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SGLT2 inhibitors in Diabetes Mellitus
Worldwide, about 463 million people had 
diabetes in 2019, the majority of which were 
living in low-and middle-income countries. 
The number of deaths directly attributed 
to diabetes in 2019 was 1.5 million.1 The 
prevalence of diabetes has been steadily 
increasing over the past few decades. In 
the past three decades the prevalence 
of type 2 diabetes has risen dramatically 
in countries of all income levels.2 The 
treatment of type 2 diabetes mellitus 
(T2DM) has been an evolving science. Due 
to remarkable therapeutic advances, the 
incidence of major serious complications 
like amputations, renal failure requiring 
dialysis, and blindness due to retinopathy 
have significantly declined.3 

Sodium glucose cotransporter 2 (SGLT-2) 
inhibitors like canagliflozin, dapagliflozin, 
and empagliflozin, are the recent addition 
to the list of anti-diabetic drugs. These 
are Food and Drug Administration (FDA) 
approved drugs which are currently being 
used in mono, dual and triple therapy to 
manage type 2 diabetes.4 SGLT-2 inhibitors 
are different from other anti-hyperglycemic 
oral agents because they have an insulin-
independent mechanism of action. SGLT-
2 co-transporters are responsible for the 
reabsorption of almost 90 % of the glucose 
filtered in the kidneys. The inhibition of 

SGLT-2 co-transporters reduces renal 
glucose threshold and thereby increases 
urinary glucose excretion, resulting in 
a reduction in blood glucose level. The 
amount of glucose excreted in the urine 
depends on both the level of blood 
glucose and the glomerular filtration 
rate.5 The available SGLT-2 inhibitors share 
similar pharmacokinetic characteristics, 
with a rapid oral absorption, a long 
elimination half-life which allows once 
daily administration, an extensive hepatic 
metabolism mainly via glucuronidation 
to inactive metabolites, the absence of 
clinically relevant drug-drug interactions 
and a low renal elimination as parent drug.5

Benefits of SGLT-2 inhibitors include 
reductions in all cause and cardiovascular 
mortality, myocardial infarction, renal 
failure, and serious hyperglycemia and 
lower body weight without causing severe 
hypoglycemia.6 Guidelines from American 
Diabetes Association and National Institute 
for Health and Care Excellence (NICE) 
include recommendations on  using 
SGLT-2 inhibitors in the management of 
diabetics with cardiovascular disease or 
kidney disease who have not reached their 
target glycemic levels.7,8

Important risks of SGLT-2 inhibitors include 
genital and perineal infections, urinary 
tract infection, volume depletion, diabetic 
ketoacidosis, lower limb amputation, 
and change in mineral metabolism and 
fracture.9 The pharmacodynamic response 
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Ceiling Dose of Ketorolac

Ketorolac is a well-known Nonsteroidal 
Antiinflamatory Drugs (NSAIDs)  that is 
used to treat moderate pain. The US black 
box warning for ketorolac use states that it 
should not be used for more than 5 days 
and it carries a risk of GI bleeding, peptic 
ulcer and bleeding as it inhibits platelets 
functions and therefore is contraindicated 
in patients with suspected or confirmed 

cerebrovascular bleeding, hemorrhagic 
diathesis, incomplete hemostasis and those 
at high risk of bleeding.1 In one of the study 
done among healthy volunteers,  standard 
intramuscular dose of 60 mg ketorolac 
resulted in prolongation of the bleeding 
time by 1 minute 46 seconds (50% increase 
with 95% confidence interval, 25%-75%).2

Ketorolac is contraindicated as a 
prophylactic analgesic before any major 
surgery, for intrathecal or epidural 
administration due to its alcohol content, in 
labor and delivery (because it may adversely 

to SGLT-2 inhibitors also decreases with 
increasing severity of renal impairment. 
Dosage adjustments or reductions are 
necessary in moderate to severe renal 
dysfunction. Caution during its use in 
the elderly population has also been 
recommended.5

With the peculiar mechanism of their 
action which is independent of insulin 
secretion, release and action, SGLT2 
inhibitors are undoubtedly beneficial 
additions to the therapeutic options 
available for T2DM management. However, 
effective strategies should be implemented 
to achieve widespread use of these newer 
antidiabetic drugs.
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affect fetal circulation and inhibit uterine 
contractions), in patients with previously 
demonstrated hypersensitivity to ketorolac 
or allergic manifestations to aspirin or other 
NSAIDs, in patients with active peptic ulcer 
disease, recent GI bleeding or perforation 
and a history of peptic ulcer disease or GI 
bleeding. Elderly patients and patients with 
a prior history of peptic ulcer disease and/
or GI bleeding are at greater risk for serious 
GI events, in the setting of coronary artery 
bypass graft surgery, for use in pediatric 
patients.1 

According to  Medscape, a well-renowned 
drug information application, the IV or IM 
dose of Ketorolac starts from 30mg (max 
dose 120mg/day) whereas the oral dose 
starts from 10 mg followed by 10mg every 
4-6 hourly (40mg/day).3 However, several 
studies have concluded that the analgesic 
ceiling dose of ketorolac is 10mg. 4-7

In 1989, double-blind study with placebo 
control of intramuscular ketorolac 
tromethamine done in 126 patients for the 
treatment of cancer pain with moderate or 
severe intensity concluded that ketorolac 
was statistically superior to placebo for 
the sum of pain intensity difference but no 
difference was seen between the doses of 
10, 30 or 90 mg ketorolac regimens.4

In 1990, another study was done in 
postoperative pain in 122 patients 
compared 2 or 4 mg IV morphine with 
10 or 30 mg IV ketorolac.5 This study also 
concluded that there was no difference in 
efficacy between 10 and 30 mg of ketorolac 
and 4mg morphine and all these treatments 
were more effective than 2 mg morphine in 
providing pain control.  

In 2016, a study done in  240 subjects 
comparing 10mg, 15mg, and 30 mg 
Intravenous Ketorolac for treating acute 

pain in the emergency department also 
concluded similar efficacy stating that 
intravenous ketorolac administered at the 
analgesic ceiling dose of 10 mg provided 
effective pain relief to the patients with 
moderate to severe pain without increased 
adverse effects.6

Most recently in 2020, A non inferiority 
randomized controlled trial comparing 
intravenous ketorolac (10, 20, and 30 mg) 
in 165 adult patients presenting to the 
emergency department with renal colic 
also concluded that similar analgesic 
efficacy in renal colic.7

The evidence dated as far back as more 
than 30 years ago to now must compel us 
to rethink using the 30 and 60 mg doses of 
ketorolac in medical practice. In our context, 
ketorolac injection is available as 30mg/ml 
and dilution of injection may be one of the 
challenges to put 10mg dose in practice. 
Department of Drug Administration (DDA) 
approval of a lower dosage size or an 
automatic substitution policy in hospitals 
where prescription of 30mg or 60mg will 
be substituted automatically to 10 mg 
would likely be required to get IV ketorolac 
doses down to 10 mg routinely.
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Diuretics, including acetazolamide: 
Risk of eye disorders
Health Canada has announced that they will 
work with manufactures of diuretics (such 
as hydrochlorothiazide, chlorthalidone, 
indapamide) and acetazolamide, to update 
the safety information by adding a warning 
about the risks of choroidal effusion (CE), 
acute myopia (AM) and acute angle-
closure glaucoma (AACG). Diuretics are 
indicated to treat oedema and to lower 
high blood pressure. Acetazolamide has 
diuretic properties and indicated to treat 
glaucoma and certain types of seizures. 
Triggered by updates made to the 
product safety information by the EMA, 

Health Canada reviewed the risks of CE, 
AM and AACG with the use of diuretics 
including acetazolamide. The Canadian 
product safety information for some of 
the diuretics already include information 
on the eye disorders. Assessment of 
whether additional actions are required 
were made. The review considered the 
Canada vigilance database, international 
databases and literature. It reviewed 49 
cases (one Canadian, 38 foreign) of CE, AM 
or AACG reported with the use of diuretics 
or acetazolamide. Health Canada’s review 
showed a link between the use of the 
diuretics including acetazolamide and the 
risks of CE, AM or AACG.

Retrieved from: WHO Pharmaceuticals 
Newsletter No. 2, 2021 




