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Abstract 

Background Postoperative urinary retention (POUR) is a common complication of anorectal surgery. This study 
was to determine the incidence of POUR in anorectal surgery for benign anorectal diseases, identify its risk factors, 
and establish a nomogram for prediction of POUR.

Methods A nested case–control study was conducted. The clinical data of patients were collected, and the incidence 
of POUR was analyzed. Univariate analysis was used to identify the risk factors associated with POUR, and multivariate 
logistic regression analysis was used to determine independent risk factors for POUR. A nomogram for the preopera-
tive prediction of POUR using a logistic regression model was developed (n = 609).

Results The incidence of POUR after anorectal surgery for benign anorectal diseases was 19.05%. The independent 
risk factors for POUR were: female (P = 0.007); male with benign prostatic hyperplasia (BPH) (P = 0.001); postoperative 
visual analogue scale (VAS) score > 6 (P = 0.002); patient-controlled epidural analgesia (PCEA) (P = 0.016); and a surgery 
time > 30 min (P = 0.039). In the nomogram, BPH is the most important factor affecting the occurrence of POUR, fol-
lowed by a postoperative VAS score > 6, PCEA, surgery time > 30 min, and sex has the least influence.

Conclusion For patients undergoing anorectal surgery for benign anorectal diseases, preventive measures can be 
taken to reduce the risk of POUR, taking into account the following risk factors: female or male with BPH, severe post-
operative pain, PCEA, and surgery time > 30 min. Furthermore, we developed and validated an easy-to-use nomo-
gram for preoperative prediction of POUR in anorectal surgery for benign anorectal diseases.

Trial registration China Clinical Trial Registry: ChiCTR2000039684, 05/11/2020.
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Introduction
Benign anorectal diseases have a high incidence. One 
third of Americans and 40% of Britons have been 
shown to hemorrhoids during colonoscopy [1, 2]. Hem-
orrhoids is the third most common outpatient gastroin-
testinal diagnosis in the United States, with nearly 2.5 
million outpatient and emergency visits annually [3]. In 
Europe, the incidence of perianal abscess is about 16.1–
30 per 100,000 [4]. Anal fistulas occur with an inci-
dence of 5.5 per 100,000 women and 12.1 per 100,000 
men [5]. Estimates of the frequency of anal fissures in 
the general population are 10–15% [6]. The true inci-
dence of these diseases may well be higher. Surgery is 
an effective treatment for benign perianal diseases, and 
a growing number of patients are receiving appropriate 
surgical interventions.

Postoperative urinary retention (POUR) has been a 
common complication of surgery, with an incidence 
range from 3 to 52% [7–13]. The differences may be 
explained by the heterogeneity of patient populations, 
type of operation, type of anesthesia and the definition 
of POUR. The incidence of POUR after anorectal sur-
gery is much higher than for other types of surgery [14, 
15]. S2-S4 parasympathetic nerve injury, perianal pain 
and increased sphincter tension can partly explain the 
high incidence of POUR after anorectal surgery [15, 
16].

In recent years, with the maturity of surgical tech-
nology,  the introduction of comfortable medicine and 
enhanced recovery after surgery (ERAS), POUR has 
attracted more and more attention. POUR can increase 
the risk factors for discomfort and urinary tract infec-
tion, and delay the time of hospital discharge [17]. POUR 
was reported to be responsible for 20–25% of unexpected 
inpatient admissions following day general surgery [18, 
19]. The key measure for managing POUR is urinary 
catheterization. However, catheterization is an invasive 
procedure with potential complications, including cath-
eter-associated urinary tract infections, urethral trauma, 
prostatitis, pain, and discomfort [20, 21]. About 80% of 
all nosocomial urinary tract infections occur due to cath-
eterization [22]. Thus, accurate identification of high-risk 
patients and taking preventive interventions, rather than 
for all patients, could optimize anesthesia and surgical 
pathways and improve patient satisfaction.

The purpose of the study was to determine the inci-
dence of POUR after anorectal surgery for benign ano-
rectal diseases, identify its independent risk factors, and 
establish a nomogram to preoperatively predict an indi-
vidual’s risk of POUR. The results will provide a useful 
reference for the clinical prevention and treatment of 
POUR after anorectal surgery for benign anorectal dis-
eases. To the best of our knowledge, we have provided 

the first predictive model for POUR after anorectal sur-
gery for benign anorectal diseases.

Materials and methods
Ethics approval and registration
A nested case–control study was conducted in a pro-
spective cohort of 609 patients enrolled in the study, 
which was approved by the Ethics Committee of 
Cheng Du Shang Jin Nan Fu Hospital on 29/09/2020 
(No. 2020092901). Written informed consent was 
obtained from each patient before study participation. 
The trial was registered prior to patient enrollment 
in the Chinese Clinical Trials Registry on 05/11/2020 
(ChiCTR2000039684).

Patients population
We recruited 645 patients who underwent selective ano-
rectal surgery for benign anorectal diseases in Cheng Du 
Shang Jin Nan Fu Hospital from November 9, 2020 to 
June 31, 2021. Our exclusion criteria were: (1) the patient 
had a catheter inserted before surgery; (2) the patient had 
complications of uremia and other renal diseases before 
surgery; (3) the patient had difficulty in language commu-
nication and was expected to have follow-up difficulties. 
The exit criteria were: (1) the surgeon ordered immedi-
ate catheterization after surgery according to the symp-
toms; (2) the patient refused to follow-up after entering 
the study (Fig. 1). One day before surgery, patients were 
visited and selected according to the inclusion and exclu-
sion criteria of the study.

Definition of POUR
The diagnostic criteria for POUR was the patient had 
not urinated 6  h after surgery and the urine volume 
after catheterization was > 600  mL, or the patient could 
not effectively empty their bladder and had a urine vol-
ume > 100 mL after catheterization [23, 24].

Study design
All patients managed by a standard protocol of preop-
erative fasting (12  h for solid foods, 4  h for fluids), and 
a routine liquid management at post-anesthesia care 
unit unless the patient had a special emergency. The 
patient was routinely monitored on entering the opera-
tion room, including electrocardiography, non-invasive 
blood pressure and pulse oximetry measurements. They 
were informed of the anesthesia plans before surgery, and 
independently chose tracheal intubation general anes-
thesia (GA) or ultrasound-guided caudal epidural block 
(CEB) combined with intravenous anesthesia (CEB + IA). 
If the effect of CEB was not satisfactory, such as anal 
sphincter failing to relax or the patient experienced pain, 
GA was used (CEB changed to GA). The patients under 
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GA were intravenously induced with 0.1  mg/kg pene-
hyclidine hydrochloride, 0.02–0.04  mg/kg midazolam, 
1.5–2.5  mg/kg propofol, 0.2–0.4  μg/kg sufentanil and 
0.1–0.2 mg/kg cisatracurium. Anesthesia was maintained 
with 1–3% sevoflurane combined with 0.1–0.2 μg/kg/min 
remifentanil. For patients with CEB + IA, 14–16  mL of 
0.4–0.5% ropivacaine was given under ultrasound-guided 
CEB, 0.02–0.04  mg/kg midazolam and 0.5  μg/kg/h dex-
medetomidine to maintain sedation.

There were 3 types of postoperative analgesia options 
for patients to choose from, which were: (1) patient-con-
trolled epidural analgesia (PCEA); (2) patient-controlled 
intravenous analgesia (PCIA); (3) no patient-controlled 
analgesia (NPCA). The PCEA system consisted of 600 mg 
ropivacaine and 300 mL normal saline, set at an adminis-
tration rate of 4–8 mg/h, 10 mg/push, with a locking time 
of 60  min. The PCIA system was comprised of 200  μg 
sufentanil, 200  μg dexmedetomidine, 400  mg tramadol, 
20  mg granisetron and normal saline 200  mL, set to an 
administration rate of 2 mL/h, 0.5 mL/push, and a lock-
ing time of 15  min. The NPCA patients, or those who 
could not achieve satisfactory the analgesia with PCEA 
or PCIA, were given intravenous injections of dezocine 
and oral oxycodone when appropriate.

Data collection
The patients were divided into POUR group and non-
POUR group. Relevant clinical data were collected, 

including sex, age, body mass index (BMI), diagnosis, 
medical history, American Society of Anesthesiologists 
(ASA) grade, type of anesthesia, anesthesia time, type 
of surgery, surgery time, intraoperative infusion volume, 
type of postoperative analgesia, postoperative visual ana-
logue scale (VAS) score, number of perianal incisions, 
etc. The VAS score was recorded at 2  h, 4  h, 6  h, 24  h, 
48 h and 72 h, at the first dressing change and first def-
ecation after surgery. The patient’s maximum VAS score 
was used for analysis. Urination was recorded 6  h after 
the operation to evaluate whether POUR had occurred.

Sample size calculation
We found that there were 8 main risk factors for POUR 
and most studies reported its incidence after anorectal 
surgery for benign anorectal diseases to be about 15% 
[15, 25, 26]. The estimated sample size was at least 533 
cases. The larger the sample size for multivariate logistic 
regression analysis, the more reliable the results are. Due 
to time constraints, we screened a total of 645 patients, 
excluded 15 patients, and withdrew 21 patients. Finally, 
the data of 609 patients were statistically analyzed.

Statistical analyses
Data was analyzed using SPSS (IBM Corp. Released 2015. 
IBM SPSS Statistics for Windows, Version 23.0. Armonk, 
NY: IBM Corp.) and R software (R Core Team. Released 
2020. R: A language and environment for statistical 

Fig. 1 Flow chart
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computing, Version 4.0.1. R Foundation for Statistical 
Computing, Vienna, Austria. URL: https:// www.R- proje 
ct. org/). Categorical data was expressed as numbers 
or percentages and was compared using the Pearson 
chi-squared test or Fisher’s exact test as appropriate. 
Mean ± SD was used for statistical descriptions and Stu-
dent’s t-test was used for analysis if the continuous data 
conformed to a normal distribution, while median and 
quaternary were used for descriptions and a Mann–
Whitney U test was used for analysis if they did not. The 
variables of P < 0.1 in univariate analysis were selected for 
multivariate logistic regression analysis to determine the 
independent risk factors for POUR after anorectal sur-
gery for benign anorectal diseases. The nomogram was 
drawn and analyzed using Regression Modeling Strate-
gies package of R software. The nomogram for the pre-
operative prediction of POUR used the independent risk 
factors identified in the multivariable logistic analysis 
(n = 609). The predictive performance of the nomogram 
was measured by concordance index (C-index) and cali-
brated with 1,000 bootstrap samples to reduce the over-
fit bias. Calibration was evaluated by a calibration plot. 
The clinical usefulness of the nomogram was measured 
by decision curves analysis (DCA). The significance level 
was set to a P- value < 0.05.

Results
Incidence of POUR
During the period November 9, 2020 to June 31, 2021, 
a total of 609 patients with effective clinical data were 
collected, including 333 males and 276 females. POUR 
occurred in 116 patients and the incidence of POUR was 
19.05%.

Univariate analysis of risk factors for POUR after anorectal 
surgery for benign anorectal diseases
There were no significant differences in BMI (P = 0.094), 
age (P = 0.432), and ASA grade (P = 0.173) between the 
POUR and non-POUR groups, but there was a significant 
difference in sex between the two groups (P = 0.001). We 
analyzed the patients’ medical histories and found that 
the incidence of POUR in males with benign prostatic 
hyperplasia (BPH) was significantly higher than in non-
POUR group (18.75% vs. 5.61%, P = 0.004). There was no 
significant difference between the POUR and non-POUR 
groups when the patients had hypertension (8.62% vs. 
5.27%, P = 0.169), diabetes (1.72% vs. 1.83%, P = 0.649), 
a history of lower abdominal surgery (21.55% vs. 
16.43%, P = 0.191) or uterine surgery (22.06% vs. 22.60%, 
P = 0.972) (Table 1).

We evaluated the relationship between anesthesia-
related factors and POUR after anorectal surgery for 
benign anorectal diseases. In this study, 321 patients 

underwent CEB + IA, 262 underwent GA, and 26 with 
CEB changed to GA. There was no significant differ-
ence between the POUR and non-POUR group in the 
types of anesthesia (P = 0.351), intraoperative infusion 
volume (P = 0.521) or the types of postoperative analge-
sia (P = 0.054). The anesthesia time (P = 0.010) and VAS 
scores (P = 0.037) were statistically different between the 
two groups. However, when we divided the anesthesia 
time into ≤ 60  min and > 60  min periods for statistical 
analysis, here was no significant difference between the 
two groups (P = 0.050) (Table 1).

By analyzing the relationship between surgery-related 
factors and POUR, we found that the number of sur-
gical incisions (P = 0.005), surgery time (P = 0.001) and 
type of surgery (P = 0.023) were risk factors for POUR 
after anorectal surgery for benign anorectal diseases, 
while the number of surgical procedures (P = 0.391) 
was not (Table 1).

Multivariate logistic regression analysis of risk factors 
for POUR after anorectal surgery for benign anorectal 
diseases
We performed multivariate logistic regression analysis 
on the variables P < 0.1 obtained from univariate analy-
sis, including sex, male with BPH, BMI, anesthesia time, 
surgery time, postoperative VAS score, type of postop-
erative analgesia, number of surgical incisions and the 
type of surgery. The results showed that females (P = 
0.007), males with BPH (P = 0.001), a postoperative 
VAS score > 6 (P = 0.002), PCEA (P = 0.016) and surgery 
time > 30 min (P = 0.039) were independent risk factors 
for POUR (Table 2).

Development and validation of a POUR‑predicting 
nomogram
All independent risk factors were used to establish a 
POUR risk estimation nomogram for anorectal surgery 
for benign anorectal diseases (Fig.  2A). In this nomo-
gram, BPH was the most important factor affecting 
the occurrence of POUR, followed by a postoperative 
VAS score > 6, PCEA, surgery time > 30  min, and sex 
has the least influence. Added the points of the above 
5 independent risk factors for each patient, and the 
total points corresponded to the risk of POUR. The 
nomogram demonstrated good accuracy in predict-
ing the risk of POUR, with an unadjusted C-index of 
0.693 (95% CI = 0.640, 0.749) and a bootstrap corrected 
C-index of 0.680. The calibration plots of the nomo-
gram revealed good agreement between the predicted 
and actual observations (Fig. 2B). The DCA for the pre-
diction nomogram was shown in Fig. 2C.

https://www.R-project.org/
https://www.R-project.org/
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Table 1 Clinical characteristics of patients in POUR and control groups

Variable POUR group (n = 116) Control group (n = 493) P value

Characteristics

 Sex 0.001
  Male 48 (14.41%) 285 (85.59%)

  Female 68 (24.64%) 208 (75.36%)

 Age (years) 40.00 (32.25–52.75) 39.00 (32.00–50.00) 0.212

  > 65 2 (13.33%) 13 (86.67%) 0.432

  ≤ 65 114 (19.19%) 480 (80.81%)

 BMI (kg/m2) 22.29 (20.49–24.05) 22.86 (20.67–25.37) 0.225

  ≥ 28 7 (15.56%) 38 (84.44%) 0.094

  24.0—27.9 22 (13.17%) 145 (86.83%)

  18.5—23.9 80 (22.16%) 281 (77.84%)

  ≤ 18.4 7 (19.44%) 29 (80.56%)

 ASA grade 0.173

  III 6 (37.50%) 10 (62.50%)

  II 48 (19.05%) 204 (80.95%)

  I 62 (18.18%) 279 (81.82%)

Medical history

 Hypertension 0.169

  Yes 10 (27.78%) 26 (72.22%)

  No 106 (18.50%) 467 (81.50%)

 Diabetes 0.647

  Yes 2 (18.18%) 9 (81.82%)

  No 114 (19.06%) 484 (80.94%)

 Lower abdominal surgery 0.191

  Yes 25 (23.58%) 81 (76.42%)

  No 91 (18.09%) 412 (81.91%)

 Uterine surgery 0.972 

  Yes 15 (24.19%) 47 (75.81%)

  No 53 (24.77%) 161 (75.23%)

 BPH 0.004
  Yes 9 (36.00%) 16 (64.00%)

  No 39 (12.66%) 269 (87.34%)

Anesthesia-related Factors

 Type of anesthesia 0.351

  GA 43 (16.41%) 219 (83.59%)

  CEB + IA 68 (21.18%) 253 (78.82%)

  CEB changed to GA 5 (19.23%) 21 (80.77%)

 Anesthesia time (min) 80.00 (63.50–95.00) 70.00 (60.00–88.00) 0.010
  ≤ 60 25 (14.62%) 146 (85.38%) 0.050

  > 60 91 (20.78%) 347 (79.22%)

 Intraoperative infusion volume (mL) 300 (200–400) 300 (200–400) 0.697

  ≥ 500 21 (19.27%) 88 (80.73%) 0.521

  < 500 95 (19.00%) 405 (81.00%)

 VAS score 0.037
  > 6 13 (35.14%) 24 (64.86%)

  4–6 70 (18.18%) 315 (81.82%)

  < 4 33 (17.65%) 154 (82.35%)

 Type of postoperative analgesia 0.054

  PCEA 32 (26.67%) 88 (73.33%)
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Discussions
In the present study, the incidence of POUR after ano-
rectal surgery for benign anorectal diseases was shown to 
be 19.05%. The independent risk factors for POUR were: 
female, male with BPH, postoperative VAS score > 6, 
PCEA and a surgery time > 30  min. We developed and 
validated an easy-to-use nomogram for the preoperative 
prediction of POUR after anorectal surgery for benign 
anorectal diseases, and we found that BPH had the larg-
est weight, followed by severe postoperative pain, PCEA 
and surgery time > 30 min, sex had the least influence.

The incidence of POUR in this study was 19.05%, lower 
than reported in previous studies (22–52%) [7, 8, 10, 
12, 13]. However, the etiology of POUR is multifacto-
rial and may be influenced by sex, age, medical history, 
surgery-related factors, postoperative analgesia and the 
intraoperative infusion volume. Thus, the above factors 
may influence its incidence [15, 27]. In the present study, 
there were fewer elderly patients, less intraoperative infu-
sion, and better postoperative pain control, all of which 
may have reduced the incidence of POUR after anorectal 
surgery for benign anorectal diseases.

Table 1 (continued)

Variable POUR group (n = 116) Control group (n = 493) P value

  PCIA 42 (16.41%) 214 (83.59%)

  NPCA 42 (18.03%) 191 (81.97%)

Surgical-related Factors

 Number of surgical incisions 0.005
   ≥ 3 72 (23.53%) 234 (76.47%)

   < 3 34 (13.08%) 226 (86.92%)

   Annular incision 10 (23.26%) 33 (76.74%)

 Surgery time (min) 38.00 (30.00–50.00) 35.00 (25.00–45.00) < 0.001
  ≤ 30 37 (13.41%) 239 (86.59%) 0.001
  > 30 79 (33.91%) 254 (66.09%)

 Number of surgical procedures 0.391

  ≥ 3 47 (21.27%) 174 (78.73%)

  2 59 (17.15%) 285 (82.85%)

  1 10 (22.73%) 34 (77.27%)

 Type of Surgery 0.023
  Hemorrhoids 90 (77.59%) 310 (62.88%)

  Anal fistula 29 (25.00%) 182 (36.92%)

  Perianal abscess 13 (11.21%) 89 (18.05%)

  Anal fissure 46 (39.66%) 154 (31.24%)

  Rectal polyp 44 (37.93%) 166 (33.67%)

Values are expressed as the median (interquartile range) or as numbers (percent)

POUR Postoperative urinary retention, BMI Body mass index, ASA American Society of Anesthesiologists, BPH Benign prostatic hyperplasia, GA Endotracheal intubation 
general anesthesia, CEB + IA Ultrasound-guided caudal epidural block combined with intravenous anesthesia, CEB changed to GA Caudal epidural block changed to 
endotracheal intubation general anesthesia, VAS Visual analogue scale, PCEA Patient-controlled epidural analgesia, PCIA Ppatient-controlled intravenous analgesia, 
NPCA No patient-controlled analgesia

Table 2 The independent risk factors for POUR after anorectal 
surgery for benign anorectal diseases

POUR Postoperative urinary retention, BMI Body mass index, OR Odds ratio, CI 
Confidence interval, BPH Benign prostatic hyperplasia, PCIA Patient-controlled 
intravenous analgesia, PCEA Patient-controlled epidural analgesia, VAS Visual 
analogue scale

Factors OR (95% CI) P value

Female 1.973 (1.200–3.244) 0.007
BPH 4.913 (1.955–12.345) 0.001
BMI ≤ 18.4 0.860 (0.369–2.002) 0.726

24 ≤ BMI < 27.9 0.611 (0.349–1.070) 0.085

BMI ≥ 28 0.893 (0.357–2.237) 0.810

PCIA 0.837 (0.508–1.379) 0.486

PCEA 2.141 (1.151–3.981) 0.016
4 ≤ VAS ≤ 6 1.358 (0.795–2.320) 0.262

VAS > 6 3.858 (1.636–9.098) 0.002
Number of surgical incisions ≥ 3 1.378 (0.781–2.433) 0.269

Annular incision 1.291 (0.507–3.291) 0.592

Surgery time > 30 min 1.755 (1.029–2.993) 0.039
Anesthesia time > 60 min 0.984 (0.544–1.781) 0.957

Hemorrhoidectomy 2.100 (0.994–4.441) 0.052

Anal fistula resection surgery 1.707 (0.820–3.551) 0.153
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Whether sex is a risk factor for POUR remains contro-
versial [26, 28–34]. This diversity may be related to dif-
ferent types of operations. Our study showed that the 
incidence of POUR after anorectal surgery for benign 

anorectal diseases in female patients was 24.6%, which 
was significantly higher than for male patients (14.41%). 
Multivariate logistic regression analysis revealed that sex 
was an independent risk factor for POUR and the risk 

Fig. 2 The nomogram for the prediction of POUR after anorectal surgery for benign anorectal diseases (A), calibration plots for the prediction 
nomogram (B), decision curves analysis for the prediction nomogram (C)
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of POUR in women was 1.973 times higher than that in 
men. This result is consistent with a previous study [26]. 
The possible reason is that the urethra of female patients 
is short and close to the anus, so they are more likely to 
be irritated during a perianal operation, which can easily 
lead to POUR.

In addition, we found that men with BPH is an inde-
pendent risk factor for POUR (OR = 4.913). BPH is 
clearly a risk factor for lower urinary tract dysfunction 
and retention [27], and the first symptom for most BPH 
patients is acute urinary retention [35]. A meta-analysis 
(3,821 patients) revealed that BPH was significantly asso-
ciated with an increased risk of POUR (OR = 2.83) [31]. 
And in the nomogram model, BPH was found to be the 
most important factor affecting the occurrence of POUR.

Numerous studies have identified diabetes as a risk fac-
tor for POUR after anorectal surgery for benign anorec-
tal diseases [26, 36]. The proposed mechanism involved 
autonomic neuropathy affecting the bladder’s autonomic 
nerves, leading to sensory loss and subsequent increased 
residual urine or urinary retention [37]. However, we 
did not find diabetes to be a significant risk factor for 
POUR. This discrepancy might be attributed to the rela-
tively short duration of diabetes and good glycemic con-
trol among the participants in this study. Additionally, 
the number of patients with a history of diabetes in the 
cohort was low, comprising only 11 cases (1.81%). There-
fore, further large-scale studies are necessary to elucidate 
the relationship between diabetes and POUR after ano-
rectal surgery for benign anorectal diseases.

Pain is perhaps the most common complication after 
anorectal surgery, which not only makes patients suffer, 
but also increases complications, delays the recovery and 
increases medical costs. Consisted with a previous study 
[15], our findings clearly showed that postoperative VAS 
score > 6 was an independent risk factor for POUR, sug-
gesting that effective postoperative analgesia can reduce 
the incidence of POUR. Severe postoperative pain was 
a significant predictor of POUR, second only to BPH. 
Previous studies have reported that long-acting local 
anesthetics, high doses of a local anesthetic, continuous 
epidural infusion and PCEA are risk factors for POUR 
[15]. In the present study, we found that PCEA was an 
independent risk factor for POUR. Therefore, when 
PCEA is used in patients undergoing anorectal surgery, 
we can take some preventive measures to prevent POUR, 
to achieve satisfactory analgesic effect and reduce the risk 
of POUR.

Since fluid administration is usually constant dur-
ing an operation, longer procedures tend to require a 
greater intraoperative infusion volume. However, it 
remains controversial whether the increased incidence 
of POUR caused by a prolonged surgery time is related 

to the increased volume of intraoperative infusion [27, 
38]. In our study, there was a significant difference 
in surgery time between the POUR and non-POUR 
groups, but there was no difference in the intraopera-
tive infusion volume between the two groups, possibly 
because a preventive strategy was adopted in our study. 
The intraoperative infusion volume mostly ranged from 
200 to 400  mL, and no correlation between injection 
volume and POUR was found. The findings suggested 
that the increase in the incidence of POUR caused by 
prolonged surgery time may be related to the type of 
surgery and the intraoperative operation procedures. 
We found that more than 3 incisions and the types of 
surgery increased the incidence of POUR. A previous 
study reported that the number of hemorrhoids > 3 and 
the severity of hemorrhoids > 4 are independent risk 
factor for POUR [30].

With the development of comfort medicine and ERAS, 
more and more patients are used CEB + IA for anorectal 
surgery in China. Compared with GA, CEB + IA has the 
advantages of less effects on general physiological func-
tions, better postoperative analgesia and faster recovery. 
In addition, ultrasound-guided caudal epidural puncture 
greatly improves the success rate, which is favored by 
many anesthesiologists. Many previous studies have sug-
gested that spinal anesthesia leads to a higher incidence 
of POUR than general anesthesia [34, 39]. However, 
some studies suggested the opposite [15, 40]. In the pre-
sent study, there was no correlation between the types of 
anesthesia and POUR, but further studies are warranted.

To the best of our knowledge, we have developed the 
first predictive model for POUR after anorectal surgery 
for benign anorectal diseases. We evaluated the nomo-
gram by C-index, a calibration plot and DCA, and found 
that it was a good evaluation model for POUR. Using the 
nomogram, we found that BPH had the largest weight 
for the occurrence of POUR after anorectal surgery for 
benign anorectal diseases, followed by severe postopera-
tive pain, PCEA and surgery time > 30  min, sex had the 
least influence. Therefore, we recommend that physicians 
and anesthesiologists develop individualized treatment 
plans to prevent POUR in the patients who are male with 
BPH, have severe postoperative pain and/or PCEA. It 
can promote ERAS to some extent and improve patient 
satisfaction.

There are a number of limitations to our study. First, 
we only collected the patient’s preoperative history of 
BPH, but no formal urinary system examination was 
conducted, so we could not evaluate the degree of pre-
operative urethral obstruction. Second, the study was a 
single center nested case–control study, and no preven-
tive measures for POUR of anorectal surgery for benign 
anorectal diseases have been investigated. Third, we did 
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not perform postoperative bladder ultrasound. There-
fore, further prospective randomized controlled stud-
ies are needed to find measures to prevent and manage 
POUR after anorectal surgery for benign anorectal 
diseases.

Conclusions
In conclusion, the incidence of POUR after anorec-
tal surgery for benign anorectal diseases was 19.05%. 
The independent risk factors for POUR after anorec-
tal surgery for benign anorectal diseases were: female, 
male with BPH, a postoperative VAS score > 6, PCEA 
and a surgery time > 30 min. We constructed and vali-
dated a nomogram for the preoperative individualized 
prediction of POUR after anorectal surgery for benign 
anorectal diseases.  For these high-risk patients, early 
preventive measures against POUR can be taken to 
reduce the risk of its occurrence.
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