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Purpose: The STudy to Enhance uNderstanding of sTent-associated Symptoms (STENTS) 

sought to identify risk factors for pain and urinary symptoms, as well as how these symptoms 

interfere with daily activities after ureteroscopy for stone treatment.

Materials and Methods: This prospective observational cohort study enrolled patients aged 

≥12 years undergoing ureteroscopy with ureteral stent for stone treatment at 4 clinical centers. 

Participants reported symptoms at baseline; on postoperative days (POD) 1, 3, 5; at stent removal; 

and day 30 post-stent removal. Outcomes of pain intensity, pain interference, urinary symptoms, 

and bother were captured with multiple instruments. Multivariable analyses using mixed-effects 

linear regression models were identified characteristics associated with increased stent-associated 

symptoms (SAS).

Results: A total of 424 participants were enrolled. Mean age was 49 years (SD 17); 47% 

were female. Participants experienced a marked increase in SAS on POD 1. While pain intensity 

decreased ~50% from POD 1 to POD 5, interference due to pain remained persistently elevated. 

In multivariable analysis, older age was associated with lower pain intensity(p=0.004). Having 

chronic pain conditions(p<0.001), prior severe stent pain(p=0.021), and depressive symptoms at 

baseline(p<0.001) were each associated with higher pain intensity. Neither sex, stone location, 

ureteral access sheath use, nor stent characteristics were drivers of SAS.

Conclusions: In this multicenter cohort, interference persisted even as pain intensity decreased. 

Patient factors (e.g., age, depression) rather than surgical factors were associated with symptom 

intensity. These findings provide a foundation for patient-centered care and highlight potential 

targets for efforts to mitigate the burden of SAS.
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Ureteral stents are an integral element of the treatment of renal and ureteral stones. Stents 

are placed to ensure ureteral patency and may facilitate ureteral healing in the event of 

injury,1 but they are typically associated with bothersome pain and urinary symptoms.2 

The symptom burden and severity following ureteroscopy (URS) and stent placement is 

highly variable.3 Although some patients tolerate ureteral stents without complaint, others 

experience severe symptoms that interfere with many aspects of daily living. Understanding 

the etiology and mechanism of stent-associated symptoms (SAS) is challenging as there 

are several potential modifiable and nonmodifiable risk factors that may increase one’s 

chance for an adverse experience. These include patient demographics, baseline and history 

of pain and urinary symptoms, psychosocial factors, stone-related factors and prior stone 

experiences, operative factors including ureteral instrumentation, stent characteristics, and 

medications.

The inability to identify patients at highest risk for developing increased SAS, and what 

aspects of the procedure contribute to these symptoms, was the impetus for the STudy 

to Enhance uNderstanding of sTent-associated Symptoms (STENTS).4 Given the need 

to gain further understanding of multiple factors that are potentially related to SAS, the 

Urinary Stone Disease Research Network (USDRN) conducted a prospective, observational 

cohort study of individuals undergoing URS and stenting for treatment of urolithiasis. The 
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overall aim of STENTS is to improve understanding of SAS after URS to inform future 

interventional studies. In this study, our specific objectives were to examine the time course 

of these symptoms, and identify risk factors for increased pain, pain interference, urinary 

symptoms, and bother.

MATERIALS AND METHODS

Study Design

STENTS is a multicenter prospective observational cohort study of individuals undergoing 

URS and ureteral stent placement for treatment of a ureteral or renal stone. A description of 

the STENTS protocol has been published.4

Study Population

Patients aged 12 years and older with a planned unilateral URS for stone treatment were 

recruited from four clinical centers. All participants were prospectively enrolled after 

institutional review board approval and informed consent. Participants aged 17 years or 

younger provided their informed assent, and their parents provided parental permission. 

Exclusion criteria were an indwelling ureteral stent within the preceding 60 days, 

concomitant shockwave lithotripsy or percutaneous nephrolithotomy, conditions resulting 

in neurogenic bladder dysfunction, anatomic urological abnormality resulting in abnormal 

bladder sensation, and renal transplantation. Vulnerable populations (e.g., prisoners or 

individuals with cognitive impairment that would impact their ability to participate in the 

protocol) were also excluded.

Study Procedures

Participants completed baseline questionnaires prior to surgery that recorded individual 

characteristics, medical and stone history, existing chronic pain conditions (Supplemental 

Table 1), and medication use. A thorough psychosocial assessment was completed prior 

to surgery with the following self-reported instruments: 1) Patient-Reported Outcome 

Measurement Information System (PROMIS) Depression 8a, 2) PROMIS Anxiety 8a, 3) 

Perceived Stress Scale, 4) Pain Catastrophizing Scale, and 5) Somatic Symptom Scale-8 

(Supplemental Table 2). Participants with a prior history of a ureteral stent reported whether 

they had severe pain or severe urinary symptoms with their previous stent.

Outcomes: Patient Experiences

All participants completed the following questionnaires that assessed pain, urinary 

symptoms, and the manner and degree to which these symptoms impacted their lives 

(pain interference and urinary bother): 1) Brief Pain Inventory (BPI) short form,5 which 

assessed pain severity and pain interference; 2) PROMIS6 measures of pain intensity 

and pain interference, which allowed for comparing scores to population norms; 3) the 

Urinary Score of the Ureteral Stent Symptom Questionnaire (USSQ-U),7 which assessed 

urinary symptoms; and 4) Symptoms of Lower Urinary Tract Dysfunction Research 

Network Symptom Index-10 (LURN SI-10),8 which assessed urinary symptoms and bother 

(Supplemental Table 2). These patient-reported symptom scores served as the outcome 

measures for this study.
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Data Collection

Participants completed the above outcome instruments before surgery (baseline), on 

postoperative days (POD) 1, 3, and 5, on the day of stent removal, and 30 days after 

stent removal. Questionnaires were self-administered and completed via electronic format, 

or paper copies if preferred. Trained research coordinators recorded intraoperative data at 

the time of URS, including stone features, details of ureteral instrumentation, irrigation 

type, and stent characteristics, which were verified and confirmed by the treating urologist. 

Postoperative prescriptions were recorded, and participants completed a medication diary 

during the stent dwell time.

Statistical Analysis

For this prospective observational study, a series of power calculations for the main 

hypotheses were performed using two-sided t-tests, logistic regressions, correlations, and 

chi-square tests (with continuity correction); the sample size was sufficient to detect small 

to moderate effect sizes.4 Descriptive characteristics are reported as means (SDs) and 

medians (25th, 75th percentiles) for continuous variables depending on the distribution of 

the data, and as frequencies (percentages) for categorical variables. To test the hypotheses 

that patient-reported symptom measures (e.g., pain intensity) varied over time, adjusting 

for important confounders, we used repeated-measures mixed-effects models with random 

effects for clinical center. The time points in the mixed model were baseline, POD 1, POD 3, 

POD 5, POD 7–9, and 30 days post-stent removal. Multivariable linear mixed-effects models 

were adjusted for baseline symptom score, sex, age (per 10 years), body mass index (BMI), 

chronic pain condition, prior severe stent pain (for models of pain-related outcomes), prior 

severe urinary symptoms (for models of urinary symptoms–related outcomes), depressive 

symptoms (PROMIS), location of stone, ureteral access sheath (UAS) use, and URS time. A 

sensitivity analysis was performed exploring whether inclusion of postoperative medication 

use (tamsulosin/alpha blockers and oxybutynin/anticholinergics, as well as nonsteroidal 

anti-inflammatories and opiates) in the multivariable models affected the results. Two-sided 

significance testing was used with a conventional significance level of 0.05. All statistical 

analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

The study cohort comprised 424 patients who underwent unilateral URS and stent placement 

for ureteral and/or kidney stones, of whom 47% were female; mean age was 49 years (SD 

17). Of the total, 115 participants (27%) had a history of depression; depressive symptoms 

at baseline (PROMIS) were none to slight for 342 (83%), mild for 42 (10%), and moderate 

for 26 (6%); no patients reported severe symptoms. An existing chronic pain condition was 

reported by 158 patients (37%) (Supplemental Table 1), 170 (40%) had a history of prior 

stent, 47% of whom reported severe pain with the prior stent. Table 1 further characterizes 

the study population. Table 2 lists stone and operative factors.

Figure 1 represents the change in SAS over time. There was a sharp increase in all domains 

of SAS on POD 1. Compared to POD 1, the point estimate for pain intensity decreased 

over time by approximately 50% on POD 5. Pain intensity continued to decrease and was 
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no longer statistically different from baseline by POD 7–9, while the stent was in place 

(Fig. 1A, Supplemental Figure 1). Interference due to pain rose on POD 1, however, it 

remained persistently elevated through POD 5 before decreasing thereafter, lagging behind 

the decrease in pain intensity (Fig. 1B, Supplemental Figure 2). The trajectory for pain 

severity and pain interference scores using BPI (Supplemental Table 3) was similar to 

PROMIS pain intensity and interference. Following a clear peak in urinary symptoms on 

POD 1, there was a steady decline in symptom score until POD 5, remaining elevated 

above baseline until after stent removal (LURN SI-10 [Fig. 1C, Supplemental Figure 3] and 

USSQ-U [Supplemental Table 4]). Like the relationship between pain intensity and pain 

interference, there was a slower decline in reported urinary bother (Fig. 1D, Supplemental 

Figure 4), compared to urinary symptoms.

The multivariable models for characteristics associated with increased SAS are shown in 

Figures 2 (PROMIS pain intensity and interference) and 3 (LURN SI-10 urinary symptoms 

and bother). Estimates of covariates including results from the BPI and USSQ-U are listed 

in Supplemental Tables 3 and 4. Younger age, prior severe pain with a stent, existing 

chronic pain condition, and baseline depressive symptoms were independently associated 

with higher pain intensity (PROMIS) and severity (BPI). These four risk factors were 

also associated with higher pain interference using BPI, while chronic pain condition and 

baseline depressive symptoms were associated with pain interference by PROMIS. In terms 

of the urinary multivariable models (Figure 3), increasing BMI and depressive symptoms at 

baseline were each associated with greater urinary symptoms and urinary bother; increasing 

age was associated with less urinary bother (LURN SI-10). There were no identified risk 

factors for combined urinary symptoms and bother as measured by the USSQ-U. Factors 

significantly associated with increased SAS remained the same in a sensitivity analysis that 

included postoperative medications commonly used to treat SAS.

DISCUSSION

This multicenter prospective study characterizing patients undergoing URS and stent 

placement for urinary stones revealed multiple important insights: 1) despite postoperative 

pain intensity decreasing over time, patient-reported interference from pain remained 

elevated; 2) pain intensity was lower for older patients; there was no difference based on 

sex; and 3) depressive symptoms, chronic pain condition, and a history of severe pain with 

a prior stent were risk factors for patients reporting higher pain intensity. Importantly, and 

contrary to expectations and popular belief, we failed to identify an association of stone 

and operative factors including ureteral instrumentation and stent characteristics with greater 

symptoms overall.

The sharp rise in pain intensity on POD 1 is expected, and we have shown previously that 

SAS peak within the first 2 days, based on a detailed daily assessment.3 The current study 

shows that the average point estimate of pain intensity decreases by about 50% from POD 

1 to POD 5. However, participants continue to report elevated levels of pain interference, 

similar to POD 1, during this timeframe. This lag in the decline in pain interference has 

important clinical implications, as we found that patient quality of life and functioning 
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remained negatively impacted despite pain intensity nearing baseline by POD 7–9 after 

stenting.

Demographic factors such as age and sex may affect the experience after URS and stenting. 

Although previous data are sparse, the most consistent results are that younger age is 

associated with greater SAS, unplanned hospital visits, and more use of opioids following 

stone treatment.9–11 Data are less clear in terms of differences based on sex; whereas two 

studies reported that women were more likely to report severe pain at various types of 

stone encounters,12,13 male sex was associated with opioid receipt after URS in the state 

of Michigan.14 In our study, younger patients were at risk for increased pain intensity and 

pain interference on multivariable regression; however, the average increase in pain was not 

different between males and females. Investigations in other specialties regarding aging and 

its relationship to pain intensity and interference have shown similar findings, with older 

adults maintaining the ability to function equally or better than their younger counterparts. 

For example, in a study examining the association of age and pain intensity on interference 

in orofacial pain patients, findings suggested that at higher levels of pain intensity, its effect 

on interference decreased with age.15 Although the effect of age on coping with adverse 

health events has not been thoroughly examined in urinary stones, our findings corroborate 

the aging theory of socioemotional selectivity, which postulates that with aging, people 

develop the motivation to maximize positive experiences and minimize the negative.16

Pain perception and experiences may also be influenced by psychosocial factors such 

as stress, anxiety, depression, social support, and expectations, many of which were 

comprehensively assessed in STENTS. Given the high degree of correlation between the 

various psychosocial instruments, only PROMIS depression score was included in the 

multivariable model due to the potential of collinearity interfering with interpretability. 

Higher depression score was associated with increased pain intensity and interference; 

similar findings may be expected with higher scores in other psychosocial domains. A 

painful past stent experience may lead to anxiety that one will have the same experience 

the next time. STENTS participants were asked at baseline whether they had severe pain 

with a previous stent. This simple query was clinically relevant, as a history of severe pain 

proved to be independently associated with increased pain following a subsequent URS and 

stent. These findings are not only useful for more comprehensive counseling, they can aid 

decisions about stentless URS, types of preventative medications or pursuing behavioral 

therapy, and should contribute to future study design and analyses.

The influence that stone-related and operative factors have on post-ureteroscopic SAS has 

been unclear. It seems intuitive, and therefore expected, that variables within these domains 

are important and have an impact on the patient experience. UAS use was of significant 

interest since there is evidence that it decreases intrarenal pressure17 and therefore may 

reduce postoperative pain.18 On the other hand, UAS use may result in direct ureteral 

irritation, inflammation, injury, and potentially ischemia,19,20 and previous studies have 

associated UAS use with unplanned postoperative encounters,21,22 increased short-term 

pain,13 and receipt of opioids.14 In STENTS, we did not find that UAS use was associated 

with increased or decreased SAS, controlling for other variables. Other factors that could 

affect intrarenal pressure or contribute to ureteral trauma or inflammation—such as high 
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number of scope/basket passes, ureteroscope type, ureteral dilation, or method of irrigation

—were likewise not statistically associated with SAS. These findings may indicate that the 

stent experience has much to do with patient and psychosocial factors and perhaps less to do 

with surgical technique.

Lastly, compared to pain, we identified fewer risk factors for increased urinary symptoms, 

although similarities were seen regarding age and depression. Depressive symptoms and 

higher BMI were associated with an increase in urinary symptoms and bother measured by 

LURN SI-10. Higher BMI has been shown to be associated with worse urinary symptoms 

in men and women, so it is possible that high BMI exacerbates the effects of stenting 

on these symptoms.23 Increasing age was associated with less urinary bother, even though 

urinary symptom score was similar, another finding that could be explained by improved 

coping strategies with advancing age. Using the USSQ-U, we did not identify significant 

risk factors for urinary symptoms. This difference may in part be due to the inclusion of 

multiple questions on hematuria in USSQ-U, a common symptom during the first several 

days after surgery. Additional investigation of correlation between the various instruments is 

planned.

Our findings must be considered in the context of certain limitations. We compare variation 

in symptoms among individuals, all of whom had a ureteral stent in place. Thus, the study 

was not designed to compare the separate contributions of the stent and URS. The query 

at baseline about prior stent experience may be subject to recall bias, although a severe 

pain experience is less likely to be forgotten. Ureteroscopic interventions were all performed 

at academic medical centers, and despite the large, prospectively characterized population, 

these results may not be generalizable to other settings and do not proportionally represent 

the current US racial demographics. Despite these potential limitations, we believe that the 

study findings have important implications for understanding and mitigating the burden of 

ureteral SAS.

CONCLUSIONS

In this multicenter prospective cohort of those undergoing URS and stent for urinary stones, 

quality of life continued to be affected throughout the stent period, despite the decrease in 

symptoms over time. Patient factors such as age and depression impacted symptom severity, 

while surgical factors did not. These findings provide a foundation for patient counseling 

and highlight potential targets for future efforts to mitigate the burden of SAS and improve 

the overall patient experience.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

BPI Brief Pain Inventory
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PROMIS Patient-Reported Outcome Measurement Information 

System

POD Postoperative days

SAS Stent-associated symptoms

STENTS STudy to Enhance uNderstanding of sTent-associated 

Symptoms

LURN SI-10 Symptoms of Lower Urinary Tract Dysfunction Research 

Network Symptom Index-10

UAS Ureteral access sheath

URS Ureteroscopy

USSQ-U Urinary Score of the Ureteral Stent Symptom 

Questionnaire

USDRN Urinary Stone Disease Research Network
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Figure 1: 
SAS change over time. A, Pain intensity (PROMIS); B, pain interference (PROMIS); C, 

urinary symptoms (LURN SI-10); D, urinary bother (LURN SI-10). Mean point estimate 

and confidence intervals displayed with p values listed for each day. Red dashed line denotes 

zero change from baseline.
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Figure 2: 
Risk factors for increased stent-associated pain intensity (A) and pain interference (B). 

Measured using PROMIS. Multivariable model.
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Figure 3: 
Risk factors for increased stent-associated urinary symptoms (A) and urinary bother

(B). Measured using LURN SI-10. Multivariable model.
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Table 1.

Study population

Characteristic Participants (n=424)

Mean age, years (SD) 49 (17)

Female 199 (47%)

Race

  White 358 (84%)

  Black 32 (8%)

  Asian 17 (4%)

  Other 16 (4%)

Hispanic/Latinx ethnicity 25 (6%)

Mean body mass index, kg/m2 (SD) 30 (8)

Medical history

 Depression 115 (27%)

 Anxiety 127 (30%)

 Mood disorder (other) 15 (4%)

 Chronic pain condition 158 (37%)

Prior ureteroscopy 154 (36%)

Prior ureteral stent placement 170 (40%)

Severe pain with prior ureteral stent 80 (19%)

Severe urinary symptoms with prior ureteral stent 102 (24%)

Medication use in 30 days prior to URS

 Opioids 111 (26%)

 NSAIDs 155 (37%)

   Tamsulosin (or alpha blocker) 136 (32%)

   Oxybutynin (or anticholinergic) 9 (2.1%)

Data shown are n (%) except where indicated. SD = standard deviation; NSAIDs = nonsteroidal anti-inflammatory drugs.
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Table 2.

Stone and operative factors

Variable Participants (n = 424)

Side of treatment: right 180 (47%)

Mean size of dominant treated renal stone, mm 7.2 (3.8)

Mean size of dominant treated ureteral stone, mm 7.4 (3.1)

Dominant stone location*

 Renal 212 (50%)

 Proximal ureter 100 (24%)

 Distal ureter 103 (24%)

Median number of renal stones treated (quartiles) 3 (2, 4)

Operative time, min 57 (30)

Ureteroscopy time, min 40 (25)

Ureteroscope type*

 Flexible 266 (68%)

 Semirigid 57 (15%)

 Both 71 (18%)

Ureteral access sheath use 197 (47%)

Basket extraction 287 (68%)

No. of scope/basket passes

 1–4 145 (39%)

 5–20 152 (41%)

 >20 72 (20%)

Irrigation method

 Manual 188 (45%)

 Constant pressure 205 (49%)

Ureteral stent diameter

 4.7 French 47 (12%)

 6 French 349 (87%)

Ureteral stent length, cm

 22 11 (3%)

 24 127 (32%)

 26 159 (40%)

 28 90 (22%)

 30 13 (3%)

Proximal stent curl: complete 348 (82%)

Proximal stent curl location

 Renal pelvis 249 (63%)

 Calyx 145 (37%)

Stent dwell time, days 9 (8)

 Median (quartiles) 7 (5, 11)

*
Note: percentages may not sum to 100 due to rounding.
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Data shown are n (%) or mean (SD), except where indicated.
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