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Abstract

Background: Prescription opioids are commonly used for postoperative pain relief in older adults, but have the
potential for misuse. Both opioid side effects and uncontrolled pain have detrimental impacts. Frailty syndrome
(reduced reserve in response to stressors), pain, and chronic opioid consumption are all complex phenomena that
impair function, nutrition, psychologic well-being, and increase mortality, but links among these conditions in the
acute postoperative setting have not been described. This study seeks to understand the relationship between
frailty and patterns of postoperative opioid consumption in older adults.

Methods: Patients = 65 years undergoing elective surgery with a planned hospital stay of at least one postoperative
day were recruited for this cohort study at pre-anesthesia clinic visits. Preoperatively, frailty was assessed by Edmonton
Frailty and Clinical Frailty Scales, pain was assessed by Visual Analog and Pain Catastrophizing Scales, and opioid
consumption was recorded. On the day of surgery and subsequent hospitalization days, average pain ratings and total
opioid consumption were recorded daily. Seven days after hospital discharge, patients were interviewed using uniform
questionnaires to measure opioid prescription use and pain rating.

Results: One hundred seventeen patients (age 73.0 (IQR 67.0, 77.0), 64 % male), were evaluated preoperatively and 90
completed one-week post discharge follow-up. Preoperatively, patients with frailty were more likely than patients
without frailty to use opioids (46.2 % vs. 20.9 %, p = 0.01). Doses of opioids prescribed at hospital discharge and the
prescribed morphine milligram equivalents (MME) at discharge did not differ between groups. Seven days after
discharge, the cumulative MME used were similar between cohorts. However, patients with frailty used a larger fraction
of opioids prescribed to them (96.7 % (31.3, 100.0) vs. 25.0 % (0.0, 83.3), p = 0.007) and were more likely (OR 3.7, 95 % Cl
1.13-12.13) to use 50 % and greater of opioids prescribed to them. Patients with frailty had higher pain scores before
surgery and seven days after discharge compared to patients without frailty.

Conclusions: Patterns of postoperative opioid use after discharge were different between patients with and without
frailty. Patients with frailty tended to use almost all the opioids prescribed while patients without frailty tended to use
almost none of the opioids prescribed.
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1. Background

Prescription drug overdose deaths in the United States,
where opioids are among the agents implicated, have in-
creased between 1999 and 2010 in parallel with a 4 fold
increase in morphine milligram equivalents (MME) per
capita of opioid prescribing [1]. The majority of pre-
scription drug overdose deaths occur in patients that are
prescribed according to guidelines and many of those
are prescribed low dose therapy (less than 100 mg of
MME per day) [2]. Consequently, optimizing prescriber
practices is critical to ending the opioid epidemic [3].
Improving opioid prescribing in all populations, with
emphasis on older adults, is timely as those 65 and older
increase as a percentage of the total population. In 2016,
1 in 3 Medicare part D beneficiaries had an opioid pre-
scription, followed by a 17.2 % increase in prescriptions
for opioids from 2016 to 2017 [4, 5]. Postoperative pain
management in older adults is complex and is further
complicated by an increased incidence of side effects
due to polypharmacy, age-related changes in pharmaco-
kinetics, and presurgical collateral pain syndromes [6, 7].
While current guidelines for postoperative pain therapy
suggest non-opioid and non-pharmacologic therapies as
first line (when tolerable and appropriate), with short
term, low dose opioid prescriptions as second line [8],
opioids are still commonly provided to older adults dur-
ing the postoperative period [9] despite low efficacy in
many patients [10]. Inappropriate prescribing of opioids,
defined as “inadequate, continued, or excessive prescrib-
ing that poses high risks of morbidity and mortality”[11],
may lead to a marked increase in the prevalence of opi-
oid misuse [12]. Opioid misuse may impact not only the
patients for whom the opioids were prescribed, but also
family members and caretakers, since opioids and other
pharmacotherapies left unsecured in the home are a
potential source for inappropriate use [13]. Ideally, a
postoperative prescription of opioids and other pharma-
cotherapies after discharge from the hospital would be
sufficient to effectively alleviate pain, but leave minimal
amounts of unused opioids that may be subsequently
misused.

Aging is accompanied by cumulative declines across
multiple physiologic systems, which may result in frailty.
Frailty is defined by decreased reserve and resistance to
stressors and increased vulnerability to adverse out-
comes [14]. Frailty is accompanied by a multi-
dimensional decline in domains such as physical per-
formance, reduced gait speed and mobility, impaired nu-
tritional status, and cognitive disorders [15]. Patients
with frailty have a higher likelihood of mortality, mor-
bidity, and complications after surgical procedures [16]
and may more frequently use chronic analgesics and opi-
oids to mitigate these outcomes [10]. While pain,
chronic opioid consumption, and frailty have much in
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common as multidimensional conditions that impact
function, nutrition, psychologic well-being, and ultim-
ately mortality, relatively little research linking acute
opioid consumption with these conditions has been pub-
lished [17]. The goal of this study is to compare patterns
of post-surgical opioid utilization between frail and non-
frail older adults.

2. Methods

2.1 Study design and Population

A prospective cohort study of older surgical patients was
conducted over six months during 2018 and 2019 in a
single academic institution that serves as both a Level 1
Trauma Center and a safety net hospital (Harborview
Medical Center, Seattle, Washington). This study was
approved by the institutional review board at the Univer-
sity of Washington (IRB# STUDY00002781) and follows
the STROBE guidelines. Patients 65 years and older
undergoing elective surgery and anticipated to be admit-
ted to the hospital for an overnight stay were recruited
during their visit to the pre-anesthesia clinic. After pro-
viding written informed consent, patients were evaluated
in the pre-anesthesia clinic before surgery, followed daily
during their hospitalization after surgery, and inter-
viewed seven days after their discharge from the hos-
pital. Demographic data was extracted from the
electronic medical record.

2.2 Assessment of opioid consumption

Preoperative opioid use was evaluated by patients' self-
report. Electronic medical records and nurses’ medica-
tion administration records were used to track daily opi-
oid administration for each day of hospital stay and
opioid prescriptions at discharge (Fig. 1). Opioid pre-
scribing is at the discretion of the physicians, but tem-
plates for older adults are available in some portions of
the hospital through the electronic medical record [18].
Other medications for pain, such as gabapentin, keta-
mine, marijuana, NSAIDs, and over the counter medica-
tions were also recorded at each timepoint. One week
after discharge from the hospital, patients were inter-
viewed by phone or by email to measure total opioid
consumption using the prompt “for the (medication)
you were prescribed, of (number) of pills of (strength),
at discharge, as of seven days after discharge, how many
of those pills have you taken?”. All opioid usage was
converted into MME (Table 1) [19]. Since reduction of
opioid over-prescription is pivotal, the percentage of opi-
oid consumption after discharge from hospitalization
was calculated by dividing the amount of MME used by
the patient one week after hospital discharge by the total
amount of MME prescribed at hospital discharge [20].
Our primary outcome was over-prescription of opioids.
Over-prescription was defined by use of less than 50 %
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Fig. 1 Time course of the study. Patients were interviewed for a preoperative evaluation during their pre-anesthesia clinic appointment.
Preoperative evaluation included Visual Analog Scale pain rating, Clinical Frailty Scale and Edmonton Frailty Scale assessments, recorded MME of
opioid use, and Pain Catastrophizing Scale assessment for pain catastrophizing. All patients were hospitalized after surgery for at least one
postoperative day. On each day of the postoperative hospital stay, pain ratings were obtained from nurses' medical administration records or
electronic medical records as a Numerical Rating Score or Verbal Rating Scale, and opioid use was captured in MME from the electronic medical
record. Seven days after discharge from the hospital, patients reported pain (using the Numerical Rating Score) and opioid use (in MME) during a
phone or email interview. Abbreviations: CFS, Clinical Frailty Scale; EFS, Edmonton Frailty Scale; VAS, Visual Analog Scale; PCS, Pain Catastrophizing
Scale; MME, morphine milligram equivalents; NRS, Numerical Rating Score; VRS, Verbal Rating Scale

of the opioids prescribed at discharge one week after
discharge.

2.3 Assessment of pain

Pain catastrophizing was assessed using the Pain Cata-
strophizing Scale (PCS) during preoperative evaluation
by a trained researcher (Fig. 1). The PCS evaluates pain
coping behavior. It consists of 13 items in three categor-
ies (magnification, rumination, and helplessness) and is

reported as a score between 0 and 52 [21-24]. Pain was
scored using an 11-point scale (0-10, where 0 is the ab-
sence of pain and 10 is the most severe pain) [25-27].
Preoperative pain was assessed during the pre-anesthesia
patient interview by a trained researcher using the visual
analog scale (VAS) [28]. During hospitalization, the
nurses' medical administration records utilized numer-
ical rating score (NRS) to assess pain (Fig. 1). If several
pain scores were collected in one day, the average pain

Table 1 MME Conversion and Opioid Usage Frequency. Factors commonly used to convert opioid doses into morphine milligram
equivalents (MME) [18] were used in the study. Preoperative prescription frequency describes the percent of total preoperative
opioid prescriptions. Post discharge prescription frequency describes the percent of total discharge prescriptions for each specific

drug in this study

Prescription Opioid Conversion Factor to MME [18] Preoperative Prescription Frequency (%) Post discharge Prescription Frequency (%)

(n=41) (n=87)

Codeine 0.15 24 0
Hydrocodone® 1 122 2.1
Hydromorphone 4 7.3 16.1
Methadone 4 49 1.1
Morphine 1 9.8 1.1
Oxycodone® 1.5 415 793
Oxymorphone 3 0 0
Tramadol 0.1 17.1 1.1

#Hydrocodone includes all hydrocodone and Vicodin prescriptions
POxycodone includes all oxycodone and Percocet prescriptions
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score was calculated. Seven days after hospital discharge,
pain was assessed over the phone or email using the nu-
merical rating score. Both numerical rating score and
verbal rating score are comparable to the visual analog
scale and are validated as translatable to a numerical
scale [26, 27].

2.4 Preoperative evaluation of Frailty

Frailty was assessed preoperatively by a trained re-
searcher utilizing the Clinical Frailty Scale (CFS) (Fig. 1).
The CES scores frailty as one of nine categories, ranging
from 1 (very fit) to 9 (terminally ill), and scores of 5 and
above are considered frail. The CFS is accompanied by
description and pictographs for each category and re-
quires less than 1 minute to perform [29-31]. The CFS
was used since it is simple, highly feasible, and strongly
correlated to postoperative outcomes [18, 32]. To valid-
ate the use of a simple frailty tool in our cohort, we also
evaluated frailty preoperatively using a comprehensive
tool, the Edmonton Frailty Scale (EFS), administered by
a trained researcher (Fig. 1). The EFS consists of nine
domains, including tasks to perform and questions for
the patient to answer, and results in a score between 0
and 17, where 8 or higher indicates frailty [33]. The EFS
requires patient participation and about 10-15 minutes
to administer [34].

2.5 Statistical analysis

Statistical analyses were performed using SPSS version
25 (IBM-SPSS Armonk, NY). We tested all variables for
normality and found them to be not normally distrib-
uted. Continuous variables are presented as median and
interquartile range (IQR). To test the differences in con-
tinuous variables between two groups, with frailty and
without frailty, the Mann—Whitney U test was per-
formed. To compare differences between two groups,
with frailty and without frailty, for categorical variables
(e.g. with frailty/without frailty and using 50 % and
greater of the opioids prescribed) we performed the
Pearson’s Chi-Square test. The Spearman correlation
was performed to test correlation between different
frailty scores. A multivariate logistic regression analysis
was performed to compare between the groups with
frailty and without frailty in using 50 % and greater of
the opioids prescribed with adjustment for age and sex.
Odds ratio (OR) and 95 % confidence interval (CI) are
presented. P value of <0.05 was considered statistically
significant for all analyses.

3. Results

One hundred twenty-seven patients were approached in
the pre-anesthesia clinic; 117 patients were recruited for
the preoperative evaluation. Ninety participants com-
pleted the one-week post discharge follow-up with

Page 4 of 10

hospital stays ranging from 1 to 26 days (Fig. 2). Of
those who completed the preoperative evaluation, 26 pa-
tients had frailty and 91 were without frailty as defined
by a CFS score of >5. Sixteen patients had frailty and
101 were without frailty when using an EFS score of =8.
The CFS and EFS are well correlated within our sample
(r=0.665, p<0.001). The median age of the population
with and without frailty was not different (76.0 vs. 72.0,
p =0.20), but the population with frailty was more likely
to be female (54 % vs. 31 %, p <0.03). Preoperatively, a
greater percentage of patients with frailty used opioids
(46.2% vs. 20.9%, p=0.01). Of opioids used preopera-
tively, oxycodone (41.5%), tramadol (17.1 %), hydroco-
done (12.2 %) were used most commonly, and codeine,
fentanyl, hydromorphone, methadone, and morphine
each made up <10 % of prescriptions (Table 1). Patients
with frailty reported higher pain scores (7.0 (2.5, 8.0) vs.
3.0 (0.5, 7.0), p=0.01) as well as pain catastrophizing
scores (13 (5.75, 21.5) vs. 4 (1.0, 11.0), p = 0.001). Surgi-
cal procedures were classified as spine (1 =42), vascular
(n =18), neurosurgery (n = 20), orthopedic (n =18) (foot
and ankle (#=13), femur (#=4), and humerus (n = 1)),
and other (all those with less than 10% occurrence:
otolaryngology-head and neck, general surgery, maxillo-
facial, burn plastics, urology, and general surgery) (n =
19) (Table 2).

3.1 Opioid dose requirements and Frailty

There was great variability in quantity of opioids used in
both patients with and without frailty. Although median
preoperative opioid consumption was zero in both
groups, since less than half of both study populations
consumed any opioids preoperatively (Table 2), patients
with frailty used larger quantities of opioids preopera-
tively as measured by MME than patients without frailty
(0.0 (0.0, 40.13) vs. 0.0 (0.0, 0.0), p = 0.007) (Fig. 3). Dur-
ing hospitalization, the amounts of opioids used were
not different between patients with and without frailty:
on the day of surgery (23.0 (7.5, 263.0) vs. 30.0 (0.0,
240.0), p = 0.493), hospital day 1 (31.5 (0.0, 88.0) vs. 22.5
(0.0, 60.0), p = 0.507), hospital day 2 (41.3 (2.8, 76.8) vs.
22.5 (0.0, 90.0), p = 0.644), and hospital day 3 (41.3 (15.0,
82.5) vs. 27.8 (4.8, 95.6), p = 0.494). In the hospital, oxy-
codone (33.6 %), fentanyl (23.2%), hydromorphone
(18.1 %), and morphine (15.1 %) were ordered most com-
monly, with methadone and tramadol each being or-
dered < 10% of the time. All patients with frailty (100 %)
and most patients without frailty (82.9 %) were discharged
from the hospital with an opioid prescription. Discharge
prescriptions were most commonly oxycodone (79.3 %)
and hydromorphone (16.1 %), with hydrocodone, metha-
done, morphine, and tramadol each prescribed < 10% of
the time (Table 1). The prescribed MME at discharge was
not significantly different between populations (150.0
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Fig. 2 Recruitment and follow-up of patients screened during their visit to the pre-anesthesia clinic. One hundred and twenty-seven patients that
presented at the pre-anesthesia clinic during the study period were eligible and screened for participation. A pre-anesthesia evaluation was
completed for 117 patients, and 102 patients were followed through their surgery and hospital stay. Follow-up seven days after hospital

(90.0, 225.0) vs. 176.25 (52.5, 303.75), p =0.906). Seven
days after discharge, the total consumed MME did not sig-
nificantly differ in patients with and without frailty (75.0
(39.4, 195.0) vs. 33.8 (0.0, 172.5), p = 0.129). However, pa-
tients with frailty used a larger fraction of the total opioids
prescribed to them (96.7 % (31.3, 100.0) vs. 25.0% (0.0,
83.3), p = 0.007).

3.2 Patterns of opioid use after Discharge and Frailty

The primary outcome of our study was the use of
less than 50% of opioid prescriptions by patients
seven days after hospital discharge (Fig. 4). Ninety pa-
tients (16 with frailty and 74 without frailty) had
completed follow-up one week after hospital dis-
charge. It was common for patients in both groups to

use almost all or none of their prescriptions. Our re-
sults suggest that the pattern of usage was signifi-
cantly different between patients with and without
frailty (Fig. 4). The patients with frailty used 50 % and
greater of their prescription more often than the pa-
tients without frailty (68.8% with frailty vs. 36.5%
without frailty, p =0.018). After adjusting for sex and
age, the comparison of frailty with 50 % and higher
consumption remained significant (OR 3.70, 95% CI
1.13-12.13). Furthermore, the frail population used
greater than 80 % of their prescription more often
than the non-frail (56.4% frail vs. 25.7% non-frail,
p=0.017). The small sample size did not allow for
further adjustments (as indicated by the wide CI). In
contrast, the patients without frailty were more likely
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Table 2 Description of the Study Participants (median (IQR), unless otherwise stated)

All Participants (n=117) CFS With Frailty (n=26) CFS Without Frailty (n=91) P Value
Age (years) 73.0 (67.0, 77.0) 76.0 (67.0, 81.0) 720 (67.0, 77.0) 0.20
Gender (men %) Male: 64% Male: 46% Male: 69% 0.03
Preoperative opioid use (% (n)) 26.5% (31) 46.2% (12) 20.9% (19) 0.01
PCS 6.0 (1.0, 13.0) 13.0 (58, 21.5) 4.0(1.0,11.0) 0.01
VAS 40 (1.0,40) 70 (25, 80) 3.0 (05, 7.0) 0.01
Length of Stay (days) 3.0 (1.0, 6.0) 5.0 (2.0, 6.0) 20(10,5.0) <001
Surgery Type (%)
Surgical Spine 36% 42% 34%
Vascular 15% 12% 16%
Neurosurgery 17% 15% 18%
Orthopedic 15% 19% 14%
Foot and Ankle 1% 4% 13%
Femur and Humerus 4% 15% 1%
Other® 16% 12% 18%

Description of the study participants in cohorts with and without frailty. Information was recorded during preoperative patient interviews using validated and
informal questionnaires and is presented as median and IQR. The cohorts were defined using a CFS score of <5 as without frailty, and greater than or equal to 5
as with frailty. The cohort with frailty had fewer males, more common preoperative opioid use, higher pain catastrophizing, and more pain

preoperatively. Abbreviations: SD Standard deviation, CFS Clinical Frail Scale, PCS Pain Catastrophizing, VAS Visual Analog Scale. *Other includes all procedures that
occurred in less than 10% of patients: otolaryngology-head and neck, general surgery, oral and maxillofacial, burn plastic, and urology.

to use less than 20% of their prescription (47.3%
non-frail vs. 18.8% frail, p =0.036), an average over
prescription of 164.8 MME which is the equivalent of
twenty-one 5 mg oxycodone pills.

3.3 Pain and frailty

Uncontrolled pain after surgery can lead to readmis-
sion and may be a risk factor in developing chronic
pain [35, 36], while successful pain management

interventions often increase appetite, mobility, and
function [37]. Preoperatively, patients with frailty re-
ported higher pain scores (7.0 (2.5, 8.0) vs. 3.0 (0.5,
7.0), p=0.01), however; during their hospitalization
pain scores were similar. Seven days after discharge
from the hospital, pain scores were different again:
patients with frailty reported higher pain scores than
patients without frailty (6.5 (1.5, 4.25) vs. 3 (1.5, 3),
p=0.01) (Fig. 5).

patients with and without frailty
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Fig. 3 MME median (IQR) usage for patients with and without frailty. Preoperative assessment of MME was performed at the pre-anesthesia clinic.
Hospitalization Day 0 is the day of surgery. Hospitalization ranged from 1 to 26 days and assessment was collected from the electronic medical
record. The number of patients is reduced in consecutive days because patients were discharged from the hospital. The number of patients who
stayed more than 3 days after surgery was small and therefore not presented. Assessment after hospital discharge was conducted by patient self-
report. There was no significant difference in the median amount of opioids used during hospitalization or after hospital discharge between

Hospital Discharge
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Fig. 4 Percent of MME of opioid prescription consumed seven days after hospital discharge. Patients were interviewed by phone or email seven
days after hospital discharge to determine how much of their opioid prescription was used. Opioid usage and prescription were recorded in
MME and the usage was converted to a percent of the total prescribed opioids. Patients without frailty were more likely to use less than 20 % of
the opioid prescription (47.3 % vs. 18.8 %, p = 0.036). Patients with frailty were more likely to use 50 % and greater of the opioid prescription
(68.8 % with frailty vs. 36.5 % without frailty, p =0.018). *p < 0.05

4. Discussion

Assessing frailty before surgery is recommended for all
older adults [38], and can lead to specific perioperative
interventions [39]. Frailty assessment predicts the risk of
mortality and reduced independence after surgery, which
can inform goals of care discussions [40]. Due to the
high sensitivity and the proven utility and feasibility
of the CFS in the perioperative setting, we categorized
frailty according to the CFS. We found a strong cor-
relation between assessment of frailty using CFS and

the more comprehensive EFS. Our results suggest that
the simple, quick CFS assessment before surgery can
inform patterns of opioid use after discharge from the
hospital; patients with frailty use almost all the opi-
oids prescribed to them at hospital discharge while
patients without frailty tend to be overprescribed
opioids.

Our findings are in agreement with others regarding
pain in community dwelling older adults — patients with
frailty suffer from more pain (and more intrusive pain)

Pain Rating
w

«=@==Frail

Non Frail

Preoperative Day 0 Day 1

Hospitalization

Day 2 Day 3 Seven Days after
Hospital Discharge

Time
Fig. 5 Pain ratings for frail and non-frail patients using comparable 11-point pain scales. Preoperative assessment was done at the pre-anesthesia
clinic using the visual analog scale. Hospitalization ranged from 1 to 26 days and assessment was done using numerical rating score and verbal
rating score. Assessment after hospital discharge used numerical rating score. Hospitalization Day 0 pain scores are after surgery on the day of
surgery. Patients with frailty had more pain 7 days after hospital discharge (6.5 vs. 3.0, p < 0.05) compared to patients without frailty, but patients
had no differences in pain scores on the day of surgery or during hospitalization. *p < 0.05
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than patients without frailty [41, 42]. Moreover, chronic,
persistent, somatic, and osteoarthritic pain are associated
with frailty [43, 44]. In our study, patients with frailty re-
ported more pain and higher pain catastrophizing scores
preoperatively, but did not report higher pain scores
during their hospitalization. When examining the rela-
tionship between pain intensity and opioid consumption,
pain catastrophizing has been described as a strengthen-
ing, but not causational, factor [45].

Opioid doses were variable, and patients with and
without frailty did not differ in the amount of opioid
medications used in the hospital, or the amount pro-
vided at discharge. The novel finding in this study is that
frailty is also associated with a unique pattern of opioid
use after hospital discharge. First, opioid use in our co-
hort does not follow a bell-shaped normal distribution.
In fact, most patients use very little or almost all of the
opioids prescribed. Second, the pattern of discharge opi-
oid use was very different between patients with frailty
(about half using almost all the opioid medications that
were prescribed to them on discharge from the hospital
and less than 20% used none), and patients without
frailty (about half used almost none of the medication
prescribed to them and 25 % used almost all). The find-
ings of this study could potentially be explained by
greater familiarity with opioid use in the population with
frailty (who are more commonly prescribed opioids be-
fore surgery), lower tolerance for postoperative pain or
reduced coping in patients with frailty (as suggested by
higher pain catastrophizing scores before surgery), or
more caregiver encouragement for use of pain medica-
tion in patients with frailty. Greater opioid usage in pa-
tients with frailty may put them at increased risk for side
effects of their prescription and subsequent functional
difficulties [46]. Conversely, patients without frailty use
less of their prescription, which leaves more opioids at
home and at possible risk for misuse or abuse by others
unless locked in a secure location. Patient characteristics
are important in creating evidence-based opioid-
prescribing recommendations [47]; it is possible that
frailty assessment is an overlooked factor that can be im-
plemented to improve and optimize opioid prescribing.

Patient use of opioids is often reflective of the amount
prescribed [20]. Opioid prescriptions should aim to
match the minimum amount of anticipated need rather
than routine prescribing patterns. Perhaps post dis-
charge opioid prescribing should be based on more fre-
quent assessments, in a manner similar to the shorter
intervals now used for pain monitoring during postoper-
ative hospital stays. Additionally, whereas acetamino-
phen is widely wused, the judicious addition of
preoperative and postoperative NSAIDs [10, 48] with
opioids could potentially further reduce the amount of
opioids prescribed.
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This study has several limitations: the study population
is a small cohort of elective surgical patients at a single
institution that is an academic, urban, safety net hospital.
Furthermore, opioid use postoperatively in the United
States may be higher than in other countries [49], which
limits the generalizability of the results. In addition, pa-
tients with and without frailty might have had different
types of surgeries, or intraoperative management that
could result in different requirements for postoperative
opioids. The fact that pain scores during the
hospitalization and at discharge did not differ between
both groups makes this less of a concern. We also note
that a sample size calculation was not performed. It is
possible that poly-modal medications provided in the
perioperative period may interact with other medications
that are metabolized by cytochrome p450 and may im-
pact analgesic drug effects. This study does not account
for these potential interactions. In addition, there was a
significant sex difference between the patients with and
without frailty (the percentage of females was signifi-
cantly higher in the frail group). This sex-related differ-
ence in the prevalence of frailty is expected [50]. Lastly,
we used patient reported use of opioids after discharge,
leading to potential reporting bias. A pill count was en-
couraged, but not verified, as follow up was limited to a
phone interview.

5. Conclusions

A simple, rapid frailty assessment may be useful in pre-
dicting patterns of opioid use after elective surgery in
older adults.

Abbreviations

CFS: Clinical Frailty Scale; EFS: Edmonton Frailty Scale; MME: Morphine
milligram equivalents; NRS: Numerical Rating Score; PCS: Pain Catastrophizing
Scale; VAS: Visual Analog Scale; VRS: Verbal Rating Scale

Authors’ contributions

EA participated in investigation, data curation, writing, and visualization. NB
participated in conceptualization, methodology, and writing. SZ participated
in formal analysis and writing. LJ participated in investigation and writing.
MR participated in conceptualization, methodology, data curation, and
writing. IB participated in conceptualization, methodology, data curation, and
writing. All authors have read and approved the manuscript.

Funding

This research was funded by The Medical Student Training in Aging
Research Program, the National Institute on Aging (T35AG026736), and the
Lillian R. Gleitsman Foundation. This funding had no role in the study.

Availability of data and materials

The datasets generated and analyzed for this study are not publicly available
due to privacy concerns. As a small study at a single institution, participant
identity may be discernable from demographic information in the data set.
The datasets are available from the corresponding author on reasonable
request.



Auckley et al. BMC Geriatrics (2021) 21:189

Declarations

Ethics approval and consent to participate

A prospective cohort study of older surgical patients was conducted over six
months during 2018 and 2019 in a single academic institution that serves as
both a Level 1 Trauma Center and a safety net hospital (Harborview Medical
Center, Seattle, Washington). This study was approved by the institutional
review board at the University of Washington (IRB# STUDY00002781). All
patients provided written, informed consent prior to participation.

Consent for publication
All patients provided written, informed consent that includes consent for
publication prior to participation.

Competing interests

Elizabeth Auckley and Lily Jeong received funding from The Medical Student
Training in Aging Research Program, the National Institute on Aging
(T35AG026736), and the Lillian R. Gleitsman Foundation. This funding had no
role in the study and these authors declare no conflict of interest. Nathalie
Bentov, Shira Zelber-Sagi, May Reed, and Itay Bentov declare that they have
no conflict of interest.

Author details

'Ohio State University College of Medicine, Columbus, Ohio, USA.
“Department of Family Medicine, University of Washington, Harborview
Medical Center, Seattle, WA, USA. *School of Public Health, University of
Haifa, 3498838 Haifa, Israel. 4University of Washington School of Medicine,
Seattle, WA, USA. *Division of Gerontology and Geriatric Medicine,
Department of Medicine, University of Washington, WA, Seattle, USA.
®Department of Anesthesiology and Pain Medicine, University of
Washington, Seattle, WA, USA.

Received: 25 September 2020 Accepted: 22 February 2021
Published online: 18 March 2021

References

1. Schuchat A, Houry D, Guy GP Jr.. New data on opioid use and prescribing
in the United States. JAMA. 2017;318(5):425-6.

2. Manchikanti L, Helm S 2nd, Fellows B, Janata JW, Pampati V, Grider JS, et al.
Opioid epidemic in the United States. Pain Physician. 2012;15(3 Suppl):ES9-
38.

3. Murthy VH. Ending the opioid epidemic — a call to action. N Engl J Med.
2016;375(25):2413-5.

4. Scholl L, Seth P, Kariisa M, Wilson N, Baldwin G. Drug and opioid-involved
overdose deaths - United States, 2013-2017. MMWR Morb Mortal Wkly Rep.
2018,67(5152):1419-27.

5. Department of Health & Human Services. (2016). Opioids in Medicare Part
D: Concerns about extreme use and questionable prescribing. Office of the
Inspector General. Retrieved from .

6.  Furlan AD, Sandoval JA, Mailis-Gagnon A, Tunks E. Opioids for chronic
noncancer pain: a meta-analysis of effectiveness and side effects. CMAJ.
2006;174(11):1589-94.

7. Chau DL, Walker V, Pai L, Cho LM. Opiates and elderly: use and side effects.
Clin Interv Aging. 2008;3(2):273-8.

8. Group AMD. Prescribing Opioids for Postoperative Pain - Supplemental
Guidance. Dr. Robert Bree Collaborative. Seattle: Washington Health
Alliance; 2018. p. 1-13.

9. Wilder-Smith OHG. Opioid use in the elderly. Eur J Pain. 2005,9(2):137-40.

10.  Richardson J, Bresland K. The management of postsurgical pain in the
elderly population. Drugs Aging. 1998;13(1):17-31.

11, Kim B, Nolan S, Beaulieu T, Shalansky S, Ti L. Inappropriate opioid
prescribing practices: A narrative review. Am J Health Syst Pharm. 2019;
76(16):1231-7.

12. Brat GA, Agniel D, Beam A, Yorkgitis B, Bicket M, Homer M, et al.
Postsurgical prescriptions for opioid naive patients and association with
overdose and misuse: retrospective cohort study. Bmj. 2018;360;5790.

13. Compton WM, Volkow ND. Major increases in opioid analgesic abuse in the
United States: Concerns and strategies. Drug Alcohol Depend. 2006;31(2):
103-7.

14.  Rodriguez-Manas L, Féart C, Mann G, Vina J, Chatterji S, Chodzko-Zajko W,
et al. Searching for an operational definition of frailty: A delphi method

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 9 of 10

based consensus statement. The frailty operative definition-consensus
conference project. J Gerontol Ser A: Biol Sci Med Sci. 2013;68(1):62-7.
Robertson DA, Savva GM, Kenny RA. Frailty and cognitive impairment-a
review of the evidence and causal mechanisms. Ageing Res Rev. 2013;12(4):
840-51.

Beggs T, Sepehri A, Szwajcer A, Tangri N, Arora RC. Frailty and perioperative
outcomes: a narrative review. Can J Anaesth. 2015;62(2):143-57.
Nessighaoui H, Lilamand M, Patel KV, Vellas B, Laroche ML, Dantoine T, et al.
Frailty and pain: Two related conditions. J Frailty Aging. 20154(3):144-8.
Aucoin SD, Hao M, Sohi R, Shaw J, Bentov |, Walker D, et al. Accuracy and
feasibility of clinically applied frailty instruments before surgery: A
systematic review and meta-analysis. Anesthesiology. 2020;133(1):78-95.
Prevention CfDCa. Calculation total daily dose of opioids for safer dosage.
US Department of Health and Human Services. Atlanta: Centers for Disease
Control and Prevention; 2019. p. 2.

Howard R, Fry B, Gunaseelan V, Lee J, Waljee J, Brummett C, et al.
Association of opioid prescribing with opioid consumption after surgery in
Michigan. JAMA Surg. 2019;154(1):e184234.

Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing Scale:
Development and Validation. In: Pivik J, editor. Psychological Assessment:
American Psychological Association, Inc,; 1995. p. 524-32.

Leung L. Pain catastrophizing: an updated review. Indian J Psychol Med.
2012;34(3):204-17.

Osman A, Barrios FX, Kopper BA, Hauptmann W, Jones J, O'Neill E. Factor
structure, reliability, and validity of the pain catastrophizing scale. J Behav
Med. 1997;20(6):589-605.

Ruscheweyh R, Nees F, Marziniak M, Evers S, Flor H, Knecht S. Pain
catastrophizing and pain-related emotions: influence of age and type of
pain. Clin J Pain. 2011;27(7):578-86.

Hjermstad MJ, Fayers PM, Haugen DF, Caraceni A, Hanks GW, Loge JH, et al.
Studies comparing numerical rating scales, verbal rating scales, and visual
analogue scales for assessment of pain intensity in adults: a systematic
literature review. J Pain Symptom Manage. 2011;41(6):1073-93.

Jensen MP, Karoly P. Self-report scales and procedures for assessing pain in
adults. In: Turk DC, Melzack R, editors. Handbook of pain assessment. New
York: Guilford Press; 2011. pp. 19-44.

Price DD, Bush FM, Long S, Harkins SW. A comparison of pain measurement
characteristics of mechanical visual analogue and simple numerical rating
scales. Pain. 1994;56(2):217-26.

Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual
analogue scales as ratio scale measures for chronic and experimental pain.
Pain. 1983;17(1):45-56.

Wallis SJ, Wall J, Biram RW, Romero-Ortuno R. Association of the clinical
frailty scale with hospital outcomes. QJM. 2015;108(12):943-9.

Juma S, Taabazuing MM, Montero-Odasso M. Clinical frailty scale in an acute medicine
unit: a simple tool that predicts length of stay. Can Geriatr J. 2016,19(2)34-9.

Basic D, Shanley C. Frailty in an older inpatient population: using the
clinical frailty scale to predict patient outcomes. J Aging Health. 2015;
27(4):670-85.

Mclsaac DI, Taljaard M, Bryson GL, Beaule PE, Gagne S, Hamilton G, et al.
Frailty as a Predictor of Death or New Disability After Surgery: A Prospective
Cohort Study. Ann Surg. 2020;,271(2):283-9.

Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and
reliability of the Edmonton frail scale. Age Ageing. 2006;35(5):526-9.

Bentov |, Kaplan SJ, Pham TN, Reed MJ. Frailty assessment: from clinical to
radiological tools. Br J Anaesth. 2019;123(1):37-50.

Apfelbaum JL, Chen C, Mehta SS, Gan TJ. Postoperative pain experience:
results from a national survey suggest postoperative pain continues to be
undermanaged. Anesth Analg. 2003;97(2):534-40. table of contents.

Grosu |, de Kock M. New concepts in acute pain management: strategies to
prevent chronic postsurgical pain, opioid-induced hyperalgesia, and
outcome measures. Anesthesiol Clin. 2011,29(2):311-27.

Morrison S, Magaziner J, McLaughlin MA, Orosz G, Silberzweig SB, Koval KJ,
et al. The impact of post-operative pain on outcomes following hip fracture.
Pain. 2003;103:303-11.

Chow WB, Rosenthal RA, Merkow RP, Ko CY, Esnaola NF, American College
of Surgeons National Surgical Quality Improvement P, et al. Optimal
preoperative assessment of the geriatric surgical patient: a best practices
guideline from the American College of Surgeons National Surgical Quality
Improvement Program and the American Geriatrics Society. J Am Coll Surg.
2012;215(4):453-66.



Auckley et al. BMC Geriatrics

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

(2021) 21:189

Mosquera C, Bermudez JM, Evans JL, Spaniolas K, MacGillivary DC, Fitzgerald
TL. Frailty predicts failure to rescue after thoracoabdominal operation. J Am
Coll Surg. 2018;226(6):978-86.

Oresanya LB, Lyons WL, Finlayson E. Preoperative assessment of the older
patient: a narrative review. JAMA. 2014;311(20):2110-20.

Blyth FM, Rochat S, Cumming RG, Creasey H, Handelsman DJ, Le Couteur
DG, et al. Pain, frailty and comorbidity on older men: the CHAMP study.
Pain. 2008;140(1):224-30.

Coelho T, Paul C, Gobbens RJJ, Fernandes L. Multidimensional frailty and
pain in community dwelling elderly. Pain Med. 2017;18(4):693-701.

Ardoino |, Franchi C, Nobili A, Mannucci PM, Corli O. Pain and frailty in
Hospitalized older adults. Pain Ther. 2020,9(2):727-40.

Saraiva MD, Suzuki GS, Lin SM, de Andrade DC, Jacob-Filho W, Suemoto CK.
Persistent pain is a risk factor for frailty: a systematic review and meta-
analysis from prospective longitudinal studies. Age Ageing. 2018;47(6):785-
93.

Sharifzadeh Y, Kao MC, Sturgeon JA, Rico TJ, Mackey S, Darnall BD. Pain
catastrophizing moderates relationships between pain intensity and opioid
prescription: nonlinear sex differences revealed using a learning health
system. Anesthesiology. 2017;127(1):136-46.

Franklin GM, Stover BD, Turner JA, Fulton-Kehoe D, Wickizer TM. Early opioid
prescription and subsequent disability among workers with back injuries:
the disability risk identification study cohort. Spine. 2008;33(2):199-204.
Howard R, Vu J, Lee J, Brummett C, Englesbe M, Waljee J. A Pathway for
developing postoperative opioid prescribing best practices. Ann Surg. 2019;
271(1):86-93.

McCartney CJ, Nelligan K. Postoperative pain management after total knee
arthroplasty in elderly patients: treatment options. Drugs Aging. 2014;31(2):
83-91.

Ladha KS, Neuman MD, Broms G, Bethell J, Bateman BT, Wijeysundera DN,
et al. Opioid Prescribing After Surgery in the United States, Canada, and
Sweden. JAMA Network Open. 2019;2(9):21910734-e.

Gordon EH, Peel NM, Samanta M, Theou O, Howlett SE, Hubbard RE. Sex
differences in frailty: A systematic review and meta-analysis. Exp Gerontol.
2017;89:30-40.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	1. Background
	2. Methods
	2.1 Study design and Population
	2.2 Assessment of opioid consumption
	2.3 Assessment of pain
	2.4 Preoperative evaluation of Frailty
	2.5 Statistical analysis

	3. Results
	3.1 Opioid dose requirements and Frailty
	3.2 Patterns of opioid use after Discharge and Frailty
	3.3 Pain and frailty

	4. Discussion
	5. Conclusions
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

