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Objective: To combat alarming postoperative opioid prescribing in the United States
(U.S.), many surgical specialties implement pathways to limit routine use of opioids with
the goal of zero opioid prescribing. We sought to examine outcomes after implementing
non-opioid post ureteroscopy (URS) pathways at two academic centers in the U.S.

Materials and Methods: We examined patients who underwent URS utilizing a non-
opioid postoperative pathway from November 1, 2016 — March 31, 2020. Primary
outcomes included adverse events (Emergency Department (ED) presentation, and
office phone calls for postoperative genitourinary symptoms).

Results: In total, 699 patients underwent URS with stent placement. Of these, 652
(89.4%) were discharged without opioids and 74 (10.6%) received opioids. Of those
discharged without opioids, 484 (77.4%) received non-steroidal anti-inflammatory
medications. Compared to patients discharged without opioids, patients prescribed
opioids were more likely to present to the ED (67 (10.7%) vs 14 (19.9%), p=0.037) and
call the clinic (102 (16.3%) vs 22 (29.7%), p=0.004). In a multivariate analysis, patients
prescribed opioids post URS (OR 1.9, 95% Cl 1.1 - 3.5, p=0.024) and patients who had
an opioid prescription preop (OR 2.2, 95% Cl 1.1 — 4.5, p=0.032) were associated with
higher odds of calling the clinic. Older patients (OR 0.98, 95% CI 0.97 — 0.99, p=0.006)
were less likely to call.

Conclusions: The study highlights almost 90% of patients can be discharged safely
without opioids following URS. In our cohort, patients prescribed opioids experienced
higher postoperative healthcare interactions. We hope our results encourage
consideration of non-opioid pathways.

Keywords: pain, opioid, ureteroscopy, stent, care pathway

INTRODUCTION

The United States (US) is one of many countries struggling to control the opioid misuse epidemic
sweeping the globe. Drug overdose deaths has increased in 2019 with 80% of these deaths involving
>1 opioid (1). Despite these statistics and a growing awareness of the risks of prescribing opioids in
the medical field, physicians in the US continue to prescribe large amounts of opioids, particularly
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postoperatively (2, 3). Concerted efforts by numerous surgical
specialties are being made to mitigate the reflexive post-operative
opioid prescribing by implementing opioid-free post-surgical
care pathways. The American Urological Association (AUA)
have issued a position statement and white paper on opioid use
intended to guide urologists on pain management and opioid
prescribing to reduce annual opioid prescribing. The AUA
specifically encourages patient education, the use of non-opioid
pain control adjuncts, and prescribing the fewest number and
lowest potency of opioids when required (4, 5).

In the last two decades, thanks in part to technology
advancements, there has been a global trend for increased
ureteroscopy (URS) for the treatment of urolithiasis (6). Post
URS a ureteric stent is often placed, particularly in the US.
Although stents are useful for many situations, they can be
associated with variable postoperative discomfort and
widespread utilization of stents post-URS can significantly
impair an overall large number of patient’s quality of life
(QOL), particularly those with recurrent stone episodes.
Unfortunately, very few modern advancements have succeeded
in mitigating this patient reported discomfort despite a wide
range of stent designs, surgical/stent placement techniques, or
postoperative medications (7). Translational research has
demonstrated that nonsteroidal anti-inflammatory drugs
(NSAIDs) may relieve renal colic by inhibiting ureteric smooth
muscle (8). This information has been supported clinically with
NSAIDs in eligible patients often provided adequate pain
management. Similarly, NSAIDs have been used for
management of stent discomfort and many urologists
implement post-operative NSAID prescribing into their
practice along with various adjunct medications
(anticholinergic, alpha blockers). However, despite the growing
awareness about the opioid epidemic, many urologists still
routinely reflexively prescribe opioids post-URS especially in
the US and Canada compared to the rest of the world (2).
Unfortunately, many individuals first exposure to opioids in the
postoperative setting leads to long term negative health effects,
including 6% persistent opioid use (9, 10).

To decrease physician over-prescribing, surgeons from both
institutions began implementing post URS opioid-free pathways
in 2016 (KS) and 2018 (AK). These pathways were focused on
using a combination of pre- and postop counselling along with
NSAIDs and adjunct non-opioid medications for stent tolerance.
In previously published feasibility studies, these initial efforts
demonstrated most patients can be discharged without opioids
and avoid additional postoperative events or outpatient resource
utilization (Emergency Department (ED) visits, patient phone
calls) (11, 12). However, these studies were limited by small
sample sizes, and it was unclear whether the opioid-free
pathways would be maintained long term after their initial
feasibility implementation or whether care teams would relapse
to increased opioid prescribing. Therefore, we sought to perform
a multicentered study that examined long term outcomes of
established opioid-free post-URS pathways and determine their
effectiveness. We hypothesize that our established opioid-free
pathways will continue to manage patient expectations and

postoperative pain without increasing unplanned office calls
and ED visits while minimizing narcotic prescribing.
Secondarily, we hope to encourage other urologists to
implement post URS opioid-free pathways.

MATERIALS AND METHODS

After obtaining institutional review board approvals, we
retrospectively reviewed all adult (=18 years old) patients
undergoing URS with ureteric stent placement performed by
two fellowship trained surgeons (KS, AK) at two academic
medical centers in the United States from the start of
instituting an opioid-free pathway (Nov 1, 2016 - KS & Feb 1,
2018 - AK) until March 1, 2020. A concerted effort was made
during this period to determine the likelihood of a safe discharge
post-URS without opioids for all patients. Details of the opioid-
free pathways can be found in our institutions initial feasibility
publications (11, 12). Briefly, a similar algorithm was used by
both institutions to include patients in the opioid-free pathway
(Figure 1). The post-URS opioid-free pathway included pre- and
postop counselling which included patient handouts of common
ureteric stent related symptoms. Additionally, the handouts
provided education on the intent and rationale for NSAIDs
use, intraoperative Ketorolac administration by anesthesia in
patients without Chronic Kidney Disease (CKD) stage =2 or
NSAIDs allergy, and postoperative prescription of NSAIDs
and/or adjunct medications such as acetaminophen,
phenazopyridine, and alpha blockers (Figure 1). In select
patients whom providers felt may require opioids for pain
control they were prescribed a limited (<10) quantity of either
hydromorphone, oxycodone or tramadol. Opioid dependence
was defined as a patient who filed 2120-day supply of opioids or
>3 opioid prescriptions in the year period preoperatively.

Predictor Variables

Bilateral URS procedures were included as a single patient
encounter. We excluded patients who did not have ureteric
stents placed post-URS or underwent any other combined
procedures with URS (ex. Transurethral resection of bladder
tumor, cystolitholopaxy). We collected patient’s demographics
(Age, Body Mass Index (BMI), medical comorbidities (identified
through Electronic Medical Record (EMR) International
Classification of Diseases (ICD) diagnosis codes), urinary tract
stone history), procedure characteristics (Operative time, ureter
stent characteristics, utilization of laser) and prescribed
postoperative medications (Opioid and non-opioid adjuncts).

Outcome Variables

Our primary outcomes were adverse event rates with the post-
URS ureteric stent in place between the opioid-free and opioid
prescribed cohorts. Adverse events for health care utilization
were defined as post-operative visits to the ED or unplanned
telephone calls to the clinic for genitourinary-related symptoms.
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Intraoperatlve

Enhanced Recovery Stent Pathway

Postoperative

Counseling
* Reason for stent
* Tx timeline — stent removal
* What to expect — stent symptoms
* Use of NSAIDs
« Worrisome signs / when to call

Anesthesia
* Non-opioid plan discussed
* Ketorolac 15-30mg IV
* Min. narcotics if possible

DC Instructions
* Discharge Instructions template
* PACU nursing instructions
* Reiterate stent symptoms

Secondary outcomes were patient and operative factors
associated with post-operative ED visits and telephone calls as
well as factors associated with providers prescribing opioids
post-URS.

Statistical Analysis

Statistical analysis was preformed using STATA v14 (College
Station, TX, USA) (13). Patient demographics, procedure
characteristics and adverse events by prescription cohort were
compared using Chi-square test for categorical variables,
Student’s t-test for continuous variables, and Wilcoxon rank-
sum test for non-parametric continuous variables. Multivariate
logistic regression analyses were used for binomial outcomes.
Confounding factors were chosen a priori for each analysis and
included in the multivariate model. All tests were two sided and a
p-value <0.05 was considered statistically significant.

RESULTS

Patient Characteristics
In total, 699 patients underwent URS with ureteric stent
placement during the study period and were included in our
analysis. Of these patients, 652 (89.4%) were discharged without
opioids and 74 (10.6) received opioids postoperatively. Of those
discharged without opioids, 484 (77.4%) received NSAIDs. Most
patients were prescribed adjunct medications (acetaminophen,
phenazopyridine, and/or alpha blockers) upon discharge
(Table 1). This was not different between the two groups.
Patients in the opioid and opioid-free cohorts were similar
across most patient demographics and procedure characteristics
as outlined in Table 1. Overall average age was 54.9 years with
BMI 31.4. The five most common comorbidities within the
opioid-free, opioid prescribed and total cohorts were:

Discharge Prescriptions
* Diclofenac 50mg BID PRN x 4 days
* Flomax 0.4mg QD
* Pyridium 200mg TID PRN x 3 days
* Tylenol 1000mg q6h PRN

If ineligible or selected out
* Judicious PO opioid (oxycodone)
* Flomax 0.4mg QD
* Pyridium 200mg TID PRN x 3 days
« Tylenol 1000mg q6h PRN

FIGURE 1 | Post-URS with stent placement opioid-free enhanced recovery pathway.

psychiatric/mental health diagnosis (33.2%), hypertension
(26.5%), chronic kidney disease grade >2 (18.7%) and diabetes
(17.2%). Over half (53.4%) of patients were recurrent kidney
stone formers with a third (34.1%) having undergone
prior ureteroscopy.

The two cohorts differed with respect to patients who were
prescribed opioids were younger, had higher body mass indexes,
were less likely to have a diagnosis of hypertension, more likely to
have a psychiatric diagnosis, less likely to be pre-stented before
their procedures and less likely to receive NSAIDs
postoperatively (Table 1).

Baseline Opioid Use

Overall, 7.3% of patients had a diagnosis of chronic pain with
2.7% of patients having opioid dependance prior to surgery and
no difference detected between these rates in our two cohorts
(opioid-free vs. opioid prescribed) (all p>0.05). There were 68/
699 (9.8%) of patients who were actively on an opioid for pain
management leading up to their planned surgical stone
intervention with no difference detected between
cohorts (p=0.735).

Stone Surgery

Average operative time was 64.8 minutes (Table 1) with no
difference detected between the opioid-free and opioid
prescribed cohorts (p=0.297). Bilateral URS was performed in
16.9% of our patients with stone distribution as follows: 49.9%
renal, 30.3% ureteric, 19.7% both. There was a significant
difference in the proportion that were pre-stented (18.9%
opioid prescribed vs. 33.3% opioid-free, p=0.012) but no
difference detected in rate of laser use intraoperatively or stent
length to patient height ratio (all p>0.05). Average post-operative
stent duration was 8 days (8 days opioid-free vs. 7 days opioid
prescribed, p=0.011).
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TABLE 1 | Patient and Procedure Demographics by Opioid Prescribing Pathway.

Demographic

Patients, n (%)
Gender, female, n (%)
Age, mean (SD), years
BMI, mean (SD)
Comorbidities, n (%)

CKD IlI+, yes

Diabetes, yes

Hypertension, yes

CAD, yes

Backpain, yes

Hypothyroid, yes

BPH, yes

Solitary Kidney, yes

Fibromyalgia, yes
Prior stones, yes, n (%)
History of URS, yes, n (%)
Chronic Pain, yes, n (%)
Opioid Dependance, yes, n (%)
Current Opioid Rx, yes, n (%)
Psychiatric Diagnosis, yes (n%)
Stent length to patient height ratio, median (IQR)

Ketorolac use, yes (n%)
Operative time, mean (SD), minutes
Unilateral vs bilateral, n (%)
Bilateral
Renal vs ureteral stone, n (%)
Renal
Ureteral
Both
Pre-stented, yes, n (%)
Laser used, yes, n (%)
Stent duration, median (IQR), days
Postop NSAIDs Rx, yes, n (%)
Postop Tamsulosin Rx, yes, n (%)
Postop Phenazopyridine Rx, yes, n (%)

Opioid-Free Pathway

652 (89.4) 74 (10.6)
313 (50.1) 42 (56.8)
55.8 (16.7) 47.6 (15.4)
31.1 (9.9) 33.8 (15.9)
123 (19.7) 8(10.8)
112 (17.9) 8(10.8)
173 (27.7) 12 (16.2)
39 (6.2) 5(6.8)
58 (9.3) 5(6.8)
42 (6.7) 3(4.1)
26 (4.2) 2(2.7)
8(1.3) 2(2.7)
9(1.4) 2(2.7)
339 (54.2) 34 (46)
214 (34.2) 24 (32.4)
42 (6.7) 9(12.2)
15 (2.4) 4(5.1)
60 (9.7) 8 (11)
200 (32) 32 (43.2)
0.15 0.15
(0.14-0.15) (0.14-0.15)
291 (46.6) 33 (44.6)
65.3 (34.9) 60.8 (33.3)
105 (16.8) 13 (17.6)
306 (45) 43 (58.1)
193 (30.9) 19 (25.7)
126 (20.2) 12 (16.2)
208 (33.3) 14 (18.9)
436 (69.8) 49 (66.2)
8 (5-15) 7 (5-12)
484 (77.4) 42 (56.8)
445 (71.2) 58 (78.4)
453 (72.5) 49 (66.2)

Opioid Pathway

Total p-value
699 (100) N/A
355 (50.8) 0.277
54.9 (16.7) <0.001
31.4 (10.7) 0.040
131 (18.7) 0.064
120 (17.2) 0.125
185 (26.5) 0.035

44 (6.3) 0.863

63 (9) 0.474

45 (6.4) 0.377

28 (4) 0.546

10 (1.4) 0.330

11(1.6) 0.409
373 (53.4) 0.176
238 (34.1) 0.756

51 (7.3) 0.090
10 (2.7) 0.134
68 (9.8) 0.735
232 (33.2) 0.052

0.15
(0.14-0.15)

324 (46.4) 0.749
64.8 (34.8) 0.297
118 (16.9) 0.868
0.329

349 (49.9) 0.085
212 (30.9) 0.504
138 (19.7) 0.540
222 (31.8) 0.012
485 (69.4) 0.532
8 (6-14) 0.011
526 (75.3) <0.001
503 (72) 0.194
502 (71.8) 0.257

Bolded, statistically significant.

TABLE 2 | Multivariate logistic regression analysis for factors associated with being provided an opioid prescription post-URS by providers at our institutions.

Characteristic OR for opioid prescription* (95% CIl) p-value
Male 0.8(0.5-1.3 0.397
Age 0.97 (0.95 - 0.99) 0.001
BMI 1.02 (0.9 - 1.03) 0.102
Prior episodes of stones 0.8(0.4-1.3) 0.329
History of URS 1.1(0.6-1.9 0.825
Chronic Pain 2.1(0.9-5.2) 0.102
Opioid Dependance 1.7 (0.4 -8.7) 0.495
Current Opioid Prescription 0.8(0.3-2.9) 0.642
Psychiatric Diagnosis 1.4(0.8-24) 0.244
Unilateral vs. bilateral stones

Unilateral Referent

Bilateral 0.9(05-1.9 0.990
Renal vs ureteral stone, n (%)

Both Referent

Ureteral 09(04-2 0.776

Renal 1.1(0.5-24) 0.738
Pre-stented 0.5(0.3-0.9 0.042
Laser used 1.01 (0.6 -1.8) 0.966

*Adjusted for all the variables in the table.
Bolded, statistically significant.
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Factors Associated With Opioid
Prescribing

In multivariate analysis, older age (OR 0.97, 95% CI 0.95 - 0.99,
p=0.001), and being pre-stented (OR 0.5, 95% CI 0.3 - 0.9,
p=0.042) were both associated with decreased odds of opioids
prescribed post-URS by urologists at our institutions (Table 2).
Characteristics included in this multivariate analysis included:
gender, age, BMI, history of stones, URS, chronic pain, opioid
dependence, current opioid use, psychiatric diagnosis, unilateral
vs. bilateral, stone location, presence of pre-operative stent and
use of the laser.

Post-URS Healthcare Interactions

Compared to patients discharged without opioids, patients who
were prescribed opioids were more likely to present to the ED [67
(10.7%) vs 14 (19.9%), p=0.037] and call the clinic
postoperatively for genitourinary symptoms [102 (16.3%) vs 22
(29.7%), p=0.004] (Figure 2). In multivariate analysis, no factors
were associated with higher odds of ED visits (Table 3).
Characteristics included in this multivariate analysis for ED
presentations and clinic calls included: gender, age, BMI,
history of stones, URS, chronic pain, opioid dependence,
current opioid use, psychiatric diagnosis, unilateral vs. bilateral,
stone location, presence of pre-operative stent, use of the laser
and intraoperative NSAID use. However, patients prescribed
opioids post-URS (OR 1.9, 95% CI 1.1 - 3.5, p=0.024) and
patients who had an opioid prescription preop (OR 2.2, 95% CI
1.1 - 4.5, p=0.032) were associated with higher odds of calling the
clinic for genitourinary symptoms. Older patients (OR 0.98, 95%
CI 0.97 - 0.99, p=0.006) were less likely to call the clinic for
genitourinary symptoms (Table 4).

DISCUSSION

After establishing opioid-free post-URS pathways at two US
academic centers we were able to maintain and achieve close
to 90% opioid-free prescribing practices for patients leaving
hospital postoperatively with a ureteric stent indwelling. A
combination of urologic team and patient education on the
postoperative expectations after ureteroscopy and stent
placement along with preferential utilization of NSAIDs in
eligible patients allowed for this transition. We demonstrated
the long-term durability (>2years) of these opioid-free pathways
without reverting to reflexive opioid prescribing. After
establishing the opioid-free pathways at these two centers in
2016 and 2017, the first 6-month period at each institution saw a
73% and 50% opioid-free prescribing rate after ureteroscopy,
respectively (11, 12). After >2years of establishing the pathways,
the opioid-free prescribing rate has improved further achieving
85-90% over the most recent 6-month period.

Our primary outcome was to examine health care utilization
(ED visits and unplanned office phone calls) postoperatively
between our two patient cohorts. We found that patients who
were prescribed opioids at the time of discharge from their
surgery were significantly more likely to both present to the
ED and to initiate unplanned phone calls to the urology office for
genitourinary symptoms concerns. This highlights a unique
cohort of patients who we can work to further educate and
improve post-operative stent colic education in before leaving
the hospital. One study examined that reflex opioid prescribing
often provides medications that patients are not even utilizing
(67% of postsurgical opioids remained unused in a urologic
population) (14).

100
1

Percent of Total
60 80
1 1

40
1

20
i

Nonopioid

Percent of ED Visits by Opioid Group

Opioid

I No ED Visits

I ED Visits

FIGURE 2 | Proportion of patients in opioid-free prescribing pathway and opioid prescribing pathway that presented to ED following URS (p=0.037).
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TABLE 3 | Multivariate logistic regression analysis for factors associated with ED visits for genitourinary symptoms post-URS.

Characteristic

Prescribed opioid
Male
Age
BMI
Prior episodes of stones
History of URS
Chronic Pain
Opioid Dependance
Current Opioid Prescription
Psychiatric Diagnosis
Unilateral vs. bilateral stones
Unilateral
Bilateral
Renal vs ureteral stone, n (%)
Both
Ureteral
Renal
Pre-stented
Laser used
Ketorolac given intraop

*Adjusted for all the variables in the table.

A recent study by our group examined the true rate of opioid
free prescribing and detected 14-16% of patients failed opioid-
free URS by seeking opioid prescriptions from other providers
(PCP, ED, other urologists) (15). In some of these situations,
patients’ pain may warrant further analgesic, however further
education for other providers on preferred pain adjuncts to
tolerate ureteric stents may help us further reduce this rate and
represents an area for future research. Even accounting for this
possible cohort of patients who seek opioid prescriptions from
other providers along with those that were prescribed opioids by

OR for ED visit* (95% CI) p-value
1.7(0.8-3.3) 0.143
0.8(05-1.4) 0.502
0.99 (0.97 - 1) 0.146
0.98 (0.95-1) 0.203
0.98 (0.6 -1.6) 0.951
0.96 (0.6 - 1.6) 0.896
1.2(0.5-3.1) 0.726
2.4(05-11.8) 0.273
0.7 (0.2-2.1) 0.506
1.4(0.8-2.2) 0.236

Referent
1.5(0.8-2.38) 0.155

Referent
1.2(0.6-2.7) 0.608
1.5(0.7-93) 0.274
0.7 (0.4-1.3 0.307
0.8(05-1.4) 0.441
0.9(0.6-1.5) 0.695

our teams at discharge, over 75% of patients can undergo URS
with stent placement without utilizing opioids.

One important difference that we detected between the
patients in the opioid-free pathway was higher rates of
utilization of NSAIDs on discharge prescriptions compared to
those who received opioids, despite equal rates of chronic kidney
disease and no difference in contraindications to NSAID use
among the groups. This represents an area for ongoing
improvement in education for our care teams. In many
situations, patients who utilized opioids preoperative for either

TABLE 4 | Multivariate logistic regression analysis for factors associated with telephone calls to clinic for genitourinary symptoms post-URS.

Characteristic OR for telephone calls*(95% CI) p-value
Prescribed opioid 1.9(1.1-8.5) 0.024
Male 0.9 (0.6 -1.4) 0.670
Age 0.98 (0.97 — 0.99) 0.006
BMI 1(0.98-1) 0.979
Prior episodes of stones 0.9 (0.6-1.4) 0.622
History of URS 0.7(05-1.2 0.193
Chronic Pain 1(0.4-23) 0.987
Opioid Dependance 1.2(0.3-4) 0.804
Current Opioid Prescription 2.2 (1.1-4.5) 0.032
Psychiatric Diagnosis 1(0.6-1.6) 0.973
Unilateral vs. bilateral stones
Unilateral Referent

Bilateral 1.1(0.6-1.9) 0.765
Renal vs ureteral stone, n (%)

Both Referent

Ureteral 1(0.6-1.8) 0.962
Renal 0.8(0.5-1.5) 0.533
Pre-stented 0.9 (0.6-1.6) 0.952
Laser used 1.3(0.8-2.1) 0.213
Ketorolac given intraop 1201 -1.4) 0.175

*Adjusted for all the variables in the table.
Bolded, statistically significant.
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urinary calculi pain management or concurrent medical
conditions there can be a patient and provider perception
that using a “perceived” weaker NSAID isn’t worth prescribing.
However as mentioned above, NSAIDs may provide unique
benefits for ureteric/stent colic symptoms and should be
considered in eligible patients even those with opioid
dependence to provide adjunct management. Many of
these adjuncts have shown to be beneficial for stent colic
symptoms in some patients, including alpha blockers, or
methylprednisolone tapers and should be offered to patients
with ongoing stent symptoms (16).

Other studies have found correlation between opioid misuse
and younger age, mental health illnesses, prior stone surgeries
and preoperative opioid use, however the vast majority of
patients in these studies were receiving postop opioids in
contrast to our predominately opioid-free post-URS cohort
(17). Our study did not identify that prior episodes of stones,
stone surgeries, preop opioid dependence, chronic pain or
current opioid use was associated with rate of prescribing
opioids post-URS. Also, similar to the literature, older patients
were less likely to be prescribed opioids.

One limitation of our study is the retrospective nature of the
study design and inability to control for all patient and
operative characteristics between the opioid prescribed and
opioid-free pathway patients. We did not confirm if patients
had a pre-operative opioid prescribed by their PCP or received
post-op opioids from an alternative prescriber. Additionally, we
did not confirm that prescribed and filled prescription
medications were physically taken by patients. Moving
forward it would be useful to create a patient reported survey
for the 10% of patients who were prescribed opioids
postoperatively to further understand the amount of their
prescription that they took, if any. This would also help
provide our centers with a better ability to target the AUA
recommended minimal number of opioid tablets to manage
patients who need them at the time of discharge. We did not
control for postop complication and resultant hospital
admissions post-URS which may affect analgesic use,
although the vast majority were performed as uncomplicated
day surgeries. We did not find significant factors associated with
postoperative ED presentations on multivariate analysis which
may be secondary to our low (n=81) postop ED presentation
rate. This represents an area for future study with a prospective
design. One difference we found within the opioid prescribed
patient cohort was a lower rate of preoperative stent placement
(18.9% vs. 33.3%). Although we controlled for this difference
within our analysis, preop stenting may theoretically reduce
ureter trauma although there is no evidence to support
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