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ABSTRACT

Background: Urinary retention remains a frequent postoperative complication,
associated with patient discomfort and delayed discharge following general
thoracic surgery (GTS). We aimed to develop and prospectively validate a predic-
tive model of postoperative urinary retention (POUR) among GTS patients.

Methods: We retrospectively developed a predictive model using data from the So-
ciety of Thoracic Surgeons GTS Database at our institution. The patient study
cohort included adults undergoing elective in-patient surgical procedures without
a history of renal failure or Foley catheter on entry to the recovery suite (August
2013 to March 2017). Multivariable logistic regression models identified factors
associated with urinary retention, and a nomogram to aid medical decision making
was developed. The predictive model was validated in a cohort of GTS patients be-
tween April 2017 and November 2018 using receiver operating characteristic (ROC)
analysis.

Results: The predictive model was developed from 1484 GTS patients, 284 of whom
(19%) experienced postoperative urinary retention within 24 hours of the opera-
tion. Risk factors for POUR included older age, male sex, higher preoperative creat-
inine, chronic obstructive pulmonary disease, primary diagnosis, primary
procedure, and use of postoperative patient-controlled analgesia. A logistic nomo-
gram for estimating the risk of POUR was created and validated in 646 patients, 65
of whom (10%) had urinary retention. The ROC curves of development and valida-
tion models had similar favorable c-statistics (0.77 vs 0.72; P > .05).

Conclusions: Postoperative urinary retention occurs in nearly 20% of patients un-
dergoing major GTS. Using a validated predictive model may help by targeting
certain patients with prophylactic measures to prevent this complication. (JTCVS
Open 2021;7:359-66)

Nomogram to predict postoperative urinary reten-
tion after general thoracic surgery.

CENTRAL MESSAGE

Risk factors for postoperative
urinary retention following gen-
eral thoracic surgery procedures
were used to develop a
nomogram.

PERSPECTIVE

In this study, up to one-fifth of patients undergo-
ing general thoracic surgery procedures experi-
enced postoperative urinary retention (POUR).
We identified risk factors associated with POUR
and developed a nomogram that was then vali-
dated. This nomogram can help identify patients
at risk of POUR and guide perioperative
management.

See Commentaries on pages 367 and 368.
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Postoperative urinary retention (POUR) can result in
increased patient morbidity and delayed hospital discharge.
Prior studies of POUR have shown an incidence rate of 5%
to 70%, and risk factors for POUR have been identified for
multiple surgical subspecialties, including general thoracic
surgery (GTS)."” Prophylactic pharmacologic and
intraoperative practices can be implemented in effort to
prevent POUR.® However, such measures should be
reserved for patients at significant risk of POUR to optimize
cost and efficiency and prevent patient exposure to the risk
of additional side effects, such as urinary tract trauma and
infection.” Quantifying the risk for POUR and developing
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Abbreviations and Acronyms
GTS = general thoracic surgery
POUR = postoperative urinary retention
ROC = receiver operating characteristic
STS = Society of Thoracic Surgeons

a predictive model would be a useful aid to the physician’s
medical decision making process.

In developing a treatment plan, the ideal scenario would
improve patient outcomes, minimize risk, and improve effi-
ciency. Although a generalized protocol that serves this pur-
pose in every patient would be ideal, this is not feasible. To
most effectively meet these goals, the specific risks for each
individual patient must be considered. A commonly used
method of quantifying risks for a proposed outcome has
been the nomogram.®'” Prognostic nomograms assign a
score that appropriately allocates the weighted risk of
each variable. Kim and colleagues’ previously analyzed po-
tential risk factors for POUR in what they termed “minor
thoracic surgery” (only 2 lobectomies were included in
the study) and aimed to develop a predictive model for these
procedures. Their model included age >40 years, male sex,
diabetes mellitus, and lung resection as risk factors for
POUR. No such nomogram had been developed to predict
POUR following major GTS procedures, however.

We hypothesized that risk factors of POUR can be iden-
tified using multivariable risk factor analysis, and that a
nomogram could be constructed to help stratify the risk
for POUR. We then validated the nomogram to test the pre-
dictive ability of our model.

METHODS

We used the Society of Thoracic Surgeons (STS) GTS database to iden-
tify patients who underwent GTS procedures between August 1, 2013, and
March 31, 2017, at a tertiary medical center.'? Inclusion criteria included
age >18 years with at least 1 STS major GTS procedure. Exclusion criteria
were age <18 years, same-day discharge, outpatient procedure, intensive
care unit admission, preoperative or intraoperative urinary catheter use,
preoperative chronic renal dysfunction, and preoperative use of dialysis.
The included cases were retrospectively reviewed for POUR, which we
defined as the placement of a urinary catheter within 24 hours after surgery.
Those who had a urinary catheter placed at >24 hours after surgery were
not considered to have POUR. Our protocol was to have a Foley catheter
placed in patients who were unable to urinate within 6 hours after arrival
to the surgical floor. In-and-out catheterizations were not performed during
the study period.

The cohort was then examined for preoperative demographics, comor-
bidities, diagnoses, operation types, urinary tract factors (ie, history of
benign prostatic hyperplasia, history of other urinary tract pathology, and
preoperative use of such medications as tamsulosin), preoperative epidural
catheter placement, preoperative paravertebral block, postoperative use of
patient-controlled analgesia (PCA), laboratory values, clinical characteris-
tics including severity of illness as indicated by Zubrod score (1-5), and in-
traoperative variables, including duration of operative procedure and
volume of intraoperative intravenous fluid administration. Initially, a uni-
variate analysis was conducted for all variables chosen in our study. This
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analysis was followed by stepwise model selection to create a multivariable
logistic regression model that was used to identify key risk factors associ-
ated with postoperative urinary retention. The analysis was performed us-
ing standard statistical software (SAS version 9.3; SAS Institute, Cary,
NC).

Significant risk factors were then used to create a nomogram with as-
signed scores according to their projected impact on POUR. This was
done by subjecting these risk factors to stepwise model selection for further
analysis, which allowed us to quantify the degree of risk per variable on a
numeric scale. The multivariable logistic regression model values can be
used to make sense of the nomogram design. The factors containing the
highest odds ratios were assigned the highest score, with the remainder
of the variables following suit in a descending fashion. By doing so, each
risk is assigned an appropriate score according to its projected impact.
Although most of the risk factors are categorical and also binary, age at sur-
gery and preoperative creatinine levels are continuous variables. Therefore,
age was set on a scale of 10-year increments by which each 10-year in-
crease in age elicits a higher score on the scale. Similarly, creatinine levels
were set to a scale with 1.0 mg/dL increments. The assignment of specific
scores per risk factor are designed to allocate the appropriate weight per
risk factor, which begins to develop a profile for certain patients that
pose increased risk. By gathering the information specified on this tool,
physicians can develop an overall predicted risk for POUR. An example
of how to use this nomogram is provided in Figure 1, along with the tool.

The developed nomogram was then validated using a second cohort
from the STS GTSD at the same tertiary medical center with a study period
from April 1, 2017, through November 30, 2018. A total of 1452 consecu-
tive GTS procedures were identified and screened using the same process
as for the original cohort. The eligible validation cohort went through a
simulation process using the developed nomogram to predict the incidence
of POUR. Results from the validation cohort were tested by comparing the
receiver operating characteristic (ROC) values of study data versus valida-
tion data. This project was approved by the University of Alabama at Bir-
mingham’s Institutional Review Board (170417003; April 25, 2017).

Patient consent for inclusion in this study and consent to use their infor-
mation for this research report were included in the general preoperative
consent and were not required for Institutional Review Board approval.

RESULTS

The original 5348 identified cases were narrowed down
to an eligible study cohort of 1484 cases after the screening
process. These procedures included lobectomy/segmentec-
tomy (32%), wedge resection (28%), decortication (12%),
and others (28%). The mean patient age was 59 years
(range, 18-91 years), 51% were male, and 17% were black.
Common comorbidities were hypertension (56%), prior
cardiothoracic surgery (37%), chronic obstructive pulmo-
nary disease (COPD) (25%), and coronary artery disease
(17%). The majority of the patients had a Zubrod score
of 1 (55%), followed by Zubrod scores of 2 (21%),
0(17%), 3 (6%), and 4 (1%). The mean (SD) preoperative
creatinine concentration was 0.96 (0.45) mg/dL. Nineteen
percent of the patients had 24-hour POUR. Table | presents
the patients’ demographic and clinical characteristics. Uni-
variate analysis of STS thoracic procedure type as arisk fac-
tor for POUR is shown in Table 2.

On analysis, demographic variables that displayed signif-
icantly increased risk when analyzed individually were
male sex (P < .001), white race (P = .002), and age
(P <.001), with the mean age 8.2 years older in the patients
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Stepwise Regression on Urinary Retention Data
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FIGURE 1. Comparison of ROC curves of training data versus validation data. Training model C-statistic, 0.77 (95% CI, 0.71-0.82); validation model

C-statistic, 0.72 (P > .05). ROC, Receiver operating characteristic.

with urinary retention compared with those without urinary
retention. Comorbidities with increased risk were past
smoker status (P <.001), hypertension (P <.001), coronary
artery disease (P <.001), COPD (P <.001), prior cardiac
surgery (P = .002), elevated creatinine level (P <.001), Zu-
brodl (P = .008), and Zubrod3 (P = .014). History of
benign prostatic hyperplasia, preoperative use of tamsulo-
sin, and postoperative use of PCA were also found to be sta-
tistically significant risk factors for POUR in univariate
analysis. When evaluating specific diagnoses and proced-
ures, the STS procedure groups chest wall, lobectomy/seg-
mentectomy, esophageal surgery, mediastinum/diaphragm,
and wedge resection were significant risk factors for
POUR. In addition, the majority of patients underwent
minimally invasive procedures (significant in decreasing
POUR in VATS or robotic; 85.3%), and this variable was
found to be statistically in univariate analysis (P = .0348)
(Table 2). Variables displaying significantly decreased risk
of POUR included having never smoked (P < .001) and
elevated hemoglobin level (P = .001).

After the initial analysis, a stepwise model selection
identified variables for entry into a multivariable logistic
regression model (Table 3), which produced an analysis
of proposed variables with a significant risk for POUR.
The analysis revealed an increased risk of POUR for incre-
mental 10-year increase in age (P < .0001), male sex
(P <.001), incremental 1.0 mg/dL increase in creatinine
(P = .05), preoperative COPD (P < .01), STS procedure

group including chest wall versus other procedures
(P <.01), lobectomy/segmentectomy versus other proced-
ures (P < .01), mediastinum/diaphragm versus other pro-
cedures (P < .01), wedge resection versus other
procedures (P < .01), and postoperative use of PCA
(P <.0001) (Table 3). Esophageal versus other procedures
and a minimally invasive approach were not found to be sig-
nificant in the multivariate analysis (Table 3). A prognostic
nomogram was constructed using these variables placed on
a scale and assigned scores based on the projected risk
impact (Figure 2). The patients’ POUR predictive factors
and outcomes are shown in Figure 3.

A model was created to compare the study cohort with
the validation cohort (Table 4), which consisted of 646
consecutive major GTS procedures performed between
April 1, 2017, and November 30, 2018. Variables that
displayed significant between-group differences were
STS esophageal procedure group (P < .0001) and post-
operative use of PCA (P < .005). When comparing the
ROC curves of the study cohort and the validation cohort
(Figure 1), the predictive validation model’s C-statistic
(0.72) lay within the confidence interval range of the
predictive of the study cohort’s C-statistic of 0.77
(0.71-0.78).

DISCUSSION
In this study, we developed and validated a nomogram
that predicts postoperative urinary retention among patients
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TABLE 1. Basic cohort demographic and clinical characteristics
Overall Urinary retention No urinary retention
Characteristic (N = 1484) (N =284) (N = 1200) P value
Demographics
Age at surgery, y, mean (SD) 59.1 (15.1) 65.7 (12.0) 57.5 (15.3) <.001
Male sex, n (%) 51 197 (69.4) 560 (46.7) <.001
White race, n (%) 251 (88.4) 966 (80.5) .002
Comorbidities, n (%)
Body mass index 27.9 (6.6) 27.4 (5.7) 28.1 (6.8) .086
Current smoker 296 (20.0) 54 (19.0) 242 (20.3) .640
Past smoker 632 (42.7) 156 (54.9) 476 (39.8) <.001
Never smoked 551 (37.3) 74 (26.1) 477 (39.9) <.001
Diabetes 284 (19.2) 61 (21.5) 223 (18.7) 279
Hypertension 828 (56.0) 188 (66.2) 640 (53.6) <.001
Pulmonary hypertension 24 (1.6) 4(14) 20 (1.7) 1.000
Congestive heart failure 76 (5.1) 17 (6.0) 59 (4.9) 472
Coronary artery disease 247 (16.7) 73 (25.7) 174 (14.6) <.001
Peripheral vascular disease 76 (5.1) 22 (7.7) 54 (4.5) .027
Chronic obstructive pulmonary disease 373 (25.2) 104 (36.6) 269 (22.5) <.001
Transient ischemic attack 34 (2.3) 7(2.5) 27 (2.3) .836
Cerebrovascular accident 44 (3.0) 10 (3.5) 34 (2.8) 547
Prior cardiothoracic surgery 551 (37.3) 128 (45.1) 423 (35.4) .002
Preoperative chemotherapy, current malignancy 162 (11.0) 34 (12.0) 128 (10.7) 541
Preoperative thoracic radiation therapy 147 (9.9) 32 (11.3) 115 (9.6) 405
Interstitial fibrosis 59 (4.0) 15 (5.3) 44 (3.7) 216
Steroids 150 (10.1) 26 (9.2) 124 (10.4) .540
Preoperative creatinine level 1.0 (0.5) 1.1 (0.6) 0.9 (0.4) <.001
Preoperative hemoglobin level 12.8 (2.1) 13.2 (2.0) 12.7 2.2) .001
Normal activity, no symptoms 248 (16.8) 38 (13.4) 210 (17.6) .089
Symptoms, fully ambulatory 813 (55.0) 176 (62.0) 637 (53.3) .008
Symptoms, in bed <50% of the time 313 (21.2) 60 (21.1) 253 (21.2) .987
Symptoms, in bed >50% but <100% of the time 94 (6.4) 9(3.2) 85 (7.1) .014
Bedridden 11 (0.7) 1(0.4) 10 (0.8) 701
Benign prostatic hyperplasia (BPH) 83 (5.6) 33 (11.7) 50 (4.2) <.0001
Any other urinary tract pathology 109 (7.4) 24 (8.5) 85(7.1) 417
Preoperative tamsulosin use 89 (6.0) 39 (13.8) 50 (4.2) <.0001
Other BPH medication use 17 (1.1) 6(2.1) 11 (0.9) .088
Intraoperative/postoperative factors
Emergent, n (%) 2 (0.1) 0 (0.0) 2 (0.2) 1.000
Urgent, n (%) 35(2.4) 0 (0.0) 35(2.9) .001
Elective, n (%) 1444 (97.3) 284 (100) 1160 (96.7) <.001
Palliative, n (%) 3(0.2) 0 (0.0) 3(0.3) 1.000
Duration of procedure, min, mean (SD) 110.3 (134.2) 117.7 (107.3) 108.5 (139.9) 223
Postoperative patient-controlled analgesia, n (%) 255 (17.3) 69 (24.6) 186 (15.6) <.001
Preoperative epidural catheter, n (%) 43 (2.9) 5(1.8) 38 (3.2) .199
Preoperative paravertebral catheter, n (%) 106 (7.2) 23 (8.2) 83 (7.0) .490

SD, Standard deviation.

undergoing general thoracic procedures. Our findings show
that older age, male sex, postoperative PCA use, higher pre-
operative creatinine level, COPD, and primary procedure
pose significant risks for POUR. The validation process
for our study involved identification of a second cohort
that would go through the same screening process as our
first cohort. When comparing the identified significant
risk factors from the study cohort, the 2 cohorts were largely
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similar; exceptions were a lower percentage of white pa-
tients, a higher number of esophageal procedures, and a
longer average procedure time (23 minutes longer) in the
validation cohort. As shown by the ROC curve comparison,
the results from the validation set confirm the findings of our
study set within an acceptable range. Both the study set
value of 0.77 and the validation set value of 0.72 confirm
good models.
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TABLE 2. Univariate analysis of Society of Thoracic Surgeons thoracic procedure types by 24-hour urinary retention

Overall Urinary retention No urinary retention

Thoracic procedure (N = 1484), n (%) (N = 284), n (%) (N = 1200), n (%) P value
Lobectomy/segmentectomy 476 (32.1) 122 (25.6%) 354 (74.4%) <.0001
Wedge resection 401 (27.0) 76 (19.0) 325 (81.0) 9123
Mediastinum/diaphragm 187 (12.6) 31 (16.6) 156 (83.4) 3412
Decortication 156 (10.5) 13 (8.3) 143 (91.7) .0003
Esophageal 76 (5.1) 15 (19.7) 61 (80.3) .8915
Chest wall/neck 50 (3.4) 13 (26) 37 (74) 2095
Pleura 44 (3.0) 6 (13.6) 38 (86.4) 3464
Other 94 (6.3) 8 (8.5) 86 (91.5) .0068
Open procedure 214 (14.5) 51 (23.8) 163 (76.1) .0582
MIS procedure 1262 (85.3) 230 (18.2) 1032 (81.8) .0348

MIS, Minimally invasive surgical.

POUR is a common adverse outcome following surgery
across many different subspecialties, with a reported inci-
dence as high as 70%.>” Our definition of POUR (inability
to void postoperatively that necessitated required Foley
catheter placement within 24 hours after surgery) is more
consistent with that of Mason and colleagues' in their sys-
tematic review and meta-analysis (postoperative patient
catheterization for difficulty in voiding in the early postop-
erative period, typically <24 hours). However, this is
different from the study by Keita and colleagues,'* where
bladder volume >600 mL on ultrasound was an important
part of their definition of POUR. On the other hand, Patel
and colleagues'” defined POUR as the inability to void
spontaneously, necessitating in-and-out straight urethral
catheterization or Foley catheter placement. This differed
from our study, in which POUR was defined as requiring
Foley catheter placement. The rate of POUR in our study
was 19%. A previous study of “minor” thoracic surgeries
described a risk of 11.6% in their cohort.” With POUR

comes a number of cascading complications, such as uri-
nary tract infection, increased length of stay, and the associ-
ated risks of urinary catheter placement.''® These
complications pose additional threats to patient morbidity
and have a negative impact on healthcare economics by
increasing the cost of treatment.

Data are limited on specific risks that predict POUR in
patients following major GTS procedures as defined by
the STS. In 2015, Kim and colleagues” established a predic-
tive model for POUR following minor GTS procedures.
Their team identified specific increased risks in patients
age >40 years, male sex, diabetes mellitus, and candidates
for lung resection.” When expanding research beyond the
scope of thoracic surgery alone, risks for POUR across mul-
tiple surgical subspecialties are male sex, increased age, and
use of epidural."'”*" Although our study did not find any
significance risks with diabetes, it did find an increased
risk of POUR with increased age, male sex, history of
COPD, higher preoperative creatinine level, lung resection,

TABLE 3. Multivariable logistic regression model predicting postoperative 24-hour urinary retention in patients who underwent general thoracic

procedures (N = 1480), 2013-2018

Parameter Odds ratio (95% confidence interval) P value
Age at surgery (10-y increase) 1.60 (1.41-1.81) <.0001
Male sex 2.96 (2.19-3.99) <.0001
Postoperative patient-controlled analgesia 3.07 (2.06-4.60) <.0001
Chronic obstructive pulmonary disease 1.64 (1.20-2.22) <.01
Last preoperative creatinine (1.0 mg/dL increase) 1.32 (1.00-1.75) .05
Procedure group
Chest wall vs other procedures* 3.90 (1.65-9.18) <.01
Lobectomy/segmentectomy vs other procedures 3.20 (1.98-5.18) <.0001
Mediastinum/diaphragm vs other procedures 2.84 (1.58-5.11) <.01
Wedge resection vs other procedures 2.47 (1.51-4.05) <.01
Esophageal vs other procedures 1.54 (0.73-3.29) .26

*Qther procedures include decortication, pleura, or others not indicated in the procedure groups listed above.
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Stepwise Regression on Urinary Retention Data
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FIGURE 2. Nomogram predicting postoperative urinary retention (POUR) in general thoracic surgery patients. The total points for a 65-year-old male
patient who had a preoperative creatinine level of 3.0 mg/dL, history of preoperative chronic obstructive pulmonary disease (COPD), underwent lobectomy,
and had postoperative patient-controlled analgesia (PCA) use, can be calculated as 65 (age) + 32 (male) + 30 (creatinine X 10) + 14 (preoperative
COPD) + 34 (lobectomy) + 33 (postoperative PCA) = 208 approximately, with a predicted probability of POUR (indicated by the line of risk of event)

around 0.8.

and postoperative PCA use. The report from the STS and
the European Society of Thoracic Surgeons and the recom-
mendations of the Enhanced Recovery After Surgery Soci-
ety consider it reasonable to place a transurethral catheter in
patients with thoracic epidural anesthesia without any
further elaboration as to who should get a Foley catheter
postoperatively and what the stepwise approach for
POUR should be. This is due mainly to the lack of
consensus of the definition of POUR across studies and
the heterogeneity of the cohort.”’

Much previous effort has been directed at developing and
validating nomogram for use in both clinical and surgical
management.”'>** A nomogram is a proven approach to
providing cheap, efficient, and effective aid to medical de-
cision making. For the specific purposes of the present
study, the nomogram that we developed is an important
contribution to the protocol of developing a treatment
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plan for major GTS cases. The likelihood of developing
POUR is an important consideration in patient management
decision when considering the detrimental effects that can
occur, including bladder distention, risk of infection, and
increased cost and length of stay.'®'® This tool will allow
surgeons to anticipate downstream complications and
make decisions to prophylactically intervene, leading to
increased precision of care.

The study’s retrospective design and single-institution
dataset are important limitations. It is important to note
that we excluded patients with a Foley catheter placed intra-
operatively or preoperatively, a group that does not adhere
to a specific or strict criterion and is likely to be variable be-
tween institutions and even surgeons within a single institu-
tion. By excluding these patients, which presumably
represent some of the patients at highest risk for POUR,
the study may have had a selection bias; our study cohort
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TABLE 4. Characteristics of the training and validation datasets

Parameter Training (N = 1484) Validation (N = 628) P value
Age at surgery, y, mean (SD) 59.1 (15.1) 59.0 (15.9) 9682
Male sex, n (%) 757 (51.0) 312 (49.7) .5765
Postoperative patient-controlled analgesia, n (%) 255 (17.3) 78 (12.4) .0054
Chronic obstructive pulmonary disease, n (%) 373 (25.2) 112 (21.4) .0809
Last preoperative creatinine, mg/dL, mean (SD) 1.0 (0.5) 1.0 (0.9) .5056
Procedure group, n (%)
Chest wall/neck 50 (3.4) 24 (3.8) .6053
Lobectomy/segmentectomy 476 (32.1) 192 (30.6) 4974
Mediastinum/diaphragm 187 (12.6) 68 (10.8) .2530
Wedge resection 401 (27.0) 163 (26.0) 6127
Esophageal 76 (5.1) 81 (12.9) <.0001
Other procedures™ 94 (6.3) 29 (4.6) 1237

SD, Standard deviation. *Other procedures include decortication, pleura, or others not indicated in the procedure groups listed above.

may be dissimilar to populations in hospitals in which
routine intraoperative use of Foley catheters is more com-
mon. The nomogram developed in this study ideally will
benefit from further validation in a prospective model
with increased numbers in a real-time fashion. Furthermore,
we believe that the use of this nomogram could facilitate
prospective trials evaluating prophylactic intervention (eg,
administration of tamsulosin preoperatively) in patients at
high risk for POUR.

In conclusion, we successfully identified significant
risk factors associated with POUR following major GTS
procedures, and developed a nomogram prototype to

predict the overall risk of POUR and validated it with
acceptable C-statistics values. This nomogram can be intro-
duced into clinical practice for validation sometime in the
near future (Video 1).
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FIGURE 3. The number of general thoracic surgery patients included to evaluate risk factors for postoperative urinary retention (POUR) using the nomo-
gram to predict patients at risk of POUR. COPD, Chronic obstructive pulmonary disease.

JTCVS Open * Volume 7, Number C 365



Thoracic: Perioperative Management

Wei et al

Results

Prediction Model for POUR

Stepwise Regression on POUR

Sipaian Regrsson on oy Retron Oats

L MEDICINE

VIDEO 1. The relevant findings of this study, highlighting the importance
of applying the prediction model for postoperative urinary retention in gen-
eral thoracic surgery patients. Video available at: https://www.jtcvs.org/
article/S2666-2736(21)00112-1/fulltext.
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