The included studies on different surgical populations, however, all are major surgical procedures with considerable risks of post-operative
complications. All four studies are consistent in some degree of increase in the overall post-operative complications/morbidity in the patients
with higher than 6% HbAlc

4" At least two studies with very high effects sufficient to upgrade the level of evidence suggest that patients with suboptimal HbAlc had a
significantly higher all-cause 30-day morbidity/post-operative complications compared to the normal HbAlc group: the study on colorectal
patients (OR = 2.9, 95% CI 1.1-7.9); among vascular surgery patients (RR = 7, 95% CI 2.8-17.2); gastric bypass patients (OR 1.26, 95% CI
1.01-1.59); cardiac surgery patients (OR = 1.148, 95% CI 1.003-1.313)

¢ In all the studies, the non-diabetic patients with higher HbAlc levels of more than 6% have been compared to the non-diabetic patients with
HbAlc levels under 6%

T There is inconsistency between the reported results from four studies. Significant increase in surgical infection in vascular surgery patients with
elevated HbAlc as well as the same trend in colorectal and gastric bypass patients; however, among the cardiac surgery patient, no association
was observed

€ There is conflict between the two studies results. There was no significant association between higher HbAlc and mortality in non-diabetic
vascular patients, while HbAlc >6% was an independent predictor of 30-day mortality among cardiac patients (OR 1.53; 95% CI 1.24-1.91,
p = 0.0005)

" One study with moderate risk of bias and three with low risk of bias

' Among four studies, only one observed significant association between higher HbAlc and length of stay in the hospital inconsistent with the
other three which observed no association

testing for HbAlc in all diabetic patients [55, 56]; however,
they have not recommended HbA lc screening as the initial
test to diagnose dysglycemia in the pre-operative visit for
people without diabetes [55, 56]. These guidelines instead
recommend random blood glucose testing [18, 19, 55, 56].
However, this test is highly dependent on prandial state of
patients and high rates of false negatives in diagnosing pre-
diabetes and diabetes makes it inappropriate as an efficient
screening tool for pre-operative dysglycemia [10]; more
importantly, it results in missing the patients with

dysglycemia who could benefit from better perioperative
monitoring and control of blood glucose.

What is attractive about HbAlc screening is the potential
to intervene and improve outcomes. In a risk-predictive
model study on cardiac surgery patients, reduction of HbAlc
from 8 to 5.5% predicted reduction in LOS by almost half a
day; this suggest HbA 1c¢ as modifiable risk factor [57]. Upon
diagnosis of pre-operative dysglycemia and/or insulin resis-
tance by suboptimal HbA1c levels, various pharmacologic or
physiological interventions could be reinforced in order to
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modify the risks associated with these conditions. These
interventions could include but are not limited to pre-oper-
ative diet modification, exercise and administration of insulin
sensitizers. Perioperative glucose control by insulin admin-
istration decreased renal complications in non-diabetic car-
diac surgery patients [58] and overall mortality and
morbidity in surgical patients at intensive care unit [59].
Perioperative glucose control has been also recommended for
prevention of surgical site infections [60].

This review has several limitations. The restricted
number of eligible studies included in this review and the
diverse study populations limit the strength of the conclu-
sions and recommendations for some of the outcomes.
Therefore, there is need for more studies focusing on the
association of suboptimal HbAlc with these post-operative
outcomes in non-diabetic patients and whether this repre-
sents a therapeutic target in order to reduce hyperglycemia
and complications in this at-risk population. In some of the
included studies, considering a higher than 6.5% upper limit
for categorizing the patients with suboptimal HbAlc might
have resulted in including some undiagnosed diabetic
patients in the non-diabetic category. Therefore, for future
studies giving more attention to this matter is warranted.
Furthermore, plasma HbAlc is a laboratory test which is
subject to significant laboratory-to-laboratory variation and
variation over time. This may impact the utility of a single
HbA 1c value especially in the pre-operative period. Thus, it
might be a good practice to couple this measure with
another measure such as random or fasting blood sugar level
to screen for dysglycemia in non-diabetic patients with risk
factors such as advanced age or obesity. In addition, it
should be noted that short term interventions cannot modify
HbAlc levels and this limits the value of HbAlc as modi-
fiable risk factor in pre-operative settings.

In summary, HbAlc is a practical and informative test
for screening non-diabetic patients prior to surgery for
dysglycemia, pre-diabetes and undiagnosed diabetes who
are at risk of developing post-operative hyperglycemia.
The association of suboptimal HbAlc levels >6% with
post-operative hyperglycemia and complications highlights
its value for risk stratification prior to surgery. Further-
more, suboptimal HbAlc levels may identify patients who
may benefit from more intensive monitoring and treatment
of perioperative hyperglycemia. However, whether sub-
optimal pre-operative HbAlc represents a modifiable risk
factor requires further study.

Conclusion
The current evidence suggests that elevated pre-operative

HbAlc levels among patients without prior diagnosis of
diabetes might be associated with an increased risk of post-
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operative complications. Future studies are essential to
assess this possible association and to further explore
HbAlc as a modifiable pre-operative risk factor.
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Appendix: Ovid Medline Search

1. Hemoglobin A, Glycosylated/

2. Hemoglobins/

3. Limit 2 to year = 71963-1975”

4. Hemoglobin A/

5. Limit 4 to year = 71975-1983”

6. ((glycat* or glycosylat*) adj2 (hemoglobin* or
haemoglobin* or hemo-globin* or haemoglo-
bin*)).tw, kf.

7. (hbalc or “hb alc” or hbaic or “hb aic”).tw, kf.

8. ((ic or 1c or aic or alc) adj2 (hemoglobin* or
haemoglobin* or hemo-globin* or haemoglobin* or
hb or hba)).tw, kf.

9. (glycohemoglobin* or glyco-hemoglobin* or glyco-
haemoglobin* or glycohaemoglobin*).tw, kf.

10. lor3or5Sor6or7or8or9

11. exp preoperative care/

12.  exp preoperative period/

13.  (pre-op* or preop*).tw, kf.

14. (presurg* or pre-surg*).tw, kf.

15. ((before or prior or previous or undergoing) adj3
(surger* or surgic* or procedure*)).tw, kf.

16. 1l or 12 or 13 or 14 or 15

17. exp perioperative care/

18. Perioperative period/

19. (perop* or per-op* or periop* or peri-op*).tw, kf.

20. Postoperative Period/

21. (postoperati* or (post adj2 operati*) or postsurg* or
((post or after or following) adj2 surg*) or posttrans-
plant* or ((post or after or following) adj2 trans-
plant*) or ((postdischarg* or post-discharg*) adj3
surg*®)).tw, kf.

22. or/17-21

23. exp general surgery/

24. exp surgical procedures, operative/

25. (surger* or surgic*).tw, kf.

26. su.fs.

27. or/23-26

28. exp postoperative complications/

29. (Co or mo).fs.

30. (morbi* or mortalit* or adverse outcome* or com-
plicat*).tw, kf.

31. 28 or 29 or 30
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32. 10 and 16
33. 10 and (22 or 27) and 31
34, 32 o0r33
35. “Predictive value of tests”/
36. Reference values/
37. Forecasting/
38. Prognosis/
39. exp risk/
40. (risk or risks or prognos* or predict*).tw, kf.
41. or/35-40
42. 34 and 41
43. Animals/not (animals/and humans/)
44. 42 not 43
45. (exp child/or exp infant/or adolescent/) not exp adult/
46. 44 not 45
47. Remove duplicates from 46
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