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Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are beneficial in surgical settings, they may however lead to
adverse drug reactions including decreased renal function, a risk, which is exacerbated by combination with
other nephrotoxics, and particularly when NSAIDs are given as part of a so-called “Triple Whammy’ (TW) with
diuretics and renin-angiotensin system blockers. The objective of this study was to identify the prevalence of
TW-prescriptions in a surgical inpatient setting and to document the changes in renal function after pharmacist
recommendations. A prospective, observational single centre pilot study was performed using a series of eleven
weekly Point-Prevalence Analyses (PPA). Adult surgical inpatients were screened for a TW-prescription by a
clinical pharmacist, who made one of two recommendations on identification of a TW: for patients with eGFR >
60 ml/min/1.73m? close monitoring of renal function; for patients with eGFR < 60 ml/min/1.73m? discontinuation
of NSAID. A TW was identified in 18 of 317 patients (prevalence 5.7%; mean age 75 years). NSAID discontinua-
tion was recommended for 7/18 patients (39%) and implemented for six (33%). In cases where the NSAID was
de-prescribed, an improvement in renal function until the time of discharge was observed, whilst in patients with
eGFR > 60 ml/min/1.73m?2 for whom monitoring was recommended eGFR remained stable. TW-prescriptions
were found to be a potential problem in the studied group of older surgical inpatients. Clinical pharmacists are
well placed to identify patients who are prescribed a TW, and to advise on the management of these patients.

1. Introduction

The concurrent prescription and administration of medications
affecting the renin-angiotensin aldosterone system (Angiotensin
Converting Enzyme Inhibitors [ACEI]) or Angiotensin II Receptor
Blockers [ARBs]) alongside diuretics and Non-Steroidal Anti-In-
flammatory Drugs (NSAIDs) has been shown to increase the risk
of impaired renal function, largely due to the multiple nephrotoxic
actions of the medications involved. Thomas and Boyd named
this combination the ‘Triple Whammy’ (TW) and highlighted the
particularly high risk of Acute Kidney Injury (AKI) when medi-
cations from all three of these classes are given in combination
compared with, for example, co-administration of medications
from two of the three groups (Boyd et al. 2000; Thomas 2000). It
is not well understood whether a TW-prescription is more likely to
cause an AKI in specific patient groups (Prieto-Garcia et al. 2016)
and although several studies have investigated the prevalence of
TW-prescriptions (Camin et al. 2015; Mangoni et al. 2017; Lind
et al. 2019), none of these studies focused on the surgical inpatient
setting, where patients may also be at risk.

NSAIDs are routinely prescribed on surgical wards, primarily for
the management of post-operative pain, as well as for their anti-in-
flammatory and opioid-sparing properties (Gabriel et al. 2019)
and ACEI, ARB and diuretics remain some of the mainstays in the
treatment of hypertension (Williams et al. 2018) a condition whose
prevalence increases with age (Neuhauser et al. 2015). As a result,
we would expect TW-prescriptions to occur relatively commonly
in the post-operative setting, particularly in older patients.
Clinical pharmacy services have the ability to significantly improve
inpatient medication safety, in part through the identification and
management of potential Drug-Related Problems (DRP) by the
clinical pharmacist and the subsequent avoidance of potential
adverse drug events. NSAIDs are commonly involved in DRPs
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(Bilge et al. 2013). This study aimed to identify the prevalence
of TW-prescriptions on three surgical wards at a teaching hospital
in Aachen, Germany and observe changes in patients” eGFR,
following review and recommendations made by a clinical phar-
macist in cases where a TW-prescription is identified.

2. Investigations and results

2.1. Patients, setting, and ‘triple whammy’ prevalence

Eleven consecutive Point-Prevalence Analyses (PPA) were
completed weekly on three surgical wards. In total 317 patient
records were screened, 100 patients were prescribed an NSAID
and a TW-prescription was identified in 18 patients (5.7%, Fig. 1).
A TW-prescription was detected in up to 8.1% of adult surgical
inpatients at any time point (Table 1).

The characteristics of the surgical inpatients are shown in Table 2.
As expected, TW-prescriptions were more common in those aged
over 65; 90% of patients with a TW-prescription were >65 and
patients with a TW-prescription were a median of five years older
than the average age of all screened patients. The initial indications
for surgery in patients with a TW-prescription were endoprosthesis
of the knee or hip (seven patients), repositioning and stabilization
of fractures (five patients), and other reasons (six patients, Table 3).

2.2. Pharmacist recommendations for patients prescribed
NSAIDs as a part of a ‘triple whammy’

A TW-prescription was detected in 18 patients (median stay on ward
12 days; Table 3 and supplement, patients 1-18). TW-prescriptions
are shown in Table 4. The most frequently identified TW-combi-
nation was ibuprofen with candesartan and hydrochlorothiazide
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Patients with medical
records screened
n=317

Screening

Patients with NSAID
prescribed
n=100

NSAID

Patients with Triple
Whammy prescribed
n=18

Triple Whammy

Fig. 1: Flow chart of patient inclusion process. NSAID= Non-Steroidal
Anti-Inflammatory Drug.

(three patients). The most commonly prescribed TW-drugs were
hydrochlorothiazide and ibuprofen (Table 5; 14 prescriptions,
respectively). All patients with a TW-prescription were admitted
to the hospital with a co-prescription of ACEI/ARB and diuretics

(the so-called ‘Double Whammy’). Six of these (patients 2-4, 8,
12, and 16) were already prescribed a TW-prescription prior to
the surgical procedure (33% of TW-patients, 2% of all patients),
highlighting the potential prevalence of TW-prescriptions in the
ambulant population as well.

For 7 of 18 TW-patients (39%), the discontinuation of NSAID
was recommended: of these patients six received NSAID with
an eGFR < 60 ml/min/1.73m? at admission (patients 3-6, 11, and
15) whilst one additional patient experienced a decrease in renal
function < 60ml/min/1.73m? during treatment (patient 17) trig-
gering the recommendation to stop. For the remaining 11 patients
monitoring of renal function was recommended and observed to be
appropriate as renal function stayed stable. The recommendation
to discontinue NSAID was accepted and actioned in six of seven
patients. One patient (patient 15) was prescribed indomethacin for
prophylaxis of periarticular heterotopic ossification, rather than
for the management of post-operative pain/inflammation as would
usually be the case. According to the physician’s discharge letter,
this medication was to be discontinued four days after discharge.
The pharmacist recommended the discontinuation of NSAIDs for
two of the six patients, who were admitted with a TW-prescription
(patients 3 and 4). Both received a second NSAID post-opera-
tively (ibuprofen 1800mg/d, respectively). Four patients received
NSAIDs prior to admission, this was continued pre- and post-op-
eratively; the renal function was observed to stay stable during the
hospitalisation.

In cases where the NSAID was de-prescribed, an increase in the
median eGFR from 36 to 58 ml/min/1.73m? was observed, repre-
senting a median increase of 43% across all six patients (Fig. 2a).
In the twelve patients for whom monitoring alone was the recom-
mended (or physician selected), no relevant change in eGFR was
observed, indicating the adequacy of monitoring in these patients
(Fig. 2b). The median time from admission to the recommendation

Table 1: Patient characteristics and prescriptions in each of the eleven consecutive point-prevalence analyses

PPA no. 1 2 3 4 5 6 7 8 9 10 11
Patients with medical records 46 37 45 44 28 22 25 51 41 49 38
screened

265 years [no.] (%) 32(69.6) 21 (56.8) 33(73.3) 36 (81.8) 16(57.1) 15(68.2) 16 (64.0) 32 (62.7) 25(61.0) 27 (55.1) 24 (63.2)
Patients with NSAID prescribed 13 11 6 8 7 7 4 13 11 20 17

265 years [no.] (%) 9(69.2) 4(36.4) 6(100) 5(62.5) 4(57.1) 6(857) 4(100) 6(46.2) 5(455) 9(45.0) 10(58.8)
No. of patients with GFR < 60ml/ 13 11 10 12 9 11 8 15 10 13 9
min/1.73m>

265 years [no.] (%) 12(92.3) 9(81.8) 9(90.0) 12(100) 7(77.8) 11(100) 8(100) 15(100) 10 (100) 12(92.3) 9 (100)
No. of patients who were NSAID 2 1 0 1 2 3 2 2 1 1 3
prescribed with GFR < 60ml/

min/1.73m>

265 years [no.] (%) 2 (100) 1(100) O 1(100) 2(100) 3 (100) 2(100) 2(100) 1(100) 1(100) 3 (100)
Patients with TW prescribed 3 3 2 1 2 0 1 2 3 3 3

265 years [no.] (%) 3(100) 2(66.7) 2(100) 1(100) 2(100) O 1(100) 1(50.0) 2(66.7) 3(100) 3 (100)
Prevalence of TW (%) 6.5 8.1 4.4 2.3 7.1 0.0 4.0 3.9 7.3 6.1 79

NSAID= Non-Steroidal Anti-Inflammatory Drug; PPA= Point-Prevalence Analyses; TW= Triple Whammy.

Table 2: Baseline characteristics of included surgical inpatients

Patients with medical records screened

Patients with NSAID prescribed

Patients with Triple Whammy prescribed

Characteristic N=317
Median age [years] (IQR) 70.0 (24.0)
<65 years [no.] (%) 122 (38.5)
65-74 years [no.] (%) 64 (20.2)
75-84 years [no.] (%) 78 (24.6)
285 years [no.] (%) 53 (16.7)
Female sex [no.] (%) 163 (51.4)

N=100
67.5 (28.0)
45 (45.0)
21 (21.0)
21 (21.0)
13 (13.0)
53 (53.0)

N=18

75.0 (14.5)
2(11.1)
7(38.9)
5(27.8)
4(222)

11 (61.1)

IQR=interquartile range; NSAID= Non-Steroidal Anti-Inflammatory Drug.
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Table 3: Characteristics of 18 included TW-patients with initial indication for surgery, sex, age, inpatient days, and pharmaceutical recommenda-
tion (details: see text)

TW-patient Sex

no.

1
2

N S A

=)

10

11
12

13
14

15

16
17

18

Male
Male

Female

Female
Female
Female

Male

Female

Female

Male

Female

Female

Male
Male

Female

Female

Female

Male

Age group Main surgical indication Inpatient days on Pharmaceutical intervention
[years] surgical ward
75-84 Cholecystectomy 9 Monitoring
65-74 Repositioning of dislocation fracture in the upper 21 Monitoring
ankle joint (1%-3" surgery)
75-84 Total endoprosthesis of the knee (1* surgery) with 24 Termination of NSAIDs recommended (accepted)
excision of wound margin necrosis (2" surgery)
>85 Repositioning and osteosynthesis of femur fracture 12 Termination of NSAIDs recommended (accepted)
75-84 Dual head prosthesis after fracture of the femoral neck 12 Termination of NSAIDs recommended (accepted)
>85 Repositioning and osteosynthesis of femur fracture 12 Termination of NSAIDs recommended (accepted)
<65 Reinsertion of biceps tendon with reconstruction of 6 Monitoring
rotator cuff
>85 Dual head prosthesis after fracture of the femoral neck 16 Monitoring
75-84 Repositioning and stabilization with a plate of a radius 4 Monitoring
comminuted fracture
65-74 Rectum stump resection, puncture of pancreatic 40 Monitoring
pseudocyst, sacroiliac blockage, and lumbago with
scatica
75-84 Lower leg contusion with starting dermal necrosis 14 Termination of NSAIDs recommended (accepted)
<65 Surgical closure of incisional hernia with foreign body 8 Monitoring
infection
65-74 Endoprosthesis of the knee 9 Monitoring
65-74 Diabetes mellitus with femoropedal bypass (1% 75 Monitoring
surgery), amputation of one toe (2" surgery), and
re-amputation (3" surgery), prolonged course due to
wound healing disorder
75-84 Repositioning and osteosynthesis of a comminuted 15 Termination of NSAID recommended (not accept-
fracture of the humerus ed, continuation of indomethacin for 4 days after
discharge)
65-74 Total hip endoprosthesis 11 Monitoring
>85 Total hip endoprosthesis 10 Termination of NSAID due to decline in GFR
throughout therapy (2" pharmacist round,
accepted)
65-74 Total hip endoprosthesis (1% surgery) with debride- 25 Monitoring

ment (2™ surgery)

NSAID= Non-Steroidal Anti-Inflammatory Drug; TW= Triple Whammy.

to stop NSAIDs or to exclusive recommendation to monitor renal Additional prescriptions were not needed and no adverse events

function was three days.

(increased pain or inflammation) were observed in the patients for

Alongside their recommendation to discontinue NSAIDs, the whom NSAID was stopped.

clinical pharmacist suggested prescribing an increased dose of One third of patients prescribed a TW were also discharged with a TW-
metamizole to manage potential increases in post-operative pain. prescription (6 of 18 patients). Five had an eGFR > 60 ml/min/1.73m?
120 120
100 100
~ L
& &
~ 80 ~ 80
o g
E £ Fig. 2: Development in estimated Glo-
E 60 E 60 merular Filtration Rate (eGFR)
- — from date of recommendation (red
é. 4 .E. box-whisker-plots) to date of dis-
e 40 e« 40 charge (green box-whisker-plots).
E E Figure 2a shows six patients for
whom a discontinuation of NSAID
20 20 (Non-Steroidal Anti-Inflammatory
Drug) was recommended by phar-
macist and accepted by surgeon.
0 0 Figure 2b shows twelve patients for
. . " < whom a discontinuation of NSAID
2a: eGFR displayed as Box-Whisker-Plot of 2b: eGFR displayed as Box-Whisker-Plot of was recommended by pharmacist
patients with accepted recommendation (n=6) patients with no or not accepted and not accepted by surgeon or for
recommendation (n=12) whom monitoring of renal function
was recommended only.
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Table 4: TW-prescriptions for 18 included patients
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Patientno. Visitno.  NSAID (ATC) ACEI/ARB (ATC) Diuretics (ATC)
1 1 Ibuprofen 1800mg/d (MO1AEO1) Candesartan 16mg/d (CO09CA06) HCT 12.5mg/d (CO3AAO03); Furosemide 10mg/d
(CO3CAO01); Spironolactone 50mg/d (CO3DAO1)
1 Ibuprofen 1800mg/d (MO1AEO1) Ramipril 5mg/d (CO9AAOS) HCT 12.5mg/d (CO3AA03)
1 Meloxicam 7,5mg/d (MO1ACO06) Lisinopril 20mg/d (CO9AA03) Torasemide 7.5mg/d (CO3CA04)
1 Ibuprofen 1800mg/d (MO1AEO1); Lisinopril 20mg/d (CO9AA03) HCT 12.5mg/d (CO3AA03); Torasemide 20mg/d
Naproxen 1000mg/d (MO1AE02) (CO3CAO01)
1 Ibuprofen 1800mg/d (MO1AEO1) Ramipril 10mg/d (CO9AAO0S) HCT 12.5mg/d (CO3AA03)
1 Etoricoxib 90mg/d (MO1AHOS5) Ramipril 5Smg/d (CO9AAO5) Torasemide Smg/d (CO3CA04); Spironolactone
25mg/d (CO3DAOI)
1 Ibuprofen 1800mg/d (MO1AEO1) Valsartan 160mg/d (CO9CAO03) HCT 12.5mg/d (CO3AA03)
1 Naproxen 500mg/d (MO1AEQ2) Ramipril 2.5mg/d (CO9AAO0S) Torasemide 20mg/d (CO3CA04)
1 Ibuprofen 1800mg/d (MO1AEO1) Enalapril 10mg/d (CO9AA02) HCT 12.5mg/d (CO3AA03)
10 1 Etoricoxib 60mg/d (MO1AHOS) Ramipril 5Smg/d (CO9AAO5) Spironolactone 25mg/d (CO3DAO1)
11 1 Etoricoxib 90mg/d (MO1AHOS5) Valsartan 320mg/d (CO9CAO03) HCT 12.5mg/d (CO3AA03); Furosemide 40mg/d
(CO3CAO01)
12 1 Diclofenac 75mg/d (MO1ABOS) Valsartan 160mg/d (CO9CAO03) HCT 25mg/d (CO3AA03)
13 1 Ibuprofen 1800mg/d (MO1AEO1) Candesartan 16mg/d (CO9CA06) HCT 25mg/d (CO3AA03); Triamterene S0mg/d
(CO3DB02)
13 2 Ibuprofen 1800mg/d (MO1AEOQ1) Candesartan 16mg/d (CO9CA06) HCT 25mg/d (CO3AA03); Triamterene S0mg/d
(CO3DB02)
14 1 Ibuprofen 1800mg/d (MO1AEO1) Ramipril 5Smg/d (CO9AAO05) Spironolactone 25mg/d (CO3DAO1)
14 2 Ibuprofen 1800mg/d (MO1AEO1) Ramipril 5Smg/d (CO9AAO5) Spironolactone 25mg/d (CO3DAO1)
15 1 Indomethacin 50mg/d (MO1ABO1) Candesartan 16mg/d (CO9CA06) HCT 12.5mg/d (CO3AA03)
16 1 Ibuprofen 600mg/d (MO1AEOL) Candesartan 32mg/d (CO9CAO06) HCT 12.5mg/d (CO3AA03)
16 2 Ibuprofen 600mg/d (MO1AEOL) Candesartan 32mg/d (CO9CAO06) HCT 12.5mg/d (CO3AA03)
17 1 Ibuprofen 1800mg/d (MO1AEO1) Losartan 100mg/d (CO9CAO1) HCT 25mg/d (CO3AA03)
18 1 Ibuprofen 1800mg/d (MO1AEO1) Losartan 12.5mg/d (CO9CAO1) Torasemide 30mg/d (CO3CA04)
18 2 Ibuprofen 1800mg/d (MO1AEO1) Losartan 12.5mg/d (CO9CAO1) Torasemide 30mg/d (CO3CAO04); Spironolactone
100mg/d (CO3DAO1)
18 3 Ibuprofen 1800mg/d (MO1AEO1) Losartan 12.5mg/d (CO9CAOQ1) Torasemide 30mg/d (CO3CAO04); Spironolactone

100mg/d (CO3DAO1)

ACEI= angiotensin-converting enzyme inhibitors; ARB= angiotensin II receptor blockers; ATC=Anatomical, Therapeutic, and Chemical Classification; HCT= Hydrochlorothiazide; NSAID= Non-Steroidal

Anti-Inflammatory Drug; TW= Triple-Whammy.

and the final patient was taking an NSAID for a non-pain indica-
tion at the discretion of the prescribing surgeon. The clinical phar-
macist is not currently involved in the medicines reconciliation
process on discharge from hospital.

3. Discussion

A TW-prescription was relatively common in our post-operative
inpatient population and was shown to be potentially clinically
relevant. Clinical pharmacy services can help to identify patients
at risk of renal impairment due to a TW-prescription, monitor treat-
ment and ensure the ongoing suitability of prescribed medicines
for each individual patient.

In this pilot study we observed substantial improvements in renal
function following acceptance of pharmacist advice to de-pre-
scribe NSAIDs in a specific group of patients with reduced renal
function, for whom the risk of ongoing NSAID therapy was
likely to outweigh the benefit. The improvement in renal function
following discontinuation of NSAID is to be expected, based on
the known pharmacology of NSAIDs and their established and
usually reversible effects on renal function (Prieto-Garcia et al.
2016). When NSAIDs are stopped, prostaglandin synthesis has the
opportunity to recover, resulting in an improved eGFR. However,
the improvement in renal function cannot be solely attributed to the
clinical pharmacist’s recommendation. The foundation ‘Kidney
Disease improving global outcomes’ specified (amongst others)
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surgeries, dehydration, advanced age, and chronic heart diseases as
risk factors for AKI, which also were present in parts of included
patients (Kidney Disease Improving Global Outcome 2012).

We also observed in this study that only one third of TW-patients
experienced a decreased renal function < 60 ml/min/1.73m> Lapi
et al. (2013) identified 18% of all TW-prescriptions with AKI,
which is a similar percentage to our results. However, the observa-
tion of successful continuation of TW-prescriptions for two thirds
of patients demonstrates that this combination may safely be used
accompanied by ongoing monitoring during treatment.

NSAIDs show potential benefits as opiate sparing analgesics and
anti-inflammatories what justifies their appropriate use in some
cases of surgery (Gabriel et al. 2019). Thus, we cannot simply
apply a general rule to ‘avoid NSAID use in the elderly’. Knee
or hip replacement surgeries are primarily carried out in the 65
to 75 year age group (Blel and Kip 2017), and the incidence
of fractures also increases with age (Amin et al. 2014). A large
proportion of the patients in our study, in whom a TW-prescription
was identified, were admitted for orthopaedic surgery, and could
therefore potentially benefit from NSAID therapy. There is a need
to identify the patients for whom an NSAID (alongside other
nephrotoxic medications) is inappropriate, and also consider the
prevention of AKI, as well as reacting after reductions in renal
function are observed.

We observed that one third of the TW-patients were discharged
with a TW-prescription. The risk of developing an AKI has been

Pharmazie 76 (2021)
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Table 5: Drugs involved into “Triple Whammy”: frequency of pre-
scription and dosing

Drug ATC-Code  Numberof DDD[mg]  Mean
prescriptions prescribed
DDD [%]

Hydrochlorothiazide CO03AA03 14 25 64
Ibuprofen MO1AEO1 14 1200 136
Ramipril C09AA05 7 2,5 214
Torasemide CO3CA04 6 15 136
Candesartan CO09CA06 6 8 267
Spironolactone CO3DAOL 5 75 40
Furosemide CO3CAO01 3 40 58
Valsartan C09CA03 3 80 267
Etoricoxib MO1AHO5 3 60 133
Triamterene CO3DB02 2 100 50
Lisinopril CO09AA03 2 10 200
Losartan CO09CAO01 2 50 113
Naproxen MO1AE02 2 500 150
Enalapril C09AA02 1 10 100
Indomethacin MO1ABOI 1 100 50
Diclofenac MO1ABOS 1 100 75
Meloxicam MO1ACO06 1 15 50

ATC=Anatomical, Therapeutic, and Chemical Classification; DDD= Daily Defined Dose.

shown to be highest within the first 30 days of TW-therapy (Lapi
et al. 2013) and TW-patients in this study stayed on the ward for a
median of 12 days (Table 3) indicating that they were still at high
risk on discharge from hospital, and reinforcing the importance
of effective communication to primary care providers, in terms
of plans for ongoing prescribing and monitoring. This represents
another opportunity for our clinical pharmacist to get involved
in improving management of these patients in future. Tong et al.
(2017) have previously shown in a randomized controlled trial that
clinical pharmacist involvement in medicines reconciliation on
discharge from hospital can help to improve patient safety.

To our knowledge, inpatient studies of the prevalence of TW-pre-
scriptions are lacking. When compared to the nomenclature of
adverse events (European Commission 2009), the TW-prescrip-
tion was revealed in our study to be a ‘common’ phenomenon
at almost 6%. Interestingly, 2% of all patients were admitted to
the hospital receiving a TW-prescription, whilst 4% of patients
received a ‘double whammy’ of RAAS inhibitor and diuretic, with
the third part to the TW-prescription — the NSAID — being added
post-operatively. Three studies from various settings support this
finding: the prevalence of TW-prescriptions was found as being
between 1.7 and 9.9% (Camin et al. 2015; Mangoni et al. 2017;
Lind et al. 2019). To our knowledge, this is the first data on the
TW-prescriptions in an inpatient surgical population. Our results
therefore add to the existing knowledge that TW-prescriptions are
relatively common and present a particular risk for AKI. AKI has
in turn been shown to increase hospital length of stay, morbidity
and mortality, making prevention as well as treatment important
(Khadzhynov et al. 2019). Based on the identified prevalence of
TW-prescriptions in our patients we recommend increased aware-
ness of the risks of this combination and suggest that a clinical
pharmacist might be well placed to identify at risk patients and
work with the multidisciplinary team to reduce risks.

The limitations of this study are predominantly based on the
screening of patients in an observational single centre design. The
decrease in renal function is usually a result of multiple factors.
One common factor in surgical inpatients is the shift of body water
during a surgical procedure. This effect is most common within
the first post-operative day (Maciel et al. 2016). In our study,
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blood sampling was performed on average twice per week. Our
results showed a creatinine increase up to six days after surgical
intervention, indicating that surgery-independent factors are also
likely to be involved. However, this factor would have affected
both groups in our study. The assessment of additional clinical
parameters (e.g. urine output) would have enabled further pharma-
cist recommendations — e.g. to stop ACEI in case of an AKI. Due
to the screening nature of the methods described, a comprehensive
pharmaceutical review of the medication was out of scope. So, we
focused on the NSAID medication which was prescribed as part of
a TW-prescription. The limited number of cases encompassing a
wider range of diagnoses and lengths of stay may have influenced
the results, therefore the results of this observational study should
be verified in larger trials with modified study designs.

In conclusion, the co-prescription of an NSAID, ACEI/ARB and
diuretic — the so-called ‘triple whammy’ — is a clinically relevant
risk factor for decreased renal function, which occurred in 5.7% of
the included surgical inpatients. Risk of receiving a TW-prescrip-
tion appears to increase with age. Clinical pharmacists can play
an important role in identifying patients at risk of reduced renal
function due to TW-prescriptions. In patients with reduced eGFR
and TW-prescription, discontinuation of NSAIDs (especially in
settings with limited pharmacist’s resources) may contribute to
improvements in renal function.

4. Experimental

4.1. Ethics approval

This study was approved by the local ethics committee for quality assurance purposes
(University Hospital RWTH Aachen, EK 20-257).

4.2. Patients and setting

The study was performed on three general surgical wards within a 187-bed teaching
hospital of Aachen University. The hospital uses an electronic patient record
(iMedOne®, Deutsche Telekom Healthcare and Security Solutions GmbH, Bonn,
Germany). The hospital’s laboratory program is connected to iMedOne® and results
are shown in the patient record. Medications are prescribed on a paper drug chart
on the surgical wards. A stand-alone clinical decision support system is used by all
surgical health care professionals when needed (AIDKIinik®, Dosing GmbH, Heidel-
berg, Germany). This study documented routine data of pharmaceutical interventions
in an observational pilot study. Older patients were defined as those aged >65 years
and were subdivided into three groups (65-74 years, 75-84 years, and 285 years)
(Radosavljevic et al. 2013).

4.3. Point-prevalence analyses

The clinical pharmacist was present on the wards three times per week, for this reason
a point-prevalence analysis was more feasible than an incidence analysis. PPA were
performed weekly from November 2018 to February 2019 as follows: on each day of
PPA the demographic data and the last documented eGFR (automatically calculated
with MDRD-formula, (Levey et al. 1999), [ml/min/1.73m?]) were extracted for every
surgical inpatient. Medication data was then collected from the paper-based medical
records: if a patient received a NSAID (excluding low-dose aspirin), the medical
records were searched for the remaining components of the TW (ACEI/ARB and
diuretics). A TW-prescription was confirmed, when at least one drug from each of
the TW components (NSAID, ACEI/ARB, diuretics) was identified. When records
were not available on the ward (e.g. due to an examination of the patient) or when
the patient was discharged the same day, their medical records were not screened. All
patients with an identified TW-prescription were discussed with the surgeon on duty.
Pharmacist recommendations were documented and handed over.

The daily prescriptions of NSAIDs, ACEIs/ARBs and diuretics for included patients
were extracted from medical records with specific dosing. Anatomical, Therapeutic,
and Chemical Classification (ATC-Code) and oral Daily Defined Doses (DDD) were
sought from WHO ‘ATC/DDD Index 2020’ (WHO Collaborating Centre for Drug
Statistics Methodology 2019).

4.4. Pharmacist recommendations

The local pain management practice for surgical inpatients who are transferred
post-operatively to standard care includes the prescription of oxycodone (delayed
release) 10 mg twice daily; metamizole 500 mg, three to four times daily, and
ibuprofen 600 mg, three times daily.

Prior to the surgical intervention, blood samples are taken to provide baseline labora-
tory results including renal function. Patients are moved to a standard care ward one
day after surgery and blood samples are sent for routine laboratory analysis 2-3 times
per week throughout their stay.

For patients with an eGFR > 60 ml/min/1.73m? in a patient prescribed a TW-pre-
scription, the surgeon was informed about the risk of a reduced renal function and
routine monitoring of the laboratory and clinical parameters for renal function was
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continued. The clinical pharmacist re-assessed renal function during his visits (three
times a week).

If an eGFR < 60 ml/min/1.73m? was identified in a patient prescribed a TW-prescrip-
tion, the pharmacist made the recommendation to stop the NSAID. As an alternative,
an adjusted dose of metamizole up to 4 g daily was recommended, if necessary for
pain management. If the NSAID was used for a non-pain/inflammation indication
(e.g. prophylaxis of periarticular heterotopic ossification) the recommendation was
made for the physician to decide on a case-by-case basis as there is no adequate
pharmacological substitution.

Dates of admission, discharge, surgical interventions, and pharmacist recommenda-
tions were extracted from electronic patient records and discharge reports. The dura-
tion of NSAID therapy was extracted from medical charts. All available measurements
for serum creatinine levels and eGFR were sought from the electronic patient record.
Descriptive patient data is displayed as follows: age as medianxinterquartile range
(IQR), ratio of gender of included patients as percentage. Differences in eGFR are
summarized and compared using Box-Whisker-Plots (accepted recommendation to
stop NSAID vs. not accepted recommendation to stop NSAID / recommendation to
monitor renal function only). Other data is shown in percentages, as applicable.

All patients with a TW-prescription are summarized in individual graphical case
reports (see supplement, patients 1-18). The patient ID was assigned randomly.

The change in eGFR from time of recommendation to the time of discharge was
calculated as a percentage for every patient as follows: percentage difference in eGFR
[%] =eGFR [discharge]/eGFR [time of recommendation]*100-100.
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Supplement

The graphical case reports below show the progression of eGFR in
relation to the specific inpatient days (day O = day of admission).
eGFR is calculated as MDRD normalized to 1.73 m? (blue dots,
[ml/min/1.73m?]). As usual practice on regular surgical wards,
blood samples were not taken every day. In case of eGFR below
60 ml/min/1.73 m? after pharmacists” point prevalence analyses,
y-axis was colored in red.

The dates of surgeries are marked with arrows (“SU”), as well as
pharmacists” point prevalence analyses (“PH”).

The days of NSAID-prescription are presented using a bar with the
drug name and daily prescribed dose.

The legend comprises the age of the patient, the main diagnosis,
and the totaled inpatient days on surgical ward. In addition to that,
the pharmaceutical recommendation and the physicians’ accep-
tance is described.

eGFR
120
100
80
60 o o °*
40
20
0 Ibuprofen 1800 mg/d
0 1 2 3 4 5 6 7 8 9
Inpatient days

eGFR
120
100

80

[ ]
60 ¢
o [ ] ®
40 °

20 - Ibuprofen 1800 mg/d
o IR veiowcam 7.5 me/a

0 2 4 6 8 10 12 14 16 18 20 22 24
Inpatient days

Patient 1: male, 75-84 years, Cholecystectomy, 9 inpatient days;
pharmaceutical recommendation: monitoring

Patient 3: female, 75-84 years, total endoprosthesis of the knee
(1% surgery) with excision of wound margin necrosis (2™ surgery),
24 inpatient days; pharmaceutical recommendation: termination
of NSAIDs recommended (accepted)
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Patient 2: male, 65-74 years, repositioning of dislocation fracture
in the upper ankle joint (1%-3" surgery), 21 inpatient days; phar-
maceutical recommendation: monitoring
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Patient 4: female, >85 years, repositioning and osteosynthesis of
femur fracture, 12 inpatient days; pharmaceutical recommenda-
tion: termination of NSAIDs recommended (accepted)
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Patient 5: female, 75-84 years, dual head prosthesis after fracture
of the femoral neck, 12 inpatient days; pharmaceutical recommen-
dation: termination of NSAID recommended (accepted)

Patient 7:male, <65 years, reinsertion of biceps tendon with
reconstruction of rotator cuff, 6 inpatient days; pharmaceutical
recommendation: monitoring
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Patient 6: female, 285 years, repositioning and osteosynthesis of
femur fracture, 12 inpatient days; pharmaceutical recommenda-
tion: termination of NSAID recommended (accepted)
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Patient 8: female, 285 years, dual head prosthesis after fracture of
the femoral neck, 16 inpatient days; pharmaceutical recommenda-
tion: monitoring
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Patient 9: female, 75-84 years, repositioning and stabilization with
a plate of a radius comminuted fracture, 4 inpatient days; pharma-
ceutical recommendation: monitoring

Patient 11: female, 75-84 years, lower leg contusion with starting
dermal necrosis; 14 inpatient days,; pharmaceutical recommenda-
tion: termination of NSAID recommended (accepted)
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Patient 10: male, 65-74 years, rectum stump resection, puncture
of pancreatic pseudocyst, sacroiliac blockage, and lumbago with
scatica, 40 inpatient days; pharmaceutical recommendation:
monitoring
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Patient 12: female, <65years, surgical closure of incisional hernia
with foreign body infection, 8 inpatient days; pharmaceutical
recommendation: monitoring
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Patient 13: male, 65-74 years, endoprosthesis of the knee, 9 inpa-
tient days, pharmaceutical recommendation: monitoring

Patient 15: female, 75-84 years, repositioning and osteosynthesis
of a comminuted fracture of the humerus, 15 inpatient days; phar-
maceutical recommendation: termination of NSAID recommended
(not accepted, continuation of indometacin for 4 days after
discharge)
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Patient 14: male, 65-74 years, diabetes mellitus with femoropedal
bypass (I surgery), amputation of one toe (2" surgery), and
re-amputation (3" surgery), 75 inpatient days (prolonged course
due to wound healing disorder); pharmaceutical recommendation:
monitoring
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Patient 16: female, 65-74 years, :total hip endoprosthesis, 11 inpa-
tient days, pharmaceutical recommendation:: monitoring
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Patient 17: female, >85 years, total hip endoprosthesis, 10 inpa-
tient days; pharmaceutical recommendation: termination of
NSAID due to decline in GFR throughout therapy (2™ pharmacist
round, accepted)
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Patient 18: male, 65-74 years, total hip endoprosthesis (I surgery)
with debridement (2™ surgery), 25 inpatient days; pharmaceutical
recommendation: monitoring
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