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Abstract

IMPORTANCE Acute urinary retention (UR) is common, yet variations in diagnosis and management
can lead to inappropriate catheterization and harm.

OBJECTIVE To develop an algorithm for screening and management of UR among adult inpatients.

DESIGN, SETTING, AND PARTICIPANTS In this mixed-methods study using the RAND/UCLA
Appropriateness Method and qualitative interviews, an 11-member multidisciplinary expert panel of
nurses and physicians from across the US used a formal multi-round process from March to May 2015
to rate 107 clinical scenarios involving diagnosis and management of adult UR in postoperative and
medical inpatients. The panel ratings informed the first algorithm draft. Semistructured interviews
were conducted from October 2020 to May 2021 with 33 frontline clinicians—nurses and surgeons
from 5 Michigan hospitals—to gather feedback and inform algorithm refinements.

MAIN OUTCOMES AND MEASURES Panelists categorized scenarios assessing when to use bladder
scanners, catheterization at various scanned bladder volumes, and choice of catheterization
modalities as appropriate, inappropriate, or uncertain. Next, qualitative methods were used to
understand the perceived need, usability, and potential algorithm uses.

RESULTS The 11-member expert panel (10 men and 1 woman) used the RAND/UCLA
Appropriateness Method to develop a UR algorithm including the following: (1) bladder scanners
were preferred over catheterization for UR diagnosis in symptomatic patients or starting as soon as 3
hours since last void if asymptomatic, (2) bladder scanner volumes appropriate to prompt
catheterization were 300 mL or greater in symptomatic patients and 500 mL or greater in
asymptomatic patients, and (3) intermittent was preferred to indwelling catheterization for
managing lower bladder volumes. Interview findings were organized into 3 domains (perceived
need, feedback on algorithm, and implementation suggestions). The 33 frontline clinicians (9 men
and 24 women) who reviewed the algorithm reported that an evidence-based protocol (1) was
needed and could be helpful to clinicians, (2) should be simple and graphically appealing to improve
rapid clinician review, and (3) should be integrated within the electronic medical record and
prominently displayed in hospital units to increase awareness. The draft algorithm was iteratively
refined based on stakeholder feedback.

CONCLUSIONS AND RELEVANCE In this study using a systematic, multidisciplinary, evidence- and
expert opinion–based approach, a UR evaluation and catheterization algorithm was developed to
improve patient safety by increasing appropriate use of bladder scanners and catheterization. This
algorithm addresses the need for practical guidance to manage UR among adult inpatients.
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Key Points
Question How should urinary retention

(UR) be managed in the

inpatient setting?
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Method and qualitative interviews, an
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inpatients was developed. The
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volumes should prompt catheterization,

and when intermittent catheterization

is preferred to indwelling

catheterization.

Meaning The resulting algorithm was a

1-page practical guidance document to

manage UR among inpatients that can

be readily adopted by hospitals.
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Introduction

Urinary catheters are commonly used in hospitalized medical and surgical patients. However, there
are no guidelines or widely accepted algorithms for screening and management of urinary retention
(UR) in these patients. Balancing the potential complications of untreated UR (eg, pain, bladder
dysfunction) against those of urinary catheterization (eg, urethral injury, urinary tract infection) is
necessary when deciding whether to insert a catheter.1-6

Although UR algorithms exist for outpatient populations,7,8 there is limited evidence to guide
management in hospitalized patients. Outpatient surgical populations are generally healthier and
undergo less-invasive procedures than those requiring inpatient care,9 limiting the generalizability of
outpatient recommendations. Algorithms for outpatients use symptoms and risk stratification (eg,
hydronephrosis, recurrent infections) to guide catheterization recommendations instead of postvoid
residual volumes commonly used in hospitals.7 Inpatients may experience evolving disease
processes and changing medications and fluid volumes that acutely impact bladder function and
voiding. To improve the quality and consistency of care for hospitalized adult medical and surgical
patients with UR, we aimed to use a systematic, multidisciplinary approach based on evidence,
expert opinion, and feedback from frontline medical professionals to develop and refine a urinary
retention evaluation and catheterization algorithm (URECA).

Methods

In this mixed-methods study, we applied a multimethod approach, illustrated in eFigure 1 in
Supplement 1. The qualitative portion of this study was approved by the institutional review board at
the University of Michigan Medical School, and oral informed consent was obtained. Panelists and
interviewees were compensated for their time. This study followed the Accurate Consensus
Reporting Document (ACCORD) guidelines for reporting consensus methods in biomedicine.10

RAND/UCLA Appropriateness Method
We developed guidance for algorithm development using the RAND/UCLA Appropriateness
Method.11 Our group previously used this approach to define appropriateness of urinary
catheterization in hospitalized medical and postoperative general, urologic, and orthopedic surgery
patients.8,9,12 Our group’s prior articles8,9,12 include detailed methods and documentation of the
rating process. These methods combine scientific evidence with clinical judgment from
multidisciplinary and multispecialty content experts to produce guidance regarding a procedure’s
appropriateness while addressing both patient symptoms and clinical context. It has been used to
define appropriate care and design quality indicators in various fields13-15 and provides useful clinical
guidance when insufficient high-level evidence is available.

Literature Review
The RAND/UCLA Appropriateness Method begins by identifying published literature and
categorizing it by relevance and level of evidence. Between September 2014 and February 2015, we
searched relevant databases (ie, Web of Science, CINAHL, Embase, Cochrane, and
PubMed/MEDLINE) for studies assessing bladder scanner technology, algorithms as part of UR
interventions, and literature reviews involving bladder scanners. We identified and reviewed 50
unique articles meeting abstract, title, and keyword criteria, and based on content review, we
narrowed the list to 26 articles (listed in eTable 1 in Supplement 1) to provide to panelists. We also
developed clinical scenarios based on the literature review and piloted them with colleagues from
the Patient Safety Enhancement Program at the University of Michigan and the Ann Arbor Veterans
Affairs Healthcare System,16 along with local urogynecologists.
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Clinician Panel Selection and Rating Process
We recruited 11 practicing clinicians experienced in evaluating and managing UR in medical and
postoperative hospitalized patients. We sampled different practice types (academic, private, and
government), US regions, and relevant clinical expertise. Panelists (eTable 2 in Supplement 1)
included urologists, urologic nurses, and an infectious diseases physician with expertise in urinary
infections.

In round 1, participants completed independent ratings of clinical scenarios. We asked panelists
to rate appropriateness of each intervention (“appropriate” was defined as when expected health
benefits exceeded expected negative consequences, exclusive of cost17) on a scale of 1 to 9, with 1
indicating harms outweigh benefits (ie, inappropriate) and 9 indicating benefits outweigh harms (ie,
appropriate). A middle rating (5) indicated the benefits or harms were equivalent or the panelist
could not make an informed decision. All scenarios involved adults in medical inpatient and
postoperative surgical settings. We instructed panelists to use their clinical judgment and the
evidence provided in the literature review, making no other assumptions.

After round 1, we held a conference call with panelists to clarify the clinical scenarios while
attempting to reduce disagreement and uncertainty. Panelists met in person for round 2, during
which they discussed each scenario, preliminary scores, and rating differences. Then they
independently rerated each clinical scenario for a total of 107 clinical scenarios involving diagnosis
and management of UR in postoperative or medical inpatients. Panelists also rated an additional 11
scenarios involving potential practices to prevent UR. Median round 2 scores determined the final
classification of each scenario as appropriate (median score, 7-9), uncertain (4-6), or inappropriate
(1-3). If 4 or more panelists rated a scenario as appropriate while 4 or more rated the same scenario as
inappropriate, we rated the scenario as uncertain. The entire rating process took place from March
to May 2015.

We assembled draft 1 of the URECA (eFigure 2 in Supplement 1) using results from the panel.
The research team felt this draft had limited clinical utility since the flowsheet included large ranges
of appropriateness and no guidance was offered for scenarios rated as uncertain appropriateness.
Therefore, we revised the protocol by selecting cutoffs consistent with clinical practice at our
institution that were within the ranges of acceptability according to the panel (draft 2 in eFigure 2 in
Supplement 1). We next solicited informal expert feedback on draft 2 from 2 multidisciplinary groups,
including the Surgical Urinary Catheter Care Enhancement Safety Study (SUCCESS)18 stakeholder
committee and the Patient Safety Enhancement Program from the University of Michigan and Ann
Arbor Veterans Affairs Healthcare System.16 These groups included experts in urinary catheter use,
complication prevention, clinical education, and communication. Feedback included that the
algorithm needed to be easier to read quickly by clinicians, needed to be adapted for use by nurses
caring for both postoperative and medical patients, and would benefit from broader qualitative
evaluation.

Qualitative Methods to Refine the URECA
To better understand the need for and potential uses of the URECA and to solicit feedback to refine
our draft algorithm, we conducted qualitative interviews with clinicians who diagnosed and managed
adult postoperative UR. Interviews were part of a larger study, SUCCESS, aimed at improving safe
and appropriate use of urinary catheters in surgical patients. Purposive sampling was used to include
a subset of hospitals from the Michigan Surgical Quality Collaborative19 that varied in size, geographic
location, and health system. Champions of the Michigan Surgical Quality Collaborative at each of
these hospitals helped identify individuals with varied roles to interview. A total of 37 individuals
agreed to be interviewed, but due to scheduling constraints, only 33 participated. Interviews took
place between October 2020 and May 2021 and were conducted via videoconferencing software.
We used a pilot-tested, semistructured, role-specific interview guide. The questions most relevant to
this study are listed in eTable 3 in Supplement 1.
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Interviews were conducted sequentially, with revisions made to the proposed algorithm after
each interview based on feedback. The next interviewee would be given the updated algorithm to
review. Interviews were led by a trained qualitative interviewer and clinician expert (M.Q., S.H., J.M.)
and were audiorecorded, transcribed, and verified for accuracy. We used a rapid analysis
approach20,21 to quickly integrate stakeholder feedback into the algorithm. Two team members
(M.Q., J.A.) constructed a template reflecting key domains of interest (ie, perceived need for an
algorithm; feedback on the current algorithm, including likes, dislikes, and suggestions for
improvement; and implementation suggestions). They both read the same transcript and
summarized data for each domain, including supporting quotes. Next, they compared templates,
discussed discrepancies, attained consensus, and revised the template accordingly. They repeated
this process with 2 more transcripts to ensure that the template was comprehensive. They then
reviewed the remaining transcripts, with 1 team member conducting a primary review and the other
doing a secondary review to ensure that all data were consistently and accurately captured. Once all
templates were complete, we reviewed each domain for main findings and summarized with
supporting quotes.

Results

RAND/UCLA Appropriateness Method
Diagnosing UR
The expert 11-member panel (10 men and 1 woman) reviewed and discussed the 107 clinical
scenarios. Table 1 and eTable 4 in Supplement 1 detail panel responses to the question of bladder
scanning after urinary catheter removal in postoperative or medical patients (male or female) who
have no urine output for varying lengths of time and with varying symptoms (eg, pain associated with
the inability to void). The panel deemed it appropriate to evaluate any symptomatic patients using a
bladder scanner. Conversely, using catheterization to evaluate symptomatic or asymptomatic
patients was deemed to never be appropriate if a bladder scanner is available.

When working without bladder scanners, panel members indicated the appropriateness of an
intermittent straight catheter (ISC) or indwelling urinary catheter (IUC), which varied by symptom
presence and time since last urine output (eTable 5 in Supplement 1). Panelists consistently
recommended ISC sooner than IUC, and longer wait times were considered appropriate in
asymptomatic patients compared with symptomatic patients. We noted more uncertainty among
panel members for the scenarios without bladder scanners than those with bladder scanners.

Bladder Scanner Volumes to Catheterize
When bladder scanners are available, bladder volume can guide the need for treatment of UR
(Table 2 and eTable 6 in Supplement 1). Panel members determined that treatment was appropriate

Table 1. Appropriateness Ratings for Monitoring of Urinary Retention After Catheter Removala

Time of no
urine output, h

Evaluation

Using bladder scanner Using ISC instead of scanning Using IUC placement instead of scanning

With symptoms Without symptoms With symptoms Without symptoms With symptoms Without symptoms
<1 Appropriate Inappropriate Inappropriate Inappropriate Inappropriate Inappropriate

1 to <2 Appropriate Inappropriate Inappropriate Inappropriate Inappropriate Inappropriate

2 to <3 Appropriate Uncertain Inappropriate Inappropriate Inappropriate Inappropriate

3 to <4 Appropriate Appropriate Inappropriate Inappropriate Inappropriate Inappropriate

4 to <5 Appropriate Appropriate Inappropriate Inappropriate Inappropriate Inappropriate

5 to <6 Appropriate Appropriate Inappropriate Inappropriate Inappropriate Inappropriate

>6 Appropriate Appropriate Inappropriate Inappropriate Inappropriate Inappropriate

Abbreviations: ISC, intermittent straight catheter; IUC, indwelling urinary catheter.
a Clinical scenario: lack of urine output in postoperative patient or medical inpatient. Assumption: bladder scanner is available and staff are trained to use it.
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at lower volumes for symptomatic retention than for asymptomatic retention and that in
symptomatic patients, use of ISC was appropriate at lower volumes than was use of IUC. In
asymptomatic patients with bladder volumes of 500 mL or greater, ISC or IUC was considered
appropriate, while any catheterization was considered inappropriate for volumes less than 400 mL.

Transitioning From ISC to IUC
Panelists felt that transitioning patients from ISC to IUC based on patient request could be
appropriate depending on the clinical scenario (Table 3 and eTable 7 in Supplement 1). Patients
needing ISC more than every 4 hours or whose output was more than 500 mL every 4 hours could
also be appropriately transitioned to IUC. The panelists considered it inappropriate to transition to
IUC for initial ISC volumes less than 500 mL, for ISC frequencies less than 5 times in 24 hours, or
when needed for more than 2 days. The panel disagreed on what volume of initial retention
warranted IUC instead of ISC.

In general, panelists were either uncertain or felt that it was inappropriate to perform
assessments or treatments to prevent development of UR in specific patients, such as males with a
history of UR. Findings are shown in eTable 8 in Supplement 1.

Qualitative Interviews and Feedback to Refine Algorithm Development
After interviewing 33 frontline clinicians from 5 hospitals (9 men and 24 women; 10 surgical nurses,
8 surgeons, 8 nurse educators or infection preventionists, 4 urologists, and 3 surgery residents), we
organized findings into 3 domains. These included (1) perceived need for a retention management

Table 2. Appropriateness Ratings for Treatment of Urinary Retention Based on Bladder Scan Volumea

Bladder scan volume, mL

ISC IUC placement overnight

With symptoms Without symptoms With symptoms Without symptoms
<100 Inappropriate Inappropriate Inappropriate Inappropriate

100-199 Uncertain Inappropriate Inappropriate Inappropriate

200-299 Uncertain Inappropriate Inappropriate Inappropriate

300-399 Appropriate Inappropriate Uncertain Inappropriate

400-499 Appropriate Uncertain Appropriate Uncertain

≥500 Appropriate Appropriate Appropriate Appropriate

Abbreviations: ISC, intermittent straight catheter; IUC,
indwelling urinary catheter.
a Clinical scenario: postvoid scanned volumes.

Table 3. Appropriateness Ratings for Transitioning From ISC to IUC for Urinary Retention

Clinical scenario Transition from ISC to IUCa

Timing of patient request for indwelling catheter

Before any ISC attempt Appropriate

After 1 ISC Appropriate

After ≥2 ISCs Appropriate

Frequency of need for ISC

Once daily for ≥2 d Inappropriate

2 Times in 24 h Inappropriate

3 Times in 24 h Inappropriate

4 Times in 24 h Inappropriate

Twice daily for ≥2 d Inappropriate

More than twice daily for ≥2 d Inappropriate

More than every 4 h Appropriate

ISC output, mL

>500 Every 4 h Appropriate

Initial <500 Inappropriate

Initial >500 Uncertain

Abbreviations: ISC, intermittent straight catheter; IUC,
indwelling urinary catheter.
a Assumption: Patient has no contraindication to

intermittent catheterization.
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algorithm; (2) feedback on the draft retention algorithm, including likes and dislikes and
recommended changes; and (3) suggestions for implementation.

Perceived Need
Participants reported the need for an evidence-based retention algorithm in their hospital:

We found out that this is a big gap in our nursing care and we can help fill this void by
establishing this protocol… and [nursing] staff like algorithms like this, they’re so easy for them
to follow. (Nurse No. 113)

Furthermore, clinicians noted that postoperative UR management, including decisions regarding
when to reinsert IUCs, varied considerably between units and among surgeons and that a written,
evidence-based algorithm could provide consistency between units and a systematic approach to
decision-making:

There are some surgeons who, a patient retains once, they will never get their Foley out. There
are others who will just keep trying. It’s all over the map. I agree. It should be streamlined.
(Surgeon No. 130)

Interviewees reported that an algorithm would most help clinicians who are in training (eg, residents
and interns) or new to their hospital. Participants felt that these algorithms would be used and
appreciated most by nurses and that physicians may be more resistant to following algorithms.

Feedback on Algorithm
Participants wanted a short, clear algorithm that was easy to follow. They found that the visual
aspects (ie, use of arrows, boxes, and color coding) were appealing and aided quick navigation.
Participants stressed the importance of limiting the amount of text:

I like how it’s clear and it’s color coded a little bit so it helps. There’s not a lot on it so you can’t get
lost…it’s self-explanatory. (Nurse No. 126)

Additionally, participants liked that the algorithm prioritized patient factors, such as symptom
assessment. They agreed with including language to clearly direct clinicians to begin with using ISC
prior to reinserting an IUC when patients needed additional catheterization.

The most frequent critique of the earliest draft algorithm was its use of numerical ranges of
urinary output (eg, 100-500 mL). Participants preferred having specific cutoff volumes (eg, 300 mL)
with specific steps to take at each cutoff. Recommended changes included switching the algorithm
from landscape to portrait orientation; adding specific action points, including when to call the
surgeon or urologist; and adding patient-specific criteria (eg, men aged >55 years, patients with
spinal cord injuries). Suggestions from frontline clinicians were iteratively incorporated into the final
URECA (Figure and eFigure 3 in Supplement 1).

Implementation
Participants suggested that successful implementation of an algorithm would be facilitated by
electronic medical record system integration and hard copies for patient rooms, nurse binders, or
affixing to bladder scanners. One participant encouraged multiple formats for education since people
learn in different ways. Easy access was reported as a key factor:

It only works if the protocol is available readily. If you have to spend 15 minutes looking for a
protocol, nobody is going to look for it. (Surgeon No. 106)
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Others suggested increasing general awareness of the algorithm, developing clinician orientation
materials prior to rollout, identifying a clinician champion to facilitate implementation, and
embedding the algorithm within hospital policies.

Final Algorithm Development
The findings from the panel and the interviews as described were used to finalize the URECA (Figure
and eFigure 3 in Supplement 1). The algorithm begins by reminding clinicians to assess whether the
patient has any UR symptoms and, next, provides clear criteria for when bladder scanner use is
appropriate. Bladder scanner volumes of more than 300 mL for symptomatic patients and more than
500 mL for asymptomatic patients are provided as thresholds for deciding to insert a catheter, along
with guidance for monitoring patients not meeting these thresholds. Emphasized in the middle of
the flowchart are reminders of some key risk factors for difficult insertion to assess when additional
precautions may be warranted. For example, urology consultation is recommended before
attempting catheterization of very high-risk patients, such as those with artificial sphincters. For
patients at high risk, such as men older than 55 years or with prostatic enlargement, catheterization
recommendations, such as administration by experienced nurses and the safest catheter type and
size, are provided. Lastly, there is guidance for when ISC is preferred over IUC. Footnotes provide
additional tips for clinicians, such as increasing awareness of hypovolemia as a cause of unexpected

Figure. Final Evaluation and Catheterization Algorithm to Manage Urinary Retention Among Inpatients

Does patient have physical symptoms of urinary retention?
Persistent urge to void or small-volume voids
Fullness
Bladder pain
New incontinence or leaking

Yes

>300 mL
Insert catheter:
request catheter order 
if needed

≤300 mL
Consider other causes and
rescan in 1-2 hb

>500 mL
Insert catheter:
request catheter order 
if needed

≤500 mL
Wait 1-2 h and reassessc

No

Bladder scanBladder scan

Yes, patient is high risk No, patient is not high risk

Having a nurse experienced in difficult catheterization catheterize the patient
Asking the patient what has worked in the past (eg, catheter type and size)
Obtaining order for anesthetic gel for insertion
If high-risk male, obtain 16 or 18 French coude urethral catheter

Standard catheter
insertion procedure

If >4 h since last void or has order 
to check postvoid residuala

Is patient high risk for difficult catheter insertion?

History of difficult catheter insertion by medical record or patient report
Male patient aged >55 y, with enlarged prostate, or with history of prostate cancer
History of pelvic floor prolapse or bladder support surgery
Recent bladder, urethral, or prostate surgery, or trauma, or prostatitis
History of urethral stricture, false passage, or neobladder
History of genitourinary reconstructive surgery
Artificial urinary sphincter

Stop and
discuss with urology

Consider:

Inadequate bladder emptying every 4 h,
Repeated large bladder volumes retained (eg, ≥500 mL every 4 h), or 
Patient anticipated to need catheterization at home and ISC not feasible

Catheterize with intermittent technique (preferred over indwelling) unless:

The algorithm is intended for the inpatient setting.
Cutoffs were determined based on a combination of
literature review, expert opinion, and local practice
patterns. Of note, use of external catheters to treat
urinary retention is inappropriate as external catheters
only collect spontaneously voided urine. ISC indicates
intermittent straight catheter.
a Consider checking sooner if the patient is receiving

high volumes of intravenous fluid or diuretics.
b Other common causes of these urinary symptoms

include urinary tract infection, overactive bladder,
small bladder capacity, or recent catheterization.
Consider contacting attending physician for further
evaluation.

c Evaluate the patient’s fluid intake and consider
increasing fluids. Call attending physician if urine
output is less than 35 mL per hour, raising concern for
oliguria from hypovolemia or acute kidney injury.
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low urine volumes and other causes of UR symptoms, such as urinary tract infection, overactive
bladder, and recent catheterization.

Discussion

We applied a mixed-methods approach including the RAND/UCLA Appropriateness Method and
qualitative methods to develop a practical algorithm based on the available evidence to assess and
manage UR in postoperative and medical inpatients. We found that a combination of clinical
symptoms and scanned bladder volumes could guide management and prevent unnecessary
catheterization or recatheterization. Decreasing catheterization minimizes patient discomfort and
reduces the risk of urethral injury and urinary tract infection. Given the lack of guidelines for UR
management in this population, our robust, expert panel approach provided a framework for
consistent, quality care for patients with UR.

Our study adds to the literature by providing practical guidance on assessing and managing UR
based on available evidence augmented by expert opinion. Our results concur with those obtained
by another multidisciplinary panel that assessed appropriate indications for initial catheter
placement in hospitalized medical patients in which UR was considered an appropriate indication for
catheter placement.8 Generally, bladder scanner accuracy is adequate for clinical purposes22;
however, some conditions can interfere with obtaining objective data from bladder scanners used for
decisions within the algorithm, such as ascites (leading to erroneous volume assessment by
ultrasonography) or very low urine output due to kidney failure (extending the time needed to fill the
bladder).23 Algorithm implementation must consider clinical context to accommodate patient
variability.

When assessing transitions from ISC to IUC, the panel found it was appropriate to transition
based solely on patient requests (a patient-centered approach). However, patients must understand
the potential risks of IUC, including increased infection risk and restraints on normal activity,24,25 so
that their decision is informed.

The recommendations of the panel indicated that bladder scanners allow for data-driven
patient management. This requires the ubiquitous presence of bladder scanners in hospitals. For an
investment of several thousand dollars each, having scanners readily available can provide rapid,
noninvasive diagnosis and prevent unnecessary catheterization.

Panel findings provided the numerical framework for our draft algorithm, which we then
iteratively refined through qualitative interviews with local stakeholders. Honoring frontline
clinicians’ request for specific cutoffs rather than numeric ranges required choosing somewhat
arbitrary cutoffs (for volumes and timing) within the range of options deemed appropriate by the
panel. This underlines the fact that the numerical choices in our algorithm are not the only reasonable
options consistent with the panel data; thus, our results allow adaptation of the URECA to fit various
patient populations and health system policies.

Future efforts could examine whether algorithms such as the URECA can minimize the harms of
untreated UR and unnecessary urinary catheterization or whether unintended consequences arise
from algorithm implementation. The algorithm was recently implemented in the Michigan Surgical
Quality Collaborative as a tool in the 2023 SUCCESS quality improvement initiative in multiple
participating Michigan hospitals to assess diagnosis and management of UR, measure patient
outcomes regarding harms related to urinary catheter use, and provide qualitative data regarding
implementation and feedback regarding the tool’s usability.

Limitations
There are several caveats and limitations to this study. First, the RAND/UCLA Appropriateness
Method panel included only 11 members, though this aligns with the formal methods11 and we
sampled panelists from a range of institutions and practice types across the US to capture diverse
perspectives. We also included urologists who regularly manage complex UR in addition to
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practitioners with general medical backgrounds.26,27 Second, although we systematically assessed
the relevant literature, the evidence was not of optimal quality, lacking randomized clinical trials to
guide appropriateness ratings. Since the literature indicates that most inpatient catheters are placed
due to surgery,25 the qualitative critique of the algorithm focused on patients at risk for postoperative
UR. Therefore, some of the practitioners interviewed had less expertise in the management of
nonsurgical patients and the algorithm may not be optimized for the general medical population.
Third, the panel and the URECA focused decision-making based on postvoid residual volumes and
did not consider voided volumes or calculations of voiding efficiency, which can be relevant in
patients with low bladder capacities.28 Future algorithm iterations could be adapted to include these
parameters.

Conclusions

This mixed-methods study defined clinically relevant guidance for the appropriateness of UR screening
and management, developed an algorithm consistent with this guidance, and refined the algorithm
through qualitative interviews with stakeholders. Given the prevalence of UR, algorithms such as the
URECA have the potential to improve patient safety by reducing inappropriate catheterizations.

ARTICLE INFORMATION
Accepted for Publication: May 15, 2024.

Published: July 16, 2024. doi:10.1001/jamanetworkopen.2024.22281

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Chrouser K
et al. JAMA Network Open.

Corresponding Author: Kristin Chrouser, MD, MPH, Department of Urology, University of Michigan, 1500 E
Medical Center Dr, 3875 Taubman Center, Ann Arbor, MI 48109-5330 (chrouser@med.umich.edu).

Author Affiliations: Department of Urology, University of Michigan, Ann Arbor (Chrouser); VA Center for Clinical
Management Research, VA Ann Arbor Healthcare System, Ann Arbor, Michigan (Chrouser, Fowler, Skolarus,
Bernstein, Meddings); Division of Geriatrics, Department of Internal Medicine, University of Michigan, Ann Arbor
(Mann); School of Public Health, University of Michigan, Ann Arbor (Quinn); Division of General Medicine,
Department of Internal Medicine, University of Michigan, Ann Arbor (Ameling, Bernstein, Meddings); Department
of Surgery, University of Michigan, Ann Arbor (Hendren); Michigan Surgical Quality Collaborative, Ann Arbor
(Hendren, Krapohl); Veterans Health Administration National Center for Patient Safety, Ann Arbor, Michigan
(Krapohl); Department of Surgery, University of Chicago, Chicago, Illinois (Skolarus); Division of General Pediatrics,
Department of Pediatrics and Communicable Diseases, University of Michigan, Ann Arbor (Meddings).

Author Contributions: Drs Chrouser and Meddings had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Mann, Ameling, Krapohl, Skolarus, Meddings.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Chrouser, Mann, Quinn, Ameling, Skolarus.

Critical review of the manuscript for important intellectual content: Fowler, Ameling, Hendren, Krapohl, Bernstein,
Meddings.

Statistical analysis: Fowler.

Obtained funding: Ameling, Meddings.

Administrative, technical, or material support: Chrouser, Fowler, Mann, Ameling, Hendren, Krapohl, Skolarus,
Meddings.

Supervision: Skolarus, Meddings.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by contract HHSA2902010000025I/HHSA29032001T and grant
R01HS026912 (Dr Meddings) from the Agency for Healthcare Research and Quality (AHRQ).

JAMA Network Open | Urology Urinary Retention Evaluation and Catheterization Algorithm for Adult Inpatients

JAMA Network Open. 2024;7(7):e2422281. doi:10.1001/jamanetworkopen.2024.22281 (Reprinted) July 16, 2024 9/11

Downloaded from jamanetwork.com by University of Chicago Libraries user on 07/25/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.22281&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.22281
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.22281
mailto:chrouser@med.umich.edu


Role of the Funder/Sponsor: The AHRQ had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent
the official position of the AHRQ or the Department of Veterans Affairs. Dr Krapohl contributed to this article in a
personal capacity; the views expressed are her own and do not necessarily represent the views of the Veterans
Health Administration or the US Government.

Data Sharing Statement: See Supplement 2.

Additional Contributions: Helen McGuirk, MPH, University of Michigan, assisted with performing project
management tasks as a research support staff member, and Quentin Clemens, MD, University of Michigan,
provided expert guidance on algorithm revision. They were not compensated outside of their regular salary. We
thank the panelists for their participation. We also thank the Michigan Surgical Quality Collaborative for partnering
with our team and interviewees for their participation.

REFERENCES
1. Meddings J, Rogers MA, Krein SL, Fakih MG, Olmsted RN, Saint S. Reducing unnecessary urinary catheter use
and other strategies to prevent catheter-associated urinary tract infection: an integrative review. BMJ Qual Saf.
2014;23(4):277-289. doi:10.1136/bmjqs-2012-001774

2. Hollingsworth JM, Rogers MA, Krein SL, et al. Determining the noninfectious complications of indwelling
urethral catheters: a systematic review and meta-analysis. Ann Intern Med. 2013;159(6):401-410. doi:10.7326/
0003-4819-159-6-201309170-00006

3. Baldini G, Bagry H, Aprikian A, Carli F. Postoperative urinary retention: anesthetic and perioperative
considerations. Anesthesiology. 2009;110(5):1139-1157. doi:10.1097/ALN.0b013e31819f7aea

4. Saint S. Clinical and economic consequences of nosocomial catheter-related bacteriuria. Am J Infect Control.
2000;28(1):68-75. doi:10.1016/S0196-6553(00)90015-4

5. Chant C, Smith OM, Marshall JC, Friedrich JO. Relationship of catheter-associated urinary tract infection to
mortality and length of stay in critically ill patients: a systematic review and meta-analysis of observational studies.
Crit Care Med. 2011;39(5):1167-1173. doi:10.1097/CCM.0b013e31820a8581

6. Choong S, Emberton M. Acute urinary retention. BJU Int. 2000;85(2):186-201. doi:10.1046/j.1464-410x.
2000.00409.x

7. Stoffel J, Lightner D, Peterson A, et al. Non-neurogenic chronic urinary retention: consensus definition,
management strategies, and future opportunities. American Urological Association White Paper. 2016. Accessed
June 3, 2024. https://www.auanet.org/guidelines-and-quality/quality-and-measurement/quality-improvement/
clinical-consensus-statement-and-quality-improvement-issue-brief-(ccs-and-qiib)/chronic-urinary-retention

8. Meddings J, Saint S, Fowler KE, et al. The Ann Arbor criteria for appropriate urinary catheter use in hospitalized
medical patients: results obtained by using the RAND/UCLA appropriateness method. Ann Intern Med. 2015;162
(9)(suppl):S1-S34. doi:10.7326/M14-1304

9. Meddings J, Skolarus TA, Fowler KE, et al. Michigan appropriate perioperative (MAP) criteria for urinary
catheter use in common general and orthopaedic surgeries: results obtained using the RAND/UCLA
Appropriateness Method. BMJ Qual Saf. 2019;28(1):56-66. doi:10.1136/bmjqs-2018-008025

10. Gattrell WT, Logullo P, van Zuuren EJ, et al. ACCORD (Accurate Consensus Reporting Document): a reporting
guideline for consensus methods in biomedicine developed via a modified Delphi. PLoS Med. 2024;21(1):
e1004326. doi:10.1371/journal.pmed.1004326

11. Fitch K, Bernstein SJ, Aguilar MD, et al. The RAND/UCLA Appropriateness Method User’s Manual. Rand Corp;
2001.

12. Skolarus TA, Dauw CA, Fowler KE, Mann JD, Bernstein SJ, Meddings J. Catheter management after benign
transurethral prostate surgery: RAND/UCLA Appropriateness Criteria. Am J Manag Care. 2019;25(12):e366-e372.

13. Shekelle PG, Park RE, Kahan JP, Leape LL, Kamberg CJ, Bernstein SJ. Sensitivity and specificity of the RAND/
UCLA Appropriateness Method to identify the overuse and underuse of coronary revascularization and
hysterectomy. J Clin Epidemiol. 2001;54(10):1004-1010. doi:10.1016/S0895-4356(01)00365-1

14. Rudmik L, Soler ZM, Hopkins C, et al. Defining appropriateness criteria for endoscopic sinus surgery during
management of uncomplicated adult chronic rhinosinusitis: a RAND/UCLA appropriateness study. Rhinology.
2016;54(2):117-128.

15. Cher ML, Dhir A, Auffenberg GB, et al; Michigan Urological Surgery Improvement Collaborative.
Appropriateness criteria for active surveillance of prostate cancer. J Urol. 2017;197(1):67-74. doi:10.1016/j.juro.
2016.07.005

JAMA Network Open | Urology Urinary Retention Evaluation and Catheterization Algorithm for Adult Inpatients

JAMA Network Open. 2024;7(7):e2422281. doi:10.1001/jamanetworkopen.2024.22281 (Reprinted) July 16, 2024 10/11

Downloaded from jamanetwork.com by University of Chicago Libraries user on 07/25/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.22281&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.22281
https://dx.doi.org/10.1136/bmjqs-2012-001774
https://dx.doi.org/10.7326/0003-4819-159-6-201309170-00006
https://dx.doi.org/10.7326/0003-4819-159-6-201309170-00006
https://dx.doi.org/10.1097/ALN.0b013e31819f7aea
https://dx.doi.org/10.1016/S0196-6553(00)90015-4
https://dx.doi.org/10.1097/CCM.0b013e31820a8581
https://dx.doi.org/10.1046/j.1464-410x.2000.00409.x
https://dx.doi.org/10.1046/j.1464-410x.2000.00409.x
https://www.auanet.org/guidelines-and-quality/quality-and-measurement/quality-improvement/clinical-consensus-statement-and-quality-improvement-issue-brief-(ccs-and-qiib)/chronic-urinary-retention
https://www.auanet.org/guidelines-and-quality/quality-and-measurement/quality-improvement/clinical-consensus-statement-and-quality-improvement-issue-brief-(ccs-and-qiib)/chronic-urinary-retention
https://dx.doi.org/10.7326/M14-1304
https://dx.doi.org/10.1136/bmjqs-2018-008025
https://dx.doi.org/10.1371/journal.pmed.1004326
https://www.ncbi.nlm.nih.gov/pubmed/31860230
https://dx.doi.org/10.1016/S0895-4356(01)00365-1
https://www.ncbi.nlm.nih.gov/pubmed/26934470
https://www.ncbi.nlm.nih.gov/pubmed/26934470
https://dx.doi.org/10.1016/j.juro.2016.07.005
https://dx.doi.org/10.1016/j.juro.2016.07.005


16. Michigan Institute for Healthcare Policy & Innovation. Patient Safety Enhancement Program (PSEP). University
of Michigan. Accessed June 3, 2024. https://ihpi.umich.edu/our-experts-partners/collaborating-centers-
programs/PSEP

17. Brook RH, Chassin MR, Fink A, Solomon DH, Kosecoff J, Park RE. A method for the detailed assessment of the
appropriateness of medical technologies. Int J Technol Assess Health Care. 1986;2(1):53-63. doi:10.1017/
S0266462300002774

18. Michigan Surgical Quality Collaborative. SUCCESS toolkit for enhancing urinary catheter appropriateness and
safety for adult surgical patients. Last reviewed September 2023. Accessed June 3, 2024. https://msqc.org/
success/

19. Michigan Surgical Quality Collaborative. Accessed June 3, 2024. https://msqc.org/

20. Beebe J. Rapid Assessment Process: An Introduction. Rowman Altamira; 2001.

21. Taylor B, Henshall C, Kenyon S, Litchfield I, Greenfield S. Can rapid approaches to qualitative analysis deliver
timely, valid findings to clinical leaders? a mixed methods study comparing rapid and thematic analysis. BMJ Open.
2018;8(10):e019993. doi:10.1136/bmjopen-2017-019993

22. Byun SS, Kim HH, Lee E, Paick JS, Kamg W, Oh SJ. Accuracy of bladder volume determinations by
ultrasonography: are they accurate over entire bladder volume range? Urology. 2003;62(4):656-660. doi:10.
1016/S0090-4295(03)00559-4

23. Schallom M, Prentice D, Sona C, et al. Accuracy of measuring bladder volumes with ultrasound and bladder
scanning. Am J Crit Care. 2020;29(6):458-467. doi:10.4037/ajcc2020741

24. Saint S, Lipsky BA, Goold SD. Indwelling urinary catheters: a one-point restraint? Ann Intern Med. 2002;137
(2):125-127. doi:10.7326/0003-4819-137-2-200207160-00012

25. Saint S, Trautner BW, Fowler KE, et al. A multicenter study of patient-reported infectious and noninfectious
complications associated with indwelling urethral catheters. JAMA Intern Med. 2018;178(8):1078-1085. doi:10.
1001/jamainternmed.2018.2417

26. Coulter I, Adams A, Shekelle P. Impact of varying panel membership on ratings of appropriateness in
consensus panels: a comparison of a multi- and single disciplinary panel. Health Serv Res. 1995;30(4):577-591.

27. Kahan JP, Park RE, Leape LL, et al. Variations by specialty in physician ratings of the appropriateness and
necessity of indications for procedures. Med Care. 1996;34(6):512-523. doi:10.1097/00005650-
199606000-00002

28. Pulvino JQ, Duecy EE, Buchsbaum GM, Flynn MK. Comparison of 2 techniques to predict voiding efficiency
after inpatient urogynecologic surgery. J Urol. 2010;184(4):1408-1412. doi:10.1016/j.juro.2010.05.096

SUPPLEMENT 1.
eTable 1. Articles Yielded by Systematic Search Provided to the RAND/UCLA Appropriateness Panel Members
eTable 2. Cochairs and Panelists for the RAND/UCLA Appropriateness Panel
eTable 3 Representative Questions From the Pilot-Tested, Semistructured, Role-Specific Interview Guide
eTable 4. Appropriateness Ratings for Monitoring of Urinary Retention After Catheter Removal
eTable 5. Presumptive Treatment of Urinary Retention After Catheter Removal When a Bladder Scanner Is
Unavailable
eTable 6. Appropriateness Ratings for Treatment of Urinary Retention Based on Bladder Scan Volume
eTable 7. Appropriateness Ratings for Transitioning From Intermittent to Indwelling Catheter for Urinary Retention
eTable 8. Preoperative Strategies to Predict or Prevent Postoperative Urinary Retention
eFigure 1. Overview of Multimethod Approach Applied to Generate Final Algorithm
eFigure 2. Early Retention Algorithm Drafts
eFigure 3: Final Urinary Retention Evaluation and Catheterization Algorithm (URECA)

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Urology Urinary Retention Evaluation and Catheterization Algorithm for Adult Inpatients

JAMA Network Open. 2024;7(7):e2422281. doi:10.1001/jamanetworkopen.2024.22281 (Reprinted) July 16, 2024 11/11

Downloaded from jamanetwork.com by University of Chicago Libraries user on 07/25/2024

https://ihpi.umich.edu/our-experts-partners/collaborating-centers-programs/PSEP
https://ihpi.umich.edu/our-experts-partners/collaborating-centers-programs/PSEP
https://dx.doi.org/10.1017/S0266462300002774
https://dx.doi.org/10.1017/S0266462300002774
https://msqc.org/success/
https://msqc.org/success/
https://msqc.org/
https://dx.doi.org/10.1136/bmjopen-2017-019993
https://dx.doi.org/10.1016/S0090-4295(03)00559-4
https://dx.doi.org/10.1016/S0090-4295(03)00559-4
https://dx.doi.org/10.4037/ajcc2020741
https://dx.doi.org/10.7326/0003-4819-137-2-200207160-00012
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.2417&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.22281
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.2417&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.22281
https://www.ncbi.nlm.nih.gov/pubmed/7591782
https://dx.doi.org/10.1097/00005650-199606000-00002
https://dx.doi.org/10.1097/00005650-199606000-00002
https://dx.doi.org/10.1016/j.juro.2010.05.096

