
Effect of spinal anesthesia with and without addition of 
fentanyl on the occurrence of urinary retention after knee 
replacement in patients with class III obesity: A randomized 
clinical trial  

Amin Moradi ID , Naghi Abedini* ID

Abstract
Introduction: Fentanyl is a short-acting lipophilic opioid. Given the increased volume of distribution in people with a very high body mass 
index (BMI), fentanyl appears to act more effectively in obese people compared with normal-weight people.
Objectives: This study aimed to evaluate effect of spinal anesthesia with and without addition of fentanyl on the occurrence of urinary 
retention after knee replacement in patients with class III obesity.
Patient and Methods: This randomized single-blind clinical trial was conducted with the participation of 80 patients with a BMI >40 kg/
m² who were candidates for unilateral knee replacement with spinal anesthesia in 2019–20. The patients were randomly assigned to 
the intervention group (bupivacaine 15–20 mg + 25-μg fentanyl) and control group (bupivacaine (15–20 mg)) and compared in terms of 
urinary retention.
Results: There was no statistically significant difference between the groups in the time of first postoperative urination (P = 0.706). In 
fentanyl group, twenty patients needed catheterization after surgery, while this was reported in 13 patients in the opioid-less spinal 
anesthesia group, which was not statistically significant (P = 0.115).
Conclusion: Addition of 25 μg fentanyl to bupivacaine in spinal anesthesia can lead to a brief increase in the probability of urinary 
retention after surgery.
Keywords: Spinal anesthesia, Fentanyl, urinary retention, Knee replacement, Class III obesity
Trial Registration:  The trial protocol was approved by the Iranian Registry of Clinical Trials (identifier: IRCT20160202026328N7; https://
www.irct.ir/trial/61035, ethical code; IR.TBZMED.REC.1400.820).
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Introduction
Postoperative urinary retention (POUR) is one of the 
common complaints and complications after surgeries 
and procedures with local anesthesia (1). Since the 
bladder is innervated via pelvic plexuses, the risk of 
urinary retention (UR) is higher in pelvic- and perineal-
area surgeries and orthopedic surgeries such as hip 
replacement (hip arthroplasty) (2, 3), Although cases of 
this complication have been reported in many abdominal, 
thoracic, and head and neck surgeries. The prevalence of 
POUR ranges from 5% to 70% in different studies (4,5).

Much research has been done on the risk factors 
of POUR and various results have been reported (6). 
According to studies, increased risk of POUR has been 
associated with the volume of received intraoperative 
fluids, patient age and gender, and background diseases 
like renal disorders, benign prostatic hyperplasia (BPH), 

diabetes, and hypertension (7, 8). Duration of operation 
has been considered an independent variable in some 
studies and a confounding variable in some others for the 
direct relationship with the volume of received fluids and 
the dose of anesthetic drugs (9).

Studies have shown that lowering the dose of local 
anesthetics in spinal anesthesia reduces occurrence of 
UR and the need for urinary catheterization. Along 
with lowering the dose of local anesthetic, addition of 
supplementary drugs and using multi-drug combination 
are needed for improving the quality of spinal anesthesia 
(10,11). Topical or systemic administration of opioid drugs 
such as morphine or fentanyl can cause risk of UR (12,13). 
This might be because of the combination of topical and 
systemic effects of these drugs. These drugs both inhibit 
detrusor tone and the pontine micturition center (PMC) 
and cause inhibitory block with epidural injection. With 
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 Implication for health policy/practice/research/
medical education
The 80 patients with a BMI >40 kg/m² who were candidates for unilateral 
knee replacement were randomly assigned to the intervention group 
(bupivacaine 15–20 mg + 25 μg  fentanyl) and control group (bupivacaine 
(15–20 mg)) and compared in terms of urinary retention. Results show 
addition of 25 μg fentanyl to bupivacaine in spinal anesthesia can lead to 
a brief increase in the probability of urinary retention after surgery.

usually longer acting effects than local anesthetics, they 
can lead to longer UR (14, 15).

Fentanyl is a short-acting lipophilic opioid. Given the 
increased volume of distribution in people with very high 
BMI, fentanyl appears to act more effectively in obese 
people compared with normal-weight people. 

Objectives
This study aimed to evaluate effect of spinal anesthesia 
with and without addition of fentanyl on the occurrence 
of UR after knee replacement in patients with Class III 
Obesity.

Patients and Methods 
Study design
A total of 80 over 18-year-old patients with class III obesity 
(BMI >40) who were candidates for lower limb orthopedic 
surgery and spinal anesthesia were enrolled in this clinical 
trial conducted in Shohada Hospital affiliated with Tabriz 
University of Medical Sciences, Tabriz, Iran in 2019–
2020. The patients were enrolled in the study according 
to inclusion and exclusion criteria through convenience 
sampling. Based on the results of a similar study (15) and 
a type I error of 0.05 and power of 80%, the sample size 
was determined 80. 

Inclusion and exclusion criteria
The inclusion criteria were being over 18 years old, being 
a candidate for unilateral knee replacement, having a BMI 
greater than 40, and willingness to participate in the study. 
Patients who reported any urinary problems including 
UR, past trauma, or recent urinary tract infection (UTI) 
were excluded from the study. Patients who needed 
catheterization, had intraoperative urinary system trauma, 
needed alteration of anesthetic method during surgery 
were excluded from the study.

Randomization and blinding
The participants were assigned into the intervention and 
control groups through block randomization (20 four-
person blocks) by the statistical consultant. The outcome 
analyst was blinded to the grouping, making this study a 
single-blind clinical trial.

Methodology
The patients were hydrated with 300 cc isotonic solution. 
In fentanyl group, the patients received bupivacaine (15–

20 mg) in addition to 25-μg fentanyl in sitting position on 
midline at L3/L4 or L4/L5. In control group, the patients 
received only bupivacaine (15–20 mg) in a similar way 
as the fentanyl group. The patients were positioned flat 
to maximum T12 spinal level, which was checked by 
pinprick test. The patients in both groups were followed 
up after surgery for different urinary outcomes. The 
outcomes included the following: The time need for 
the first postoperative urination, patient’s complaint 
about incomplete bladder emptying, patient’s complaint 
about difficulty and problem in urination, and the need 
for postoperative catheterization. The demographic 
information of the patients such as age and gender 
were documented on forms prepared by the researcher. 
Moreover, other needed information including duration 
of operation, the volume of received intraoperative fluids, 
the need for catheterization after surgery, and the time 
of first postoperative urination were recorded by the 
researcher.

Statistical analysis
The demographic and background information of the 
patients such as age and gender were reported using 
frequency, mean, and standard deviation. Student’s t test 
was used to compare the time needed for first postoperative 
urination, the duration of operation, and the volume of 
received intraoperative fluids between the two groups. 
Chi-square test was used to examined the relationship 
between the type of spinal anesthesia (with or without 
opioid) and urinary complaints after surgery including 
incomplete bladder emptying, difficulty in urination, and 
the need for catheterization. Binary logistic regression 
was used to examine the effect of different variables on 
the occurrence of complaints about difficulty in urination, 
as the dependent variable, and other variables such as age, 
gender, duration of operation, the volume of received 
intraoperative fluids, and the type of spinal anesthesia. P 
value less than 0.05 was considered significant.

Results
In the mentioned time frame (study period) there were 113 
participants, of which 80 participants met the inclusion 
criteria and entered the study. These 80 participants 
received the intervention after being randomly assigned 
to the two groups and were present until the end of the 
study (the sample drop was 0) (Figure 1).

The mean age of participants was 42.59 ± 3.89 years 
with mean BMI of 41.09±3.03 kg/m². There was no 
significant difference between the two groups in the 
distribution of age, gender, duration of operation, and 
received intraoperative fluids (Table 1).

The time of first postoperative urination ranged from 
2 hours to 10 hours in the patients. The mean time of 
first postoperative urination was 4.11 ± 1.49 hours in 
the fentanyl group and 4.49 ± 1.83 in the control group. 
There was no statistically significant difference between 
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the groups in the time of first postoperative urination 
(P = 0.706). In fentanyl group, twenty patients needed 
catheterization after surgery, while this was reported in 13 
patients in the opioid-less spinal anesthesia group, which 
was not statistically significant (P = 0.115). Twenty patients 
in the fentanyl group complained about incomplete 
bladder emptying after surgery and twelve patients 
complained about incomplete bladder emptying after 
surgery, indicating a significant relationship (P = 0.05). 

Sixteen patients in the fentanyl group and eight patients 
in the control group complained about difficulty in 
urination, indicating a significant relationship (P = 0.05). 
Logistic regression analysis demonstrated that only age, 
BMI, and the volume of received intraoperative fluids 
(from the variables age, gender, duration of operation, 
volume of received intraoperative fluids, and the type of 
spinal anesthesia) independently affected difficulty in 
bladder emptying (Table 2).
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Figure 1. The Study Consort Flowchart.

Table 1. Comparison of participants’ basic information

Variable
Study groups (N = 80)

P value
Control group (n = 40) Intervention group (n = 40)

Male gender 29 - 72.5% 29 - 72.5% 0.999*

Age (year) 43.3 ± 03.59 42.3 ± 11.29 0.775**

BMI (kg/m²) 41.3 ± 95.45  40.3 ± 42.56  0.665**

Duration of operation (min) 125.10 ± 33.49 123.10 ± 96.59 0.749**

Duration of anesthesia (min) 155.19 ± 30.63 150.15 ± 32.85 0.885**

Received fluids (cc) 1230.150 ± 41.29 1245.175 ± 59.37 0.691**

BMI: body mass index. a Chi-square; b T test. 

Table 2. Logistic regression analysis to determine independent predicting factors of occurrence of difficulty in bladder emptying after surgery

Variable B P value Exp(B)
95% CI for Exp(B)

Upper Lower

Male gender -0.888 0.185 0.439 0.556 0.253

Age (year) -0.843 0.003 1.562 2.01 0.958

BMI (kg/m²) -0.002 0.852 2.223 2.885 1.112

Duration of operation (min) -0.002 0.003 0.559 0.751 0.359

Duration of anesthesia (min) 0.559 0.313 0.859 0.956 0.635

Received fluids (cc) 0.002 0.004 1.359 2.003 0.995
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Discussion
Micturition involves two phases of bladder filling and 
bladder emptying via the coordination of the autonomic, 
somatic, and parasympathetic nervous systems. The 
process of POUR, particularly after surgeries with spinal 
anesthesia, is a common, unpleasant outcome caused by 
changes taking place mainly through opioid and non-
opioid drugs. It can lead to longer hospitalization and 
more systematic costs. A meta-analysis has identified 
different risk factors for UR, categorized into three 
groups (preoperative, intraoperative, and postoperative) 
to facilitate research (16). For example, age, gender, 
and presence of background diseases such as BPH are 
among the preoperative risk factors, type and duration 
of operation, high BMI, and the volume of received 
fluids during anesthesia are among the intraoperative 
risk factors. Analgesic drugs administered to patients 
after surgery are categorized among postoperative risk 
factors. A total of 80 patients participated in this study. 
The intervention group (n = 40) received local anesthesia 
and narcotic (Marcaine and fentanyl) and the control 
group (n = 40) received only local anesthesia (Marcaine). 
The groups had a similar age and gender distribution. 
The occurrence of UR was more frequent in men than in 
women (17). The prevalence of UR in men, particularly 
in over-35 years age range, has been confirmed in other 
studies. In this study, logistic regression analysis showed 
that age and BMI independently had a relationship with 
the occurrence of POUR. Given the physiological and 
anatomical changes and prostate enlargement in men as 
they get older, this was not a far-fetched finding (18).

Previous studies have shown that opioids affect POUR 
(19, 20). This is explained by their effect on the PMC and 
the autonomic parts of the peripheral nervous system. 
Morphine is the most important known narcotic with UR 
effect (21). Intrarectal, intradural, and even intravenous 
morphine injection increases bladder capacity and inhibits 
its contractions, disrupting the coordination between 
the detrusor muscle and the internal urethral sphincter 
(22). This finally leads to more UR in obese people. A 
few studies have examined the effect of epidural, local, 
or systemic fentanyl on UR, but the effect of intrarectal 
fentanyl has not been studied (23). The dose of local 
anesthetics in spinal anesthesia is another unstudied 
influential factor on the occurrence of UR. Studies have 
shown that lowering the dose of local anesthetics reduces 
the occurrence of UR and the need for catheterization 
after surgery (24). Along with lowering the dose of local 
anesthetics, addition of supplementary drugs and using 
multi-drug combination are needed for improving the 
quality of spinal anesthesia. In this study, Marcaine alone 
was administered in the control group and a lower dose 
of Marcaine in addition to fentanyl was administered 
in the intervention group (25). The patients who had 
received fentanyl complained more about UR, incomplete 
bladder emptying, and problems in urination compared 

with the patients in the control group. Although there 
was no significant difference between the groups in the 
need for urinary catheterization, lower dose of fentanyl in 
spinal anesthesia may show better results in future studies 
(26). One of the risk factors for POUR is the duration of 
operation. Studies have reported contradictory results in 
this regard. Multiple regression analysis did not prove 
the duration of operation as an independent factor in the 
occurrence of UR in this study. It seems that duration of 
operation is influenced by several other variables such 
as type of surgery, the volume of received intraoperative 
fluids, and the dose of local anesthetics and narcotics, all 
of which are independently connected with the increased 
risk of POUR (27,28).

Conclusion
Addition of 25-μg fentanyl to bupivacaine in spinal 
anesthesia can lead to a brief increase in the probability of 
urinary retention after surgery. From the UR risk factors 
reported in previous studies including male gender, 
age, duration of operation, and the volume of received 
intraoperative fluids, only the last factor affected UR in 
this study. Furthermore, the state of health and presence 
of background diseases such as BPH, diabetes, and renal 
disorders can dispose patients to UR.

Limitations of the study
The limitations of this study due to insufficient funds were 
absence of urodynamic testing and indices to examine UR 
in patients and absence of accurate determination of the 
volume of remaining urine using pre- and postoperative 
ultrasonography.

Acknowledgment 
The Authors would like to thanks Clinical Research Development 
Unit, Shohada Hospital, Tabriz University of Medical Sciences, 
Tabriz, Iran for kind supports

Authors’ contribution 
Conceptualization; AM and NA, Methodology; AM, Validation; 
NA, Formal Analysis; NA, Investigation; AM and NA, Resources; 
AM and NA, Data Curation; AM and NA, Writing—Original Draft 
Preparation; AM and NA, Writing—Review and Editing; AM and 
NA, Visualization; NA, Supervision; NA, Project Administration; 
NA, Funding Acquisition; NA.

Conflicts of interest
 The authors declare that they have no conflicts of interest.

Ethical issues
The research conducted in accordance with the tenets of 
the Declaration of Helsinki. The Ethics Committee of Tabriz 
University of Medical Sciences approved this study (IR.TBZMED.
REC.140.82). Accordingly, written informed consent was taken 
from all participants before any intervention. The trial protocol 
was approved by the Iranian Registry of Clinical Trials (identifier: 
IRCT20160202026328N7; https://www.irct.ir/trial/61035). Besides, 
ethical issues (including plagiarism, data fabrication, double 
publication) have been completely observed by the authors.
 

http://ethics.research.ac.ir/IR.TBZMED.REC.1400.820
http://ethics.research.ac.ir/IR.TBZMED.REC.1400.820
https://www.irct.ir/trial/61035


                                                                                       Urinary retention

                                        Journal of Parathyroid Disease, Volume 9, 2021 5

Funding/support
This study is sponsored by Tabriz University of Medical 
Sciences(Grant#67632).

References
1. Alas A, Hidalgo R, Espaillat L, Devakumar H, Davila GW, 

Hurtado E. Does spinal anesthesia lead to postoperative urinary 
retention in same-day urogynecology surgery? A retrospective 
review. Int Urogynecol J. 2019;30:1283-9. doi: 10.1007/
s00192-019-03893-1.

2. Buckon CE, Koscielniak NJ, Tucker CA, Aiona MD. Mode of 
anesthesia and bladder management following orthopaedic 
surgery in children with cerebral palsy: a system level 
analysis. J Pediatr Orthopaed. 2022;42:e544-e9. doi: 10.1097/
BPO.0000000000002108.

3. Lee Y, McKechnie  T, Springer JE, Doumouras AG, Hong D, 
Eskicioglu C. Optimal timing of urinary catheter removal 
following pelvic colorectal surgery: a systematic review and 
meta-analysis. Int J Colorectal Dis. 2019;34:2011-21  .doi: 
10.1007/s00384-019-03404-0.

4. Wong MC, Isaacson K, Morris S. Into the void: a review 
of postoperative urinary retention after minimally invasive 
gynecologic surgery. Curr Opin Obstet Gynecol. 2018;30:260-
6. doi: 10.1097/GCO.0000000000000465.

5. Jackson J, Davies P, Leggett N, Nugawela M, Scott L, Leach 
V, et al. Systematic review of interventions for the prevention 
and treatment of postoperative urinary retention. BJS Open. 
2019;3:11-23. doi: 10.1002/bjs5.50114.

6. Pierson M, Cretella B, Roussel M, Byrne P, Parkosewich J. A 
nurse-led voiding algorithm for managing urinary retention after 
general thoracic surgery. Crit Care Nurse. 2022;42:23-31 .doi: 
10.4037/ccn2022727 

7. Cha YH, Lee YK, Won SH, Park JW, Ha YC, Koo KH. Urinary 
retention after total joint arthroplasty of hip and knee: systematic 
review. J Orthop Surg. 2020;28:2309499020905134. doi: 
10.1177/2309499020905134

8. Wei B, Asban A, Xie R, Sollie Z, Deng L, DeLay TK, et al. A 
prediction model for postoperative urinary retention after 
thoracic surgery. JTCVS Open. 2021;7:359-66. doi: 10.1016/j.
xjon.2021.06.011

9. Sirisreetreerux P, Wattanayingcharoenchai R, Rattanasiri S, 
Pattanaprateep O, Numthavaj P, Thakkinstian A. Medical 
and non-medical interventions for post-operative urinary 
retention prevention: network meta-analysis and risk–benefit 
analysis. Ther Adv Urol. 2021;13:17562872211022296. doi: 
10.1177/17562872211022296

10. Abdul-Muhsin HM, Jakob N, Cha S, Zhang N, Schwartz A, 
Navaratnam A, et al. Incidence, outcomes, and prediction of 
postoperative urinary retention after a nonurologic procedure. 
J Am Acad Orthop Surg Glob Res Rev. 2020;4:e19.00149.doi: 
10.5435/JAAOSGlobal-D-19-00149.

11. Caparelli ML, Shikhman A, Runyan B, Allamaneni S, Hobler S. 
The use of tamsulosin to prevent postoperative urinary retention 
in laparoscopic inguinal hernia repair: a randomized double-
blind placebo-controlled study. Surg Endosc. 2021;35:5538-45. 
doi: 10.1007/s00464-020-08050-0.

12. Roadman D, Helm M, Goldblatt MI, Kastenmeier A, Kindel 
TL, Gould JC, et al. Postoperative urinary retention after 
laparoscopic total extraperitoneal inguinal hernia repair. J Surg 
Res. 2018;231:309-15. doi: 10.1016/j.jss.2018.05.052.

13. Courtepatte A, Kelly M, Minassian VA. The effect of preoperative 
scopolamine patch use on postoperative urinary retention in 
urogynecologic surgeries. Int Urogynecol J. 2022:1-6. doi: 
10.1007/s00192-022-05165-x.

14. Clancy C, Coffey J, O’Riordain M, Burke J. A meta-analysis of 
the efficacy of prophylactic alpha-blockade for the prevention 

of urinary retention following primary unilateral inguinal 
hernia repair. Am J Surg. 2018;216:337-41.doi: 10.1016/j.
amjsurg.2017.02.017.

15. Bracey DN, Hegde V, Pollet AK, Johnson RM, Jennings JM, Miner 
TM. Incidence and predictive risk factors of postoperative urinary 
retention after primary total knee arthroplasty. J Arthroplasty. 
2021;36:S345-S50. doi: 10.1016/j.arth.2021.02.043.

16. Li T, Hui X, Wang H, Lin Y, Zhao B. Moxibustion therapy for 
treating patients with postpartum urinary retention: a protocol 
for systematic review and meta-analysis. Medicine. 2021;100: 
e25683. doi: 10.1097/MD.0000000000025683.

17. DiCarlo-Meacham A, Dengler K, Welch E, Hamade S, Horbach 
N, Welgoss J, et al. Risk factors for urinary retention after 
colpocleisis. Female Pelvic Med Reconstr Surg. 2021;27:488-
92. doi: 10.1097/SPV.0000000000001078.

18. Scott A, Mason S, Langdon A, Patel B, Mayer E, Moorthy K, 
et al. Prospective risk factor analysis for the development of 
post-operative urinary retention following ambulatory general 
surgery. World J Surg. 2018;42:3874-9. doi: 10.1007/s00268-
018-4697-4.

19. Strickland AR, Usmani MF, Camacho JE, Sahai A, Bruckner 
JJ, Buraimoh K, et al. Evaluation of risk factors for 
postoperative urinary retention in elective thoracolumbar 
spinal fusion patients. Global Spine J. 2021;11:338-44. doi: 
10.1177/2192568220904681.

20. Chapman GC, Sheyn D, Petrikovets A, Mahajan ST, El-Nashar 
S, Pollard R, et al. Tamsulosin to prevent postoperative urinary 
retention after female pelvic reconstructive surgery. Female 
Pelvic Med Reconstr Surg. 2020;26:682-7.doi: 10.1097/
SPV.0000000000000650.

21. Bojaxhi E, Lee J, Bowers S, Frank R, Pak S, Rosales A, et al. 
Paravertebral blocks reduce the risk of postoperative urinary 
retention in inguinal hernia repair. Hernia. 2018;22:871-9.doi: 
10.1007/s10029-018-1792-2.

22. Fagard K, Hermans K, Deschodt M, Van de Wouwer S, Vander 
Aa F, Flamaing J. Urinary retention on an acute geriatric 
hospitalisation unit: prevalence, risk factors and the role of 
screening, an observational cohort study. Eur Geriatr Med. 
2021;12:1011-20. doi: 10.1007/s41999-021-00495-3.

23. Scholten R, Kremers K, van de Groes SA, Somford DM, Koëter 
S. Incidence and risk factors of postoperative urinary retention 
and bladder catheterization in patients undergoing fast-track 
total joint arthroplasty: a prospective observational study on 
371 patients. J Arthroplasty. 2018;33:1546-51. doi: 10.1016/j.
arth.2017.12.001.

24. Lee Y, McKechnie T, Springer JE, Doumouras AG, Hong D, 
Eskicioglu C. Optimal timing of urinary catheter removal 
following pelvic colorectal surgery: a systematic review and 
meta-analysis. Int J Colorectal Dis.. 2019;34:2011-21. doi: 
10.1007/s00384-019-03404-0.

25. Firoozeh N, Agah E, Bauer ZA, Olusanya A, Seifi A. Catheter-
Associated Urinary Tract Infection in Neurological Intensive 
Care Units: A Narrative Review. Neurohospitalist. 2022;12:484-
497. doi: 10.1177/19418744221075888.

26. Porche K, Maciel CB, Lucke-Wold B, Robicsek SA, Chalouhi 
N, Brennan M, et al. Preoperative prediction of postoperative 
urinary retention in lumbar surgery: a comparison of regression 
to multilayer neural network. J Neurosurg Spine. 2021;36:32-
41.doi: 10.3171/2021.3.SPINE21189.

27. Dubbs SB, Sommerkamp SK. Evaluation and management of 
urinary tract infection in the emergency department. Emerg 
Med Clin. 2019;37:707-23.doi: 10.1016/j.emc.2019.07.007.

28. Roadman D, Helm M, Goldblatt MI, Kindel TL, Gould JC, 
Higgins RM. Postoperative urinary retention after bariatric 
surgery: an institutional analysis. J Surg Res. 2019;243:83-9.doi: 
10.1016/j.jss.2019.05.005.


