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Background & aims: Diabetes is a significant risk factor for surgical complications and also increases the
prevalence of comorbidities, thereby increasing surgical risk. The aim of this systematic review was to
establish the relationship between long-term preoperative glycemic control as measured by HbA1c and
postoperative complications.

K?yWDYdSi ) Methods: A systematic search was conducted to source articles published between 1980 and 2014
gg‘:letes mellitus pertinent to the review. Full-text articles were included if they met the pre-determined criteria as
Surge:y determined by two reviewers. Studies reporting the impact of preoperative HbAlc levels on
Outcome postoperative outcomes in all disciplines of surgery were included.

Results: Twenty studies, including a total of 19,514 patients with diabetes mellitus from a range of
surgical specialties, were suitable for inclusion. Preoperative glycemic control did not have a bearing on
30-day mortality. There were no significant differences in the incidence of stroke, venous thromboem-
bolic disease, hospital readmission and ITU length of stay based on glycemic control. The majority of
studies suggested no link between preoperative HbA1lc levels and acute kidney injury or need for
postoperative dialysis, dysrhythmia, infection not related to the surgical site and total hospital length of
stay. The literature was highly variable with regards to myocardial events, surgical site infection and
reoperation rates.
Conclusions: Elevated preoperative HbAlc was not definitively associated with increased postoperative
morbidity or mortality in patients with diabetes mellitus. The studies included in this review were
relatively heterogeneous, predominantly retrospective, and often contained small patient numbers,
suggesting that good quality evidence is necessary.

© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Complications

1. Introduction

The incidence of diabetes mellitus is increasing rapidly in the
UK, having gone from 1.4 million new cases in 1996 [1] to 3.1
million in 2013 [2], likely linked to an aging population with a rising
prevalence of obesity. Diabetes is a significant risk factor for com-
plications following many forms of surgery [3]. It increases the
incidence of infection [4—6], as well as general morbidity and
mortality [7,8]. Diabetes is associated with other comorbidities
which increase the risk of surgical intervention, particularly car-
diovascular adverse events [9]. Perioperative short-term glycemic
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control is associated with poor surgical outcomes both in patients
with [10] and without diabetes [11], underpinning the role of stress
hyperglycemia in this relationship.

Glycated hemoglobin (HbA1c) has been used as a measure of
diabetic control, reflecting long-term glucose concentrations over
the preceding months [12,13], and tight control is associated with
reduced incidence [14,15] and slower progression [16] of diabetes-
related complications, myocardial infarction, and stroke. The
American Diabetes Association (ADA) released guidelines recom-
mending that “target HbAlc for people with diabetes should be
<7%” (53 mmol/mol) [17], and furthermore that surgery should not
be undertaken if at all possible if the HbA1c exceeds 7% (53 mmol/
mol) [18]. Despite this, HbAlc measurement is currently not a
standard part of the preoperative workup of the surgical patient,
nor is it specifically recommended in the UK National Institute for
Clinical Excellence (NICE) preoperative care guideline [19].

0261-5614/© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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One area in which there has been significant interest in the
association between HbA1c and postoperative outcome is cardiac
surgery. The incidence of diabetes in this cohort is recognized to be
elevated due to the association between diabetes and cardiac dis-
ease, and the complication rates in these patients are established to
be high. In this field, elevated preoperative HbAlc is associated
with increased morbidity and mortality rates [20,21], as well as
infectious [22] and renal [23] complications.

Thus, whilst there are reasonably convincing data to show that
perioperative high glucose concentrations are associated with
harm, what is not well established is whether such a relationship
exists for HbA1c and surgical outcomes. The aim of this review was
to clarify the relationship between preoperative HbAlc and post-
operative complications.

2. Methods
2.1. Search strategy

A search of PubMed, MEDLINE, Google™ Scholar and the
Cochrane Library databases was conducted to identify studies
evaluating the association between preoperative HbA1c levels and
postoperative surgical outcomes published between 1966 and
September 2014. Electronic search terms employed were ‘HbAlc
AND ‘surgery’, ‘glyc(a)emic control AND surgery’ and ((‘glycosy-
lated h(a)emoglobin alc’ OR ‘glycated h(a)emoglobin alc’ ‘glyc(a)
emic control’ OR ‘HbA1c’)) AND surgery. The search was limited to
adult patients with diabetes and English language publications,
with all cases of gestational or post-transplant diabetes excluded.
We also searched the references of all studies that met the inclusion
criteria for further suitable articles. We excluded any studies which
examined the association of HbAlc and postoperative outcome in
patients who did not have diabetes.

2.2. Selection of articles

Following exclusion of citations based on title and abstract, full
text articles were screened for inclusion. Studies were selected if
they included patients with diabetes who had HbAlc levels
measured within three months before surgical intervention and if
the study reported at least one postoperative outcome. Studies
were excluded if they analyzed results based on HbAlc without
distinguishing between patients with and without diabetes,
duplicated data from another study included or did not include any
relevant clinical outcome measures (postoperative morbidity and
mortality, hospital length of stay, readmission and reoperation
rates). Studies reporting the outcomes of a population who were
not all managed surgically were also excluded.

2.3. Data extraction

One reviewer extracted the data and the results were checked
by a second. Data collated included authors' names, year of publi-
cation, type of surgery, study design, and inclusion criteria. With
regards to patient data, the number of patients, type of diabetes,
treatment method for diabetes, mean HbA1c level, number of pa-
tients with stated HbA1c levels, mortality rates, length of stay, and a
range of complications (acute kidney injury, acute coronary syn-
drome, arrhythmia, stroke, surgical site infection, other infections,
venous thromboembolism, reoperation and readmission to hospi-
tal) were also collected. Mortality was defined either as short-term
(either in-hospital or at 30-days postoperatively) or long-term
(three years or more).

Publications were screened for data on overlapping patient
populations and if identified, the study which included the greatest

number of patients reporting the largest or most clinically relevant
complications were included. Three studies were excluded due to
overlapping results [22,24,25]. Since June 2011 the unit of mea-
surement of HbA1c has changed from % to mmol/mol. With this in
mind, an HbAlc of 6.0% corresponds to 42 mmol/mol, 7.0% to
53 mmol/mol, and 8.0% to 64 mmol/mol [26].

2.4. Protocol registration

We registered the protocol for this review with the PROSPERO
database (www.crd.york.ac.uk/prospero) — registration no.
CRD42014013110.

2.5. Assessment of quality and risk of bias

The quality of evidence was assessed and graded using GRA-
DEpro software for each outcome (http://ims.cochrane.org/
revman/other-resources/gradepro/download) as recommended by
the Cochrane Collaboration. The judgments of quality of specific
outcomes were based on 5 main areas: study design and execution
limitations, inconsistency, indirectness, imprecision of results, and
publication bias across all studies. The overall quality of evidence
for each outcome is the combination of assessments in all domains
and is graded as very low, low, moderate, or high to make a
recommendation for intervention.

3. Results

From 2935 studies, 89 articles were identified as potentially
relevant (Fig. 1) and 2846 deemed unsuitable. Following manu-
script review, 20 studies were considered eligible for inclusion [20,
27-45].

3.1. Demographics

The 20 studies included a total of 19,514 patients with diabetes
(Table 1); 9590 male and 6392 female. Gender was not detailed in
3532 patients. Only a small number included the type of diabetes
[28,33,37,42], including 26 patients with type 1 and 257 with type 2
diabetes. Publication year was between 1992 and 2014. There was
significant variability in HbAlc cut-off, however, the most
frequently employed measure was the ADA [18] guideline of <7%
(53 mmol/mol) representing good control.

Overall, seven studies (3921 patients) were based on cardiac
surgery [20,31,35—37,40,44], six (8667 patients) on orthopedics
[27,28,30,32,33,39], two (939 patients) on ‘major non-cardiac’
surgery [29,43], two (123 patients) on vascular [41,42], one (2872
patients) on renal transplant with pre-existing diabetes [34], one
(32 patients) on urology [45], and one (2960 patients) on ‘major
surgical procedures’ [38].

3.2. Postoperative complications

3.2.1. Mortality

Eight studies reported the effect of preoperative HbAlc level on
short-term mortality [20,29,31,34,36—38,42] and one paper re-
ported long-term mortality [41] (Table 2). There is good evidence
based upon all studies (9538 patients) that HbA1c has no impact
upon mortality.

In cardiac surgery, four studies (3214 patients) reported no
change in mortality (Table 2). The four general studies (6324 pa-
tients) also found no significant difference in 30-day mortality
rates.
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Records identified through
electronic searches
N=2935
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Studies screened

Post-transplant/pancreatectomy diabetes N=477

Audit/abstract/case report/comment/letter N=126

Studies excluded from abstract N=2846
Not surgical patients N=967

Bariatric study N=319
Review/meta-analysis N=296
Basic science model N=159
No correlation with outcome N=133

Gestational diabetes N=113
No preoperative HbAlc N=110
No relevant outcome N=56
Not diabetics N=54
Duplicated N=24
Pediatric cases N=12

N=89

v

4
Studies included

Studies excluded from manuscript N=69
No correlation with outcome N=24
No relevant outcomes N=8
Not all diabetic N=14
Review Article N=6
No preop HbAlc N=6
Not all surgical N=5
Duplicated data N=4
Abstract/letter N=2

N=20

Fig. 1. PRISMA diagram showing identification of relevant studies from initial search.

One study reported long-term mortality [41], which found no
significant difference by level of glycemic control at 3 and 5 years
postoperatively.

3.2.2. Acute kidney injury (AKI)

Eight studies (4113 patients) examined the impact of HbAlc
upon the incidence of AKI [20,29,31,35—37,40,42]. Seven studies
(2873 patients) demonstrated no difference, whereas one study did
(1240 patients) [20] (Table 3).

In cardiac surgery, five studies found no difference in the inci-
dence of either AKI or requirement for dialysis by HbAlc
[31,35—37,40]. In contrast, Halkos et al. [20] found a significantly
higher rate of AKI if HbA1c > 7% (53 mmol/mol). In general surgery,
two studies (492 patients) [29,42] demonstrated no significant
difference in the rate of AKI.

3.2.3. Acute coronary syndrome (ACS)

Five studies (10,694 patients) examined the impact of HbAlc on
postoperative ACS [20,30,31,36,42]. These gave a wide variety of
results; two studies [30,31] (8676 patients) suggested a car-
dioprotective effect conveyed by elevated HbA1c, one [36] showing
increased events in this group (735 patients) and two [20,42]
demonstrating no difference (1283 patients).

In 7567 orthopedic patients [30], there was a higher incidence of
ACS in those with an HbAlc <7%. In cardiac surgery a lower pre-
operative HbA1c was associated with increased ACS incidence [31].
The counter result was reported in a similar cohort [36], with a
significantly greater incidence of ACS in poorly controlled patients.
One further cardiac study [20] found no significant difference by
HbA1c level. In a study of vascular surgical patients [42], again
there was no significant difference by HbA1lc level.

3.2.4. Dysrhythmia
Five studies (2799 cardiovascular surgical patients) documented
the relationship between preoperative HbAlc and postoperative

dysrhythmia [20,31,35,40,42]. All but one demonstrated no signif-
icant difference [31,35,40] in cardiac surgery cohorts and [42] in a
vascular surgery cohort. Counter to this was the study by Halkos
et al. [20] who found a significantly higher rate of atrial fibrillation
in those well controlled preoperatively.

3.2.5. Stroke

Six studies (3621 cardiac surgery patients) explored the rela-
tionship between HbA1c and stroke [20,31,35—37,40], all of which
showed no difference, providing good consistency in results.

3.2.6. Surgical site infection (SSI)

Most studies examined the impact of HbAlc on SSI: sixteen
studies including 13,153 patients. When all studies were taken
together, five (1704 patients) provided evidence of a significant
increase in SSI by elevated HbA1c versus ten studies (3561 patients)
which suggested no relationship. Two studies did not quote sta-
tistical significance. Within orthopedic surgery, six studies (8667
patients) included data on SSI [27,28,30,32,33,39]. Overall, three
studies [27,28,33] (432 patients) showed a significantly increased
rate by elevated HbA1c, one paper [30] (7567 patients) showed a
trend, however two studies [32,39] (668 patients) demonstrated no
link. Within cardiac surgery, seven studies (3921 patients)
compared SSI rates by HbAlc [20,31,35—37,40,44], although the
definition of SSI was highly inconsistent. Despite this, 5 studies
[31,35—37,40] (2381 patients) showed no significant difference, one
[20] showed a significant increase in poor control (1240 patients)
and one [44] did not include data on significance (300 patients).
Amongst the general studies, one paper [45] (32 patients)
demonstrated a significant increase in SSI rate by HbAlc, versus
two studies [42,43] demonstrating no difference (533 patients).

3.2.7. Non-surgical site infection
There are six remaining studies (2941 patients) which examined
infection unrelated to the surgical site [20,31,37,39,40,42]. Overall,
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Table 1

Patient demographics for 19,514 patients with diabetes included in the systematic review.

Pro/ N (Male: Age (years) Management of diabetes Level of glycaemic control

Author Retro  Female) Diet Tablet Insulin Good (<6.5%) Moderate (6.5—7.5%) Poor (>7.5%)
Orthopedic
Hikata [27] Retro 36 (19:17) 64.3° 0 nfa 4(11.1%) 19 < 7.0%, 17 > 7.0%
(2014)
Jupiter [28] Retro 322 (97:225) 60.2° + 10.39 0 322 (100%) 99 105 118
(2014)
Adams [30] Retro 7567 (3237: 68# n/a n/a n/a 5042 < 7.0%, 2525 > 7.0%
(2013) 4330)
lorio [32] Retro 350 n/a 278 (79.4%) 72 (20.6%) 191 < 7.0%, 85 > 7.0%
(2012)
Myers [33] Retro 74 (31:43) 57.3% + 10.4 41 (55%) 33 (45%) 30 < 7.0%, 44 > 7.0%
(2012)
Lamloum [39] Retro 318 (175:143) 58# n/a n/a n/a 80 < 7.0%, 238 > 7.0%
(2009)
Cardiac
Strahan [31] Retro 1109 nfa 179 (16.1%) 718 (64.7%) 212 (19.1%) 265 < 7.0%, 447 > 7.0%
(2013)
Tsuruta [35] Retro 306 (242:64) nfa 72 (23.5%) 142 (46.7%) 89 (29.1%) 115 96 95
(2011)
Knapik [36] Retro 735 (487:248) 649 + 8.1 <7.0, 104 (14.1%) 290 (39.5%) 341 (46.4%) 453 < 7.0%, 282 > 7.0%
(2011) 644 + 7.7 >7.0
Sato [37] Pro 130 (91:39) 68 <6.5,66 > 6.5 97 (74.6%) 33(254%) 61 < 6.5%, 69 > 6.5%
(2010)
Matsuura [40] Retro 101 (80:21) n/a 46 33 (32.7%) 22 (21.8%) 47 < 6.5%, 54 > 6.5%
(2009) (45.5%)
Halkos [20] Retro 1240 nfa 182 (14.7%) 676 (54.5%) 372 (30.0%) 516 < 7.0%, 724 > 7.0%
(2008)
Latham [44] Pro 300 n/a n/a n/a n/a 174 < 8.0%, 126 > 8.0%
(2001)
General

Underwood [29] Retro 449 (220:229) 59.1% + 14.1 n/a nfa n/a 109 < 6.5%, 202 6.5—8%, 91 8—10%, 47 > 10%
(2014)
Molnar [34] Retro 2872(1839:1033) 53+ 11 n/a n/a n/a 1752 < 7.0%, 1120 > 7.0%
(2011)
Acott [38] Retro 2960 (2960:0) 63.7¢ n/a n/a n/a 895 < 6.0%, 799 6—7%, 1266 > 7.0%
(2009)
Jones [41] Pro 80 (80:0) 68.5" + 7.2 n/a n/a n/a 43 < 8.0%, 37 > 8.0%
(2008)
O'Sullivan [42] Pro 43 72° n/a n/a n/a 21 <7.0%,22 > 7.0%
(2006)
Dronge [43] Retro 490 71.3# 0 289 (59.0%) 201 (41.0%) 197 < 7.0%, 293 > 7.0%
(2006)
Bishop [45] Pro 32(32:0) n/a n/a n/a n/a 19 < 11.5%, 13 > 11.5%
(1992)

2 Mean #Median. Pro — prospective study. Retro — retrospective study. In terms of measures of glycemic control as HbA1c; 6.5% (48 mmol/mol), 7.0% (53 mmol/mol); 7.5%

(59 mmol/mol); 8.0% (64 mmol/mol), 10.0% (86 mmol/mol), 11.5% (102 mmol/mol).

four studies suggested no link, one suggested a significantly
increased incidence in those with poorly controlled diabetes and
one study suggested a link with urinary tract infection alone [39]. In
cardiac surgery, three studies [20,31,40] (2450 patients) reported
no significant difference in the rate of general infection by HbA1c
level versus one study [37] (130 patients) showing a significant
increase by poor control. In the orthopedic literature, one study
suggested a significant difference in urinary tract infection rates but
no other forms of infection [39] (318 patients) and one other study
suggested no difference (43 patients) [42].

3.2.8. Venous thromboembolism

One study [30] found that rates of both deep venous thrombosis
(DVT) and pulmonary embolism (PE) within 90 days of surgery
were not significantly different by HbA1c.

3.2.9. Reoperation
Four studies looked at reoperation rates, interestingly two
studies (10,046 patients) showed higher reoperation rates in those

with lower HbA1c levels [30,31] and two showed no relationship
(407 patients) [35,40].

3.2.10. Readmission

Only one study [30] examined the impact of preoperative
HbA1c level on hospital readmission, finding no significant dif-
ference by one year postoperatively following knee replacement.

3.2.11. ITU and hospital length of stay (LOS)

Two studies explored the relationship between HbA1c level and
ITU stay, both following cardiac surgery, and both finding no sig-
nificant link [36,37]. Five studies explored the impact of HbAlc
level on total LOS, with the majority demonstrating no significant
difference [20,36,37,40]. However, Underwood et al. [29] found
those with an HbA1c of 6.5%—8% (48 mmol/mol — 64 mmol/mol)
had a significantly shorter LOS than those <6.5% or >8%, however
this did not form a linear relationship.
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Postoperative outcome by HbA1c level in 19,514 patients included in the systematic review.

Author Number of Patients Mortality Morbidity ITU stay Re-operation Re-admission Length of stay
(days) (days)
Orthopedic
Hikata [27] 36 0 n/a n/a n/a n/a n/a
(2014)
Jupiter [28] 322 n/a n/a n/a n/a n/a n/a
(2014)
Adams [30] 7567 n/a n/a n/a 88 (1.7%) <7.0% 1571(31.2%) <7.0% n/a
(2013) 31 (1.2%) >7.0% 755 (29.9%) >7.0%
lorio [32] 350 n/a n/a n/a n/a n/a n/a
(2012)
Myers [33] 74 n/a 13 <7.0% n/a n/a n/a n/a
(2012) 20 > 7.0%
Lamloum [39] 318 0 14 < 7.0% n/a n/a n/a n/a
(2009) 76 > 7.0%
Cardiac
Strahan [31] 1109 2 (0.75%) <7.0% n/a n/a 11 (4.2%)<7.0% n/a n/a
(2013) 2 (0.5%) >7.0% 11 (2.5%)>7.0%
Tsuruta [35] 306 0 n/a n/a 2 (1.7%) <6.5% n/a n/a
(2011) 1(1.0%) 6.5—-7.5%
0 (0%) >7.5%
Knapik [36] 735 7 (1.6%) <7.0% 32 <7.0% 1.6* < 7.0% n/a n/a 7.4° < 7.0%
(2011) 8 (2.8%) >7.0% 27 > 7.0% 1.7 > 7.0% 7.7° > 7.0%
Sato [37] 130 2 (3.3%) <6.5% 7 (11.5%) < 6.5% 21 h <6.5% n/a n/a 8 <6.5%
(2010) 4 (5.8%) >6.5% 12 (17.4%) > 6.5% 25 h >6.5% 11 > 6.5%
Matsuura [40] 101 0 n/a n/a 0(0%) <6.5% n/a 221" < 6.5%
(2009) 1(1.9%) >6.5% 21.7" > 6.5
Halkos [20] 1240 3 (0.6%) <7.0% n/a n/a n/a n/a 6.5 < 7.0%
(2008) 10 (1.4%) >7.0% 7.0 > 7.0%
Latham [44] 300 n/a n/a n/a n/a n/a n/a
(2001)
General

Underwood [29] 449 9 (8%) <6.5% n/a n/a n/a n/a 8.3 < 6.5%
(2014) 6 (3%) >6.5—8% 536.5-8%*

3 (3%) >8—10% 7.9 8—10%

1(2%) >10% 6.8 > 10%
Molnar [34] 2872 201 (10%) <7.0% n/a n/a n/a n/a n/a
(2011) 130 (11%) >7.0%
Acott [38] 2960 35 (3.9%) <6.0% 246 < 6.0% n/a n/a n/a n/a
(2009) 39 (4.9) 6-6.9% 228 6—7%

49 (3.7%) 7.0—7.9% 306 > 7.0%
Jones [41] 80 3 years n/a n/a n/a n/a n/a
(2008) 16 (37.2%) <8.0%

13 (64.8%) >8.0%

5 years

24 (55.8%) <8.0%

25 (65.7%) >8.0%
O'Sullivan [42] 43 1<7.0% n/a n/a n/a n/a n/a
(2006) 0>7.0%
Dronge [43] 490 n/a n/a n/a n/a n/a n/a
(2006)
Bishop [45] 32 n/a n/a n/a n/a n/a n/a
(1992)

2 Mean #Median. All columns given as number of patients (%). All mortality quoted is 30-day unless specifically stated. In terms of measures of glycemic control as HbA1c;
6.5% (48 mmol/mol), 7.0% (53 mmol/mol); 7.5% (59 mmol/mol); 8.0% (64 mmol/mol), 10.0% (86 mmol/mol), 11.5% (102 mmol/mol). * indicates statistically significant result.

Assessment of quality and risk of bias

The quality of the individual studies, assessment of bias and
strength of evidence are summarised in Table 4.

4. Discussion

This systematic review has shown no definite relationship be-
tween preoperative HbAlc and postoperative outcomes in patients
with diabetes. Overall data quality was variable and generally poor,
making comparisons between papers difficult. In addition, definitions
of good long-term glycemic control varied considerably, making data
synthesis difficult. Preoperative HbA1c level did not have a bearing on
30-day or long term mortality in any study [41]. There was no sig-
nificant difference in the incidence of stroke, VTE, hospital

readmission, and ITU length of stay. The majority of studies suggested
no link between HbA1c¢ and AKI, dysrhythmia, infection unrelated to
the surgical site, and total hospital LOS. The literature was highly
variable regarding ACS, SSI and reoperation rates. The variability
surrounding myocardial events may be due to evidence that patients
with diabetes experience extra vigilance from medical and nursing
staff with regards to adverse events, with increased patient contact
may come earlier detection and treatment of complications [46].

4.1. Strengths and limitations

Many of the included studies are retrospective observational
studies, often with small patient numbers, limiting the quality of
the conclusions of this review. There were several other limitations
due to the nature of the studies included. There were high levels of
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Table 3
Postoperative complications by preoperative HbA1lc level.
Author Number  AKI ACS Dysrhythmia CVA SSI Other infection VTE
of
Patients
Orthopedic
Hikata [27] 36 n/a n/a n/a n/a 0 (0%) <7.0% n/a n/a
(2014) 6 (35.3%) >7.0%*
Jupiter [28] 322 n/a n/a n/a n/a 14 (14%) <6.5% n/a n/a
(2014) 25 (21%) 6.5—7%
54(28%) >7—7.5%
Adams [30] 7567 n/a 101(2.0%) <7.0  nfa n/a 58 (1.2%) <7.0% n/a DvT
(2013) 36 (1.4%) >7.0 13 (0.5%) >7.0% 29(0.6%) <7.0%
12 (0.5%) >7.0%
PE
30 (0.6%) <7.0%
10 (0.4%) >7.0%
lorio [32] 350 n/a n/a n/a n/a 5(2.69%) <7.0% n/a n/a
(2012) 5 (5.88%) >7.0%
Myers [33] 74 n/a n/a n/a n/a 2 (6.7%) <7.0%* n/a n/a
(2012) 12 (27.3%) >7.0%
Lamloum [39] 318 n/a n/a n/a n/a 10(12.5%) <7.0% 6 (5%) <7.0%* n/a
(2009) 33(13.9%) >7.0% 55 (17.6%) >7.0%
Cardiac
Strahan [31] 1109 4 (1.5%) <7.0% 4 (1.5%) <7.0% 63(23.8%) <7.0% 3 (1.1%) <7.0% 5(1.9%) <7.0% 14 (5.3%) <7.0% n/a
(2013) 8 (1.8%) >7.0% 1(0.2%) >7.0% 94 (21.1%) >7.0% 2 (0.5%) >7.0% 8 (1.8%) >7.0% 21 (4.7%) >7.0%
Tsuruta [35] 306 2 (1.7%) <6.5% 0 12 (10.4%) <6.5% 0 (0%) <6.5% 0 (0%) <6.5% n/a n/a
(2011) 1 (1.0%) 6.5—7.5% 9 (9.4%) 6.5—7.5% 0 (0%) 6.5—7.5% 0 (0%) 6.5—7.5%
2 (21%) > 7.5% 16 (16.8%) >7.5% 2 (2.1%) >7.5% 2 (2.1%) >7.5%
Knapik [36] 735 3(0.7%) <7.0% 6 (1.3%) <7.0% n/a 6 (1.3%) <7.0% 2 (0.4%) <7.0% n/a n/a
(2011) 4 (1.4%) >7.0% 12(4.3%) >7.0%* 9 (3.2%) >7.0% 4 (1.4%) >7.0%
Sato [37] 130 1 (1.6%) <6.5% n/a n/a 2 (3.3%) <6.5% 5 (8.2%) <6.5% 8 (13.1%) <6.5% n/a
(2010) 3 (4.3%) >6.5% 1(1.6%) >6.5% 10(11.6%) >6.5% 19 (27.5%) >6.5%
Matsuura [40] 101 3 (6.4%) <6.5% n/a 14 (29.7%) <6.5% 0 (0%) <6.5% 3(2.1%) <6.5% 3 (6.4%) <6.5% n/a
(2009) 0 (0%) >6.5% 12 (22.2%) >6.5% 1 (1.9%) >6.5% 6 (1.9%) >6.5% 1(1.9%) >6.5%
Halkos [20] 1240 14 (2.7%) <7.0% 1(0.2%) <7.0% 108 (20.9%) <7.0% 9 (1.7%) <7.0% 3 (0.6%) <7.0% 9 (1.7%) <7.0% n/a
(2008) 38 (5.3%) >7.0%* 4 (0.6%) >7.0% 109 (15.1%) >7.0%* 21 (2.9%) >7.0% 19 (2.6%) >7.0%* 25 (3.5%) >7.0%
Latham [44] 300 n/a n/a n/a n/a 7 (4%) <8.0% n/a n/a
(2001) 10 (8%) >8.0%
General
Underwood [29] 449 1 (0.9%) <6.5% n/a n/a n/a n/a n/a n/a
(2014) 0 (0%) >6.5%
Molnar [34] 2872 n/a n/a n/a n/a n/a n/a n/a
(2011)
Acott [38] 2960 83 90 267 84 480 203 13
(2009)
Jones [41] 80 n/a n/a n/a n/a n/a n/a n/a
(2008)
O'Sullivan [42] 43 0 (0%) <7.0% 0<7.0% 0 (0%) <7.0% 0 1(4.8%) <7.0% 0 (0%) <7.0% n/a
(2006) 1 (4.5%) >7.0% 1>7.0% 1 (4.5%) >7.0% 5(22.7%) >7.0% 2 (4.5%) >7.0%
Dronge [43] 490 n/a n/a n/a n/a 24 (12%) <7.0% n/a n/a
(2006) 59 (20%) >7.0%*
Bishop [45] 32 n/a n/a n/a n/a 1(5%) <11.5% n/a n/a
(1992) 4 (31%) >11.5%*

AKI — acute kidney injury. ACS — acute coronary syndrome. CVA — stroke. SSI — surgical site infection. VTE — venous thromboembolism/pulmonary embolism. All columns
given as number of patients(%). * indicates statistically significant result. In terms of measures of glycemic control as HbA1c; 6.5% (48 mmol/mol), 7.0% (53 mmol/mol); 7.5%

(59 mmol/mol); 8.0% (64 mmol/mol), 10.0% (86 mmol/mol), 11.5% (102 mmol/mol).

In terms of measures of glycemic control as HbAlc; 6.5% (48 mmol/mol), 7.0% (53 mmol/mol); 7.5% (59 mmol/mol); 8.0% (64 mmol/mol), 10.0% (86 mmol/mol), 11.5%

(102 mmol/mol).

inconsistency in HbA1c cut-off levels, with many studies using the
ADA cut-off of 7% (53 mmol/mol) [18] as the borderline for good
control, however the lack of consistency between the studies
makes these difficult to interpret. Furthermore, the populations
were described as above or below a threshold, however a more
meaningful description of the group may have been to provide a
mean HbA1c for the group to better delineate long-term control. A
large number of the studies employ similar cutoffs around 6.5
(48 mmol/mol) to 8% (64 mmol/mol), however the oldest study
[45] used a cutoff of 11.5% (102 mmol/mol), which although it
provided a statistically higher rate of SSI, was greatly different from
the other studies. Several studies broke down HbA1c levels into
multiple groups [28,29,38], resulting in small patient numbers per

group, particularly in the high HbA1lc groups. There were three
studies which included patients from multiple surgical specialities,
resulting in a heterogeneous patient population. Underwood et al.
[29] described a cohort of ‘major non-cardiac surgical procedures’,
including patients who had undergone general (including gastro-
intestinal, endocrine, thoracic or oncologic), or vascular surgical
procedures. Acott et al. [38] examined patients who had undergone
“major surgical procedures” which included general, cardiotho-
racic, vascular, orthopedic, otolaryngologic, and urological surgery.
Finally, Dronge et al. [43] examined patients who had undergone
“noncardiac surgery”, again which included urological, gastroin-
testinal, vascular, orthopedic, general, thoracic, neurosurgical, and
otolaryngological procedures.



study only

database study only

Table 4
Quality assessment using GRADE approach.
Quality assessment Quality  Importance
No of studies Design Inconsistency Indirectness Imprecision Other considerations
Postoperative complications (assessed with: numbers reported in studies)
17 Observational Serious. Differing HbA1c cutoff  Serious. Differing HbA1lc Serious. Multiple confounders Serious. Small population Reporting bias. Multiple ®000 Critical
studies levels were used in each study  cutoff levels were used in affecting the directness of the size and small event rate  database studies, Very low
and definitions of each of the each study and definitions relationship between HbA1c for each individual predominantly
complications were inconsistent of each of the complications and postoperative complications complication retrospective
were inconsistent between studies
Mortality (assessed with: numbers reported in studies)
Observational No serious risk of bias Serious. Differing HbA1c cutoff No serious indirectness Serious. Small population None ®000 Important
studies values for individual studies size and small event rate Very low
making this a highly for each individual
heterogeneous group complication
ITU and Hospital Length of Stay (assessed with: numbers reported in studies)
5 Observational No serious risk of bias Serious. Differing HbA1c cutoff No serious indirectness Serious. Small population None ®000 Important
studies values for individual studies size and small event rate Very low
making this a highly for each individual
heterogeneous group complication
Reoperation (assessed with: numbers reported in studies)
4 Observational ~Serious. Small population size Serious. Differing indications Serious. Time of reoperation Serious. Small population None ®000 Not important
studies and small event rate for each and time frames for reoperation disparate between papers size and small event rate Very low
individual complication used between different papers making this relationship unclear for each individual
complication
Readmission to Hospital (assessed with: numbers reported in studies)
1 Observational ~Serious. Single retrospective No serious inconsistency No serious indirectness Serious. Single Reporting bias. Single ®000 Not important
studies retrospective database retrospective Very low
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Several studies grouped their statistical analysis between
outcome as composite measures, for example Strahan et al. [31]
looked at composite minor (return to theatre, postoperative MI,
arrhythmias, renal failure, infection and pulmonary) and major
(dialysis, multiorgan failure, stroke, death) complications. Whilst
the numerical incidence of the individual complications is stated,
the statistical significance of these is not which hampers inter-
pretation. The authors commented that this technique was used as
due to small numbers of each individual complication, grouping
them together was felt to be a more statistically valid method.
Similarly, Sato et al. [37] only quoted significance if p < 0.05 how-
ever if the value exceeded this, the figure was not detailed. The
inclusion criteria included the measurement of HbA1c level in the
three months prior to the date of surgery, however four studies
[30,33,35,37] did not include information on the time that HbA1lc
was measured other than stating that it was “preoperative” and one
study included HbA1c measured within 6 months of surgery [43].
Although it was decided to include these studies, they may give a
less accurate representation of the relationship with postoperative
complications.

Some limitations were introduced into the review by the paper
selection employed. A wide range of surgical specialties contrib-
uted to the review, with predominantly cardiac and orthopedic
studies. There was some variability in the definition of surgical site
infection (SSI); some studies used mediastinitis, some deep sternal
wound infection, and some superficial infections. In addition,
several studies included infection as a composite rather than in-
dividual outcome. A large number of studies were database studies
which only consider patient contact with secondary care providers.
Many of the perioperative complications included could be
managed in the primary care setting and by the study design, these
complications would not be detected, thus suggesting their rates
may be underestimated. Some complications may have been
investigated by other medical specialities at re-presentation to
hospital, e.g. VTE, raising the possibility again of under-reporting.
The studies included in this systematic review did not include
data on any validated risk scoring tool such as the Charleston Co-
morbidity Index. As such, it is likely there may be an element of
confounding bias which cannot be adjusted for as part of this
review.

5. Conclusions

This review has highlighted the lack of good quality prospective
observational studies in the area of preoperative HbA1lc level as a
predictive factor of postoperative morbidity and mortality. Given
the American Diabetes Association guidelines suggestion that sur-
gery should not be undertaken if at all possible in a patient with an
HbA1c >7% (53 mmol/mol) [18], it is not clear upon what evidence
this recommendation has been based specifically in surgical pa-
tients. This cutoff has been adopted from the established threshold
for good glycemic control from large cohort studies [47], however
its relevance to the surgical population in this study appears un-
clear. The UK Joint British Diabetes Society guidelines [3] took a
more pragmatic approach towards what level of HbAlc was
considered safe. An HbAlc of 8.5% (69 mmol/mol) was chosen
because there was a paucity of data to show that intensive lowering
was beneficial in this cohort. Also, it was felt that an HbA1c goal of
69 mmol/mol was more likely to be safely achievable than a lower
target given that may patients may be put at increased risk of
developing severe hypoglycemia. This is in line with the retro-
spective data analysis by Underwood et al. [29], who found that an
HbA1c¢ of >8% (64 mmol/mol) was associated with increasing risk of
harm. There is little evidence to show that more aggressive glucose
lowering is associated with better outcomes. Indeed, if patients

with long-standing diabetes are asked to achieve this target it may
be associated with increased mortality [48]. Before this guideline is
adopted in a more widespread manner, better quality evidence
should be sought to clarify what effect, if any, HbAlc has upon
postoperative outcome as this systematic review has suggested
that this relationship is not as clear cut as may be expected when
considering the impact that the general presence or absence of
diabetes mellitus has upon postoperative outcomes.
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