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Incidence, Outcomes, and
Prediction of PostoperativeUrinary
Retention After a Nonurologic
Procedure

Abstract

Purpose: To develop a prognostic model to estimate

postoperative urinary retention (POUR) after lower limb

arthroplasty.
Methods: One thousand two hundred twenty patients underwent

1,374 joint replacement operations (812 knees and 562 hips)

between December 2008 and May 2014. Detailed variables were

collected. A multivariable logistic regression model was used to

identify the independent predictors for POUR. Boot strapping and

stepwise elimination was used to design a predictive nomogram.
Results: Therewere 124 incidents ofPOUR (9.02%) in 118patients

(90 knee, 34 hip, P = 0.001). On univariate analysis, patients who

developed POUR were older (P , 0.001), had higher American

Association of Anesthesiology scores (P = 0.007), underwent knee

replacement (0.001), were obese (body mass index . 35)

(P = 0.04), and were hypertensive (P = 0.029), with a history of

benign prostatic hyperplasis (BPH) (P , 0.001) or neurologic

disorders (P = 0.024). On multivariable analysis, age (60 to 69

years, P = 0.023, 70 to 79 yrs P = 0.008, .80 years P = 0.003),

knee replacement (P = 0.014), and history of BPH (P = 0.013) were

the independent predictors of POUR. A score was assigned to

each predictor (total = 31). The C-index was 0.65. There were three

risk categories as follows: 0 to 50, 51 to 85, and 861 points

resulting in 3.3%, 7.2%, and 14.0% risk of retention, respectively.
Discussion: This nomogram reliably predicts the risk of POUR in

patients undergoing hip and knee arthroplasties and may help

planning preoperative interventions to decrease the risk of this

complication.

Postoperative urinary retention
(POUR) is common in elderly

male patients after various surgical
procedures.1 The risk of POUR after
any procedure is estimated to occur

between 4% and 6% in the general
surgical population.2,3 However, the
occurrence of POUR depends on the
specific surgical intervention where
the incidence is thought to be 20 fold
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higher after lower limb arthroplasty
(LLA).3 The reported rates of POUR
after LLA are widely variable (0% to
75%), and this variability in the lit-
erature stems from the heterogeneity
of sample sizes, patient populations,
type of anesthesia, postoperative
analgesic regimens, and the wide
array of definition used to describe
POUR in published series.
LLA is one of the most commonly

performed procedures in the United
States where more than 450,000
procedures were performed in 2014.
Per capita utilization of total knee
arthroplasty increased by 99% for
primary cases and by 106% for revi-
sion TKA during the past decade.4

The occurrence of POUR in the
postoperative period potentially man-
ifests many health- and cost-related
consequences such as prolonged hos-
pitalizations, increased costs, and
infection-related complications thatmay
threaten prosthetic implantations.5-7

Using a national inpatient sample of
more than 400,000 patients, Wu et al
found that patients who developed
urinary retention can be predicted
and they may benefit from interven-
tional measures.
There is an abundance of literature

that evaluated the potential predictors
of POUR. Nevertheless, the results
were not consistent, and there is no
overall consensus regarding the most
important factors predisposing pa-
tients to retention and the statistical
weight of each predictor. This hinders
the efforts to individualize preventive
and prophylactic plans. Moreover,
most of the studies done looked at this
issue from anesthetic and orthopaedic
perspective. Little is known regarding
the specific urological characteristics
that lead to this problem after a non-
urologic procedure.
The specific aim of this study was

to individually prognosticate POUR

after LLA in a large cohort of elderly
male patients using a detailed data-
base and to assess the weight of each
predictor. The resulting nomogram
may allow the individual clinician to
counsel and intervene before surgery.
Secondary measures examined were
the rates of POUR, final urological
outcomes, and infectious complica-
tions after the occurrence of retention.

Methods

After the institutional review board
approval, all male patients who
underwent hip or knee replacement
surgery at our institution between
December 2008 and May 2014 were
included. Patientswere identified using a
commonprocedural terminology.There
were no exclusion criteria. An extensive
and thoroughly annotateddatabasewas
designed. This covered all potentially
related variables and included detailed
baseline demographic, past medical and
urological medications, and preopera-
tive, intraoperative, anesthetic, and
postoperative variables.
Baseline demographic variables in-

cluded age, marital status, body mass
index, and detailed medical, surgical,
and urologic histories. Medication
history included diuretics, alpha block-
ers, five alpha reductase inhibitors,
phosphodiesterase inhibitors, anti-
cholinergic, narcotics, muscle relax-
ants, blood thinners, and long-term
preoperative antibiotics. Urologic
history included the history of blad-
der outlet obstruction (BPH or ure-
thral stricture disease), any previous
urological procedure (classified by
type), and past urologic workup for
BPH if available (including prostate
specific antigen (PSA). prostate vol-
ume, uroflowmetry, postvoid resid-
ual volume, and urodynamic study),
and most recent culture and/or uri-

nalysis. Operative data included type
(knee versus hip), laterality, sequence
of joint replacement (first, second, and
third), American Association of
Anesthesiology (ASA) score, operative
time (minutes), estimated blood loss in
milliliter, type of anesthesia (general,
spinal, epidural, and local), and total
narcotic usage as measured by total
morphine equivalence, time to ambu-
lation, and total length of stay (days).
POUR was defined as the patient’s

inability to void spontaneously at any
point in the postoperative period or
after indwelling catheter removal,
requiring a urinary catheter reinsertion.
The general clinical pathway is to re-
move the urinary catheter on postop-
erative day 1 with a voiding trial after
distention of the urinary bladder with
500 mL of normal saline and ask the
patient to void. If the patient fails to
void, we routinely use the bed side
ultrasound to evaluate the postvoid
residual volume. The decision of uri-
nary catheter reinsertion was mainly
made on an independent basis de-
pending on the individual patient his-
tory, symptoms, and the provider
discretion. Urology consultation was
obtained when the patient failed
multiple attempts of voiding trials.
The choice of catheterization (self-
intermittent catheterization versus
indwelling catheterization) and dura-
tion of catheter insertion was re-
corded and the need to initiate or
increase the dose of BPH medi-
cation(s). The final outcome for
patients who failed these conserva-
tive measures was reported, including
the results of postoperative uro-
flowmetry, urodynamic study,
prostate volume (cc), and type of
bladder outlet procedure if performed.
A separate descriptive analysis was
conducted for patients who developed
POUR to report any urinary- or joint
infection-related complications.
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The end point for this studywas the
occurrence of POUR after any joint
replacement surgery. The statistical
analysis included univariable and
multivariable analyses using a step-
wise logistic regression model to
identify independent predictors for
the abovementioned endpoint (using
odds ratio with 95% confidence
interval and P value #0.05). This
was followed by the backward elim-
ination methodology to identify the
most accurate and parsimonious
model with the smallest number of
variables to predict the outcomes of
interest. For each model, boot-
strapping with 1,000 simulations
was conducted to randomly selected
observations with replacement from
our cohort to assign a risk score for
each independent predictor. Using the
average odds ratios from simulations,
a predictor was picked when its
P value was significant in more than
50% of times, and it was assigned a
score that reflected its prognostic
effect. A total score was calculated by
obtaining the sum of all these prod-
ucts of predictors which then corre-
lated with the probability of POUR.
Calibration and assessment of the
predictive accuracy of our nomogram
was made using a calibration plot.
Total scores were lumped together to
propose descriptive categories with
distinct risks of urinary retention.
Statistical analyses were performed
by SAS version 6.4 software (SAS
institute) and R Version 3.4.4 (R Core
Team, 2013). All statistical tests were
two-sided, and the level of statistical
significance was set at P , 0.5.8,9

Results

One thousand two hundred twenty-
two patients underwent 1,374 joint
replacement operations (812 knee
and 562 hip) during the study period.
There were 124 incidents of POUR
(9.02%) in 118 patients (90 knee, 34
hip, P = 0.001). A detailed descrip-

tion of patients’ baseline and preop-
erative variables is shown in Table1.
Operative details are shown in Table 2.
Of note, 34.8% of the hip patients
and 41.3% knee patients did not
have an intraoperative catheter. For
those who had a catheter, their av-
erage durations of catheterization be-
fore the voiding trial were 1.4 days (SD
0.55) and 1.6 days (SD = 0.56) for the
knee and hip, respectively. Intra-
operative catheterization or duration
of catheterization was not a statisti-
cally significant variable to predict
POUR.
On univariable analysis, patients

who developed POUR were older
(P , 0.001), had higher ASA score
(P = 0.007), underwent knee replace-
ment (P = 0.001), were less likely to
be obese with body mass index .
35 kg/m2 (P = 0.038), more likely to
be hypertensive (P = 0.029), with a
history of BPH (P , 0.001) or
neurologic disorders (P = 0.024). In
patients who underwent urological
workup before surgery, the average
flow rate and postvoid residual on
uroflowmetry assessment were dif-
ferent among the two groups (P = 0.05
and P , 0.001). Regarding outcomes,
most of the patients did not require
a bladder outlet procedure (110 no
procedure, 4 TURP, 2 HoLEP, and 2
urethral dilations). Urinary retention
did not result in increased risk of
postoperative infective joint compli-
cations or affected the duration of
hospitalization.
On multivariable analysis, age (60

to 69 years,P = 0.023, 70 to 79 years
P = 0.008, .80 years P = 0.003),
knee replacement (P = 0.014), and
history of BPH (P = 0.013) were the
independent predictors of postoper-
ative retention (Table 3). A score was
assigned to each predictor. A total
score was used to develop a predic-
tive nomogram based on these pre-
dictors (total score = 140 point), as
shown in Figure 1. The C-index of
our nomogram was 0.65. The ap-
plication of this nomogram resulted

in three risk categories, depending on
the total score with 0 to 50, 51 to 85,
and 86 1 points, resulting in 3.3%,
7.2%, and 14% average risk of re-
tention, respectively. The calibration
plot is shown in Figure 2.

Discussion

Our results demonstrated a 9% inci-
dence of POUR in a large cohort of
male patients undergoing LLA. Using
a cohort that largely represents the
average patient population who
undergo this procedure, we were able
to identify multiple predictors includ-
ing age, type of prosthesis, and history
of BPH and ASA score. We were able
to design an accurate predictive tool
that may help individualize the risk of
POUR using readily available preop-
erative factors that does not require a
dedicated preoperative specialty eval-
uation and can be easily obtained
using preoperative screening. An in-
ternal validation using the boot strap
technique was possible, and the dis-
criminative ability of this nomogram
as measured by its C-index could
reliably differentiate among three dis-
tinct categories of POUR with clini-
cally meaningful differences.
POUR after LLA has been thor-

oughly evaluated in the past by multi-
ple investigators since the introduction
of this procedure, given the established
relationship between the risk of pros-
thetic infection and POUR, resulting in
prolonged catheterization. Early in-
vestigators proposed that evaluation
and treatment of lower urinary tract
symptoms should take place before
accepting patients for arthroplasty
because of the unacceptable high risks
of retention and subsequent infection.5

Subsequently, the exponential increase
in the utilization of joint replacement
procedure was paralleled by a para-
digm shift in the management of this
problem with high focus on the iden-
tification of the risk factors and pre-
vention. Baldini et al and Balderi et al
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proposed algorithms for early detec-
tion, prevention, and management of
POUR that highly depend on the risk
factors of developing retention.3,10

However, the identification of these
risk factors was based on the review
of previous studies with widely vari-
able definitions of POUR and lack of

testing of some important urological
factors.
The different types, routes of admin-

istrationofanesthesia,andpostoperative

Table 1

Preoperative Variables

Variable
No. of Available

Records

Overall No Retention

P Value(N = 1,374) (N = 1,250) (N = 124)

Age 1,374 69.03 610.36 68.7 610.49 72.35 68.27 ,0.001
Age category, n (%) 1,374 0.002

,60 yr 1,374 216 16% 210 97% 6 3%
60–69 yr 1,374 449 33% 410 91% 39 9%

70–79 yr 1,374 504 37% 451 89% 53 11%
.80 yr 1,374 205 15% 179 87% 26 13%

BMI 1,373 30.84 65.46 30.9 65.54 30.25 64.66 0.21
Most recent PSA (pre-op) 443 1.56 61.91 1.55 61.93 1.63 61.73 0.81

Uroflow performed before joint
replacement?

486 0.51 60.50 0.5 60.50 0.61 60.49 0.14

Volume voided (mL) 247 226.99 6151.30 228.17 6154.22 217.37 6127.17 0.73
Maximum flow rate (mL/sec) 244 15.41 69.90 15.77 610.14 12.53 67.15 0.11

Average flow rate (mL/sec) 238 7.86 64.84 8.08 64.95 6.16 63.42 0.05
Postvoid residual (mL) 247 64.44 6106.31 56.71 6101.64 127.48 6123.62 ,0.001

History of diabetes, n (%) 1,374 184 13% 162 88% 22 12% 0.14
History of neurologic disorder, n
(%)

1,374 159 12% 137 86% 22 14% 0.024

History of bleeding disorder, n
(%)

1,374 9 1% 9 100% 0 0% 0.34

History of urologic disorder, n (%) 1,374 649 47% 580 89% 69 11% 0.049

History of hypertension, n (%) 1,374 827 60% 741 90% 86 10% 0.029
History of hyperlipidemia, n (%) 1,374 184 13% 170 92% 14 8% 0.47

Obesity_BMI 35 m, n (%) 1,374 236 17% 223 94% 13 6% 0.038
History of coronary artery
disease, n (%)

1,374 222 16% 196 88% 26 12% 0.13

History of BPH, n (%) 1,374 313 23% 268 86% 45 14% ,0.001

History of UTI, n (%) 1,374 1 0% 1 100% 0 0% 0.75
History of urethral stricture
disease, n (%)

1,374 10 1% 10 100% 0 0% 0.32

History of urinary retention, n (%) 1,374 15 1% 13 87% 2 13% 0.56

Diuretic usage, n (%) 1,374 294 21% 266 90% 28 10% 0.74
BPH medication usage, n (%) 1,374 303 22% 268 88% 35 12% 0.08

Erectile medication usage, n (%) 1,374 104 8% 96 92% 8 8% 0.62
Anticholinergic medication
usage, n (%)

1,374 19 1% 16 84% 3 16% 0.30

Anticoagulant medication
usage, n (%)

1,374 930 68% 844 91% 86 9% 0.68

Antibiotic usage, n (%) 1,374 115 8% 108 94% 7 6% 0.25
History of past urologic
procedure

1,349 271 20% 248 92% 23 8% 0.69

BMI = body mass index
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analgesics has received extensive atten-
tion and demonstrated conflicting re-
sults.3,10 The effect of general anesthesia
on the lower urinary tract function
and micturition reflex is well estab-
lished.11,12 However, the effect of
spinal and epidural anesthesia on
bladder control is quick and can last
to up to 8 hours after anesthesia.13

Nevertheless, the comparison of
anesthetic modalities in this specific
context is not well understood and is
difficult to assess because of the con-
flicting results.1,2,10,14-23 Bladeri
et al concluded that patients who
received epidural or systemic anes-
thesia had similar risks of POUR after
an extensive systemic review of the
pertinent literature which is consis-
tent with our results where no
statistically significant differences
in the modality of anesthesia used

were identified.10Of note, we used the
morphine equivalent dose as a col-
lective measure to assess the impact of
this effect on POUR.
Many previously conducted studies

identified predictive factors that were
similar to the ones identified in this
study such as increasing age and his-
tory of BPH.18,21,24-26 Other factors
that were assessed included the in-
traoperative fluid volume and oper-
ative time. Certain studies suggested
that intravenous fluid volume and
bladder volume at certain levels were
independent risk factors for POUR,20,27

whereas, other studies concluded
that intravenous fluid volume was a
mere reflection of operative time and
association with retention was not
confirmed.28 This study did not find
an association between operative
times and POUR which contrasts

previous findings that showed that
longer operations lead to higher risk
of POUR.29,30 This may be explained
by the similar ranges in operative time
for all of the arthroplasty cases in our
cohort, which creates difficulty in
accurately detecting outcome differ-
ences based on this factor.
For preoperative urologic evalua-

tion, the only identified risk factor was
a history of BPH.When a preoperative
urologicalworkupwas available, there
was no correlation between various
uroflowmetry, urodynamic param-
eters, prostate volume evaluation, or
the previous administration of BPH
medications. We mainly relied on
objective measures and preoperative
testing rather than the patient-filled
preoperative questionnaires such as
the International Prostate Symptom
Score; the role of which remains

Table 2

Operative Variables

Variable
No. of Available

Records

Overall No Retention

P Value(N = 1,374) (N = 1,250) (N = 124)

Duration of hospitalization (d) 1,370 2.85 60.93 2.83 60.91 3.05 61.04 0.012
MED 1,374 442.19 6428.79 436.96 6432.76 494.83 6384.14 0.15

Location, n (%) 1,374 0.001
Knee 1,374 812 59% 722 89% 90 11%

Hip 1,374 562 41% 528 94% 34 6%
Sequence, n (%) 1,374 0.96

First 1,374 1,216 89% 1,106 91% 110 9%
Second 1,374 155 11% 141 91% 14 9%

Third 1,374 1 0% 1 100% 0 0%
Fourth 1,374 0 0% 0 100% 0 0%

Fifth 1,374 2 0% 2 100% 0 0%
Type of anesthesia, n (%) 1,368 0.51
Local 1,368 58 4% 55 95% 3 5%

Regional 1,368 6 0% 5 83% 1 17%
Spinal 1,368 1,296 95% 1,177 91% 119 9%

General 1,368 8 1% 8 100% 0 0%
ASA score, n (%) 1,347 0.007

1 1,347 16 1% 15 94% 1 6%
2 1,347 638 47% 582 91% 56 9%

3 1,347 690 51% 626 91% 64 9%
4 1,347 3 0% 1 33% 2 67%

ASA = American Association of Anesthesiology, MED = Morphine equivalent dose

Haidar M. Abdul-Muhsin, MBChB, et al

May 2020, Vol 4, No 5



controversial. Postoperatively, most
of our patients did not require ex-
tensive workup because POUR re-
solved spontaneously with no need
for a bladder outlet procedure in
most cases. Although bacteriruria is
an established risk that is directly
related to the duration of catheteri-
zation and subsequent joint infec-
tion, we did not identify an increased

risk in infectious joint complications
in our cohort.5-7

Our study has many strengths in-
cluding using a large representative
sample of patients with multiple
urological and nonurological varia-
bles that were not previously tested.
Wewere able to individualize the risks
of POUR using a nomogram thatmay
pave the road for prospective phar-

macologic intervention in selected
high-risk patients. Our nomogram
can provide a practical clinical guide
to calculate the risk of urinary reten-
tion. To use the nomogram (Figure 1),
each risk factor will have an indi-
vidual score by aligning that to the
top line. After that the total score
is calculated by adding the sum of the
individual scores and aligning that to

Table 3

Multivariable Analysis and A Final Step Down Model to Predict Postoperative Urinary Retention

Variable
Odds Ratio
Estimate

Lower 95% Confidence
Limit for Odds Ratio

Upper 95% Confidence
Limit for Odds Ratio p value c_stat

N = 1,322 retention 122

Age, yr
60–69 2.805 1.154 6.821 0.023
70–79 3.187 1.302 7.803 0.011

.80 3.955 1.52 10.287 0.005
Knee 1.757 1.151 2.681 0.009

Obesity (BMI . 35) 0.487 0.253 0.938 0.031
History of neurologic
disorder

1.529 0.915 2.557 0.105

History of hypertension 1.36 0.894 2.07 0.151

History of BPH 1.627 1.041 2.542 0.033
ASA 3 and 4 0.925 0.611 1.399 0.711

History of diabetes 1.438 0.858 2.408 0.168
History of UTI 0.767 ,0.001 .999.999 1.000

History of urethral
stricture disease

,0.001 ,0.001 .999.999 0.985

History of urinary
retention

0.986 0.206 4.716 0.986

History of BPH
medication

0.985 0.607 1.599 0.953

History of erectile
dysfunction medication

0.88 0.408 1.898 0.745

History of anticoagulant
medication

2.239 0.603 8.319 0.229

History of urologic
surgery

0.727 0.438 1.207 0.218 0.68

Step down model
Age, yr

60–69 2.79 1.154 6.745 0.023
70–79 3.292 1.374 7.886 0.008

.80 4.099 1.629 10.316 0.003
Knee replacement 1.687 1.112 2.56 0.014
BPH 1.67 1.116 2.5 0.013 0.65

ASA = American Association of Anesthesiology, BMI = body mass index, UTI = urinary tract infection
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the probability of retention. For ex-
ample, a 60-year-old man undergo-
ing a knee replacement with no
history of prostatic enlargement
will have a total score of 70 (age =
50 points, knee = 20, and BPH
history = 0). This corresponds to a
medium risk category 51 to 85 and a
respective risk of retention of 7.5%,
whereas a 70-year-old man with a
previous history of BPH undergoing
the same procedure will have total
score of 102.5 (age = 62.5, knee = 20,
and BPH history = 20) and corre-
sponding high risk of 14.8%. This
significant difference in risk of POUR
can lead the surgeon to properly
counsel the patient preoperatively and
to consider a urological evaluation
before that.
Our study was performed in a ter-

tiary center with high LLA volume
performed by multiple orthopaedic
surgeons with standardized peri-
operative pathway and rehabilitation
regimen. However, the results have to
be evaluated in light of the retrospec-
tivenatureof the studyand the general
limitations of any predictive nomo-
gram. Given the fact that the entire
patient cohort in this study presented
to our hospital, the study is subjected
to a selection bias. Moreover, it is
essential to highlight the fact that the
c-index of any nomogram can assess
its discriminative ability (the ability to
differentiate the risk of two patients),
and not the ability to compare the in-
cidences of predicted and actual event.
The latter is preferably tested using
external prospective validation. Fi-
nally, a few variables which were ex-
amined occurred at low rates, limiting
our ability to accurately analyze those
in a multivariate analysis model.
This is a large study to analyze the

incidence, risk factors, and outcomes
of urinary retention after LLA. This
has led tomany important conclusions.
Importantly, the statistical weight of
whatwe established as risk factorswas
revealed. Most of these outcomes are
inherently related to patient charac-

teristics and not the intraoperative or
postoperative course. Finally, the
nature of this problem is transient in
most patients and does not require

immediate surgical intervention. Col-
lectively, we think that the results of
this studywill provide amore objective
tool to counsel patients and to plan

Figure 1

Figure demonstrating the predictive nomogram to predict postoperative urinary
retention after weight-bearing joint replacement surgery.

Figure 2

Figure demonstrating the calibration plot to assess the accuracy of urinary
retention nomogram after joint replacement surgery. The “Ideal” line represents
perfect prediction because the predicted probabilities equal the observed
probabilities. The “Apparent” line represents the calibration using our sample.
The “Bias Corrected” line is derived via resampling. The closer the bias
corrected line to the ideal line the more accurate is the prediction within that
specific range. When the line is below the ideal line, it is overprediciting the
outcome and when it is above the ideal line, it is underpredicting the outcome.
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prophylactic measures to prevent the
occurrence of this adverse outcome.

References

1. DavidM, Arthur E, Dhuck R, Hemmings E,
Dunlop D: High rates of postoperative
urinary retention following primary total
hip replacement performed under combined
general and spinal anaesthesia with
intrathecal opiate. J Orthop 2015;12(suppl
2):S157-S160.

2. Shadle B, Barbaro C, Waxman K, Connor S,
Von Dollen K: Predictors of postoperative
urinary retention. Am Surg 2009;75:922-924.

3. Baldini G, Bagry H, Aprikian A, Carli F:
Postoperative urinary retention: Anesthetic
and perioperative considerations.
Anesthesiology 2009;110:1139-1157.

4. Cram P, Lu X, Kates SL, Singh JA, Li Y,
Wolf BR: Total knee arthroplasty volume,
utilization, and outcomes among Medicare
beneficiaries, 1991-2010. JAMA 2012;308:
1227-1236.

5. Wroblewski BM, del Sel HJ: Urethral
instrumentation and deep sepsis in total hip
replacement. Clin Orthop Relat Res 1980:
209-212.

6. Donovan TL, Gordon RO, Nagel DA:
Urinary infections in total hip arthroplasty.
Influences of prophylactic cephalosporins
and catheterization. J Bone Joint Surg Am
1976;58:1134-1137.

7. Cumming D, Parker MJ: Urinary
catheterisation and deep wound infection
after hip fracture surgery. Int Orthop 2007;
31:483-485.

8. Gronwall TH, Ron D, Gluchoff A, Guthery
S. Calculating Curves: The Mathematics,
History, and Aesthetic Appeal of T. H.
Gronwall’s Nomographic Work: Boston,
MA: Docent Press; 2012.

9. Zhang Z, Kattan MW: Drawing
nomograms with R: Applications to
categorical outcome and survival data. Ann
Transl Med 2017;5:211.

10. Balderi T, Carli F: Urinary retention after
total hip and knee arthroplasty. Minerva
Anestesiol 2010;76:120-130.

11. Matsuura S, Downie JW: Effect of
anesthetics on reflex micturition in the
chronic cannula-implanted rat. Neurourol
Urodyn 2000;19:87-99.

12. Combrisson H, Robain G, Cotard JP:
Comparative effects of xylazine and
propofol on the urethral pressure profile of
healthy dogs. Am J Vet Res 1993;54:
1986-1989.

13. Kamphuis ET, Ionescu TI, Kuipers PW, de
Gier J, van Venrooij GE, Boon TA:
Recovery of storage and emptying functions
of the urinary bladder after spinal
anesthesia with lidocaine and with
bupivacaine in men. Anesthesiology 1998;
88:310-316.

14. Lingaraj K, Ruben M, Chan YH, Das SD:
Identification of risk factors for urinary
retention following total knee arthroplasty:
A Singapore hospital experience. Singapore
Med J 2007;48:213-216.

15. Sivasankaran MV, Pham T, Divino CM:
Incidence and risk factors for urinary
retention following laparoscopic inguinal
hernia repair. Am J Surg 2014;207:
288-292.

16. Sarasin SM, Walton MJ, Singh HP, Clark
DI: Can a urinary tract symptom score
predict the development of postoperative
urinary retention in patients undergoing
lower limb arthroplasty under spinal
anaesthesia? A prospective study. Ann R
Coll Surg Engl 2006;88:394-398.

17. Redfern TR, Machin DG, Parsons KF,
Owen R: Urinary retention in men after
total hip arthroplasty. J Bone Joint Surg Am
1986;68:1435-1438.

18. Kotwal R, Hodgson P, Carpenter C:
Urinary retention following lower limb
arthroplasty: Analysis of predictive factors
and review of literature. Acta Orthop Belg
2008;74:332-336.

19. Kieffer WK, Kane TP: Predicting
postoperative urinary retention after lower
limb arthroplasty. Ann R Coll Surg Engl
2012;94:356-358.

20. Keita H, Diouf E, Tubach F, et al: Predictive
factors of early postoperative urinary
retention in the postanesthesia care unit.
Anesth Analg 2005;101:592-596.

21. Hollman F, Wolterbeek N, Veen R: Risk
factors for postoperative urinary retention
in men undergoing total hip arthroplasty.
Orthopedics 2015;38:e507-e511.

22. Elkhodair S, Parmar HV, Vanwaeyenbergh
J: The role of the IPSS (International
Prostate Symptoms Score) in predicting
acute retention of urine in patients
undergoing major joint arthroplasty.
Surgeon 2005;3:63-65.

23. Wynd CA, Wallace M, Smith KM: Factors
influencing postoperative urinary retention
following orthopaedic surgical procedures.
Orthop Nurs 1996;15:43-50.

24. Waterhouse N, Beaumont AR, Murray K,
Staniforth P, Stone MH: Urinary retention
after total hip replacement. A prospective
study. J Bone Joint Surg Br 1987;69:
64-66.

25. Maheshwari AV, Boutary M, Yun AG,
Sirianni LE, Dorr LD: Multimodal
analgesia without routine parenteral
narcotics for total hip arthroplasty. Clin
Orthop Relat Res 2006;453:231-238.

26. Tammela T, Kontturi M, Puranen J:
Prevention of postoperative urinary
retention after total hip arthroplasty in male
patients. Ann Chir Gynaecol 1987;76:
170-172.

27. Luger TJ, Garoscio I, Rehder P,
Oberladstatter J, Voelckel W: Management
of temporary urinary retention after
arthroscopic knee surgery in low-dose
spinal anesthesia: Development of a simple
algorithm. Arch Orthop Trauma Surg
2008;128:607-612.

28. Petersen MS, Collins DN, Selakovich WG,
Finkbeiner AE: Postoperative urinary
retention associated with total hip and total
knee arthroplasties. Clin Orthop Relat Res
1991:102-108.

29. Hansen BS, Soreide E, Warland AM, Nilsen
OB: Risk factors of post-operative urinary
retention in hospitalised patients. Acta
Anaesthesiol Scand 2011;55:545-548.

30. Tischler EH, Restrepo C, Oh J, Matthews
CN, Chen AF, Parvizi J: Urinary retention is
rare after total joint arthroplasty when
using opioid-free regional anesthesia. J
Arthroplasty 2016;31:480-483.

Nomogram to Predict Postoperative Retention

8 Journal of the American Academy of Orthopaedic Surgeons


