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ABSTRACT ARTICLE HISTORY

Prostatic hyperplasia is among the most common urological conditions in ageing men, and transurethral
resection of the prostate (TUR-P) has long been the standard surgical treatment. The perioperative mor-
tality rate (POMR) is an important quality indicator for surgical care, yet contemporary national Swedish
POMR data associated with TUR-P is lacking.

Aims: The primary aim was to assess all-cause mortality up to 90-days following TUR-P in Sweden
2013-2022 and whether there was any temporal trend in POMR. The secondary aim was to assess the
impact of patients’ characteristics (age, ASA class and indication).

Material and Methods: This was an observational, register-based cohort study using data from the
Swedish-Perioperative-Register (SPOR). A total of 14,052 TUR-P procedures (KED22) for benign prostatic
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hyperplasia or prostate cancer were included. Descriptive statistics, ANOVA, chi-square test, and  rate (POMR); age; ASA

multivariable-logistic regression were applied.

Results: A total of 10 patients died within 30-days (0.07%) and 56 within 90-days (0.4%). No difference in
annual POMR was seen over the study-period. Increasing age, higher ASA-class and cancer indication were
the only independent predictors of 90-day mortality. Patients aged above 80-years had an OR of 7.9 (95%
confidence interval [Cl]: 2.2-42.3), ASA 4 had an OR of 12.6 (95% Cl: 1.7-94.3), and cancer diagnosis had an
OR of 4.4 (95% Cl: 2.5-7.9) in the multivariable logistic regression.

Conclusions: POMR following TUR-P in Sweden is low and numerically similar to age-adjusted background
mortality in the Swedish population up to the age of 70-years. High age, ASA-class and cancer diagnosis
are the strongest predictors of postoperative mortality.

Lower urinary tract symptoms (LUTS) associated with pros- Aim
tatic enlargement is one of the most common urological
conditions among ageing men and represents a substantial
and growing global health burden [1]. Trans-urethral resec-
tion of the prostate (TUR-P) remains widely performed and
continues to be regarded as ‘the Golden standard’ surgical
treatment option to reduce bladder outlet obstruction [2-4].
Surgical treatment with TUR-P of prostate enlargement and
voiding compromise caused by benign prostatic hyperplasia
(BPH) and cancer is considered effective and safe [5, 6].
However, many patients are older and often have multiple
comorbidities. One key safety outcome is the perioperative
mortality rate (POMR), annual deaths up to day-90 postoper-
ative divided by the total number of procedures during the
year [7, 8]. For TUR-P, reported 90-day mortality rate is gener-
ally low and range between approximately 0.5% and 1.16%
although somewhat higher rates may be seen in older
patient or in those with significant comorbidities [9, 10].
There is however no recent data about the perioperative
mortality following TUR-P in Sweden.

The primary aim of this observational was to assess all-cause 30-
and 90-day POMRs following TUR-P over the period 2013-2022
and whether there was any temporal trend in POMR. The sec-
ondary aim was assessing the impact of patients’ characteristics
(age, ASA class and indication).

Data source and study population

All data have been retrieved from the Swedish Perioperative
Registry (SPOR'). SPOR is a validated national quality register
that collect perioperative data from majority of hospitals in
Sweden [11, 12]. The register has collected data on the perioper-
ative course since 2012. The register is linked with the Swedish
Causes of Death Register and thus provide data about mortality
after surgery.

The dataset included TUR-P procedure code KED22 mono-
and bi-polar techniques and with a diagnose codes prostatic

1 https://spor.se/om-spor-landingpage/
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hyperplasia (N409) or prostate cancer (C619) registered in SPOR
from January 1, 2013 to June 30, 2022. Procedures without year
of surgery, key variables and other diagnosis were excluded, see
Figure 1.

Variables

Variables were categorised as exposures, outcomes and
covariates

The primary outcome was perioperative mortality rate (POMR)
within 30 and 90 days. Number of patients deceased divided by
number of procedures in accordance with the Utstein definition
[8]. Exposure was change in annual mortality rate over the
period studied. Covariates included patient characteristics such
as age, ASA-class, and diagnosis, BPH or prostate cancer.
Additional perioperative variables as duration of surgery, dura-
tion of anaesthesia and recovery room stay, were also collected
for descriptive analysis.

Age was categorised into three groups; 18-65, 66-80 and
above 80 years of age and further into 5-years groups for
comparison with national background mortality. The ASA was
categorised into ASA-class 1 to ASA-class 4.

Statistics

Descriptive statistics were used to summarise patients’ charac-
teristics and perioperative variables. Age is presented as mean
and standard deviation (SD), time events as median with inter-
quartile range (IQR), (25"-75™ percentile). Categorical variables
are presented as counts (n) and percentages (%). Differences in
categorical variables, including mortality rate, were analysed
using the Chi-square test of Fisher’s test when appropriate. Age
was compared using ANOVA and time events and blood loss
with Mann-Whitney U-test. Multivariable logistic regression

Transurethral prostate recitations
registered in SPOR
2013 - 2022
n=18,352

Missing key variables

n=2,972 -
Other diagnose codes
n=1,328

Benign prstatic hyperplasia Cancer
(N409) (C619)
n=12,870 n=1,182671

Figure 1. Flowchart describing inclusion and exclusion of patients.
SPOR: Swedish Perioperative register; n: number of patients.

analyses were performed to examine the odds ratio for 90-day
postoperative mortality over the study period adjusting for age,
ASA-classification and indication.

Additionally, age adjusted mortality is presented for the
study cohort and the official Swedish standardised mortality for
male.2 Missingness, for example, missing ASA class, was assessed
as random and no imputation was conducted. A p-value less
than 0.05 (p < 0.05) will be assessed as statistically significant. All
data have been initially handled with Excel version 16.106.1 and
statistical analysis has been performed with SPSS version
31.0.0.0.

Results

A total of 18,352 TUR-P procedures (KED22) were performed and
registered in SPOR between 2013 and June 2022 (Figure 1). In all
14,052 TUR-P procedures were included in the study cohort (see
Figure 1), 12,870 with primary indication BPH (N409, 91.6%) and
1,182 with primary indication prostate cancer (C619, 8.4%) with
an overall mean age 71.7 (SD: 8.0) years. The proportion of can-
cer indication varied between 6% and 11% over the study
period. The cancer patients were 3.7 years older than BPH
patients (p < 0.001).

Patients’ characteristics for the entire cohort is presented in
Table 1. The majority of patients were ASA-class 2 (57.2%)
followed by ASA-class 3 (27.2%), ASA-class 1 (14%) and ASA-
class 4 (0.6%).

Table 1. Patients’ characteristics for the entire cohort of TUR-P over the
entire period study (2013-2022) divided between alive and deceased day 90.

Patients Deceased Alive All p
day 90 day 90 n=14,052
n=>56 n=13,996
Age, mean (SD) 79.2 (7.6) 71.6 (8.0) 71.7 (8.0) 0.001
Age class, n (%)
18-65 years 2(0.07) 2,991 2,993(21.3)  0.001
66-80 years 28(0.30) 9,228 9,257 (65.9)
80+ years 26 (1.44)) 1,777 (13) 1,803 (12.8)
ASA-class, n (%) 0.001
1 2(0.10) 2,042 2,044 (14.9)
2 18(0.23) 7,847 7,865 (57.2)
3 31(0.83) 3,710 3,742 (27.2)
4 2(2.25) 87 89 (0.6)
Missing 3 310 313
BMI, mean (SD) 25.8 (4.6) 26.7 (3.9) 26.7 (3.9) n.s.
Primary 0.001
indication, n (%)
Benign prostatic 34 (0.26) 12,837 12,870 (91.6)
hyperplasia
Cancer 22 (1.86) 11,160 1,182 (8.4)

n: number of patients; SD: standard deviation; n.s.: non-significant; ASA-
class: American Association of Anesthesiology physical status; BMI: body
mass index.

Significant p-values are presented in bold text.

2 https://www.scb.se/hitta-statistik/statistik-efter-amne/halso--och-
sjukvard/dodsorsaker/dodsorsaker/
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Overall, 10 patients deceased within 30 days (0.07%) and 56
within 90 days (0.4%), Cancer indication was associated with
higher both 30- and 90-day mortality. Six BPH patients (0.05%)
and 4 prostate cancer patients (0.34%) deceased within 30-days
(p < 0.007). Among BPH patients 34 (0.26%) and 22 among
prostate cancer TUR-P patients (1.86%) deceased within 90-days
(p < 0.001).

There was no difference in duration of surgery, anaesthesia
and recovery room stay between deceased and alive patients (see
Table 2). There was a difference in duration of surgery between
hyperplasia and cancer indication, median 61 (IQR: 43-84) min for
hyperplasiaand median 50 (IQR: 34-73) min for cancer procedures.
Safe surgery check list was completed in 86% of procedures with
no difference between alive and deceased.

The multivariable logistic regression assessing temporal
trend in 90-day mortality rate for the entire study cohort over
the study period adjusted for age, ASA-class and indication is
shown in Table 3. No difference in 90-day mortality rate was
found over the study period. Age above 80-years, ASA-class 4
and cancer indication were all associated with statistically
significant increased odds ratio (Table 3).

Age had a profound effect on mortality among both the BPH
and the cancer patients, see Figure 2.

Age adjusted POMRs were similar to the age adjusted
national background mortality rates for patients aged below
70 years, but there was an excess age adjusted 90-day
perioperative mortality for the 5-year steps above 70, most
pronounced for the cancer TUR-P procedures, see Figure 3a-c.

Discussion

The primary aim of this study was to assess the all-cause 90-day
POMR following TUR-P based on the SPOR between 2013 and
2022 and whether there has been any temporal change in the
POMR over the period studied. A secondary aim was to explore
how patients’ characteristics, age, ASA class, and diagnosis (BPH
or cancer) affected perioperative mortality. Overall, 10 patients

Table 2. Perioperative observation for the entire cohort and divided
between alive and deceased at day 90.

Patients Deceased Alive All p
day 90 day 90 n=14,052
n=>56 n=13,996

Time events

minutes

Median (IQR)

Duration of surgery 55 (40-87) 60 (42-83) 60 (42-83) n.s.

Duration of 95(71-129) 94 (74-119) 94(74-119) n.s.

anaesthesia
Recovery room stay 165 (114-235) 165 (114-235) 165 (114-235) n.s.

Preoperative blood 50 (0-445) 85(20-230) 85(20-223) n.s.
loss ml median (IQR)
Safe surgery 47/9 12,066/1,931 12,113/1,940 n.s.

checklist yes/no (86/14)

n (%)

n: number of patients; SD: standard deviation; ASA-class: American
Association of Anesthesiology physical status; n.s. non-significant.
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died within 30-days (0.07%) and 56 patients died within 90-days
(0.4%), with no significant change over the study period.
Increasing age, ASA class, and cancer diagnosis were all associ-
ated with increased odds ratio for mortality within 90 days after
surgery. These findings are reassuring and in line with that TUR-P
is to be seen as a safe procedure in general. However, it shows
that the perioperative mortality risk increases expectedly associ-
ated with high age, high ASA class, and cancer patients. The
overall mortality rate is similar to national statistics for age-ad-
justed background mortality up to an age of 70 years, but shows
a clear excess mortality rate at higher ages, most pronounced
for cancer diagnosis.

Perioperative mortality rate

The observed POMRs were comparable to those reported in
previous registry studies [9, 10]. The 30-day mortality rate in
this study was lower than that reported in the Austrian
register-based study by Eredics et al., covering 2002-2006 [9].
Our 90-day mortality rate of 0.4% was also notably lower than
the 1.16% reported after TUR-P in the Finnish nationwide cohort
study covering the period 2004 to 2014 by Salmivalli et al. [10].
These differences may be explained by different inclusion
criteria and patients’ characteristics. It should be observed that
our cohort included only TUR-P procedures.

Patients’ characteristics

The mean age of the study population was 72 years, consistent
with the known epidemiology of BPH requiring surgical

Table 3. Multivariable logistic regression assessing odds ratio for all-cause
90-day mortality over the study period adjusted for age, ASA class and
diagnosis, benign prostatic hyperplasia or prostate cancer.

Patients Odds ratio 95% Cl for OR
Lower Upper p

2013 reference

2014 0.279 0.038 2.034 0.208
2015 0.255 0.042 1.565 0.140
2016 0.585 0.123 2.788 0.501
2017 0.582 0.125 2.702 0.489
2018 0.214 0.040 1.137 0.070
2019 0.212 0.040 1.126 0.069
2020 0.458 0.092 2.269 0.339
2021 0.273 0.051 1.447 0.127
2022 0.367 0.065 2.060 0.255
18-65 reference

66-80 3.030 0.712 12.891 0.133
80+ 9.695 2222 42.311 0.003
ASA-1 reference

ASA-2 1.547 0.355 6.752 0.561
ASA-3 4.288 0.996 18.465 0.051
ASA-4 12.602 1.685 94.269 0.014
Cancer vs. BPH 4.443 2.489 7.928 0.000

ASA-class: American Association of Anesthesiology physical status; BPH: benign
prostatic hyperplasia; n.s.: non-significant; Cl: confidence interval; OR: odds ratio.

Significant p-values are presented in bold text.
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Figure 2. Proportion of deceased within 90 days after TUR-P divided by age and ASA-class. a. for the entire cohort studied. b. for patients
with benign prostate hyperplasia and c. with diagnosis cancer. ASA-class on the X-axis. Age category on the Z-axis and POMR (%) in the Y-axis.
ASA-class: American Association of Anesthesiology physical status.
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Figure 3. Age adjusted mortality rates for the TUR-P cohort and age adjusted background mortality rate for males in Sweden; a. mortal-
ity rate for the entire cohort studied compared to national background age adjusted mortality rate. b. Benign prostatic hyperplasia com-
pared to national background age adjusted mortality rate. c. prostate cancer compared to national background age adjusted mortality rate.
X-axis describes age in 5 year intervals. Y-axis describes all-cause 30-day mortality rate. TUR-P: transurethral prostate resection.

intervention [9]. Most patients were classified as having
ASA-class 2. Age and ASA-class were independent predictors of
90-day mortality in the adjusted regression analysis. These
findings align with the broader perioperative literature.
A nationwide Swedish cohort study by Kilhamn et al. analysing
over 460,000 procedures found that ASA class 3 was associated
with 14-fold increased odds of 30-day mortality compared with

ASA class 1 in elective surgery and that ASA class 4 carried an OR
of 62.2[13]. Thisimpact of age and ASA-class is further supported
by several other SPOR-based studies examining high-volume sur-
gical procedures in Sweden, including hysterectomy, hip

3 https://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__BE__
BE0101__BE0101l/Dodstal/table/tableViewLayout1/
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arthroplasty, and knee arthroplasty, all of which report consist-
ently low overall perioperative mortality, with age and ASA-class
emerging as dominant independent predictors of increased risk
for early postoperative death across surgical specialties [14-16].
Our findings are not in line with the US register-based study
by Marchioni etal.[17] assessing morbidity and 30-day mortality
after TUR-P for prostate hyperplasia and cancer between 2011
and 2016. They did not find any higher mortality among the
5.8% of patients who underwent TUR-P with a prostate cancer
diagnosis [17]. The 30-day mortality was 0.2 for patients with
hyperplasia and 0.1 for those with cancer TUR-P. Thus, higher
mortality for hyperplasia TUR-P but lower for the cancer
diagnosis TUR-P as compared to the POMRs 30-day mortality
rates in this study. We did not observe any significant differences
in perioperative observations, duration of surgery, recovery
room stay, or perioperative bleeding between deceased and
living patients. It should be acknowledged that other
perioperative complications were not analysed. Interestingly,
Marchioni et al. [18] found a 30-day mortality rate of 14%
among patients with perioperative cardiovascular events
associated with TUR-P and 0.3 for patients without cardiovascular
complications in a similar US quality register-based study.

Strengths and limitations

A major strength of this study is the use of SPOR, a national
quality register with broad coverage across Swedish surgical
departments. With over 14,000 TUR-P procedures included
over a 10-year period this is one of the largest contemporary
analyses of perioperative mortality following TUR-P in Sweden.
The registry-based design allows for the study of outcomes in
routine clinical practice as opposed to selected trial popula-
tions and allows temporal trends to be examined over a long
study period. Mortality data were linked at the Swedish Causes
of Death Register, ensuring that deaths occurring both in
hospital and in the community were captured.

There are also limitations worth noting. Firstly, this is an
observational register-based study; causal inferences cannot be
drawn. Secondly, SPOR does not include detailed information
on individual comorbidities beyond ASA class. It was not
possible to adjust for specific conditions such as cardiovascular
disease, diabetes, or renal failure, which are known predictors of
postoperative mortality [19, 20]. The use of ASA-class as a proxy
for comorbidity, while clinically established and validated, is
a less granular measure than composite indices such as
the Charlson Comorbidity Index and frailty score. Missing
information about ASA-class and BMI should be acknowledged.
It must also be acknowledged that this study did not address
new and less invasive techniques. Salmivalli et al. studied trends
in surgery for LUTS between 2004 and 2018 in Finland and found
that TUR-P was still the dominating technique [21]. Both thermo-
expandable intraprostatic nitinol stents and prostate artery
embolisation have however been suggested as a safe alternative
in high-risk patients [22, 23].

Conclusions

In this nationwide register-based cohort study of 14,053 patients
who underwent TUR-P in Sweden between 2013 and 2022 both
30-day (0.07%) and 90-day (0.4%) postoperative mortality rate
was low and remained stable over time, with no significant tem-
poral trend. These rates are comparably low and in concordance
with the existing international literature. High age, high ASA-
class and cancer diagnosis increased odds ratio for periopera-
tive mortality. The age-adjusted mortality rate was similar to
the age-adjusted standardised mortality in Sweden up to age
70 years but increased thereafter.
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