
 

 

 

 

 

 

 

University of Southern Denmark

A Danish national population-based cohort study of synthetic midurethral slings, 2007–2011

Hansen, Margrethe Foss; Lose, Gunnar; Sigurdardòttir, Hrefna Bóel; Gradel, Kim Oren

Published in:
International Urogynecology Journal

DOI:
10.1007/s00192-018-3719-y

Publication date:
2019

Document version:
Accepted manuscript

Citation for pulished version (APA):
Hansen, M. F., Lose, G., Sigurdardòttir, H. B., & Gradel, K. O. (2019). A Danish national population-based
cohort study of synthetic midurethral slings, 2007–2011. International Urogynecology Journal, 30(5), 733-741.
https://doi.org/10.1007/s00192-018-3719-y

Go to publication entry in University of Southern Denmark's Research Portal

Terms of use
This work is brought to you by the University of Southern Denmark.
Unless otherwise specified it has been shared according to the terms for self-archiving.
If no other license is stated, these terms apply:

            • You may download this work for personal use only.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying this open access version
If you believe that this document breaches copyright please contact us providing details and we will investigate your claim.
Please direct all enquiries to puresupport@bib.sdu.dk

Download date: 24. May. 2023

https://doi.org/10.1007/s00192-018-3719-y
https://doi.org/10.1007/s00192-018-3719-y
https://portal.findresearcher.sdu.dk/en/publications/f3ee0969-a718-4fef-9c57-9b152f28cbec


1 
 

A Danish national population-based cohort study of synthetic midurethral slings, 2007-2011 1 

Authors 2 

Margrethe Foss Hansen, MD, PhD a b *, Gunnar Lose, MD, DMSc b, Hrefna Bóel Sigurdardòttir,  3 

MD b, Kim Oren Gradel, DVM, PhD c. 4 

a Nordsjællands Hospital, Department of Obstetrics and Gynecology, Hillerød, Denmark 5 

b Herlev and Gentofte Hospital, Department of Obstetrics and Gynecology, Herlev, and Institute for 6 

Clinical Medicine, University of Copenhagen, Denmark. 7 

c Center for Clinical Epidemiology, Odense University Hospital and Research Unit of Clinical 8 

Epidemiology, Institute of Clinical Research, University of Southern Denmark, Odense, Denmark; 9 

*Corresponding author: Nordsjællands Hospital, Department of Obstetrics and Gynecology, 10 

Hillerød, Denmark email address: margrethefoss@hotmail.com 11 

Gunnar Lose received a consultant fee from Contura. 12 

 13 

None of the authors received external funding for the study. 14 

The authors report no conflict of interest relevant to this article. 15 

 16 

MF Hansen: Project development, data analysis, manuscript writing. 17 

G Lose: Project development, data analysis, manuscript editing. 18 

HB Sigurdardòttir: Project development, manuscript editing. 19 

KO Gradel: Project development, data analysis, manuscript editing. 20 

mailto:margrethefoss@hotmail.com
mailto:margrethefoss@hotmail.com


2 
 

Abstract: 250 words 21 

Article: 3080 words 22 

Brief summary: This national population-based cohort is the largest study to indicate a learning 23 
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Abstract  27 

Introduction and hypothesis  28 

Synthetic midurethral slings (MUSs) have shown similar cure rates in several short-and medium 29 

term follow-up studies. Recently, long-term follow-up studies have indicated that the cure rate is 30 

higher following retropubic midurethral sling (RPMUS) compared to the transobturator midurethral 31 

sling (TOMUS).  32 

The aim was to evaluate the efficacy of synthetic MUSs and to examine the influence of department 33 

and surgeon volume, and patient-related factors on the cure rate of synthetic MUSs. 34 

Methods  35 

A retrospective cohort study based on a national population over a five-year period (2007-2011) on 36 

data from the Danish Urogynaecological Database (DugaBase). 37 

Results 38 

A total of 4519 women with first-time MUS were registered in the DugaBase. Cure was achieved in 39 

1242/1639 (75.78%) at a three month follow-up. RPMUSs were more frequently in use in high 40 

volume departments as compared with the other departments, and more often implanted by high 41 

volume surgeons in comparison to low volume surgeons. Women treated by a medium (adjusted 42 

OR 1.82; 95%, CI 1.01-3.28, “frequency”) or high volume surgeon (1.98; 1.18-3.32, “frequency”) 43 

had an increased probability of cure compared to women treated by a low volume surgeon. The 44 

difference was only significant for women who received a TOMUS. Conclusion 45 

This national population-based cohort study confirmed a high cure rate of synthetic MUSs at short-46 

term follow-up. It is the largest study to indicate a learning curve for TOMUS. Patients were not 47 
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actively involved in which synthetic MUS was to be performed, as the choice of surgical option was 48 

made at the departmental level.  49 
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Introduction 50 

Synthetic midurethral slings (MUSs) are the current standard for surgical treatment of urinary 51 

incontinence (UI) in women [1,2]. The synthetic MUSs (retropubic midurethral sling [RPMUSs] 52 

and transobturator midurethral sling [TOMUS]) have in several short and medium term follow-up 53 

studies shown similar high objective and subjective cure rates [1,2]. 54 

At the long-term follow-up, recent literature, however, indicates that the objective cure rate is 55 

higher following RPMUS [3,4], and consequently that the need for retreatment [5] and the risk of 56 

reoperation are reduced [6]. 57 

In several countries there is consensus on using one or the other synthetic MUS [7]. The question is 58 

whether the patient is part of a shared decision-making or the choice rests with the surgeon or the 59 

department. 60 

Previous studies have shown that both department and surgeon volume affect the objective and 61 

subjective outcomes of synthetic MUSs [8,9]. The learning curve for RPMUS has in general been 62 

well-documented [10] , whereas this is poorly reported in the literature for TOMUS [11-14]. To 63 

date, no major studies have assessed the learning curve for TOMUS. 64 

The Danish Urogynaecological DataBase (DugaBase) was established in 2006 to monitor the 65 

quality of urogynaecological surgery [15]. It is mandatory by law to report to the clinical database 66 

and it constitutes a unique source of information on women with synthetic MUSs as it allows a 67 

large population-based sample size representing several years to be obtained. 68 

The aims of the present study were: i) to evaluate the efficacy of synthetic MUSs on patient 69 

reported outcome measures (PROMs) based on a national population over a 5-year period (2007-70 

2011); ii) to describe the influence of department and surgeon volume on the use of either RPMUS 71 
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or TOMUS; and iii) to examine the influence of department and surgeon volume, and patient-72 

related factors on the efficacy of synthetic MUSs.73 
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Materials and methods  74 

Study population and settings 75 

The Danish healthcare system is tax financed and provides care free of charge for all residents. The 76 

study population included women of 18 years or older residing in Denmark who had a first- time 77 

synthetic MUS from 2007 through 2011, as registered in the DugaBase. We included 2006 as a lag 78 

year on the assumption that a synthetic MUS was likely to be the woman’s first-time MUS. 79 

Only women who had completed the questionnaires pre- and postoperatively were included in the 80 

main analyzes (Fig.1). The guidelines for strengthening the Reporting of Observational Studies in 81 

Epidemiology (STROBE) were followed [16] . 82 

RPMUS was introduced in 1997 in Denmark and TOMUS (exclusively an inside-out method) in 83 

2003. The synthetic MUSs in the period (2006-2011) consisted of macropore and were made of 84 

monofilaments (Appendix 1) [17]. 85 

In Denmark, approximately 1200 synthetic MUSs are performed annually – RPMUS and TOMUS 86 

being used equally [18]. The procedure is primarily performed in outpatient settings using a 87 

combination of local anaesthetics and sedation. A minority of women (comorbid patients or patients 88 

with other concurrent procedures) have the procedure performed under general anaesthesia and are 89 

hospitalized [18]. 90 

Data source  91 

Data were retrieved from three Danish registers: the DugaBase, the Danish National Patient 92 

Registry [19] and the Danish National Prescription Registry [20]. All Danish residents have a 93 

unique personal identification number which indicates their date of birth and gender and is used for 94 

registration of each individual’s contact (for purposes of consultation or treatment) with the national 95 

healthcare system, thus enabling linkage between all registries. 96 
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The DugaBase was established as a clinical database in 2006 and serves both clinical and scientific 97 

purposes [15,18]. It comprises women residing in Denmark, who, at the age of 18 or older, undergo 98 

surgical procedures for UI or pelvic organ prolapse (POP) according to the NOMESCO procedure 99 

codes [21]. 100 

It is mandatory by Danish law for all Danish hospital departments and private hospitals to report 101 

data to the DugaBase [15]. The database completeness of the DugaBase has increased from 33% in 102 

2007 to 91% in 2011 using the Danish National Patient Registry as reference, whereas data 103 

completeness has been constantly lower than the reference during this period [18]. This is mainly 104 

due to the fact that follow-up after a UI procedure is not standardised. Some departments routinely 105 

follow-up all patients, whereas others only follow up on patients with complications. The routine 106 

follow-up is usually scheduled for 3-6 months postoperatively. 107 

Since their introduction, pre-and postoperative questionnaires have been collected systematically 108 

[15]. These include the Incontinence Questionnaire-Short Form (ICIQ-SF), which has been 109 

translated into and validated in Danish [22]. The main variables have been examined and 90-100% 110 

agreement was found when comparing information from the database with medical records [18].  111 

The Danish National Patient Registry was established in 1977 and provides information on 112 

diagnoses, minor procedures, operations undergone by inpatients and outpatients, and emergency 113 

room attendance at Danish hospitals [19]. Studies of procedure codes registered in the Danish 114 

National Patient Registry have shown a high validity [19]. It is mandatory to report to the Danish 115 

National Patient Registry and hospitals are only reimbursed if they report to the registry [19]. 116 

The Danish National Prescription Registry was established in 1993, and retrieves information from 117 

Danish pharmacies on medicines prescribed. This means that drugs sold over the counter, dispensed 118 
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at hospitals for outpatient treatment or prescriptions that were not redeemed (primary non-119 

compliance) are not registered [20]. 120 

Potential predictors 121 

Potential variables associated with the outcome of synthetic MUSs were department and surgeon 122 

volume and patient-related factors.  123 

Department and surgeon volume 124 

We divided department volume into high volume departments and the remaining departments. The 125 

five high volume departments were equivalent to the largest departments in each region in 126 

Denmark. Two of those departments were highly specialized departments. A previous 127 

categorization into low, medium and high volume [6,9] was obsolete, as surgical treatment for 128 

female UI underwent centralization during the study period in Denmark and the majority of the low 129 

volume departments were closed. 130 

Surgeon volume, as registered in the DugaBase for each synthetic MUS, was categorized into three 131 

groups (number of procedures performed during career as a surgeon), low (≤ 25), medium (26-75) 132 

and high volume (>75)). 133 

Patient-related factors 134 

Patient-related factors included a medical history as registered in the DugaBase (age, body mass 135 

index (BMI), American Society of Anesthesiologist’s (ASA) Classification, previous hysterectomy, 136 

UI or POP surgery, and severity of UI preoperatively using the ICIQ-SF. Information on 137 

preoperative use of medication related to UI was retrieved from the Danish National Prescription 138 

Registry (diuretics (ATC C03) antimuscarinic drugs (ATC G04BD), estrogens (ATC G03C) and a 139 

group of less frequently used drugs (desmopressin ATC H01BA02, imipramine ATC N06AA02 140 

and duloxetine ATC N06AX21)). 141 
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Outcome measures 142 

The primary outcome was based on the ICIQ-SF, completed at three months’ follow up after the 143 

primary synthetic MUS. The ICIQ-SF consists of three questions (frequency of UI, amount of 144 

leakage, and impact of UI on daily life) and a total score based on these questions (total ICIQ-SF). 145 

Within each of the three questions “cure” was based on a dichotomization in accordance with 146 

criteria reported previously [23]. The steering committee of the DugaBase has defined cure (a 147 

successful outcome) as leakage once a week or less often. and we focused in particular on this 148 

outcome [15]. The secondary outcome was “Change” evaluated as the difference on the total ICIQ-149 

SF, pre-and postoperatively.  150 

Statistical analysis 151 

The analytical unit was the first-time MUS. Descriptive statistics were used to evaluate baseline 152 

characteristics. To evaluate baseline characteristics between patients treated by a low, medium or 153 

high volume surgeon, we used the χ2-test (categorical variables) and one-way analysis of variance 154 

(ANOVA) (continuous variables), and for department volume the χ2-test (categorical variables) and 155 

the Student’s t-test (continuous variables). Any change from baseline in the ICIQ-SF scores was 156 

analysed by means of the Wilcoxon signed-rank test. 157 

Initially, we performed all analyses year by year, but as we found no essential differences between 158 

years we merged all results (data not shown). 159 

At logistic regression the cure rate for the ICIQ-SF postoperatively was dichotomized for all three 160 

questionnaires and adjusted for the preoperative ICIQ-SF score (“severity”).We analyzed the impact 161 

of patient-related factors believed to be clinically relevant and the influence of surgeon and 162 

department volume on cure, by uni- and multivariate logistic regression. The Hosmer Lemeshow 163 

goodness-of-fit test was performed to assess the fit of the models.  164 
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Furthermore, we analyzed the impact of patient-related factors, surgeon and department volume on 165 

the cure rate for RPMUS and TOMUS, individually.  166 

In additional analyses, we compared potential predictors prior to surgery between women who had 167 

completed both questionnaires pre-and postoperatively with women who had not completed the 168 

questionnaires (pre-and/or postoperatively).  169 

A p-value < 0.05 was considered statistically significant. 170 

Data analysis was performed using STATA version 14.0 (StataCorp, College Station, TX USA). 171 
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Approval  172 

The study was approved by the Danish Data Protection Agency (J.nr. 2013-41-0414). As the study 173 

did not include patient contact, it was not necessary to obtain approval from the Health Research 174 

Ethics Committee. 175 
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Results 176 

Descriptive 177 

Between January 1st 2007 and December 31st 2011 a total of 4519 women with first-time synthetic 178 

MUSs were registered in the DugaBase, 2331 (51.58%) had a RPMUS and 2188 (48.42%) a 179 

TOMUS. The mean age was 52.86 years, the mean BMI 26.59, and 49.32% had pure stress UI 180 

(SUI) and 47.90% had mixed UI (MUI) (Table 1). There were only minor differences in the 181 

baseline characteristics between women assigned to RPMUS or TOMUS (Appendix 2).  182 

Among the 1639 women who pre- and postoperatively had answered both questionnaires, 1242 183 

(75.78%) were cured and 852 (51.98%) had achieved no leakage at all at the three month follow-up 184 

. There was a statistically significant improvement on all three ICIQ-SF scores (Table 2). The mean 185 

total ICIQ-SF score was 15.70 (SD 3.31) preoperatively and 3.94 (SD 5.86) (p< 0.001) 186 

postoperatively. 187 

The synthetic MUSs were performed at 35 departments, of which 16 departments exclusively 188 

implanted RPMUSs, fifteen departments only TOMUSs and four departments used both sling types 189 

to the same extent.   190 

At high volume departments, RPMUSs came more frequently into use (74.59%) in comparison with 191 

other departments (33.38%) (p < 0.001, Table 3).  192 

RPMUSss were more often implanted by high volume surgeons, 1699 (58.20%) in comparison with 193 

low (34.78%) and medium (37.04%) volume surgeons (Table 4).  194 

There were more high volume surgeons at high volume departments (71.50%) than at the other 195 

departments (64.20%) (data not shown, p <0.001). 196 

Department and surgeon volume in logistic regression analyses  197 



14 
 

Based on the ICIQ-SF scores (Table 5), there was no influence of department volume on cure. 198 

Women treated by a medium volume surgeon (adjusted OR 1.82; 95%, CI 1.01-3.28, “frequency”) 199 

and a high volume surgeon (adjusted OR 1.98; 95%, CI 1.18-3.32, “frequency”) had an increased 200 

chance of cure compared to women treated by a low volume surgeon. This difference was only 201 

relevant for women who underwent a TOMUSprocedure; medium volume surgeon (adjusted OR 202 

2.27; 95%, CI 1.04-4.97, “frequency”) and high volume surgeon (adjusted OR 2.07; 95%, CI 1.00-203 

4.27, “frequency”) (data not shown).  204 

Patient-related factors in logistic regression analyses 205 

The most severe form of UI preoperatively decreased the likelihood of cure significantly in all 206 

ICIQ-SF scores (data not shown). 207 

The cure rate for women with a high BMI (kg/m2) was lower (adjusted OR 0.95; 95%, CI 0.92-0.99, 208 

“frequency”) (adjusted OR 0.92; 95%, CI 0.88-0.97, “impact”) (Table 5). 209 

Similarly, women with MUI had a lower chance of cure (adjusted OR 0.58; 95%, CI 0.41-0.82, 210 

“frequency”) (adjusted OR 0.61; 95%; CI; 0.39-0.98 “amount”). This difference was only relevant 211 

for women who received an RPMUS implant, (adjusted OR 0.11; 95%, CI 0.06-019., “frequency”) 212 

(adjusted OR 0.14; 95%; CI; 0.08-0.27 “amount”). 213 

Women who took antimuscarinic drugs preoperatively had a decreased likelihood of cure according 214 

to all ICIQ-SF scores (0.14 (0.09-0.23)“frequency”) (adjusted OR 0.14; 95%, CI 0.09-0.23, 215 

“amount”) (adjusted OR 0.15; 95%, CI 0.09-0.24 “impact”). 216 

Likewise, women who were prescribed other drugs (desmopressin, imipramine or duloxetine) 217 

displayed a lower cure rate (adjusted OR 0.42; 95%, CI 0.17-1.01 “frequency”) and (adjusted OR 218 

0.25; 95%, CI 0.09-0.66 “impact”). 219 
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Additional analyses 220 

At baseline, there were a few differences in potential predictors between women who completed the 221 

total ICIQ-SF both pre- and postoperatively and women who did not complete it at all; age (52.74 222 

vs. 53.79, p =0.03), antimuscarinic drugs (11.53% vs.16.40%, p = 0.002), other drugs (2.96% vs. 223 

4.93%, p = 0.03), ASA 1-2 (4.83% vs. 7.65%, p = 0.03) and department volume (high: 47.19% vs. 224 

34.83%, p < 0.001).  225 

Similarly, there were differences in predictors between women who had completed both 226 

questionnaires and women who had only completed the questionnaire preoperatively; age (52.74 227 

vs.51.49, p = 0.01), smoking (21.89% vs. 26.23%, p < 0.001), estrogen (49.56 vs. 40.62%, p = 228 

0.001), antimuscarinic drug (11.53% vs. 8.27%, p = 0.01), department volume (high 47.19% vs. 229 

54.60%, other departments 52.81%vs. 45.40% p < 0.001). 230 

Differences were observed between women who had filled in both questionnaires and women who 231 

had only answered the questionnaires postoperatively; age (52.73 vs. 54.61, p = 0.006), BMI (26.51 232 

vs. 27.20, p =0.02), smoking (21.89% vs. 28.34%, p = 0.05), antimuscarinic drugs (11.33% vs. 233 

16.91%, p = 0.002), diuretics (21.62% vs. 27.32%, p =0.009), ASA (4.83% vs. 8.66%, p = 0.012) 234 

and department volume (high 47.19% vs. 28.29%, other departments 52.80% vs.71.71% p < 0.001). 235 

 236 

Discussion  237 

This national population cohort study is to the best of our knowledge the largest study to indicate a 238 

learning curve for TOMUS. Due to the cross-sectional design of the study, we cannot exclude that 239 

surgeons with poorer outcomes had disappeared from the specialty. However, three longitudinal 240 

studies support the finding of a learning curve for TOMUS [13,14] in that, like the present study, 241 

they found that a standard minimum of 10-20 procedures was necessary in order to achieve better 242 



16 
 

outcomes, as indicated by ICIQ-SF scores [13], but also found a lowered risk of groin pain [13] and 243 

reduction of operative time [12-14]. One study did not find any impact of the learning curve, but 244 

this was probably attributable to the study’s small sample size[11].  245 

A high subjective cure rate for synthetic MUSs was demonstrated nationally, which is in agreement 246 

with previous studies [1,2]. It is generally accepted in short and medium term follow-up studies that 247 

the safety and efficacy ratings are similar for both types of slings [1,2] although recent literature 248 

indicates that in the long-term, RPMUS is considered superior to TOMUS [2,6,24] and in one 249 

country, Scotland, the usee of TOMUS is no longer recommended [25]. 250 

A shared decision making with the patient regarding which synthetic MUS is to be implanted 251 

should be mandatory, and should include preoperative counselling for the patient, balancing 252 

efficiency and surgical profile for each method [7]. However, the present study showed that patients 253 

were not actively involved in the decision as to which sling to implant, as the majority of 254 

departments implanted either RPMUS or TOMUS. 255 

The preference for RPMUS at high volume departments has previously been reported in Denmark 256 

and Norway [4,9]. Originally, TOMUS was introduced on account of its time-saving effect, as no 257 

cystoscopy was necessary postoperatively and this advantage might have been more appealing to 258 

smaller departments [11].  259 

Among several patient-related factors addressed in the present study, the use of antimuscarinic 260 

drugs preoperatively was found to negatively impact PROMs in all ICIQ-SF scores. This 261 

corresponds to the literature [26], and it is likely that antimuscarinic drugs may be considered a 262 

proxy for overactive bladder syndrome or severe MUI or severe UI, as all groups in the present 263 

study also showed a lower cure rate, their conditions being predictors of a lower cure rate from 264 

synthetic MUSs [26,27].  265 
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Women with a higher BMI showed a significantly poorer outcome in ICIQ-SF scores. This is 266 

contrary to small-scale studies (n= 35-195) with follow up, up to one year [28,29] whereas two 267 

large-scale studies (n = 310-760) similar to the present one found lower subjective cure rates among 268 

overweight women [30,31]. 269 

The major strength of the present study derives from its national population-based design, as it 270 

reflects an everyday life setting covering a broad spectrum of women and surgeons. Secondly, the 271 

synthetic MUS procedures undertaken during this period were mainly of the same type and using 272 

the same anaesthetic techniques. Thirdly, we were able to include several potential confounders. 273 

Fourthly, the study was strengthened by the use of validated patient-reported outcome measures. 274 

The limitations of the study relate to its retrospective design and short duration of follow-up. The 275 

study confirmed the axiom that practice makes perfect, but we had no information on which area 276 

would benefit from further practice or the number of procedures needed to maintain a high level of 277 

surgical expertise. Furthermore, we cannot exclude some selection bias related to patient 278 

characteristics, as some departments only follow-up on patients with a poor outcome, meaning that 279 

had all patients been followed up, the cure rate might have been higher.  280 
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Conclusion 281 

This national population-based cohort study confirmed a high cure rate at short-term follow-up for 282 

the two types of synthetic midurethral slings (MUS) currently in use. It is to the best of our 283 

knowledge the largest study to indicate a learning curve for TOT. The patients was not actively 284 

involved in which synthetic MUS procedure to perform, as the choice of surgical option was rather 285 

made at the departmental level.  286 
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