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Abstract
Purpose of Review Hyperglycemia occurs frequently in hospitalized patients with stroke and peripheral vascular disease (PVD).
Guidelines for inpatient glycemic management are not well established for this patient population. We will review the clinical
impact of hyperglycemia in this acute setting and review the evidence for glycemic control.
Recent Findings Hyperglycemia in acute stroke is associated with poor short and long-term outcomes, and perioperative hyper-
glycemia in those undergoing revascularization for PVD is linked to increased post-surgical complications. Studies evaluating
tight glucose control do not demonstrate improvement in clinical outcomes, although the risk for hypoglycemia increases
substantially. Additional studies are needed to evaluate tight glucose goals relative to our current standard of care and the role
of permissive hyperglycemia.
Summary Given the limited data to guide glycemic management in these patient populations, it is recommended that
general guidelines for inpatient glycemic control be followed. Special considerations should be made to address factors
that may impact glucose management, including neurological deficits and clinical changes that occur in the postoper-
ative state.
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Introduction

While glucose management in hospitalized patients with
coronary artery disease requiring surgical intervention has
been extensively studied, relatively less attention has been
devoted to understanding the role of inpatient glycemic
management for non-cardiac cardiovascular disease
(CVD) [1]. In this article, we review the literature regard-
ing the prevalence, associated outcomes, and management
of hyperglycemia in hospitalized patients with acute
stroke and peripheral vascular disease (PVD). For the lat-
ter, we focus on surgical outcomes and perioperative man-
agement, since the focus of PVD management in the hos-
pital is largely surgical. Given the limited evidence on this

topic, we highlight areas of uncertainty and unique man-
agement considerations for this patient population.

Stroke

Background

Hyperglycemia occurs frequently in the setting of stroke. It is
estimated that the risk for ischemic stroke is two- to threefold
higher in men and two- to fivefold higher in women with
diabetes compared to those without diabetes [2].
Furthermore, in those with ischemic stroke, it is estimated that
the prevalence of recognized diabetes is 30%, while 17% have
occult diabetes and 20% have impaired glucose metabolism
[3]. Many patients without a history of diabetes may also
experience acute hyperglycemia in the setting of this neuro-
logic stressor. Shimoyama et al. evaluated 375 patients with
acute ischemic stroke and found that of 143 patients who
presented with hyperglycemia, only 40.6% had a diagnosis
of diabetes [4].
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Outcomes

As reviewed in Table 1, hyperglycemia during stroke has been
linked to worse clinical outcomes including greater infarct
expansion, increased hemorrhagic conversion, more severe
neurological deficits, and increased mortality. There is also
evidence that acute hyperglycemia is more detrimental than
chronic hyperglycemia. This finding has been demonstrated in
other inpatient populations [13–17]. In addition to poor short-
term outcomes, patients with hyperglycemia in the setting of
acute stroke may have worse long-term outcomes. It is impor-
tant to emphasize that hyperglycemia does not necessarily
have a causal relationship with stroke outcomes and may sim-
ply be a marker of disease severity. Although we will focus
mainly on the impact of acute hyperglycemia on clinical out-
comes, it is important to note that the degree of chronic hy-
perglycemia, measured by A1c on admission, has also been
associated with stroke severity and functional outcomes [18].

Short-Term Outcomes

In patients with acute stroke, Pulsinelli et al. found that stroke-
related deficits were more severe in those with an admission
glucose value more than 120 mg/dl [5]. Evidence from both
animal and human studies suggests that hyperglycemia may
be toxic to the ischemic brain; in the ischemic penumbra,

anaerobic metabolism of glucose leads to lactic acidosis,
resulting in mitochondrial dysfunction and a worsening cycle
of acidosis from increasing anaerobic metabolism [19].
Parsons et al., who performed MRI/MR spectroscopy to as-
sess tissue lactate accumulation in acute stroke patients,
showed that higher acute blood glucose levels were associated
with greater lactate production. The authors also noted that
acute hyperglycemia was correlated with reduced salvage of
potentially viable tissue, greater final infarct size, and worse
functional outcome [6]. These findings have been confirmed
in numerous studies [20–22].

Hyperglycemia in acute stroke has also been associated
with increased risk for hemorrhagic transformation. The
National Institute of Neurological Disorders and Stroke
Recombinant Tissue Plasminogen Activator Stroke (NINDS
rt-PA) Trial showed that the odds of symptomatic ICH in-
creased by 1.75 per 100 mg/dl of admission blood glucose
regardless of rt-PA treatment [7]. The Safe Implementation
of Treatments in Stroke International Stroke Thrombolysis
Registry (SITS-ISTR) found that blood glucose levels greater
than 180 mg/dl were independently associated with higher
risk of intracerebral hemorrhage (OR 2.86) [8].

Hyperglycemia is thought to have direct effects on vascu-
lature causing endothelial dysfunction. In animal models,
products of anaerobic metabolism and free radicals may dis-
rupt the blood-brain barrier causing increased permeability

Table 1 Clinical associations of
hyperglycemia in Stroke Outcome Evidence

Increased
severity
of stroke

• More severe deficits in those with an admission glucose value > 120 mg/dl
(24 vs. 87% p < 0.05) [5].

• Greater final infarct size and worse functional outcome in hyperglycemic patients [6].

• Elevated glucose is independently associated with infarct volume growth in all patients
(p = 0.034), those without diabetes (p = 0.002), but not those with diabetes (p = 0.871) [4]

• Elevated glucose associated with neurological deterioration in all patients (OR 1.010; 95%
CI 1.004–1.017), those without diabetes (OR 1.014; 95% CI 1.002–1.026), but not in those
with diabetes (OR 1.006; 95% CI 0.998–1.014) [4]

Hemorrhagic
conversion

• Odds of symptomatic ICH increased by 1.75 per 100 mg/dl of admission blood glucose
regardless of rt-PA treatment (95% CI 1.11 to 2.78) [7].

• Blood glucose levels greater than 180 mg/dl were independently associated with higher risk
of intracerebral hemorrhage (OR 2.86; 95% CI 1.69–4.83) [8].

Poor
neurologic
recovery

• Patients with diabetes recover more slowly despite having similar stroke severity scores [9].

• Every 100 mg/dl increase in admission glucose was associated with a 24% reduction in odds
of neurological improvement (95% CI 0.61 to 0.95) [10].

• In those with admission glucose of ≥ 120 mg/dl only 43% were able to return to work
compared with 76% who had lower glucose (p = 0.061) [5].

Increased
mortality

• Diagnosis of diabetes increased the relative risk of death by 1.8 (95% CI 1.04–3.19)

• Blood glucose greater than 120 mg/dl was associated with odds for mortality of 1.24 (95%
CI 1.07–1.44) at 3 months [8].

• Blood glucose > 130 mg/dl independently increased the risk for death at 30 days (HR 1.87,
p < 0.01), 1 year (HR 1.75, p < 0.01), and 6 years (HR 1.41, p < 0.01) after stroke [11].

• Mortality associated with admission glucose level 108 to 144 mg/d was RR 3.07 (95% CI,
2.50 to 3.79) in patients without diabetes and RR 1.30 in patients with diabetes [12].
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resulting in cerebral edema [23]. It is unclear whether this
process also occurs in humans, but disruption of the blood-
brain barrier may be a mechanism for hemorrhagic transfor-
mation in hyperglycemic stroke patients. In addition to neu-
rologic deficits, a large prospective study found that rates of
hospital complications, including infection and venous throm-
bosis, were higher in patients with diabetes and acute stroke
[23].

Neurological Recovery

Hyperglycemia has been linked to reduced neurological re-
covery following acute stroke. The Copenhagen Stroke study
evaluated clinical outcomes during rehabilitation after acute
stroke and found that patients with diabetes recovered more
slowly despite having similar stroke severity scores [9]. In
another study, when patients with mean admission glucose
of greater than 160 mg/dl were compared to those with a mean
glucose of 144 mg/dl or less, the former had less functional
improvement following stroke. Interestingly, every 100 mg/dl
increase in admission glucose was associated with a 24% re-
duction in odds of neurological improvement [10]. In a pro-
spective study, Pulsinelli et al. found that in patients (with and
without diabetes) with an admission glucose > 120 mg/dl,
only 43% were able to return to work compared with 76%
of those with glucose levels below this threshold [5].

Mortality and CVD Events

The large-scale prospective SITS-ISTR study of > 16,000 pa-
tients found that blood glucose was independently associated
with mortality. Blood glucose greater than 120 mg/dl was
associated with a 24% increase in odds for mortality at
3 months [8]. Williams et al. found that hyperglycemia, de-
fined as admission glucose of 130 mg/dl, was an independent
predictor of short- and long-term mortality. Hyperglycemia
independently increased the risk for death at 30 days (HR
1.87, p ≤ 0.01), 1 year (HR 1.75, p ≤ 0.01), and 6 years after
stroke (HR 1.41, p ≤ 0.01) [11]. Post-stroke glycemic variabil-
ity is also associated with poor cardiovascular outcomes.
Yoon et al. evaluated 674 acute stroke patients with diabetes
and found that a high coefficient of variability in glucose
values was associated with a greater risk of the composite of
nonfatal stroke, nonfatal myocardial infarction (MI), and car-
diovascular death [24].

New-Onset Hyperglycemia

Although most patients with pre-existing diabetes will expe-
rience hyperglycemia in the setting of acute stroke, so do
many patients without diabetes. Allport et al. used continuous
glucose monitoring (CGM) to characterize glucose trends in
59 patients with acute stroke, of whom 23 had no prior history

of diabetes. In this group with a mean glycated hemoglobin
(A1C) of 5.6%, 50% experienced hyperglycemia [25].

New-onset hyperglycemia in acute stroke is likely a func-
tion of several adaptive processes that occur in the setting of
acute stress and severe illness. These physiologic changes
include an increase in counter-regulatory hormones that result
in increased hepatic glucose production and decreased periph-
eral glucose uptake [26]. In critical illness, high levels of cy-
tokines, including tumor necrosis factor, alpha, and interleukin
also increase blood glucose [26]. Hyperglycemia during stress
is typically transient, but Allport et al. found that at 48–88 h
post stroke, 27% of patients without diabetes and 78% of
patients with diabetes still remained hyperglycemic [25].

In the acute stroke population, several studies have found
that acute hyperglycemia is a better prognostic indicator than
chronic hyperglycemia. Baird et al. found that mean glucose
throughout the hospitalization better correlated with infarct
volume and neurologic outcomes than admission A1C [3].
Shimoyama et al. found that degree of hyperglycemia corre-
lated with infarct size in those without diabetes. This finding
was found in patients with a diagnosis of diabetes [4]. Capes et
al. performed a meta-analysis of 26 studies and found that the
relative risk of in-hospital or 30-day mortality associated with
admission glucose level of 108 to 144 mg/dl was 3.07 (95%
CI, 2.50 to 3.79) in patients without diabetes and 1.30 (95%
CI, 0.49 to 3.43) in patients with diabetes compared to lower
glucose levels [12]. Levetan et al. [27] and Umpierrez et al.
[28] both found that in-hospital mortality was increased, and
functional outcomes were reduced in patients with new-onset
hyperglycemia when compared to euglycemic patients or
those with diabetes [29].

Hypoglycemia

Hypoglycemia, which often occurs in the setting of correcting
hyperglycemia, is also associated with deleterious effects on
the ischemic brain. Acute episodes of hypoglycemia have
been associated with increased cerebral infarct size and ische-
mic damage in animal models of stroke [30]. Hypoglycemia
aggravates brain injury after ischemic stroke by activating cell
death pathways through stimulation of neuroinflammatory
signaling cascades. A large outpatient prospective cohort
study of 96,000 participants found that hypoglycemia was
associated with an approximately twofold increased hazard
ratio for intracerebral hemorrhage [31]. In light of these con-
cerns, it is perhaps even more critical that hypoglycemia be
avoided in acute stroke patients compared to general
inpatients.

Although it is well known that hypoglycemia is associated
with adverse neurological consequences [32] —ranging from
altered mental status to seizure or coma—there are surprising-
ly very few studies quantifying the prevalence of
hypoglycemic-related neurological complications following
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acute stroke in the hospital setting. Considering that approxi-
mately 5–20% of patients with acute stroke may develop a
poststroke seizure [33], there is concern that hypoglycemia
after acute stroke may further increase susceptibility for sei-
zures [32]. In a study of general hospitalized patients of over
4000 admissions, severe hypoglycemia was associated with a
risk of death as high as 8.2% and increased length of stay [34].
Both spontaneous and insulin-related hypoglycemia are asso-
ciated with increased mortality in the general hospital popula-
tion [35].

Acute Management of Hyperglycemia

Target Blood Glucose in Acute Stroke

There have been several randomized controlled trials (RCTs)
exploring whether correcting hyperglycemia improves stroke
outcomes. A Cochrane systematic review and meta-analysis
evaluated 11 RCTs involving 1583 participants, of whom 791
were treated with tight glycemic control (blood glucose 72 to
135 mg/dl) and 792 were treated with placebo, loose, or no
control in the first 24 h after stroke symptom onset [36]. The
results of this meta-analysis showed that there was no differ-
ence between the treatment and control groups in outcomes of
death, dependency, or final neurological deficit [36]. Of note,
the mean blood glucose in the intervention and control groups
were 121 and 132 mg/dl, respectively. Although these mean
glucose values are statistically different, they both fall within
the range specified for tight glucose control, thus making the
results of this study less informative. Bruno et al., Johnston et
al., and Kreisel et al. evaluated tight glucose control for longer
periods of time (i.e., 3–5 days) and found no significant dif-
ference in mortality or functional outcomes [3]. In these three
studies, the differences in blood glucose between the interven-
tion and control groups were 133 versus 190 mg/dl, 111 ver-
sus 151 mg/dl, and 116 versus 144 mg/dl respectively.

In the Cochrane review mentioned above, despite a mean
difference of glucose of only 11 mg/dl, the rate of symptom-
atic hypoglycemia was higher in patients subjected to tight
glycemic control (OR 14.6), with a number need to harm of
9 [36]. In the SELESTIALTrial, 76% of patients treated with
intravenous (IV) insulin with strict goals experienced hypo-
glycemia [20]. There is currently an on-going large multicen-
ter, RCT of 14,000 participants, The Stroke Hyperglycemia
Insulin Network Effort (SHINE) Trial, which is evaluating the
safety and efficacy of a glucose target of 80–130 mg/dl versus
standard therapy [37]. The primary outcome is the Modified
Rankin Scale for Neurologic Disability at 3 months. This
study is still recruiting and results are expected in 2020 [38].

Although evidence suggests that tight glucose control (72
to 135 mg/dl) is more harmful than beneficial, there is little
evidence to support what degree of glycemic control provides
the most benefit. The joint guidelines of the American Heart

Association and American Stroke Association on acute stroke
management make a moderate strength of recommendation
for a glucose target range of 140–180 mg/dl. They note that
this recommendation is based on a relatively low quality of
evidence [39]. Neurological expert opinion also has empha-
sized the avoidance of glucose less than 80 mg/dl [3]. Joint
inpatient guidelines from the American Diabetes Association,
the American Association of Clinical Endocrinologists, and
the Endocrine Society, do not comment on specific glucose
targets for those with acute stroke. These guidelines generally
recommend a target blood glucose level of 140 mg/dl before
meals and less than 180mg/dl post-prandially in non-critically
ill patients [40, 41].

Inpatient Management of Hyperglycemia

Inpatient hyperglycemia management recommendations in
stroke patients are largely based on general recommendations
for all acutely ill patients in the inpatient setting, as stroke-
specific guidelines are lacking.

Subcutaneous Insulin Regimens

In the non-ICU hospital setting, a subcutaneous insulin regi-
men is recommended for patients with persistent hyperglyce-
mia and for all insulin deficient patients (type 1 diabetes, or
long-standing type 2 diabetes). At our institution, we consider
two or more blood glucose readings ≥ 180 mg/dl as indication
of persistent hyperglycemia. Many patients with type 2 diabe-
tes treated at home with non-insulin antihyperglycemic med-
ications may require insulin in the setting of stress-induced
hyperglycemia.

Scheduled insulin regimens consisting of both basal and nu-
tritional insulin are typically required to adequately control blood
glucose levels [40]. For patients with mild hyperglycemia and no
prior history of diabetes, it may be reasonable to start with a
correctional insulin regimen alone. We typically recommend ini-
tiation of a basal-bolus insulin regimen in such patients once
daily correctional insulin requirements exceed 10 units.

There are several well-described methods for estimating
total daily insulin requirements: (a) weight-based estimate,
which takes into account factors affecting insulin sensitivity
(e.g., body weight) and hypoglycemic risk factors (e.g., re-
duced renal function, advanced liver disease) [41]; (b) adjust-
ment of home insulin doses; (c) appraisal of previous 24-h
insulin requirements (correctional insulin or insulin infusion
rates). Once an estimate of TTD is calculated, this dose is
distributed based on the nutritional status of the patient.
Correctional insulin scales should be prescribed according to
the patient’s estimated total daily dose to reflect their insulin
sensitivity, as inappropriately high/aggressive correctional in-
sulin scales could contribute to hypoglycemia, and inappro-
priately low scales will be insufficient.
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Insulin Drips

Although subcutaneous insulin is usually adequate in manage-
ment of inpatient hyperglycemia, there are circumstances in
which IVinsulin infusion ismore appropriate. Patients presenting
with acute stroke and evidence of diabetic ketoacidosis or
hyperosmolar hyperglycemic state clearly require IV insulin. IV
insulin should also be used for critically ill patients, those with
difficult to control hyperglycemia and patients with ischemic
stroke treated with thrombolytic therapy, given the increased risk
for hemorrhagic transformationwith uncontrolled hyperglycemia
in the first 24–48 h [3]. Patients managed on an insulin drip will
require frequent glucose monitoring, and the insulin drip should
be titrated to maintain a blood glucose between 140 and 180mg/
dl based on recommendations for the general inpatient popula-
tion [40]. Once glucose levels are well controlled and the patient
is eating regular meals or transferred to lower intensity care, the
patient should be transitioned to a subcutaneous insulin regimen
[40].

Non-Insulin Anti-Hyperglycemic Agents

Non-insulin agents are typically inappropriate in most hospi-
talized patients who are admitted with serious illness, and
these agents should be discontinued on admission [40]. Each
class of oral hypoglycemic agents have restrictions that poten-
tially limit their use in hospitalized patients, especially in the
setting of fluctuating renal function, unstable hemodynamics,
and frequent nutritional status changes. There is an on-going
clinical trial exploring the use of the GLP-1 agonist, exenatide,
in acute stroke [42]. Animal studies have shown that GLP-1
can act directly on the brain and reduce cerebral hyperglyce-
mia, which may decrease oxidative stress and neuronal cell
apoptosis [42]. A small pilot study of 11 patients with acute
stroke showed that exenatide improved glucose control with-
out symptomatic hypoglycemia. There were no serious ad-
verse effects but most patients experienced mild nausea or
vomiting [43]. Further studies will need to be done to clarify
the potential role of GLP-1 agonist in stroke patients with
hyperglycemia.

Special Considerations in Stroke Patients

Although the overall approach of inpatient hyperglycemia
management in stroke patients mirrors that of the general hos-
pital population, there are several situations that deserve spe-
cial consideration in stroke patients.

Dysphagia is estimated to occur in 25–50% of stroke pa-
tients [44]. Food modifications to accommodate swallowing
impairments include pureed or soft diets that are typically high
in both fats and carbohydrates (e.g., mashed potatoes and
gravy). High dietary fat in combination with carbohydrates
may exacerbate and prolong post-prandial hyperglycemia in

insulin deficient patients [45]. Alternative food choices, such
as pureed vegetables, may be needed to improve glycemic
control, and enlisting the help of the hospital nutrition team
is advised. Patients with dysphagia do not always complete
their meals or may eat small amounts slowly throughout the
day instead of eating discrete meals. This may introduce a
challenge due to mismatch in timing of the peak insulin effect
and carbohydrate absorption. In this situation, it may be ben-
eficial to administer nutritional insulin after verification that at
least 50% of the carbohydrates of the meal have been con-
sumed. Lastly, it will be important to ensure that the patient
remains well hydrated to avoid renal insufficiency and subse-
quently increased hypoglycemia risk resulting from reduce
insulin clearance. Dehydration can occur quickly if the patient
is unable to consume thin liquids, and free water is not pro-
vided via an alternative method.

Cognitive and communication impairments may compro-
mise the patient’s ability to report hypoglycemic symptoms.
Careful attention should be made to identify trends in blood
glucose levels that may be an indicator of future hypoglyce-
mia [46]. Hemiparesis, ataxia, and visual impairment may
complicate diabetes management upon discharge. For patients
with impaired hand motor function, occupational therapy tai-
lored to glucose monitoring and insulin administration will be
important. Insulin pens should be considered on discharge
over insulin administered through syringes. Insulin pens are
also helpful for patients with visual impairments, as the doses
can be easily measured by counting clicks. Talking glucose
monitors are also helpful for home blood glucose monitoring
in visually impaired patients. In patients with neurological
deficits, it is important that discharge plans address barriers
to diabetes self-management and that appropriate caregiver
training is provided for a safe transition out of the hospital.

Peripheral Vascular Disease

Background

Peripheral vascular disease (PVD) occurs in patients with and
without diabetes, but those with diabetes tend to have more
severe disease. It is estimated that in those with PVD, 20–30%
have diabetes. The true prevalence of PVD in those with dia-
betes is unknown but the United Kingdom Prospective
Diabetes Study (UKPDS) found that 1.2% of patients with
type 2 diabetes had PVD at the time of diabetes diagnosis.
In those without PVD at diagnosis, there was a 28% increased
risk of PVD at 6-year follow-up with each 1% increase in A1C
[47]. The Framingham study showed that diabetes conferred a
3.5-fold and 8.6-fold increased risk in men and women, re-
spectively, for PVD [48] [49]. Diabetes-related PVD risk is
attributed to endothelial dysfunction, vascular smooth muscle
cell dysregulation, inflammation, impaired function, and
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coagulation abnormalities, which in combination, result in
accelerated proatherogenic changes [47].

In addition to the long-term impact of hyperglycemia on
the progression and severity of PVD, studies have also found
that in the inpatient setting, perioperative hyperglycemia is
associated with negative outcomes. As with acute stroke, there
is not strong evidence for selection of optimal glucose targets
in the perioperative period.

Hyperglycemia and Surgical Outcomes

As summarized in Table 2, there have been several studies
examining the impact of both chronic and acute hyperglyce-
mia on outcomes after vascular surgery. Poorly controlled
diabetes at baseline is a major risk factor for post-operative
complications. Arya et al. found that each 1% rise in A1C
above 6.0% was associated with a 25% higher risk of ampu-
tation and a 105% increased risk of a major adverse limb event
[56]. Feringa et al. found that patients with impaired glucose
regulation or diabetes were at higher risk for ischemia, tropo-
nin release, 30-day cardiac events, and long-term cardiac
events. Patients with A1C > 7% were at 2.8-fold increased
risk for ischemia, 5.3-fold increased risk for troponinemia,
and 5.3-fold increased risk of 30-day cardiac event [58].

Short-term hyperglycemia, specifically in the pre-operative
period, has also been associated with adverse post-operative out-
comes. McGirt et al. demonstrated that increasing operative day
glucose was associated with increased perioperative stroke, MI,
and death after carotid endarterectomy. Patients at highest risk
were those with an operative day glucose greater than 200mg/dl:
OR 2.8 for perioperative stroke or transient ischemic attack, OR
4.3 for MI, and OR 3.3 for death within 30 days [50]. In patients
undergoing infrainguinal bypass surgery, Malmstedt et al.

showed that perioperative hyperglycemia, determined by 48 h
area under the curve for blood glucose after surgery, was associ-
ated with a 13.4-fold increase of surgical wound complications at
30 days [52]. Perioperative hyperglycemia has also been reported
to increase odds of inpatient mortality, length of stay greater than
10 days, and risk of infection [54•, 59]. Ramos et al. found that
risk of infection increased by 30% for every 40 mg/dl above a
perioperative blood glucose of 110 mg/dl in patients undergoing
general and vascular surgery [60].

Perioperative Glycemic Management

There are limited studies evaluating optimal glucose targets in
patients undergoing surgery for PVD, and most evidence is
extrapolated from the general surgical literature. A random-
ized controlled trial of 236 participants undergoing vascular
surgery (of whom approximately half had diabetes) evaluated
outcomes of continuous perioperative insulin infusion with a
target of 100–150 mg/dl versus intermittent insulin bolus for
blood glucose > 150mg/dl. They found a significant reduction
in risk for their composite endpoint of all-cause mortality, MI,
and acute congestive heart failure (p = 0.01). Interestingly,
there was no difference in their secondary endpoints, which
included hyperglycemia (defined as a blood glucose >
150 mg/dl) or hypoglycemia, so it is unclear whether the out-
comes observed were related to the intervention [57].

A Cochrane review from 2012 evaluated outcomes of in-
tensive versus conventional glycemic control on 1403 patients
undergoing surgery and found that there was no significant
difference in all-cause mortality, infectious complications, car-
diovascular events, or renal failure; however, there was a 6.9-
fold increased risk of hypoglycemic episodes [61]. A pooled
blood glucose mean for the intervention and control group

Table 2 Associations and outcomes of hyperglycemia and management by vascular procedure

Carotid endarterectomy • Perioperative glucose is associated with increased perioperative stroke, MI, and death after carotid endarterectomy [50].

Carotid artery stenting • Patients with impaired fasting glucose in the 24 h before surgery were more likely to suffer a major adverse effect (death,
MI, stroke; 26 vs. 12%, p < 0.001) in the 90-day post-operative period [51].

Infrainguinal bypass •Higher perioperative glucose area under the curve is associated with 13.4-fold increase of surgical wound complications at
30 days [52].

• No difference in surgical site infection, cardiac, and pulmonary events in optimal versus suboptimal glucose control
(p = 1.0). Length of stay was lower in optimal control group (4.2 vs. 7.3 days, p = 0.02) [53].

Open and endovascular
procedures of lower
extremity

• Patients with postoperative hyperglycemia (BG > 180) had higher length of stay (6.9 vs. 5.1 days; p < 0.0001), higher
Charlson Comorbidity Index scores (3.4 vs. 2.5, p < 0.0001), higher infection rates (23 vs. 14%, p < 0.0001), and more
acute complications (e.g., fluid and electrolyte disorders, acute renal failure) than patients with optimal glucose control.
30-day readmission and major amputations were similar [54•].

Amputation • Comparing a preoperative random glucose of > 196 vs. < 126 mg/dl, the hazard ratio for amputation was 0.77 (95% CI
0.16–3.62) and 1.90 (95% CI 0.50–7.22) for mortality at 3 months. [55].

General vascular surgery • In patients with PAD undergoing revascularization, each 1% rise in A1C above 6.0% was associated with a 25% (1.26;
95%CI 1.15–1.39) higher risk of amputation and a 105% (HR 2.05; 95%CI 1.87–2.26) increased risk of a major adverse
limb event [56].

•When comparing tight control and standard of care, there was significant reduction in risk for their composite endpoint of
all-cause mortality, MI, and acute congestive heart failure (p = 0.01) but no difference in glycemic control [57].
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could not be calculated in this meta-analysis due to heteroge-
neity. Among included studies, the mean blood glucose in the
intensive group ranged from 99 to 203 mg/dl, although most
means were less than 152 mg/dl. The mean blood glucose in
the conventional group ranged from 163 to 243 mg/dl, with
most means falling between 160 and 178 mg/dl. The mean
difference between the intensive and control group ranged
from − 31 to − 13 mg/dl. Another systematic review found
that moderate perioperative glucose control with a goal of
150–200 mg/dl was associated with reduced risk of post-
operative mortality and stroke when compared with a liberal
target of > 200 mg/dl [62]. No additional benefit was observed
in those with blood glucose less than 150 mg/dl.

The 2018 Standards of Medical Care in Diabetes recom-
mend a target glucose of 80–180 mg/dl in the perioperative
period. Metformin and other non-insulin glucose-lowering
medications should be held the morning of surgery. For
insulin-requiring patients, dose reductions in basal insulin are
typically recommended while NPO to minimize hypoglycemia
risk. Patients receivingNPH should be given a half dose the day
of surgery, while those on long-acting basal analogs or insulin
pumps should have a 20–40% reduction in their basal dose or
rate [63, 64••]. Short-acting insulin is typically held as the pa-
tient will be fasting, unless correctional insulin is required for
hyperglycemia [64••]. A useful web-based tool developed by
the University of California San Francisco Medical Center pro-
vides specific pre-operative dose adjustment recommendations
for glucose-lowering medications [65].

Given the lack of evidence for specific guidelines, glucose
management in the perioperative period mirrors recommenda-
tions of the general inpatient populations (see Inpatient
Management of Hyperglycemia in stroke section above).
Special consideration should be made to recognize factors that
may impact glycemic management including stress hypergly-
cemia, changes in nutritional status post-operatively, fluctuat-
ing renal status in the setting of fluid shifts or blood loss
intraoperatively, and inconspicuous symptoms of hypoglyce-
mia in the setting of altered mental status from anesthesia or
pain medications. Immobilization, which often occurs in the
inpatient setting, especially in those with amputation or lower
extremity procedures, can result in worsening hyperglycemia
in those with diabetes. These factors should be considered
when determining the antihyperglycemic regimen in the hos-
pital as well as at discharge as dose adjustments may be re-
quired. In preparation for transition to the outpatient setting,
one should also consider possible adjuvant therapies that may
impact glucose control. Hyperbaric oxygen therapy, which
can be used as an adjuvant therapy for non-healing foot ulcers,
has uncommonly been associated with hypoglycemia [66].
Although the exact mechanism is unknown, some studies
have shown an increase activity in insulin receptor sites and
upregulation of PPAR-γ in skeletal muscle resulting in in-
creased insulin sensitivity. [67] If this occurs, one should

consider permissive hyperglycemia during these sessions.
Given the complexity of diabetes management in those with
active complications of PVD and diabetes, it is recommended
that outpatient follow-up occur within a multidisciplinary di-
abetic foot or limb salvage clinic whenever possible [68].

Conclusions

Hyperglycemia occurs frequently in the setting of stroke and
peripheral vascular disease and has been associated with poor
clinical outcomes. However, tight glycemic control (e.g., 70–
110 mg/dl) does not appear to be justified given the increased
risk of hypoglycemia and lack of evidence of clinical benefit.
Since the completion of many of these studies, there has been
a shift in our standard of care to less extreme inpatient glyce-
mic targets; therefore, additional studies are needed to evalu-
ate whether moderately strict blood glucose goals (e.g., 110–
140 mg/dl) or conversely permissive hyperglycemia (e.g.,
180–200 mg/dl) would be of benefit to this patient population.

At this time, inpatient hyperglycemia guidelines tailored
specifically to acute stroke and perioperative management in
PVD are lacking. It is recommended that providers follow
general inpatient hyperglycemia management guidelines,
keeping in mind that both these populations may have unique
factors that should be considered during inpatient manage-
ment and at hospital discharge.
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