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value of 5% has a PPV of 70% and an NPV of 92%. Although
researchers do not intentionally under-power their studies,
poor power comes as a consequence of unaccounted mea-
surement error and effect size over-estimation. A recent re-
view of meta-analyses found that approximately 50% of the
studies surveyed had a statistical power less than 20%.2 This is
a significant problem if we extrapolate this result across the
medical field and logically explains why we observe so little
success in the thousands of studies out there.

Where do we go from here?

We suggest that experiments reshape their planning to focus
on how meaningful their conclusions are going to be scien-
tifically and statistically.

For single research trials, the following should be planned
for and reported either from the study data or past published
reports:

. Strength of the relationship

. Biological gradient, that is a dose-response relationship

. Specificity

. Temporality

. Similar circumstances reproduce similar results

. Reversibility

. A power and P-value to meet an assigned study PPV and
NPV

NO UV WD -

For data syntheses of multiple studies, the following are
also important:

8. Reproducibility
9. Agreement between laboratory and epidemiological
results
10. A credible mechanism exists that can explain the result
11. Experimental evidence supporting the cause—effect

Study design should focus around meeting as many of the
Bradford Hill criteria possible, and the power and P-value
chosen to achieve the highest possible study PPV and NPV
using calculations as demonstrated here. A conclusion should
be grounded in the same principles. Researchers in the plan-
ning phase can use the approaches described in this article to
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help them achieve this. We must report our statistics better,
focusing on how power and sample size analysis is done,
including whether the sample and power is achieved in real
life. Published studies should clearly state the level of statis-
tical expertise involved in their design and analysis.

In conclusion, we should stop seeking more from the P-
value than it can provide and move towards a more scientifi-
cally robust reporting structure for validating our conclusions.
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The current preoperative recommendation for the inpatient
population regarding use of non-insulin glucose-lowering
treatment is to withhold this medication on the day of sur-
gery.»? The reasons are variable for different preparations and
involve the risks of hypoglycaemia, lactic acidosis, and keto-
acidosis.® Until recently, all these drugs had short half-lives,
were taken once or multiple times daily, and were elimi-
nated from the body within 1 day. This enabled the one-size-
fits-all recommendation that is now well-known and fol-
lowed.* However, recent advances in diabetes treatment
include once-weekly preparations of long-acting glucagon-like
peptide-1 receptor agonists (GLP-1 RAs). This prompts anaes-
thesiologists to reconsider their current practice of stopping all
antidiabetic medications on the morning of surgery. We argue
that the benefits of perioperative continuation outweigh the
risk of withholding these medications, and therefore propose a
non-withholding policy for all GLP-1 RAs. We focus on the new
antidiabetic medication class of GLP-1 RAs (named -natide or
-glutide, e.g. exenatide/liraglutide), not to be confused with the
recently introduced sodium glucose co-transporter-2 in-
hibitors (names ending in -gliflozin, e.g. empagliflozin).
Although their cardio-reno-protective properties might
harbour perioperative potential,” they are generally recom-
mended to be withheld before surgery, until more data on
perioperative safety are known.®

Long-acting GLP-1 receptor agonists

Endogenous GLP-1 is a gut-derived incretin hormone that re-
duces glycaemia by stimulating insulin production and
secretion from pancreatic beta cells and by reducing glucagon
secretion from alpha cells.” In addition, GLP-1 inhibits gastric
emptying, and reduces appetite and food intake which
contribute to glucose lowering.”® Importantly, the pancreatic
effects of GLP-1 only operate during hyperglycaemia, making

the risk for hypoglycaemia extremely low.” Endogenous GLP-1
has a half-life of several minutes and is rapidly broken down
by dipeptidyl peptidase-4 (DPP-4). The first generation of GLP-1
RAs (e.g. exenatide, lixisenatide) were designed to resist DPP-
4-breakdown and could be administered either once or twice
daily.® Second-generation GLP-1 RAs (e.g. liraglutide, dulaglu-
tide) have a higher protein-binding, thereby reducing their
renal clearance, and further prolonging their half-life.® In the
last decade, GLP-1 RAs came to the market as a second-line
treatment option for type 2 diabetes mellitus.” Besides estab-
lished efficacy in improving glucose control, enthusiasm for
these medications increased with the findings of large car-
diovascular outcome trials.” **

Cardiovascular outcomes in type 2 diabetes
mellitus

The long-term cardiovascular outcome trials with GLP-1 RAs
were designed to prove cardiovascular safety. All these trials
confirmed that GLP-1 RAs were safe and did not increase the
long-term risk of major cardiovascular adverse events
(MACE).'® What was even more important from these reports
is that several studies actually showed a reduction in risk of
MACE with GLP-1 RAs compared with standard treatment. The
currently available preparations, their characteristics, and the
most important findings from the respective cardiovascular
outcome trials are summarised in Table 1.

Cardiovascular effects

The observed cardioprotective effects of GLP-1 RAs have
resulted in extensive research on their effects on cardiovas-
cular physiology, with many postulated mechanisms.'® The
most consistently reported finding is the expression of GLP-1
receptors in the sinoatrial node.’® Although this explains the

Table 1 Overview of currently available glucagon-like peptide-1 receptor agonists. *For superiority. fOriginally a once-daily formula-
tion, now available as prolonged release injection for once-weekly. CI, confidence interval; HR, hazard ratio.

Duration of action Effectiveness Reference
Drug Half- Dosing HbAlc lowering  Major adverse Cardiovascular
life frequency mmol mol ! cardiovascular events (MACE) outcome trial
Lixisenatide 25h Daily 10—-20 pg 3(2-3) Non-inferior to placebo ELIXA®
(HR=1.02, 95% CI=0.89—1.17, P=0.81%)
Exenatide 3h Twice daily 5-10 8 (7-8) Non-inferior to placebo EXSCEL"
pg/weekly 2 mg' (HR=0.91, 95% CI=0.83—1.00, P=0.06")
Liraglutide 125h Daily 1.8 mg 5 (4-5) Superior to placebo LEADER’
(HR=0.87, 95% CI=0.78—0.97, P=0.01%)
Albiglutide 5 days Weekly 30—50 mg 8 (7-8) Superior to placebo HARMONY*?
(HR=0.78, 95% CI=0.68—0.90, P=0.006%)
Dulaglutide 5 days Weekly 1.5 mg 7 (6-7) Superior to placebo REWIND"?
(HR=0.88, 95% CI=0.79—0.99, P=0.026%)
Semaglutide 7 days Weekly 0.5-1.0mg 11 (10-12) Superior to placebo SUSTAIN-6"°

(HR=0.74, 95% CI=0.58—0.95, P=0.02")
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increased HR found in all studies administering GLP-1 RAs, itis
unlikely to be the explanation for any of the cardioprotective
properties.’>'” Thus far, cardioprotective mechanisms are
poorly understood. Animal studies showed increases in
myocardial metabolic efficiency of glucose usage, lower
vascular resistances in pulmonary and systemic circulations,
and activation of ischaemic preconditioning pathways.'®'” In
humans, the relevance of these findings remains unclear,
despite some promising results of improved left ventricular
function and reduced infarct size after ischaemic injury in
GLP-1 RA-treated subjects.'®® What remains, however, are
the findings from major cardiovascular outcome trials
(Table 1) that found clear cardiovascular benefits with reduced
rates of myocardial infarction, stroke, and revascularisation
procedures. 111314

Gastrointestinal side-effects

The most commonly reported side-effects of GLP-1 RAs are
gastrointestinal, such as nausea, vomiting, and diarrhoea.” In
the SUSTAIN trial, 52% of patients reported gastrointestinal
side-effects in those receiving semaglutide compared with
35% in the placebo group, resulting in discontinuation of
medication in 14% and 8% of patients, respectively.'?

Nausea and vomiting are explained by direct central effects
of GLP-1 and delayed gastric emptying. Both effects decrease
over time with ongoing treatment because of tolerance and
tachyphylaxis.®?0~?* After 8 weeks of treatment with liraglu-
tide (a long-acting GLP-1 RA), gastric emptying returned to
near baseline values.?® Of note, contrasting effects have been
found with shorter acting GLP-1 RAs that retained delayed
gastric emptying over time.”> Although associated with
reduced oral intake and a beneficial loss of weight in over-
weight and obese patients, these effects might worry anaes-
thesiologists given the theoretically increased risk of
aspiration. However, although commonly reported by pa-
tients, these symptoms are mostly mild, are rarely a reason for
discontinuation of therapy, and seem to decrease over time
with ongoing treatment.”*>~%’

Although gastrointestinal side-effects occurred commonly
in the large cardiovascular outcome trials, most were reported
in the first weeks after initiation and they only led to discon-
tinuation of treatment in 1—3% of cases.'®!! On the ICU, GLP-1
was also found to decrease gastric motility, although its effect
was minimal when gastric emptying was already delayed.’® In
patients with diabetes mellitus, gastroparesis is a known
complication that requires attention and appropriate action by
anaesthesiologists. Postoperatively, gastrointestinal upset re-
mains a common concern. Despite the fact that surprisingly
few perioperative studies recorded this outcome,? it is reas-
suring that GLP-1 RAs do not appear to further increase the risk
of postoperative nausea and vomiting.>*~>? We performed two
randomised trials studying preoperative liraglutide adminis-
tration, including more than 400 patients. In both trials, the
liraglutide intervention group did not report higher rates of
nausea or vomiting compared with the non-GLP-1 groups,
neither before nor after surgery.

GLP-1 in perioperative care

Several recent studies investigated different GLP-1 RAs in the
perioperative period, showing their efficacy in improving gly-
caemic control.?’ The first two studies used a continuous
infusion of GLP-1 during coronary artery bypass grafting

(CABG) which resulted in lower perioperative glucose con-
centrations.>>** A continuous i.v. infusion of exenatide (first
generation, short-acting GLP-1 RA) during CABG also reduced
blood glucose concentrations and insulin requirements, dur-
ing and after surgery.®>*> Of note, GLP-1 RAs have only been
approved for s.c. administration. Liraglutide (second genera-
tion, once-daily GLP-1 RA) administered before surgery was
effective in lowering glucose and insulin requirements in
cardiac surgery and in patients undergoing noncardiac sur-
gery.®%3! In these studies, adverse events have only been
recorded as secondary outcomes, yet no signal of harm has
been detected. A recent systematic review and meta-analysis
of perioperative trials studying GLP-1 RAs found improved
perioperative glycaemic control without increasing the inci-
dence of hypoglycaemia.?

Contraindications for GLP-1 receptor agonists in
perioperative care

In some specific situations, stopping GLP-1 RAs in patients
already taking these should be considered. Post-marketing
surveillance reported a possible association between GLP-1
treatment and pancreatitis or pancreatic cancer. However,
analysis of all large-scale cardiovascular outcome trials found
no increased risk of pancreas pathology. Nonetheless, stop-
ping GLP-1 in patients undergoing pancreatic surgery or with
postoperative pancreatitis must be considered. Furthermore,
although GLP-1 RAs are safe for use in patients with impaired
kidney function, they should be stopped in case of acute kid-
ney injury requiring renal replacement therapy. Finally, we
suggest that GLP-1 RAs should be stopped in case of post-
operative ileus because of its effects on gastric motility, even
though delayed gastric emptying is a problem during therapy
initiation that abates over time.

Preoperative recommendations

No perioperative study has yet been performed using a once-
weekly GLP-1 RA, although at least one is underway admin-
istering dulaglutide before cardiac surgery (NCT 03743025).
Nonetheless, use of GLP-1 RAs in patients with diabetes mel-
litus is growing. As a result, anaesthesiologists will increas-
ingly encounter these medications in their patients. With the
introduction of the newer long-acting GLP-1 RAs, taken once-
weekly, the advice to withhold antihyperglycaemic treat-
ment preoperatively needs to be reconsidered. Firstly, to stop
long-acting GLP-1 RAs before surgery is impractical. Effective
discontinuation would require stopping >2 weeks in advance,
affecting glycaemic control for a similar period. As patients are
often seen only shortly before surgery, this policy could lead to
unnecessary postponement of surgery. In addition, worse
preoperative glycaemic control is associated with a higher risk
of postoperative complications.***” Secondly, continuation of
GLP-1 RAs perioperatively is likely a safe practice. GLP-1 im-
proves glycaemic control by reducing the incidence of hyper-
glycaemia without increasing hypoglycaemia. Few side-
effects have been reported and most are mild. Although
anaesthesiologists should be aware of the theoretical side-
effects such as delayed gastric emptying and possible nausea
and vomiting, GLP-1 RAs can be considered safe and effective
in the perioperative period. Although shorter-acting prepara-
tions could be withheld, we recommend continuing all GLP-1
RAs throughout the perioperative period. As this is in line
with the Association of Anaesthetists for day-case surgery,
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we extend this recommendation from ambulatory surgery to
all perioperative patients.

Postoperative recommendations

Experts have highlighted the potentially advantageous aspects
of using GLP-1 RAs for the in-hospital treatment of hyper-
glycaemia,***? and several studies have shown this to be a safe
and effective adjunct for in-hospital glucose control.>**%4! In
line with the arguments for preoperative continuation,
continuation of GLP-1 RAs during hospital stay should also be
considered.

Conclusions

Perioperative studies of long-acting GLP-1 RAs showed better
glycaemic control compared with placebo or standard care
with insulin in the perioperative period without a higher risk
for developing hypoglycaemia. Side-effects, most frequently
gastrointestinal in nature, are mostly mild and diminish over
time. Historically, non-insulin glucose-lowering medications
are stopped on the day of surgery. However, stopping these
once weekly preparations would require stopping the medi-
cation several weeks preoperatively. This is not only imprac-
tical but would also lead to inadequate glycaemic control for a
prolonged period. In light of the current evidence, continua-
tion of these drugs is a safe and effective practice with regard
to glycaemic control and side-effects. We therefore recom-
mend that all GLP-1 RAs be continued during the perioperative
period.
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