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Abstract

Background Few studies have evaluated the prevalence of potentially inappropriate medications (PIMs) and its association
with postoperative outcomes in a geriatric population in the preoperative setting.

Objectives The purpose of this study was to evaluate the prevalence of PIMs in an older elective surgery population and
to explore associations between PIMs and postoperative length of stay (LOS) and emergency department (ED) visits in the
90 days post hospital discharge, depending on frailty status.

Methodology We performed a retrospective cohort study of older adults awaiting major elective noncardiac surgery and
undergoing an evaluation in the preoperative clinic at a tertiary academic center between 2017 and 2018. We identified
PIMs using MedSafer, a software tool built to improve the safety of prescribing. Frailty status was assessed using the 7-point
Clinical Frailty Scale. We estimated the association between PIMs and postoperative LOS and ED visits in the 90 days post
hospital discharge.

Results The MedSafer software generated 394 recommendations on PIMs in 1619 medications for 252 patients. In total,
197 (78%) patients had at least one PIM. The cohort included 138 (51%) robust, 87 (32.2%) vulnerable and 45 (16.7%) frail
patients. The association between PIMs and LOS was not significant for the robust and frail subgroups. For the vulner-
able patients, every additional PIM increased LOS by 20% (incidence rate ratio 1.20; 95% confidence interval 0.90-1.44;
p=0.089) without reaching statistical significance. No association was found between PIMs and ED visits.

Conclusion PIMs identified by the MedSafer software were prevalent. Preoperative evaluation represents an opportunity to
plan deprescribing of PIMs.

1 Background and Objectives
Key Points
Polypharmacy, or taking multiple medications, is common

Potentially inappropriate medications (PIMs) are in older adults and is an important public health matter. It
prevalent in older adults undergoing elective noncardiac is associated with an increasing number of comorbidities
surgery. in the aging population [1, 2]. The greater the number of
Using MedSafer software in preoperative evaluations prescriptions, the more likely there will be potentially inap-
offers an opportunity to identify PIMs. propriate medications (PIMs) [3, 4]. PIMs are medications

for which the risk of adverse events outweighs clinical ben-
efits, especially when safer alternatives are available [5, 6].
Few studies have evaluated the prevalence of PIMs in the
preoperative setting and its association with postoperative

Electronic supplementary material The online version of this outcomes [7-9]. One retrospective cohort study of 475 older
article (https:/doi.org/10.1007/s40801-020-00190-y) contains patients awaiting oncological surgery showed a significant
supplementary material, which is available to authorized users. association between PIMs and the incidence of postopera-

tive delirium (adjusted odds ratio [AOR] 5.53; 95% confi-
dence interval [CI] 2.03-15.05) [9]. One prospective study
in 206 patients aged > 70 years discharged from acute care
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identified frailty status as a predictor of PIMs at both admis-
sion (AOR 1.06; 95% CI 1.01-2.37; p <0.05) and discharge
(AOR 1.08; 95% CI 1.06-2.36; p<0.05) [10]. Frailty is
a clinical syndrome representing a reduced physiological
reserve that carries an increased vulnerability for poor health
outcomes [11]. Frailty is associated with adverse outcomes
in the surgical setting [12]. The impact of PIMs might differ
between frail and nonfrail older adults. In a retrospective
study of 885 older women with prior admission for acute
coronary syndromes (mean age 82.7 + standard deviation
2.7 years), the use of recommended medication was associ-
ated with an increase in the number of fall-related admis-
sions (hazard ratio [HR] 2.57; 95% CI 1.24-5.33). The asso-
ciation was stronger in frail older women only (HR 5.46;
95% CI 1.34-22.3) [13].

Existing medication review processes in the preop-
erative setting are geared toward withholding potentially
harmful medication for the perioperative period. This
medication is usually resumed later on.

Therefore, our objective was to evaluate the preva-
lence of PIMs in an elderly elective surgery population
presenting to the preoperative clinic and to explore any
associations between PIMs and postoperative length of
stay (LOS) and emergency department (ED) visits post
hospital discharge according to frailty status.

2 Methods and Analysis
2.1 Study Design

We performed a retrospective cohort study. The analysis
included a population of older adults awaiting elective
surgery at Maisonneuve-Rosemont Hospital, a tertiary
academic center in Montréal, Québec, Canada, between
January 2017 and January 2018 who participated in a pro-
spective study assessing the impact of frailty on postopera-
tive outcomes. The inclusion criteria were age > 65 years
at the time of preoperative evaluation, awaiting a major
elective surgery with an expected hospitalization stay
of > 24 h, and undergoing an evaluation in the preoperative
clinic of Maisonneuve-Rosemont Hospital. We excluded
those who were unable to consent or be contacted prior
to surgery and those for whom a medication list was una-
vailable. Consent was obtained before we assessed frailty
state. Consent was obtained at the time of the pre-opera-
tive evaluation and then patients were contacted via tele-
phone to complete data collection and specifically a frailty
evaluation. Eligible surgeries included orthopedic surgery
(hip and knee arthroplasty, sarcoma resection), vascular
surgery (aortic, aortobifemoral, iliofemoral bypass, carotid
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endarterectomy) and general surgery (hernia repair, hemi-
colectomy, colostomy, ileostomy closure, low anterior rec-
tum resection). All patients were seen by a nurse and an
internist as part of their routine evaluation. Medication
lists were obtained from the patient’s community phar-
macy and reviewed by the nurse and internist for preopera-
tive management. A formal review process of PIMs and
deprescribing was not part of the routine assessment in our
center. This study was approved by the Research Ethics
Board of Maisonneuve-Rosemont Hospital.

2.2 Data Collection

The following variables, collected in the preoperative period,
were available in the existing database: demographics,
comorbidities, Charlson comorbidity score (computed from
the known variables of the Charlson Comorbidity Index,
except age [14]), creatinine level at the time of preoperative
assessment, American Society of Anesthesiologists score
[15], surgical specialty and frailty score. We also presented
the most frequent comorbidities found in our cohort. Frailty
assessment was performed by a trained research assistant
using the 7-point Clinical Frailty Scale, a validated and reli-
able frailty instrument [11] that considers whether patients’
chronic illnesses are under control and their independence in
activities of daily living and instrumental activities of daily
living. Patients were classified on a numerical scale (1-7),
where scores of 1-3 indicated robust, 4 indicated vulner-
able, and > 5 indicated frail. Vulnerability is defined in the
Clinical Frailty Scale as being slowed up but not dependent
on others to accomplish daily activities. Frailty was assessed
during the preoperative visit through a semi-structured
interview.

We collected medication data using the patient’s medi-
cation list provided at the time of preoperative evaluation.
Only chronic medications were considered and were clas-
sified according to the Anatomical Therapeutic Chemical
classification system. We excluded ophthalmological drops,
dermatological preparations and short-term treatments such
as antibiotics.

2.2.1 ldentification of Potentially Inappropriate
Medications (PIMs)

We identified PIMs using MedSafer, which is a Canadian
software tool built to improve the safety of prescribing. It is
an electronic application that identifies PIMs in older adults
based on existing evidence-based lists [16]. It includes all
of the recommendations for deprescribing contained in the
Beers Criteria [17], the Screening Tool of Older People’s
Prescriptions (STOPP) [18], Choosing Wisely [19] and some
emerging evidence. The development of the software has
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been previously described [20]. MedSafer identifies specific
triggering conditions, relevant drug—drug interactions and
drug—disease interactions using patients’ comorbidities and
usual home medications. For each PIM, a recommendation
and rationale to stop or reconsider the medication is gener-
ated, with a tapering regimen when necessary (Electronic
Supplementary Material [ESM] 1). Each recommendation
is assigned one of three stopping priorities:

1. High risk: should be reconsidered right away and
stopped as soon as possible if clinically indicated.

2. Intermediate risk: deprescribing should factor in what
the prescriber knows about the patient and needs to bal-
ance the risks and benefits.

3. Low risk: stopping is recommended mostly because of
a lack of evidence for effectiveness. These medications
add to pill burden.

2.2.2 Clinical Outcomes

Our primary outcome was postoperative hospital LOS, and
our secondary outcome was ED visit in the 90 days follow-
ing hospital discharge.

2.3 Statistical Methods

We used SPSS Statistics (version 25) for analysis. We
reported descriptive statistics for the complete cohort of sur-
gical patients evaluated at our preoperative clinic included in
the prospective study. Kolmogorv—Smirnov or Shapiro—Wilk
tests were used to test for normality distribution of continu-
ous variables, which were then reported as mean or median
with their central tendency distribution. Categorical vari-
ables were reported as proportions. We used two independ-
ent sample ¢ tests and the Wilcoxon—-Mann—Whitney test
to compare continuous variables and the Chi-squared and
Fisher’s exact test for categorial variables for comparison
between two groups (Kruskal-Wallis and one-way analy-
sis of variance for comparisons between three groups). We
reported the total number of PIM recommendations for the
surgical cohort and the percentage of PIM recommendations
per priority 1, 2 and 3.

We explored the association between the number of PIMs
and LOS using multivariate negative binomial regression
and the association between the number of PIMs and ED vis-
its using multivariate logistic regression. The primary analy-
ses were stratified by frailty status (robust, vulnerable or
frail). Sensitivity analysis were completed with stratification
by surgery specialty (orthopedic and nonorthopedic). The
following a priori covariates were included in our models:
age, sex, Charlson comorbidity score and surgery specialty.
These analyses were only possible for patients with at least
one chronic medication who underwent surgery.

3 Results
3.1 Patients

A total of 300 patients underwent frailty assessment in our
preoperative clinic, and 270 patients underwent surgery
(ESM 2). The median age of the surgical cohort was 73 years
(interquartile range [IQR] 69-76), and 145 (54%) patients
were female (Table 1). Patients underwent orthopedic sur-
gery (n=165 [61%]), general surgery (n=68 [25%]) or
vascular surgery (n=37 [14%]). The median time between
preoperative visit and surgery was 63 days (IQR 35.8-90).
The most prevalent comorbidities were hypertension (190
[70%]), dyslipidemia (161 [60%]) and diabetes (75 [27.8%]).
According to the Clinical Frailty Scale, 138 (51%) patients
were considered robust, 87 (32%) vulnerable and 45 (17%),
frail.

3.2 Medication

A total of 1668 individual prescriptions were recorded for
270 patients. After excluding 49 ophthalmological drops or
dermatological preparations, 1619 prescriptions were con-
sidered for analysis. The median number of prescriptions per
patients was 6 (IQR 3-8). Only 18 (6.7%) patients did not
take any chronic medications before surgery, whereas 175
(64.8%) patients met our definition of polypharmacy (five
or more medications). Medication use was similar between
patients who did or did not undergo surgery (ESM 3).

The three most common medication categories were car-
diovascular (519 prescriptions [32%]), alimentation tract
and metabolism (465 prescriptions [29%]) and nervous sys-
tem (181 prescriptions [11%]) (ESM 4). The cardiovascular
category mainly comprised lipid-modifying agents (160
[32%])), antihypertensives (146 [28%]) and agents acting on
the renin-angiotensin system (114 [22%]). The alimenta-
tion tract and metabolism included H,-receptor antagonists
and proton pump inhibitors (125 [27%]) and vitamins (117
[25%]). The nervous system category contained mostly anti-
depressants (69 [38%]), antiepileptics (50 [28%]), psycho-
leptics (20 [11%]) and opioids (21 [12%]).

We processed the medications of 252 patients who took
at least one medication before surgery in the MedSafer
software. It generated 394 recommendations on PIMs for
197 (78%) patients. Only 55 (22%) patients had no PIMs.
Patients with PIMs were more frequently female and more
frequently frail (ESM 5). The median number of recom-
mendations per patient was 1 (IQR 1-2). High-risk medi-
cations were observed in 60 (22.2%) patients. The priority
1 recommendations (n="71 [18%]) mostly concerned ben-
zodiazepines (n=15 [21%]), sulfonylureas (n=10 [14%]),
dual antithrombotic therapy (n=28 [11%]) and opiates for
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Table 1 Patient characteristics Characteristics

. Total cohort ~ Surgical cohort  No surgery cohort  p value
and comparisons between
surgical and nonsurgical cohorts Patients, N 300 270 30
Age, years 72 (69-76) 73 (69-76) 74 (68-77) 0.184
Sex
Female 159 (53) 145(53.7) 14 (46.7) 0.464
Most common comorbidities
Hypertension 211 (70.3) 190 (70.4) 21 (70) 0.966
Dyslipidemia 178 (59.3) 161 (59.6) 17 (57) 0.754
Diabetes 82 (27.3) 75 (27.8) 7(23.3) 0.604
Myocardial infarction 75 (25) 63 (23.3) 12 (40) 0.046
Chronic kidney disease 65 (21.7) 58 (21.5) 7(23.3) 0.815
Peripherical artery disease 43 (14.3) 37 (13.7) 6 (20) 0.407
Chronic obstructive pulmonary disease 41 (13.7) 37 (13.7) 4(13.3) 1.000
Cancer 36 (12) 30 (11.1) 6 (20) 0.230
Cerebrovascular disease 32 (10.7) 30 (11.1) 2(6.7) 0.754
Connective tissue disease 14 (4.7) 13 (4.8) 1(3.3) 1.000
Congestive heart failure 11 (3.7) 7 (2.6) 4(13.3) 0.016
Charlson comorbidity Score® 1(0-3) 1(0-3) 2 (0-3) 0.321
Type of surgery planned
Orthopedics 179 (59.7) 165 (61.1) 14 (46.7) 0.304
General surgery 78 (26) 68 (25.2) 10 (33.3)
Vascular surgery 43 (14.3) 37 (13.7) 6 (20)
Clinical Frailty Scale
Robust 149 (49.7) 138 (51.1) 11 (36.7) 0.028
Vulnerable 95 (31.7) 87 (32.2) 8 (26.7)
Frail 56 (18.7) 45 (16.7) 11(36.7)
No medication 19 (6.3) 18 (6.7) 1(3.3) 0.705
5 or more medications 194 (64.7) 175 (64.8) 19 (63.3) 0.872
9 or more medications 79 (26.3) 71 (26.3) 8 (26.7) 0.965

Data are presented as median (interquartile range) or N (%) unless otherwise indicated

4Charlson Comorbidity Score =Comorbidities of the Charlson Comorbidity Index

chronic noncancer pain (n=>5 [7%]) (ESM 6). Priority 2 rec-
ommendations (n =216 [55%]) mostly concerned chronic
proton pump inhibitor therapy (n=115 [53%]) and prega-
balin (n=40 [19%]). The priority 3 recommendations were
related to medications with low-quality or absent evidence
of effectiveness, such as docusate for constipation (n=107

[27%]).

3.3 Association of PIMs with Length of Stay
and Emergency Department Visits in the 90
Days Following Discharge

The median LOS was 4 days (IQR 2-7). After stratification
by frailty status (ESM 7), frail patients had a longer median
LOS (6.5 [IQR 3-9]) than did robust (4 days [IQR 2-6])
and vulnerable (5 days [IQR 2-7]) patients (p =0.002). Frail
and vulnerable patients had more PIMs than robust patients
(2 PIMs [IQR 1-3], 2 PIMs [IQR 1-3], 1 PIM [IQR 0-2],
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respectively; p=0.000). The Charlson comorbidity score
was comparable in the three groups (1 [IQR 0-3], 2 [IQR
1-3], 2 [IQR 0-3], respectively; p=0.517). The association
between the number of PIMs and LOS was not significant
for the subgroup of robust and frail patients (Table 2). For
vulnerable patients, an increase in LOS with a higher num-
ber of PIMs was almost statistically significant. For every
additional PIM, there was a 20% increase in LOS (incidence
rate ratio [IRR] 1.20; 95% CI 0.98-1.44; p =0.089). For our
sensitivity analysis, orthopedic and nonorthopedic patients
had similar LOS (4 days [IQR 3-7] vs. 4 [1-7]; p=0.575).
For nonorthopedic patients, PIMs were associated with a
statistically significant increase in LOS. For every additional
PIM, there was a 28% increase in LOS (IRR 1.28; 95% CI
1.02-1.61; p=0.039) (ESM 8). In total, 40 (15%) patients
visited the ED in the 90 days following hospital discharge
(median time from discharge to ED visit 13.5 days [IQR
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Table 2 Multivariable negative binomial regression of factors associated with length of stay, stratified by frailty status (patient of the surgical

cohort taking one or more medication)

Variable Robust group (n=123) Vulnerable group (n=85) Frail group (n=44)
IRR (95% CI) p value IRR (95% CI) p value IRR (95% CI) p value

Age 1.03 (0.99-1.07) 0.153 1.01 (0.97-1.06) 0.561 0.99 (0.93-1.06) 0.811
Charlson Comorbidity Score® 1.02 (0.88-1.20) 0.761 0.88 (0.75-1.02) 0.098 0.89 (0.71-1.12) 0.322
Surgery specialty

Orthopedics 1 1 1

General surgery 1.60 (0.93-2.75) 0.089 1.06 (0.57-1.98) 0.666 1.03 (0.37-2.87) 0.949

Vascular surgery 1.40 (0.69-2.83) 0.348 1.51 (0.75-3.01) 0.224 0.59 (0.17-2.01) 0.409
Sex

Female 1 1 1

Male 1.02 (0.65-1.60) 0.919 0.85 (0.50-1.44) 0.544 0.63 (0.31-1.28) 0.628
Number of PIMs 1.10 (0.89-1.67) 0.327 1.20 (0.98-1.44) 0.089 0.96 (0.79-1.17) 0.692

CI confidence interval, IRR incidence relative ratio, PIMs potentially inappropriate medications

4Charlson Comorbidity Score =comorbidities of the Charlson Comorbidity Index

6.25-32.75]). The number of PIMs was not associated with
ED visits for any of the frailty groups (Table 3).

4 Discussion

PIMs identified by the MedSafer software were prevalent
in our cohort of older adults awaiting elective surgery.
An increasing number of PIMs in vulnerable older adults
seemed to be associated with a longer hospital LOS in our
adjusted model but did not reach statistical significance.
The prevalence of PIMs in our cohort was higher than
in past studies. In a 2016 retrospective study of a colorec-
tal cancer surgery population (n=7279, aged > 75 years),

the prevalence of PIMs was 22.5% [9]. Their definition of
PIMs was more selective than the MedSafer software and
included fewer medication class (psycholeptics, analge-
sics, anticholinergics, opioids, antidepressants, non-steroid
anti-inflammatories).

In our study, the vulnerable and frail populations had
more PIMs than the robust group even when the disease
burden, as measured by the Charlson comorbidity score,
was comparable. Presentation of illness differs between
older and younger adults, with older patients showing more
atypical signs and symptoms, potentially requiring more
medication and therefore having an increased pill burden
[21-23]. Unusual symptoms might result in more prescrip-
tions and, indeed, probably more PIMs. This is the so-called

Table 3 Multivariable logistic regression of factors associated with emergency department visits, stratified by frailty status

Factors Robust group (N=11/123) Vulnerable group (N=20/85) Frail group (N=9/44)
OR (95 CI) p value OR (95 CI) p value OR (95 C]) p value

Age 0.98 (0.86-1.11) 0.719 1.00 (0.89-1.12) 0.933 0.97 (0.84-1.13) 0.690
Charlson comorbidity score® 1.08 (0.75-1.55) 0.683 1.97 (1.23-3.16) 0.005 1.00 (0.59-1.70) 0.991
Surgery specialty

Orthopedics 1 1 1

General surgery 0.20 (0.05-0.80) 0.024 1.31 (0.22-7.75) 0.764 0.24 (0.26-2.18) 0.202

Vascular surgery 0.12 (0.02-0.74) 0.022 0.61 (0.13-2.97) 0.538 b b
Sex

Female 1 1 0.966 1 0.900

Male 2.43 (0.71-8.39) 0.159 0.97 (0.25-3.71) 1.12 (0.19-6.49)
Number of PIMs 0.95 (0.53-1.71) 0.857 0.60 (0.31-1.14) 0.119 1.51 (0.90-2.52) 0.119

CI confidence interval, ED emergency department, OR odds ratio, PIM potentially inappropriate medication

#Charlson Comorbidity Score=comorbidities of the Charlson Comorbidity Index

"No ED visit in older adults who underwent vascular surgery and are in the frail group
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prescribing cascade, whereby one medication is added to
treat the symptom that arises from another medication (e.g.,
an antihypertensive therapy to treat hypertension from an
NSAID) [24]. Having more PIMs may be a measure of
underlying geriatric susceptibility [25].

A positive association was close to being statistically
significant between longer hospital LOS and increasing
PIMs for vulnerable patients. Vulnerable older adults in a
transitional state between robust and frail may be at higher
risk of adverse events from PIMs and may also benefit
most from deprescribing. For frail patients, the underlying
frailty burden and functional decline might outweigh the
impact of PIMs. Similarly, in a retrospective cohort study
in a large elective noncardiac surgery geriatric population
(n=266,499, aged > 66 years), the association between
polypharmacy (five or more medications) and death within
90 days was not significant in patients with a higher frailty
status [26]. Finally, in robust patients, PIMs might not sig-
nificantly affect their capacity to cope with disease and
stressors such as surgery.

The MedSafer software identifies three stopping pri-
orities. It allows the clinician to choose PIMs to focus
on—either those that could cause harm or medication that
impacts the pill burden or raises the total medication cost.
Those last aspects are usually not part of the medication
review process in the preoperative setting. Since pill burden
impacts well-being and quality of life [27, 28], it stands to
reason that withdrawing medications lacking evidence for
effectiveness could improve patient outcomes in the post-
operative period. Beyond usual practice, medication review
could be a good opportunity to optimize medication effec-
tiveness and maybe reduce future harm with a standardized
deprescribing process. In the outpatient setting, medication
review has been shown to reduce hospital visits and delay
the time to first ED visit after discharge [29]. To our knowl-
edge, no such data exist in the surgical literature. However,
the feasibility of such an intervention in the perioperative
setting is unclear since deprescribing requires time, patient
engagement and close follow-up [30]. For example, general
practitioners identified barriers such as a lack of knowledge
about withdrawal side effects and discomfort about changing
medications prescribed by another physician [31]. Whether
internists or surgeons experience the same reluctance needs
to be studied.

Our study had several limitations. Generalizability is a
concern as this study took place in a single academic center.
We were most likely not powered to show an association
between PIMs and LOS or ED visits given the overall low
prevalence of high-risk PIMs and the small proportion of
patients who returned to the hospital in the 90 days post
surgery. Our sample sizes, particularly the frail and the

A\ Adis

vascular surgery groups, were limited. Therefore, we could
not explore how frailty status affected LOS. It could be a
confounder and an effect modifier. Also, MedSafer does not
highlight the absence of proper medications for any given
conditions and does not incorporate the Screening Tool to
Alert to Right Treatment (START) rules (e.g., angiotensin-
converting enzyme inhibitor for left ventricular dysfunc-
tion). We were unable to assess patients’ compliance with
medication and or consider over-the-counter PIMs. Peri- and
postoperative medication could have been associated with
the outcomes but was not assessed.

The strengths of this study included the novel use of com-
prehensive electronic software to identify PIMs in patients
undergoing a preoperative assessment from different surgi-
cal specialties. To our knowledge, this is the first study to
assess opportunities for deprescribing in the preoperative
setting. The use of MedSafer has previously been shown
to decrease PIMs in the acute care setting by prioritizing
PIMs for deprescribing and providing a rationale and with-
drawal recommendations to clinicians. With that informa-
tion in hand, deprescribing could be easier to implement
in the preoperative period and beyond. Another strength of
the study was that we integrated the concept of frailty in the
association between PIMs and postoperative outcomes. It
allowed us to tease out vulnerable older adults as a group to
target for deprescribing.

5 Conclusion

We found that PIMs were prevalent in the preoperative set-
ting and, in a larger cohort of patients, may influence LOS
for vulnerable older adults. Preoperative evaluation repre-
sents an opportunity to deprescribe PIMs or plan for depre-
scribing after surgery. Future prospective interventional
studies in the preoperative setting need to assess the feasi-
bility and acceptability of deprescribing using MedSafer and
the impacts on postoperative outcomes.
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