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ABSTRACT

Triple whammy (TW) is a potentially dangerous
drug combination that can lead to acute kidney
injury (AKI). This drug interaction (DI) occurs
when angiotensin-converting enzyme inhibi-
tors (ACEIs) or angiotensin II receptor blockers
(ARBs) are used together with diuretics and non-
steroidal anti-inflammatory drugs (NSAIDs).
One of the most serious consequences of TW DI
is an increased risk of developing pre-renal
acute kidney injury (pr-AKI). The term TW, in

the context of a DI affecting kidney function, is
not very widespread. The aim of this article was
to gather information on this interaction. Pre-
vious knowledge on the mechanism of TW and
how to increase patient awareness of this
interaction is described. In addition, the specific
nature of the acute kidney injury (AKI) caused
by triple whammy (AKITW) is presented. On the
basis of the current state of knowledge, recom-
mendations on how to manage the TW DI are
also demonstrated.
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T. Harę _zlak
10 Military Research Hospital in Bydgoszcz,
Bydgoszcz, Poland

U. Religioni (&)
Collegium of Business Administration, Warsaw
School of Economics, Madalinskiego 6/8,
02-513 Warsaw, Poland
e-mail: urszula.religioni@gmail.com

F. M. Szymański
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Key Summary Points

The drug interaction called triple
whammy (TW) can occur when
combining an angiotensin-converting
enzyme inhibitor (ACEI) or angiotensin II
receptor blocker (ARB) with a diuretic and
non-steroidal anti-inflammatory drug
(NSAID).

In certain cases, this interaction can result
into acute kidney injury (AKI) and hence
contributes to quality of life and reduction
of life expectancy, even death of patients.

TW in a nephrological context has been
reported in the literature, but there are
very few publications on this subject.

Our goal was to summarize the current
knowledge on this topic, including the
characteristics of TW, its consequences
and recommendations for clinical
practice.

INTRODUCTION

Polypharmacy in chronic patients can lead to
numerous dangerous drug interactions (DI)
[1–3]. Among the many DI there is a peculiar
one called triple whammy (TW), seldom
described in the literature because of its com-
plexity and its unique way of affecting kidney
function [4–6]. TW refers to the concurrent use
of three types of medications [7]:

1. Angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin II receptor blockers
(ARBs)

2. Diuretics
3. Non-steroidal anti-inflammatory drugs

(NSAIDs)

This can alter the renal haemodynamic
autoregulation system, leading to an increased

risk of developing acute pre-renal acute kidney
injury (pr-AKI) and AKI [4, 8–10]. The main
objective of this article is to indicate the
mechanisms and features of AKI due to TW DI
(AKITW), as well as to describe the prevalence
and consequences of the concurrent use of TW
drugs and recommendations regarding these
products, such as diagnostic evaluations of
patients diagnosed with AKI.

METHODS

A literature review performed using the search
term ‘triple whammy’ in the PubMed medical
database gave 48 results, 18 of which were
related to the TW DI (as of 24 April 2021). To
enhance the number of results we also used the
following search term ‘‘triple whammy’’ and the
combinations ‘‘triple whammy AND AKI’’, ‘‘tri-
ple whammy AND Acute Kidney Injury’’,
‘‘NSAIDs AND ACEIs AND diuretics AND AKI’’,
‘‘RAAS AND inhibitors AND NSAID AND
diuretics AND AKI’’, ‘‘renin–angiotensin AND
system AND inhibitors AND nonsteroidal AND
anti-inflammatory AND drugs AND AKI’’, ‘‘drugs
AND interactions AND AKI’’.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS AND DISCUSSION

Phenomenon of Polypharmacy vs
the Occurrence of Triple Whammy

Polypharmacy is the concurrent use of five or
more medications per day [2, 3]. This is usually
a consequence of coexisting chronic diseases
requiring pharmacological treatment. The use
of evidence-based guidelines for prescribing
medications to treat patients suffering from
multiple diseases can result in complex and
mutually exclusive treatment regimens [1].

The phenomenon of polypharmacy is most
common among older adults. Studies show that
polypharmacy affects 40–50% of all older adults
[1]. This situation is particularly important
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given that people over 65 years of age (espe-
cially those over 80 years of age) account for an
increasing share of the total population in Eur-
ope. According to Eurostat, in 2019, more than
one fifth (20.3%) of the EU-27 population was
aged 65 and over [11]. Older adults are pre-
scribed an average of 5.3–6.9 medications [12]
and this number continues to grow [3].

The concurrent use of multiple medicinal
products can lead to serious adverse event (SAE),
poor adherence to therapy [13, 14] and
numerous drug–drug interactions (DDIs) and
drug–disease interactions (DDisIs). DI are one of
the potential mechanisms leading to adverse
events (AE) that can be prevented through early
intervention [1, 15].

Older adults are more susceptible to the risk
of AE due to DI not only because of the number
of administered medications but also because
the ageing process can cause physiological
changes like decreased renal and liver function,
which can consequently affect drug pharma-
cokinetics (i.e. through reduced renal clearance
or reduced liver metabolism) [16]. In addition,
the frequent occurrence of chronic diseases
among older adults increases the risk of DDisIs
[1] in which the medication used to treat a
disease or symptom can have an influence on
another disease or symptom. DDisIs include the
use of anti-inflammatory drugs in people with
high blood pressure or kidney diseases [1, 2].

Triple Whammy: Mechanism and Risk

The term ‘‘triple whammy’’, in relation to an
adverse reaction reducing renal function, was
first used in 2000 in Australia [9]. It was applied
to a specific group of patients who took medi-
cations causing triple whammy—they were
older adults with comorbidities that included
cardiovascular disease, poor perfusion, conges-
tive heart failure (CHF), chronic kidney disease
and osteoarthritis. Inhibition of the renin–an-
giotensin–aldosterone system (RAAS), along
with the aforementioned comorbidities,
enhances the role of prostaglandins in the reg-
ulation and maintenance of haemodynamic
glomerular function. The synthesis of pros-
taglandins is inhibited by NSAIDs.

The mechanism of triple whammy begins
with the use of renin–angiotensin system inhi-
bitors (RASI) such as ACEIs or ARBs that dilate
efferent arterioles, leading to a decrease in
glomerular filtration rate (GFR) and kidney
function. The administration of diuretics to
such a group of patients can lead to hypo-
volaemia, which can cause a so-called double
whammy and increase the risk of pr-AKI
[4, 8, 17, 18]. However, all three drug families
(ACEIs, ARBs and diuretics) remain as well-
established and safe primary medications of
choice in the treatment of various cardiovascu-
lar diseases (CVDs) like CHF or peripheral artery
disease (PADs) [19]. NSAIDs block the
cyclooxygenase (COX) enzymes involved in the
synthesis of prostacyclin, prostanoids and
prostaglandins (PGE2, PGI2), which play a key
role in the physiological regulation of different
renal processes. Some of these processes include
the regulation of ion and water transport
through the nephron and dilation of afferent
arteriole increasing the GFR [4, 8, 17, 18].
Therefore, by decreasing the synthesis of
prostacyclin, prostanoids and prostaglandins,
NSAIDs can constrict the blood flow into the
glomerulus via the afferent arteriole and reduce
GFR. This increases the risk of TW and AKI
[4, 8, 17, 18].

RASI like ACEIs or ARBs are often prescribed
together with diuretics for CVDs, while NSAIDs
are often used for acute and chronic pain within
the group of patients suffering from both con-
ditions. The estimated risk level for patients
taking ACEIs or ARBs, diuretics and NSAIDs
differs depending on the study. The risk of AKI
in the case of NSAIDs used in triple combina-
tion is higher than in double combinations with
the RASI or just diuretics [8, 18]. In a study [8]
involving 2215 identified cases of AKI with an
incidence rate 7/10,000 person years during a
mean follow-up to 5.9 (SD 3.4) years, the cur-
rent use of a TW combination (24.6% of all
2215 identified cases) was associated with an
increased (31% higher) rate of AKI (rate ratio
1.31, 95% confidence interval 1.12–1.53) in
comparison to dual therapy (DT) (18.7% of all
2215 identified cases) containing either diuret-
ics or ACEIs/ARBs with NSAIDs. Another study
[18] involved 2226 of identified cases of AKI
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with incidence rate of 68/10,000 person years.
The absolute increase in AKI risk was higher for
NSAIDs used in TW versus DT with RASIs or
diuretics alone. AKI risk was highest among
users of loop diuretic/aldosterone antagonist
combinations, in patients over 75 years of age,
and in those with pre-existing renal impair-
ment. It has not been unequivocally deter-
mined if the occasional short-term use of
NSAIDs by patients taking ACEIs or ARBs and
diuretics increases the risk. However, it has been
estimated that the highest risk of AKI (nearly
twice as high) occurs within the first 30 days in
patients taking a triple combination [8, 17, 18].

Triple Whammy: Prevalence

Triple whammy has been identified in a variety
of studies and the relationship between the
occurrence of this combination and adverse
events has been proven several times, particu-
larly in the context of pre-existing kidney
impairment and the influence on the efficacy of
anti-hypertension medications [5, 20]. How-
ever, a retrospective cohort study by Lapi et al.
did not observe an increased risk of AKI among
patients taking diuretics, ACEIs, and ARBs with
NSAIDs.

Between 2000 and 2012, the Centre for
Adverse Reaction Monitoring (CARM) in New
Zealand registered 119 adverse effects by
NSAIDs relating to kidney injuries, including 4
deaths and 12 life-threatening cases. The
majority of the reports concerned adults over
50 years of age [21]. The cases of acute kidney
injury caused by NSAIDs were noted primarily
among those patients who took above maxi-
mum recommended daily doses of these medi-
cations [22].

In 2017, in New Zealand, 115,980 patients
(100%) received treatment with an ACE inhi-
bitor or ARB together with a diuretic, which
shows the size of the double whammy phe-
nomenon. Out of those who received long-term
treatment with an ACE inhibitor or ARB and a
diuretic, 26,526 patients (23%) were also dis-
pensed an NSAID [17]. A Polish study [23] based
on the analysis of 14,243 prescriptions identi-
fied 12 patients aged 56–91 years who had

received concurrent medications from the
groups likely to cause a triple whammy
interaction.

Analysis of the pharmacotherapy based on
data from National Healthcare Provider of the
Polish patients indicates that in 2018, 6.5 mil-
lion people bought ARBs or ACEIs, 4.283 mil-
lion bought diuretics, and 5.9 million bought
NSAIDs. Out of 11 million patients taking ARBs
or ACEIs and diuretics or NSAIDs, over 660,000
bought medications from all three of the groups
within a month, 23.6 thousand of which (6.0%)
bought a quantity for at least half a year, being
at potential risk of developing AKITW [24].

Medication problems are particularly
important among older adults because of the
various routes of drug metabolism and the
higher risk of adverse events compared to other
groups of patients. Older adults are especially
susceptible to triple whammy as they are often a
priori characterised by impaired renal function
and have a tendency for dehydration and
hypotension caused by diuretics and inappro-
priate decreased intake of liquids [25].

Apart from age, the risk factors from AKI
caused by triple whammy include any stage of
chronic renal failure, decreased hydration, eth-
nic origin (Māori, Pacific and Indo-Asian peo-
ples), diabetes, heart failure and liver diseases
[17, 18, 26, 27].

Specificity of AKI Caused by TW

The term AKI covers a spectrum from relatively
decreased urine output and retention of meta-
bolic waste products to complete renal failure.
AKI often happens as a complication of hypo-
volaemia or sepsis, and it should be suspected in
all patients taking ACEIs or ARBs and diuretics
with NSAIDs who are likely to experience
adverse effects [1].

AKI is difficult to verify and analyse as a
result of the International Classification of Dis-
eases (ICD-10) term acute renal failure (ARF:
N17, N17.8, N17.9). According to KDIGO
guidelines, AKI is a subcategory of acute kidney
diseases (AKD) and is a broader term that should
replace ARF [28].
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The KDIGO diagnostic criteria for AKI
include [29, 30]:

1. Urine output less than 0.5 ml/kg/h for 6 h
2. Increase in serum creatinine (SCr) (by

0.3 mg/dL observed within 48 h or[ 50%
within the last 7 days)

It should be highlighted that serum crea-
tinine levels sufficient to diagnose AKI can take
24–36 h to rise [17].

Literature studies on AKI seldom relate to
AKI caused by TW. The following studies should
be distinguished among them:

– Studies based on direct contact with a
patient [5, 18, 31]

– Studies based on data obtained from data-
bases [8, 32, 33]

– Studies with a double pharmaceutical inter-
vention [6] consisting of

(a) Conducting an educational session
among doctors
(b) Reviewing medical documentation in
which a doctor carried out an intervention
in accordance with a pharmacist’s
instructions

To the best of our knowledge, in previous
studies no attention was paid to the parameters
differentiating pre-renal AKI from intra-renal
AKI, which should be reflected in laboratory
parameters (Table 1 [34]).

Triple Whammy: Recommendations

The main objective of treatment of patients
with AKITW is to restore renal perfusion. The
easiest way to minimise the risk of triple
whammy is to avoid the additional therapy
with NSAIDs in risk group patients. If the ther-
apy is required, it is recommended to use the
smallest effective dose for the shortest period of
time possible. It is worth emphasising that the
most common reason for prescribing NSAIDs in
patients taking ACEIs or ARBs with diuretics is
joint pain [8, 20]. In addition, it is recom-
mended to consider discontinuing any medi-
cations that can impair kidney function,
including those requiring adjusting the dose in
the case of deterioration in kidney function, e.g.

metformin, gabapentin, atenolol and mor-
phine. In many situations, any unnecessary
medications will need to be discontinued until
the patient condition improves. It is also rec-
ommended to regularly assess kidney function,
mainly by a regular monitoring of blood pres-
sure and electrolytes [17, 23].

If it is necessary to combine TWmedications,
it is advised to check the initial concentration of
serum creatinine and electrolytes, and advise
the patient to maintain an appropriate intake of
fluid [5, 17]. The patient body weight and blood
pressure should also be evaluated. It is impor-
tant to measure body weight, blood pressure,
serum creatinine and electrolytes within the
first month of treatment because of the
increased risk of AKI in this period. In the case
of malaise, more frequent patient monitoring is
required [17].

Of great importance is the wide spread use of
NSAIDs among people with relative con-
traindications. A study carried out to evaluate
the use of NSAIDs in people with identified
contraindications showed that 22% of the par-
ticipants had bought NSAIDs over the counter.
Every fifth respondent did not inform the
medical staff of taking NSAIDs [27]. That data
shows that many patients can consider these
medications harmless.

In order to decrease the risk of AKI, patient
education is essential. NSAIDs are often patient
initiated as most are available without pre-
scription. Doctors or pharmacists often do not
know which other medications the patient is
taking. In addition, doctors may lack informa-
tion of medications prescribed by other spe-
cialists [2]. Here, the great role of pharmacists
should be emphasised. They have essential
knowledge to observe the risk of triple whammy
in patients. Knowing that patients take medi-
cations from ACEIs or ARBs groups with
diuretics, they can effectively educate patients
on the risks that result from concurrently taking
these groups of medications and counsel them
against the potential harms of long-term use of
NSAIDs.
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CONCLUSIONS

Triple whammy is one example of a triple
interaction. Despite identifying this phe-
nomenon, detailed guidelines regarding moni-
toring patients taking ACEIs or ARBs with
diuretics and NSAIDs have not been developed
to this date. The objective of treatment of
patients with AKI is to recover renal perfusion
by restoration of fluid balance and discontinu-
ation of nephrotoxic medications. AKI can be
considered a condition caused among others by
a lack of supervision over patient pharma-
cotherapy. Increasing the role of the pharmacist
in clinical supervision over pharmacotherapy
(clinical governance) connected with best clin-
ical practice (BCP) can avoid AKI caused by TW
(AKITW).
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Table 1 Differences between pre-renal acute kidney injury (AKI) and intra-renal AKI [34]

Pre-renal AKI Intra-renal AKI

24-h urine volume (ml) \ 400 Various

Urine osmolality (mOsm/kg H2O) [ 500 \ 400

Urine specific gravity (g/ml) [ 1.023 B 1.010

Urea ratio (mg/dl) to serum creatinine ratio

(mg/dl)

[ 40 \ 20

Urine creatinine ratio to serum creatinine ratio [ 40 \ 20

Urine urea ratio to serum urea ratio [ 20 \ 20

Urine sodium (mmol/l) \ 20 [ 40

Fractional excretion of filtered sodium \ 1% [ 2%

Urine sediment Normal or hyaline casts Epithelial cells, muddy brown or epithelial casts
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