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ABBREVIATIONS  

ASA: American Society of Anesthesiologist’s 
Classification  
BMI: Body Mass Index 
CI: Confidence interval 
CPR-number: Civil Registration Number 
DHMA: The Danish Health and Medicines Authority 
DSOG: The Danish Society of Obstetrics and Gynaecology 
DugaBase: The Danish Urogynaecological Database 
HR: Hazard ratio 
ICD 10: International Classification of Diseases 
 

 
ICIQ-SF: International Consultation on Incontinence 
Questionnaire-Short Form 
IOQ: Incontinence Outcome Questionnaire 
MUI: Mixed urinary incontinence 
MUP: Maximum urethral closure pressure 
MUS: Midurethral sling 
NOMESCO: Danish Nordic Medico-Statistical Committee  
OAB: Overactive Bladder Syndrome 
PAGH: Polyacrylamide hydrogel 
PGI-I: Patient Global Index of Improvement Scale 
POP: Pelvic Organ Prolapse 
PROMs: Patient reported outcome measures 
RCT: Randomized controlled trial 
STROBE: Strengthening the Reporting of Observational 
Studies in Epidemiology  
SUI: Stress urinary incontinence 
TOT: Transobturator tape 
TVT: Tension-free vaginal tape 
TVT-O: Transobturator tension-free vaginal tape 
UI: Urinary incontinence 
UIT: Urethral injection therapy 
UUI: Urgency urinary incontinence 

1. INTRODUCTION 

1. BACKGROUND  
Urinary incontinence (UI) is defined as the complaint of 
involuntarily loss of urine (2). Although not life 
threatening, this condition can have physical, 
psychological and social consequences for the individual 
(3, 4). The prevalence of female UI is estimated as being 
10-40%, depending on how the population is defined 
and wider ranges can be found among elderly women 
(5). Among a Danish cohort of women aged 40-60 years, 
the prevalence of one involuntarily leakage per week has 
been estimated as 16% (6). The need for treatment is 
expected to increase in the future as a combined result 
of a still increase in the population of persons aged 65+ 
(7) and better treatment modalities (5). 
The most frequent type of UI is stress urinary 
incontinence (SUI)(50%), followed by mixed UI 
(MUI)(36%) and pure urgency UI (UUI)(11%) (8). SUI is 
defined as an involuntary loss of urine on effort, physical 
exertion, sneezing or coughing, and UUI as a complaint 
of involuntary loss of urine associated with urgency (9). 
MUI includes stress and urgency components. A variety 
of treatments exists for UI, ranging from conservative 
(pelvic floor muscle training, bladder training, lifestyle 
changes), through pharmacological and mechanical 
(intravaginal devices) to surgery. Surgery is 
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predominantly used in women with SUI and to some 
extent in women with MUI (5). 

2. SURGICAL TREATMENT FOR URINARY INCONTINENCE  
The current standard surgical intervention is the 
synthetic midurethral sling (MUS) (10), which is a tape 
made of polypropylene placed mid-urethra under 
tension (5).  
The synthetic MUS was introduced in the late 1990s and 
rapidly replaced colposuspension and pubovaginal slings 
as the current standard due to the advantages of 
technical ease, shorter operative time and feasibility as 
an outpatient procedure (11). 
The tension-free vaginal tape (TVT) was the first 
synthetic MUS and has shown objective and subjective 
cure rates of 85% (12, 13). The transobturator tapes 
(TVT-O, TOT) were introduced to minimize the surgical 
complications of TVT, which included injury to the 
bladder, major vessels and bowel (10). The efficacy is 
similar for both synthetic MUSs at short and mid-term 
follow-ups (14-17). Several modifications of the 
synthetic MUSs have subsequently been introduced, but 
without clinical data on their safety and efficacy (5).  
Urethral injection therapy (UIT) is less minimal invasive 
than the synthetic MUSs and adverse events are fewer 
and more mild and moderate (18, 19), but as the efficacy 
is lower (18, 19) it is often used as a second line 
approach (10). 

3. DEPARTMENT VOLUME, SURGEON VOLUME AND 
PATIENT-RELATED FACTORS 
It has been documented across several surgical 
specialities that department and surgeon volume and 
patient-related factors influence the quality of care (20, 
21). Influence of these factors on the surgical treatment 
for UI have previously been investigated in Danish 
studies (22-25) but have only been sparsely studied 
internationally. 
The department volume reflects organizational 
characteristics (e.g. the skills of the clinical team, the 
availability of medical and technical in-service teaching 
status), whereas the surgeon volume reflects individual 
skills (technical skills and quality of decision-making) 
(26). The association between department and surgeon 
volume and quality of care has generally been 
demonstrated as being positive or neutral, and never 
negative (27). The most complex procedures tend to 
have the strongest volume-outcome association (26). 
Although both department volume and surgeon volume 
are assumed to affect the outcome, their relative 
contributions have not been established (26). Crucial for 
the understanding of the volume-outcome relationship is 
that there is not a priori a positive correlation between 
department and surgeon volume (21). A high volume 
department might accrue a large number of low volume 
surgeons, whereas a low volume department might have 
one surgeon who performs all instances of a given 
procedure. It is therefore important that studies 
interpreting the results of department volume also take 
account of the individual surgeon volume (20). 
Differences in patient-related factors in the relationship 
(such as age, comorbidity and lifestyle-related factors) 
between high and low volume might bias the surgical 
outcome (21, 27). 

4. ORGANIZATION OF THE SURGICAL TREATMENT FOR 
URINARY INCONTINENCE IN DENMARK 
There is generally sparse literature on the influence of the 
volume-outcome association on the surgical treatment for 
UI among women. The influence of surgeon volume on the 
synthetic MUS procedure has to some extent been 
documented, notably with reference to the risk of bladder 
perforation (28-30), but also in terms of lowering the risk of 
complications (31) and achieving better subjective outcomes 
(23, 32). Aspects of the department volume and how to 
achieve adequate surgeon volume, however, have received 
little attention in studies to date.  
 
Internationally, Denmark is one of the countries with the 
most systematic monitoring of the quality of care (33). It is 
therefore natural for department volume, surgeon volume 
and patient volume to have been addressed as important 
issues within the surgical treatment for UI (22-25, 34, 35).  
 
Throughout the period 2001 to 2009, the surgical treatment 
for female UI underwent centralization in Denmark; from 
being distributed across three specialties (gynaecology, 
urology and gastro-intestinal surgery) it was largely lodged 
with a single specialty (gynaecology) (34, 35). Many different 
procedures per department were in usage in 2001, but were 
reduced by the end of 2009 (34, 35).  
 
However, a substantial variation in the assessment and 
surgical treatment for UI at the respective departments 
persisted (35) despite the fact that national guidelines for 
the treatment of UI had been put in place (35).   
 
A Danish PhD thesis demonstrated that, based on the Danish 
National Patient Registry and questionnaires completed by 
hospital departments and patients, both department and 
surgeon volume affected the surgical quality of synthetic 
MUSs (23-25). Partly in recognition of this, the Danish Health 
and Medicines Authority (DHMA) introduced requirements 
for department volume (36) and in the year 2010 further 
centralization within the specialty of Gynaecology  was 
established (37). 
 

Figure 1 Development of surgical treatment for urinary 
incontinence in women  
 
a Surgical treatment for urinary incontinence in women was 
performed within the three specialties, Gynaecology, Urology and 
Gastro-intestinal surgery. 
b Surgical treatment for urinary incontinence in women was 
performed within the specialty Gynaecology. 

 
Establishment of the Danish Urogynaecological Database 

In several countries, clinical databases were established in 
the beginning of the millennium to enhance the surgical 
quality of urogynaecology (Norway 1998) (Netherlands 
2000) (United Kingdom 2000) (Austria 2000, closed) 
(Denmark 2006) (32, 38-41). The main purpose was to 
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document the quality of new techniques and to stimulate a 
clinical and scientific interest in urogynaecology. The 
databases were initiated voluntarily by working groups of 
urogynaecologists (32, 38, 39, 41), but have now become 
more established as financed by the government (32, 38, 39, 
41).The DugaBase, however, is the only database that it is 
mandatory by law to report to (41) (Personal comment: 
Rune Svenningsen, Steven Schraffordt, Jonathan Duckett, 
Thomas Aigmueller). 
The Danish Urogynaecological Database (DugaBase) was 
established in 2006 (41). The database completeness is high, 
whereas the data completeness during all years has been 
lower. Clinically, the DugaBase is used to compare local data 
on the surgical treatment with the national mean values and 
departments, who deviate considerably, are informed in 
order to alter their treatment provision. Scientifically, the 
DugaBase holds the advantage of including multiple patient-
related data and objective and subjective outcomes based 
on a national population (41-44).    
The quality indicators and standards for UI and pelvic organ 
prolapse (POP) are developed by the DugaBase steering 
committee based on the available evidence (Appendix 1). 
The quality indicators for UI include waiting time, subjective 
assessment of success after surgical treatment for UI, the 
need for further treatment and recent reoperations after 
synthetic MUS within two and five years was implemented. 
In this PhD thesis, the quality of surgical treatment for UI 
was assessed with reference to some of the quality 
indicators in the DugaBase.  

5. REOPERATION FOR URINARY INCONTINENCE 
The risk of reoperation after surgical treatment for UI based 
on national populations has not been established 
internationally (11, 45, 46). Existing literature specifies an 
overall lifetime rate of reoperation of about 8-9% after an 
initial operation for UI (11). There are, however, conflicting 
statements about the risk of reoperation after specific 
surgical procedures for UI. Only a few register-based studies 
have reported on the risk of reoperation after TVT at long-
term follow-up (5 -10 years) (13, 47, 48). The risk of 
reoperation after TVT based on a nationwide population has 
remained relatively unknown and, similarly, no national 
comparative studies on the risk of reoperation after TVT and 
TOT have been conducted.  

6. REPEAT SURGERY AFTER FAILED MIDURETHRAL SLINGS 
The current literature indicates that a small proportion of 
women will require a second procedure after failure of a 
synthetic MUS (49, 50). There is, however, no consensus on 
which treatment should be used (49, 51, 52). The literature 
indicates that synthetic MUSs  represent the leading 
treatment option for repeat surgery, but the results are 
limited to short-term follow-up (53). A variety of surgical 
treatments exists, but there is little data to support their use 
(49, 53). A few nationwide cohort studies have reported on 
repeat surgery after the failure of synthetic MUSs. As there 
is currently little knowledge regarding which procedures are 
used, it is difficult to assess and discuss which procedures 
should be used after the failure of synthetic MUSs (49).  

7. URETHRAL INJECTION THERAPY FOR STRESS AND 
MIXED URINARY INCONTINENCE 
UIT has been performed since the early 20th century (54) and 
a variety of agents have been launched, but several of these 

were retracted due to product related side effects (19). It is 
an attractive alternative to synthetic MUSs due to its few 
and mild side effects (55). Polyacrylamide hydrogel (PAGH) 
was introduced in Europe as a bulking agent in 2006 and is 
now widely used (56, 57). The current knowledge on PAGH is 
based on ten studies with a follow-up period of one to three 
years (22, 58-66). However, no national population-based 
studies of PAGH have been conducted and there is a lack of 
studies representing patients in the daily clinic (57).  
AIMS 
The aims of the thesis were to evaluate the surgical 
treatment for UI based on national populations and the 
influence of department volume, surgeon volume and 
patient-related factors:  
-To describe the five-year incidence of reoperation after 
different surgical procedures for UI based on a nationwide 
population over a ten-year period (1998-2007) and to 
evaluate the influence of department volume (Study I). 
-To describe the choice of repeat surgery after failed 
synthetic MUSs and department volume for surgical 
treatment at reoperation over a ten-year period (1998-2007) 
based on a nationwide background population (Study II). 
-To evaluate the efficacy of urethral injection therapy (UIT) 
based on patient reported outcome measures (PROMs) and 
hospital contacts within 30 days for women registered in the 
Danish Urogynaecological Database (DugaBase) over a five-
year period (2007-2011) and the influence of department 
volume, surgeon volume and patient-related factors (Study 
III).  

2. MATERIALS AND METHODS 

STUDY SETTING 
All studies included women who had surgical treatment for 
UI in Denmark.  
The healthcare system in Denmark is financed by tax and 
provides care free of charge for the individual patient. The 
initial contact is with the general practitioner, who may refer 
the patient to a public or private hospital (67, 68). Denmark 
has approximately 5.5 million inhabitants and consists of five 
regions.  

SOURCE OF DATA  
All Danish residents are assigned a unique Civil Registration 
Number (CPR-number), which enables linkage between all 
nationwide registries (69). The following data sources have 
been used in this thesis:  
 
The Danish Civil Registration System (Studies I, III) 
The Danish Civil Registration System was established in 1968 
and provides information on gender, date of birth and 
continuously updated data on vital status (69). 
 
The Danish National Patient Registry (Studies I, II, III) 
The Danish National Patient Registry was established in 1977 
and provides information on diagnoses, minor procedures, 
and operations in Danish hospitals (67, 68). It is mandatory 
by law for all hospital departments and private hospitals to 
report to the Danish National Patient Registry. 
The registry is used for administration, quality of care, and 
research and studies of procedure codes within the Danish 
National Patient Registry have shown to have a high validity 
(70).  
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The Danish Urogynaecological Database (Study III)  
The Danish Urogynaecological Database (DugaBase) was 
established in 2006 to monitor, ensure and improve the 
quality of urogynaecological surgery (41, 42). It is mandatory 
by law for all hospital departments and private hospitals to 
report to the DugaBase (41). 
The database contains information on women residing in 
Denmark at the age of 18 or older who have had surgical 
treatment for UI or POP. The DugaBase is organized with a 
steering committee, consisting of specialist within Obstetrics 
and Gynecology, administrative employees from the Region 
of Southern Denmark and the Center of Epidemiology (1, 
41), a project manager and a secretary. Public and private 
hospital departments report data by a web-based module. 
The DugaBase contains information on the operative course: 
1) A preoperative patient questionnaire on baseline 
information and PROMs, 2) A questionnaire completed by 
the gynecologist including a preoperative examination, 3) A 
questionnaire on the surgical procedure performed (e.g. 
procedure code, surgeon volume, use of antibiotic 
prophylaxis), 4) A postoperative patient questionnaire 
including the same PROMs as preoperatively, possible 
complications and reoperations, and 5) Postoperative 
follow-up questionnaire for health care professionals. 
In the DugaBase PROMs are based on the validated 
Incontinence Questionnaire-Short Form (ICIQ- SF), which in 
2013 was supplemented with the Patient’s Global 
Impression of Improvement (PGI-I score) postoperatively 
(43). The ICIQ-SF has been translated into, but not validated 
in, Danish (42) and consists of three questionnaires 
(frequency of UI, amount of leakage, and impact of UI on 
daily life).  
The database completeness of the DugaBase has increased 
from 33% for UI in 2007 to 93% in 2011 using the Danish 
National Patient Registry as reference (1, 41). The database 
completeness has remained as high as 92.6 % for surgical 
treatment for UI in 2014 (71). During the years 2007-2011 
the data completeness has constantly been lower and was in 
2014 52.7% (71). This is mainly due to the fact that the 
departments have a heterogeneous way of follow-up after 
surgical treatment for UI as some departments routinely 
follow-up all patients whereas other departments only 
follow up on complicated patients (41). 
The validity of eleven main variables has been examined 
(date of surgery, department, procedure code antibiotic 
prophylaxis, prior surgery for UI and POP, prior 
hysterectomy, height, weight, parity and smoking), and an 
agreement of 90-100% was found when comparing 
information from the database with medical records (41). 

The Register of Medicinal Products Statistics (Study III) 
The Register of Medicinal Product Statistics was established 
in 1993, and retrieves information on prescriptions from all 
Danish pharmacies and is maintained by Statistics Denmark 
(72). Only a few studies have therefore assessed the 
completeness and validity of this register (73, 74). There are, 
however, factors which point towards a high data quality 
(72). The Register of Medicinal Product Statistics constitutes 
an integral part of the pharmacist´s key function of selling 
prescription drugs, which includes maintaining the 
computerized reimbursement account (72). The universal 
reimbursement system thus provides a strong economic 
incentive for recording all drugs dispensed. All drug- packets 
are 

labelled with an optically scanned barcode that acts as 
linkage to other registers (72).                                                          
 
STUDY I                                                                                                     
The study population comprised all women registered in the 
Danish National Patient Registry with surgical treatment for 
UI from 1998 through 2007, and no surgery two years prior 
to enrolment in the study (Fig.2). To evaluate the cumulative 
risk of reoperation within five years, we used the NOMESCO 
procedure codes for all operations (75). The procedure 
codes were divided into six groups (Appendix 2) 1) TVT 
(“KLEG10”), 2) TOT (“KLEG10A”), 3) UIT (“KKDV20” 
”KKDV22”) with polyacrylamide gel or polyacryl hydrogel 
4)”Pubovaginal slings (“KKDG30”) which is an a.m. McGuire 
procedure performed with autologous fascia (rectus fascia 
or fascia lata). 5) Burch colposuspension (“KDG00”) and 6) 
Miscellaneous operations which separately were less 
frequently used procedures for UI (“KDG01”, “KDG10”, 
“KDG31”, “KDG40”, ”KDG50”, 
”KDG96”,”KDG97”,”KLEG00”,”KLEG20”,and”KLEG96”). We 
registered a reoperation defined as any subsequent surgical 
treatment for UI using the same procedure codes.                       
 
Figure 2 Derivation of study cohort (Study 1) 

STUDY II 
The study population consisted of women registered in the 
Danish National Patient Registry who had a synthetic MUS 
(“KLEG10”) (“KLEG10A”) from 1998 through 2007 at 
baseline. We described the choice of repeat surgery within a 
five-year period and department volume at the primary 
procedure and at reoperation. 
In studies both I and II department volume was calculated as 
the annual number of the total UI procedures for each 
department and computed to an index for the ten-year 
study period from which the final tertiles (low, medium, and 
high volume departments) were computed. 
A highly specialized department was defined as one of the 
largest departments in each region in Denmark (equivalent 
to the five largest university hospitals).     

STUDY III  
The study population included women 18 years or older 
residing in Denmark who had a first-time injection with 
PAGH from 2007 through 2011, as registered in the 
DugaBase. To assess that a UIT in 2007 was likely to be the 
woman’s first-time injection we included 2006 as a lag year 
to ensure that no women had UIT one year prior to 
enrollment. Only women, who had completed the 
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questionnaires pre-and postoperatively were included in the 
main analyses (Fig.3). The guidelines for Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) were applied (76). 

The primary outcomes were based on the ICIQ-SF, 
completed at three months follow-up after the primary UIT 
and a secondary outcome was hospital contacts within 30 
days from the primary procedure. 
The ICIQ-SF consists of three questions (frequency of UI, 
amount of leakage, and impact of UI on daily life) as well as 
the sum based on these questions (total ICIQ-SF) (Appendix 
3).  
Within each of the three questions “cure” was based on a 
dichotomization in accordance with globally accepted 
criteria reported previously (1, 22, 58-61, 65) . 
The steering committee of the DugaBase has defined “cure” 
(subjective patient assessment of success) as leakage once a 
week or less often or never based on the frequency score 
and we focused in particular on this outcome (1) and on “no 
leakage at all ” defined on the frequency score as answering 
never to leakage of urine (58). “Change” was evaluated as 
the difference on the ICIQ-SF total pre-and postoperatively. 

All relevant hospital contacts, within 30 days from the 
primary procedure, to a department of obstetrics and 
gynaecology with a diagnosis classified according to the 
International Classification of Diseases, tenth edition (ICD 
10)(Appendix 4) were identified (77).  

Department volume was defined as in a previous study, high 
(≥15 UITs per year) and low (<15 per year) (22). The Danish 
National Patient Registry was used as gold standard to 
secure that the classification of department volume was 
based on the actual annual number of UITs. 814 of 1346 UITs 
were registered in the DugaBase and 16 of 22 departments 
were registered in the DugaBase. The remaining six 
departments not registered in the DugaBase contributed 
with 61 of the 1346 (4.5%) of the UITs. All four high volume 
departments were registered in both the DugaBase and the 
Danish National Patient Registry. The high volume 
departments registered in the DugaBase performed 547 of 
the 814 UITs (67.2%). 

The high volume departments were registered in the Danish 
National Patient Registry with 874 of the total 1346 UITs 
(64.9%). The high volume departments performed 43.7 
procedures on average per year whereas the low volume 
departments on average performed 3.6 procedures per year. 
There was a decreasing usage of UITs, from annually 354 in 
2007 to 170 UITs in 2011.  

Surgeon volume as registered in the DugaBase was 
categorized into three groups of surgeon volume (number of 
injections performed during the career as a surgeon), low (< 
25), medium (26-75) and high volume (>75). 

Patient-related factors included a medical history as 
registered in the DugaBase (age, body mass index (BMI), 
American Society of Anesthesiologist’s (ASA) Classification, 
previous surgery (hysterectomy, UI surgery, POP surgery) 
and severity of UI preoperatively using the ICIQ-SF). 
Information on preoperative use of medication related to UI 
was retrieved from The Register of Medicinal Product 
Statistics (diuretics (ATC C03) antimuscarinic drugs (ATC 

G04BD), oestrogens (ATC G03C) and a group of less 
frequently used drugs (desmopressin ATC H01BA02, 
imipramine ATC N06AA02 and duloxetine ATC N06AX21)). 

Figure 3 Description of the study cohort (Study II) 

 

STATISTICAL ANALYSES 
Data analysis in study I, II was performed using Stata version 
13.0 (StataCorp, College Station, TX, USA) and study III using 
STATA version 14.0 (StataCorp, College Station, TX USA).  

Study I: Women with or without reoperation were compared 
by the χ2-test and the χ2-test for trend (categorical variables) 
or the Student’s t-test (age). The starting date was set at 
baseline surgery and an outcome was a reoperation within 
the following five years. A Kaplan Meier curve was used for 
measuring the time to reoperation for the six groups of 
surgical treatment. Information on the vital status was 
obtained using the CPR-number, and data were censored 
before time if the women disappeared, emigrated or died 
within the five-year follow-up period. 
A Cox proportional regression hazard model assessed the 
hazard ratio (HR) with 95% confidence intervals (CIs) for 
reoperation for each type of procedure (TVT as reference 
group), adjusting for the patient’s age, department volume, 
and calendar effect. 

Study II: Descriptive statistics were used to characterize the 
women undergoing synthetic MUSs at baseline and to 
evaluate the treatment modality and the departmental 
volume at the primary operation and reoperation. Women 
with or without reoperation were compared by the χ2-test 
(categorical variables) or the Student´s t-test (continuous 
variables). To evaluate the department volume (low, 
medium, high) for the reoperations we used the χ2-test for 
trend.  

Study III: The first time injection was the analytical unit. 
Descriptive statistics was used to evaluate the baseline 
characteristics and outcomes. To evaluate the baseline 
characteristics between patients treated by a low, medium 
or high surgeon volume, we used the χ2-test for trend 
(categorical variables) and one way analysis of variance 
(ANOVA) (continuous variables) and for department volume 
the χ2-test (categorical variables) and the Student´s t-test 
(continuous variables). Any change from baseline in the 
ICIQ-SF -scores was analysed by the Wilcoxon signed-rank 
test. 
In logistic regression, the ICIQ-SF postoperatively was 
dichotomized for all three questionnaires (Appendix 3) and 
adjusted by the preoperative ICIQ-SF score (“severity”). We 
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analysed the significance of department and surgeon 
volume and patient-related factors believed to be clinically 
relevant by uni- and multivariate logistic regression. Hosmer 
Lemeshow goodness-of-fit test was calculated to assess the 
fit of the models.  

We adjusted for the following variables believed to be 
clinically relevant: Age (continuous), BMI (continuous),  ASA 
Classification (reference 1-2 (reference), yes), parity 
(continuous) previous hysterectomy (no (reference), yes), 
previous UI surgery (no (reference), yes), previous POP 
surgery (no (reference), yes), use of oestrogen 
preoperatively (no (reference), yes), use of antimuscarinic 
drugs preoperatively (no (reference), yes), and use of 
diuretics preoperatively (no (reference),yes).  

In sensitivity analyses, we compared baseline patient 
characteristics, severity of UI, department volume and 
surgeon volume between women who had filled in both 
questionnaires pre- and postoperatively and women who 
had not completed the questionnaires and similarly for 
women who had completed both questionnaires vs. women 
who only filled in the questionnaire pre-or postoperatively. 
A p-value < 0.05 was considered statistically significant. 

ETHICS AND APPROVALS  
The studies of this thesis were approved by the Danish Data 
Protection Agency; Studies I, II: J.nr 2013-41-2210, Study III: 
J.nr. 2012-41-0414 and Study IV: j.nr.2013-41-1813. 
None of the studies needed approval from the Health 
Research Ethics Committee 
(http://www.dnvk.dk/CVK/Home/English.aspx) as they were 
register-based studies. 

4. MAIN RESULTS   

STUDY I  
A total of 8671 women (56.1 years, ± 12.6) underwent 
surgical treatment for UI from 1998 through 2007. Among 
these, 888 women (10%) were reoperated within a five-year 
period. The lowest rate of reoperation was observed among 
women who had pubovaginal slings (6%), TVT (6%) and 
Burch colposuspension (6%) followed by TOT (9%), and 
miscellaneous operations (12%), while the highest observed 
risk was for UIT (44%). For UIT most of these repeat 
surgeries were reinjections as a total of 379 women had 
repeat surgery and among these, 238 (62.7%) were 
reinjections. 
At baseline, women subsequently undergoing reoperation 
were significantly older than women not having a 
reoperation (58.4 vs. 55.9 years, p < 0.001). However, the 
difference was only present for women operated with TOT 
(58.3 vs.53.8 years, p < 0.004) and UIT (64.4 vs. 61.7 years, p 
< 0.009). 
The number of women who underwent reoperation was 
significantly increasing from low volume (6%) over medium 
volume (8%) to high volume departments (12%) (P for trend 
< 0.001). 
We stratified this by the six groups of surgical treatments, 
and only women with UIT had a higher frequency of 
reoperation increasing with department volume e.g. women 
with UIT were to a higher extent from high volume 
departments vs. low volume departments (86.5% vs. 0.8%, p 

< 0.06). No differences were observed for the other 
treatment modalities. 
In the first period (1998-2002) the proportion of TVTs (35%) 
was almost equal to Burch colposuspensions (28%), but in 
the second period (2003-2007) the synthetic MUSs had 
replaced Burch colposuspension in the surgical treatment for 
UI (81% vs. 2%, Table 1). At low volume departments, TOT 
(29%) was more frequently used compared to high volume 
departments (13%), whereas UIT was more rarely used. 

Table 1 Surgical procedures for urinary incontinence and 
department volume, 1998-2002 and 2003-2007  

 
 
TVT Tension- free vaginal tape  TOT Transobturator tape UIT 
Urethral injection therapy 
Blank cells: Transobturator tape was first implemented in 2003 in 
Denmark and therefore no data appear in these cells (1998-2003) 

 
The risk of reoperation was determined by the Kaplan-Meier 
curves for the six groups of treatments (Fig.4). The majority 
of reoperations occurred within the first two years of the 
primary operation and then levelled off during the remaining 
three years. The median time to reoperation was one year 
for sling surgery (TVT, TOT and pubovaginal slings), two 
years for Burch colposuspension, and six months for UIT.  
Among women with UIT, 30% had repeat UI surgery within 
the first year and 14% had repeat UI surgery within the first 
to five years. 
 
Figure 4 Kaplan-Meier survival curve after surgical 
treatment for urinary incontinence at baseline  
This survival curve depicts the cumulative incidence of 
reoperation after six surgical procedures for urinary 
incontinence. The table lists the cumulative incidence of 
reoperation after data were censored for death, emigration, 
and disappearance at years 1, 2, 3, 4 and 5.                                     

 

 
 

http://www.dnvk.dk/CVK/Home/English.aspx
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As four women emigrated before their primary operation 
8667 women were included in the Cox proportional hazard 
model. A total of 368 women (4%) were censored before 
time due to death (345), emigration (22), or disappearance 
(1).  
After adjusting for age, department volume, and calendar 
effect the risk of repeat surgery was almost 12-fold higher 
for UIT and for TOT the risk of reoperation was significantly 
higher in comparison to TVT (HR, 2.1;95% CI 1.5-2.9) (Table 
2). There was virtually no difference between the crude and 
adjusted HRs. 
 
Table 2 Cox proportional hazard regression analysis for 
time to repeat urinary incontinence surgery 

 
CI Confidence interval 
TVT Tension- free vaginal tape 
TOT Transobturator tape 
UIT Urethral injection therapy 
a Adjusted for age, department volume, and calendar effect (1998-
2002, 2003-2007). 

 
Study II 
From 1998 to 2007, 5820 women (mean age 55.4 ± 12.1 
years) had a synthetic MUS for UI, and 354 (6 %) were 
reoperated within a five-year period (Table 3). Women from 
low, medium, and high volume departments underwent 
reoperation to the same extent. 
At baseline, 467 synthetic MUSs (8%) were implanted at low 
volume, 1429 (24.6%) at medium volume, and 3,924 (67.4%) 
at high volume departments. 
 

Table 3 Baseline characteristics for women with 
midurethral sling surgery, 1998-2007, Denmark  

 
a Student´s t-test 
b χ2- test for trend 

 
At low volume departments 122 TOTs out of 467 synthetic 
MUSs (26.1%) were implanted  at baseline, which was 
significantly more than at medium and high volume 
departments where  149/1429 (10.4%) and 519/3924 
(13.2%)(both p < 0.001) TOTs were implanted (Tables 4, 5). 
 

Women having repeat surgery subsequent to a TOT were at 
baseline significantly older than women who did not have a  
reoperation (58.3 vs. 53.8 years, p < 0.004) whereas this 
difference was not found for TVT (56.2 vs. 55.5 years, p = 
0.4).  
 
In the first period (1998-2002), TVT was introduced and the 
first choice treatment at reoperation was a new TVT 
(45.7%)(Table 6).In the second period (2003-2007) both 
synthetic MUSs had come into use, and in this period a 
repeat synthetic MUS was still the first choice (45). 
It was more common that women with failure of a TVT had a 
TVT again (37.2%) rather than the TOT procedure (6.3%). For 
TOT, the reverse was observed, as a TOT was preferred 
(42.0%) over a TVT (10.4%). As a second choice, UIT was 
popular during both periods, 30.4% and 37.7%. 
 

Table 4 Baseline characteristics for women with TVT, 1998-
2007, Denmark  

 
TVT Tension- free vaginal tape 
a Student´s t-test 
b χ2- test for trend 

 
Table 5 Baseline characteristics for women with TOT, 1998-
2007, Denmark  

 
TOT Transobturator tape 
a Student´s t-test 
b χ2-test for trend 
 

Women having repeat surgery subsequent to a TOT were at 
baseline significantly older than women who did not have a 
reoperation (58.3 vs. 53.8 years, p < 0.004) whereas this 
difference was not found for TVT (56.2 vs. 55.5 years, p = 
0.4).  
In the first period (1998-2002), TVT was introduced and the 
first choice treatment at reoperation was a new TVT 
(45.7%)(Table 6).In the second period (2003-2007) both 
synthetic MUSs had come into use, and in this period a 
repeat synthetic MUS was still the first choice (45.5%).  
It was more common that women with failure of a TVT had a 
TVT again (37.2%) rather than the TOT procedure (6.3%). For 
TOT, the reverse was observed, as a TOT was preferred 
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(42.0%) over a TVT (10.4%). As a second choice, UIT was 
popular during both periods 30.4% and 37.7%. 
 
Table 6 Repeat procedures after failed midurethral slings, 
1998-2007, Denmark  

 
TVT: Tension- free vaginal tape 
TOT: Transobturator tape 
UIT: Urethral injection therapy 
 a Blank cells: Transobturator tape was first implemented in 2003 in 
Denmark and therefore no data appear in these cells (1998-2002) 
 

At reoperation, 289 women (82%) were treated at the same 
department where the primary synthetic MUS had been 
performed, 22 women (7.6. %) at low volume, 71 women 
(24.5%) at medium volume and 196 women (67.8%) at high 
volume departments. 
The remaining 65 women (18%) had their initial surgery at 
high volume departments, 45 of these (69.2%) were 
reoperated at highly specialized departments. 
At low volume departments, four different treatments were 
offered, whereas at medium and high volume departments 
six different treatments were used (Table 7). 
At low volume departments, TOTs were used in 40.9% of the 
repeat surgeries, in contrast to medium and high volume 
departments, where 6.9% and 11.8% were TOTs (both p < 
0.001). 
 

Table 7 Repeat surgery and department volume, 1998-
2007, Denmark  

 
TVT Tension- free vaginal tape 
TOT Transobturator tape 
UIT Urethral injection therapy 

STUDY III 
Baseline characteristics 
Between January 1, 2007 and December 31, 2011 a total of 
731 women with first-time UITs were consecutively 
registered in the DugaBase. Among these, 650 women 
(88.9%) had one, 79 (10.8%) had two, and 2 (0.3%) had three 
UITs. The mean age was 64, the mean BMI 26.7 and 56.5% 
had MUI and 31% had SUI (Table 8). Patient characteristics 
related to surgeon and department volume are reported 
separately (Appendix 5). The low volume surgeon treated 
women who had a significantly higher BMI and with a higher 
ASA Classification (3-5) compared to the high volume 
surgeon.  

Table 8 Patient characteristics for women with urethral 
injection therapy, 2007-2011, Denmark  

 

 

a Number/total of women (%), n = 731, unless otherwise stated.b N = 
528c  N = 420d N = 564. 
BMI body mass index, ASA American Society of Anesthesiologist’s 
Classification, UI Urinary incontinence, POP Pelvic organ prolapse, 
Other drugs desmopressin, imipramine or duloxetine. 
 

Figure 5 Frequency of urinary incontinence, before and 
after treatment - based on women who had completed 
questionnaires both pre- and postoperatively   
 

 

UIT was performed at 16 departments, of which four high 
volume departments performed 547 of 814 UITs (67.2%). 
There were more UITs performed by high volume surgeons 
at high volume departments, 368/472 (75.9 %) compared to 
low volume departments, 117/282 (24.1%), (p < 0.001) (data 
not shown). 

Among the patient characteristics, the severity of UI 
preoperatively decreased the likelihood of cure significantly 
in all ICIQ-SFs scores (data not shown). Similarly women with 
a preoperative use of antimuscarinic drugs had a 
significantly lower chance of cure on the frequency score 
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(adjusted OR 0.14; 95%, CI 0.04-0.41) and the amount score 
(adjusted OR 0.33; 95%, CI 0.13-0.82) (Table 9).  

There was no influence of MUI or UUI on the chance of cure 
or on the rate of hospital contacts. 

Women treated by a high volume surgeon had an increased 
chance of cure on the frequency score compared to women 
treated by a low volume surgeon (adjusted OR 4.51; 95% CI, 
1.21-16.82), and a lower risk of hospital contacts (adjusted 
OR 0.35; 95% CI, 0.16-0.79).  

The risk of hospital contacts was also lower for women 
treated at a high volume department (adjusted OR 0.27; 
95% CI 0.09-0.76). 

 
Table 9 Uni- and multivariate analyses of variables 
potentially involved in cure, ICIQ-SF (Frequency, Amount 
and Impact)  
 

 
ICIQ-SF The International Consultation on Incontinence 
Questionnaire Short Form.  
CI Confidence interval, BMI body mass index, ASA American Society 
of Anesthesiologist’s Classification, UI Urinary incontinence, POP 
Pelvic organ prolapse, Other drugs desmopressin, imipramine or 
duloxetine. 
Cure was dichotomized (See Appendix1) and throughout all 
analyses, adjusted by the preoperative ICIQ-SF- score (“severity”). 
Adjustment was made for age (continuous), BMI(continuous), ASA 
Classification (reference 1-2 (reference), yes), parity (continuous) 
previous hysterectomy (no (reference), yes), previous UI surgery (no 
(reference), yes), previous POP surgery (no (reference), yes), use of 
oestrogen preoperatively (no (reference), yes), use of 
antimuscarinic drugs (no (reference), yes) preoperatively, and use of 
diuretics preoperatively (no (reference), yes).  

 

At baseline sensitivity analysis showed only a few 
differences in patient characteristics, department and 
surgeon volume between women who answered both ICIQ-
SF total pre- and postoperatively and women who did not; 
for BMI (26.4 vs. 28.1, p = 0.02), for ASA (ASA 1-2 86.9% vs. 
74.5%; ASA 3-5 13% vs. 25.5%, p = 0.03) for department 
volume (low 34.5% vs. 46.1; high 65.5% vs. 53.9%, p = 0.02) 
and surgeon volume (low 18.2% vs. 12.4%, medium 23.8% 
vs. 15.7%; high 58.6% vs. 71.9%, p=0.03). Women who had 
completed both questionnaires had less UI (16.5% vs. 32.2%, 
p = 0.03) and POP surgery (15.6 vs. 32.3%, p = 0.02) than 
women who had only completed the questionnaire 
postoperatively. There were no differences in patient 
characteristics between women who had completed both 
questionnaires and women who had only completed the 
questionnaire preoperatively (data not shown).There were 
no differences in severity of UI pre or postoperatively with 
respect to completion of the questionnaires. 

5. GENERAL DISCUSSION  
 
Reoperation for urinary incontinence 
To the best of our knowledge, no studies based on an entire 
nation have reported on the rate of reoperation after TVT. 
We found a cumulative rate of 6% after TVT within a five-
year period (Study I). An Austrian single centre study (n=101) 
showed a similar rate of reoperation after TVT of 6% after 
five years (13) whereas two other studies based on one 
(n=141) and two centres (n= 483) at ten years of follow-up 
showed an incidence of 7.8% and 2.8%, respectively (47, 48).  
Three major population-based cohort studies have 
evaluated rates of reoperation after all sling types and 
showed comparable rates of reoperation at five years 
follow-up (5% and 8%)(all sling types) (11, 45) and 3.76% at 
seven years follow- up (synthetic MUSs) (45).   

It is difficult internationally to establish the study 
population, the surgeons and their criteria for choosing 
surgical intervention, and the patient’s willingness to 
undergo reoperation influence a standard for acceptable 
rates of reoperations for synthetic MUSs, as the risk of 
reoperation. The study population of Taiwan, for example, is 
likely to differ from the population in Europe or the USA and 
thereby its prevalence of UI and the need for surgical 
treatment. A high rate of surgical intervention does 
therefore not necessarily mean that it is used 
inappropriately since it might also reflect that the need for 
surgery is higher in a given region (78-80).  

As UI is not a life-threatening disorder, there will never be an 
absolute indication for surgery and across 15 countries it has 
been demonstrated that there is large regional variation in 
surgical intervention for UI (44). It is reasonable to assume 
that areas with a high rate of surgical intervention for UI will 
similarly have a high rate of reoperations. However, these 
aspects are not well-explored (81).  

Financial incentives such as reimbursement can also 
influence the incidence of surgery for both patients and 
healthcare providers (79). Because Denmark, unlike the USA 
and Taiwan for example (11, 67, 82), offers free access to 
specialist healthcare, financial constraints are less likely to 
be limiting factors for reoperation. 

At the national level, it is also difficult to set a standard for 
an acceptable rate of reoperation after synthetic MUSs. 
Superficially, the rate of reoperation after synthetic MUSs 
appears to be a viable quality indicator as it reflects the 
failure of a primary procedure (83, 84) and is easy and 
inexpensive to identify (85). There are however 
disadvantages to using it comparatively across hospital 
departments (85, 86). Firstly, the rate represents not only 
the failure of a primary procedure, but it also represents 
women with a new onset of UI after surgical treatment (83, 
84). Secondly, the risk of confounding is higher if 
information is based exclusively on administrative data or 
clinical data not adjusted for patient-related factors (79). 
Thirdly, as the number of reoperations after synthetic MUS 
is generally low (49, 87) and even lower at the respective 
departments (88), this will impede  the statistical precision 
(20, 88). Thus, the rate of reoperation for synthetic MUS is 
less valid when comparing departments, but the relative 
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quality at each department can, to some degree, be 
assessed over time.  

The observation that TOT was associated with a significantly 
higher risk of reoperation is new in the literature since 
previous meta-analysis (14-16) and a Cochrane-study (2009) 
(17) based on short and mid-term follow-up studies 
concluded that there was no statistically significant 
difference in the risk of reoperation between TVT and TOT 
(RR, 1.52; 95% CI 0.90 to 2.59). This study was based on five 
randomized controlled trials (RCTs) and included only 746 
women and the follow-up period did not extend beyond 12 
months (10, 89-92). In contrast, our study included 5820 
women and a follow-up period of five years. Previous studies 
with longer follow-ups (3 to 6.5 years) (10, 93, 94) and the 
recently updated Cochrane (2015) (published after Study I) 
supplemented by longer follow-up periods also support the 
contention of our observations (95). Thus, in the Cochrane 
short-term follow-up (≤ 1 year) based on 1402 women the 
risk is similar for both synthetic MUSs (RR, 1.64; 95% CI 0.85 
to 3.16). However, in the mid-term follow-up (1 to 5 years) 
(n= 355) (RR, 21.89; 95% CI 4.36- 109.77) and in the long-
term follow-up ≥ 5 years) (n = 695) (RR, 8.79; 95% CI 3.36-
23.00), the risk of reoperation was higher for TOT than for 
TVT (Appendix 6) (95). 
From a clinical perspective, it seems logical, for more 
reasons, that the risk of reoperation is higher for TOT. There 
are other objective outcome measures, which also show a 
lower effectiveness and durability of TOT compared to TVT. 
An RCT of 404 women with a five-year follow-up has thus 
documented that treatment success measured as “no 
retreatment for SUI” (behavioural, pharmacological, pessary 
or surgical) and “no self-reported SUI” was significantly 
lower for women with TOT compared to women with TVT 
(43.4% vs. 51.3%, 95% CI-1.4, 17.2) (96).    
A low maximum urethral closure pressure (MUP) is 
associated to severe UI (10, 97-99) and the MUP has proved 
to decrease significantly with increasing age, after the 
woman has passed the age of 25 years (100). Therefore, it 
also seems reasonable that women with a low MUP are 
documented to have significantly less success with TOT than 
with TVT (10, 97-99).    
 
Anatomically there are differences between TVT and TOT in 
compression of the urethra, which might explain the 
differences in effectiveness and durability (99). 
Both slings rely on the hammock hypothesis and the integral 
theory (101-103), where continence is achieved, by placing a 
vaginal tape underneath the mid-urethra. The TVT thus 
reinforces the weakened pubovaginal ligaments without 
tension (103). The most common complications with TVT 
(i.e. bladder perforation and blood vessel injury) have been 
associated with the passage of the trocars through the 
retropubic space (98). The TOT may be safer because the 
trocars pass through the medial obturator membrane 
avoiding the retropubic space.  
As the TOT course is more horizontally under the urethra 
than the TVT, this leads to less lateral wall support and 
thereby the risk of obstruction of the urethra is reduced 
(98). 
 
Figure 6  
TVT procedure in which the synthetic tape enters and exits 
via the retropubic space (left). 

TVT-O procedure in which the synthetic tape enters and 
exits via the obturator membrane (right). 

 
Copyright Lotte Clevin (104) 

REPEAT SURGERY AFTER FAILED MIDURETHRAL SLINGS  
There is currently little knowledge based on national 
populations on which procedure is used after a failure of 
synthetic MUSs and it is therefore difficult to assess and 
discuss which procedures should be used (49). In this 
nationwide population-based study of 820 women a 
synthetic MUS was the first choice (Study II), which probably 
reflects the fact that the synthetic MUS was also the gold 
standard for primary surgery. 
The synthetic MUSs were used in 45% of women in both 
periods (1998-2002) and (2003-2007), whereas two other 
population-based cohort studies reported a more frequent 
use of synthetic MUSs (51, 82). 
UIT was a frequent choice for repeat surgery, which is 
natural as the main indication is the second-line treatment 
in women not suitable for major surgery (10). It was 
however more frequently used (42%), compared with the UK 
(14%) and Taiwan (11%) (51, 82) indicating that the 
approach in Denmark is more conservative compared with 
that in the UK and Taiwan. 
Finally, Burch colposuspension and pubovaginal slings were 
seldom chosen for reoperation, as was also observed in the 
UK (51) and this probably reflects the fact that both 
procedures are rarely used as primary surgery for UI (51). In 
Taiwan, Burch colposuspension and pubovaginal slings were 
frequently chosen for repeat surgery after a failed synthetic 
MUS and this is probably also due to the higher rate of use 
as primary UI surgery in Taiwan (82). 

URETHRAL INJECTION THERAPY FOR FEMALE STRESS AND 
MIXED URINARY INCONTINENCE 
This national population-based cohort study of transurethral 
application of PAGH among 731 women from 2007 through 
2011 is the first study which is representative of a clinical 
setting (Study III). To date current knowledge of UIT with 
PAGH has been based on ten studies with a follow-up period 
of one to three years (22, 58-66), of which four were large-
scale studies (n= 135-256) (22, 61, 64, 65) and the remaining 
small-scale studies (n = 20-82) (58-60, 62, 63, 66) (Table 8).  
The short follow-up period differed from the other studies 
on PAGH. Moreover, the majority of the studies reported 
results representing both one and more UITs (22, 58-60, 62, 
63, 65). The efficacy of PAGH is highest at three months (22, 
61, 64, 65) after which the majority of women need repeat 
surgery (18, 19). It is in this perspective that results 
representative of women with first-time UIT should be 
evaluated.  
Overall, the efficacy of PAGH in the present study might 
seem in the lower end of the spectrum in comparison to the 
literature (22, 59-66). Prospective studies, of which two 
were large multicentre studies (22, 61) had extremely strict 
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inclusion criteria. For example, none of the studies included 
women with prior surgical treatment for UI (22, 60, 61, 64) 
and one study excluded women with MUI (60). We cannot 
rule out that there is a tendency to positive selection since 
the largest studies of PAGH to date were funded by the 
industry (22, 61, 64). Studies based exclusively on women 
with severe UI or previous surgical treatment for UI reported 
equivalent (64) or slightly better results compared to ours 
(59, 65, 66).Women in previous studies might have 
benefitted from more repeat injections. However, only one 
study reported cure after the second injection and the rate 
was lower than for the first UIT (61). 
 

Table 10 Studies on urethral injection therapy with 
polyacrylamide hydrogel  

 
 
ICIQ-SF International Consultation on Incontinence Questionnaire –
Short Form  
IOQ Incontinence Outcome Questionnaire 
MUI Mixed UI 
OAB Overactive bladder syndrome  
PGI-I-score Patient´s Global Impression of Improvement 
POP Pelvic Organ Prolapse 
UI Urinary incontinence 

DEPARTMENT VOLUME, SURGEON VOLUME AND PATIENT-
RELATED FACTORS 
Department volume had no influence on the risk of 
reoperation following all types of surgical treatment for UI 
(Study I). The risk of reoperation was also not likely to be 
affected by the learning curve, as the cumulative incidence 
of reoperation after synthetic MUSs remained stable over 
the study period (1998-2007) as it did for TVT and TOT. This 
is in accordance with a previous observation, which also 
found no influence of the learning curve on the risk of 
reoperation after sling surgery (11). Whether or not the 
department volume influences the risk of reoperation after 
synthetic MUSs remains controversial as one population-
based cohort study found no difference (45) and two other 
population-based cohort studies found an increased risk of 
reoperation after TVT and synthetic MUSs at low volume 
departments (82, 105). This most likely also depends on, 
how department volume is defined in the studies.  

We could only indirectly evaluate the influence of 
department volume on repeat surgery after failure of a 
synthetic MUS (Study II) due to its descriptive study design, 
which did not include results following the second 
procedure. The majority of women had repeat surgery at the 

same department where they had undergone a primary 
MUS (82%) procedure even though the DHMA and the 
Danish Society of Obstetrics and Gynaecology (DSOG) 
recommend that complicated cases should be referred to a 
highly specialized department (35, 106). 

A number of factors indicated that repeat surgery after 
failed synthetic MUSs was best undertaken at highly 
specialized departments. More treatment modalities were in 
use at high volume departments than at low volume 
departments. This finding was reinforced by the fact that 
there were also fewer surgical treatments offered at 
baseline at low volume departments (Study I). Pubovaginal 
slings were not used as repeat surgery and similarly not a 
part of the standard assortment at baseline. UIT was 
selected for repeat surgery but rarely at baseline, which 
meant that low volume departments were less practised in 
this procedure. Last but not least, there were significantly 
more TOTs implanted at low volume departments as repeat 
surgery and at baseline. A repeat TOT is associated with 
poorer outcome (97, 107-109) and as a practice not 
evidence-based. 

We evaluated the influence of all three parameters: 
Department volume, surgeon volume and patient-related 
factors in respect of UIT (Study III). The influence of 
department was not immediately as apparent as the 
influence of surgeon volume. Because department volume 
represents a complex of organizational factors while surgeon 
volume reflects individual skills (20, 21), logically, the 
influence of surgeon volume should be more demonstrable. 
A previous multicentre study similarly showed borderline 
significant better results on the ICIQ-SF for departments, 
which injected ≥15 UITs per year. This study was not 
adjusted for patient-related factors (22). The explanation for 
the better outcomes obtained at high volume departments 
is in our study more likely explained by the positive 
correlation between high volume departments and high 
volume surgeons.   

The high volume surgeon (>75 UITs) had significantly better 
outcomes on the frequency score of the ICIQ-SF and a 
significantly lower risk of contacts to hospital within 30 days. 
The influence of the surgeon volume was, however, only 
present in one of three items of ICIQ-SF. However, as e.g. 
the impact score was not susceptible to any risk factors it 
was also not likely, that it would be influenced by surgeon 
volume. Until now, only two studies have assessed that 
there seems to be a learning curve (22, 110).  
The learning curve for UIT would appear to be high (>75 
UITs) compared to TVT which has a learning curve of 20 
procedures (28-31). One possible explanation is that UIT is a 
technically complicated procedure (22) and in Denmark not 
routinely performed.  

Finally, an interesting observation was that women treated 
by the low volume surgeon had a significantly higher BMI 
and a higher ASA score (3-5) than women treated by the 
high volume surgeon. Similar observations have been made 
within other surgical specialties; that the low volume 
surgeon treated patients who were older and had higher 
preoperative risk factors (21, 111). This practice does not 
seem appropriate neither for patients nor for surgeons.  
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Among patient-related factors, only a few were associated 
with a lower cure. The severity of UI preoperatively was 
consistently and independently associated with a lower cure 
based on all ICIQ-SF scores. The use of antimuscarinic drugs 
preoperatively decreased the likelihood of cure.  

MUI and UUI were not patently predictors of lowering the 
cure. However, women who redeem prescriptions of 
antimuscarinic drugs often have either MUI or UUI. This 
might therefore indicate that women with the most severe 
MUI and UUI have less chance of cure. Previous studies only 
found borderline poorer outcome for women with MUI 
injected with PAGH (22, 61, 63). 

The right patient for UIT is still being disputed and predictors 
of lower success among women are not well understood (57, 
112). It seems paradoxical that the predictors of poorer 
outcome were found among women who most often have 
UIT, i.e. women with severe UI, MUI and UUI who are not 
suitable for a synthetic MUS. This emphasizes the need for 
proper patient counselling in order to provide women with 
realistic expectations regarding the outcome. 
In short, in all three studies there was either a positive or a 
neutral association between department volume and 
outcome, which is in accordance with the literature as a 
negative association between the two has never been fully 
demonstrated (21). It was indicated, that better outcomes 
could be achieved if repeat surgery after failed synthetic 
MUSs and UIT was restricted to fewer hands. It seems logical 
and rational that medical disorders that are rare or 
procedures, which are rarely performed, should not be 
performed at all departments but at highly specialized 
departments; this being the very purpose of such 
departments.  
 

6. Methodological considerations 

Interpretation of the results described in this thesis and the 
implications for clinical work should be done with caution 
taking certain methodological strengths and weaknesses 
into consideration, as described below. 
 
The main strengths of the thesis were that the studies were 
national-wide population-based cohort studies, had a long-
term follow-up (studies I, II) and a large sample size.  

NATIONWIDE POPULATION-BASED COHORT STUDIES  
The three studies were based on registries of national 
populations. A nationwide population-based approach in 
Denmark is both logical and feasible as the Danish National 
Patient Registry is internationally considered the most 
comprehensive of its kind and the availability of a national 
health administrative registry, combined with a personal 
identification number, is almost unique to Denmark (67-69) . 
This combination is a major strength as it permitted a study 
of follow-up after primary surgery for UI not only at a single 
hospital department, but at all departments nationwide in 
Denmark.  
It is mandatory by law for all hospital departments and 
private hospitals to report to the Danish National Patient 
Registry. Furthermore, there is no reimbursement for 
departments, which do not report to the registry. Studies of 
procedure codes have thus shown high validity (70).     

Access to data from a national clinical database (The 
DugaBase) and the Danish Register of Medicinal Products 
Statistics permitted us to explore aspects of UIT, which have 
scarcely been studied (in terms of surgeon volume for 
example) and to report on several patient-related factors.  
It is mandatory to report to the DugaBase and the database 
completeness is high today. For eleven main variables the 
validity has shown be high (90-100%) when comparing 
information from the database with the medical records 
(41). 

LONG-TERM FOLLOW-UP  
The follow-up at five years strengthened our observation of 
differences in risk of reoperation after TVT and TOT, as the 
current knowledge of risk of reoperation after synthetic 
MUS derived mainly from studies based on shorter follow-
up. 

SAMPLE SIZE  
The large population was a strength as it increased the 
likelihood of detecting a true difference in the risk of 
reoperation between TVT and TOT (Study I). Although the 
sample size was reduced with respect to outcome (Study III) 
and in logistic regression when adjusting for several 
variables, the study is still the second largest study on PAGH 
(Table 10).  The relatively large sample size supported our 
observation of a learning curve within UIT and that the 
severity of UI preoperatively and the use of antimuscarinic 
drugs are associated with lower cure. This gave further 
credence to the observation that there was no influence of 
several other variables. A smaller sample would be more 
likely to produce non-significant results, even if a true 
difference existed (Type 2 error). 

The main limitations were the possibility of selection bias, 
confounding, information bias, and shortness of follow-up.  

SELECTION BIAS  
A selection bias is a systematic error in a study that stems 
from the methods used to select the study population and 
from factors that have influence on it (113). It arises when 
the association between exposure and outcome differ for 
those who participate and those who do not participate in 
the study. 
The studies based on the Danish National Patient Registry 
included nearly all procedures for UI performed at all 
hospital departments in Denmark, which reduces the risk of 
selection bias (Studies I, II). 

The database completeness of the DugaBase was low at the 
beginning of our study period and we were therefore not 
able to exclude some selection bias, as not all departments 
reported to the database (Study III). Of 1346 procedures in 
the Danish National Patient Registry, 814 were registered in 
the DugaBase. Of these, 16 out of 22 departments were 
registered in the DugaBase. The remaining six departments 
not registered in the DugaBase contributed with only 61 of 
the 1346 (4.5%) procedures. All four high volume 
departments were registered both in the DugaBase and the 
Danish National Patient Registry and contributed with 
547/814 (67.2%) and 874/1346 (64.7%).  
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The data completeness has constantly been low since the 
establishment of the DugaBase due to the fact that there is 
in Denmark a heterogeneous way of follow-up. Some 
departments perform follow-ups routinely, whereas other 
departments only follow-up on complicated patients. This 
poses a selection bias, which is important to take into 
consideration when evaluating outcome and the influence of 
department volume. Sensitivity analysis showed only minor 
differences in patient characteristics at baseline and no 
differences in severity of UI pre or postoperatively with 
respect to completion of the questionnaires. This indicates 
that there is no difference in outcome between the included 
and non-included women.  

CONFOUNDING 
A confounding variable is a variable associated with both 
exposure and outcome (113). To minimize a false positive 
estimate of association (Type 1 error), researchers must 
attempt to control for confounders. We had no access to 
clinical data (except for the patient’s age) or information on 
the surgeon volume (Studies I, II).   
There is some evidence that, in certain subgroups of women, 
outcomes after TVT and TOT are different (99).Women with 
MUI seems to benefit from receiving a TOT (98, 114) 
whereas women with severe UI (i.e. sphincter deficiency) 
have more success with TVT (10, 97, 99). This could result in 
confounding by indication. However, the significance of 
confounding by indication seems to be minor. In practice, 
the indication for which the sling type should be implanted is 
not based on patient characteristics. Unpublished results 
have shown that 98% of Danish hospital departments (2010-
2011) selectively use either TVT or TOT (115) . The remaining 
departments used both equally. 
The lacking information on surgeon volume could also be a 
confounding variable (Studies I, II). It is possible that the 
difference in the risk of reoperation between TVT and TOT 
could be explained by different levels of surgeon volume. 
There was, however, no initial learning curve for TVT or TOT 
as the risk of reoperation remained stable across all years.   
We concluded that repeat surgery after failed MUSs was 
better undertaken at high volume departments (Study II), 
but we could only indicate this, as we had no information on 
surgeon volume or clinical data. 
In Study III, we evaluated the influence of department and 
surgeon volume. The low-volume surgeon treated women 
with a significantly higher BMI and a higher ASA score (3-5) 
compared to medium- and high-volume surgeons. We 
adjusted for these and several other patient-related factors 
thus reducing the risk of confounding. 

INFORMATION BIAS    
Information bias can arise in a study as a systematic error if 
data is collected erroneously, and if this results in a variable 
being placed in an incorrect category it is called 
misclassification (113) . The issue of misclassification is 
relevant to address for Studies I and III as the variables of 
exposure (department volume) and outcome (reoperation) 
are poorly defined within the field of urogynaecology.  
The definition of department volume is specific for the 
procedures used within a given specialty and is therefore not 
generalizable across specialties (21). As only a few studies 
have explored aspects of department volume within the 
surgical treatment for UI (22-25, 45, 81, 82)  there is no 
global definition of department volume. Previous studies 

defined high and low volume departments using the median 
of annual surgical procedures for UI (45, 81). Similarly, we 
defined department volume based on the annual surgical 
procedures for UI by calculating tertiles from these (high, 
medium, low volume) (Studies I, II).  There are, however, 
limitations to this definition. Comparisons of department 
volume studies will not be directly comparable 
internationally, as the absolute number of annual surgical 
procedures for UI will differ across countries (44). 

For UIT it was not meaningful to define department volume 
based on the median of annual procedures of UI (Study III). 
As a relatively small number of UITs has been performed in 
Denmark over the last decade, the number of UITs rather 
than the number of all procedures for UI characterized the 
ability to perform the procedure. The same definition of high 
(≥15 UITs per year) and low (<15 UITs per year) volume 
departments was used as previously (22). 

In surgical literature a reoperation is defined as definite 
(include all procedure codes) or indefinite (only certain 
procedure codes) and combined with a diagnosis code (116), 
as applicable. The time frame specified from primary 
procedure to reoperation will, if short (i.e. one week); often 
reflect reoperations due to surgical complications, whereas 
a longer time frame indicates whether the primary 
procedure was successful. 

We defined a reoperation as definite using all NOMESCO-
procedure codes for UI except for removal/excision of sling 
(as not registered in the Danish National Patient Register) 
and a follow- up of five years. Previous population-based 
cohort studies used similar definitions with follow-up from 
seven to nine years (11, 82) except for one study, which 
excluded UIT at baseline and at reoperation (45).  

The definition of reoperation might for synthetic MUSs 
(Studies I, II) cause underreporting, to some extent through 
misclassification as ‘exclusive removal/excision of sling’. This 
will however be a non-differential misclassification with 
regard to both TVT and TOT and is hence of lesser 
significance.      

SHORTNESS OF FOLLOW-UP 
The shortness of the follow-up period was a limitation of 
Study III, as it is difficult to evaluate the efficacy of UIT based 
on women who had received only a first injection. The 
efficacy of UIT is highest from one to three months, and it 
has been documented that the majority of women need two 
to three injections to achieve a satisfactory result. Routine, 
planned follow-up in Denmark for surgical treatment for UI 
is normally at three months, which is registered in the 
DugaBase. It was therefore not possible to include a longer 
follow-up for outcomes based on PROMs.  

GENERALIZABILITY                                                                                    
Generalizability beyond the studies is only relevant to 
address if there are no problems of internal validity 
(selection bias, confounding, and information bias). In the 
above section, these aspects have been addressed.  

In Study I, we described the cumulative incidence of 
reoperations after different types of surgical treatment for 
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UI and in Study II; we evaluated the choice of subsequent 
treatment after failed synthetic MUSs.  
While we believe that the internal validity of both studies is 
high, it is difficult for outcomes regarding incidence and 
prevalence to be applied generally beyond the present 
studies as they are influenced by the study population the 
surgeons and their criteria for choosing surgical 
intervention. Similarly, the choice of subsequent treatment 
after failed synthetic MUSs might be influenced by access to 
medical care, and financial considerations for both the 
women and the health care providers. 
With regard to association-outcomes, it is more relevant to 
address generalizability, since the causal relationship should 
not be population-dependent provided that the association 
is not substantially influenced by factors acting differently in 
different settings, which is unlikely in our case.  
 
Sir Austin Bradford Hill proposed in 1965 a list of 
considerations to distinguish causal from non- 
causal associations (Fig.7) emphasizing the importance of 
many other factors than statistical significance testing (117).  

We evaluated various exposures and we believe patient-
related factors (e.g. age, severity of UI, use of antimuscarinic 
drugs) are to some extent generalizable, while we think 
organizational factors are difficult to extrapolate to different 
settings, as there are various definitions of department 
volume and surgical training differ among the countries. 

Figure 7: “Causal criteria of Hill” 

 

7. CONCLUSION 
These studies contribute with new evidence on the following 
subjects according to the aims of the thesis:  

STUDY I   
This study provided physicians with a representative 
evaluation of the rate of reoperation after different surgical 
procedures for UI within a five-year period. The study is the 
first nationwide study, which evaluates the risk of 
reoperation after TVT and similarly the first comparative 
study on the risk of reoperation after TVT and TOT. There 
was influence of department volume on the risk of 
reoperation. 

STUDY II  
In this nationwide study of surgical treatment after failed 
MUSs a repeat MUS was the first choice treatment and a 
frequent second choice. There were fewer treatment 
modalities in the use at low volume departments in 
comparison to medium and high volume departments. 

Repeat surgeries after failed synthetic MUSs was in Denmark 
carried out at a decentralized level as the majority of women 
had repeat synthetic MUSs at the same department, which 
performed the primary surgery.   

STUDY III  
This national population-based cohort study demonstrated 
results which might seem lower than reported in the 
literature, but they were more representative of women of a 
daily clinical setting. Among patient characteristics there 
were only a few that were associated to lower cure. The 
severity of UI preoperatively was a strong predictor for 
lower cure and similarly a use of antimuscarinic drug 
preoperatively indicating a poorer outcome for women with 
severe MUI and UUI.  
A learning curve for UIT was indicated and that the 
treatment should be restricted to fewer hands to improve 
the surgical education and consequently cure for women 
with UIT.  

8. Future perspectives    

THE VALUE OF NATIONWIDE COHORT STUDIES 

The registries and clinical databases representing national 
populations provide a substantial resource within the field of 
urogynaecology, since they allow us to obtain a large sample 
size over several years. The data are readily accessible (no 
informed consent required from the patient, no delaying 
investigations, and access to data at any time). The results 
are representative of daily clinical practice and surgeons 
with different experience. Last but not least, the clinical 
databases were initiated not-for-profit by national working 
groups of urogynaecologists.  
On the contrary, the RCTs include smaller sample sizes and 
long-term follow-up is often very costly. Even if follow-up is 
performed, the clinicians are not always willing to wait or 
the slings have been removed from the market by the time 
the study is published. Furthermore, patients are ‘selected’ 
and the investigators conducting the studies are often 
experienced surgeons.  
On the other hand, studies based on registries and clinical 
databases have their limitations. The quality of output, both 
for quality assessment and research, will of course depend 
on the quality of input. The risk of selection bias (missing 
data), confounding, information bias and many others will 
always be present and it is important that researchers take 
this into account. As registries and clinical databases 
primarily serve clinical purposes, information is not always 
as detailed as warranted or there is a shortness of follow-up. 

THE DANISH NATIONAL PATIENT REGISTRY AND THE 
DUGABASE  
The Danish National Patient Registry and the DugaBase have 
proved to be valuable tools in research, as both today have 
high database completeness within the field of 
urogynaecology.  
The database completeness was lower previously for the 
DugaBase, which hampered studies on the risk of 
reoperation with long-term follow-up. It would seem 
relevant in the future to conduct studies on the risk of 
reoperation and repeat surgery after synthetic MUSs based 
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on the DugaBase in order to study the influence of patient-
related factors and surgeon volume.  
The risk of reoperation is “the tip of the iceberg” in 
demonstrating efficacy of a given procedure and as the 
completeness of data on other objective outcome measures 
(e.g. surgical complications) improves in the DugaBase, this 
should be included in future studies of TVT and TOT. 
As Denmark is a small country, the number of repeat 
surgeries after failed synthetic MUSs is consequently small. 
It might therefore be relevant to collaborate internationally 
to provide more evidence for the best treatment after failed 
synthetic MUSs.  
Women with severe UI and women who were treated with 
antimuscarinic drugs (severe MUI and UUI) preoperatively 
benefitted less from UIT and it is relevant in future studies to 
continue working on algorithms of which women stand to 
benefit most from UIT, and investigating more aspects of the 
learning curve, e.g. the threshold for acquiring the skill and 
which areas should be practiced. 

ENGLISH SUMMARY  
This PhD thesis is based on three original articles. The 
studies were performed at the Department of Obstetrics and 
Gynaecology, Herlev University Hospital and at the Center 
for Clinical Epidemiology, Odense University Hospital.  

Urinary incontinence (UI) is a frequent disorder among 
women, which for the individual can have physical, 
psychological and social consequences. The current standard 
of surgical treatment is the synthetic midurethral sling 
(MUS), which is a minimal invasive procedure. 

As the synthetic MUSs (TVT,TVT-O,TOT) were introduced in 
the late 1990s, there are only a few studies at the long-term 
follow-up based on nationwide populations; only a few have 
reported on the risk of reoperation and there is sparse 
evidence on which treatment should be used subsequently 
to failure of synthetic MUSs. 

Several surgical specialties have documented that 
department volume, surgeon volume and patient-related 
factors influence the quality of care. There is little 
knowledge regarding this in the surgical treatment for UI. 

The aims of the thesis were therefore: 
1. To describe the five-year incidence of reoperation after 

different surgical procedures for UI based on a 
nationwide population over a ten-year period (1998-
2007) and to evaluate the influence of department 
volume (Study I). 

2. To describe the choice of repeat surgery after failed 
synthetic MUSs and the departmental volume for the 
surgical treatment at reoperation over a ten-year period 
(1998-2007) based on a nationwide background 
population (Study II). 

3. To evaluate efficacy of urethral injection therapy (UIT) 
based on patient reported outcome measures (PROMs) 
and hospital contacts within 30 days for women 
registered in the Danish Urogynaecological Database 
(DugaBase) over a five-year period (2007-2011) and the 
influence of department volume, surgeon volume and 
patient-related factors (Study III).  

Study I: A total of 8671 women were recorded in the Danish 
National Patient Registry as having undergone surgical 
treatment for UI from 1998 through 2007.  
The lowest rate of reoperation within five years was 
observed among women who had pubovaginal slings (6%), 
TVT (6%) and Burch colposuspension (6%) followed TOT 
(9%), and miscellaneous operations (12%), while the highest 
observed risk was for UIT (44%). After adjustment for 
patient´s age, department volume and calendar effect TOT 
carried a 2-fold higher risk of reoperation (HR, 2.1; 95% CI, 
1.5 -2.9) compared with TVT. 
 
Study II: A total of 5820 women had synthetic MUSs at 
baseline from 1998 through 2007 and were registered in the 
Danish National Patient Registry and 354 (6%) of these 
women had a reoperation. 
The first choice treatment for reoperation was a synthetic 
MUS and UIT was a frequent second choice. At reoperation, 
289 (82%) of the women were treated at the department 
where they had undergone the primary synthetic MUS. 
Fewer treatment modalities were in usage and significantly 
more TOTs were implanted at low volume departments 
compared to high volume departments.  
 
Study III: A total of 731 women of age 18 or older with first 
time UITs were registered with first-time UIT in the 
DugaBase from 2007 through 2011. Logistic regression was 
used to predict the odds of success pertaining to 
department volume, surgeon volume and patient-related 
factors on the Incontinence Questionnaire-Short Form (ICIQ-
SF) (frequency of UI, amount of leakage and impact of UI on 
daily life) and the rate of 30-day hospital contacts.  

We applied the definition of “cure” as set out by the steering 
committee of the DugaBase where a satisfactory result is 
leakage once a week or less, often or never based on the 
frequency score  and similarly “no leakage at all” based on 
the frequency score as answering never to leakage.  

Among the 252 women who pre- and postoperatively had 
answered both questionnaires, 75 (29.8%) were cured and 
23 (9.1%) achieved no leakage at all at three months follow-
up. There was a statistically significant improvement on all 
three scores of the ICIQ-SF. The mean total ICIQ-SF score 
was 16.0 (SD 3.8) and after injection at three months follow-
up 10.6 (SD 6.2) (p < 0.001).  

UIT was performed at 16 departments, of which four high 
volume departments performed 547 of 814 UITs (67.2%). 
The risk of hospital contacts was lower for women treated at 
a high volume department (adjusted OR 0.27; 95% CI 0.09-
0.76).Women treated by a high volume surgeon (> 75 UITs 
during the career as a surgeon) had a higher chance of cure 
on the frequency score than the low volume surgeon (≤ 25 
UITs) (adjusted OR 4.51; 95% CI, 1.21-16.82) and a lower risk 
of 30-day hospital contacts (adjusted OR 0.35; 95% CI, 0.16-
0.79). Women with severe UI had less likelihood of cure in all 
ICIQ-SF scores. A preoperative use of antimuscarinic drugs 
lowered the chance of cure on the frequency (adjusted OR 
0.14; 95%, CI 0.04-0.41) and the amount score (adjusted OR 
0.33; 95%, CI 0.13-0.82).  

Conclusions 
Study I: The study provided physicians with a representative 
evaluation of the rate of reoperations after different surgical 
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procedures for UI. The observation that TOT was associated 
with a significantly higher risk of reoperation than TVT is 
novel in the literature and has important implications for 
both surgeons and patients when they consider surgical 
options for UI.  

Study II: The majority of women had reoperation at the 
same department as the primary synthetic MUS. Fewer 
treatment modalities were in use at low volume 
departments compared with high volume departments.  It 
seems appropriate in the absence of evidence for the best 
treatment after failed synthetic MUSs, that women are 
referred to highly specialized departments for diagnosing 
and treatment.  

Study III: This national population-based cohort study 
represented cure among women who had UIT in an 
everyday life setting. Results seemed to be in the lower end 
of the spectrum compared to the literature.A learning curve 
for UIT indicated that the treatment should be restricted to 
fewer hands to improve the surgical education and 
consequently be a success for women with UIT. The severity 
of UI was a strong predictor for a lower degree of cure. 
Similarly, the use of antimuscarinic drug preoperatively 
decreased the likelihood of cure indicating that women with 
severe MUI or UUI also have less chance of cure. 
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