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Abstract
Purpose  To determine predictors for postoperative urinary retention in adolescents undergoing posterior spinal fusion for 
idiopathic scoliosis. Postoperative urinary retention affects almost every third adolescent after spinal fusion for idiopathic 
scoliosis. There are limited data regarding the risk factors of postoperative urinary retention in this patient group.
Methods  A retrospective study with prospectively collected urinary retention data from paediatric spine register with 159 
consecutive patients (114 females, mean age 15.6 years, range 10–21 years) undergoing pedicle screw instrumentation for 
adolescent idiopathic scoliosis at a university hospital between May 2010 and April 2020. Postoperative urinary retention 
was defined as an inability to void after catheter removal and documented residual over 300 mL as confirmed using an 
ultrasound or by catheterization.
Results  Postoperative urinary retention was diagnosed in 33% (53 of 159) of the patients during hospital stay. Opioid amount 
on the day of catheter removal (OR 6.74 [95% CI: 2.47, 18.36], p < 0.001), male gender (OR 2.26 [95% CI: 1.01, 5.05], 
p = 0.048), and increasing weight (OR 1.04 [95% CI: 1.01, 1.07], p = 0.014) were associated with postoperative urinary 
retention. Mean opioid consumption on the day of catheter removal was 0.81 mg/kg (95% CI: 0.66, 0.96) in the retention 
group vs 0.57 mg/kg (95% CI: 0.51, 0.64) in the non-retention group, p < 0.001.
Conclusions  Higher total opioid consumption, opioid amount on the day of catheter removal, higher weight, and male 
gender increases the risk of postoperative urinary retention in adolescents with idiopathic scoliosis undergoing posterior 
spinal fusion.
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Introduction

Postoperative urinary retention (POUR) is defined as an ina-
bility to void in the presence of a full bladder after surgery 
or a major residual volume after voiding [1, 2]. The defini-
tion of POUR in children and adolescents varies between 
studies [1]. POUR can be defined as an inability to void 8 h 
after surgery or by clinical symptoms and catheterization 
or by ultrasound. The reported incidence of POUR in pub-
lished data is 5–70% due to multifactorial aetiology and the 
lack of a uniform definition criteria [1]. The urinary bladder 
capacity of adults is normally about 300–600 mL [1, 3–7]. 
In children the expected urinary bladder capacity is defined 
by the formula (30 × [age in years + 1] mL), but this is valid 
only for children aged 4 to 12 years [8]. POUR can lead to 
increased risk of urinary tract infection, prolonged hospital 
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stay, and over distention of the detrusor muscle when left 
untreated [1–3, 9–11].

Urinary retention is common in AIS patients after pos-
terior spinal fusion (PSF) and affects almost every third 
of these patients [4]. The published data on predictors of 
POUR in adolescents are very limited [4, 9]. Additionally, 
the correction of spinal deformity as a risk factor for POUR 
remains unclear.

Materials and methods

The study was approved by the Ethics Committee of Turku 
University Hospital District.

Study design

The aim of our study was to evaluate the predictors of POUR 
in adolescents undergoing pedicle screw instrumentation for 
AIS. We hypothesized that higher postoperative opioid con-
sumption would increase the risk of POUR.

This is a retrospective study on the incidence and risk fac-
tors for POUR with a prospectively collected spine register 
data including urinary retention. We analysed the data of all 
consecutive AIS patients surgically treated at our institution 
with PSF between May 2010 and April 2020. All patients 
were prospectively screened and treated if necessary, for 
postoperative urinary retention or difficulties to empty blad-
der after urinary catheter removal. One hundred and sixty-
six consecutive patients (aged 10–21 years) undergoing PSF 
for AIS using bilateral pedicle screw instrumentation were 
screened. The diagnosis was adolescent idiopathic scoliosis, 
and the indication for instrumented PSF was a major curve 
45° or more in Cobb angle [12]. All the procedures were 
performed at a University Hospital and were done by the 
same two experienced orthopaedic spine surgeons. Seven 
patients were excluded from further analyses: two patients 
did not have enough data on postoperative opioid consump-
tion; two patients needed early re-operation; one patient had 
additional anterior surgery; one patient had limited renal 
function, and one patient had neurological comorbidity, 
leaving 159 patients for further analyses.

Urinary retention was measured by trained nurses using 
the ultrasound scanner (PadScan HD3), which has in previ-
ous studies shown to be reliable in experienced hands [1, 
5, 13, 14]. Ultrasound scanner was used routinely in every 
patient at least twice on two separate occasions to measure 
the residual volume of the urinary bladder. Residual volume 
was measured after first voiding following catheter removal, 
and every 4 h if patient had voiding difficulties or residual 
over 100 mL after voiding. Residual volume measuring was 
discontinued when patients were able to void normally and 
residual volume after voiding was twice below 100 mL. 

POUR was defined as an inability to void after catheter 
removal and documented full bladder (over 300 mL residual 
volume) with ultrasound. In our patient cohort the formula 
for POUR in children could not be used, since majority of 
the patients were over 12 years of age. When an over 300 mL 
residual was diagnosed by ultrasound and the patients were 
unable to void, the patients were monitored for max 30 min 
and then the patients tried to void again. If the patients still 
were unable to void, the urinary retention was treated by 
emptying the bladder by a straight catheter and the urinary 
volume was measured.

The anaesthetic management of the AIS patients was 
standardized. The standardized anaesthesia protocol has 
been used unchanged since 2009. Total intravenous anaes-
thesia was used in all patients. Anaesthesia was maintained 
by propofol-TCI, remifentanil-TCI, and dexmedetomi-
dine-infusions. None of the patient required postoperative 
ventilation.

The majority of the patients (124/159, 78%) had patient-
controlled analgesia with oxycodone for first 48 h postop-
erative pain management. The standard oxycodone PCA 
included on demand oxycodone-bolus of 0.03 mg/kg/dose 
maximally every 10 min and an hourly maximum of three 
doses, without basal infusion. The remaining 25 patients 
received intravenous and oral oxycodone. The oral oxyco-
done doses of the patients were calculated to equivalent 
intravenous doses (0.6 × po dose) [15, 16]. Oral paraceta-
mol 15–20 mg/kg three times daily was administered to all 
patients. None of the patients had epidural analgesia.

The patients were mobilized according to a standardized 
protocol. On the first postoperative day, the patients were 
requested to stand up and take a couple of steps. On the 
second postoperative day, the patients were encouraged to 
walk on the ward. Urinary catheter was routinely removed 
on a morning of postoperative day 2–4 based on patients’ 
clinical condition, and the residual volume was measured 
with ultrasound on every patient.

Perioperative variables collected include gender, age, 
height, weight, body mass index (BMI), Lenke classification, 
fusion levels, intraoperative screw replacement, surgical 
time, estimated blood loss, length of hospital stay, catheter 
removal day, urinary volume if catheterized, opioid amount 
on first 48 h after operation, opioid amount on the catheter 
removal day, total opioid consumption during hospital stay.

Surgical technique

All patients were operated using posterior approach and had 
spinal cord monitoring (somatosensory evoked potentials 
[SEP], motor evoked potentials [MEP] and lumbar nerve 
root electromyography [EMG]). Bilateral segmental pedicle 
screw instrumentation (MESA 5.5, Stryker spine, 6.35CD 
Legacy or Solera 6.0, Medtronics Spinal and Biologics, 
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Memphis, TN, USA) was used to correct spinal deformity. 
Free hand technique was used to insert pedicle screws.

Statistical methods

Continuous variables, which followed normal distribution, 
were summarized with mean and standard deviation (SD). 
Skewed distributions were reported with median and lower 
(Q1) and upper quartiles (Q3). Age was summarized with 
mean together with range. Categorical variables were sum-
marized with counts (n) and percentages. Background char-
acteristics were tested using Fisher’s exact test or analysis 
of variance (ANOVA). Correlation between continuous 
variables were carried out calculating Pearson correlation 
coefficients.

Differences between groups were analysed using bino-
mial logistic regression. Odds ratios (ORs) with 95% confi-
dence intervals were reported. First univariate analysis was 
performed. Then all factors were added to the multivariate 
models and from these models, non-significant factors were 
gradually omitted. Also interactions between factors were 
analysed. All tests were performed as two-sided with a sig-
nificance level set at 0.05. The analyses were carried out 
using SAS System, version 9.4 for Windows (SAS Institute 
Inc., Cary, NC, USA).

Results

One hundred and fifty-nine patients (114 females [72%] and 
45 males [28%]) with an average age of 15.6 years (range 
10–21 years) at the time of surgery were evaluated. Mean 
(SD) surgical time was 176 min (45 min), and median blood 
loss during surgery was 430 mL (Q1 280, Q3 660). Mean 
(SD) number of fused levels was 11.3 (1.9). Mean postopera-
tive day of catheter removal was 2.7 (range 1–5 days). Fifty-
three patients (33%) fulfilled the criteria for POUR, i.e. they 
were unable to void with full bladder (a residual more than 
300 mL shown by ultrasound) or after voiding the residual 
volume was over 300 mL shown by ultrasound. Patients with 
POUR had a mean of 555 mL (range 320–1400 mL) uri-
nary volume drained at catheterization. Mean time for the 
first need of catheterization after urinary catheter removal 
was 6 h (range 2–16 h). Sixteen patients needed only one 
straight catheterization, and 37 patients needed more than 
one. Median need for emptying of the bladder by straight 
catheter was three times (range 1–16). Forty-nine percent 
(26/53) of the patients needed catheterization more than 24 h 
after catheter removal. Patients with POUR had a longer 
hospital stay than patients without POUR, mean (SD) 7.8 
(1.9) days vs 6.8 (1.4) days (p < 0.001).

Predictors of POUR

Children with POUR had a significantly higher total opioid 
consumption during hospital stay (mean 4.59 mg/kg [95% 
CI: 3.78, 5.41]) than children not experiencing POUR 
(3.38 mg/kg [95% CI: 3.02, 3.74]), (p = 0.002). Addition-
ally, patients with POUR received greater opioid amount 
on the day of catheter removal (mean 0.81 mg/kg [95% CI: 
0.66, 0.96] vs 0.57 mg/kg [95% CI: 0.51, 0.64], p < 0.001). 
Total opioid consumption and opioid amount on the day 
of the catheter removal had a strong positive correlation 
(r = 0.83, p < 0.001).

There was a statistically significant difference between 
the distributions of some background characteristics 
between patients with and without POUR. Forty-seven 
percent (21/45) of males were diagnosed with POUR vs 
28% of females (32/82) (p = 0.039). The surgical time 
of the patients with POUR was on average 188 min (SD 
49 min) vs patients without POUR 171 min (SD 42 min) 
(p = 0.029). The median blood loss during surgery was 
550 mL (Q1:350, Q3:830) in retention group vs 410 mL 
(Q1:240, Q3:600) in non-retention group (p = 0.002) 
(Table 1). Blood loss during surgery explained statisti-
cally significantly surgical time (p < 0.001). Furthermore, 
the surgical time predicted significantly both total opioid 
consumption (p < 0.001) and opioid amount on the day 
of the catheter removal (p = 0.005). Higher weight of the 
patient was associated with increased risk of urinary reten-
tion (POUR median 59.9 kg [Q1:52.2, Q3:72.0] vs non-
POUR 54.5 kg [Q1:48.9, Q3:62.3], p = 0.024). Patients’ 
age, height, BMI, Lenke classification, number of cath-
eterization days or 48-h postoperative opioid consumption 
did not affect the urinary retention outcomes.

Binomial logistic regression analysis for predictors of 
POUR was performed (Table 2). Univariate analysis indi-
cated that greater total opioid consumption during hospi-
tal stay (OR 1.24 [95% CI: 1.07, 1.45], p = 0.005), greater 
opioid amount on the day of the catheter removal (OR 3.90 
[95% CI: 1.64, 9.29], p = 0.002), longer surgical time (OR 
1.64 [95% CI: 1.05, 2.58], p = 0.031), male gender (OR 2.24 
[95% CI: 1.10, 4.58], p = 0.027), and increasing weight (OR 
1.03 [95% CI 1.00, 1.06], p = 0.029) predicted POUR.

Multivariable logistic regression analysis indicated that 
greater opioid amount during catheter removal day (OR 6.74 
[95% CI: 2.47, 18.36], p < 0.001), male gender (OR 2.26 
[95% CI: 1.01, 5.05], p = 0.048), and weight (OR 1.04 [95% 
CI: 1.01, 1.07], p = 0.014) were associated significantly with 
POUR.

In the additional multivariate analysis, opioid amount 
during catheter removal day was replaced by the total opioid 
consumption during hospital stay. Total opioid consumption 
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also increased the risk of POUR (OR 1.36 [95% CI: 1.14, 
1.61], p < 0.001), as well as male gender (OR 2.22 [95% CI: 
1.00, 4.92], p = 0.048) and weight (OR 1.04 [95% CI: 1.01, 
1.07], p = 0.019).

Discussion

In the current study, 33% of the patients undergoing poste-
rior spinal fusion for AIS developed postoperative urinary 
retention after catheter removal. Opioid consumption on 

Table 1   Demographic 
characteristics in patients with 
and without postoperative 
urinary retention (POUR)

Data presented as mean and standard deviation or number and percentage

Variables Patients with 
POUR (n = 53)

Patients without 
POUR (n = 106)

p value

Sex (male : female) 21:32 24:82 0.039
Age (years) 15.44 (2.03) 15.73 (2.26) 0.425
Weight (kg) 61.66 (14.36) 56.58 (12.65) 0.024
Height (m) 1.69 (0.10) 1.66 (0.09) 0.110
BMI (kg/m2) 21.62 (4.19) 20.48 (3.72) 0.084
Lenke classification (n)
 1 17 37
 2 18 36
 3 6 4
 4 3 10
 5 0 5
 6 9 14

Instrumentation to L1 or below (n) 38 (71.7%) 63 (59.4%) 0.163
Number of vertebrae fused 11.45 (1.56) 11.17 (1.73) 0.317
Screw replacement (n) 16 (30.2%) 26 (24.5%) 0.452
Surgical time (min) 188 (49) 171 (42) 0.029
Intraoperative blood loss (mL) 646 (403) 469 (304) 0.002
Total oxycodone dose during hospital stay (mg/kg) 4.59 (2.95) 3.38 (1.89) 0.002
Oxycodone dose during catheter removal day (mg/kg) 0.81 (0.54) 0.57 (0.32)  < 0.001
48 h postoperative oxycodone (mg/kg) 1.81 (0.90) 1.61 (0.70) 0.122

Table 2   Univariate binomial 
logistic regression analysis for 
postoperative urinary retention

Data presented as odds ratio and 95% CI

Variables Odds ratio 95% CI p value

Sex
 Female Reference
 Male 2.242 1.098–4.579 0.027

Age (years) 0.939 0.805–1.095 0.422
Weight (kg) 1.028 1.003–1.055 0.029
BMI (m/kg2) 1.075 0.989–1.169 0.088
Instrumentation to
 T12 or above Reference
 L1 or below 1.729 0.848–3.525 0.132

Number of vertebrae fused 1.108 0.907–1.354 0.315
Screw replacement 1.331 0.638–2.774 0.446
Surgical time (min) 1.641 1.045–2.577 0.031
Intraoperative blood loss (mL) 1.001 1.000–1.002 0.004
Total oxycodone dose during hospital stay (mg/kg) 1.244 1.070–1.446 0.005
Oxycodone dose on day of catheter removal (mg/kg) 3.902 1.640–9.285 0.002
48 h postoperative oxycodone (mg/kg) 1.387 0.911–2.112 0.127
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day of catheter removal and also higher cumulative opioid 
consumption during hospital stay significantly predicted 
development of POUR. Other predicting factors included 
male gender, higher weight, and longer operation time.

There is only one study published with AIS patients 
undergoing PSF and the relation between opioid consump-
tion and POUR [9]. They claimed that higher opioid con-
sumption on catheter removal day predicted urinary reten-
tion. Interestingly, they also found that cumulative opioid 
dosing on days leading up to catheter removal seemed to be 
protective against POUR. In their study however, morphine 
equivalent dose on the day of catheter removal did not differ 
between urinary retention outcomes in univariate analysis. 
In binomial logistic regression analysis of factors associated 
with urinary retention morphine equivalent dose on the day 
of catheter removal was associated strongly with POUR. 
These results are statistically inconsistent. The study was 
retrospective, and POUR was defined as an inability to void 
within eight hours after catheter removal and not based on 
the actual measurement of the urinary bladder volume. The 
literature review reveals no evidence-based data supporting 
an eight-hour follow-up of postoperative urinary retention 
[5].

In our study, 33% of the patients developed POUR, which 
is the same rate as in previous studies [2, 4, 5]. Male gender 
and duration of the surgery were associated with POUR, 
which has been shown in other studies as well [4, 9]. The 
cumulative consumption of opioids during the hospital stay 
and on the day of catheter removal was directly associated 
with development of POUR in our study. Opioids have been 
shown to induce POUR, but the exact mechanism is not well 
understood [1, 7].

Spinal surgery has special complication risks. Correc-
tion of the spinal deformity has effects on the spinal cord 
and nerve roots. Manipulation of these neural elements 
may result in nerve or spinal cord deficits. In our study, all 
patients had spinal cord monitoring. Only one patient had 
a mild neurological deficiency postoperatively. Which was 
corrected by Th5 screw change, one week after initial sur-
gery. The number of fusion levels nor extending the fusion 
into the lumbar spine did not have any impact on POUR. In 
the current study intraoperative pedicle screw replacement 
did not predict higher incidence of POUR. This observation 
indicates that direct mechanical compression may not play a 
central role in the development of urinary retention.

POUR is a clinically important issue with multifactorial 
aetiology and poor existing guidelines for definition and 
management in the paediatric population. The incidence 
of POUR is high among AIS patients after surgery and 
effort should be taken to reduce retention. Opioid con-
sumption is one risk factor and needs to be minimized 
by multimodal pain management. Improvements to our 
current protocol could be use of regional analgesia such 

as erector spinae block [17] and an extended use of non-
steroidal anti-inflammatory drugs, since risk of non-union 
is low in the paediatric population.

Strengths and limitations

The study was a retrospective analysis of a prospectively 
collected paediatric spine register based data on a large 
cohort of homogenous AIS patients. These patients are 
generally healthy and do not have any difficulties in uri-
nary bladder function. All patients were operated by the 
same two experienced orthopaedic spine surgeons. All 
patients had postoperative care in the paediatric intensive 
care unit at least for one night. The multimodal pain man-
agement included either oxycodone PCA or intravenous 
and oral oxycodone during the first 48 h postoperatively. 
The removal of urinary catheter included standardized 
measurement of the residual volume after initial voiding 
and data collection on voiding difficulties.

Conclusions

POUR affects one third of AIS patients after PSF, and 
higher postoperative opioid consumption increases the 
risk of urinary retention in these patients. Additional risk 
factors include longer duration of surgery, male gender, 
and increasing weight. POUR is associated with a number 
of risks and complications and may lead to unnecessary 
distension of the detrusor muscles. Postoperative urinary 
retention should be prevented in AIS patient undergoing 
PSF, especially by minimizing the need of opioids by mul-
timodal analgesia. Postoperative urinary retention should 
be screened in this patient population with ultrasound and 
treated promptly with catheterization when diagnosed.
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