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Purpose of review

The implications for perioperative management of new oral antihyperglycemic medications and new insulin
treatment technologies are reviewed.

Recent findings

The preoperative period represents an opportunity to optimize glycemic control and potentially to reduce
adverse outcomes. There is now general consensus that the optimal blood glucose target for hospitalized
patients is approximately 106–180 mg/dl (6–10 mmol/l). Recommendations for the management of
antihyperglycemic medications vary among national guidelines. It may not be necessary to cease all
antihyperglycemic agents prior to surgery. Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are
associated with higher rates of ketoacidosis especially in acutely unwell and postsurgical patients. The
clinical practice implications of new insulin formulations, and new systems for insulin delivery, are not
clear. The optimal perioperative management of these will vary depending on local institutional factors
such as staff skills and existing clinical practices. Improved hospital care delivery standards, quality
assurance, process improvements, consistency in clinical practice, and coordinated multidisciplinary
teamwork should be a major focus for improving outcomes of perioperative patients with diabetes.

Summary

Sulfonylureas and SGLT2i should be ceased before moderate or major surgery. Other oral antihyperglycemic
therapies may be continued or ceased. Complex patients and/or new therapies require specialized
multidisciplinary management.
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INTRODUCTION

In 2017, the InternationalDiabetes Federation estimat-
ed that425millionpeopleworldwideaged18–99years
have diabetes mellitus with this number projected
to increase to 693 million by 2045 [1

&

]. People with
diabetes having surgical procedures are more likely to
require complex hospitalization and experience peri-
operative complications. Up to half of people with
diabetes are undiagnosed [1

&

]. The perioperative period
represents an ideal opportunity to identify patients
with hyperglycemia with or without a diagnosis of
diabetes, to optimize treatment of diabetes perioper-
atively, and to modify their postsurgical course.

The introduction of different classes of anti-
hyperglycemic agents has made traditional recom-
mendations to cease all treatment on the day of
surgery over-simplistic. Newer agents such as
sodium-glucose cotransporter 2 inhibitors (SGLT2i)
may require longer periods of cessation prior to
surgery. It may be safe to continue other drugs in
patients with adequate renal function.

Advances in technology such as continuous glu-
cose monitoring (CGM) systems and continuous
subcutaneous insulin infusion therapy provides new
opportunities for improving glycemic control but also
carries new challenges. Ongoing work is required to
determine their effectiveness in the acute setting.

Medications used to treat diabetes and its compli-
cations must be reviewed perioperatively with regard
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KEY POINTS

� The perioperative period is a key time to identify
patients with hyperglycemia and provide management
to improve the postsurgical course.

� SGLT2i may provoke euglycemic diabetic ketoacidosis
in the perioperative period and should be withheld until
the patient is well and eating normally.

� Reducing variation in practice and adherence to
standardized clinical pathways should be key goals to
improve perioperative outcomes.
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to effect on fluid homeostasis, electrolyte balance,
cardiovascular stability, and with regard to interac-
tions with common associated comorbidities such as
renal failure, autonomic dysfunction, ischemic heart
disease, vascular disease and hypertension.
Preoperative patient preparation and blood
glucose targets

All patients presenting for surgery should be
screened for diabetes. A recent measurement of
Hemoglobin A1c (HbA1c) should be reviewed for
all patients with diabetes preoperatively to allow for
risk assessment and optimization of glycemic con-
trol (HbA1c) <69 mmol/mol) [2,3].

Several studies have demonstrated a relationship
between glycemic control and adverse outcomes,
although this not a simple relationship [4,5,6

&

,7].
A recent report is one of few prospective ran-

domized trials demonstrating improved outcomes
with preoperative diabetes optimization [8

&

].
A retrospective study suggests that improved

preoperativediabetes control is associated with better
pre and postsurgery glycemic control with reduced
incidence of hypoglycemic events and reduction in
length of stay [9

&&

].
A meta-analysis of studies including only surgical

patients with diabetes reported that perioperative blood
glucose level (BGL) control of between 150 and 200mg/
dl (8.3–11.1mmol/l) was associated with reduced peri-
operative mortality and stroke compared with more
liberal targets (BGL>200mg/dl; 11.1mmol/l), but no
additional benefit was gained from tighter control
(101–150mg/dl; 5.6–8.3mmol/l) [10

&

].
Some studies have observed that perioperative

hyperglycemia is more predictive of harm in patients
without a previous diagnosis of diabetes [3,11

&&

].
Although perioperative hyperglycemia is associated
with adverse outcomes, it is not clear if this is an
epiphenomena or a therapeutic target [11

&&

].
To avoid harm from both hypoglycemia and

hyperglycemia, international guidelines recommend
0952-7907 Copyright � 2019 The Author(s). Published by Wolters Kluwe
targeting BGL less than 180 mg/dl (10 mmol/l) in the
majority of adult inpatients, with recommendations
for a minimum BGL target of between 79 and 144 mg/
dl (4.4–8 mmol/l) [2,3,12

&

–16
&

].
Perioperative management of
antihyperglycemic medications

Conventional practice has been to withhold all oral
antihyperglycemic medications on the day of sur-
gery [12

&

]. This approach may be less appropriate for
patients having ambulatory surgery or being man-
aged using ERAS (enhanced recovery after surgery)
principles emphasizing minimized fasting preoper-
atively and rapid return to normal diet [17

&

].
The Association of Anaesthetists of Great Britain

and Ireland (AAGBI) guideline suggests that for
surgery with a short starvation period, medications
may be individualized, and that diabetes drugs that
do not cause hypoglycemia may be continued,
including metformin [16

&

]. A joint anesthesiology
and diabetology position statement from France
suggest all noninsulin drugs should be continued
for ambulatory surgical patients, and be withheld
for major surgery [13

&

].
A recent statement from multiple German spe-

cialty societies avoids a definitive recommendation,
concluding that ‘overall, the decision on whether to
continue or discontinue oral antidiabetic drugs
should be based primarily on blood glucose man-
agement and less on potential adverse effects’ [15

&

].
A recent small randomized study showed lower

blood glucose levels were maintained periopera-
tively if oral medications (including sulfonylureas)
were continued. The study was not powered to
demonstrate the incidence of hypoglycemia, nor
any effect to improve patient outcomes [18

&

].
Given the multiplicity of guidelines and differ-

ing recommendations, it is unsurprising that vari-
ability of ‘real-world’ clinical practice with regard to
perioperative management of oral antihyperglyce-
mic medications has been noted in audits such as
the National Confidential Enquiry into Patient Out-
come and Death (NCEPOD) study [19

&&

], and even in
trial settings [18

&

].

Metformin

Metformin is first line oral therapy for type 2 diabe-
tes. Withholding metformin for 48 h preoperatively
was previously recommended to reduce the risk of
lactic acidosis, but it now appears this risk was
greatly overestimated [20

&

,21
&

]. The US Food and
Drug Administration has recently changed metfor-
min contraindications to allow its use until an esti-
mated glomerular filtration rate (eGFR) of less than
30 ml/min/1.73 m2.
r Health, Inc. www.co-anesthesiology.com 399
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The American Diabetes Association (ADA) con-
tinues to recommend withholding metformin on
the day of surgery [12

&

] but the AAGBI guideline
notes that metformin does not cause hypoglycemia,
and therefore recommends metformin may be given
on day of surgery, along with most oral antihyper-
glycemic drugs other than sulfonylureas and SGLT2i
[18

&

].
A recent randomized study did not show a sig-

nificant difference in perioperative glycemic control
when perioperative metformin was continued [22

&

].

Sulfonylureas

Sulfonylureas have been in clinical use since the
early 1950s and remain second-line therapy for type
2 diabetes in many guidelines.

A CGM study has demonstrated a higher risk of
asymptomatic hypoglycemia than other classes of
oral antidiabetic agents [23

&

]. The conventional rec-
ommendation to withhold sulfonylureas on day of
surgery remains appropriate.

In a recent meta-analysis sulfonylureas were asso-
ciated with an increased risk of hospitalization,
congestive heart failure and all-cause mortality
[24

&

]. Israel has recently updated its diabetes manage-
ment guidelines to place sulfonylureas as a third line
agent due to the high cost of treatment of side effects
despite the low cost of the medication itself [25

&

].

Sodium-glucose cotransporter-2 inhibitors

SGLT2i or ‘gliflozins’ act by promoting glycosuria
and natriuresis in an insulin-independent manner
[26]. They are associated with improved glycemic
control, reduced plasma volume and blood pressure,
renoprotective effects and promote weight loss
[27

&

–29
&

]. Their popularity has increased since the
publication of the EMPA-REG OUTCOME trial,
which demonstrated a reduction in cardiovascular
mortality, myocardial infarction, all-cause mortality
and hospitalizations for heart failure [27

&

].
Of concern, SGLT2i therapy is associated with

an increased risk of genitourinary tract infections
[30

&

]. Of greater concern are the increasing reports of
SGLT2i-associated diabetic ketoacidosis (DKA). This
syndrome has been recognized in nonhospitalized
patients since 2015 [31

&

,32
&

]. Of particular concern,
71% of patients experience euglycemic DKA [33

&

].
The perioperative period appears to be a precipi-

tating factor and the risk may be further increased
if SGLT2i therapy is not discontinued or is reintro-
duced too early in the postoperative phase
[31

&

,32
&

,34
&

,35
&

,36
&&

,37
&

,38
&&

]. There have recently
been a number of case reports of euglycemic ketoaci-
dosis in the perioperative setting [39

&

–42
&

,43,44,45
&

].
These have been reviewed and discussed in detail
[34

&

,36
&&

,37
&

].
400 www.co-anesthesiology.com
There is currently no universal consensus for the
perioperative management of SGLT2i. The benefits
of SGLT2i are from long-term therapy, and there is
no hazard from short-term cessation. Recommen-
dations on the appropriate period of cessation prior
to surgery range from 24 to 72 h or longer, with
some suggesting a more nuanced approach
[34

&

,36
&&

,37
&

,46
&

–48
&

].
Where patients being treated with SGLT2i

undergo surgery, staff awareness of the potential
development of perioperative euglycemic ketoaci-
dosis (euDKA) is paramount. There should be a low
threshold to screen for and treat ketoacidosis
[34

&

,36
&&

,37
&

]. There should be no rush to recom-
mence SGLT2i therapy postoperatively, until the
patient is feeling well and eating normally.

The role of SGLT2i in the acute hospital setting
remains unclear and until further safety data are
available it may be prudent to avoid their use in
all hospitalized patients [12

&

].

Dipeptidyl peptidase 4 inhibitors (-gliptins)

Dipeptidyl peptidase 4 inhibitors (DPP4i) act by
preventing breakdown of endogenous gastric inhib-
itory polypeptide and glucagon-like peptide-1 (GLP-
1). They have a low risk of hypoglycemia. There is no
evidence of advantage over insulin therapy in hos-
pitalized patients; however, DPP4i therapy may be a
management option in settings in which insulin
therapy is logistically challenging [49

&

]. A small
study demonstrated noninferiority between basal-
bolus insulin regimen and basal insulin with DDP4i
in hospitalized patients [49

&

].
Withholding or continuing DPP4i therapy dur-

ing the immediate perioperative period is unlikely
to have major clinical impact, and either approach
is reasonable.

Glucagon-like peptide-1 receptor agonists

GLP-1 is an incretin hormone that promotes glu-
cose-dependent insulin secretion, suppresses pan-
creatic glucagon production, slows gastric emptying
and suppresses appetite. GLP-1 agonist medications
are usually given by daily or weekly injection. They
do not cause hypoglycemia [50,51]. Recent cardio-
vascular outcome trials have shown long-term car-
diovascular benefit [52–54,55

&

–57
&

].
Two randomized controlled trials in cardiac and

noncardiac surgical patients have demonstrated
improved perioperative glycemic control with the
addition of a GLP-1 receptor agonists (GLP-1RA) to
insulin therapy [58

&

,59
&

]. However, their use is asso-
ciated with more nausea and vomiting [59

&

,60
&

].
The gastrointestinal effects may be a reason to

withhold this therapy preoperatively, or to modify
anesthetic management.
Volume 32 � Number 3 � June 2019
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Either withholding or continuing GLP-1RA ther-
apy perioperatively period is clinically reasonable.
Insulin management

Discussion of perioperative management of insulin
therapy should recognize the benefits of institu-
tional consistency in clinical management and
the need to avoid medication errors.

Basal bolus regimens for insulin administration
are more successful than intermittent subcutaneous
rapid acting insulin bolus regimens in achieving
optimal BGL control in surgical patients with type
2 diabetes [61]. Basal bolus regimens are also associ-
ated with reduced postoperative complications and
reduced inpatient costs per day [62

&

].
Variable rate intravenous insulin infusion

(VRIII) has traditionally been limited to use in criti-
cal care settings, although multiple centers have
been using VRIII safely and effectively based on
nurse-led protocols in noncritical care settings for
many years [63,64]. British guidelines support the
use of VRIII in noncritical care patients. The safety of
these regimens relies on strict use of institutional
protocols [65

&

].
Continuation of basal insulin at 80% of the

usual dosage while fasting or on VRIII is recom-
mended [2,12

&

]. Some modern basal insulins such
as insulin degludec and insulin detemir bind to
albumin. Degludec in particular forms a subcutane-
ous multimeric depot with biological activity
exceeding 42 h [66]. There are limited studies to
show how this impacts upon the perioperative glu-
cose control although one study of patients under-
going fasting for colonoscopy did not demonstrate
an increase in hypoglycemia [67].
Advances in technology

Continuous glucose monitoring (CGM) of intersti-
tial glucose, and automated insulin delivery devices,
are now commonly used. Results suggest improve-
ments in diabetes control with use of CGM, with
greatest benefits seen with near-continuous use [68

&

].
Sensor-augmented pumps incorporate alarms to

alert the user to actual or predicted hypoglycemia,
with some devices ceasing insulin administration at
certain thresholds. Hybrid closed-loop devices are
now available. These systems employ an open loop
for a patient-initiated premeal bolus but a computer-
controlled closed loop for basal periods between
meals and overnight, including hyperglycemia-
initiated insulin dose increases. Embedded bolus
calculators assist patients to manage their meal-time
insulin requirements [68

&

].
Overall results from community-based studies of

hybrid devices suggest equal or improved glycemic
0952-7907 Copyright � 2019 The Author(s). Published by Wolters Kluwe
control, less hypoglycemic events, less hyperglyce-
mia, reduced HbA1c and reduced mean sensor
glucose concentrations, particularly overnight
[69

&

,70
&

].
Evidence for inpatient use of CGMs and insulin

pumps is promising, particularly regarding earlier
identification of hypoglycemia. However, concerns
remain about their independent use in perioperative
and inpatient setting due to acute alterations in
physiologic and pharmacologic conditions, and
patient capacity. Institutional guidelines are needed
to address staff education, appropriate use, calibra-
tion and recording of values. Current recommenda-
tions are for early endocrine team involvement,
potential removal of the device and confirmation
of all patient-reported BGL values with a hospital
point-of-care testing device [68

&

,71
&&

]. However, it is
worth noting that the accuracy of commercially
available point-of-care blood glucose testing devices
has been found to have wide variation in two recent
studies, particularly in the hypoglycemic range.
Many devices were not found to meet both interna-
tional and US-based standards on meter accuracy. It
is suggested this may be due to devices reaching the
market prior to current, more stringent, standards
being enacted, or due to postmarketing perfor-
mance deterioration [72,73].

During ambulant and short-stay surgery, it may
be appropriate to continue the use of advanced
insulin pumps, in which the anesthesiologist (and
the institution) is able and prepared to take tempo-
rary responsibility for managing the device. In other
circumstances, the device should be removed and
insulin infusion used instead.

Although some experts support the continua-
tion of insulin pump use for minor procedures, some
manufacturers advise that insulin pumps, and CGM
sensors and transmitters, should not be used in
association with MRI, computed tomography scan-
ners, fluoroscopy and diathermy is being used [74

&

].
Carbohydrate loading before surgery

ERAS programs commonly encourage preoperative
administration of carbohydrate-rich drinks [16

&

].
Noting the equivocal evidence in support of carbo-
hydrate loading in all patients, and concern about
the safety of this practice in patients with diabetes,
some have called for a moratorium pending further
research [75

&&

].
Improving clinical processes, standards and
quality

Despite the common focus on optimizing perioper-
ative glycemic targets, the annual ADA ‘Standards of
r Health, Inc. www.co-anesthesiology.com 401
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Medical Care in Diabetes’ highlights that the pre-
vention of adverse patient outcomes may be most
dependent on reducing deficiencies and confusion
about hospital processes, clinical standards and
improving quality of care [12

&

]. With regard to
surgical patients, the recent NCEPOD report high-
lights the significant unwarranted variations in
standards and quality of care of patients with diabe-
tes in the United Kingdom [19

&&

].
The multiplicity of different guidelines (even

within single institutions), and lack of clarity about
institutional clinical responsibility for periopera-
tive diabetes management, was highlighted in
the NCEPOD report [19

&&

]. Greater availability
of computerized drug prescribing should facilitate
improved medication management [12

&

].
Improvements in clinical information and patient
management systems with decision support may
provide a platform to reduce suboptimal patient
care.

For complex hospital patients, dedicated inpa-
tient management teams have been shown to
reduce readmission rates, improve transition to out-
patient care and to improve adherence to diabetes
care follow-up, with best results if the patient was
seen within 24 h of admission by the specialized
diabetes team. This approach results in large cost
reductions based on a reduced readmission rate
[76

&

], although this result was most pronounced
for medical patients, not surgical.
CONCLUSION

Over recent years, consensus regarding appropriate
perioperative glucose target has been reached
although robust prospective evidence of improved
surgical outcomes remains lacking. Optimal medi-
cation regimens should avoid severe hyperglycemia
while also avoiding hypoglycemia with the latter
being increasingly recognized as a significant con-
tributor to length of stay, adverse outcomes and
potentially mortality. Advances in technology pro-
vide opportunities for improved glycemic control
but ongoing studies are required. The lack of famil-
iarity with newer technology among healthcare
workers remains a barrier to their use in acute care
settings. Therapeutic complexity, patient and staff
confusion, and medication errors may result in
adverse clinical outcomes. Quality activities such
as clinical standardization, audit and process
improvement maybe the most important strategy
to improve patient outcomes.
Acknowledgements

None.
402 www.co-anesthesiology.com
Financial support and sponsorship

None.

Conflicts of interest

There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1.
&

Cho NH, Kirigia J, Claude J, et al. IDF diabetes atlas. 8th ed. International
Diabetes Federation; 2019 ; Available from: http://www.diabetesatlas.org/
resources/2017-atlas.html. [Accessed 24 January 2019]

This reference outlines the epidemiology of diabetes globally, including future
projections, and provides some guidance on important components of system
improvement initiatives.
2. Management of adults with diabetes undergoing surgery and elective pro-

cedures: improving standards [Internet]. Joint British Diabetes Societies for
Inpatient Care. Available from: https://abcd.care/sites/abcd.care/files/re-
sources/Surgical_guidelines_2015_full_FINAL_amended_Mar_2016.pdf.
[Accessed 13 January 2019]

3. Dhatariya K, Levy N, Kilvert A, et al. Diabetes UK position statements and care
recommendations: NHS diabetes guideline for the perioperative management
of the adult patient with diabetes. Diabet Med 2012; 29:420–433.

4. Kotagal M, Symons RG, Hirsch IB, et al. Perioperative hyperglycemia and risk
of adverse events among patients with and without diabetes. Ann Surg 2015;
261:97–103.

5. Kwon S, Thompson R, Dellinger P, et al. Importance of perioperative glycemic
control in general surgery: a report from the Surgical Care and Outcomes
Assessment Program. Ann Surg 2013; 257:8–14.

6.
&

Nair BG, Neradilek MB, Newman SF, et al. Association between acute phase
perioperative glucose parameters and postoperative outcomes in diabetic
and nondiabetic patients undergoing noncardiac surgery. Am J Surg 2019;
doi.org/10.1016/j.amjsurg.2018.10.024 [Epub ahead of print]

High glycemic variability, rather than glucose level, is associated with poor out-
comes in diabetic patients, suggesting that diabetic and nondiabetic patients
require different glycemic management strategies and glucose targets.
7. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: inter-

national guidelines for management of sepsis and septic shock: 2016. Crit
Care Med 2017; 45:486–552.

8.
&

Wallia A, Kathleen S, Oakes DJ, et al. Glycemic control reduces infections in
postliver transplant patients: results of a prospective, randomized study. J Clin
Endocrinol Metab 2017; 102:451–459.

A prospective randomized trial with target glycemic control of 140 vs. 180 mg/dl.
There was a reduction in the time-to-first infection after liver transplantation but
there was an increased risk of moderate hypoglycemia.
9.

&&

Garg R, Schuman B, Bader A, et al. Effect of preoperative diabetes manage-
ment on glycemic control and clinical outcomes after elective surgery. Ann
Surg 2018; 267:858–862.

A large retrospective study of outcomes before and after a local quality improve-
ment intervention. Limited inherently by its methodology, yet showing promise as
one of the first studies to show an improvement from a preadmission intervention,
something which has face value but lacks supporting evidence.
10.
&

Sathya B, Davis R, Taveira T, et al. Intensity of peri-operative glycemic control
and postoperative outcomes in patients with diabetes: a meta-analysis.
Diabetes Res Clin Pract 2013; 102:8–15.

The most recent, large, robust meta-analysis looking at perioperative glycemic
targets, linking these with patient outcomes. This article reinforced previous
evidence on the topic although had the added utility of focusing only on diabetic
patients undergoing surgery.
11.
&&

Skubala A, Corcoran T. Perioperative hyperglycaemia – epiphenomenon or ther-
apeutic target? In: Australasian Anaesthesia 2017; Edited by Riley R. Melbourne.
Australian and New Zealand College of Anaesthetists; 2017 pp. 253–260.

A thought-provoking review that challenges some widely held assumptions about
perioperative hyperglycemia. Although the association with adverse outcomes is
clear, causation is less certain. It has not been shown that correction of moderate
perioperative hyperglycemia will improve patient outcomes.
12.
&

American Diabetes Association. Standards of care in diabetes – 2019 [Inter-
net]. Diabetes Care. 2019. Available from: http://care.diabetesjournals.org/
content/42/Supplement_1/S1. [Cited 24 January 2019]

An authoritative (single specialty) standard of care from the United States updated
annually.
13.
&

Cosson E, Catargi B, Cheisson G, et al. Practical management of diabetes
patients before, during and after surgery: a joint French diabetology and
anaesthesiology position statement. Diabetes Metab 2018; 44:200–216.

A multispecialty resource from France with a very practical flavor. A useful resource
with some interestingly different perspectives.
Volume 32 � Number 3 � June 2019

http://www.diabetesatlas.org/resources/2017-atlas.html
http://www.diabetesatlas.org/resources/2017-atlas.html
https://abcd.care/sites/abcd.care/files/resources/Surgical_guidelines_2015_full_FINAL_amended_Mar_2016.pdf
https://abcd.care/sites/abcd.care/files/resources/Surgical_guidelines_2015_full_FINAL_amended_Mar_2016.pdf
http://care.diabetesjournals.org/content/42/Supplement_1/S1
http://care.diabetesjournals.org/content/42/Supplement_1/S1


Advances in diabetes treatments and their perioperative implications Kuzulugil et al.
14.
&

Peri-operative diabetes management guidelines [Internet]. Australian Dia-
betes Society. Available from: https://diabetessociety.com.au/documents/
perioperativediabetesmanagementguidelinesfinalcleanjuly2012.pdf. [Ac-
cessed 24 January 2019]

The current Australian diabetes society guidelines. Notably, they recommend
earlier cessation of sodium-glucose cotransporter 2 inhibitors (SGLT2i) than other
similar guidelines.
15.
&

Preoperative evaluation of adult patients before elective, noncardiothoracic sur-
gery [Internet]. Joint recommendation of the German Society of Anesthesiology
and Intensive Care Medicine, the German Society of Surgery, and the German
Society of Internal Medicine. Available from: https://link.springer.com/content/pdf/
10.1007%2Fs00101-017-0376-3.pdf. [Accessed 24 January 2019]

A recently published multispecialty statement from Germany. The section on
diabetes is relatively brief but also has some interestingly different perspectives
to other authoritative guidelines.
16.
&

Association of Anaesthetists of Great Britain and Ireland. Peri-operative manage-
ment of the surgical patient with diabetes. Anaesthesia 2015; 70:1427–1440.

A current multispecialty guideline from Britain. In contrast to the American
Diabetes Association guideline from the United States, it differentiates between
surgical patients, recommending that for patients having nonmajor surgery, most
oral antihyperglycemic medication should be continued on day of surgery.
17.
&

Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery. JAMA
Surg 2017; 152:292–298.

A recent general overview of current developments with regard to enhanced
recovery after surgery (ERAS), from leaders in the field.
18.
&

Gasanova I, Meng J, Minhajuddin A, et al. Preoperative continuation versus
interruption of oral hypoglycemics in type 2 diabetic patients undergoing ambu-
latory surgery: a randomized controlled trial. Anesth Analg 2018; 127:e54–e56.

A prospective study of the safety of continuing all antihyperglycemic drugs
(including sulfonylureas) in ambulatory surgical patients. There were slightly lower
blood glucose levels in the continuation group. The trial has some weaknesses (a
high number of patients in the continuation group did not follow the protocol), and
was underpowered to detect significant hypoglycemic events.
19.
&&

National Confidential Enquiry into Patient Outcome and Death, ‘Highs and
Lows,’ [Internet]. London, 2018. Available from https://www.ncepod.org.uk/
2018pd/Highs%20and%20Lows_Summary%20Report.pdf. [Accessed 15
March 2019]

The latest installment from the National Confidential Enquiry into Patient Outcome
and Death team, with a retrospective case note and questionnaire review,
examining the quality of care processes in adult diabetic patients in the perio-
perative period (being from time of primary care referral to discharge) provides
useful insights into the many ways in which we deviate from ‘good practice’, with
recommendations for change.
20.
&

Lazarus B, Wu A, Shin JI, et al. Association of metformin use with risk of lactic
acidosis across the range of kidney function. JAMA Intern Med 2018;
178:903–910.

A large community-based, rather than perioperative study, but clarifies the risk of
Metformin-associated Lactic Acidosis.
21.
&

Nazer RI, Alburikan KA. Metformin is not associated with lactic acidosis in
patients with diabetes undergoing coronary artery bypass graft surgery: a
case control study. BMC Pharmacol Toxicol 2017; 18:38.

A recent small case–control study.
22.
&

Hulst AH, Polderman JAW, Ouweneel E, et al. Peri-operative continuation of
metformin does not improve glycaemic control in patients with type 2
diabetes: a randomized controlled trial. Diabetes Obes Metab 2018;
20:749–752.

A prospective study of the effect of metformin continuation on glycemic control in an
inpatient surgical population. There was no significant difference. This supports the
suggestion that continuation of metformin, even on the day of surgery, is not harmful.
23.
&

Ishikawa T, Koshizaka M, Maezawa Y, et al. Continuous glucose monitoring
reveals hypoglycaemia risk in elderly patients with type 2 diabetes mellitus. J
Diabetes Investig 2018; 9:69–74.

Sulfonylureas are associated with ‘silent’ hypoglycemia in nonsurgical patients
(and presumably, in the perioperative setting as well). This reinforces conventional
advice that they should be withheld on day of surgery.
24.
&

Azoulay L, Suissa S. Sulfonylureas and the risk of cardiovascular events and
death: a methodological meta-regression analysis of the observational stu-
dies. Diabetes Care 2017; 40:706–714.

Some concerning data about the cardiovascular safety of sulfonylureas.
25.
&

Mosenzon O, Pollack R, Raz I. Treatment of type 2 diabetes: from ‘Guidelines’
to ‘Position Statements’ and back: recommendations of the Israel National
Diabetes Council. Diabetes Care 2016; 39(Suppl 2):S146–S153.

The first national guideline to remove sulfonylureas as the recommended second-
line agents for treatment of type 2 diabetes mellitus.
26. Abdul-Ghani MA, Norton L, DeFronzo RA. Role of sodium-glucose contras-

porter 2 (SGLT2) inhibitors in the treatment of type 2 diabetes. Endocr Rev
2011; 32:515–531.

27.
&

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular outcomes,
and mortality in type 2 diabetes. N Engl J Med 2015; 373:2117–2128.

The first randomized controlled trial evidence for cardiovascular mortality benefit in
patients treated with empagliflozin within 3 years of treatment, and suggesting a
benefit beyond ‘just’ glucose lowering. This trial did not show an excess of cases of
diabetic ketoacidosis (DKA) but the inclusion/exclusion criteria would exclude
perioperative patients.
0952-7907 Copyright � 2019 The Author(s). Published by Wolters Kluwe
28.
&

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular out-
comes in type 2 diabetes. N Engl J Med 2019; 380:347–357.

A report showing improved long-term cardiovascular outcomes in patients treated
with dapgliflozin. This is similar to previous findings with different SGLT2i.
29.
&

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular and
renal events in type 2 diabetes. N Engl J Med 2017; 377:644–657.

The study showed renoprotective effects as well as improved cardiovascular
outcomes associated with canagliflozin.
30.
&

Liu J, Li L, Li S, et al. Effects of SGLT2 inhibitors on UTIs and genital infections
in type 2 diabetes mellitus: a systematic review and meta-analysis. Nature
2017; 7:1–11.

The uroglycemic effect of SGLT2i is associated with urogenital infections. This
may be of particular concern for patients undergoing gynaecologic or urologic
surgery and/or who have postoperative urinary catheters.
31.
&

Goldenberg RM, Berard LD, Cheng AY, et al. SGLT2 inhibitor-associated
diabetic ketoacidosis: clinical review and recommendations for prevention
and diagnosis. Clin Ther 2016; 38:2654–2664.

A review of the pathophysiology of SGLT2i-associated ketoacidosis in the general
patient population.
32.
&

Meyer EJ, Gabb G, Jesudason D. SGLT2 inhibitor-associated euglycaemic
diabetic ketoacidosis: a South Australian clinical case series and Australian
spontaneous adverse event notifications. Diabetes Care 2018; 41:e47–e49.

One of the largest case series to date of euglycemic DKA associated with SGLT2i
use. The exact incidence among hospitalized patients remain unknown.
33.
&

Blau JE, Tella SH, Taylor SI, et al. Ketoacidosis associated with SGLT2 inhibitor
treatment: analysis of FAERS data. Diabetes Metab Rev 2017; 37:1–14.

The FAERS data confirms that euglycemic acidosis is a serious hazard associated
with these drugs. Of particular concern is that approximately 70% of cases in the
nonsurgical population are euglycemic, which may delay diagnosis.
34.
&

Kerridge R, Whyte I, Prior F, et al. The good, the bad, and the ugly: sodium-
glucose contransporter-2 inhibitors (gliflozins) and perioperative diabetes.
Anaesth Intensive Care 2018; 46:1–4.

A concise commentary on perioperative complications associated with SGLT2i
therapy, including advice with regard to management of patients having surgery as
emergencies. In elective surgery, preoperativecessation for 48–72h is recommended.
35.
&

Burke KR, Schumacher CA, Harpe SE. SGLT2 inhibitors: a systematic review
of diabetic ketoacidosis and related risk factors in the primary literature.
Pharmacotherapy 2017; 37:187–194.

A review of 34 cases of SGLT2i-related DKA. Commonly identified precipitating
factors included patients who had recently undergone major surgery.
36.
&&

Peacock SC, Lovshin JA. Sodium-glucose contransporter-2 inhibitors (SGLT-
2i) in the perioperative setting. Can J Anaesth 2018; 65:143–147.

A comprehensive review of the pathophysiology, clinical presentation and manage-
ment of euglycemic ketoacidosis.
37.
&

Peacock SC, Lovshin JA, Cherney DZ. Perioperative considerations for the
use of sodium-glucose cotransporter-2 inhibitors in patients with type 2
diabetes. Anesth Analg 2018; 126:699–704.

A comprehensive review of perioperative issues associated with SGLT2i therapy.
38.
&&

DeCou JA, Sams SH. New diabetes medications raise new perioperative
concerns for the anesthesiologist. Anesth Analg 2018; 126:390–392.

Editorial commentary on the Peacock et al.s’, report in the same journal.
39.
&

Hoffman C, Green M, Megafu O. Sodium-glucose linked transporter 2
inhibitor-associated perioperative euglycaemic diabetic ketoacidosis: a case
for a perioperative guideline. Anaesth Intensive Care 2017; 45:758.

A report of euDKA commencing 6 h after uncomplicated breast reconstruction
surgery. Canagliflozin and metformin had been withheld on morning of surgery.
40.
&

Lau A, Bruce S, Wang E, et al. Perioperative implications of sodium-glucose
cotransporter-2 inhibitors: a case series of euglycemic diabetic ketoacidosis
in three patients after cardiac surgery. Can J Anesth 2018; 65:188–193.

In these cases, SGLT2i therapy ‘was ceased 1–2 days preoperatively’.
41.
&

Chacko B, Whitley M, Beckmann U, et al. Postoperative euglycaemic diabetic
ketoacidosis associated with sodium-glucose cotransporter-2 inhibitors (gli-
flozins): a report of two cases and review of the literature. Anaesth Intensive
Care 2018; 46:215–219.

Two cases of ketoacidosis requiring ICU admission: one developed 5 days after an
uncomplicated total knee replacement, in which SGLT2i therapy was continued
postoperatively; the other on the first day after cardiac surgery.
42.
&

Bonanni F, Fei P, Fitzpatrick L. Normoglycemic ketoacidosis in a postoperative
gastric bypass patient taking canagliflozin. Surg Obes Relat Dis 2016;
12:11–12.

An early report of the euDKA problem in the setting of bariatric surgery, which may
be a high-risk group.
43. Lane S, Mohammed S, Paskar D, Goffi A. Euglycemic’ diabetic ketoacidosis in

the perioperative period: why gliflozins may not be so sweet after all! Am J
Respir Crit Care Med 2017; 195:A3825.

44. Wood T, Pang AJ, Hallet J, Greig P. Euglycaemic ketoacidosis in a post-
operative Whipple patient using canaglifozin. BMJ Case Rep 2016;
2016:725–728.

45.
&

Sleiwah A, McBride M, Black EC. Euglycaemic ketoacidosis: a potential new
hazard to plastic surgery day case and inpatient procedures. BMJ Case Rep
2017. doi: 10.1136/bcr-2017-220253.

Reports a case of a 44-year-old woman having planned abdominoplasty and
mastopexy. Empagliflozin was recommenced postoperatively, and euglycemic
ketoacidosis developed toward the end of the first postoperative day.
r Health, Inc. www.co-anesthesiology.com 403

https://diabetessociety.com.au/documents/perioperativediabetesmanagementguidelinesfinalcleanjuly2012.pdf
https://diabetessociety.com.au/documents/perioperativediabetesmanagementguidelinesfinalcleanjuly2012.pdf
https://link.springer.com/content/pdf/10.1007%2Fs00101-017-0376-3.pdf
https://link.springer.com/content/pdf/10.1007%2Fs00101-017-0376-3.pdf
https://www.ncepod.org.uk/2018pd/Highs%20and%20Lows_Summary%20Report.pdf
https://www.ncepod.org.uk/2018pd/Highs%20and%20Lows_Summary%20Report.pdf


Anesthesia and medical disease
46.
&

Nanjappa N, Jesudason D, Thiruvenkatarajan V, Meyer E. Perioperative
management of sodium–glucose cotransporter-2 inhibitors: importance of
a nuanced approach. Anaesth Intensive Care 2018; 46:424–425.

Suggests that SGLT2i may be continued preoperatively for some surgical patients,
and an individualized preoperative cessation is appropriate.
47.
&

Tan HLE, Acharya S. Perioperative cessation of sodium–glucose
cotransporter-2 inhibitors: 72 h or seven days? Anaesth Intensive Care
2018; 46:425.

Suggests that preoperative cessation for 7 days may be needed to minimize the
risk of euglycemic ketoacidosis associated with SGLT2i.
48.
&

European Medicines Agency. EMA confirms recommendations to minimise
ketoacidosis risk with SGLT2 inhibitors for diabetes [Internet]. European
Medicines Agency; 2016. Available from: https://www.ema.europa.eu/en/
news/ema-confirms-recommendations-minimise-ketoacidosis-risk-sglt2-inhi-
bitors-diabetes. [Accessed 10 January 2019]

The EMA response to concerns about ketoacidosis risk with SGLT2i. A short
period of preoperative cessation is advised.
49.
&

Pasquel FJ, Gianchandani R, Rubin DJ, et al. Efficacy of sitagliptin for the
hospital management of general medicine and surgery patients with type 2
diabetes (Sita-Hospital): a multicentre, prospective, open-label, noninferiority
randomised trial. Lancet Diabetes Endocrinol 2017; 5:125–133.

The study supports the safety profile of DDP-4 inhibitor use in hospitalized
patients.
50. Garber AJ. Long-acting glucagon-like peptide-1 receptor agonists: a review of

their efficacy and tolerability. Diabetes Care 2011; 34:S279–S284.
51. Prasad-Reddy L, Isaacs D. A clinical review of GLP-1 receptor agonists:

efficacy and safety in diabetes and beyond. Drugs Context 2015; 4:1–19.
52. Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in patients with type 2

diabetes and acute coronary syndrome. N Engl J Med 2015; 373:
2247–2257.

53. Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and cardiovas-
cular outcomes in type 2 diabetes. N Engl J Med 2016; 375:311–322.

54. Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular out-
comes in patients with type 2 diabetes. N Engl J Med 2016; 375:
1834–1844.

55.
&

Holman RR, Bethel A, Mentz RJ, et al. Effects of once-weekly exenatide on
cardiovascular outcomes in type 2 diabetes. N Engl J Med 2017; 377:
1228–1239.

Report of an US Food and Drug Administration-mandated cardiovascular outcome
study, showing cardiovascular benefits of glucagon-like peptide-1 (GLP-1) re-
ceptor agonist use. This is despite positive chronotropic effects.
56.
&

Gerstein HC, Colhoun HM, Dagenais GR, et al. Design and baseline char-
acteristics of participants in the Researching cardiovascular Events with a
Weekly INcretin in Diabetes (REWIND) trial on cardiovascular effects with
dulaglutide. Diabetes Obes Metab 2018; 20:42–49.

The study showed the cardiovascular safety of weekly dulaglutide in patients with
diabetes.
57.
&

Bain SC, Mosenzon O, Arechavaleta R, et al. Cardiovascular safety of oral
semaglutide in patients with type 2 diabetes: rationale, design and patient
baseline characteristics for the PIONEER 6 trial. Diabetes Obes Metab 2019;
21:499–508.

The PIONEER 6 trial demonstrated the cardiovascular safety of semiglutide, the
first oral GLP-1 receptor agonist.
58.
&

Lips M, Mraz M, Klouckova J, et al. Effects of continuous exenatide infusion on
cardiac function and peri-operative glucose control in patients undergoing
cardiac surgery: a single-blind, randomized controlled trial. Diabetes Obes
Metab 2017; 19:1818–1822.

A small ‘proof of concept’ trial based on previous work suggesting cardioprotective
effects from GLP-1 agonists. There was improved glycemic control, but a positive
effect on cardiac function was not found in this small study.
59.
&

Polderman JAW, van Steen SCJ, Thiel B, et al. Peri-operative management of
patients with type-2 diabetes mellitus undergoing noncardiac surgery using
liraglutide, glucose-insulin-potassium infusion or intravenous insulin
bolus regimens: a randomised controlled trial. Anaesthesia 2017; 73:
332–339.

A subcutaneous injection of liraglutide given preoperatively reduced insulin
requirements, but at the expense of increased preoperative nausea. A significant
clinical advantage is not clear.
60.
&

Abuannadi M, Kosiborod M, Riggs L, et al. Management of hyperglycemia with
the administration of intravenous exenatide to patients in the cardiac intensive
care unit. Endocr Pract 2013; 19:81–90.

15% of patients treated with exenatide found nausea to be unacceptable.
61. Umpierrez GE, Smiley D, Jacobs S, et al. Randomized study of basal-bolus

insulin therapy in the inpatient management of patients with type 2 diabetes
undergoing general surgery (RABBIT 2 Surgery). Diabetes Care 2011;
34:256–261.
404 www.co-anesthesiology.com
62.
&

Phillips VL, Byrd AL, A deel S, et al. A comparison of inpatient cost per day in
general surgery patients with type 2 diabetes treated with basal-bolus versus
sliding scale insulin regimens. Pharmacoecon Open 2017; 1:109–115.

Based on the RABBIT 2 data, this study shows that basal bolus insulin regimens
are cost effective, in addition to their proven clinical efficacy. A small but useful
study in an era of cost-effectiveness as a motivation for adopting clinical change.
63. Ku SY, Sayre CA, Hirsch IB, Kelly JL. New insulin infusion protocol improves

blood glucose control in hospitalized patients without increasing hypoglyce-
mia. Jt Comm J Qual Patient Saf 2005; 31:141–147.

64. Bode BW, Braithwaite SS, Steed RD, Davidson PC. Intravenous insulin
infusion therapy: indications, methods, and transition to subcutaneous insulin
therapy. Endocr Pract 2004; 10(Suppl 2):71–80.

65.
&

George S, Dale J, Stanistreet D; Joint British Diabetes Societies (JBDS) for
Inpatient Care. A guideline for the use of variable rate intravenous insulin
infusion in medical inpatients. Diabet Med 2015; 32:706–713.

A useful resource to support introduction of variable rate intravenous insulin
infusion in noncritical care settings.
66. Jonassen I, Havelund S, Hoeg-Jensen T, et al. Design of the novel protraction

mechanism of insulin degludec, an ultra-long-acting basal insulin. Pharm Res
2012; 29:2104–2114.

67. Takeishi S, Mori A, Fushimi N, et al. Evaluation of safety of insulin degludec on
undergoing total colonoscopy using continuous glucose monitoring. J Dia-
betes Investig 2016; 7:374–380.

68.
&

Peters AL, Ahmann AJ, Hirsch IB, Raymond JK. Advances in glucose mon-
itoring and automated insulin delivery: supplement to Endocrine Society
Clinical Practice Guidelines. J Endocr Soc 2018; 2:1214–1225.

A useful update to the 2016 Endocrine Society Guidelines, covering a broad range
of clinical scenarios and patient subgroups, with a narrative-based review of the
latest evidence.
69.
&

Bekiari E, Kitsios K, Thabit H, et al. Artificial pancreas treatment for outpatients
with type 1 diabetes: systematic review and meta-analysis. BMJ 2018;
361:k1310.

The most up to date review bringing together many small studies, adding to the
growing weight of evidence regarding single and dual hormone closed loop insulin
delivery devices.
70.
&

Weisman A, Bai JW, Cardinez M, et al. Effect of artificial pancreas systems on
glycaemic control in patients with type 1 diabetes: a systematic review and
meta-analysis of outpatient randomised controlled trials. Lancet Diabetes
Endocrinol 2017; 5:501–512.

A review of single and dual hormone closed loop devices, showing clinically and
statistically significant improvements in glycemic control and reduced time spent in
the hypoglycemic range, particularly in the overnight setting.
71.
&&

Wallia A, Umpierrez GE, Rushakoff RJ, et al. Consensus statement on
inpatient use of continuous glucose monitoring. J Diabetes Sci Technol
2017; 11:1036–1044.

An excellent summary on the use of continuous glucose monitoring in hospitalized
patients with separate foci on intensive care patients and nonintensive care
patients. Thorough and insightful consideration into the utility, limitations and
challenges to integrating this technology into the hospital setting. Also provides
detailed explanations of the technology itself.
72. Klonoff DC, Parkes JL, Kovatchev BP, et al. Investigation of the accuracy of 18

marketed blood glucose monitors. Diabetes Care 2018; 41:1681–1688.
73. Ekhlaspour L, Mondesir D, Lautsch N, et al. Comparative accuracy of 17 point-

of-care glucose meters. J Diabetes Sci Technol 2017; 11:558–566.
74.
&

Medtronic. Important safety information. Northridge, CA: Medtronic; 2016;
Available from: https://www.medtronicdiabetes.com/important-safety-infor-
mation. [Accessed and cited 15 January 2019]

The manufacturer’s safety information. There is a long list of hazards and safety
advisories mainly due to lack of testing of insulin pumps in strong magnetic and
radiation fields. Pragmatically, there does not appear to be major practice implica-
tions in the operating theatre although manufacturer’s advice should still be
followed for imaging modalities.
75.
&&

Rushakoff R, Wick E, McDonnell M. Enhanced recovery in patients with
diabetes: is it time for a moratorium on use of preoperative carbohydrate
beverages? Ann Surg 2019; 269:411–412.

A somewhat impassioned commentary on the widespread adoption of preopera-
tive carbohydrate loading, pointing out that the evidence of benefit is equivocal,
and that the trials that have been performed have excluded diabetic patients. It is an
important publication because it represents a viewpoint that may not have been
appreciated by the enthusiasts of ERAS.
76.
&

Bansal V, Mottalib A, Pawar TK, et al. Inpatient diabetes management by
specialized diabetes team versus primary service team in noncritical care
units: impact on 30-day readmission rate and hospital cost. BMJ Open
Diabetes Res Care 2018; 6:e000460.

A study supportive of specialized diabetes teams to improve hospital outcomes in
patients with diabetes.
Volume 32 � Number 3 � June 2019

https://www.ema.europa.eu/en/news/ema-confirms-recommendations-minimise-ketoacidosis-risk-sglt2-inhibitors-diabetes
https://www.ema.europa.eu/en/news/ema-confirms-recommendations-minimise-ketoacidosis-risk-sglt2-inhibitors-diabetes
https://www.ema.europa.eu/en/news/ema-confirms-recommendations-minimise-ketoacidosis-risk-sglt2-inhibitors-diabetes
https://www.medtronicdiabetes.com/important-safety-information
https://www.medtronicdiabetes.com/important-safety-information

