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Introduction

Hysterectomy and pelvic floor symptoms

Although the frequency with which the operation is performed is declining, hysterectomy still 
is one of the most commonly performed gynaecological procedures. In 2003, over 600,000 
hysterectomies were performed in the United States alone1 and in the Netherlands approximately 
11.000 hysterectomies are performed each year2. The most common indications for hysterectomy 
are: abnormal uterine blood loss, dysmenorrhea, abdominal pain or mechanical obstruction due 
to an enlarged uterus3,4. Since these are all benign conditions, for which an increasing number of 
alternative non-surgical treatments are available, it is becoming even more important to evaluate 
possible negative effects of hysterectomy itself.

Hysterectomy	and	pelvic	floor	symptoms
Possible adverse effects of hysterectomy on micturition and defecation have been the subject of 
numerous studies5-9. The hypothesized etiology for the relationship between hysterectomy and 
symptoms of micturition and defecation is that direct surgical trauma damages the innervation 
to the pelvic floor and pelvic organs as well as the fibromuscular support structures10-12. 
There are four surgical steps during hysterectomy where nerve damage may occur. First, the 
main branches of the pelvic plexus, passing beneath the uterine arteries, can be damaged during 
division of the cardinal ligaments12. Second, during dissection of the bladder from the uterus the 
major part of the vesical innervation, which enters the bladder base before spreading out through 
the detrusor muscle, may be damaged12. Third, the extensive dissection of the paravaginal tissue 
may disrupt the pelvic neurones passing from the lateral aspect of the vagina10. Fourth, removal 
of the cervix may result in loss of a large segment of the plexus, to which it is intimately related10. 
This hypothetical base for micturition and defecation symptoms after hysterectomy was supported 
by a systematic review, performed by Brown et al, who concluded that the odds of developing 
urinary incontinence after hysterectomy is about 40% higher than for women who have not 
undergone hysterectomy13. This review was mainly based on cross-sectional studies. By using this 
design, pre-operative differences in micturition symptoms are not taken into account. Prospective 
studies have, so far, not been able to confirm the increase in micturition symptoms after 
hysterectomy7, 14-20. An explanation for this discrepancy could be the short follow up period in most 
previous studies, from 12 till 24 months7, 14-19. Only one long-term follow up study was performed 
which compared subtotal with total abdominal hysterectomy. The authors reported no increase in 
micturition symptoms seven to 11 years after subtotal or total abdominal hysterectomy20. Up till 
now no studies are published that confirmed this finding. Furthermore, the long-term effects of 
vaginal hysterectomy are still unknown.
Long-term follow-up to evaluate micturition and defecation symptoms after hysterectomy is 
important, as during the first year after surgery, the positive impact of removal of symptoms 
may compensate for the negative impact of hysterectomy itself. Moreover, similar to childbirth, 
hysterectomy might be associated with an acute trauma, but with a delay of symptomatic onset 
as a result of slowly progressive nerve damage21,22. Loss of innervation to the pelvic floor due to 
stretching of the nerves during the procedure, or damage to the supportive system caused by 
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traction applied to the tissue during surgery may eventually lead to the onset of micturition and 
defecation symptoms many years later21-24. 

Surgical route of hysterectomy
Hysterectomy can be performed by two different surgical routes, vaginally and abdominally. 
The preferred route of hysterectomy is generally vaginal hysterectomy, since after vaginal 
hysterectomy the hospital stay is significantly shorter, post-operative complication are less 
common, the window between surgery and return to daily activities is shorter and the costs are 
lower4, 25. Only if vaginal hysterectomy is technically not possible, due to the large size or small 
descent of the uterus, abdominal hysterectomy is performed.
Since vaginal and abdominal hysterectomy are performed by different surgical routes, the risk of 
damage to innervation and fibromuscular structures might also differ. During vaginal hysterectomy 
the amount of traction on the pelvic viscera is larger, and due to this traction more nerve damage 
might occur26. Especially the pudendal nerve, which innervates the urethral sphincter, might be 
at risk for damage due to overstretching related to downwards traction of the cervix21, 26. This 
downward traction might also cause more damage to the fibromuscular structures, and increase 
the risk of hypermobility of the urethra. Furthermore, the level of dissection of the paravaginal 
tissue may be greater, thereby disrupting the pelvic neurons passing from the lateral aspect of 
the vagina and along the anterior wall10. Lastly, the innervation of the bladder base might be 
damaged, as the dissection of the bladder is performed bluntly, and possible less gently, during 
vaginal hysterectomy, which might result in partial denervation of the detrusor muscle, resulting 
in post-junctional hypersensitivity of the detrusor muscle27, 28. Therefore, the risk of developing 
micturition and defecation symptoms after hysterectomy might be increased in case a vaginal 
approach is selected. Up till now, no prospective studies have been published comparing the long-
term effects of vaginal and abdominal hysterectomy on micturition and defecation symptoms.

Adjustments to the surgical technique
Since the main hypothesis for the development of micturition and defecation symptoms after 
hysterectomy is damage to the innervation of the pelvic floor, it is highly relevant to investigate 
how the surgical technique can be adjusted in such a way that innervation trauma is limited. One 
of the main steps causing innervation damage during hysterectomy is thought to be the division 
of the uterosacral and cardinal ligaments29. A quantative analysis of free nerve endings has 
shown that the risk of nerve trauma increases with more lateral clamping of the uterosacral and 
cardinal ligaments during hysterectomy29. So, by dividing the uterosacral and cardinal ligaments 
less lateral from the uterus and reducing the amount of traction during hysterectomy, the risk 
of post-operative micturition and defecation symptoms could be reduced. We hypothesize that 
the use of electrosurgical bipolar vessel sealing techniques, instead of the normal conventional 
clamping and suturing, could help to achieve these goals. By using this technique only one clamp 
has to be entered through the vagina to secure the vessels and cut the tissue, instead of one 
clamp and one scissor. This might allow the surgeon to cut the surrounding tissues closer to 
the uterus. Furthermore, since no sutures are needed, less traction might be applied to the 
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tissue to enable adequate visualization. Another advantage of this decrease in traction might 
be a reduction in post-operative pain. Also, the operation duration might be shortened due to a 
limitation in surgical steps. Previous studies have proven this technique to be safe and effective, 
but the possible advantages of this technique on post-operative micturition and defecation 
symptoms has never been evaluated before. 

In summary, the aims of this part of the thesis are:
1. To evaluate the long term effect of vaginal and abdominal hysterectomy on micturition and 

defecation symptoms.
2. To evaluate whether adjustment of surgical technique can reduce morbidity related to 

hysterectomy. 

 
Gynaecological surgery and sexual function

The impact of gynecological surgery on sexual function has been the subject of numerous review 
articles and peer-reviewed research over the past twenty years30-38. Gynaecological surgery might 
have a positive impact on sexual function due to disappearance of symptoms for which surgery was 
indicated and also correction of anatomical abnormalities, as in the case of prolapse surgery, may 
positively influence sexual function39, 40. 
Hypothetical concerns about adverse effects of gynaecological surgery on sexual function include 
anatomical considerations (damage to the innervation and vascularisation to the small pelvis), 
removal of the cervix, which may be involved in the sexual response, and loss of female identity in 
case the uterus is removed35, 41, 42. 
Previous studies evaluating sexual function after surgery used mostly questionnaires to evaluate 
sexual function before and after surgery. By doing this, mainly a woman’s subjective awareness 
of sexual function is evaluated. However, apart from these subjective symptoms, also autonomic 
genital response mechanisms are important in the development of sexual complaints. Genital 
response, i.e. vaginal vasocongestion43-45, might be damaged by the surgical trauma itself. Hence, 
there is a need for objective outcome measurements to quantify sexual function, to better 
understand how this function is affected by prolapse surgery.

Definition	of	sexual	function
In earlier days female sexual response was regarded as a linear progression from an initial awareness 
of sexual desire to one of arousal with a focus on genital swelling and lubrication, to orgasmic 
release and resolution46. Nowadays, we realize that female sexual function is far more complex and 
is depending on multiple factors which can be divided into several dimensions being interpersonal-, 
physical-, social- and psychological- factors43. When one of these dimensions is affected, sexual 
dysfunction may develop.
Sexual dysfunction refers to one or more sexual symptoms experienced by an individual or a couple 
during any stage of sexual activity, combined with personal sexual distress43. The World Health 
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Organization defined Sexual dysfunction as “the various ways in which an individual is unable to 
participate in a sexual relationship as he or she would wish” 47. Within our definition of sexual 
function we therefore not only incorporate the ability of a woman to have intercourse, but also the 
possibility of having a pleasurable sexual experience48.

Psychological	mechanisms	of	sexual	function	
As mentioned before, sexual function is of a multidimensional nature, in which various psychological 
aspects are important. Basson et al described these aspects in a review as “interpersonal and 
contextual factors” and “personal psychological factors” 49.
Of the interpersonal and contextual factors the emotional relationship with the partner and 
general emotional well-being were the two strongest predictors of absence of sexual distress50. Of 
the personal psychological factors low self image, mood instability and tendency towards worry 
and anxiety were most important49.
Patients with gynecological conditions are known to encounter sexual dysfunction more frequently, 
presumably due to worry and anxiety related to the gynecological condition51, 52. This has been 
confirmed by the finding from previous studies that post-operative sexual function was more related 
to patient’s perception of their symptoms and body image than to actual topographical changes39,40. 
As the intention of gynecological surgery is to resolve gynaecological symptoms, for example pelvic 
organ prolapse, urinary incontinence or abnormal uterine blood loss, an improvement in sexual 
function can be expected after surgery. 

Physiological	mechanisms	of	sexual	function
During sexual stimulation increased vaginal blood supply causes clitoris engorgement and 
subsequent lubrication. The same occurs for the vagina, which becomes engorged during sexual 
stimulation and forms a plasma transudate that is critical during the sexual arousal phase44, 45, 53. 
The autonomic innervation responsible for this response to sexual stimuli originates from the 
pelvic plexus and travels within the uterosacral and cardinal ligaments54. 
Hysterectomy may damage vaginal innervation due to dissection of the uterosacral and cardinal 
ligaments29. Also removal of the cervix, which is closely related with autonomic innervation, is 
a part of hysterectomy that can be held responsible for damage to the pelvic innervation7, 44, 55. 
The impact of prolapse surgery on vaginal innervation and vasocongestion may differ from the 
effects of hysterectomy. First, the extensive dissection of the vaginal epithelium and fascia, that 
is performed during colporraphy, may result in damage of the free nerve endings located in and 
near the vaginal epithelium and around the small blood vessels56, 57. Also the peripheral vessels, 
which are important for vaginal lubrication, may be affected by this dissection37, 45, 56. Second, 
during sacro-spinous ligament fixation, the pudendal nerve might be at risk for damage due to 
indirect surgical trauma, as the pudendal nerve is closely related to the sacro-spinous ligament. 
Last, traction to the apical compartment during vaginal surgery may result in damage to vaginal 
innervation or congestion12, 58, 59. 
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Previous	methods	to	evaluate	vaginal	vasocongestion	and	innervation
Vaginal photoplethysmography has been the most commonly used method to evaluate vaginal 
vasocongestion60. The method was developed by Palti and Bercovici in 196761, improved by 
Sintchak and Geer in 197562, and further improved by Hoon et al in 197663. The modern day version 
consist of a tampon-size acrylic device that contains a orange-red light source (3 mm) and optical 
sensor. A signal conditioning amplifier separates the VPA from the direct current component. 
The light source illuminates the entire microcirculation of the vaginal wall. As vasocongestion 
occurs, more light is reflected from the vaginal tissue and the output phototransistor changes to 
indicate this. When the signal is connected to an AC amplifier, the vaginal pulse amplitude (VPA) 
is measured64. VPA is thought to represent the pulse wave in the peripheral vascular vessels 
within the vagina65. Although it is an indirect measure of vaginal blood flow, VPA has been found 
to be a sensitive and reliable measure in assessing the increase in blood flow during genital 
arousal66. However, its correlation with sexual function is still a matter of debate66. 
To evaluate vaginal innervation several tools have been developed. Vardi et al performed 
measurements with the Genitosensory Analyzer (medoc Advanced Systems) which is comprised 
of thermal and vibratory components67. Vaginal and clitoral warm, cold, and vibratory sensory 
thresholds were measured in 89 healthy paid volunteers by slowly increasing a stimulus until the 
participant reports that they are aware of it67. The vibratory probes have no single contact surface 
but vibrate throughout, so no differences in innervation between different areas of the vagina 
can be measured. Yang et al reported a technique to measure sensory evoked potentials (SEP) 
of the dorsal nerve of the clitoris and the perineal nerve68. The dorsal nerve of the clitoris was 
stimulated through self-adhesive disk electrodes on either side of the clitoris. Perineal nerve SEPs 
were evoked through a vaginal probe. Cortical responses were measured through cup electrodes 
affixed to the scalp68. By using this method only the distal part of the vagina at the introitus is 
stimulated and not the proximal part. Whether the proximal part is important for sexual function 
still needs to be explored. During gynaecological surgery innervation of the proximal part of the 
vagina may also be affected as during most gynaecological procedures an incision is made in the 
proximal part of the vaginal wall. Therefore the impact of gynaecological surgery to these area’s 
of the vaginal wall also needs to be explored. Furthermore, using the method from Yang et al, 
stimuli were delivered at a three times sensory threshold; women were only asked to localize the 
site of the stimuli68. By doing this, the method doesn’t allow for measurement of differences in 
sensibility pre- and post surgery.
Weijmar Schultz and co-authors also published a technique to measure vaginal sensibility69. To 
stimulate the vaginal wall, they used a trofidur cylindrical tube on which two conical stainless steel 
tips (with a diameter of 4 mm) were positioned 1 cm from the tip of the tube to serve as stimulating 
electrode and indifference electrode. The researchers stimulated 12 different locations, 2 to 4 cm 
from the vaginal introitus, under nonerotic conditions. Unfortunately, they did not report on the 
inter- and intra-observer reproducibility of the technique. Furthermore it is not well known, with 
this cylindrical tube, which part of the vaginal wall is stimulated. This reduces its ability to compare 
pre- and post-surgical innervation and to localize the area of damage. 
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To better understand the relationship between pelvic surgery and sexual function there is a 
need for objective outcome measures. Since none of the mentioned tools are suitable, the first 
step in the process would be to develop and validate a suitable method to measure vaginal wall 
sensibility, which can be used to compare pre-and post operative vaginal wall sensibility and is 
able to discriminate between different vaginal area’s as different types of surgery might affect 
different vaginal regions. Second, the relationship between alterations in vaginal physiology 
and sexual function needs to be confirmed. This may lead to improved understanding of sexual 
function after pelvic surgery, it may improve counselling to patients and, perhaps, ultimately, 
improve surgical techniques in the future.

In summary, the aims of this part of the thesis are:
1. To develop and validate a reproducible technique to objectively quantify vaginal wall 

sensibility
2. To evaluate the effects of hysterectomy and prolapse surgery on vaginal wall sensibility, 

vaginal vasocongestion and sexual function.
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Abstract

Background/Aims: It has been reported that lower urinary tract symptoms (LUTS) are more 
prevalent in patients who have undergone hysterectomy. However, the effects of surgical 
approach of hysterectomy on micturition have not been well documented. The aim of this study 
is to compare LUTS between patients who underwent vaginal and abdominal hysterectomy.

Methods: Prospective observational study among 430 patients undergoing vaginal or abdominal 
hysterectomy for benign disease other than genital prolapse. Participating patients completed a 
validated disease specific questionnaire before surgery, six months and three years after surgery. 

Results: 112 women underwent vaginal hysterectomy and 318 abdominal hysterectomy. After 
correction for differences in uterine size, descent of the uterus and other differences, LUTS 
were more common at three year after surgery following vaginal than following abdominal 
hysterectomy (OR 2.2, 95% CI 1.3- 4.0). After adjustment for descent of the uterus, uteral size, 
parity and indication for hysterectomy, this difference was still statistical significant (adjusted OR 
3.0 95% CI 1.4-6.2).

Conclusion: As compared to abdominal hysterectomy, LUTS appear to be more common following 
vaginal hysterectomy. 
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Introduction 

Hysterectomy is one of the most commonly performed gynaecological operations. It is often 
performed for benign conditions such as menorrhagia, metrorrhagia, abdominal pain and 
dysmenorrhoea1. The main goal of hysterectomy is to resolve these symptoms in order to improve 
quality of life. In some patients this goal is not realized due to unwanted side effects related to the 
procedure itself. One of the most common reported adverse effects of hysterectomy are lower 
urinary tract symptoms (LUTS), particularly urinary incontinence2,3. Development of LUTS could 
be explained by damage, occurring during surgery, to the innervation and supportive tissues 
of the pelvis4,5. Theoretically this damage differs between vaginal and abdominal hysterectomy, 
therefore it is relevant to evaluate whether surgical approach has effect on the prevalence of 
LUTS following hysterectomy.
If technically feasible, the vaginal approach is preferred based on the reported benefits of shorter 
hospitalisation, less complications and lower costs1. A difference between vaginal and abdominal 
hysterectomy in the persistence or development of LUTS could alter or enforce this preference as 
LUTS are known to have a negative effect on patient’s quality of life6, 7. 
A prospective multi-centre study was conducted to compare the effects of vaginal and abdominal 
hysterectomy on LUTS in women with benign disease. 

Materials and Methods

An observational study was performed between January 1999 and July 2000 in 13 teaching 
hospitals in the Netherlands. Women who had been offered a hysterectomy for benign conditions 
were included. Exclusion criteria were endometriosis and symptomatic prolapse of the uterus 
as indication for hysterectomy. Written informed consent was obtained from all participating 
women. The medical ethic committee in all participating hospitals approved this study.
Gynaecologists were free to choose a surgical route. The operation was performed according to a 
standardized protocol. Morcellation of the uterus was not allowed by the protocol, concomitant 
salpingectomy was performed if indicated. Perioperative treatment was similar in all participating 
hospitals. All women received perioperative prophylaxis for deep vein thrombosis and a single 
dose of intravenous prophylactic antibiotic during surgery. A 14 french Foley indwelling catheter 
with a 5 ml balloon was used to catheterise the bladder after surgery. This was removed after 24 
hours. In case of bladder retention (twice a residual volume after voiding of more than 100ml), 
the patient started clean intermitted self catheterisation. Post-operative pain medication was 
similar in all participating hospitals.

Measurements
All patients were asked to complete the Dutch validated version of the Urogenital Distress 
Inventory (UDI) at two to four weeks before surgery and at six weeks, six months, one year and 
three year after surgery8. 
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 The UDI consists of 19 items and each item measures if a micturition symptom is present and 
to what extend the patient is bothered by this symptom. The latter is measured on a four point 
scale ranging from not at all to severely bothered. In this study we dichotomized the reported 
bother to “bothersome” (in case the patient reported about a symptom: “I am little bothered”, 
“I am much bothered” or “I am severely bothered”) or to “not bothersome” (in case the patient 
reported about a symptom “I am not bothered at all” or in case the symptom was not present). 
Appendix B represents the questions used to determine if a woman had a symptom. A woman 
was considered to have any micturition symptom if she answered yes to any of these questions 
mentioned in appendix B.

The following clinical data were prospectively collected: age, body mass index, parity, surgical 
history, maximal diameter of the uterus as assessed by ultrasonography, presence of comorbidity 
(requiring drugs for diabetes, hypertension, hypothyroidism, hypercholesterolemia, chronic 
obstructive pulmonary disease, or rheumatoid arthritis), duration of the operation, estimated 
blood loss, size of prolapse of the uterus in centimetres above or below the hymen (expressed 
as a negative respectively positive number) as measured when pulling down the uterus under 
anaesthesia, simultaneously performed surgical procedures, complications due to surgery and 
duration of hospital stay.

Statistical	analysis
Patient characteristics and the prevalence of urinary symptoms were compared between both 
surgical approaches using unpaired T test for continuous variables or in case of non-parametric 
distribution with Mann-Whitney-U test, and Pearson’s X2 test for dichotomous variables. 
The prevalence of bothersome LUTS after surgery was compared between both surgical 
approaches. Statistical significance was determined by the  X2 test. Findings were also stratified 
according to the presence or absence of symptoms before hysterectomy. Odds ratios and 95% 
confidence intervals were calculated when the difference in prevalence of persistent or newly 
developed LUTS between both surgical approaches was statistical significant. The odds ratios 
were adjusted in multivariable logistic regression analysis for those other variables that were 
statistically different at a p-value level of < 0.15 between both operative groups. The reason to 
include all variables with a p-value < 0.15 was that we did not want to miss any potential clinical 
important information. Influence of centre of operation was checked using ANOVA routine. A P 
value of < 0.05 was considered statistically significant. We analyzed the data with SPSS 14.0

Results

During the study period 430 women were included in the 13 participating centres. The distribution 
of the different surgical techniques was similar in all participating centres. 
The response rate was 92% at six months after surgery and 77% at three year after surgery. No 
statistical significant differences were observed in patient characteristics between responders 
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and non-responders. Vaginal hysterectomy was performed in 112 (26%) women and abdominal 
hysterectomy in 318 (74%) women. The questionnaire six months after surgery was completed 
by 104 patients after vaginal hysterectomy and 293 patients after abdominal hysterectomy. Three 
years after surgery 86 patients after vaginal hysterectomy completed the questionnaire and 247 
women after abdominal hysterectomy. 

 

 

Table 1 shows the characteristics of patients operated by vaginal and abdominal approach. 
Patients who underwent vaginal hysterectomy had on average higher parity, smaller uterine size 
and more descent of the uterus. In addition, differences were observed in the indication for 
hysterectomy between vaginally and abdominally operated patients. The adjusted odds ratios 
are corrected for all these differences. The prevalence of bothersome LUTS before surgery 
was similar for both groups. Of the women in the abdominal group 33% underwent subtotal 
hysterectomy and 67% underwent total hysterectomy. We compared LUTS between women who 
underwent subtotal abdominal and total abdominal hysterectomy. No differences were found. 

BMI (kg/m2) 
Age (years) (mean, SD)
Parity (n)  
Diameter of uterus (mean, SD)
Descensus uterus (cm) 
History of caesarean section
Previous abdominal surgery 
Comorbidity
Indication for hysterectomy
   Menorrhagia 
   Metrorrhagia
   Abdominal pain
   Dysmenorrhoea
   Other
Bothersome LUTS preoperative
   Frequency
   Urgency
   Urge incontinence
   Stress incontinence
   Dysuria
   Obstructive micturition
   Any micturition symptoms

Abdominal 
hysterectomy
N= 318
24.6 (17; 39)
44.7 (6.8)
2 (0-7)
10.7 (3.6)
-6.0 (-10; 0)
40 (12.6)
135 (42.2)
93 (31.0)

208 (64.6)
85 (26.4)
162 (50.3)
76 (22.7)
28 (8.7)

103 (32.8)
119 (38.4)
70 (22.0)
143 (45.1)
40 (12.7)
98 (31.1)
218 (72.7)

Vaginal hysterectomy
N=112

25.1 (18; 38)
43.5 (6.5)
2 (0-6)
8.1 (1.4)
-2.0 (-7; -2)
10 (8.8)
44 (38.6)
42 (38.2)

84 (73.7)
50 (43.9)
25 (21.9)
30 (26.3)
15 (13.2)

37 (33.0)
42 (38.2)
22 (19.8)
51 (45.9)
15 (13.4)
28 (25.7)
77 (71.3)

P*

0.43
0.10
 < 0.01
 < 0.01
 < 0.01
0.29
0.50
0.18

0.08
 < 0.01
 < 0.01
0.43
0.17

0.97
0.97
0.63
0.88
0.84
0.24
0.79

Values are numbers (percentages) or median (range) unless stated otherwise
* Based on unpaired t tests or non parametric test or  2 tests for heterogeneity with appropriate degrees of freedom.

Table 1. Group comparison of patient characteristics.



26

Chapter 2 Part one: Hysterectomy and pelvic floor symptoms

Therefore we decided to use the abdominal approach group as one group for further analysis.  No 
differences in the use of hormone replacement therapy before and after surgery were observed 
between both surgical techniques.

Figure 1 shows the prevalence of patients with one or more LUTS in both groups over the 
follow-up period. At three year after surgery, LUTS were more common in the vaginal group as 
compared to the abdominal group (OR 2.2, 95% CI 1.3-4.0). After adjustment for descent of the 
uterus, uterine size, parity and indication for hysterectomy, this difference was still statistically 
significant (adjusted OR 3.0, 95% CI 1.4-6.2). 
 Figure 2 and 3 show how often LUTS persisted and respectively developed following vaginal and 
abdominal hysterectomy. At three year after surgery LUTS had persisted significantly more often 
following vaginal hysterectomy (OR 3.3, 95% CI 1.3-8.2, adjusted OR 3.0, 95% CI 1.0-9.1). LUTS 
also developed more often following vaginal hysterectomy (OR 2.1, 95% CI 0.7-6.2, adjusted OR 
11.6, 95% CI 2.0-68.4).

In table 2 the prevalence of persisting and de novo LUTS six months and three years after surgery 
are shown for both groups. In univariate analysis, at six months after hysterectomy obstructive 
micturition had persisted statistically significantly more often in the vaginal group as compared 
to the abdominal group (OR 3.5, 95% CI 1.3-9.8). In the multivariate analysis this difference 
did not reach statistical significance (adjusted OR 1.7, 95% CI 0.5-6.0). The same phenomenon 
was observed when analyzing the three year data (univariate analysis: OR 2.9, 95% CI 1.0-8.2, 
adjusted OR 2.1, 95% CI 0.6-7.8). Urgency had also persisted statistically significant more often 

Figure 1. Proportion of patients with bothersome LUTS before surgery and at six weeks, six months, 
one year and three years after surgery.

* P values are based on  2 tests for heterogeneity with appropriate degrees of freedom
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in the vaginal group at three year after surgery (OR 2.4, 95% CI 1.0-5.5, adjusted OR. 2.7 95% 
CI 0.8-8.4). At 6 months after surgery, stress incontinence had developed more often following 
vaginal hysterectomy as compared to following abdominal hysterectomy (OR 2.8, 95% CI 1.2-7.0, 
adjusted OR 3.6, 95% CI 1.0-12.9). Sub analysis of our data, using ANOVA routine, did not show 
that surgical outcome differed between centres. 

 Figure 2. Proportion of patients with persisting bothersome LUTS at six weeks, six months, one year 
and three years after surgery.

* P values are based on  2 tests for heterogeneity with appropriate degrees of freedom  
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Figure 3. Proportion of patients with de novo bothersome LUTS at six weeks, six months, one year and 
three years after surgery.

* P values are based on  2 tests for heterogeneity with appropriate degrees of freedom  
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Discussion

We performed a prospective observational study to compare the long term effect of surgical 
approach of hysterectomy on LUTS. It was observed that LUTS were more common following 
vaginal hysterectomy than following abdominal hysterectomy and that this difference increases 
over time. This difference can be explained both by a difference in the development and in the 
persistence of LUTS following both approaches. 
Before interpreting the data some issues need to be addressed. First, the non-randomized design 
of this study may have resulted in prognostic incomparability. To deal with this problem we made 
two adjustments. Only patients in whom both operation techniques would have been technically 

Table 2. Comparison of persisting and de novo bothersome lower urinary tract symptoms (LUTS) at 6 
months and 3 years after hysterectomy.

Frequency
   6 months
   3 years
Urgency
   6 months
   3 years
Urge 
incontinence
   6 months
   3 years
Stress 
incontinence
   6 months
   3 years
Dysuria
   6 months
   3 years
Obstructive 
micturition
   6 months
   3 years
Any micturition 
symptoms
   6 months
   3 year

35    (39)
34    (43)

54    (56)
42    (45)

30    (49)
31    (60)

78    (61)
75    (71)

10    (29)
7      (23)

39    (46)
35    (47)

130   (68)
118   (72)

18   (53)
17   (55)

21   (54)
21   (66)

9     (45)
10   (59)

33   (75)
36   (84)

3     (27)
1     (11)

18   (75)
15   (71)

53   (82)
51   (90)

0.15
0.26

0.68
0.04

0.75
0.95

0.10
0.12

0.93
0.45

0.01
0.05

0.03
0.01

23     (12)
22    (14)

27     (15)
26     (18)

14     (6)
26     (13)

12     (7)
27     (19)

17     (7)
10     (5)

31     (16)
26     (16)

19     (26)
14     (24)

12    (18)
11    (20)

10    (17)
11    (22)

6      (7)
12    (18)

10    (19)
13    (31)

3      (3)
2      (3)

5      (7)
9      (14)

8      (30)
8      (40)

0.22
0.23

0.82
0.51

0.68
0.35

0.02
0.10

0.22
0.46

0.05
0.81

0.69
0.17

Persisting symptoms De novo symptoms

Vaginal 
hysterectomy

Abdominal 
hysterectomy

P* Vaginal 
hysterectomy

Abdominal 
hysterectomy

P*

Values are numbers (percentage)
* Based on  X2 tests for heterogeneity with appropriate degrees of freedom.
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feasible were included. Furthermore, the prospective design of our study allowed detailed 
documentation of all known possible confounders. Differences were observed in parity, uterine 
size, decent of the uterus and indication for hysterectomy. We used logistic regression analysis 
to correct all significant odds ratios for these differences. Of course unknown confounders were 
not assessed and these may still bias our results. Ideally we would have performed a randomised 
controlled trial, but too few gynaecologists were willing to participate.
Second, this study was conducted in 13 different hospitals, technical differences in performing 
vaginal or abdominal hysterectomy could easily affect the results of this study. As reported, 
statistically significant differences in incidence of bothersome LUTS between the different study 
centres were not observed.
Third, in this study we performed a subjective measurement of LUTS rather than an objective 
outcome measurement like urodynamic investigation. This decision was based on the assumption 
that self-reported symptoms affect quality of life more that urodynamic findings. Furthermore, it 
has been shown that the association between LUTS and urodynamic findings are poor questioning 
whether the latter is a clinically valuable outcome measurement9. 
One could argue that the incidence of micturition symptoms before operation is high, considering 
the fact that none of these women underwent treatment because of micturition complaints. 
However large cross-sectional population-based studies have shown that the prevalence of 
LUTS is high10, 11. Women in this study were only treated for the symptoms they mentioned to 
their gynaecologist, women who mentioned primary LUTS were not included in this study. 
Gynaecologists were not informed about the responses their patient gave to the questionnaires 
to make sure that our study represents real clinical practice. 
The study is strengthened by the use of the same validated questionnaires pre- and post- 
operatively. The high response rate shows that the questions could be consistently answered but 
also represents the effort of the research team to keep all patients motivated to continue their 
participation in this study.
One previous prospective study comparing long term effects of vaginal and abdominal hysterectomy 
on micturition has been published12. This study performed by Gustafsson et al showed that nor 
vaginal or abdominal hysterectomy negatively affected micturition three years after surgery12. 
However they did not compare symptoms between vaginal and abdominal hysterectomy, they 
only compared the incidence of LUTS after operation to the incidence before operation. Other 
studies comparing the effects of hysterectomy on LUTS 6 months after operation even found an 
overall improvement in micturition symptoms after hysterectomy13-15. In our study we also found 
an overall decrease in LUTS following abdominal hysterectomy whereas the prevalence of LUTS 
in the vaginal group was slightly higher at three year after surgery as compared to before surgery. 
One explanation for the difference in micturition symptoms between both approaches is that the 
average uterine size in the abdominal group is larger. It has been stated that initial improvement 
of LUTS following the removal of an enlarged uterus can be explained by reduction of external 
pressure on the bladder with improved bladder function as result16. However, after adjustment 
for differences in uterine size between both groups, LUTS are still more common following vaginal 
hysterectomy. 
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Another explanation is that there exists a difference in damage of the pelvic innervation between 
both approaches. There are four surgical steps during hysterectomy where nerve damage may 
occur. First the main branches of the pelvic plexus passing beneath the uterine arteries can be 
damaged during division of the cardinal ligaments17. Second, during dissection of the bladder 
from the uterus the major part of the vesical innervation which enters the bladder base before 
spreading out through the detrusor muscle, may be damaged17. Third, the extensive dissection 
of the paravaginal tissue may disrupt the pelvic neurones passing from the lateral aspect of 
the vagina3. Fourth, removal of the cervix may result in loss of a large segment of the plexus to 
which it is intimately related3. During vaginal hysterectomy there may be more nerve damage 
to the innervation of the bladder base as the dissection of the bladder is performed bluntly and 
possible less gently. The might result in partial denervation of the detrusor muscle resulting in 
post-junctional hypersensitivity of the detrusor muscle. This might be the explanation for the 
trend towards more urgency complaints and more overactive bladder complaints after vaginal 
hysterectomy18, 19. We think that the increased risk of stress urinary incontinence following vaginal 
hysterectomy in comparison to abdominal hysterectomy can be explained by another mechanism. 
During vaginal hysterectomy there is continued traction on the uterus that especially in difficult 
cases may be very strong and could contribute to irreversible damage of the pelvic innervation. 
Especially the pudendal nerve, which innervates the urethral sphincter, might be at risk for damage 
due to overstretching related to downwards traction of the cervix20. This downward traction might 
also cause more supportive system damage and hyper mobility of the urethra. The same effect has 
been described after vaginal delivery compared to caesarean section21, 22. 
An interesting observation of our study is that the difference in prevalence of LUTS between both 
surgical approaches increases over time. It is known that it may take years to develop urinary 
incontinence after a trauma to the pelvic innervation, like vaginal birth or pelvic surgery20,27. 
Obviously, such trauma can be considered as a “hit” that makes the patient more susceptible for 
the effect that ageing has on LUTS, particularly on urinary incontinence. Based on our findings we 
state that vaginal hysterectomy should be regarded as a “hit” whereas abdominal hysterectomy 
should not. 
In conclusion the risk of bothersome LUTS three years after vaginal hysterectomy is twice as 
high as after abdominal hysterectomy. This difference can be explained by both persisting and 
development of LUTS and persists after correction for all differences in parity, decent of the 
uterus, uterine size and indication for hysterectomy. Since the presence of LUTS negatively 
affects quality of life, the increased risk on post-operative LUTS should be balanced against the 
lower morbidity of the vaginal approach7. The results of our study will help to further optimize 
counselling of patients undergoing hysterectomy for benign conditions.
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Abstract

Introduction and hypothesis: We aimed to develop a prediction rule to predict the individual risk 
to develop stress urinary incontinence (SUI) after hysterectomy.

Methods: Prospective observational study with three year follow-up among women who 
underwent abdominal or vaginal hysterectomy for benign conditions, excluding vaginal prolapse, 
and who did not report SUI before surgery (n=183). The presence of SUI was assessed using a 
validated questionnaire. 

Results: Significant prognostic factors for de novo SUI were BMI (OR 1.1 per kg/m2, 95% CI 
1.0-1.2), younger age at time of hysterectomy (OR 0.9 per year, 95% CI 0.8-1.0) and vaginal 
hysterectomy (OR 2.3, 95% CI 1.0-5.2). Using these variables we developed the following rule to 
predict the risk of developing SUI: 32 + BMI - age + (7.5 x route of surgery). 

Conclusions: We defined a prediction rule that can be used to counsel patients about their 
individual risk on developing SUI following hysterectomy. 
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Introduction

Hysterectomy is a frequently mentioned risk factor for the development of stress urinary 
incontinence (SUI)1-3. However one could question if hysterectomy is really the cause of SUI or if 
women already suffered from SUI before surgery but failed to report this to their gynaecologist. 
Roovers et al. reported that 30% of the women before hysterectomy were already bothered by 
SUI compared to 8% in a random population sample4. All these women were not treated for 
SUI since they did not mention this to their treating physician4. Considering these data it is not 
surprising that so many hysterectomized women undergo surgery for SUI1. 
However the operation itself could also increase the risk by damaging anatomical structures 
involved in urethral support or the innervation of the urethral sphincter. This damage can be 
caused by direct surgical trauma or by trauma due to stretching or compression of the tissue5. 
During vaginal hysterectomy the paravaginal tissue might be more dissected, thereby disrupting 
the pelvic neurons passing from the lateral aspect of the vagina and along the anterior wall5, 6. 
Since the pudendal nerve also travels close by the cervix, removal of the cervix might also result 
in loss of innervation5. The route of surgery might therefore play an important role in the risk of 
developing SUI3.
Other previously described risk factors of the occurrence of SUI are high BMI, multiparity and 
increasing age7-9. Whether the documented increased risk of SUI after hysterectomy is mainly 
explained by differences in these risk factors or whether the surgical approach itself is an 
independent risk factor for de novo SUI is not well known.
Since hysterectomy is often performed to improve the quality of life, it is important to know 
what the risk of developing SUI is. Especially since this condition is known to negatively influence 
the quality of life. Therefore our study is aimed to construct a prediction rule that adequately 
predicts the risk to develop SUI. If surgical approach proves to be an independent risk factor, a 
rule that includes this factor would be valuable to improve counselling and modify or abandon 
the procedure in patients that are at high risk to develop SUI. 

Material and methods

Data for this study was collected as part of a prospective observational study in 13 teaching 
hospitals in the Netherlands10. All women who underwent hysterectomy for benign disease 
between January 1999 and July 2001 were included. We excluded patients undergoing 
hysterectomy for endometriosis or symptomatic prolapse as these conditions have been shown 
to affect pelvic floor function itself. Since we intended to calculate the risk of developing de 
novo SUI we also excluded women who already reported SUI before hysterectomy. Written 
informed consent was obtained from all participating women. The medical ethic committee in 
all participating hospitals agreed with the study. Gynaecologists were free to choose a surgical 
route. If abdominal hysterectomy was performed the cervix was removed unless the patient 
preferred to preserve the cervix or there were technical limitations to remove the cervix during 
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surgery. All hysterectomies were performed according to a standardized protocol. 
Peri-operative treatment was standardized10, 11. All patients were asked to complete the validated 
Dutch version of the Urogenital Distress Inventory (UDI) at two to four weeks before surgery and 
at six weeks, six months, one year and three years after surgery12, 13. For this study we used the 
questionnaire before surgery and three years after surgery.
The UDI consists of 19 items and each item measures if a micturition symptom is present and to 
what extend the patient is bothered by this symptom. The latter is measured on a four point Likert 
scale ranging from not at all to severely bothered12, 13. For this study we used the question “do you 
experience any urine leakage during exercise, sneezing or coughing” as index question for SUI. 
We regarded a symptom to be bothersome if the latter was as ‘I am bothered’, ‘I am much 
bothered or ‘I am severely bothered’. We regarded symptoms not to be bothersome when 
scored as ‘not at all bothered’ or when the symptom was not present.
Women also received a questionnaire about their medical and obstetrical history.

Statistical	analysis
The main goal of the analysis was to describe the importance of patient characteristics and 
operative variables on the risk of SUI after hysterectomy. Development of SUI three years 
after surgery was our primary endpoint. Variables of interest were BMI, age, parity, route of 
hysterectomy and removal or preservation of the cervix. We checked the linearity of the 
association between continuous variables BMI, age and parity versus the risk on SUI using 
visual inspection and spline functions. Univariable odds ratios (OR), beta coefficients (β) where 
calculated for all variables. Significance was determined by both 95% confidence intervals (CI) 
and P-values. 

Development	of	prediction	model
Multivariable logistic regression analysis with a stepwise forward selection procedure was 
used to construct a prediction model for the risk of de novo bothersome SUI three years after 
hysterectomy. We selected variables with a p-value <0.15 for inclusion in the multivariable model 
since a more narrow inclusion could cause us to miss any important confounders14. 

Calculation	of	the	risk	score
The prediction model was converted into a prediction rule by using the regression coefficients. 
The risk score was expressed as the absolute value of the sum of the products of the variables 
and their β-coefficients from the final multivariable logistic regression model. The prediction 
rule was converted into a more easily applied diagnostic rule by dividing through the smallest 
regression coefficient and rounding it to the nearest integer. A constant was added to create 
outcome scores above 0. 

Validation
Internal validation was performed by using bootstrapping. This technique assesses the possible 
overfit of the created model. Bootstrapping is a technique to create comparable populations15, 16. 
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For each group of 200 bootstrap samples the model was refitted and tested against the observed 
sample in order to derive an estimate of the predictive accuracy and bias. We bootstrapped 200 
times, in each of these new datasets the same multivariable logistic regression was used.

Accuracy of the model
Calibration, the agreement between the predicted probabilities and the observed frequencies of 
having stress urinary incontinence, was tested with the Hosmer-Lemeshow test, where p>0.05 
reflects good agreement. The discriminative ability was quantified using the area under the 
receiver operating characteristic curve (ROC curve)15. An area under the ROC curve of 0.5 implies 
that the diagnostic test does not exceed change, whereas an area of 1 implies that the predictive 
value of the test is perfect. As the ROC area reflects only the overall discriminative value of a 
model and not directly its clinical value. We additionally estimated the number of correctly and 
falsely predicted patients.

Results

In this prospective study a total number of 234 patients were approached, of whom 183 women 
(78%) responded at three year follow-up. No statistical significant differences were found in 

Table 1. Patient characteristics of the included patients (i.e. patients without stress urinary incontinence 
who were scheduled for hysterectomy) (N=183) 

BMI (kg/m2) (mean, SD)
Age (years) (mean, SD)
Parity (median, range)
  Vaginal delivery
  Caesarean section
Ultrasonographic size uterus in cm (median, range) 
Uteral descent under anaesthesia in cm (median, range) 
History of abdominal surgery (n, %)
Indication for hysterectomy (n, %) *
   Menorrhagia
   Metrorrhagia
   Abdominal pain
   Dysmenorrhea
Mode of surgery (n, %)
   Vaginal hysterectomy
   Abdominal hysterectomy
         Total hysterectomy
         Subtotal hysterectomy
Concomitant salpingo-oophorectomy

24.8 
43.6 

2  
0   
9  
-5
 63   

118 
54   
79   
44   

42
141
89  
52
11  

(3.8)
(5.7)

(0-7)
(0-3)
(5-30)
(-10-0)
(34.4)

(65)
(30)
(43)
(24)

(23)
(77)
(63)
(37)
(6)

* One patient can have more indications for hysterectomy
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patient characteristics between women who did and did not complete the questionnaire (data 
not shown). Further analysis is restricted to the 183 patients who responded to the questionnaire 
three years after surgery. 
The distribution of the different surgical techniques was similar in all participating centers. Sub 
analysis comparing surgical outcome data between the different participating centres also did 
not show that surgical outcome differed between participating centres. The operations in this 
study were performed by 57 different gynaecologists, none of the gynaecologists performed 
more than 8% of the procedures. 

Table 1 shows the patient characteristics of all women without bothersome SUI before surgery. 
Bothersome SUI had developed in 40 women (22%) three years after surgery. Analyses with spline 
functions demonstrated a linear association between the probability of developing bothersome 
SUI and continuous variables BMI, age and parity. 
The results of univariable analysis are shown in table 2. The results of the model formed using 
multivariable regression analysis are also shown in table 2. Internal validation using bootstrapping 
indicated a possible overfit of the model up to 13%. The calibration of the model was good 
(Hosmer and Lemeshow test p=0.68). The discriminative ability of the model as quantified using 
the area under the ROC curve was 0.69 (95% CI 0.59-0.79). 
A prediction rule was constructed using the regression coefficients (β) of all variables which were 
selected in the multivariable model. After dividing all regression coefficients through 0.11 (the 
smallest regression coefficient), we constructed the following prediction rule: risk score= 32 + 
BMI - age + (7.5 x route of surgery). Women undergoing vaginal hysterectomy received 1 point 
and women undergoing abdominal hysterectomy received 0 points at route of surgery. The score 
could not be calculated in 3 women because of missing data, one of these women developed 
bothersome SUI. Scores in our population ranged from 0 till 32. 

Table 2. Outcomes of univariable analysis and multivariable analysis using logistic regression with 
stepwise forward selection, of the association of patient characteristics and operative parameters, 
with the presence of post-operative bothersome stress incontinence three years after operation. 

BMI (per kg/m2)
Age (per year)
Vaginal delivery

Vaginal vs abdominal   
   hysterectomy
Total vs subtotal     
   hysterectomy
Constant

95% CI
1.0-1.2
0.9-1.0
0.6-1.1

0.9-4.1

0.5-2.3

OR
1.1
0.9
0.9

1.9

1.1

P
0.09
<0.01
0.30

0.11

0.89

95% CI
1.0-1.2
0.8-1.0

1.0-5.2

OR
1.1
0.9

2.3

1.2

p
0.03
<0.01

0.05

  0.90

β
0.08
 -0.09
 -0.16

0.64

0.06

  β
  0.11
 -0.11

  0.83

  0.22

Univariable analysis Multivariable analysis

BMI = body mass index (kg/m2), OR = Odds ratio, P = p-value, β = regression coefficient, CI = Confidence interval
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After calculating the score the predicted risk of developing bothersome SUI can be found in 
figure 1. In case of a 40 year old patient with a BMI of 25 kg/m2 scheduled to undergo abdominal 
hysterectomy the score would be: 32 + 25 - 40 + (7.5 x 0) = 17, when looking in figure 1 this means 
a 23% chance of developing bothersome SUI three years after hysterectomy. If the same patient 
is scheduled for vaginal hysterectomy her score is: 32 + 25 – 40 + (7.5 x 1) = 24.5, which means a 
40% of developing bothersome SUI three years after surgery. 

In table 3 sensitivity and specificity are shown. For example the sensitivity of the scoring rule to 
predict that women will develop bothersome SUI three years after surgery was 85% for a score 
above 10 points (33 of the 39 women who developed bothersome SUI had a score > 10). The 
specificity to predict that women will not develop bothersome SUI was 27% for women with a 
score below 10 points (38 of the 141 women who did not develop bothersome SUI had a score 
below 10). The positive and negative predictive values are also shown in table 3.

 

 



       











































Figure 1. Risk score chart, with 95% confidence interval of the prediction rule to estimate the chance 
of developing SUI three years after hysterectomy. Scores are calculated using the developed prediction 
rule: Risk score = 32 + BMI – age + (7.5 x route of surgery). 
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Discussion

In this study we constructed a prediction rule to calculate the individual risk to develop bothersome 
SUI after hysterectomy. Identified risk factors were BMI, age and surgical route of hysterectomy. 
Using these parameters in the presented scoring rule enables the physician to calculate the risk for 
the individual patient on developing bothersome SUI 3 years after hysterectomy.
Before interpreting the data some issues need to be addressed. We performed an observational 
study to compare the influence of different risk factors on SUI after hysterectomy with a follow-up 
till three years post-operative. Because patients were not randomized, prognostic incomparability 
could have appeared. However, a randomized design would have limited the clinical application 
of the study results as in such RCT only patients in whom both approaches are technically feasible 
would have been included. As all prognostic variables were prospectively documented we could 
correct for all factors which were expected to influence the risk of developing SUI in a multivariable 
regression analysis. 
As a rule of thumb for every 10 observations one variable can be included in the model. Since we 
have 40 observations, this means 4 variables, we included 5 variables which means that our model 
is more at risk for being to optimistic. Therefore we have estimated the size of overoptimism, the 
possible overfit was up to 13%. 

One of the concerns about this study may be that the observed effects are explained by differences 
in the gynecologists’ skills to perform surgery. However, by providing a detailed description of 
the surgical techniques in the study protocol, variation in the performance of surgery between 
gynecologists has been limited. Sub analysis of our data did not show that surgical outcome 
differed between centers. As the surgical procedures were performed in 13 different hospitals by 
57 different gynecologists we are confident about the generalizability of our results. 
One might wonder why so few of the women with bothersome SUI received treatment for SUI. 
This is explained by the fact that this was a questionnaire study, the results of this questionnaire 
were not reported to the patients’ gynaecologist and based on the results we did not approach 

Table 3. Absolute number of patients, patients with stress urinary incontinence (SUI), sensitivity, 
specificity, positive and negative predictive value for predicting the development of SUI three years 
after hysterectomy according to the score as calculated using the presented scoring rule (score= 
32+BMI-age+(7.5x route of surgery))

Score >5
Score >10
Score >15
Score >20
Score >25

No of 
patients

164
136
88
41
14

No of 
patients 
with SUI
38
33
26
18
9

Sensitivity

0.97
0.85
0.67
0.46
0.23

Specificity

0.11
0.27
0.56
0.84
0.96

Positive 
predictive 
value
0.23
0.24
0.30
0.44
0.64

Negative 
predictive 
value
0.94
0.86
0.86
0.85
0.82

SUI = stress urinary incontinence
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patients for treatment.
The strength of this study is that the same validated questionnaires were used pre-operatively and 
post-operatively until three years post-operatively. The high response rate at three year follow-up 
shows that the questions could be consistently answered, but also represents the effort of the 
research team to keep all patients motivated to continue their participation in this study. 
A scoring rule was calculated to assess the individual risk on de novo SUI. Internal validation was 
performed; however external validation and impact analysis has to be performed to see if the rule 
is robust17. Variables in this scoring rule appeared to be BMI, age and surgical route. 
The increased risk of SUI with increasing BMI has previously been described7, 9, 18. Cross sectional 
studies showed that the increased risk of SUI with increasing BMI might best be explained through 
the mechanical impact of central adiposity on intra-abdominal pressure and urethral mobility18. 
The influence of BMI in this group is the same as it is in the normal population consisting of mainly 
non-hysterectomized women.
Higher age has also been described as an important risk factor for developing SUI in previous 
literature7, 9, 18, 19. The opposite was observed however in our study, suggesting that higher age at 
time of hysterectomy, protects against developing SUI. An explanation for the protective effect 
of higher age during hysterectomy might be that women, in whom ageing has not resulted in the 
development of SUI are less susceptible for this symptom, even if they undergo an hysterectomy.
Our study revealed vaginal approach of hysterectomy also as independent risk factor for de novo 
SUI post-hysterectomy. A possible explanation is that during vaginal hysterectomy a larger amount 
of downwards traction is applied to the cervix and its surrounding tissue which can cause more 
supportive tissue damage. The same effect has been described after vaginal delivery compared 
to caesarean section20, 21. In a similar way the continuous downwards traction might damage the 
pudendal nerve and contribute to irreversible damage of the pelvic innervation. 
Another explanation for the increased risk of developing SUI after vaginal hysterectomy might 
be the fact that women scheduled for vaginal hysterectomy had probably more uterine descent 
caused by multiple vaginal deliveries. Therefore we also included the number of vaginal deliveries 
in the model. However, the number of vaginal deliveries in the past did not seem to influence the 
risk of developing SUI in our population.
Using these few and simply obtainable variables in the presented scoring rule enables the 
physician to calculate the risk that a woman will develop SUI. This could be a valuable tool in 
counselling women before hysterectomy. Of course this increased risk of developing SUI should 
be balanced against the increased risk of procedure related complications, increased duration of 
hospitalisation and increased health care costs associated with abdominal hysterectomy22. But 
women with a high probability could be counselled about this risk and more post-operative care, 
for example pelvic floor physiotherapy, can be taken for this specific group. 
In conclusion, we are the first to develop a prediction rule which predicts the development of 
bothersome SUI after hysterectomy. The developed rule still has to be externally validated and 
impact analysis has to be performed. However the developed prediction rule is able to identify the 
individual risk and can hereby improve the quality of counselling about the risk of stress urinary 
incontinence after hysterectomy.
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Abstract

Objective: We compared micturition and defecation symptoms as to route of hysterectomy over 
ten years.

Design: Prospective multi-centre observational study

Setting: Thirteen teaching hospitals in the Netherlands

Population: Four-hundred-and-thirty women who underwent vaginal or abdominal hysterectomy 
for benign conditions (pelvic organ prolapse excluded). 

Methods: The presence and experienced bother of micturition and defecation symptoms were 
assessed using validated questionnaires before surgery and at six weeks, six months, one year, 
three years and ten years after surgery. Statistical significant differences in symptoms between 
vaginal and abdominal hysterectomy were adjusted for pre-operative differences in uterine 
descent, uterine size, parity and indication for hysterectomy. 
Main outcome measures: Presence of bothersome micturition and defecation symptoms as 
assessed by the Urogenital Distress Inventory (UDI) and Defecation Distress Inventory (DDI).

Results: Ten years after hysterectomy the response rate was 73%. Pre-operatively no differences 
were observed in the prevalence of micturition symptoms between patients who underwent 
vaginal and abdominal hysterectomy. However, ten years after vaginal hysterectomy, significantly 
more women had been treated for micturition symptoms (18% vs 8% p=0.02, adjusted OR 3.8 
95% CI 1.2-11.6). Defecation symptoms also seemed more common after vaginal hysterectomy 
(58% vs 46%, p=0.08). After adjustment no statistical significant differences in defecation 
symptoms were found.

Conclusion: Despite the same incidence of micturition symptoms before operation, patients 
undergoing vaginal hysterectomy are more likely to seek medical help for micturition symptoms. 
Defecation symptoms were also more common after vaginal hysterectomy however this 
difference was not statistically significant.  
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Introduction

In previous literature hysterectomy has often been indicated as a risk factor for the development 
of micturition and defecation symptoms1-4. In a review, Brown et al reported that the odds of 
developing urinary incontinence after hysterectomy is increased by about 40%1. However in 
several prospective studies no increase in micturition symptoms was found5-7. An explanation 
for this finding could be the short follow up period in previous studies from 12 till 24 months. 
After vaginal delivery it has also been shown that it takes many years before symptoms develop, 
the same might be true for the development of micturition and defecation symptoms after 
hysterectomy8,9. Therefore long-term follow up studies after hysterectomy are required.
Up till now one long-term follow up study was performed. The authors compared subtotal with 
total abdominal hysterectomy and reported in this group no increase in micturition symptoms 
seven to 11 years after hysterectomy was performed10. 
The long term effects on micturition and defecation symptoms after vaginal hysterectomy are 
still unknown. During vaginal hysterectomy the amount of traction on the pelvic viscera is larger, 
due to this traction applied to the tissue, more nerve damage might occur11. Also the paravaginal 
tissue might be more dissected, thereby disrupting the pelvic neurons passing from the lateral 
aspect of the vagina and along the anterior wall12. Therefore the risk of developing micturition 
and defecation symptoms might be increased after vaginal hysterectomy is performed. 
To assess if vaginal hysterectomy was indeed associated with an increased prevalence of 
micturition and defecation symptoms, we performed a prospective observational study. 
Six months after surgery we did not find any differences. However, three years after surgery 
micturition symptoms were significantly more prevalent after vaginal hysterectomy (OR for 
having any micturition symptom 2.2, 95% CI 1.3- 4.0)13. 
That this difference was only found three years after surgery might be explained by the fact that 
innervation damage and symptoms develop over time which supports the importance of long-
term follow up studies to clearly explore all possible side effects8,9. This could improve counselling 
but could also improve our understanding of the mechanism by which hysterectomy increases 
the risk of micturition symptoms.
To evaluate the development of micturition and defecation symptoms in our study cohort, we 
performed a ten year follow up. Our main question was whether micturition symptoms were still 
more prevalent ten years after vaginal hysterectomy compared to after abdominal hysterectomy 
and whether defecation function is affected by hysterectomy.

Methods

An observational study was performed between January 1999 and July 2000 in 13 teaching 
hospitals in the Netherlands. Women who had been offered a hysterectomy for benign conditions 
were included. We excluded patients undergoing hysterectomy for endometriosis or symptomatic 
prolapse as these conditions have been shown to affect pelvic floor function itself. Written 
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informed consent to fill out the questionnaires was obtained from all participating women. The 
medical ethics committee in all participating hospitals approved this study. Gynaecologists were 
free to choose a surgical route. The operation and peri-operative treatment was performed 
according to a standardized protocol14-16. 

Measurements
All patients were asked to complete the Dutch validated version of the Urogenital Distress 
Inventory (UDI) and Defecation Distress Inventory (DDI) at two to four weeks before surgery and 
at six weeks, six months, one year, three years and ten years after surgery17.
 The UDI consists of 19 and the DDI of 15 items. Each item measures if a symptom is present and 
to what extent the patient is bothered by this symptom. The latter is measured on a four point 
scale ranging from not at all to severely bothered. In this study we dichotomized the reported 
bother to “bothersome” (in case the patient reported about a symptom: “I am little bothered”, 
“I am much bothered” or “I am severely bothered”) or to “not bothersome” (in case the patient 
reported about a symptom “I am not bothered at all” or in case the symptom was not present). 
Appendix B shows the questions used to determine if a woman had a symptom. A woman was 
considered to have any micturition or defecation symptom if she answered yes to any of these 
questions mentioned in appendix B and experienced at least a little bother from it.
The following clinical data were prospectively collected: age, body mass index, parity, surgical 
history, maximal diameter of the uterus as assessed by ultrasonography, presence of comorbidity 
(requiring drugs for diabetes, hypertension, hypothyroidism, hypercholesterolemia, chronic 
obstructive pulmonary disease, or rheumatoid arthritis), duration of the operation, estimated 
blood loss, degree of uterine prolaps in centimetres above (expressed as a negative number) or 
below the hymen (expressed as a positive number) as measured when pulling down the uterus 
under anaesthesia, simultaneously performed surgical procedures, complications due to surgery 
and duration of hospital stay. Patients were also asked the following questions: “Did you visit a 
physician for any micturition or defecation symptoms after hysterectomy was performed?” and 
“If yes, please identify your complaints and how the complaints were treated”. 

Statistical	analysis
The sample size calculation was based on studies that reported urinary incontinence in 40% of 
patients who had undergone hysterectomy1. A 20% difference in the persistence or development 
of urinary incontinence was considered clinical relevant since we think that smaller differences 
are not likely to influence treatment. We required 97 patients in each group to detect such a 
difference with a power of 80% and a significance level of 5%.
Patient characteristics and the prevalence of micturition symptoms were compared between 
both surgical approaches using unpaired T test for continuous variables or in case of non-
parametric distribution using Mann-Whitney-U test, and Pearson’s X2 test for dichotomous 
variables. The proportion of patients having bothersome micturition and defecation symptoms 
after surgery was compared between both surgical approaches. Statistical significance was 
determined by the  X2 test. Odds ratios and 95% confidence intervals were calculated. Statistical 
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significant odds ratios were adjusted in multivariable logistic regression analysis for those other 
variables that were statistically different at a p-value level of < 0.15 between both operative 
groups. We selected variables with a p-value <0.15 for inclusion in the multivariable model since 
a more narrow inclusion could cause us to miss any important confounders18. Influence of centre 
of operation was checked using a One-way Analysis of Variance (ANOVA) routine. A P value of < 
0.05 was considered statistically significant. We analyzed the data using SPSS 16.0

Table 1. Group comparison of patient characteristics before surgery.

BMI (kg/m2) (median, range)
Age (years) (mean, SD)
Vaginal delivery n (median,range)
Diameter of uterus (mean, SD)
Uterine descent in cm (median, range)
History of caesarean section (n, %)
Previous abdominal surgery (n, %)
Indication for hysterectomy (n, %)
   Menorrhagia 
   Metrorrhagia
   Abdominal pain
   Dysmenorrhoea
   Other
Bothersome micturition symptoms 
preoperative (n, %)
   Frequency
   Urgency
   Urge incontinence
   Stress incontinence
   Dysuria
   Obstructive micturition
   Any micturition symptoms
Bothersome defecation symptoms 
preoperative (n, %)
   Constipation
   Obstructive defecation
   Pain
   Fecal incontinence
   Flatulence incontinence

24.6    (17; 39)
44.7 (6.8)
2 (0-7)
10.7 (3.6)
-6.0 (-10; 0)
40 (13)
135 (42)

208 (65)
85 (26)
162 (50)
76 (23)
28 (9)

103 (33)
119 (38)
70 (22)
143 (45)
40 (13)
98 (31)
218 (73)

35 (11)
23 (7)
58 (18)
16 (5)
103 (33)

25.1   (18; 38)
43.5 (6.5)
2 (0-4)
8.1 (1.4)
-2.0 (-7; -2)
10 (9)
44 (39)

84 (74)
50 (44)
25 (22)
30 (26)
15 (13)

37 (33)
42 (38)
22 (20)
51 (46)
15 (13)
28 (26)
77 (71)

16 (15)
13 (12)
24 (21)
4 (4)
32 (29)

0.43
0.10
 < 0.01
 < 0.01
 < 0.01
0.29
0.50

0.08
 < 0.01
 < 0.01
0.43
0.17

0.97
0.97
0.63
0.88
0.84
0.24
0.79

0.32
0.14
0.49
0.53
0.43

Vaginal 
hysterectomy
N=112

Abdominal 
hysterectomy
N= 318

P*

* Based on unpaired t tests or non parametric test or  X2 tests for heterogeneity with appropriate degrees of freedom. 
SD= standard deviation
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Results

In total 430 women were included, 112 women (26%) underwent vaginal hysterectomy, 318 
women (74%) underwent abdominal hysterectomy. Ten years after hysterectomy 30 women 
were lost to follow up, of whom 17 were deceased and 13 could not be traced after migration. 
Of the 400 patients who received the questionnaire, 293 (response rate 73%) returned the 
questionnaire, 284 were sufficiently completed to be included in the analysis. 
 
Patient characteristics are shown in table 1. Pre-operative differences with a p-value < 0.15 were 
found in age, vaginal delivery, uterine descent during surgery, uterine size and indication for 
hysterectomy. To correct for these differences we adjusted all statistical significant findings for 
these differences in patient characteristics.

Figure 1 shows the prevalence of any micturition symptoms over time after surgery. Ten years 
after hysterectomy there was no statistical significant difference in the presence of any micturition 
symptoms between both techniques. However, after vaginal hysterectomy, significantly 
more women had been treated for any micturition symptoms (18% versus 8% p=0.02). After 
adjustment for differences in age, vaginal delivery, uterine descent, uterine size and indication for 
hysterectomy the odds of undergoing treatment for any micturition symptoms was significantly 
higher after vaginal hysterectomy (univariable OR 2.4, 95% CI 1.4-5.2 adjusted OR 4.3, 95% CI 
1.4-13.4). The type of treatment is described in table 2. No statistical significant differences were 
found in type of treatment between both groups. Most of the women were treated for stress 
incontinence. If analysed as just stress incontinence treatment versus not, the difference was still 
statistical significant (OR 2.8, 95% CI 1.1-7.0, p=0.02, adjusted OR 4.3 95%CI 1.1-16.9, p=0.04).

Figure 1. Proportion of patients with any bothersome micturition symptom before surgery and at six 
weeks, six months, one year, three years and ten years after surgery. 
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In table 3 the prevalence of the different micturition symptoms ten year after hysterectomy 
is shown. The prevalence of almost all symptoms was higher in the vaginal group than in the 
abdominal group, but none of these differences were statistically significant. 

Figure 2 shows the prevalence of defecation symptoms. Ten years after hysterectomy more women 
appeared to have bothersome defecation symptoms after vaginal hysterectomy compared to 
after abdominal hysterectomy (58% versus 46%, p=0.08, OR 1.6 95% CI 0.9-2.8). As shown in 
table 4, this difference was mainly explained by an increased prevalence of flatus incontinence 
and fecal incontinence after vaginal hysterectomy. After correction for differences in age, vaginal 
delivery, uterine descent, uterine size and indication for hysterectomy these differences were 
not statistical significant (fecal incontinence OR 2.9, 95% CI 0.9-8.9, flatus incontinence, OR 1.6, 
95% CI 0.8-3.4). No differences between vaginal and abdominal hysterectomy were found in 
percentage of women seeking treatment for defecation symptoms (10% versus 13%, p=0.57, OR 
1.3 95% CI 0.6-2.9).
Sub analysis of our data, using ANOVA did not show that micturition and defecation symptoms 
differed between centers (data not shown).

No treatment
Treatment
 Physiotherapy+ medication
 Physiotherapy
 TVT
 Prolaps surgery
 Unknown

N (%)
189 (92)
7 (8)
3 (1)
6 (3)
4 (2)
0 (0)
4 (2)

N (%)
64 (82)
14 (18)
0 (0)
7 (9)
3 (4)
1 (1)
3 (4)

Vaginal hysterectomy 
N=78

Abdominal hysterectomy
N=206

Table 2. Treatment for micturition symptoms.

Table 3.  Micturition symptoms 10 years after hysterectomy.

OR= odds ratio, CI= confidence interval

Frequency
Urgency
Urge incontinence
Stress incontinence
Dysuria
Obstructive micturition

N (%)
56 (27)
68 (33)
58 (28)
93 (45)
60 (29)
37 (18)

N (%)
23 (29)
28 (36)
27 (34)
40 (51)
22 (28)
16 (21)

Vaginal 
hysterectomy 
N=78

Abdominal 
hysterectomy
N=206

0.77
0.67
0.35
0.37
0.79
0.80

OR (95% CI)
1.1 (0.6-2.0)
1.2 (0.6-2.0)
1.3 (0.7-2.3)
1.2 (0.7-2.2)
0.9 (0.5-1.7)
1.1 (0.6-2.1)

P 
value

OR vaginal vs 
abdominal 
hysterectomy
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Discussion

We report the results of a ten year follow up of women who underwent vaginal or abdominal 
hysterectomy and found that patients undergoing vaginal hysterectomy are more likely to seek 
medical help for micturition symptoms. Defecation symptoms, mainly fecal incontinence, also 
seem more common however not statistically significant. 
In our previous report on this cohort we described an increased prevalence of micturition 
symptoms three years after vaginal hysterectomy13. Ten years after surgery this difference in 
the prevalence of micturition symptoms was no longer found. However this might be explained 
by the fact that vaginally operated patients had an almost 4 times increased risk of undergoing 
treatment for micturition symptoms as compared to abdominally operated patients. 
Before interpreting these results some issues need to be addressed. 

Table 4.  Defecation symptoms 10 years after hysterectomy.

OR= odds ratio, CI= confidence interval

Constipation
Obstructive defecation
Pain
Fecal incontinence
Flatus incontinence

N (%)
10 (5)
10 (5)
37 (18)
19 (9)
70 (34)

N (%)
7 (9)
5 (7)
9 (12)
13 (17)
41 (52)

Vaginal 
hysterectomy 
N=78

Abdominal 
hysterectomy
N=206

0.17
0.55
0.22
0.06
0.01

OR (95% CI)
2.0 (0.7-5.5)
1.4 (0.5-4.2)
0.6 (0.3-1.3)
2.1 (1.0-4.4)
2.1 (1.2-3.6)

P 
value

OR vaginal vs 
abdominal 
hysterectomy

Figure 2. Proportion of patients with any bothersome defecation symptoms before surgery and at six 
weeks,six months, one year, three years and ten years after surgery. 

* p values are based on Χ2 tests for heterogeneity with appropriate degrees of freedom
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We performed an observational study. Ideally we would have performed a randomized controlled 
trial however too few gynaecologists were willing to randomize between vaginal and abdominal 
hysterectomy. By careful documentation of potential cofounders we intended to correct for 
these factors during statistical analysis. Furthermore we excluded women with symptomatic 
prolapse or concomitant procedures. Also the prevalence of pre-operative symptoms did not 
differ. However we acknowledge that unknown confounding, such as asymptomatic prolapse for 
example remains the main limitation of our study19. In the ten year follow-up only one patient 
was treated for prolapse complaints, therefore we think that this influence remains limited. 
Since no randomized controlled trials comparing vaginal and abdominal hysterectomy have been 
performed, this is the best available evidence. 
One could argue that the incidence of micturition symptoms before operation is high, considering 
the fact that none of these women underwent treatment because of micturition complaints. 
However large cross-sectional population-based studies have shown that the prevalence of 
micturition symptoms is high20,21. Women in this study were only treated for the symptoms 
they mentioned to their gynaecologist, women who mentioned predominantly micturition or 
defecation symptoms were not included in this study. Gynaecologists were not informed about 
the responses their patient gave to the questionnaires to make sure that our study represents 
real clinical practice. 
The fact that the study was performed in 13 different hospitals could be considered as a limitation 
since technical differences in performing vaginal or abdominal hysterectomy between surgeons 
could affect the results of this study. However, we interpret the multi-centre character of our 
study as an advantage as it enhances the generalizability of our results. 
The strong points of this study are the consistent use of a validated questionnaire before surgery 
and the long term follow up with a relatively low drop out. Since symptoms due to denervation 
of the tissue might develop over time, and shortly after surgery the influence of the relief of 
other bothersome symptoms might still be very important, we think that a longer follow up is 
needed8,9. Previous studies on long term follow up after hysterectomy have only reported on total 
versus subtotal hysterectomy or compared women with and without hysterectomy10,22. The study 
comparing women with and without hysterectomy in the past was a cross sectional study with 
a median follow-up of 12 years. The authors found that women with hysterectomy were more 
often treated for stress urinary incontinence22. They also reported an increased risk of stress 
urinary incontinence after vaginal hysterectomy compared to after abdominal hysterectomy. 
However, in contrast to our data, this difference was not statistically significant after adjustment 
for parity22. 
An interesting observation is that the difference in prevalence of micturition symptoms we found 
at three year follow-up, appears to result in a difference in the number of patients that is treated 
for micturition symptoms at ten year follow-up. We think that this observation supports the 
value of long term follow-up. In our article on the three year follow-up we discussed that like 
after childbirth, also after hysterectomy, slowly progressive nerve damage due to stretching of 
the nerves during the procedure, or damage to the supportive system, might explain why the 
symptoms only appear three years after hysterectomy8,23,24.
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Micturition symptoms are known to have a negative effect on patient’s quality of life25,26. Therefore 
we think that the observed increased risk of needing treatment for micturition symptoms after 
vaginal hysterectomy could be mentioned during counselling for hysterectomy. However, we 
consider the design and findings of our study not sufficient to propose abdominal hysterectomy 
in patients in whom vaginal hysterectomy is technically feasible.
Overall we observed a decrease in defecation symptoms in the first years after hysterectomy, 
ten years after hysterectomy the prevalence was not significantly different from the prevalence 
before hysterectomy for both surgical routes. This is in line with what Thakar et al concluded 
after reviewing the literature for bowel function after hysterectomy27. 
One previous study with long term follow up has been published that showed a borderline 
significant increase in defecation symptoms after hysterectomy, however this study 
only evaluated 39 hysterectomized women and did not compare vaginal and abdominal 
hysterectomy4. We compared abdominal and vaginal hysterectomy and found that women after 
vaginal hysterectomy seemed to be more commonly treated for defecation symptoms and that 
the odds of fecal incontinence were increased almost three times. However these findings were 
not statistically significant. 
Therefore we conclude from the present data that overall defecation symptoms do not seem to 
increase after hysterectomy, however women after vaginal hysterectomy might be more at risk 
for developing fecal incontinence as compared to women after abdominal hysterectomy.

Conclusion

Ten years after vaginal hysterectomy, more women were treated for micturition symptoms as 
compared to after abdominal hysterectomy. Fecal incontinence also seemed more common after 
vaginal hysterectomy however this difference was not statistically significant. 
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Abstract

Objective: To compare the effects of bipolar vessel sealing (Ligasure) and conventional clamping 
and suturing in women undergoing total abdominal hysterectomy.

Study design: A randomized controlled trial was performed in two Dutch teaching hospitals. 
Fifty-seven patients undergoing abdominal hysterectomy for benign conditions were randomised 
to vessel sealing or conventional surgery. Postoperative pain was the primary outcome. An 
intention to treat analysis was performed. 

Results: During the first three postoperative days patients operated using vessel sealing had 
statistically significantly lower pain scores (repeated measurement analysis: p < 0.01). The 
amount of blood loss, surgery time, complication risk and duration of hospitalisation were 
similar between both groups. Patients in the vessel sealing group resumed their normal daily 
activities on average 8 days earlier as compared to the conventional group (log-rank test, p = 
0.07). Postoperative pelvic floor function was similar in both groups.

Conclusions: The use of vessel sealing during abdominal hysterectomy for benign conditions 
appears to be associated with reduced postoperative pain and faster recovery.
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Introduction

In the Netherlands every year 20,000 abdominal hysterectomies are performed. Most of 
these operations are performed for benign conditions causing menorrhagia, metrorrhagia, 
dysmenorrhoea or pelvic pain. Hysterectomy carries the risk of damaging pelvic autonomic 
nerves which may trigger the development of pelvic floor dysfunction, resulting in micturition 
symptoms, defecation symptoms and worsened sexual functioning1-3. 
Studies focusing on the distribution of autonomic nerves to the pelvic organs in the supportive 
ligaments of the uterus, observed that the cardinal ligaments contain more nerves in comparison 
to the sacro-uterine ligaments4. Cross-sectional biopsies taken during simple and radical 
hysterectomy, showed the majority of nerve fibers to be situated in the more lateral parts of the 
uterine supportive ligaments4. This finding provides an anatomical explanation for the observation 
that radical hysterectomy causes more pelvic floor dysfunction than simple hysterectomy. 
Based on these findings, we developed the hypothesis that cutting the supportive ligaments as 
close to the uterus as possible during simple hysterectomy might well reduce autonomic nerve 
damage, thus resulting in improved postoperative pelvic floor function. The introduction of 
vessel sealing techniques provided the surgical tools to reach this goal, and enabled us to study 
our hypothesis.
LigaSure is a bipolar vessel sealing system, which provides a combination of pressure and energy 
which reforms the collagen and elastin in vessel walls to form an autologous seal and thereby 
achieving complete haemostasis. It permanently fuses vessels up to and including seven mm in 
diameter and tissue bundles without dissection or isolation. 
Several advantages of the use of vessel sealing during hysterectomy like reduced postoperative 
pain, less blood loss and shorter admission stay have been documented5-9. The reduced 
postoperative pain may be explained by the fact that the amount of traction applied to the 
tissue, during operation, is reduced when using vessel sealing. However, the mentioned 
studies all address vaginal hysterectomy, whereas reducing morbidity in patients undergoing 
abdominal hysterectomy appears to be more clinically relevant based on the fact that abdominal 
hysterectomy causes more morbidity than vaginal hysterectomy10. 
Only one randomised trial has compared conventional suturing and vessel sealing in patients 
undergoing abdominal hysterectomy for benign disease11. In this trial no differences with respect 
to duration of surgery, amount of blood loss and complications were observed. However, only 
30 patients were included and the trial did not report on postoperative pain and pelvic floor 
function.
The presented trial is the first randomised controlled trial comparing the effects of a vessel sealing 
technique (LigaSure) and conventional suturing in women undergoing abdominal hysterectomy 
for benign conditions that reports on postoperative pain and pelvic floor function as outcome.
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Methods

A randomised controlled trial comparing the effects of conventional abdominal hysterectomy 
and abdominal hysterectomy using vessel sealing (LigaSure, Tyco Healthcare, Denver, USA) was 
performed in two Dutch teaching hospitals (TweeSteden Hospital, St Elisabeth Hospital, Tilburg, 
the Netherlands). Included were consecutive patients undergoing abdominal hysterectomy for 
benign conditions between January 2005 and September 2006. Patients undergoing concomitant 
other procedures or undergoing hysterectomy for genital prolapse were excluded. 
In both hospitals the ethics committee approved the study. Patients were assigned through 
randomisation to have abdominal hysterectomy by conventional clamping and suturing or by 
vessel sealing. The randomisation code was developed using a computerised random number 
generator. The details of the series were unknown to any of the participating gynaecologists or 
to the co-ordinator and were contained in a set of sealed envelopes. After written consent of 
the patient to participate in the study, the appropriate envelope was opened by the last author, 
who had sole access to the envelopes. The card inside indicated which surgical technique were 
to be used , and this information was given to the physician who was treating the participating 
patient.Stratified randomisation was performed to certify that both interventions were equally 
distributed over both participating centres. A block size of eight patients was used to prevent large 
differences in group size. Concealment of allocation was assured by not providing information 
to the patient during the first postoperative year about which surgical techniques was used. 
Also the nurses and physicians involved in the post-operative care were not informed about 
treatment allocation. In case of complicated postoperative recovery it was possible to have direct 
access to the surgery report in which the used technique was mentioned. 

Surgical technique
Total abdominal hysterectomy was performed according to a standardised technique12. All 
ligaments were clamped, transacted and sutured or ligated using #0 Vicryl sutures. Double 
suturing was not routinely performed and no effort was taken to prevent back bleeding from the 
uterus. Vaginal hysterectomy was performed if the size and descensus of the uterus allowed so, 
implicating that the abdominal route was only selected in those in whom vaginal hysterectomy 
was not feasible. During the study time, laparoscopic hysterectomy was being implemented in 
the two participating hospitals. Gynaecologists and residents performing the hysterectomies in 
this study had none or limited experience with the use of vessel sealing techniques. They all 
were given an extensive training on its working mechanism and way to use before the start of 
the study.
In case the procedure was performed using vessel sealing, as long as possible the vessel seal 
clamp was used wherever possible. In case this was no longer possible for technical reasons 
(mostly when tissue bites were too thick to get into the clamp) the procedure was finished 
using conventional clamps and suturing. The Ligasure-8 generator was used in combination with 
Ligasure Max clamps. The used settings of the LigaSure were completely automatic implicating a 
standard setting of 2 Bars, and a sealing time of 4 to 7 seconds.
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The amount of blood loss was measured by adding the measured blood loss volume by a suction 
device to the measured volume in weighted gauzes. 

Peri-operatieve	care
Peri-operative treatment was similar in both participating hospitals. All women received peri-
operative deep vein thrombosis prophylaxis and a single dose of intravenous prophylactic 
antibiotic during surgery. A 14-French Foley indwelling bladder catheter with a 10 ml balloon was 
placed in all women postoperatively and removed after approximately 24 hours. Pharmacologic 
postoperative pain management was the same in all patients. They received intravenous morphine 
postoperatively for 24 to 48 hours. Patients started to use paracetamol and / or diclofenac on the 
first day after surgery and administration of morphine was finished as soon as possible. Patients 
were allowed to maximally use 4,000 mg of paracetamol and / or 300 mg of diclofenac daily. Within 
these limits they were free to decide how much pain medication they took. Both the patients and 
the nurses were blinded for the type of surgery that had been performed. When patients were 
dismissed from hospital, a similar advice was given. Patients were allowed to resume activities 
after the operation whenever they felt comfortable and able to do so.

Outcome measurements
Primary outcome was postoperative pain, measured at a visual analogue scale. Pain scores were 
completed daily during the first postoperative week and at two and six weeks after surgery. 
Secondary outcomes were duration of surgery, amount of blood loss, complications during 
surgery, complications during hospital stay, duration of hospital stay, late complications related 
to surgery, experienced discomfort related to surgery, ability to perform normal daily activities, 
time to resume normal daily activities (in days), disease specific quality of life (quality of life 
related to micturition and defecation) and general quality of life.

Questionnaires
All patients were asked to complete the following Dutch validated disease specific quality of life 
questionnaires before surgery and at 6 weeks and 6 months after surgery:
1. The Urogenital Distress Inventory (UDI). This questionnaire assesses the presence 

and experienced bother of pelvic floor symptoms13,14. UDI scores range from 0-100,
 0 identifying patients without any symptoms present and 100 identifying patients who 
encounter all possible symptoms and experience these all as maximal bothersome. Symptoms 
measured with the UDI are divided into five domains, namely: discomfort / pain, urinary 
incontinence, overactive bladder, genital prolapse and obstructive micturition. 

2. The Defecation Distress Inventory (DDI). This questionnaire assesses the presence and 
experienced bother of defecation symptoms14,15. The questions are divided in four domains: 
constipation, pain, incontinence for feces and incontinence for flatulence. UDI scores range 
from 0-100, 0 identifying patients without any symptoms present and 100 identifying patients 
who encounter all possible symptoms and experience these all as maximal bothersome.

3. The Incontinence Impact Questionnaire (IIQ). This questionnaire measures the impact of 
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micturition and defecation symptoms on different aspects of quality of life13,14. The questions 
are divided in five domains: mobility, physical functioning, social functioning, emotional 
functioning and embarrassment. IIQ scores range from 0-100, 0 identifying patients who 
experience no bother related to micturition and defecation symptoms and 100 identifying 
patients who experience maximal bother.

4. The RAND-3616. The RAND-36 is a questionnaire that was developed in the United States in 
the late 1980s as part of the Medical Outcomes Study a longitudinal investigation of the self-
reported health status of patients with a range of chronic conditions 17. It consists of 36 items 
organized into nine scales (general health perceptions, health change, physical functioning, 
role limitations due to physical problems, role limitations due to emotional problems, social 
functioning, bodily pain, vitality and mental health). Each scale yields a score in the range 
from 0 (the worst possible score) to 100 (the best possible score).

We asked patients to keep a diary starting from the day before surgery until 6 weeks after 
surgery. They were instructed to answer questionnaires in the evening and to do this at a fixed 
time-point. The diary consisted of several questionnaires:
1. A visual analogue scale (VAS) ranging from 0 to 100 to assess the experienced pain was filled 

in daily during the first week after surgery and 2 and 6 weeks thereafter by all patients.
2. A self-developed questionnaire consisting of questions to evaluate the presence and 

experienced bother of bodily pain, having a bladder catheter, having food restrictions, being 
impaired in self-care, having intravenous infusion, undergoing investigations (e.g., X-ray, 
blood samples) and having impaired mobility after hysterectomy. Each of these questions 
inquired whether any type of discomfort was present, and quantified the degree discomfort 
experienced from each particular symptom. This was recorded on a four-point Likert scale: 
not at all, slightly, moderately, or very much. Patients answered this questionnaire daily 
during the first week after surgery.

3. A questionnaire to assess the daily activity score (DAS) (getting in and out of bed, dressing 
and undressing, picking an object from the floor, walking). This questionnaire had been 
applied as part of a national health survey in a large sample of the Dutch population by 
the Central Bureau of Statistics18. The total DAS score expresses the ability of the patient 
to perform daily activities and ranges from 0 (the worst possible score) to 100 (the best 
possible score). This questionnaire was filled in before surgery and at 1, 2, and 6 weeks after 
surgery.

Power	calculation
We considered postoperative pain to be the primary outcome. We based our power calculation 
on data obtained from a previous conducted prospective multi-centre study evaluating the 
effects of hysterectomy on pelvic floor function. In this study we observed a mean VAS score 
of 60 during the first 48 hours after abdominal hysterectomy and a standard deviation of 12. A 
difference in postoperative pain of 20% (pain score of 60 vs 50) was considered to be clinically 
relevant. With a power of 80% and an α level of 0.05, the calculated sample size necessary was 
48 (24 in each group). Anticipating on a drop-out of 15% it was decided to include 56 patients. 
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Analysis
The aim of the study was to compare postoperative pain, morbidity and postoperative pelvic floor 
function between both groups. An intention to treat analysis was performed. Statistical analysis 
was performed using SPSS 14.0 software.
For comparison of continuous variables Wilcoxon signed-rank test was used and for comparison 
of dichotomous variables McNemar test was used. As postoperative pain and postoperative daily 
activity scores (DAS) were calculated at several timepoints, repeated measurement analysis was 
performed to test whether a significant differences was observed between both interventions over 
the follow-up period. Survival analysis using log-rank test was used to compare the difference in 
time to resume normal daily activities between both interventions. A p-value <0.05 was considered 
to be statistically significant. In case of multiple comparisons this value was corrected accordingly.

 

Assessed for eligibility (n=99) 

Excluded (n=42) 
Did not meet inclusion criteria (n=3) 
Refused to participate (n=39) 
 

Randomized (n=57) 

Allocated to intervention (n=29) 
 

Allocated to intervention (n=28) 
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Lost to follow up (n=0) 
Did not keep diary (n=4) 

Lost to follow up (n=0) 
Did not keep diary (n=8) 

Figure. 1. Consort flow chart of participants through each stage of trial.
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Results

A total of 57 patients participated in the randomized trial. Figure 1 shows the flow of participants 
through each stage of the trial. The most common reason to refuse participation was not willing 
to spent time in completing questionnaires. All patients underwent surgery with the assigned 
technique. Vessel sealing was used in 28 women and the remaining 29 women underwent 
conventional surgery using clamps and sutures. In 5 (18%) patients of the vessel sealing group 
sutures had to be used at the paracervical level, as the tissue was too thick to fit into the clamp. 
In none of the patients it was necessary to convert to complete clamping and suturing. The 
Questionnaires before surgery were completed by all 57 patients and at 6 months after surgery 
by 45 (79%) patients. The diary was completed by 46 (81%) patients. In total 10 different surgeons 
performed the procedures. 

Table 1. Baseline characteristics of patients undergoing abdominal hysterectomy assigned to conventional 
surgery and to vesselsealing. Values are means (standard deviations) unless stated otherwise.

Age (years)
BMI (kg/m2)
Parity (n)
No (%) with comorbidity
     Hypertension
     COPD
     Thyroid disorders
     Diabetes
     Depressive symptoms
     Other
No (%) with history of surgery 
   Cesarian section
   Sterilisation
   Curretage
   Adnexal surgery
   Myoma enucleation
   Diagnostic laparoscopy
No (%) with indication for hysterectomy 
   Menorrhagia
   Metrorrhagia
   Dysmenorroe
   Mechanical discomfort
   Abdominal pain
Duration of symptoms (months)
Largest diameter of uterus (cm)

44 (5)
28 (5)
1.3 (1.2)
8 (29)
1
2
2
1
1
1 
13 (46)
3
4
1
3
2
5

15 (54)
4 (14)
0 (0)
8 (29)
2 (7)
18 (17)
11 (6)

46 (5)
26 (5)
1.6 (1.2)
7 (24)
5
1
0
0
0
1 
6 (21)
1
4
2
3
1
1 

13  (45)
2 (7)
2 (7)
8 (28)
4 (14)
19 (22)
11 (4)

Conventional
(n=29)

Vessel sealing
(n=28)

BMI= Body mass index, COPD = chronic obstructive pulmonary disease



5

63

Vessel sealing vs conventional clamping for abdominal hysterectomy

Patient characteristics were similar between both treatment arms (Table 1), except for previous 
surgical procedures being more common in the vessel sealing group.

Repeated measurements analysis showed that during the first 3 days after surgery postoperative 
pain was statistically significantly higher in the conventional group than in the vessel sealing 
group. (Table 2) At day 4 to day 7 after surgery, the conventional group still reported more pain 
although the difference was no longer statistically significant. Pains scores two and six weeks after 
surgery were similar for both interventions. Administered pain medication and the experienced 
bother directly related to the surgery was similar in both groups (data not shown). No statistically 
significant differences in DAS scores were observed between both groups.

Table 2. Comparison of pain and daily activity scores after surgery.

SE = standard error, VAS = visual analogue scale, DAS = daily activity score
* Calculated using repeated measurement analysis, ¶ Calculated using log-rank test

VAS pain score
 Evening after surgery
 Day 1 after surgery
 Day 2 after surgery
 Day 3 after surgery
 Day 4 after surgery
 Day 5 after surgery
 Day 6 after surgery
 Day 7 after surgery 
 2 weeks after surgery 
 6 weeks after surgery 
DAS score
 Before surgery
 1 week after surgery
 2 weeks after surgery
 6 weeks after surgery
Days to return to normal daily activity

mean (SE)
52 (5)
47 (5)
36 (4)
27 (4)
28 (4)
20 (3)
24 (4)
18 (3)
14 (4)
11 (3)
 
34 (2)
64 (4)
61 (4)
44 (3)
25 (2)

mean (SE)
69 (4)
63 (3)
49 (4)
41 (4)
33 (4)
31 (4)
27 (4)
21 (4)
16 (3)
10 (3)
 
38 (3)
68 (3)
59 (3)
43 (3)
33 (3)

Conventional 
(n=25)

Vessel sealing
(n=20)

< 0.01

0.38

0.77

0.83
0.07 ¶

p- value *
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Table 3 shows a comparison of surgical parameters between both groups. Significant differences 
in operation time, amount of blood loss and complications were not observed although a trend 
was observed towards less blood loss in the vessel sealing group. 
None of the complications in the vessel sealing group could be directly linked to the use of the 
device. Two women needed a re-operation, one in each group. A woman in the vessel sealing 
group had a bleeding in the pyramidalis muscle during the primary procedure during which she 
lost 750cc of blood. The first day after surgery a re-operation was performed due to an ileus which 
appeared to be caused by bowel loop adhesively connected to a haematoma in the pouch of 
Douglas. Some days later an abdominal wound abscess had to be drained in the same patient. One 
woman in the conventional group required a re-operation. She had lost 1700 cc of blood during 
the primary procedure and was re-operated one hour after this procedure because of suspected 
persistent bleeding. However, this was not confirmed during the second laparotomy. This was the 
only patient in the study that received a blood transfusion. 

Only 60% of the women responded to the question when they had resumed normal daily 
activities. (Figure 2) The mean time to resume daily activities was 8.4 days shorter for women in 
the vessel sealing group as compared to the conventional group (p=0.07). 

Table 3.  Comparison of surgical outcomes

Values are 1 median (range) or 2 numbers (percentage), P-values are calculated using: 3 Wilcoxon signed-rank test or 4 
McNemar test, * Patient re-admitted because of post-operative complication, † One patient required re-operation because 
of suspected bleeding

Duration of surgery in minutes 1

Blood loss in mL 1

Hospitalisation in days 1
Per-operative complications 2

   Bleeding > 1000 ml
   Bladder lesion
Post-operative complications 2

   Ileus requiring re-operation
   Infected haematoma
   Wound dehiscension
   Pneumonia 
   Fever of unknown origin 
   Trombo-embolism 

69 (29 - 130)
200 (33 - 1500)
4 (2 - 32)
3 (11)
2
1 
3  (11)
1
0
0
0
1*
1* 

63 (38 - 124)
335  (70 - 1750)
5 (3 - 11)
3 (10)
3+

0 
3 (10)
0
1
1
1
0
0 

Conventional (n=29) Vessel sealing (n=28)

0.62 3

0.08 3

0.26 3

0.96 4

0.96 4

p- value 
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There were no significant differences observed between both groups in any of the compared UDI 
and DDI domain scores. (Table 4) IIQ and RAND-36 domain scores at six months after surgery 
(data not shown) were also similar for both groups.
A stratified analysis per hospital showed that the differences in outcome between both 
interventions were similar in both participating hospitals. A per surgeon analysis showed that 
the outcomes of less and more experienced surgeons were also similar. However, it is important 
to realize that our study was not sufficiently powered to answer these research questions.

Figure 2. Group comparison of days to resume normal daily activities.  
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Vessel sealing
(n=21)
mean (SE)
21 (5)
9 (3)
12 (4)
1 (1)
3 (2)
 
7 (3)
5 (2)
8 (4)
3 (1)
12 (5)

Table 4. Group comparison of UDI and DDI domain scores. 

SE = standard error, UDI = Urogenital Distress Inventory, DDI = Defecation Distress Inventory 

UDI
 Overactive bladder
 Urinary incontinence
 Obstructive micturition
 Discomfort 
 Genital prolapse
DDI
 Obstipation
 Obstructive defacation
 Discomfort 
 Fecal incontinence
 Flatulence

mean (SE)
29 (6)
10 (3)
13 (4)
7 (2)
10 (5)
 
8 (4)
7 (2)
8 (3)
2 (1)
9 (4)

mean (SE)
25 (5)
10 (3)
6 (3)
15 (3)
6 (3)
 
7 (4)
4 (2)
4 (3)
3 (2)
5 (4)

Conventional 
(n=29)

Vessel sealing
(n=28)

Before surgery

mean (SE)
15 (5)
12 (4)
13 (5)
8 (3)
2 (1)
 
6 (3)
4 (2)
5 (2)
1 (0)
7 (3)

Conventional 
(n=25)

Six months after surgery
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Discussion

We performed a bi-centre randomised controlled trial to compare postoperative pain, morbidity 
and pelvic floor function after abdominal hysterectomy for benign diseases, between patients 
operated bipolar vessel sealing and patients operated using clamping and suturing. It was shown 
that postoperative pain was less if vessel sealing was used and this group of patients also needed 
shorter time to resume normal daily activities. Duration of surgery, hospital stay, complication 
rate and postoperative pelvic floor function were similar in both groups. 
To appreciate our findings, some issues need to be addressed. First, the number of patients 
included in this study appears to be low. However, the study was powered to detect a difference 
in postoperative pain of 20% between both interventions which we considered as clinically 
relevant. Furthermore, one may argue that the difference in surgical history between both 
groups influenced our findings. However, the observed difference in postoperative pain was in 
favor of the vessel sealing group and an equal distribution of previous surgical procedures over 
the groups may even have increased the observed difference.
The main strength of our study is that we both randomized and blinded the patient for the 
intervention. As postoperative pain was the primary outcome it was important to avoid bias 
resulting from patients’ treatment preferences or expectations. 
Furthermore, a strength of our study was that we documented the amount of administered pain 
medication. As the nursing staff was also blinded for the used technique, pain administration 
was not influenced by anticipation of the nursing staff. As the visual analogue scale is highly 
dependent from the moment of answering, all patients were instructed to keep their diary in the 
evening as much as possible at a fixed time point. However, it is possible that patients tend to 
complete the visual analogue scale when at minimal pain, which may have reduced the reported 
level of pain. If present, however, this phenomenon must have occurred in both groups.
As far as we know this is the second randomized trial comparing conventional and vessel sealing 
in patients undergoing abdominal surgery for benign conditions, and the first one reporting on 
postoperative pain and pelvic floor function. However, several studies have been performed that 
report on a comparison of both techniques in patients undergoing vaginal hysterectomy5-9. In 
some of these studies it was observed that using vessel sealing resulted in shorter operating time 
and less blood loss5,6,9. In our study we did not observe such beneficial effect of vessel sealing, 
which may be explained by the fact that, in contrast to vaginal surgery, both surgery time and 
blood loss, were also related to opening the abdominal wall. As we did not score the duration of 
surgery and amount of blood loss after opening and before closing of the abdominal wall, it is 
difficult to draw any conclusions about the effects of vessel sealing on these outcomes. Another 
factor that prevented us from the observation that vessel sealing reduces blood loss is that we 
cut sometimes the pedicle medially to the seal, which permits retrograde bleeding from the 
uterus. Ideally we would have made two seals and cut in the middle of these two seals, in all 
cases.
In this study both per-operative and postoperative complications were similar in both groups. All 
complications that occurred in the vessel sealing group could have occurred in the conventional 
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group as well and the other way around. Most of the procedures were performed by physicians 
that had never used a vessel sealing technique before. It was observed that the physicians who 
performed the majority of the procedures had on average less blood loss when using vessel 
sealing as compared to using conventional technique. Based on this observation it may be 
possible that after a short learning curve using vessel sealing could be faster and safer. However, 
this statement remains speculative as it was not supported by out data.
We observed that pain was significantly lower during the first 3 days after surgery when using 
vessel sealing. Two comparative studies performed in patients undergoing vaginal hysterectomy 
also observed reduced postoperative pain if vessel-sealing was used5,7. Cronje and colleagues 
stated that the reduced pain could be explained by the fact that the LigaSure device does not 
compress tissue and that nerves are burned where they are cut5. We think that an additional 
explanation is that during vessel sealing traction to the tissue and autonomic innervation 
surrounding the uterus is avoided as the clamps rather push in the opposite direction as they 
pull during conventional surgery. As a result, during electric activity, the LigaSure clamp does not 
provide any force on the tissue surrounding the uterus. We suppose that the faster recovery to 
normal daily activities in the vessel sealing group, is mainly the result of the reduced postoperative 
pain which enables the patient to recover more comfortable.
Before we started this study we hypothesized that performing abdominal hysterectomy using 
a vessel sealing technique would reduce damage to the autonomic innervation which could be 
translated by an improved pelvic floor function after surgery4. However, our study did not provide 
circumstantial evidence that this hypothesis holds true. Partly, this can be explained by the fact 
that in this study postoperative pelvic floor disorders were uncommon in both groups which is 
expressed by the low UDI and DDI domain scores at 6 months after surgery. Another explanation 
is that damage to the autonomic innervation does not necessarily result in worsened pelvic floor 
function. A good example to support this statement is that total and subtotal hysterectomy have 
similar effects on pelvic floor function, whereas it is known that the cervix is closely connected 
with the autonomic pelvic plexus19-21.
In conclusion, patients undergoing abdominal hysterectomy for benign disease appear to benefit 
of the use of a vessel sealing technique, which reduces postoperative pain in comparison to 
the conventional surgical technique using suturing. As in elective surgery the morbidity of a 
procedure does not have to be balanced against the decreased survival in case the procedure 
is not performed, it is highly relevant to study how peri-operative morbidity and discomfort 
related to the surgical procedure can be reduced. As the number of included patients was 
relatively low and effects on the long term were similar for both groups, one should not conclude 
that the optimal treatment is withdrawn from the patients if vessel sealing is not used during 
abdominal hysterectomy. However, the use of vessel sealing during abdominal hysterectomy 
seems promising, because it enables the patient to recover more quickly as a result of reduced 
postoperative pain.
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Abstract

Objective: To compare the effects of electrical bipolar vessel sealing and conventional suturing 
on post-operative pain, recovery, costs and micturition symptoms in women undergoing vaginal 
hysterectomy.

Design: Randomized controlled trial 

Setting: Eight teaching hospitals in the Netherlands

Population: 100 patients scheduled to undergo vaginal hysterectomy for benign conditions 
excluding pelvic organ prolapse. 

Methods: Patients were randomized to vessel sealing or conventional surgery. The quality of life 
related to pelvic floor function was assessed using validated questionnaires before surgery and 
6 months after surgery. Pain scores and recovery were assessed using a diary, including daily VAS 
scores, starting from the day before surgery until 6 weeks after surgery.
Main outcome measures: VAS pain scores, surgery time, blood loss, complications, quality of life 
related to pelvic floor function and costs.

Results: The evening after surgery, patients in the vessel sealing group reported significantly less 
pain (5.7 vs 4.5 on a scale of 0-10, p=0.03), but after that pain scores where similar. Operation 
duration was shorter for vessel sealing (60 vs 71 minutes p=0.05). Blood loss and hospital stay 
did not differ. We observed no major difference in costs between the two interventions. (2903 vs 
3102 euro, p=0.26). Changes in micturition and defecation symptoms were not affected by the 
used surgical technique. 

Conclusion: Using vessel sealing during vaginal hysterectomy resulted in less pain on the first 
post-operative day, shorter operating time, similar morbidity and similar pelvic floor function. No 
major differences in costs were found between the two interventions. 
Trial registration: Nederlands Trial Register: Trial number NTR 1795. Acronym: Ligasure (http://
www.trialregister.nl/trialreg/admin/rctview.asp?TC=1795)
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Introduction

Hysterectomy is one of the most commonly performed gynecological procedures. The most 
common indications for hysterectomy nowadays are all benign conditions such as abnormal 
uterine blood loss, dysmenorrhea, abdominal pain or mechanical obstruction due to an enlarged 
uterus.1,2 The main goal of removal of the uterus is to improve quality of life. Therefore possible 
side effects of hysterectomy, which negatively influence the quality of life, have to be carefully 
evaluated and if possible limited. 

If technically feasible, a vaginal approach is preferred based on the reported benefits of shorter 
hospitalization, less complications and lower costs .2,3 One of the main limitations of the vaginal 
route is that it offers relatively limited space for surgical access to vascular pedicles.4. To create 
adequate visualisation, traction is applied to the tissue. This might cause increased post-operative 
pain, but also nerve damage, possibly explaining the increased rate of post-operative micturition 
symptoms found after vaginal hysterectomy.5,6 
Electrosurgical bipolar vessel sealing systems have been developed to seal large tissue bundles 
and blood vessels up to 7 mm diameter. By using this technique only one clamp has to be 
entered through the vagina to secure the vessels and cut the tissue, instead of one clamp and 
one scissor. This might shorten the operation duration due to a limitation in surgical steps, but 
might also reduce post-operative pain since less traction is needed to pull the uterus downward, 
which theoretically reduces post-operative pain. Furthermore, using a single clamp, like when 
using a vessel sealing device, allows cutting the surrounding tissues closer to the uterus which 
is important in preventing innervational damage, since the more lateral aspects of the uterine 
supportive ligaments are known to be more densely innervated.7 By limiting the traction applied 
to the tissue and the innervational damage, the development of micturition symptoms after 
hysterectomy might be prevented. 
A few previous randomized controlled trials (RCT) have proven this technique to be safe and 
efficacious, and reported possible advantages of using vessel sealing such as less post-operative 
pain, shorter operation time, less blood loss and shorter hospital stay.4,7-10 However the effect 
of these findings on post-operative recovery, micturition symptoms and on the costs for the 
procedure has never been examined before. 

The first aim of this study is therefore to compare the effect of vessel sealing and conventional 
clamping on post-operative pain, recovery and micturition symptoms and second, to evaluate 
the costs of using vessel sealing during vaginal hysterectomy.

 
Methods

A multi-centre randomized controlled trial comparing bipolar vessel sealing with conventional 
suturing in vaginal hysterectomy was performed in 8 teaching hospitals in the Netherlands. 
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Patients scheduled to undergo vaginal hysterectomy for benign indications, were included 
between April 2009 and March 2011. Exclusion criteria were: symptomatic prolapse and 
concomitant procedures. In all hospitals the medical ethics committee approved this study. After 
the patients signed the informed consent they were allocated to one of the treatment groups by 
computerized randomisation. Randomisation was performed using block randomisation with a 
block size of ten and 1:1 allocation of treatment. Assignment of the treatment was only known 
by the operating physician. Both the patient as well as the medical team responsible for the 
post-operative care were blinded for the allocated intervention. Concealment of allocation was 
assured by not providing information to the patient during the first postoperative year about 
which surgical techniques was used. Also the nurses and physicians involved in the post-operative 
care were not informed about treatment allocation. 
Abdominal hysterectomy was performed if the size and descent of the uterus did not allow 
vaginal hysterectomy. Gynaecologists and residents performing the hysterectomies in this 
study had none or limited experience with the use of vessel sealing techniques during vaginal 
hysterectomy. They all were given an extensive training on its working mechanism and way to 
use before the start of the study. 

Surgical procedure
Vaginal hysterectomy was performed according to a standardised protocol. A circumferential 
vaginal incision was made around the anterior portion of the cervix below the line of the bladder. 
The pouch of Douglas was opened posteriorly and a retractor placed. The bladder was then 
dissected off the vagina anteriorly. The sacro-uterine ligaments were clamped transsected and 
sutured using Vicryl no 0 sutures. These ligatures were left long to suspend the vault later on. In 
case of conventional technique, the other pedicles, were clamped, transsected and sutured using 
Vicryl No 0 sutures. In case the patient was assigned to the vessel seal technique the pedicles 
were clamped, transsected and sealed using the LigaSureTM Impact (LF4200) in combination with 
the ForceTriad™ energy platform (Covidien, Tyco Healthcare, Valleylab, Colorado, USA) . The vault 
was closed similarly in both groups using Vicryl no 1 sutures. Double suturing was not routinely 
performed and no effort was taken to prevent back bleeding from the uterus. 
The amount of blood loss was the sum of the volume collected by a suction device during the 
procedure and the estimated volume of the total number of gauzes used during the procedure. 
This amount was estimated by the operation assistant.

Pain management
Pain medication was administered according to the hospital protocol. This included morphine on 
indication and NSAIDS in combination with paracetamol until three days after surgery. At home 
patients could take pain medication on indication. The amount of pain medication used was 
reported in the pain diary.

Outcome measurements
Primary outcome was postoperative pain, measured by the visual analogue scale (VAS) during 
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the first week after surgery. Secondary outcomes were duration of surgery, amount of blood 
loss, complications during surgery or hospital stay, late complications related to surgery, time to 
resume normal daily activity, quality of life and costs. 

Questionnaires
All patients were asked to complete the following validated, disease-specific, quality-of-life 
questionnaires before surgery and 6 months after surgery:
1. The Urogenital Distress Inventory (UDI) assesses the presence and experienced bother of 

pelvic floor symptoms 11,12. The UDI scores range from zero to 100, with zero representing 
patients without any symptoms and 100 representing patients who encounter all possible 
symptoms and experience these all as maximally bothersome. In the Dutch validated 
version, symptoms measured with the UDI are divided into 5 domains: discomfort/pain, 
urinary incontinence, overactive bladder, genital prolapse, and obstructive micturition.

2. The Defecation Distress Inventory (DDI) assesses the presence and experienced bother of 
defecation symptoms 12,13. The questions are divided in 5 domains: constipation, obstructed 
defecation, pain, incontinence for faeces and incontinence for flatulence. The DDI scores 
range from zero to 100, with zero representing patients without any symptoms and 100 
representing patients who encounter all possible symptoms and experience these all as 
maximally bothersome.

3. The Incontinence Impact Questionnaire (IIQ) measures the impact of micturition and 
defecation symptoms on different aspects of quality of life 11,12. The questions are divided 
in 5 domains: mobility, physical functioning, social functioning, emotional functioning, and 
embarrassment. The IIQ scores range from zero to 100, with zero representing patients who 
experience no bother related to micturition and defecation symptoms and 100 representing 
patients who experience maximal bother.

4. The RAND-36 is a questionnaire that was developed in the United States in the late 1980s as 
part of the Medical Outcomes Study, a longitudinal investigation of the self-reported health 
status of patients with a range of chronic conditions 14. It consists of 36 items organized into 
9 scales (general health perceptions, health change, physical functioning, role limitations 
caused by physical problems, role limitations caused by emotional problems, social 
functioning, bodily pain, vitality, and mental health). Each scale yields a score in the range 
from zero (worst possible score) to 100 (best possible score). 

Patients were asked to keep a diary starting from the day before surgery until 6 weeks after 
surgery. They were instructed to answer questionnaires in the evening and to do this at a fixed 
time point. The diary consisted of several questionnaires:
1. Visual Analogue Score (VAS) ranging from zero to 100 to assess the experienced pain was 

filled in daily during the first week after surgery and 2 and 6 weeks thereafter by all patients.
2. A self-developed questionnaire consisting of questions to evaluate the presence and 

experienced bother of bodily pain, having a bladder catheter, having food restrictions, 
being impaired in self-care, having intravenous infusion, undergoing investigations (e.g., 
radiograph, blood samples), and having impaired mobility after hysterectomy. Each of these 
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questions inquired whether any type of discomfort was present, and quantified the degree 
of discomfort experienced from each particular symptom. This was recorded on a pre-
specified categorical response scale: not at all, slightly, moderately, or very much. Patients 
answered this questionnaire daily during the first week after surgery.

Unit	costing	and	costs
The costs associated with vessel sealing versus conventional clamping and suturing for vaginal 
hysterectomy have been described from the perspective of the health care provider. The time 
horizon was six weeks following randomisation.
Costs of the index operation and admission, re-interventions and readmissions, blood 
transfusions, outpatient hospital care and emergency room, and out-of-hospital care by the 
general practitioner, physiotherapist, and company doctor have been calculated as the product 
sum of recorded health care utilization and the corresponding unit costs. In-hospital health care 
utilization was recorded by clinical report form, while out-patient hospital and out-of-hospital 
use of resources was gathered with a patient questionnaire at six weeks following randomisation. 
In absence of a reason to expect the type of surgery to influence the time needed to prepare for 
the operation or the time of recovery and in holding bay, precalculatory unit costs of the index 
procedures (Vessel sealing versus Conventional approaches) as well as vaginal or abdominal 
reoperations following bleeding incidents were derived from expert opinion based estimates 
of the input of personnel (times of operator, anaesthesiologist, pharmacist, nursing), material 
(disposables), and apparatus (based on depreciation and production) as well as the overhead 
involved. Only the time in the operating theatre was gathered empirically from recordings of the 
operation duration for each patient and subsequently averaged over patients by type of surgery. 
Unit costs of blood transfusions (packed cells) and outpatient hospital and out-of-hospital health 
care components were derived from the 2010 Dutch costing guideline for health care research15. 
After price-indexing, all costs were expressed in Euros calculated for the base year 2010. All unit 
costs are presented in table 1.

Sample size
Mean postoperative pain during the first week after surgery as measured by the Visual Analogue 
Score (VAS) was taken as the primary outcome. Based on a previous study a difference in 
postoperative pain of 15% (pain score of 40 vs 34) was considered to be clinically relevant16. With 
a power of 80%, a two-sided significance level of 0.05 and a standard deviation of 10, a total of 
90 patients (45 in each group) was needed using a Student’s t-test for unpaired data. Anticipating 
on a 10% drop out, we aimed to include 100 patients (50 in each group).

Analysis 
Analysis was performed according to the intention-to-treat principle. Surgical outcomes were 
compared using unpaired t-tests for continuous variables and Pearson’s chi-square test for 
dichotomous variables. The VAS scores were compared using ANOVA repeated measurement 
analysis in which the daily VAS score was treated as the within subject repeated measure and the 
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used surgical technique as a between subject categorical factor. The domain scores of the UDI, 
DDI, and IIQ were calculated. To account for pre-operative differences in UDI and DDI domain 
scores we decided to calculate p values using repeated measurement. Survival analysis by log 
rank test was used to compare the difference in time to resume normal daily activities between 
both interventions. A P-value of below 0.05 indicated statistical significance. 
Because of skewed distributions, costs differences were assessed by calculating 95% confidence 
intervals for the mean differences after correction for bias and using accelerated non-parametric 
bootstrapping, drawing 1,000 samples of the same size as the original sample separately for each 
group and with replacement17. Statistical analyses were performed using software (SPSS 18.0; 
SPSS, Inc., Chicago, IL).

 
 Assessed for eligibility (n=138) 

Refused to participate (n=35) 
Randomisation error (N=3) 
 

Randomized (n=100) 

Allocated to intervention (n=51) 
 

Allocated to intervention (n=49) 
 

Analysed (n=35) Analysed (n=40) 
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 Lost to follow up: 
6 weeks: N= 13 
6 months: N=16 

Lost to follow up: 
6 weeks: N=11 
6 months: N=9 

Figure 1. Consort flow chart of participants through each stage of the trial.
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Results

Figure 1 shows the Consort flow diagram of this study. From 1st June 2009 to 1st May 2011, 100 
patients participated in this study. At six months after surgery only 75% of the patients returned 
the questionnaire. 

Unit costs (€) 

63 
 
1,328 

953 

204 
886 

1,263 

 

28  
73  
36 
53 
28 

    Unit  
Inpatient	hospital	care 
Index admission &  Day   
readmission, general ward  
Vessel sealing  Session  

Conventional surgery Session  

Blood – packed cells Unit   
Reoperation vaginally Session  

Reoperation abdominally Session  

Outpatient	hospital	and	
out-of-hospital care   
General practitioner Visit   
Outpatient hospital  Visit   
Paramedic  Visit   
Emergency room  Visit  
Company doctor   Visit  

Dutch costing guideline 2010

Consisting of the costs of staff and time 
in theatre (€616), pharmacy (€68), vessel 
sealing device (€445), depreciation of force 
triad (€2), and other materials including de-
preciation (€197). Except for the vessel sea-
ling device and the use of the force triad, 
these costs include the costs of overhead 
and housing. 
Consisting of the costs of staff and time in 
theatre (€688), pharmacy (€68), and other 
materials including depreciation (€197). 
These costs include the costs of overhead 
and housing.

Consisting of the costs of staff (€622), phar-
macy (€68), and other materials including 
depreciation (€197). These costs include the 
costs of overhead and housing.
Consisting of the costs of staff (€979), phar-
macy (€140), and other materials including 
depreciation (€144). These costs include the 
costs of overhead and housing.

Dutch costing guideline 2010
Dutch costing guideline 2010
Dutch costing guideline 2010
Dutch costing guideline 2010
Dutch costing guideline 2010

Table 1. Unit costs related to surgery.
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In table 2 the patient characteristics are shown. At baseline, patients receiving conventional 
surgery were older by 4 years on average. This difference was mainly caused by three women 
aged over 70 who were all randomized in the conventional group. The indication for hysterectomy 
was non-significantly more often dysmenorrhoea in the vessel sealing group, however this did 
not lead to the more regular use of pain medication pre-operatively. We analysed if there were 
any imbalances in treatment assignment between the 8 participating hospitals, none were found 
(data not shown). As most of the procedures were performed by trainees we also analysed if the 
experience of the surgeon differed between both treatment arms, no difference was observed. 

Table 3 shows the operative parameters for both techniques. The operating time was shorter 
in the vessel sealing group (59.7 vs 71.3 minutes p=0.05), whereas the amount of blood loss 
and duration of hospital stay did not differ. Two women, one in each group, were converted to 
abdominal procedure during the initial procedure because vaginal removal of the uterus was not 
possible. Three patients needed to return to the theatre because of bleeding complications: two 
women from the conventional group from which one underwent an abdominal re-operation during 

Number of patients 
Age (years)°
Parity (median, range)
Body mass index (kg / m2)
Previous abdominal surgery*
   Caesarean section
Co morbidity*
   Hypertension
   Diabetes
   Thyreoid disorders
   COPD
   Fibromyalgia
   Other
Main indication for hysterectomy
   Abnormal uterine blood loss
   Post menopausal blood loss
   Abdominal pain/ dysmenorrhoea
   Mechanical discomfort
   Cervix pathology
   Missing 
Pre-operative use of pain medication
   Yes
   No
   Missing

Vessel sealing
49
44.0 (6.3)
2.0 (0-6)
26.5 (5.4)
27  (57.4%)
2
16 (34.0%)
2
3
2
7
3
5 

33
0
9
0
3
5

20 (41%)
17 (35%)
12 (24%)

Conventional surgery
51
48.1 (10.0)
2.0 (1-5)
27.9  (5.0)
23 (51.1%)
7 
23 (52.3%)
8
1
5
6
4
4 

37
2
2
1
4
4

15 (29%)
21 (41%)
15 (29%)

Table 2. Baseline characteristics of the patients according to surgical approach.

Values are means (standard deviation) or numbers (percentage) unless stated otherwise.
°p<0.05, COPD= Chronic obstructive pulmonary disease
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admission and the other was re-admitted to undergo a vaginal re-operation. One woman from 
the vessel sealing group was re-admitted for a vaginal re-operation. Two more women were re-
admitted to the hospital; one because of bleeding observation, which appeared to be in the normal 
range, and one woman was admitted because of pain complaints which was self-limiting and was 
thought to be ovulation pain.

Table 3. Comparison of surgical outcomes

Duration of surgery in minutes
Blood loss (ml)
Hospital stay (days)
Complications during surgery
   Bladder perforation
   Blood loss > 500ml
Complications after surgery
   Hematoma
   Blood transfusion
Re-operation
Re-admission to the hospital

Vessel sealing  
N=49
59.7 (28.3)
231.4 (263.4)
3.7 (0.9)
 
1 (2%)
3 (6%)
 
0 (0%)
2 (4%)
1 (2%)
3 (6%)

Conventional surgery 
N=51
71.3 (27.0)
247.7 (206.4)
4.0 (1.5)
 
1 (2%)
3 (6%)
 
1 (2%)
2 (4%)
2 (4%)
2 (4%)

P value

0.05
0.74
0.20

1.0
1.0

1.0
0.58
0.61

 

 

Vessel sealing 
Conventional surgery 

Figure 2. Comparison of pain scores after surgery (error bars 95% CI).  
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In figure 2 the VAS scores assessing post-operative pain are shown. Using repeated measurement 
analyses we found no significant effect of the surgical technique on post-operative pain during the 
first week after surgery (p=0.71). We found that only the evening after surgery, post-operative pain 
scores differed for the two performed surgical techniques (p=0.02). Starting from the first day after 
surgery, pain scores were comparable, as was the amount of administered pain medication 
(data not shown). Days till return to normal daily activity, as indicated by the patient, were also 
comparable (vessel sealing group 27.2 (SE 2.4) days, conventional group 28.6 (SE 2.0) days, 
p=0.66). We performed a subanalysis by excluding the three women aged over 70 to make both 
groups comparable by age. After this adjustment too, no significant effect of surgical technique 
on pain scores during the first post-operative week, and post-operative recovery was found. We 
also added treatment centre to the repeated measurement analyses to exclude an interaction 
between used surgical technique and centre of treatment, no interaction was found (p=0.39).

In table 4 the pre- and post-operative UDI and DDI domain scores are shown. To account for 
pre-operative differences in UDI and DDI domain scores repeated measurement analyses were 
performed. No statistical significant differences between both interventions were observed.
The costs related to both interventions are shown in table 5. The inpatient hospital costs were 
non-significantly higher in the Vessel sealing group (2903 vs 3102 euro, mean cost difference 198 
euro, p=0.26). It is mainly explained by the extra costs of the Ligasure device and force triad (i.e. 
447 euro). However the decreased staff costs as a result of the shorter operation duration when 
performing vessel sealing (conventional surgery 688 euro vs vessel sealing 616 euro) and the 
lower costs of hospital stay after vessel sealing (conventional surgery 1852 euro vs vessel sealing 
1713 euro) partly compensate for the extra costs of the vessel sealing device.

P value

0.05
0.74
0.20

1.0
1.0

1.0
0.58
0.61

Table 4. Comparison of pre- and post-operative UDI and DDI domain scores between the two techniques

UDI
  Overactive bladder
  Incontinence
  Obstructive micturition
  Pain
 Prolapse
DDI
  Constipation
  Obstructive defecation
  Pain
  Fecal incontinence
  Flatulence incontinence

Conventional 
surgery
 
24.3 (4)
26.1 (4)
10.6 (3)
31.8 (4)
7.6 (3)
 
12.3 (3)
7.2 (3)
7.6 (3)
0.8 (1)
16.7 (4)

Vessel sealing
 

13.5 (3)
14.5 (3)
12.1 (3)
35.1 (4)
6.0 (2)
 
10.7 (3)
7.4 (2)
7.8 (3)
2.2 (1)
15.2 (4)

Conventional 
surgery
 
12.8 (4)
19.2 (3)
7.7 (2)
14.0 (3)
0.0 (0)
 
10.2 (4)
6.0 (3)
6.6 (3)
0.4 (0)
11.1 (3)

Vessel sealing
 

13.5 (4)
9.7 (3)
9.3 (3)
16.7 (4)
1.0 (1)
 
14.7 (3)
6.9 (3)
6.6 (3)
2.3 (2)
15.7 (5)

0.77
0.58
0.71
0.55
0.42

0.20
0.82
0.73
0.66
0.06

Before surgery 6 months after surgery P value*

Values are mean (SE), * p value for the measurement by technique effect as calculated using repeated measurement analyses
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The costs of outpatient hospital and out-of-hospital care (i.e. care by the general practitioner, 
physiotherapist, and company doctor) were significantly higher in the vessel sealing group 
compared with conventional surgery. This is mainly explained by four patients, who were all 
randomised into the vessel sealing group, and had an extensive number of out-patient hospital 
visits: one woman because of constipation, one because of pain complaints, one because of 
urinary tract infection and one because of palpitations. The groups did not differ significantly by 
the total costs.

Discussion

We performed an RCT to evaluate the effects of vessel sealing on post-operative pain, surgery 
related parameters, pelvic floor symptoms and costs. We found that post-operative pain did not 
appear to differ after the first night after surgery. The use of vessel sealing reduced the time 
of the procedure. The quality of life related to pelvic floor function was similar following both 
techniques. No statistically significant differences in costs emerged.
Before further interpreting these data some issues need to be addressed. Despite proper 
computerized randomisation the conventional group was older than the vessel sealing group. 
This difference was mainly caused by three women aged over 70 who were all randomized in the 
conventional group. When analysing pain scores and recovery without these three women, still 
no major differences occurred. 
This study was performed in 8 different hospitals; one could argue that due to the numerous 
different surgeons, differences in operative statistics could be masked. However since this is also 
the case in daily practice, we think that it only increases the generalizability of the results.
When considering the indication for hysterectomy, non-significantly more women were 

Table 5. Costs (€) related to surgery

Inpatient hospital 
care

Outpatient 
hospital and out-of-
hospital care

Total

N Mean costs
 (95% CI)
51 2,903 
 (2,651 to  
  3,225)

35 57
 (37 to 79)

51 2,943
 (2,692 to  
  3,264)

N Mean costs
 (95% CI)
49 3,102
 (2,958 to  
  3,250)

37 115
 (71 to 167)

49 3,188
 (3,040 to  
  3,341)

Mean costs
(95% CI)

198
(-139 to 473)

57
(10 to 113)

246
(-121 to 545)

0.257

0.037

0.179

Conventional
surgery

Vessel
sealing

Vessel sealing
minus

Conventional surgery

P
value
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operated for dysmenorrhoea in the vessel sealing group. This might influence the perception 
of post-operative pain, which was our primary outcome. However, as most of the time this was 
a combination of dysmenorrhoea and menorrhagia, and no significant differences in the pre-
operative regular use of pain medication were found, we don’t think this influenced our findings.
Furthermore, our loss to follow up was larger than expected. At six months after surgery we 
sent the questionnaire to the patient’s home address, non –responders received a second 
questionnaire one month after the first one and two weeks after sending the questionnaire 
non-responders were contacted by phone. Despite these efforts, only 75% of the patients 
returned the questionnaire. The moderate response rate can probably be explained by the fact 
that this was a quite “easy” study for the patient to participate in, this might have reduced the 
commitment of the patient to participate in long-term follow-up. Furthermore the completion of 
the pain-diary was quite time consuming, which might have caused patients to stop completing 
it. The non-responders were equally distributed over the different centres. While conducting the 
trial, differential loss to follow-up occurred, 31% in the conventional group and 18% in the vessel 
sealing group. To evaluate to what extent this differential loss to follow-up could have affected 
our results we studied if women who did not respond to the pain diary or six months follow-up 
questionnaire differed by baseline (age, BMI, parity) and operative characteristics (duration of 
surgery, blood loss, hospital stay, complications) from women who did respond. No clear patterns 
emerged. 
To further evaluate the potential impact of our missing data on the reported results we studied 
three extreme scenarios: all loss to follow-up receive the worst pain score observed in that study 
group (scenario A) or the best pain score observed (scenario B), or only the women in the ligasure 
group receive the worst pain score observed, while the women in the conventional group receive 
the best pain score observed (scenario C).
The pain results (i.e. significantly increased pain in the conventional group on the evening following 
surgery, no difference during the remainder of the first week) were robust under scenario A 
and partly under scenario B. Under scenario C the conventional group experienced less pain 
during follow-up. Hence, the robustness of our study results specifically failed in one scenario. 
Considering however that we didn’t find any differences in baseline and operative characteristics 
between women with and without missing data, scenario C may not be highly likely. We conclude 
that the differential loss to follow-up among the studied groups in theory could affect the study 
results, but is actually unlikely to do so given the similarity of responders and non-responders to 
patient diaries and questionnaires on baseline and operative characteristics.
One of the strengths of this trial is that patients as well as the medical staff (other than the 
operating surgeon) were blinded for the used technique. As a result, bias in the counselling on 
experienced pain, based on the patients’ or the nurses’ preferences, was prevented. Another 
strong characteristic is that we used the same validated questionnaire before and after surgery 
to evaluate micturition and defecation symptoms.
Our main outcome was post-operative pain. In line with two previous studies reporting post-
operative pain to be reduced shortly after vaginal hysterectomy when using vessel sealing8, 10, we 
also found decreased post-operative pain the evening after surgery in the vessel sealing group. 
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However we also found that this difference in post-operative pain disappeared the first day after 
surgery. This is probably explained by the overall low pain scores found in this study, after the first 
post-operative day. We based our power analyses on results we found in a previous study among 
women scheduled for abdominal hysterectomy.16 We expected a difference in postoperative pain 
of 15% (pain score of 40 vs 34). From the first day after surgery pain scores were lower than these 
values. Why pain scores are so much higher after abdominal hysterectomy is probably due to the 
added pain of the abdominal incision which adds to the pain of hysterectomy itself 3. 
In contrast with the low pain scores, the mean hospital stay might seem quite long in our study 
in comparison to previous studies8,10,18. However in comparison to other studies among women 
scheduled for vaginal hysterectomy this hospital stay still falls within the normal range.3 The large 
spread in duration of hospital stay is probably explained by local cultural factors, and surgeon, 
as well as patient, expectations.19 In line with a recent meta-analysis19, hospital stay in our study 
population was somewhat shorter among women in the vessel sealing group, however this 
difference was not statistically significant.
In concordance with our findings, previous studies comparing vessel sealing with conventional 
clamping, all reported reduced operation time 4,7,9,10,18. The most plausible explanation for this 
finding is that energy based vessel sealing devices allow for rapid vessel sealing, coagulation 
and transsection of the pedicle in one handheld tool.20 The clinical relevance of an 11.6 minute 
difference in operating time is a point of discussion, especially since this 15% shortening of 
operation duration did not seem to induce a quicker recovery or short hospital admission. 
However every minute shorter the operation lasts, does reduce the costs of the procedure. The 
11 minute reduction in operating time already saves 72 euro. This partly compensated for the 
extra costs of the device. 
Some previous studies also found a decrease in blood loss using vessel sealing9,10,18. We could 
not confirm such an advantage of the vessel sealing technique7,9,10,18. The studies who found an 
advantage on blood loss were mostly small studies, with serious methodological limitations19. In 
these studies, the estimated blood loss was lower using both techniques than the values found 
in our study. This is probably explained by the exclusion of more complex hysterectomies in 
these studies. Another larger study who also included more complex hysterectomies did find an 
estimated blood loss in range with our measurements7. 
We expected to find the vessel sealing technique to be more expensive than the conventional 
technique, but the difference in costs remained limited to a non-significant 198 euro. The extra 
costs of the ligasure device and force triad of 447 euros were compensated for in part by shorter 
operation duration (72 euros saved) and the lower costs of hospital stay (139 euros saved).
Before the study it was hypothesized that vessel sealing might reduce the prevalence and 
experienced bother of micturition and defecation symptoms after surgery due to a reduction in 
damage to the autonomic innervation21. During the first six months after surgery such difference 
was not observed. To some extent, this can be explained by the rarity of postoperative pelvic 
floor disorders in both study groups, which is expressed by the low UDI and DDI domain scores 
at 6 months after surgery. The decrease in UDI and DDI domain scores at baseline may be 
explained by elimination of bothersome symptoms like menorrhagia or dysmenorrhoea, which 
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have been shown to decrease women’s disease specific quality of life22-24. Another explanation 
may be that follow-up was too short to observe a significant difference. Other previous studies 
with a short follow-up were also not able to demonstrate an increase in urinary symptoms 
after hysterectomy25-28, whereas studies with long-term follow-up did find increased urinary 
incontinence and voiding difficulties6,29-31.

Conclusion

Surgery seems to be faster using vessel sealing. However the shorter operation duration does not 
completely compensate for the costs of the Ligasure clamp. Patients may benefit from the use of 
a vessel sealing technique since the post-operative pain during the first night after surgery is less. 
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Abstract 

Introduction: Vaginal surgery may affect sexual function both positively and negatively. Possibly, 
negative consequences of surgical interventions on sexuality may be caused by reduced sensibility 
of the vaginal wall.

Aims: To develop a new method to measure vaginal sensibility.

Methods: We developed a technique to measure the sensibility of the vaginal wall consisting of 
a St Marks electrode on a gloved index finger, with a stimulating electrode mounted at the tip. 
Measurements were performed in four different target areas (caudal and cranial, posterior and 
anterior) by two independent female researchers in a random order. Subjects were 12 healthy 
women. 

Results: The intra-observer reproducibility of both researchers was almost perfect (pearsons-
rho correlation coefficient 0.77-0.96 p < 0.001). The inter-observer reproducibility was moderate 
(pearsons-rho correlation coefficient 0.39-0.49). Both researchers measured increased sensibility 
in the cranial posterior vaginal wall relative to the cranial anterior vaginal wall, but for all 
measurements, researcher 2 obtained higher sensibility ratings than researcher 1. In addition, 
researcher 2 found a decreased sensibility in the cranial anterior vaginal wall for women not 
using oral contraceptives. Phase of the menstrual cycle did not influence vaginal sensibility. 

Conclusion: We developed a new instrument to measure vaginal wall sensibility. The instrument 
has excellent intra-observer reproducibility. This method is sufficiently sensitive so as to 
differentiate between anterior and posterior cranial vaginal wall sensibility, but outcome differs 
as a function of researcher. Further evaluation of the clinical use of this method is needed, 
provided that measurements are performed by the same researcher.
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Introduction

Vaginal surgery may affect sexual function both positively and negatively1. In the evaluation 
of effects on sexual function following gynaecological surgery, validated questionnaires have 
become the main outcome measurement2. Questionnaires reflect, apart from the anatomical and 
physiological effects of the surgical intervention itself, the psychological effect of all intervention-
related alterations. Part of the beneficial effects on sexuality of surgical interventions may be due 
to the elimination of disturbing factors, like menorrhagia, vaginal bulging or urinary incontinence, 
which negatively affect sexual well-being3-6. However, not all studies investigating the effect of 
gynaecological surgery on sexuality have found an increased sexual function after surgery5,7,8. 
Sexual function is multi-factorial and involves psychological, contextual, anatomical and 
physiological aspects. Most outcome measures that are used nowadays to evaluate the effects 
of gynaecological surgery on sexual functioning are subjective outcome measures, for example 
disease specific questionnaires. To distinguish which factors are emotional or physiological and 
which factors are directly related to surgical trauma itself, there is a need for objective outcome 
measurements.
Several tools have been developed to assess vaginal sensibility9. Vardi et al performed 
measurements with the Genitosensory Analyzer (medoc Advanced Systems) which is comprised 
of thermal and vibratory components10. Vaginal and clitoral warm, cold, and vibratory sensory 
thresholds were measured in 89 healthy paid volunteers by the method of limits10. However 
the published norms do not seem to make a large impact on the assessment of female sexual 
function9. Also, the vibratory probes have no single contact surface but vibrate throughout, so 
no differences in innervation between different areas can be measured. The value of thermal 
thresholds in assessing vaginal sensibility is also still a matter of debate, since thermal stimuli 
are mediated by the small myelinated, group A beta vibers and vibrating stimuli by large vibers10. 
Yang et al reported a technique to measure sensory evoked potentials (SEP) of the dorsal nerve 
of the clitoris and the perineal nerve11. The dorsal nerve of the clitoris was stimulated through 
self-adhesive disk electrodes on either side of the clitoris. Perineal nerve SEPs were evoked 
through a vaginal probe. Cortical responses were measured through cup electrodes affixed to 
the scalp at Cpz and Fpz11. The use of this method is limited by its sensitivity and it only stimulates 
the distal part of the vagina at the introitus. The proximal part is not stimulated by this probe. 
Stimuli were delivered at a three times sensory threshold; women were only asked to localize 
the site of the stimuli11. This method doesn’t allow for measurement of differences in sensibility 
pre- and post surgery.
Weijmar Schultz and co-authors also published a technique to measure vaginal sensibility12. To 
stimulate the vaginal wall, they used a trofidur cylindrical tube on which two conical stainless steel 
tips were positioned 1 cm from the top of the tube with a diameter of 4 mm as the stimulating 
electrode and the indifference electrode. They stimulated 12 different locations, 2 to 4 cm from 
the vaginal introitus, under nonerotic conditions. The most sensitive spot was found to be the 
’12-hour’ position (anterior vaginal wall). Unfortunately, they did not report on the inter- and 
intra-observer reproducibility of the technique. 
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We developed a technique to measure the sensibility of the vaginal wall consisting of a St Marks 
electrode on a gloved index finger, with a stimulating electrode mounted at the tip. Measurements 
were performed in four different target areas (caudal and cranial, posterior and anterior) by two 
independent female researchers in a random order.
According to several studies, oral contraceptive use and menstrual cycle phase may influence 
genital sensibility. During rectal sensibility measurement increased rectal sensibility was found 
in the follicular phase compared to the luteal phase13. Nappi et al found that clitorial arterial 
peak systolic velocity was higher in women using oral contraceptives compared to women who 
did not14.
The goal of this study was to investigate intra- and inter-observer reproducibility of this new 
method and to define possible influences of menstrual cycle phase and oral contraceptive use 
on vaginal sensibility. 

Patients and methods

After approval of the ethical committee of the University Medical Centre Utrecht 12 healthy volunteers 
were recruited, they received travel allowance. Recruitment was done by an advertisement in 
the university journal. Women were excluded if they had vaginally delivered or if they had sexual 
problems or a history of sexual abuse. All volunteers completed a short questionnaire to document 
their medical history and to assess the presence of pelvic floor dysfunction. 
All measurements were performed by two female researchers (researcher 1 and 2) in non-erotic 
circumstances. The method of instruction was standardized. Based on a computer generated 
randomization table, researcher 1 or 2 started with the measurements. All volunteers underwent 
measurements at two different time-points; once in the follicular phase and once in the luteal phase 
of the menstrual cycle. This was done to investigate hormonal effects on the vaginal wall sensibility. 
Both researchers performed measurements at both time-points.
A St Marks electrode fixed on a gloved index finger, with a stimulating electrode mounted at the 
tip and a recording electrode mounted at the base was used15. This electrode has been developed 
to measure pudendal nerve terminal motor latency. For the measurements in this study we only 
used the stimulating electrode at the tip. By attaching the tip on the top of a gloved index finger 
it was possible to accurately approach the target location in the vagina. We identified 4 target 
locations: caudal anterior: three centimeter from the introitus in the midline on the anterior 
vaginal wall; caudal posterior: three centimeter from the introitus in the midline on the posterior 
vaginal wall; cranial anterior: most cranial part of the anterior vaginal wall in the midline (fornix 
anterior), and cranial posterior: most cranial part of the posterior vaginal wall in the midline 
(fornix posterior). 
To measure vaginal sensibility, the index finger with the electrode on top was placed on the 
target location without pushing to the wall to realize minimal pressure. To avoid order effects, 
the target locations were stimulated in according to a computerized random order. A constant 
current (square wave stimuli, 100 msec, 5 pulses per second) was increased gradually from 1 to 40 
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milli-Ampere (mAmp) until threshold of sensation was indicated by the volunteer. Intensity was 
gradually increased. We used the method of limits as it is the shortest and easiest to understand 
of all quantative sensory testing methods16. As the measurement includes reaction time, the real 
threshold will be of some lower value.
For the settings of the square wave stimuli we adapted those of the measurement of anal 
sensitivity17. The aim of our stimulation was to provoke a sensation of vibration and not of pain. 
Each measurement was repeated three times. The time between the measurements was 10 
seconds. The first measurement was not included to allow the volunteer to get used to the 
sensation of the stimulus and to limit the interval between sensation and response. 
In a short pilot study to test the feasibility of this new measurement it was observed that in 
the cranial part of the vagina the first sensation during increasing current was sometimes not 
only a sensation of vibration but also a sensation of pain. We therefore tested the sensibility 
of the cranial part of the vagina with two different settings. One setting was adapted from anal 
sensitivity testing (square wave stimuli, 100 msec, 5 pulses per second) and one setting was 
adapted from rectal sensitivity testing (square wave stimuli, 500 msec, 10 pulses per second)17. 
As none of the volunteers experienced a painful sensation during the settings adapted from 
rectal sensitivity testing, we adhered to these settings for sensitivity measurements of the cranial 
part of the vagina. 

Statistical	analysis
Data were carefully checked for outliers, none were detected. To quantify the intra- and inter-
observer reproducibility of the measurement Pearson-Rho coefficients were calculated. A 
Pearson-Rho coefficient expresses the correlation between two continuous variables18. The 
intra-observer reproducibility was determined per location for both researchers separately by 
calculating the correlation between each second and third measurement. A paired t-test was 
also conducted to be sure that no statistical significant differences were found between the 
second and third measurement per location per researcher. The inter-observer reproducibility 
was determined per location by calculating the correlation between each measurement of 
researcher 1 and 2. 
Analysis of variances (ANOVA) was used to test the effects of different factors and their 
interactions on vaginal sensibility. F-ratios were calculated. Factors included in this analysis were 
target location (anterior or posterior), researcher, use of oral contraception, and menstrual cycle 
phase (follicular or luteal phase). Because cranial and caudal measurements were conducted at 
different settings, this ANOVA was run for cranial and caudal measurements separately. Two- and 
three-way interactions between these variables were included in the ANOVA model. A p-value of 
< 0.05 was considered to be statistically significant. The statistical package used to perform the 
analyses was SPSS 16.0.
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Results

Mean age of the 12 volunteers was 23.9 years (standard deviation 5.2 years). Half of these 
volunteers used oral contraception. None of the volunteers suffered from micturition and 
defecation symptoms. One of the volunteers reported urgency and one other volunteer reported 
constipation. None of the volunteers reported sexual problems. 
In Table 1 the intra- and inter-observer reproducibility of our measurement per location is 
expressed by the Pearson-Rho coefficient. The intra-observer reproducibility of researcher 1 and 
2 was almost perfect. The inter-observer reproducibility was moderate. Because no statistical 
significant differences were found between the second and third measurement in each location 
and intra-observer reproducibility was very high, we used the mean of the second and third 
measurement in further analyses.
In table 2 the mean sensibility for each location is shown. As different settings were used for 
measurements in the cranial and caudal part of the vagina, the values of the cranial measurements 
cannot be compared to the values of the caudal measurements.

 

ANOVA was used to detect the main effects and two, three-way interactions on vaginal sensibility 
measurement. In caudal measurements the vaginal sensibility was affected by the researcher (F 
(1,10) = 6.89, p< 0.03, partial ƞ2 = 0.41, observed power = 0.66). Similarly, in cranial measurements 
a main effect of researcher was found (F (1,10) = 10.09, p< 0.01, partial ƞ2 = 0.50, observed power 
= 0.82) and a main effect of location (F (1,10) = 25.69, p < 0.0005, partial ƞ2 = 0.72, observed 
power = 0.995). Both researchers measured increased sensibility in the cranial posterior vaginal 
wall relative to the cranial anterior vaginal wall, but for all measurements, researcher 2 obtained 
higher sensibility ratings than researcher 1. For cranial measurements these main effects were 
modified by a researcher, location, and use of oral contraceptives three-way interaction (F (1,10) 
= 6.22, p < 0.05, partial ƞ2 = 0.38). Only for researcher 2, sensibility in the anterior vaginal wall, 
but not in the posterior vaginal wall, was lower in women not using oral contraceptives. No other 
main or interaction effects were found. 
We also performed a separate ANOVA in which women using oral contraceptives were excluded, 
to further evaluate the influence of time point in menstrual cycle. No influence of time point in 
menstrual cycle was found.

Table 1. Intra- and inter-observer agreement.

Caudal anterior wall
Caudal posterior wall
Cranial anterior wall
Cranial posterior wall

Intra-observer 
agreement
Researcher 1

Intra-observer 
agreement
Researcher 2

Inter-observer 
agreement

0.88 *
0.90 *
0.93 *
0.96 *

0.96 *
0.95 *
0.81 *
0.77 *

0.42
0.39  
0.49 *
0.46

Values are Pearson-Rho correlation coefficient
* = p < 0.001
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Discussion

In this manuscript we present a new method of quantitative sensory testing to measure vaginal 
sensibility. In the cranial part of the vaginal wall we found a significant increased sensibility of 
the posterior wall. This is in line with findings of Alzate et al en Laan et al.19, 20. We could not 
confirm the findings of other reports suggesting that the anterior vaginal wall is more sensitive 
than the posterior vaginal wall21. Hilliges et al found, during a immunohistochemical study, that 
the innervation of the caudal part of the anterior and posterior wall did not differ, we did not 
observe a difference in sensibility between caudal anterior and posterior vaginal wall22. These 
findings were moderated by researcher main effects for both caudal and cranial sensibility, and 
an interaction of location x researcher x use of oral contraceptive for cranial measurements. 
This interaction was mainly explained by measurements of researcher 2 who found a decreased 
sensibility in the anterior vaginal wall for women not using oral contraceptives. This was not 
found in the posterior wall or in the measurements of researcher 1. Therefore this interaction 
might also be largely explained by inter-observer variation. 
The variation in sensibility as a function of the researcher performing the measurements can 
probably be best explained by the variance in the force the researchers exerted to the vaginal 
wall or in the angle between the St Marks electrode and the vaginal wall. Our method has almost 
excellent intra-observer reproducibility, therefore one option to diminish the researcher effect 
might be to have one researcher performing all measurements. However, the best option seems 
to eliminate human factors from the measurement entirely. We are therefore currently testing a 
newly developed probe mounted with electro-stimulation electrodes20. This probe also allows 
for simultaneous vaginal pulse amplitude- and pelvic floor electromyography measurements23. 
Depth and orientation of the probe is controlled by a 9 x 2-cm acrylic plate and can be placed in 
the vagina by the subject herself. The probe remains positioned in an unaltered fashion during 
measurements, as such avoiding variation in force as a function of pressure. 
Phase of the menstrual cycle did not influence vaginal sensibility. This is in contrast with 
measurement of rectal sensibility, which have shown an higher sensibility in the follicular phase 
than in the luteal phase13. The fact that we could not confirm such effects of cycle on sensibility 
could be explained by the fact that half of the group used oral contraceptives which suppresses 

Table 2. Mean vaginal sensibility scores ( in milli-Amperes) of the four different locations.

Caudal
     Anterior
     Posterior
Cranial
    Anterior
    Posterior

Mean 95% CI p-value*

10.2
11.0

8.0
5.8

9.3-11.1
10.1-11.9

7.1-8.9
4.9-6.8

0.41

<0.01

* P-value of difference in mean between posterior and anterior measurement.
Note: different settings were used for cranial and caudal measurements.
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normal menstrual cycle. However even if women using oral contraception were excluded, the 
menstrual cycle appeared to not effect vaginal sensibility. Different findings in the follicular and 
luteal phase would have implicated that consecutive measurements in an individual always 
would have to be planned in the same phase. This finding and the absence of any measurement 
order adds to the applicability of the presented method.
The sensation of touch, light pressure, and vibration are conducted by large myelinated fibers 
in peripheral nerves and by the dorsal column of the spinal cord10,24. These large fibers are most 
relevant as their dysfunction could affect the sensory modalities that are important for female 
sexual function. All volunteers experienced the stimulus as a vibration sensation. None of the 
volunteers reported to have perceived the electric pulse as an erotic stimulus. This means that 
the large myelinated A-alpha and A-beta sensory fibers are stimulated. Rarely a painful sensation 
accompanied the sensation of vibration. If this happened, it happened at higher pulse wave 
amplitudes. This indicates that at higher amplitudes the small myelinated and/or unmyelinated 
fibers are stimulated as well. As the sensation of pain could most of the time not be reproduced in 
the same volunteer at the same location we argue that the presented method is predominantly a 
test to assess damage to the small nerve endings of the large myelinated fibers. 
One could argue that pressing the electrode against the vaginal wall provides additional 
stimulation of the large myelinated fibers. Even though the researchers were instructed to keep 
the electrode against the vaginal wall without providing additional pressure, the main effect of 
researcher and the researcher x location x oral contraception use that was found suggests that it 
is difficult to avoid differences in pressure of the electrode with this method.
In an unpublished pilot study we also attempted to measure the innervation of the clitoris, as 
sensibility of the clitoris plays an important role in sexual functioning. However, stimulation 
of the clitoris using a St Marks electrode generated a painful sensation during most of the 
measurements. This may be due to the more complex innervation of the clitoris containing both 
large-, small- and un-myelinated fibers of pelvic, pudendal, and hypogastic nerves. Another 
explanation for the painful sensations during stimulation of the clitoris may be that we did 
not find the optimal measurement settings. During vaginal wall stimulation, using non-optimal 
settings, the electric pulse frequently resulted in a painful sensation apart from a sensation of 
vibration.
This new method to measure vaginal sensibility was developed to evaluate the effects of vaginal 
surgery on sexual function in prospective studies. However, if measurements before and after 
intervention are performed by different researchers, the moderate inter-observer agreement 
will be a limitation. As the intra-observer agreement of our method is excellent, such limitations 
would not exist if measurements before and after intervention would be performed by the same 
researcher. The measurement might also be influenced by the setting of the measurement itself. 
However this influence is the same before and after intervention. To evaluate the influence of 
vaginal sensibility on sexual function, future research has to compare vaginal sensibility with 
validated questionnaires in healthy women and women with sexual dysfunction.
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Conclusion

Our method was developed for implementation as an outcome measure in clinical studies. 
We tested different variables which might affect vaginal sensibility. A main effect was found of 
researcher, however, a difference in vaginal sensibility in different locations could still be shown. 
An excellent intra-observer reproducibility was found, but measurements were affected by 
human factors. Future research has to establish the relationship between the measurement of 
vaginal sensibility and subjective sexual function. 
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Abstract

Introduction: Prolapse surgery has been shown to have major impact on sexual function. Since 
prolapse surgery not only influences psychological factors but might also influence physiological 
conditions such as vaginal innervation, there is a need for objective outcome measurements to 
better understand the effects of prolapse surgery on sexual function. 

Aims: To assess the effects of prolapse surgery with or without stress incontinence surgery on 
vaginal sensibility and to assess the relationship between vaginal wall sensibility and sexual well-
being.

Methods: This study was performed parallel to a randomized controlled trial comparing vaginal 
and abdominal prolapse surgery with or without incontinence surgery in women with uterine 
prolapse stage 2 or more.

Main outcome measures: Vaginal wall sensibility was defined as mean sensation threshold 
to electrical stimulation of the vaginal wall at 4 standardised places, measured before and six 
months after surgery. Higher sensation thresholds post-surgery relative to pre-surgery indicate 
diminished vaginal wall sensibility. Sexual function was assessed at the same time points using 
a questionnaire.

Results: Data on vaginal wall sensibility were obtained from 65 patients. The sensibility of 
the distal posterior (p=0.02) and distal anterior (p=0.10) vaginal wall decreased after vaginal 
surgery compared to abdominal surgery. Abdominal prolapse surgery with incontinence surgery 
decreased sensibility of the distal part of the anterior vaginal wall significantly more than 
abdominal prolapse surgery only (p=0.01). Before surgery, vaginal wall sensibility was lower in 
women who reported vaginal dryness or anorgasmia. The presence of genital pain was associated 
with higher vaginal wall sensibility. Post-operative vaginal wall sensibility was similar in women 
with and without sexual problems. 

Conclusion: Vaginal prolapse surgery as well as abdominal prolapse surgery with additional 
incontinence surgery resulted in decreased vaginal wall sensibility. This pilot study shows no 
influence of the decreased vaginal wall sensibility on sexual well-being. Larger studies are needed 
to better understand the association between changes in vaginal wall sensibility and changes in 
sexual well-being.
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Introduction

Pelvic organ prolapse is a condition that affects one in three women1,2. If symptoms are severe 
enough and less invasive measurements have failed, prolapse surgery is performed to correct 
the anatomical abnormalities involved. Such surgery has been shown to have major impact on 
sexual well-being3-7. Whereas some studies have shown a beneficial effect on sexual well-being, 
other studies reported no difference or even a decrease in sexual well-being3-7. Most of these 
studies based their conclusions on validated questionnaires to assess sexual function and their 
relationship to quality of life. However, sexual well-being is a multi-causal, multi-dimensional 
problem with biological, physiological, psychological and interpersonal determinants8. Validated 
questionnaires are the best method to address the psychological and interpersonal determinants 
but fail to represent the physiological effects that are involved. All types of prolapse and 
incontinence surgery affect not only the anatomical relations between the visceral organs in the 
pelvic cavity, but also cause damage to the vascularisation and innervation of the vagina due 
to surgical incision, traction and manipulation of the vagina and visceral organs. During vaginal 
prolapse surgery the risk of direct surgical trauma to the vaginal wall may be more extensive 
compared to abdominal surgery, as in abdominal prolapse surgery vaginal wall incisions and 
downwards traction of the visceral organs in the pelvic cavity are avoided. However, prolapse 
surgery combined with incontinence surgery (colposuspension) may result in additional damage 
to the vaginal wall because during this procedure traction and dissection is applied to the distal 
anterior vaginal wall. 
Sexual function has been associated with the integrity of vaginal innervation and vascularisation9,10. 
The sensation of touch or light pressure to the vaginal wall is transported to the central nervous 
system by the sensory part of the pudendal nerve. Stimulating this sensory branch of the 
pudendal nerve evokes changes in vaginal blood flow through activation of spinal autonomic 
pathways, which stimulate vasodilatation and lubrication11. Therefore, differences in vaginal 
wall sensibility could also affect sexual well-being. Studies reporting on the difference in vaginal 
wall sensibility before and after prolapse surgery are lacking.
Recently we validated a new method to measure vaginal sensibility that was developed to 
provide an objective outcome measurement of sexual function12. This method uses a St. Marks 
electrode mounted onto the investigators finger, to provide a constant current stimulus with 
gradually increasing intensity, to measure the sensation threshold at 4 standardised locations in 
the vagina. The validation of this method showed an excellent intra-observer agreement12. This 
new method enables us to evaluate the effects of prolapse surgery on vaginal wall sensibility and 
also to compare vaginal wall sensibility between women with and without sexual symptoms. 
The first goal of this study was to assess the damage to vaginal wall sensibility resulting from 
vaginal and abdominal prolapse surgery, with or without incontinence surgery. This was done 
by performing measurements of vaginal wall sensibility before and after surgery. As abdominal 
prolapse surgery does not involve vaginal wall incisions we hypothesized that damage to vaginal 
wall sensibility is more extensive following vaginal prolapse surgery than following abdominal 
prolapse surgery. As incontinence surgery also involves vaginal wall incision in the distal part of 
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the vaginal wall we hypothesized that distal vaginal wall sensibility is decreased after prolapse 
surgery combined with incontinence surgery. Our second goal was to investigate the relationship 
between vaginal wall sensibility and sexual function. As stimulation of sensory afferents also 
affects vaginal blood flow, we hypothesized that the presence of sexual problems is associated 
with decreased vaginal wall sensibility. 
This study was performed as part of an RCT comparing recurrence of prolapse following vaginal 
and abdominal prolapse surgery. The result of the RCT is published elsewhere13-15. 

Methods and Measurements 

Study	population	and	intervention
Vaginal wall sensibility measurements were performed as part of a multicentre randomized 
controlled trial comparing vaginal and abdominal prolapse surgery of decensus uteri stage II-IV 
(ICS)13-15. Exclusion criteria were the presence of an adnexal mass, a history of more than two 
abdominal pelvic surgical procedures, extreme obesity (BMI > 35 kg/m2), prior inflammatory 
bowel or pelvic surgical procedures and fecal incontinence because of an internal or external 
anal sphincter defect. The study protocol was approved by the local medical ethical committee 
of the three participating hospitals in the Netherlands (University Medical Centre in Utrecht, 
St. Antonius Hospital in Nieuwegein, Diaconessenhuis in Utrecht) and written informed consent 
was obtained from all patients. After written consent of the patient to participate in the study, 
patients were assigned through computerised randomisation to have pelvic reconstructive 
surgery by either vaginal or abdominal approach. 
Vaginal approach consisted of vaginal hysterectomy combined with anterior and/or posterior 
colporrhaphy if indicated16. The abdominal approach involved sacrocolpopexy with preservation 
of the uterus17. Simultaneously incontinence surgery (colposuspension) was performed in 
case of evident or masked stress incontinence. In case of abdominal sacro-colpopexy a Burch 
colposuspension was performed and in case of vaginal surgery a stamey-pereyra needle 
suspension technique was performed. Patients did not use estrogen suppletion before 
surgery was performed. A more extensive description of surgical technique and peri-operative 
management can be found in previous publications13-15. 

Vaginal sensibility measurement
Vaginal measurements were performed a few weeks before surgery and six months after surgery. 
This time frame was chosen based on a study providing evidence that innervation damage can 
recover by 6 months after a pelvic floor trauma18. 
The method we developed consists of a St Mark’s electrode, with a stimulating electrode mounted 
at the tip and a recording electrode mounted at the base which was attached to the investigators 
finger19. The electrode provides a constant current stimulus of gradually increasing intensity. 
The validation study showed that this method had excellent intra-observer reproducibility, but a 
moderate inter-observer variation12. Therefore, all measurements were performed by the same 
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investigator. All measurements are performed at 4 standardised locations: three centimetres 
from the introitus in the midline on the distal anterior and posterior vaginal wall and the most 
proximal part of the anterior and posterior vaginal wall in the midline (fornix anterior and 
posterior). To measure vaginal sensibility, the index finger with the electrode on top was placed 
on the target location without pushing it to the wall, to realize minimal pressure. The target 
locations were stimulated in a random order. A constant current square wave stimulus (100 
msec, 5 pulses per second) was increased gradually from 1 to 40 milli-Ampere (mAmp) until 
threshold of sensation was indicated by the patient. A higher value means a higher threshold of 
sensation and a diminished vaginal wall sensibility. The aim of our stimulation was to provoke 
a sensation of vibration and not of pain. Each measurement was repeated three times, the first 
measurement was not included in the analysis to allow the patient to get used to the sensation 
of the stimulus and to limit the interval between sensation and response. 

Sexual	function	questionnaire	
Patients received the Questionnaire for screening Sexual Dysfunctions (QSD) before surgery 
and six months after surgery. This QSD is a validated Dutch questionnaire to assess presence, 
frequency and experienced discomfort of sexual dysfunctions20. We selected 4 questions (see 
appendix 1) from this questionnaire to identify the presence of problems with lubrication, orgasm, 
pain in genitals and arousal. We chose these four questions based on patients experiences. The 
experienced discomfort of these symptoms was measured on a 5 point likert scale ranging from 
not at all to severely bothered. We dichotomized the reported bother to “bothersome” (in case 
the reported discomfort was: ”I am bothered”, “I am much bothered” or “I am severely bothered”) 
or to “not bothersome” (in case the symptom was not present or the reported discomfort was 
“not at all bothered” or “a little bothered”). 

Statistical	analysis
Data were analysed according to the intention to treat principle. First, we performed a careful 
check for outliers. Second, the mean of the second and third measurement in each location 
was calculated. Third, we calculated differences in mean vaginal wall sensibility by subtracting 
the mean sensation threshold after operation from the mean sensation threshold before 
operation. Negative scores therefore indicate higher sensation thresholds post-surgery relative 
to pre-surgery, indicating diminished vaginal wall sensibility, which represents damage to the 
innervation of the vaginal wall.
To investigate the isolated effect of vaginal and abdominal prolapse surgery on vaginal wall 
sensibility we first compared vaginal wall sensibility in women who did not undergo incontinence 
surgery. Next, we investigated the effect of prolapse surgery combined with incontinence surgery 
by comparing women with and without incontinence surgery. Since incontinence surgery is 
performed differently in vaginal and abdominal approach analyses were conducted separately 
for each approach. All analyses were done using a Mann-Whitney U-test because the data were 
not normally distributed.
To investigate the relationship between vaginal wall sensibility and sexual function pre- and 
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post surgery, we compared median vaginal wall sensation thresholds between women with and 
without bothersome sexual problems pre- and post-operatively using a Mann-Whitney-U test. 
Any differences in prevalence of bothersome sexual symptoms in women undergoing vaginal 
or abdominal prolapse surgery with or without incontinence surgery were studied using Fisher 
Exact Tests.

Table 1. Baseline characteristics of the patients.

Agein years (mean, SD)
Parity (median; IQR)
Body mass index in kg / m2 (mean, SD)
History of prolapse surgery (n, %)*
     Anterior colporraphy
     Anterior and posterior colporraphy
Findings at pelvic examination (n, %)
     Descensus uteri
          Stage 2
          Stage 3
     Cystocele
          No cystocele
          Stage 1
          Stage 2
          Stage 3
     Rectocele
          No rectocele
          Stage 1
          Stage 2
          Stage 3
Measured vaginal wall sensibility in mA (median; IQR)
        Distal anterior vaginal wall
        Distal posterior vaginal wall
        Proximal anterior vaginal wall
        Proximal posterior vaginal wall
Performed surgical technique (n,%)**
         Vaginal approach
         Abdominal approach
         Colposuspension     

57 (10)
3 (2-3)
26 (3)
5 (15)
3
2 

53 (82)
12 (18)

1 (2)
6 (9)
30 (46)
28 (43)

11 (17)
31 (48)
19 (29)
4 (6)

18 (13-24)
18 (13-25)
10 (8-12)
9 (7-10)

35 (54)
30 (46)
22 (34)

Number of patients 65

* Some patients had undergone more than one surgical procedure in the past.
**  Some patients underwent more than one surgical procedure
IQR= inter- quartile range
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Results

Sixty-five women underwent vaginal wall sensibility measurements before and after surgery. 
Table 1 shows the patient characteristics of the studied population including pre-operative 
median vaginal wall sensibility scores. No statistical significant differences were found in patient 
characteristics between vaginal and abdominal operated patients and between women with or 
without concomitant incontinence surgery. 

Prolapse	surgery	without	incontinence	surgery
Median differences in vaginal wall sensibility after vaginal and abdominal prolapse surgery, 
without incontinence surgery are shown in table 2. Vaginal wall sensibility was significantly more 
decreased after vaginal prolapse surgery in the distal posterior vaginal wall. At the anterior vaginal 
wall, sensibility also decreased more following vaginal prolapse surgery, but the difference with 
abdominal prolapse surgery did not reach statistical significance. 

 

Table 2. Comparison of median difference, between before and after surgery, in sensation threshold 
(in mA) between vaginal and abdominal prolapse surgery, in women without incontinence surgery.

Values are medians (range) of ∆ vaginal wall sensibility= sensation threshold before surgery- sensation threshold after 
surgery)
1 calculated with Mann-Whitney U Test.

Distal anterior wall
Distal posterior wall
Proximal anterior wall
Proximal posterior wall

2  (-10-23)
5  (-31-30)
2  (-7-18)
0  (-4-14)

-3 (-32-31)
-3 (-37-14)
 0 (-12-9)
 0  (-14-14)

Vaginal surgery
N=26

Abdominal surgery
N=17

0.10
0.02
0.07
0.46

P value1

Performed surgical technique

Values are medians (range) of ∆ vaginal wall sensibility= sensation threshold before surgery- sensation threshold after 
surgery)
1 calculated with Mann-Whitney U Test.

Table 3. Comparison of median difference, between before and after surgery, in sensation threshold 
(in mA) between women with and without incontinence surgery.

Distal anterior wall
Distal posterior wall
Proximal anterior wall
Proximal posterior wall

-3 (-32-31)
-3 (-37-14)
0 (-12-9)
0 (-14-14)

-5 (-60-18)
0 (-12-8)
0 (-14-24)
2 (-15-18)

0.42
0.85
0.49
0.65

2 (-10-23)
5 (-31-30)
2 (-7-18)
0 (-4-14)

-4 (-19-19)
1 (-33-26)
1 (-4-7)
1 (-5-8)

0.01
0.24
0.65
0.95

Vaginal surgery Abdominal surgery

With 
incontinence 
surgery
N=9

Without 
incontinence 
surgery
N=25 P1

With 
incontinence 
surgery
N=13

Without 
incontinence 
surgery
N=17 P1
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Prolapse	surgery	with	incontinence	surgery
Prolapse surgery with incontinence surgery was performed in 22 women (34%), of whom 9 
underwent vaginal surgery and 13 underwent abdominal surgery (see table 3). In women who 
underwent vaginal prolapse surgery no statistically significant difference in vaginal wall sensibility 
was observed between women with and without incontinence surgery. However, in women 
who underwent abdominal prolapse surgery, sensibility in the distal part of the anterior vaginal 
wall decreased significantly more in patients with incontinence surgery compared to without 
incontinence surgery. 

Sexual symptoms
Forty-four women (68%) completed the questionnaire before and after surgery, thirty-seven of 
them were sexually active (57%) before surgery and 39 women (60%) were sexually active six 
months after surgery. After surgery all women who were sexually active before surgery were 
still sexually active, after surgery two more women became sexually active. Some women did 
not complete all questions because they thought the questions were too personal. Table 4 
shows median vaginal wall sensation thresholds in women with and without sexual problems. 
Before surgery, vaginal wall sensation thresholds of the distal part of the posterior vaginal wall 
were higher in women with complaints of vaginal dryness and/ or anorgasmia than in women 
in whom these symptoms were not present. Women reporting painful intercourse (n=7) had 
lower vaginal wall sensation thresholds of the distal posterior vaginal wall and proximal anterior 
vaginal wall than women who did not report this symptom (n=29). After surgery, 13 women 
(21%) experienced one or more sexual problems. Women with anorgasmia (n=6) had higher 
vaginal wall sensation thresholds in the distal posterior vaginal wall than women without orgasm 

Table 4. Comparison of median sensation threshold (in mA) per reported bothersome sexual symptom 
before and six months after surgery.

Distal anterior 
Distal posterior 
Proximal anterior 
Proximal posterior 

No Yes 
n=24 n=12    p
18 19 0.75
16 21 0.04
10 9 0.80
9 9 0.86

Vaginal dryness Anorgasmia
Before surgery

Pain in genitals Lack of sexual 
arousal

No Yes 
n=24 n=12    p
18 18 0.67
17 24 0.05
10 10 0.70
8 9 0.19

No Yes 
n=24 n=12    p
19 16 0.14
20 13 0.04
10 7 0.04
9 7 0.37

No Yes 
n=24 n=12    p
18 16 0.79
17 21 0.25
10 10 0.53
8 9 0.24

After surgery

Distal anterior 
Distal posterior 
Proximal anterior 
Proximal posterior 

No Yes 
n=24 n=12    p
21 14 0.18
13 16 0.92
10 8 0.58
9 8 0.58

No Yes 
n=24 n=12    p
20 20 0.92
13 24 0.06
9 12 0.28
8 10 0.11

No Yes 
n=24 n=12    p
20 21 0.84
13 26 0.08
9 12 0.77
9 10 0.87

No Yes 
n=24 n=12    p
21 18 0.45
14 25 0.36
10 10 0.58
9 9 0.36
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difficulties (n=32).
No statistically significant differences in the prevalence of sexual symptoms were found between 
the different surgical procedures, before and after surgery. 

Discussion 

We performed pre-and post-operative measurements of vaginal wall sensibility as part of a 
randomized controlled trial to better understand the effects of prolapse surgery, with or without 
incontinence surgery, on sexual function. We found that vaginal wall sensibility decreased more 
in patients who underwent vaginal prolapse surgery compared to women undergoing abdominal 
prolapse surgery. If abdominal prolapse surgery was combined with incontinence surgery, which 
involves dissection of the distal part of the vaginal wall, vaginal wall sensibility in the distal part 
of the anterior vaginal wall was decreased. 
Before interpreting the results some points need to be discussed. We decided to measure 
vaginal sensibility at 6 months after surgery based on studies providing evidence that innervation 
damage can recover until 6 months after a trauma of the pelvic floor18. One might consider the 
fact that the assessor was not blinded for the performed operation as a limitation of this study 
however considering the kind of surgery it was not possible to blind the assessor since he would 
have seen the scar or miss the cervix.
The strength of this study is that we performed objective measurements of vaginal wall sensibility 
before and after surgery. By measuring vaginal wall sensibility before and after surgery at four 
standardized locations, we were able to identify the effects of surgery on vaginal wall sensibility 
in each of these locations. In doing so, we were able to try to relate changes in vaginal wall 
sensibility to specific surgical steps. 
We observed decreased vaginal wall sensibility following vaginal prolapse surgery, which 
consisted of vaginal hysterectomy with concomitant anterior and/or posterior colporrhaphy, in 
89% of the cases. This decrease may be explained by the extensive dissection of epithelium and 
fascia during anterior and posterior colporrhaphy resulting in damage of the free nerve endings 
in and near the epithelium22. However, vaginal prolapse surgery is also consisted of hysterectomy 
which can of course also damage vaginal innervation23. That sensibility of the proximal anterior 
vaginal wall decreased more than sensibility of the proximal posterior vaginal wall may be 
explained by the fact that more women in the vaginal group underwent concomitant anterior 
colporrhaphy than posterior colporrhaphy. Further research is needed to make a distinction 
between the damage done by hysterectomy, colporrhaphy and colposuspension.
We observed that combining abdominal prolapse surgery with incontinence surgery significantly 
decreased vaginal wall sensibility in the distal part of the anterior vaginal wall. This location 
corresponds to the urethra-vesical junction and thus to the surgical site of the incontinence 
procedure. Both the surgical incision, as well as the traction to the para-urethral tissue during 
and after the procedure, may be responsible for a decrease in vaginal sensibility. 
Our study suggests that in patients with uterine prolapse there is an association between 
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lower vaginal wall sensibility in the distal part of the posterior vaginal wall and symptoms of 
vaginal dryness and anorgasmia. This association may be explained by the fact that stimulation 
of the sensory part of the pudendal nerve evokes changes in vaginal blood flow and lubrication 
through activation of spinal autonomic pathways11. After surgical correction of the genital 
prolapse, the significant associations between vaginal wall sensibility and sexual symptoms 
were no longer observed. This might be explained by the lack of power, most of the comparisons 
in our study had a medium effect size (d=0.5) with a power of 80% and an alpha of 0.05 we 
would have needed 64 patients per group. In our study we had 39 sexually active women who 
answered the questionnaire postoperative in total and only 13 women experienced one or 
more bothersome sexual problem after surgery. Therefore, it was difficult to compare women 
with and without symptoms after surgery. An explanation for this low rate of sexual symptoms 
after operation might be an improvement of the patients’ confidence and body image due to 
correction of the anatomical abnormalities and cure of the associated pelvic floor symptoms, 
such as urinary and fecal incontinence24, 25. Such improvement in confidence and body image 
may also enhance sexual function24, 25. To disentangle the direct effects of surgical procedures 
on sexual function and indirect effects such as improved confidence and body image as a result 
of a relief of incontinence symptoms, future studies should allow for longer follow-up periods 
and comprehensive measurement of psychological changes hypothesized to be associated 
with improved sexual function. Also the removal or preservation of the uterus might influence 
sexual function. Therefore future studies should also take this into account.
This is the first study investigating the effects of different types of prolapse surgery, with or 
without incontinence procedures, on vaginal wall sensibility. Our goal was to generate hypothesis 
on the effects of prolapse and incontinence surgery on vaginal wall sensibility and its relation this 
to sexual function. Some evidence was found that diminished vaginal wall sensibility is related 
to anorgasmia and vaginal dryness. Further research is needed to better understand the effects 
of pelvic floor surgery on vaginal wall sensibility and the association with sexual well being. 
Improved insight into these effects can be used to improve counselling about sexual function 
post-surgery and may ultimately influence the treatment selection. 
In conclusion, vaginal prolapse surgery as well as abdominal prolapse surgery with additional 
incontinence surgery that involves dissection of the distal part of the vaginal wall resulted in 
decreased vaginal wall sensibility. The observation that pre-operative vaginal wall sensibility is 
lower in women with symptoms of anorgasmia and vaginal dryness and that post-operatively 
there was no relationship between sexual complaints and vaginal wall sensibility warrants 
further research.
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Abstract

Objective: Prolapse surgery has been shown to positively alter body image and decrease pelvic 
floor symptoms, hereby possibly improving sexual function. However, the surgical trauma itself 
may adversely affect sexual function, by damaging innervation and vascularisation of the vagina 
and its surrounding tissues. Hence, there is a need for objective outcome measurements to 
better understand the effects of prolapse surgery on sexual function. 

Methods: A prospective study was performed, including patients scheduled for vaginal prolapse 
surgery. Participants underwent measurements before and 6 months after surgery, during 
non-erotic and erotic visual stimuli, using a validated vaginal combi-probe. This combi-probe 
includes vaginal photoplethysmography to assess Vaginal Pulse Amplitude (VPA) (representing 
vaginal vasocongestion), and four pulse-generating electrodes to measure vaginal wall sensibility 
(representing vaginal innervation). Sexual function was assessed using validated questionnaires 
(FSFI, FSDS-R, SSAQ). Pre- and postoperative vaginal vasocongestion, vaginal wall sensibility and 
sexual function scores were compared.

Results: Twenty-nine women were included, 24 (83%) completed the six months follow-up visit. 
VPA analysis showed a significant reduction in vaginal vasocongestion during sexual stimulation 
post-operatively (pre-op 2.4 mV (SD 2.5) vs post-op 1.7mV (SD2.4), p=0.05). Vaginal wall sensibility 
in the cranial posterior vaginal wall was significantly reduced after surgery (pre-op 13.3mA vs 
post-op 17.5mA, p<0.05), On the other locations vaginal wall sensibility was not affected by 
surgery. Sexual function as assessed with questionnaires, was not significantly affected. 

Conclusion: Prolapse surgery negatively impacted levels of vaginal vasocongestion during sexual 
stimulation as well as vaginal wall sensibility in the cranial posterior vaginal wall, but sexual 
function as assessed by questionnaires, did not seem to alter. Future studies are needed to tease 
out the contribution of psychological and physiological factors on sexual function.
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Introduction

Pelvic organ prolapse is a common condition affecting micturition, defecation and sexual 
function1,2. When symptoms are severe enough, prolapse surgery is performed to correct 
anatomical abnormalities. The intention of such procedures is to restore anatomical abnormalities, 
and hereby improve symptoms of micturition, defecation and sexual function. However, 
previous studies did not consistently find improvement in sexual function after vaginal prolapse 
surgery, with some studies showing improvement3-9, others showing no impact of surgery on 
sexual function10-13, or a worsening of sexual function14-16. Most of these studies used validated 
questionnaires to evaluate sexual function. These questionnaires mainly assess psychological 
and interpersonal aspects of sexual function. Sexual function, however, also depends on intact 
vaginal innervation and vasocongestion17-19, and to date, the effect of prolapse surgery on these 
indices is unknown.
During sexual stimulation increased vaginal vasocongestion causes clitoris engorgement and 
subsequent lubrication. The same occurs for the vagina, which becomes engorged during sexual 
stimulation and forms a plasma transudate that is critical during the sexual arousal phase2,15,18,19. 
The autonomic innervation responsible for this response to sexual stimuli originates from the 
pelvic plexus and travels within the uterosacral and cardinal ligaments20.
Prolapse surgery may impact on vaginal vasocongestion and innervation in various ways. The 
extensive dissection of the vaginal epithelium and fascia, that is performed during colporraphy, 
may affect the free nerve endings in the vaginal epithelium and damage the peripheral blood 
vessels, which are important for vaginal lubrication19,21. Furthermore, during sacro-spinous 
ligament fixation, the pudendal nerve might be at risk for damage due to indirect surgical trauma, 
as the pudendal nerve is closely related to the sacro-spinous ligament. Also, overstretching of 
the vagina might induce a constant input to the afferent nerves causing the afferents to be less 
sensitive to other stimuli. Lastly, downwards traction during vaginal surgery may cause damage 
to the innervation22-24. 
To assess surgery-related damage, our group has developed and validated a method to measure 
vaginal wall sensibility25. The method was incorporated in a standard probe used for vaginal 
photoplethysmography. This enabled us to measure vaginal wall sensibility concurrent with 
Vaginal Pulse Amplitude (VPA), which is a validated method to measure vaginal vasocongestion26.
The first aim of this study is to evaluate the effect of prolapse surgery on vaginal vasocongestion 
and vaginal wall sensibility. The second aim is to evaluate if sexual dysfunction was related to 
diminished vaginal vasocongestion and innervation. 

Materials and methods

We performed a single-centre, prospective, observational study. Patients scheduled for vaginal 
prolapse surgery were asked to participate in this study. Exclusion criteria were: prior bowel 
surgery or pelvic surgical procedures, a history of sexual abuse or pre-existing sexual dysfunction, 
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use of medication that affects sexual wellbeing, diabetes mellitus, hypertensive disorders with 
vascular disease and presence of a depressive disorder. During a brief telephone interview 
patients were screened for the presence of any of the exclusion criteria. Depressive symptoms 
were assessed using the Dutch adaptation of the Beck Depression Inventory- short form, patients 
were excluded if they scored 14 points or more on this questionnaire27, 28. During the visit to the 
outpatient clinic, all patients were asked if they had any complaints regarding sexual function. If 
a patient reported her sexual function to be impaired she was excluded from the study. 
The study protocol was approved by the local Medical Ethics committee of the Academic Medical 
Centre Amsterdam and written informed consent was obtained from all patients.

Surgical procedure
Only women scheduled for conventional prolapse surgery (i.e. without the use of Mesh material) 
were included. Prolapse surgery was performed according to standardized surgical protocol29, all 
patients were operated by the same gynaecologist. Peri-operative treatment was the same in 
all participating patients. Patients underwent anterior colporrhaphy in case of stage 2 cystocele 
or more (POP-Q classification), posterior colporrhaphy in case of stage 2 rectocele or more 
and sacro-spinous ligament fixation in case of middle compartment prolapse. In our clinic we 
prefer sacrospinous fixation over vaginal hysterectomy as surgical correction of apical prolapsed, 
considering the lower risk of complications and similar recurrence rate30.

Measurement	of	vaginal	innervation	and	vaginal	vasocongestion
All women were asked to undergo measurements of vaginal innervation and vaginal 
vasocongestion using the vaginal combi-probe (figure 1). This device, sized and shaped as 
a menstrual tampon, could easily be inserted by the patient herself. The device contains a 

Figure 1. Vaginal combi-probe which is used during this study to measure vaginal vasocongestion and 
vaginal wall sensibility.
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light source and an optical sensor to measure Vaginal Pulse Amplitude (VPA), and four pulse-
generating electrodes to measure vaginal wall sensation threshold. Depth of the combi-probe 
and orientation of the light source were controlled by a device (a 9x2-cm persplex plate) attached 
to the cable within 5cm of the optical sensor. Patients were instructed to insert the combi-probe 
such that the plate touched their labia. The probe and plate were sterilized in a solution of Cidex-
activated glutaraldehyde (CidexOPA; Johnson and Johnson, Amersfoort, The Netherlands). 

Psychophysiological assessment. 
* VPA. VPA is a validated method to assess phasic changes in vaginal vasocongestion in the 
peripheral vessels with every heart beat. Increased amplitudes are indicative of increased vaginal 
vasocongestion26. 
* Vaginal wall sensibility. Four pulse generating electrodes were used to assess vaginal 
wall sensibility. These were mounted at the probe at four different locations: three and six 
centimetres from the introitus in the midline on the anterior and posterior vaginal wall. These 
four electrodes separately provided a constant current stimulus which was gradually increased in 
intensity (0-100 mAmpere) until the threshold of sensation was indicated by the patient. Higher 
values indicate a higher threshold of sensation, and a diminished vaginal wall sensibility. The four 
locations were stimulated in a random order. Each measurement was repeated three times, the 
first measurement was not included in the analysis to allow the patient to become acquainted 
with the sensation of the stimulus and to limit the interval between sensation and response. This 
method was validated in a previous study25. 

Questionnaires.
1. Subjective	 sexual	 arousal	 and	affect	questionnaire	 (SSAQ)26. Immediately following erotic 

film exposure participants filled out a 37-item questionnaire measuring sexual feelings 
and affect, consisting of 5 scales: sexual arousal (Cronbach’s α=0.87); genital sensations 
(Cronbach’s α=0.96); sensuality (Cronbach’s α=0.73); positive affect (Cronbach’s α=0.93); 
and negative affect (Cronbach’s α=0.65).12 Each question was preceded by the sentence: 
“During the video, I felt:” after which a positive, negative, physical or sexual experience was 
described, for instance, pleasant; worried; genital pulsing or throbbing; sexually aroused. 
The items were measured on a 1 (not at all) to 7 (intensely) scale. 

2. The	Female	sexual	Function	Index	(FSFI):	This is a validated questionnaire evaluating sexual 
function31. The questionnaire consists of 6 domain scores: desire, arousal, lubrication, 
orgasm, satisfaction and pain. The total score range is 2-36, with higher scores indicating 
better sexual functioning. The psychometric quality of the Dutch version is as satisfactory as 
the original version32. 

3. The Female Sexual Distress Scale- Revised (FSDS-)33,34. This is a validated questionnaire 
consisting of 13 questions assessing the level of sexual problems-related distress33. A 
total score is calculated, with higher scores indicating a higher level of distress. Again, the 
psychometric quality of the Dutch version is as satisfactory as the original version32.
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Study procedure 
Objective and subjective measurements were performed one to six weeks before surgery, and 
six months after surgery. This post-operative period was chosen based on a study providing 
evidence that innervation damage can recover up to six months after a pelvic floor trauma35. The 
experiment was carried out by a female researcher. During the whole experiment the patient 
was alone in the laboratory, with the researcher in the adjacent room. Patients were instructed 
to insert the probe and take a seat in front of the monitor. First, baseline value was determined 
by showing a non-erotic documentary for 3 minutes. After that, the VPA measurements were 
performed under neutral and erotic conditions using film fragments. The 3 minute neutral film 
excerpt was taken from “Pearls of the Caribbean”. The 3 minute sexual film excerpt consisted of 
an erotic scene taken from erotic films known to significantly increase vaginal vasocongestion 
and subjective sexual arousal, depicting foreplay, cunnilingus, and intercourse (One size fits all by 
Candida Royalle). After each fragment the patient was asked to fill out the SSAQ. At the end of 
the VPA measurements the non-erotic film was continued to allow genital response to return to 
baseline. If after two minutes, genital response had not returned to baseline level, patients were 
asked to count backwards until baseline level was reached. Subsequently another three minute 
neutral film fragment was shown. After this neutral film fragment the measurements of vaginal 
wall sensibility were performed. 
Two versions (A and B) were made containing comparable, but different, neutral and erotic film 
fragments. Half of the subjects were randomly allocated to version A for the pre-surgery test and 
version B for the post surgery test. The other half was allocated to the stimulus versions in the 
reverse order.

Power	calculation
In a previous study using an electrode attached to the investigator’s finger to assess vaginal wall 
sensibility, we found a decrease in vaginal wall sensibility after vaginal hysterectomy combined 
with anterior and/or posterior colporrhaphy with an effect size of 0.3036. Another study in 
women who underwent proctocolectomy with ileo-anal pouch anastomosis, we found vaginal 
vasocongestion to be significantly decreased 6 months after surgery, with a median effect size 
(d=0.25). With an alpha of 0.05, a power of 80% and an effect size of 0.25 a minimum of 18 
patients is needed for the within subject effect37. Therefore we aimed to include 18 patients in 
this study.

Data	reduction	
VPA was registered during the entire experiment. Data were entered into a computer program 
developed at the Department of Psychology, University of Amsterdam. After VPA artefact 
deletion, peak-to-through amplitude was calculated for each remaining pulse, averaged over 
10-s epochs and converted to mV. Mean VPA values (VPAmean) for neutral film stimuli were 
computed by averaging peak-to-through amplitudes across the entire duration of each 3-min 
film. An increased peak-to-through amplitude indicates increased vaginal vasocongestion. 
VPAresponse was calculated by subtracting the participant’s VPAmean value during exposure 
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to the erotic film stimulus, minus the participant’s VPAmean value of the preceding neutral film 
fragment. 
Domain scores of the FSFI , the total FSFI score, the total FSDS-R score and SSAQ domain scores 
were calculated. 

Statistical	analysis
Pre- and postoperative VPAmean, vaginal sensation thresholds, SSAQ scores and domain scores 
of the FSFI and FSDS-R were compared using a Wilcoxon signed rank test for paired data, median 
and range were reported. Sub-group analyses were performed for every different type of surgical 
procedure. To inspect possible increases over time in mean change in VPA response to erotic 
film exposure (VPAresponse), the 10-second VPA epochs were submitted to a 2 (pre- and post-
operative) x 15 (change in response over time) repeated measures ANOVA.
To evaluate if changes in vaginal sensation thresholds, VPAmean and VPAresponse were related 
to sexual dysfunction, we dichotomized the pre-, and post-operative total FSFI score into normal 
(FSFI total score> 26.55) and dysfunctional (FSFI total score< 26.55) 31 and compared sensation 
thresholds, VPAresponse and VPAmean between these two groups using a Mann-Withney-U test.

 

Results

In total, 99 women were asked to participate. Twenty-nine women agreed to participate (29% 
participation rate), 24 of whom completed the six months follow-up visit. It proved to be 
difficult to recruit patients for this study, most women refused because they did not want to be 
questioned about sexual function and did not want to be exposed to erotic film material. Other 
patients declined because they felt that the study would take too much of their time. Baseline 

Median BMI in kg/m2

Median age in years
Parity (n)
Menopausal status
 Postmenopausal
 Premenopausal
 Unknown
Performed procedure
 Anterior colporhaphy (AC)
 Posterior colporhaphy (PC)
 Sacro-spinous ligament fixation (SSLF)
 AC+ PC
 SSLF+AC
 SSLF+PC

25.4 (20.1-34.2)
52.2 (38.1-62.8)
2 (1-4)

15 (52%)
12 (41%)
2 (7%)

9 (31%)
7 (24%)
2 (7%)
3 (10%)
6 (21%)
2 (7%)

N=29

Table 1. Patient characteristics and performed procedures.
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characteristics of the participants, including the performed surgical procedures, are shown in 
Table 1.

 

Vaginal	vasocongestion
VPAmean values during neutral film were significantly lower post-operatively (median 1.3 
mV (range 0.3-3.2mV)) than pre-operatively (median 1.8 mV (range 0.6-6.4)) (p< 0.01). The 
repeated measures ANOVA showed a significant increase in VPAresponse during erotic film 
(p<0.01) (Figure 2). There was a significant negative effect of the operation (p=0.05) such that 
postoperative scores were lower than preoperative scores (figure 2). The operation x change in 
response over time interaction was not significant (p=0.95), indicating that even though mean 
postoperative scores were lower, the increase in VPA during erotic stimulation occurred at the 
same rate postoperatively and preoperatively.

 

Figure 2. Pre- and post-operative mean increase in vaginal pulse amplitude (VPA) response during 
erotic visual stimuli relative to preceding neutral film. 

* Repeated measures ANOVA showed a negative effect of the operation (p=0.05)

*

Table 2. Pre- and post-operative median vaginal sensation thresholds (in mA).

Cranial posterior wall (in mA)
Cranial anterior wall (in mA)
Caudal posterior wall (in mA)
Caudal anterior wall (in mA)

17.5 (1.8-99.9)
24.2 (1.8-98.8)
6.4 (1.0-57.2)
6.0 (1.0-41.4)

13.3 (4.3-72.8)
21.8 (3.4-90.0)
5.8 (2.6-38.2)
8.3 (2.4-33.9)

Pre-operative (N=29)
Median  (range)

Post-operative (N=24)
Median  (range)

0.05
0.51
0.30
0.86

P value
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Vaginal wall sensibility
Sensation thresholds before and after surgery are shown in Table 2. After surgery a statistically 
significant increase in sensation threshold was found in the cranial posterior vaginal wall, 
indicating decreased vaginal wall sensibility.

Sexual	function	
Table 3 shows pre- and postoperative subjective sexual arousal and affect after erotic film 
viewing. Subjective sexual arousal and affect were found to be unaffected by surgery. 
Table 4 shows the results of the FSFI before and after surgery. Despite the fact that none of the 
included patients reported bothersome sexual symptoms prior to surgery,, the pre-operative 
median total FSFI score was within the dysfunctional range. We found no statistically significant 
change in sexual function after surgery. After surgery the median FSFI total score was still within 
the dysfunctional range. We found a trend towards increased scores on the FSFI pain domain 
after surgery (p=0.06), indicative of a reduction in sexual pain.

Per surgical procedure analysis
To further explore which surgical procedures are related to the greatest change in physiological 

Table 3. Pre- and post-operative median vaginal sensation thresholds (in mA).

Sexual arousal
Genital sensation
Sensuality 
Positive affect
Negative affect

3.3 (1.7-4.7)
3.8 (1.0-6.3)
2.6 (2.2-3.6)
2.4 (1.0-5.6)
1.5 (1.0-2.8)

3.0 (1.0-6.3)
2.9 (1.0-6.7)
2.6 (2.0-3.4)
2.5 (1.0-6.4)
1.3 (1.0-3.3)

Pre-operative (N=29) Post-operative (N=24)

0.65
0.22
0.70
0.90
0.40

P value

Note. Scale ranges from 1 (not at all) to 7 (intensely) 

FSFI domain scores
   Desire
   Arousal
   Lubrication 
   Orgasm
   Satisfaction
   Pain
FSFI Total score
FSDS-R Total score

 
3.0 (1.2-4.8)
3.3 (0.0-6.0)
3.9 (0.0-6.0)
4.4 (0.0-6.0)
4.0 0.8-6.0
3.0 (0.0-6.0)
20.5 (0.0-34.2)
18.0 (0.0-104.0)

Pre-operative (N=26)

 
3.0 (1.2-4.8)
4.1 (0.0-6.0)
5.3 (0.0-6.0)
4.8 (0.0-6.0)
4.8 (1.2-6.0)
5.2 (0.0-6.0)
23.3 (1.2-32.2)
11.5 (0.0-38.0)

Post-operative (N=24)

0.80
0.89
0.39
0.81
0.61
0.06
0.30
0.25

P value 

Table 4. Pre- and post-operative Female Sexual Function Index (FSFI) domain- and total scores and the 
Female Sexual Distress Scale-Revised (FSDS-R) total score.

Note: For the FSFI, lower scores indicate worse sexual functioning. For the FSDS-R, lower scores indicate less sexual distress.
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parameters and sexual function, we performed an exploratory subgroup analyses for each of the 
six different combinations of surgical procedures. 
Figure 3 shows the VPAmean values, before and after surgery, under erotic and neutral conditions, 
for each of the six performed combinations of surgical procedures. For VPA during erotic film, 
there is a consistent decline in VPAmean values post-surgery for each surgical procedure. We 
found that this decline was only statistically significant for sacro-spinous ligament fixation 
combined with anterior colporraphy (p<0.05). 
Figure 4 shows the sensation thresholds, before and after surgery, in the cranial posterior vaginal 
wall, for the six different performed combinations of surgical procedures. As with VPAmean, 
we found a significant post-operative increase in sensation threshold for sacro-spinous ligament 
fixation combined with anterior colporraphy (p<0.05). For the other combinations of surgical 
procedures, the sensation threshold was not significantly altered.
Sexual function, as measured with the FSFI, FSDS-R and SSAQ did not significantly alter for any of 
the six combinations of surgical procedures.

 

Sexual	(dys)function	and	physiological	parameters
Vaginal vasocongestion and vaginal wall sensibility seemed to decrease after surgery, whereas 
we could not show changes in sexual function. Before surgery most women had FSFI scores 
within the dysfunctional range, after surgery this was still the case for most women. 
Pre-operatively, 17 women had FSFI scores within the dysfunctional range and 9 women had 
FSFI scores within the functional range. For three women insufficient scores were available to 
calculate a total score. Post-operatively, 14 women had FSFI scores within the dysfunctional 
range, 12 of them were also dysfunctional before surgery and two had become dysfunctional. 
To evaluate if women with dysfunctional FSFI scores differed in physiological parameters from 

Figure 3a & b. Mean vaginal pulse amplitude (VPA) during the neutral (1a) and erotic (1b) film fragment 
before and after surgery broken down by surgical procedure.

  
   

P=0.18

P=0.18

P=0.66
P=0.35

P=0.12

P=0.29

P=0.59

P=0.08

P=0.23

P=0.04

P=0.04

P=0.66

* AC= Anterior colporraphy; PC= Posterior colporraphy; SSLF= Sacro-spinous ligament fixation
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women with normal FSFI scores, we compared physiological parameters between these two 
groups of women. No differences in VPAmean, VPAresponse and vaginal wall sensibility were 
found between these two sexual function groups.

 

Discussion

This is one of the first studies to explore the effects of prolapse surgery on vaginal physiology and 
sexual function, and the first study to simultaneously measure vaginal wall sensibility and vaginal 
vasocongestion.
We found that, as compared to before vaginal prolapse surgery, vaginal vasocongestion under 
neutral and erotic conditions decreased after surgery. Vaginal wall sensibility in the cranial 
posterior vaginal wall, one of the four measured area’s, was also decreased post-surgically. 
Sexual function as assessed with questionnaires did not seem to alter. 
Before further interpreting these results, some limitations need to be addressed. The main 
limitation of this study is the small sample size. Our power calculation indicated that we needed 
at least 18 patients to detect a statistical significant difference in VPAmean values, which we 
used as measurement of vaginal vasocongestion. We were able to 29 women in total, but for 
the exploratory subgroup analyses of the different performed surgical procedures the numbers 

Figure 4. Mean sensation threshold in the proximal posterior vaginal wall before and after surgery 
broken down by surgical procedure.

* AC= Anterior colporraphy, PC= Posterior colporraphy, SSLF= Sacro-spinous ligament fixation
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are too small to be really confident about the meaning of the findings. At least another 70 
women were approached to participate and refused, showing that studies like these are difficult 
to realize. Most women refused because they did not want to be questioned about sexual 
function and did not want to be exposed to erotic film material. The nature of this study may 
therefore have introduced a volunteer bias as it is known that patients willing to participate in 
a sexuality study have a more positive attitude towards sexuality and are more sexually active38. 
This is particularly true for subjects who are asked to undergo a study with psychophysiological 
assessments. Patient characteristics of participants were comparable to those of patients in 
previous studies among women scheduled for prolapse surgery, but this does not exclude a 
selection bias39,40. Based on our inclusion criteria for bothersome sexual complaints, this was not 
a sample regarded itself as being sexually dysfunctional. Nevertheless, the sample was largely 
dysfunctional according to the validated cut off score of the FSFI. This questionnaire is a widely 
used and internationally accepted measure for measuring sexual function41. Of note, at the time 
of study start a validated Dutch translation of the Pelvic Organ Prolapse/Urinary Incontinence 
Sexual Questionnaire (PISQ), a widely used measure specifically designed to assess functional 
differences in women with prolapse, was not available. 
The strength of this study is that simultaneous measurements of vaginal wall sensibility and 
vaginal vasocongestion were performed, before as well as after prolapse surgery. This prospective 
design allowed us to detect differences in vaginal innervation and vaginal vasocongestion related 
to prolapse surgery. Furthermore, given the lack of an absolute reference for VPA and the known 
measurement variation between patients, this prospective design enabled us to use women as 
their own controls.
We found that prolapse surgery negatively impacted vaginal vasocongestion as well as vaginal 
wall sensibility in the cranial posterior vaginal wall. An explanation for this finding may be that 
during vaginal prolapse surgery the free nerve endings in and near the vaginal epithelium are 
affected due to trauma during dissection of the vaginal epithelium. The afferent impulses from 
these nerves are important in enhancing vaginal vasocongestion through activation of spinal 
autonomic pathways42. Furthermore, VPA mainly assesses vaginal vasocongestion in the total 
peripheral microcirculation. This microcirculation seems particularly prone to damage as a result 
of direct trauma during the dissection and traction applied to the tissue.
It is impossible to compare the observed decrease in vaginal vasocongestion with previous 
studies, since there are no previous studies evaluating the effects of prolapse surgery on vaginal 
vasocongestion. A few studies have reported on changes in vaginal vasocongestion after other 
surgical procedures in the pelvic cavity37,43-45. Three previous studies have been published 
that assess VPA following abdominal hysterectomy43-45. All three studies only performed 
measurements after surgery and compared these measurements to a non-hysterectomy group. 
One study, among 15 women, showed that women who had undergone hysterectomy showed 
lower VPA responses than women with uterine fibroids45. The other two studies showed no 
difference between women after simple hysterectomy and a non-surgical group43,44. Maas et al 
also included a radical hysterectomy group and found that radical hysterectomy, but not simple 
hysterectomy, was associated with disturbed VPA response during sexual arousal44. Furthermore, 
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one small study among eight women was found to measure vaginal vasocongestion, before and 
after ileo pouch anal anastomsis37. They also found a decrease in vaginal vasocongestion during 
erotic conditions37. This suggests that with increasing radicality of surgery, vaginal vasocongestion 
is more adversely affected. 
The observed decrease in vaginal wall sensibility that we detected in one of the four measured 
area’s after prolapse surgery, has been described previously by two studies22,36. The first study 
assessed the pudendal nerve terminal motor latency before and after sacrospinous vault 
suspension and cystocele repair22. By measuring pudendal nerve terminal motor latency, 
only the impact of surgery on the motor part is assessed, and not on the sensory part of the 
pudendal nerve. For sexual function the sensory part is thought to be of particular importance, 
because stimulating this sensory branch of the pudendal nerve evokes changes in vaginal 
vasocongestion through activation of spinal autonomic pathways, which stimulate vasodilatation 
and lubrication46. In line with our own findings, this study showed a prolonged terminal motor 
latency after vaginal prolapse surgery22. The other study evaluating vaginal wall sensibility after 
prolapse surgery, performed by our own study group, showed that vaginal prolapse surgery, as 
well as abdominal prolapse surgery with additional incontinence surgery, resulted in decreased 
vaginal wall sensibility36. This decrease may be explained by the extensive vaginal wall dissection 
during anterior and posterior colporraphy, resulting in damage of the free nerve endings located 
in and near the vaginal epithelium and around the small blood vessels21,47.
With our study we could not show an apparent impact of the changes in vaginal innervation 
and vasocongestion on sexual function. This contrasts the findings in male patients after non-
nerve sparing radical prostatectomy, in whom regaining erectile function is not expected19. Five 
explanations are offered that may clarify this absent relationship. The first is the small number of 
included women. As noted earlier, this may also be a biased sample as it is known that women 
willing to participate in a sexuality study have a more positive attitude towards sexuality and 
are more sexually active38. Secondly, changes in vaginal wall sensibility may be too small to be 
noticed subjectively. Also, changes in vaginal wall sensibility may be relatively unimportant for 
sexual feelings, given that the vaginal wall seems relatively unimportant for sexual pleasure. For 
the latter, the clitoris is much more important48. Fourthly, the FSFI may be too insensitive to 
pick up changes related to surgery-induced damage to the genitalia. Finally, and probably most 
importantly, the absence of an effect of these changes in vaginal innervation and vasocongestion 
on sexual function may be related to the multidimensional nature of sexual function, consisting 
of biological, physiological, psychological and interpersonal determinants. For example, before 
surgery sexual dysfunction might be caused by the pelvic organ prolapse itself, which affects 
psychological and interpersonal determinants such as women’s confidence and body image49,50, 
whereas after surgery the procedure itself and possible damage to vaginal vasocongestion and 
vaginal wall sensibility might be the cause of sexual dysfunction. Changes in psychological and 
contextual factors are not accounted for in the used questionnaires and may well compensate 
for the negative effects of changes in vaginal innervation and vasocongestion. To disentangle the 
direct effects of surgical procedures on sexual function and indirect effects such as improved 
confidence, body image and symptoms relief, future studies should take the multidimensional 
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nature of female sexual function into account. That can be done by careful measurement of 
possible variables that may mediate any negative effects on genital physiology and response, 
such that it is possible to calculate which pre-post changes are most significantly related to 
post-op differences. Only then any firm conclusion about the impact of changes in vaginal wall 
sensibility and vasocongestion on sexual function can be drawn.
The surgical procedure that seemed to affect vaginal vasocongestion and sensibility most, was 
sacrospinous fixation combined with anterior colporraphy. This might be explained by surgical 
disruption or trauma due to traction of the pudendal innervational and capillary bed during 
the dissection towards the sacro-spinous ligament18,51. But also the lack of power in the other 
subgroups, might have prevented the difference between pre- and post operative vaginal 
vasocongestion to reach statistical significance. Future studies should continue to explore the 
relationship between different surgical techniques and effects on vaginal physiology. Only that 
insight will ultimately improve counselling of our patients and could potentially guide physicians 
how to improve surgical techniques in the future. 
Of course, variation in the performed procedures is quite large and the number of women in 
the subgroups is small. This is why our findings should be interpreted cautiously. However, as 
no prospective studies are published that evaluated subjective as well as physiological indices 
of sexual function, we believe that our exploratory findings deserve a place in the literature. Of 
course, replication of the findings (even though such data is difficult to acquire) is essential. 

Conclusion

In conclusion, we are the first to provide evidence that vaginal prolapse surgery negatively affects 
vaginal vasocongestion as well as vaginal wall sensibility in the cranial posterior vaginal wall. 
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Abstract 

Background: The effects of hysterectomy on vaginal physiology are not well understood. Better 
understanding of the effects of hysterectomy on vaginal vasocongestion and innervation may 
be relevant, as it could help to explain why some women develop sexual dysfunction after 
hysterectomy. 

Methods: A prospective mono-centre study was performed including patients scheduled for 
vaginal or abdominal hysterectomy. Participants underwent measurements before and 6 months 
after surgery, during non-erotic and erotic visual stimuli, using a validated vaginal combi-probe. 
This combi-probe includes vaginal photoplethysmography to asses Vaginal Pulse Amplitude 
(VPA), representing vaginal vasocongestion, and four pulse-generating electrodes to measure 
vaginal wall sensibility, representing vaginal innervation. Sexual function was assessed before 
and after surgery using validated questionnaires (FSFI, FSDS-R, SSAQ). Pre- and postoperative 
vaginal vasocongestion, vaginal sensation thresholds and sexual function scores were compared. 

Results: Seventeen (89%) of 19 included patients underwent pre- and post-operative 
measurement. No statistically significant differences were observed in vaginal vasocongestion 
and sensation threshold between pre- and postoperative measurements. Sexual function, 
as assessed with questionnaires, was not significantly affected. Two trends were noted in the 
subgroup analyses: the first towards decreased vaginal wall sensibility in the proximal posterior 
vaginal wall after vaginal hysterectomy (p=0.08), and the second towards better scores on the 
FSFI pain domain after abdominal hysterectomy (p=0.07).

Conclusion: This prospective study does not provide firm evidence that hysterectomy negatively 
affects vaginal innervation or vasocongestion. 
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Introduction 

Hysterectomy is one of the most commonly performed gynaecological operations. It is often 
performed for benign conditions such as menorrhagia, metrorrhagia, abdominal pain and 
dysmenorrhoea1. One of the main concerns of doctors as well as patients has been the impact 
of simple hysterectomy on sexual function. Hypothetical reasons for this relationship include 
anatomical considerations (damage to the innervation and vascularisation of the small pelvis), 
removal of the cervix, which is possibly involved in the sexual response, and for some women 
concerns that the uterus contributes to a sense of well-being and femininity. 
Overall, most previous studies report that women are likely to report improved sexual function 
after surgery when their symptoms have been alleviated2,3. However, studies comparing women 
whose symptoms have been alleviated by transcervical endometrial resection/ablation or 
embolisation and women whose symptoms have been alleviated by simple hysterectomy, have 
shown an increased prevalence of sexual problems in the latter group4,5. A possible explanation 
for this finding is that negative effects of changes in vaginal vasocongestion and innervation 
due to hysterectomy-related surgical trauma partly negate the positive effect of the elimination 
of symptoms2,3,6, whereas during endometrial ablation techniques or embolisation, vaginal 
innervation is not affected, and vaginal vasocongestion might only be affected to a limited extent. 
During sexual stimulation increased vaginal vasocongestion causes clitoris engorgement and 
subsequent lubrication. The same occurs for the vagina, which becomes engorged during sexual 
stimulation and forms a plasma transudate that is critical during the sexual arousal phase6-8. The 
autonomic innervation responsible for this response to sexual stimuli originates from the pelvic 
plexus and travels inside the uterosacral and cardinal ligaments9. During hysterectomy these 
ligaments are dissected, hereby possibly also damaging the autonomic innervation. Further 
damage might be related to removal of the cervix, which is densely innervated by branches of 
the hypogastric inferior plexus6,10,11. We hypothesize that as a result of surgical trauma associated 
with hysterectomy, vaginal vasocongestion and vaginal wall sensibility will be negatively affected. 
There are a few previous studies which evaluated vaginal vasocongestion after simple 
hysterectomy. These studies have shown conflicting results, with two studies showing no negative 
effect12,13 and one study showing a decrease in vaginal vasocongestion after hysterectomy10. 
None of the above studies employed a prospective design. As VPA levels appear highly variable 
between women, the most reliable method to assess the effect of hysterectomy on vaginal 
vasocongestion is to compare pre- and post-operative measurements.
Only one study evaluated the effect of hysterectomy on vaginal wall sensibility. This study found 
a trend towards decreased vaginal wall sensibility after hysterectomy. Unfortunately, the exact 
area’s of damage were not localized14. As the proposed mechanism of innervational damage is 
due to incision and dissection of the vaginal wall during surgery, damage might differ between 
different area’s in the vaginal wall, depending of the performed procedure.
When performing vaginal hysterectomy, the risk of damage to autonomic innervation might 
be increased, compared to during abdominal hysterectomy. First, because of the increased 
traction which is applied to the tissue, and second, because of the more lateral dissection of the 



128

Chapter 10 Part two: Gynaecological surgery and sexual function

uterosacral and cardinal ligaments15. 
To assess surgery-related damage, our group has developed and validated a method to measure 
vaginal wall sensibility16. The method was incorporated in a standard probe used for vaginal 
photoplethysmography. This enabled us to measure vaginal wall sensibility concurrent with 
Vaginal Pulse Amplitude (VPA), which is a validated method to measure vaginal vasocongestion17. 
The first aim of this study is to evaluate the effect of hysterectomy on vaginal vasocongestion and 
innervation. The second aim is to evaluate whether sexual dysfunction is related to deteriorated 
vaginal vasocongestion and innervation. The third aim is to evaluate whether surgical route 
during hysterectomy plays a critical role in the effects of hysterectomy on vaginal vasocongestion, 
vaginal innervation and sexual function. 

Material and Methods

We performed a single-centre, prospective, observational study including patients undergoing 
hysterectomy for benign conditions different from uterine prolapse in the Academic Medical 
Centre Amsterdam. Exclusion criteria were: prior bowel surgery or pelvic surgical procedures, a 
history of sexual abuse or pre-existing sexual dysfunction, use of medication that affects sexual 
wellbeing, diabetes mellitus, hypertensive disorders with vascular disease and presence of a 
depressive disorder. During a brief telephone interview patients were screened for the presence 
of any of the exclusion criteria. Depressive symptoms were assessed using the Dutch adaptation 
of the Beck Depression Inventory- short form, patients were excluded if they scored 14 points or 
more on this questionnaire18, 19. During the visit to the outpatient clinic, all patients were asked 
if they had any complaints regarding sexual function. If a patient reported her sexual function to 
be impaired she was excluded from the study. 

Surgical procedure
Women scheduled for vaginal or abdominal hysterectomy for benign conditions were included. 
Choice of surgical approach (vaginal or abdominal) was left at the discretion of the surgeon, 
even though the following general rule was used. Vaginal hysterectomy was the preferred route, 
but if, in the opinion of the surgeon, the size and the descent of the uterus precluded vaginal 
hysterectomy, abdominal hysterectomy was performed. Hysterectomy was performed according 
to a standardized protocol20. Peri-operative treatment was the same in all participating patients.

Measurement	of	vaginal	innervation	and	vaginal	vasocongestion
All women were asked to undergo measurements of vaginal innervation and vaginal 
vasocongestion using the vaginal combi-probe (figure 1). This device, sized and shaped as 
a menstrual tampon, could easily be inserted by the patient herself. The device contains a 
light source and an optical sensor to measure Vaginal Pulse Amplitude (VPA), and four pulse-
generating electrodes to measure vaginal wall sensation threshold. Depth of the combi-probe 
and orientation of the light source were controlled by a device (a 9x2-cm persplex plate) attached 
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to the cable within 5cm of the optical sensor. Patients were instructed to insert the combi-probe 
such that the plate touched their labia. The probe and plate were sterilized in a solution of Cidex-
activated glutaraldehyde (CidexOPA; Johnson and Johnson, Amersfoort, The Netherlands). 

Psychophysiological assessment. 
* VPA. VPA is a validated method to assess phasic changes in vaginal vasocongestion in the 
peripheral vessels with every heartbeat. Increased amplitudes indicate increased vaginal 
vasocongestion17. 
* Vaginal wall sensibility. Four pulse generating electrodes were used to assess vaginal wall 
sensibility. These were mounted at the probe at four different locations: three and six centimetres 
from the introitus in the midline on the caudal anterior and posterior vaginal wall. These four 
electrodes separately provided a constant current stimulus which was gradually increased in 
intensity (0-100 mAmpere) until the threshold of sensation was indicated by the patient. Higher 
values indicate a higher threshold of sensation, and a lower vaginal wall sensibility. The four 
locations were stimulated in a random order. Each measurement was repeated three times, the 
first measurement was not included in the analysis to allow the patient to become acquainted 
with the sensation of the stimulus and to limit the interval between sensation and response. This 
method was validated in a previous study16. 

  

Questionnaires
1. Subjective	 sexual	 arousal	 and	affect	questionnaire	 (SSAQ)17. Immediately following erotic 

film exposure participants filled out a 37-item questionnaire measuring sexual feelings 
and affect, consisting of 5 scales: sexual arousal (Cronbach’s α=0.87); genital sensations 
(Cronbach’s α=0.96); sensuality (Cronbach’s α=0.73); positive affect (Cronbach’s α=0.93); 

Figure 1. Vaginal combi-probe which is used during this study to measure vaginal vasocongestion and 
vaginal wall sensibility.
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and negative affect (Cronbach’s α=0.65).12 Each question was preceded by the sentence: 
“During the video, I felt:” after which a positive, negative, physical or sexual experience was 
described, for instance, pleasant; worried; genital pulsing or throbbing; sexually aroused. 
The items were measured on a 1 (not at all) to 7 (intensely) scale. 

2. The	Female	sexual	Function	Index	(FSFI): This is a validated questionnaire evaluating sexual 
function21. The questionnaire consists of 6 domain scores: desire, arousal, lubrication, 
orgasm, satisfaction and pain. The total score range is 2-36, with higher scores indicating 
better sexual functioning. The psychometric quality of the Dutch version is as satisfactory as 
the original version22. 

3. The Female Sexual Distress Scale- Revised (FSDS-R)23,24. This is a validated questionnaire 
consisting of 13 questions assessing the level of sexual problems-related distress23. A 
total score is calculated, with higher scores indicating a higher level of distress. Again, the 
psychometric quality of the Dutch version is as satisfactory as the original version22.

Study procedure 
Objective and subjective measurements were performed one to six weeks before surgery, and 
six months after surgery. This post-operative period was chosen based on a study providing 
evidence that innervation damage can recover up to six months after a pelvic floor trauma25. The 
experiment was carried out by a female researcher. During the whole experiment the patient 
was alone in the laboratory, with the researcher in the adjacent room. Patients were instructed 
to insert the probe and take a seat in front of the monitor. First, baseline value was determined 
by showing non-erotic documentary for 3 minutes. After that, the VPA measurements were 
performed under neutral and erotic conditions using film fragments. The 3 minute neutral film 
excerpt was taken from “Pearls of the Caribbean”. The 3 minute sexual film excerpt consisted of 
an erotic scene taken from erotic films known to significantly increase vaginal vasocongestion 
and subjective sexual arousal, depicting foreplay, cunnilingus, and intercourse (One	size	fits	all by 
Candida Royalle). After each fragment the patient was asked to fill out the SSAQ. At the end of 
the VPA measurements the non-erotic film was continued to allow genital response to return to 
baseline. If after two minutes genital response had not returned to baseline level, patients were 
asked to count backwards until baseline level was reached. Subsequently another three minute 
neutral film fragment was shown. After this film fragment the measurements of vaginal wall 
sensibility were performed. were made containing comparable, but different, neutral and erotic 
film fragments. Half of the subjects were randomly allocated to version A for the pre-surgery test 
and version B for the post surgery test. The other half was allocated to the stimulus versions in 
the reverse order.

Power	calculation
In a previous study using an electrode attached to the investigators finger to assess vaginal wall 
sensibility, we found a decrease in vaginal wall sensibility after vaginal hysterectomy combined 
with anterior and/or posterior colporrhaphy with an effect size of 0.3026. Another study in women 
who underwent proctocolectomy with ileo-anal pouch anastomosis, genital response was found 



10

131

Vaginal wall sensibility and vasocongestion after hysterectomy

to be significantly decreased 6 months after surgery, with a median effect size (d=0.25). With an 
alpha of 0.05, a power of 80% and an effect size of 0.25 a minimum of 18 patients is needed for 
the within subject effect27. Therefore we decided to try to include 18 patients.

Data	reduction	
VPA was registered during the entire experiment. Data were entered into a computer program 
developed at the department of psychology. After VPA artefact deletion, peak-to-through 
amplitude was calculated for each remaining pulse, averaged over 10-s epochs and converted to 
mV. Mean VPA values (VPAmean) for erotic and neutral film stimuli were computed by averaging 
peak-to-through amplitudes across the entire duration of both films. An increased peak-to-
through amplitude indicates increased vaginal vasocongestion. VPA response was calculated 
by subtracting the participant’s VPAmean value of the erotic stimuli, minus the participant’s 
VPAmean value of the preceding neutral film fragment. 
Domain scores of the FSFI , the total FSFI score, the total FSDS-R score and SSAQ domain scores 
were calculated. 

Statistical	analysis
Pre- and postoperative VPAmean, vaginal sensation thresholds, SSAQ scores and domain scores 
of the FSFI and FSDS-R were compared using a Wilcoxon signed rank test for paired data. To 
inspect possible differences in change in VPA response over time (VPAresponse), 10-second VPA 
epochs were submitted to a 2 (pre- and post-operative) x 15 (change in response over time) 
repeated measures analysis. Sub-group analyses were performed for vaginal and abdominal 
hysterectomy to inspect for any surgical route related effects.
To evaluate if changes in vaginal sensation thresholds, VPAmean and VPAresponse were related 
to sexual dysfunction, we dichotomized the pre-, and post-operative total FSFI score into 
normal (FSFI total score> 26.55) and dysfunctional (FSFI total score< 26.55)21 and compared the 
sensation thresholds and VPAmean between these two groups using a Mann-Withney-U test and 
VPAresponse using a repeated measures analysis.

Results

In 24 months, 96 eligible patients were approached for participation, nineteen patients agreed 
to participate in this study (20% participation rate). It proved to be difficult to recruit patients 
for this study, most women refused because they did not want to be questioned about sexual 
function and did not want to be exposed to erotic film material. Other patients declined because 
they felt that the study would take too much of their time. Seventeen patients completed the six 
months follow-up visit, the other two patients (one underwent vaginal hysterectomy, the other 
underwent abdominal hysterectomy) did not want to spend time undergoing the post-operative 
measurement. The post-operative VPA measurements of one patient were lost due to technical 
failure of the vaginal combi-probe. The baseline characteristics of the included women are shown 
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in Table 1. Thirteen women underwent abdominal hysterectomy and six women underwent 
vaginal hysterectomy.

VPA
VPAmean values during non-erotic stimuli did not significantly change after surgery (pre-
operative 2.5mV (range 1.5mV-4.8mV) vs post-operative 2.0mV (range 0.5-5.7mV)). The repeated 
measures ANOVA showed a significant increase in VPA during erotic film (p<0.05) (Figure 2).There 
was no significant negative effect of the operation on the VPAresponse during erotic stimulation 
(p=0.94). Similarly, the interaction of the operation x change in genital response over time was 
not significant (p=0.37). 

 

Values are median (range) or n (%)

26.2 (18.3-40.7)
45.1 (34.8-52.6)
1 (0-3)

13 (68%)
6 (32%)

N= 19

Table 1. Patient characteristics

BMI in kg/m2

Age in years
Parity (n)
Performed procedure
   Abdominal hysterectomy
   Vaginal hysterectomy

Figure 2. Pre- and post-operative mean increase in vaginal pulse amplitude (VPA) response during 
erotic visual stimuli relative to preceding neutral film.
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Vaginal wall sensibility
Sensation thresholds, as indicated by the patient before and after surgery, are shown in table 2. 
We found no statistical differences between sensation thresholds before and after surgery.

Sexual	function
Table 3 shows pre- and postoperative subjective sexual arousal and affect after erotic film 
viewing. Subjective sexual arousal and affect were found to be unaffected by surgery. 
Table 4 shows the results of the FSFI before and after surgery. The total FSFI score did not 
significantly alter after hysterectomy. We found a trend towards increased scores on the FSFI 
pain domain after surgery (p=0.07), indicative of a reduction in sexual pain. 
The women who had FSFI scores within the dysfunctional range did not seem to have larger 
changes in vaginal wall sensibility or VPA measurements (data not shown). 

Analyses according to surgical approach
To further explore if vaginal or abdominal hysterectomy was related with damage to vaginal 
innervation or vasocongestion, we performed a subgroup analysis for each of these two surgical 
groups (see Table 1).
VPAmean and VPAresponse were not significantly affected after surgery in both surgical groups.
After abdominal hysterectomy sensation thresholds remained unaltered. After vaginal 
hysterectomy a trend was noticed towards increased sensation thresholds in the proximal 
posterior vaginal wall (10.4mA vs 14.7mA, p=0.08) (table 5).

Table 2. Pre- and post-operative sensation thresholds as indicated by the patient.

Proximal posterior wall
Proximal anterior wall
Distal posterior wall
Distal anterior wall

14.5  (4.9-43.8)
23.7  (5.3-46.6)
4.6  (3.4-14.9)
5.0  (3.1-22.5)

10.5  (3.9-52.9)
18.7  (4.6-78.6)
5.5  (2.1-15.4)
7.6  (2.0-30.0)

Preoperative (N=19) Post operative (N=17)

0.49
0.80
0.74
0.46

P value 
(non par)*

* using paired tests
Values are median (range)

Table 3. Pre- and postoperative subjective sexual arousal and affect after erotic film viewing.
Note. Scale ranges from 1 (not at all) to 7 (intensely).

Sexual arousal
Genital sensation
Sensuality
Positive affect
Negative affect

3.0 (1.0-6.3)
4.1 (1.0-6.5)
2.7 (2.2-4.2)
3.6 (1.6-6.0)
1.7 (1.0-4.7)

3.0 (1.0-5.0)
4.3 (1.2-5.8)
2.4 (2.0-3.6)
3.8 (1.2-6.0)
1.7 (1.0-4.0)

Pre-operative Post-operative

0.55
0.72
0.22
0.27
0.94

P value
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Table 4.  Pre- and post-operative Female Sexual Function Index (FSFI) domain- and total scores and the 
Female Sexual Distress Scale-Revised (FSDS-R) total score.

FSFI
 Desire 
 Arousal
 Lubrication
 Orgasm
 Satisfaction
 Pain
 Total
FSDS total 

 
3.6 (1.2-5.4)
5.1 (0-6.0)
5.1 (0-6.0)
5.6 (0-6.0)
5.2 (0-6.0)
5.0 (0-6.0)
29.4 (7.6-33.2)
4.0 (0-34.0)

 
3.6 (1.2-6.0)
5.4 (0-6.0)
5.9 (0-6.0)
5.2 (0-6.0)
5.2 (0-6.0)
3.8 (0-6.0)
28.3 (1.2-34.8)
4.0 (0-34.0)

Pre-operative Post-operative

0.81
0.47
0.51
0.61
0.92
0.07
0.73
0.14

P value

Note: For the FSFI, higher scores indicate better sexual functioning. For the FSDS-R, higher scores indicate more sexual 
distress.

Sexual function
 FSFI domain and total score
  Desire 
  Arousal
  Lubrication
  Orgasm
  Satisfaction
  Pain
  Total score
 FSDS total score
 SSAQ domain scores
  Sexual arousal
  Genital sensation
  Sensuality
  Positive affect
  Negative affect
Sensation thresholds in mA
 Proximal posterior wall
 Proximal anterior wall
 Distal posterior wall
 Distal anterior wall

3.6
4.5
5.4
5.6
5.6
4.4
29.7
6.0

3.7
4.7
2.4
4.4
1.7

14.7
29.7
4.4
4.5

3.6
5.4
5.7
5.6
5.2
4.2
29.4
15.0

3.5
4.6
2.4
4.0
1.8

10.4 
15.9
5.4
7.2

0.10
0.10
0.18
0.71
1.0
1.0
0.72
0.59

0.34
0.89
0.66
0.89
0.79

0.50
0.08
0.23
0.50

3.6
5.1
5.1
4.8
5.2
5.2
27.6
4.0

3.0
4.0
3.0
2.8
1.7

13.0
21.8
4.7
6.4

3.6
5.4
6.0
4.4
5.0
3.0
27.0
2.5

2.0
3.3
2.6
3.0
1.7

10.5
19.8
6.9
7.6

0.60
0.87
0.89
0.40
1.0
0.06
0.11
0.77

0.88
0.59
0.23
0.17
0.95

0.75
0.43
0.78
0.58

Vaginal hysterectomy Abdominal hysterectomy

Pre-
operative

Post-
operative

P value Pre-
operative

Post-
operative

P value

Table 5.  Pre- and post-operative sexual function and vaginal wall sensibility broken down by abdominal 
and vaginal hysterectomy.
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Scores on the subjective sexual arousal and affect (SSAQ), sexual function (FSFI) and sexual 
dysfunction (FSDS-R) questionnaires, were not significantly altered after surgery, for both 
patients undergoing vaginal and abdominal hysterectomy (table 5). We found a trend towards 
better scores on the FSFI pain domain after surgery among women after abdominal hysterectomy 
(p=0.06). This trend was not found after vaginal hysterectomy (p=1.0). 

Discussion

The present study is one of the first prospective studies comparing pre- and postoperative 
vaginal innervation, vaginal vasocongestion and subjective sexual function in women who 
underwent hysterectomy. With this explorative study we could not show a significant impact of 
hysterectomy on vaginal innervation, vaginal vasocongestion and sexual function.
Before further interpreting these results, some limitations need to be addressed. The main 
limitation of this study is the small sample size. We based our power calculation on a previous 
prospective study measuring vaginal vasocongestion after proctocolectomy with ileo-anal pouch 
anastomosis27. In this study a difference with an effect size of 0.25 was found. As compared 
to hysterectomy, proctocolectomy is a more radical procedure, which might potentially cause 
more innervational and vascular damage, and is therefore likely to show a detrimental effect 
with fewer subjects. Maybe after hysterectomy, the effect size is smaller and therefore more 
women are needed to demonstrate an effect. 
It proved to be difficult to recruit patients for this study as it is an intimate experiment and 
may be experienced as invading on one’s privacy. The nature of this study could therefore have 
introduced a volunteer bias, as it is known that patients willing to participate in a sexuality 
study have a more positive attitude towards sexuality and are more sexually active28. This 
is particularly true for subjects who are asked to undergo a study with psychophysiological 
assessments. Patient characteristics of the participants are comparable to groups included in 
previous studies, but this does not exclude an inclusion bias29. 
The strength of this study is, that we were the first to perform simultaneous measurements of 
vaginal innervation and vasocongestion, before as well as after hysterectomy. This prospective 
design allowed us to detect differences in vaginal innervation and vasocongestion related to 
hysterectomy.
With our data, we did not find support for our hypothesis that vaginal vasocongestion would 
be reduced after hysterectomy. The limited sample size could have limited the opportunity to 
observe such effect. Based on the fact that the uterine artery is occluded during hysterectomy, 
one would expect to see reduced vasocongestion. However, it is known that the human vagina 
receives arterial blood supply not only from the vaginal branch of the uterine artery, but also 
from the vaginal artery, the internal pudendal artery and the vaginal branch of the middle rectal 
artery30. All of the mentioned arteries form a network of anastomoses located in the adventitia. 
The absence of blood supply from one of the arteries might therefore be compensated by 
blood supply from the other arteries.
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Another explanation is that the damage done to the autonomic innervation during hysterectomy 
is too limited to affect vaginal vasocongestion. This hypothesis is supported by the observation 
of a quantative analysis of nerve disruption which observed that the risk of nervous trauma is 
proportional to the extent of uterosacral ligament excision31. During simple hysterectomy the 
extent of uterosacral ligament excision remains limited, especially as compared to after radical 
surgery13,32.
Previous studies on vaginal vasocongestion after simple hysterectomy have shown conflicting 
results10,12,13. Two previous studies measuring VPA in hysterectomized women showed no 
decrease in VPA measurements in these women, as compared to a nonsurgical, age matched, 
control group12,13. Both of these studies performed measurements of VPA during erotic and non-
erotic conditions. In contrast to these findings, one study was identified in which the authors 
did show decreased VPA measurements after hysterectomy, during erotic and non-erotic 
conditions10. However, in this study women with uterine fibroids served as a control group10. It is 
known that women with uterine fibroids have more blood supply to the uterus, simply because 
the uterus is larger and therefore demands more blood supply. Although it is unclear whether 
this would also impact the blood supply to other genital areas such as the vagina, it is imaginable 
that in this study, levels of VPA were higher among this control group for this reason only10.
Regarding vaginal sensation, one previous study assessed vaginal sensation before and three 
months after hysterectomy14. Lowenstein et al measured quantitative sensory thresholds for 
vibratory sensations at the vagina and clitoris in 22 women14. In contrast to our findings, they 
found a tendency towards a decrease in the perception of vibratory stimuli14. The authors 
conclude that although significant, this decrease in sensitivity appears to be quite minor in 
absolute terms. Therefore, in our study with a limited sample size, we may have missed this 
change in vaginal wall sensibility. Alternatively, the measurements in the study from Lowenstein 
et a, were performed three months after surgery. As recovery of nerve damage may take up to 
six months33, Lowenstein et al’s current differences in vaginal wall sensibility may have dissolved 
at six months post- surgery.
When analyzing the subgroup of women who underwent a vaginal hysterectomy, we found 
a trend towards decreased vaginal wall sensibility in the proximal posterior vaginal wall. This 
finding should be regarded cautiously, because the number of women in the subgroups is very 
small. Nevertheless, this finding of decreased vaginal wall sensibility after surgery is in line with 
findings of two of our previous studies26,34. In these studies we included patients scheduled 
for pelvic organ prolapse surgery. We concluded that the decrease in vaginal wall sensibility, 
which we found in both studies, was probably caused by the extensive dissection of the vaginal 
epithelium and fascia that is performed during colporraphy. This dissection might affect the free 
nerve endings in the vaginal epithelium and damage the peripheral blood vessels, which are 
important for vaginal lubrication7,35. However, in the current prospective study we only included 
women scheduled to undergo hysterectomy, without concomitant procedures. Therefore we 
cannot exclude that vaginal hysterectomy itself, or even vaginal surgery in general, might also 
affect vaginal wall sensibility. The common factor in vaginal hysterectomy and vaginal prolapse 
surgery is the continuous downwards traction that is exerted to the uterus and/or vaginal 
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wall during these procedures to enable adequate visualisation. A possible explanation for the 
decrease in vaginal wall sensibility is that this continuous downwards traction may cause damage 
to the innervation36-38. Also, overstretching of the vagina might induce a constant input to the 
afferent nerves causing the afferents to be less sensitive to other stimuli. It would be interesting 
for future studies to evaluate the impact of other vaginal surgical procedures on vaginal wall 
sensibility and to study its effect on subjective sexual function.
In accordance with our findings, the previously mentioned studies also could not demonstrate 
an association between changes in vaginal innervation and vasocongestion, and sexual 
function13,26,27. This could be due to limited power of all the studies concerned. Another 
explanation may be that, even though the FSFI adequately discriminates between women with 
and without sexual dysfunction, it is less able to pick up more subtle changes related to sexual 
arousability. A related explanation is that sexual function is a multicausal, multidimensional 
phenomenon, which is not fully addressed by a 19-item questionnaire17,39. Previous studies 
evaluating the influence of psychological factors on post-hysterectomy sexual well being have 
reported that preoperative psychiatric morbidity, depression and unsatisfactory preoperative 
sexual function were associated with poor sexual outcome40,41. whereas education about 
possible negative outcomes, the decrease in chronic pelvic pain and pain during intercourse, the 
elimination of menstrual pain and dysfunctional uterine bleeding improved post-hysterectomy 
sexual function40,42. Changes in these psychological and contextual factors are not accounted 
for in the used questionnaires and may well compensate for the negative effects of changes 
in vaginal innervation and vasocongestion. Our current study mainly focused on physiological 
factors. The addition of changes in physiological factors to the knowledge of the influence of 
psychological and contextual factors might increase our understanding of sexual dysfunction 
after hysterectomy. Therefore we advocate that future studies should take the multidimensional 
nature of female sexual function into account. 

Conclusion

This prospective study does not provide firm evidence that hysterectomy negatively affects 
vaginal innervation or vasocongestion. Two trends were noted: the first towards decreased 
vaginal wall sensibility in the proximal posterior vaginal wall after vaginal hysterectomy, and 
the second towards better scores on the FSFI pain domain after abdominal hysterectomy. The 
finding of decreased vaginal wall sensibility after vaginal hysterectomy was only found in a small 
subset of women. It is therefore unknown whether these findings would be replicated in a larger 
sample. But if further studies show that vaginal physiology and sexual function are more affected 
by vaginal surgery, this might make the option of performing laparoscopic hysterectomy more 
attractive. 
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General discussion

Hysterectomy and pelvic floor symptoms

Vaginal and abdominal hysterectomy are both equally effective in treating symptoms of abnormal 
uterine bleeding, dysmenorrhoea or abdominal pain. The decision of the optimal surgical route 
is therefore mainly based on the possible adverse effects related to surgery. Until now, vaginal 
hysterectomy is preferred considering its favouring results on short term outcomes such as 
hospital stay, post-operative complications and lower costs1,2. We compared the long-term effects 
of vaginal and abdominal hysterectomy on micturition and defecation symptoms to evaluate if 
these effects should be incorporated in the decision of surgical route.
We performed a prospective study, including women scheduled for vaginal and abdominal 
hysterectomy for benign indications, excluding prolapse surgery. We evaluated pelvic floor 
symptoms before surgery, six months, three years and ten years after surgery using validated 
disease specific questionnaires. This study led to three observations: First, three years after 
surgery the risk of having any bothersome micturition symptom was twice as high after vaginal 
hysterectomy than after abdominal hysterectomy (OR 2.2, 95% CI 1.3- 4.0). Second, ten years 
after surgery, patients who were operated vaginally had an almost four times increased 
risk of being treated for micturition symptoms, as compared to patients who were operated 
abdominally (18% vs 8% p=0.02, adjusted OR 3.8 95% CI 1.2-11.6). Third, ten years after surgery 
the prevalence of defecatory symptoms did not significantly differ between the two surgical 
routes (58% vs 46%, p=0.08).
We acknowledge that our study may be limited by the observational design, our findings may 
therefore be biased due to confounders such as uterine descent, uterine size, age, parity and 
possibly also unknown confounders3. By careful documentation of the known potential cofounders 
we corrected for these factors during statistical analysis. Ideally we would have performed a 
randomized controlled trial, however, too few gynecologists were willing to participate. Since 
until now, still no randomized controlled trials comparing vaginal and abdominal hysterectomy 
have been performed, our prospective study currently is the best available evidence. 

Micturition	symptoms	after	hysterectomy
Our study led to the conclusion that women were more at risk to develop micturition symptoms 
and undergo treatment for these symptoms after vaginal hysterectomy. One could argue that 
this might be caused by the fact that women in the vaginal hysterectomy group had more uterine 
descent and might therefore already be more prone to micturition symptoms. In our study group 
we found no evidence for this theory as the prevalence of micturition symptoms before surgery 
was the same in both groups. Furthermore, we corrected for statistically significant differences in 
patient characteristics such as uterine descent, parity and uterine size during statistical analysis. 
Stress urinary incontinence (SUI) was the most prevalent micturition symptom patients were 
treated for. In a study in which we constructed a prediction rule to calculate the individual risk of 
SUI after hysterectomy, we identified vaginal approach of hysterectomy as an independent risk 
factor for de novo SUI after surgery. 
A possible explanation for the increased risk to develop micturition symptoms and undergo 
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treatment for these symptoms after vaginal hysterectomy is that during vaginal hysterectomy 
a larger amount of downwards traction is applied to the cervix and its surrounding tissue. This 
large amount of traction, especially in difficult cases, could contribute to irreversible damage 
of the pelvic innervation. The pudendal nerve, which innervates the urethral sphincter, might 
be at risk for damage due to overstretching related to downwards traction of the cervix4. The 
downward traction applied to tissue might also cause more supportive tissue damage and hyper 
mobility of the urethra5,6. Furthermore, during vaginal hysterectomy the paravaginal tissue might 
be more dissected, thereby disrupting the pelvic neurons passing from the lateral aspect of the 
vagina and along the anterior wall7,8. 
An interesting observation of our study was that this difference in micturition symptoms between 
vaginal and abdominal hysterectomy appeared only three years after surgery. This finding stresses 
the importance of long-term follow-up, especially in studies evaluating pelvic floor symptoms. 
We therefore also evaluated the prevalence of micturition symptoms ten years after surgery. At 
that time we no longer found a difference in the prevalence of micturition symptoms. However, 
women who were operated vaginally reported an almost four times increased risk of being 
treated for micturition symptoms and were therefore no longer symptomatic. Most women were 
treated for SUI. This stresses the importance of evaluating received treatment, as ten years after 
surgery, we would have missed the difference in micturition symptoms if we wouldn’t have asked 
women if they had received any treatment for pelvic floor symptoms.
An explanation for the fact that a difference in micturition symptoms was only found several years 
after surgery and not six months postoperative might be that hysterectomy is an acute trauma 
causing damage to the innervation and supportive tissue. The chronic progressive effects of this 
damage, in combination with other risk factors such as BMI or ageing, might induce micturition 
symptoms many years after the trauma itself 9,10. The same effect has been described after 
other traumas to the pelvic floor such as vaginal delivery 6,10. Naturally, ageing itself has adverse 
effects on pelvic floor function. After trauma to the pelvic floor, such as induced by surgery, 
these effects of ageing may be overshadowed by the greater traumatic effects of hysterectomy. 
Another explanation for the fact that we only found a difference in micturition symptoms several 
years after surgery might be that the positive impact of removing the symptoms which indicated 
for hysterectomy gradually subside over the years, revealing the possible negative impact of 
hysterectomy on micturition symptoms. 
Designs of previous studies evaluating micturition symptoms after vaginal and abdominal 
hysterectomy were mostly cross-sectional. In studies with cross-sectional designs the ability to 
correct for pre-operative differences in the prevalence of micturition symptoms is limited. Some 
of these studies reported that the incidence of stress urinary incontinence was increased after 
vaginal hysterectomy compared with after abdominal hysterectomy11-13, whereas other studies 
found no difference9,14.
In our study we did find vaginal hysterectomy to be associated with an increased prevalence 
of urinary symptoms. Since our study is the first study to prospectively compare the long-term 
effects of vaginal and abdominal hysterectomy on urinary symptoms, this study adds important 
knowledge which should be used during counselling for the preferred route of surgery. However, 
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considering the limitations of our observational design and the relatively large advantages of 
vaginal hysterectomy on short term outcomes such as hospital stay and return to daily activity, 
we consider the findings of our study insufficient to prefer abdominal hysterectomy in women in 
whom vaginal hysterectomy is technically feasible. 

Defecation	symptoms	after	hysterectomy
With respect to defecation symptoms, we observed that ten years after hysterectomy the 
prevalence of any defecation symptom did not differ from the prevalence before surgery. This is 
in line with what Thakar et al. concluded after reviewing the literature for bowel function after 
hysterectomy15. 
We compared the effects of abdominal and vaginal hysterectomy on defecation symptoms, and 
found no statistical significant differences. We did find a trend towards an increased risk of fecal 
incontinence after vaginal hysterectomy (OR 2.1 95% CI 1.0-4.4 p=0.06, adjusted OR 2.9, 95% CI 
0.9-8.9). The finding of an increased prevalence of fecal incontinence after hysterectomy is in line 
with one previous prospective study which performed a three year follow up after vaginal and 
abdominal hysterectomy16. This study found an increase in fecal incontinence after both surgical 
routes and did not directly compare vaginal and abdominal hysterectomy16. The pathophysiologic 
explanation for this finding might be that the pudendal nerve, which supplies motor and sensory 
innervation to the anal sphincter, is damaged during traction applied to the cervix or during the 
dissection of the cervix from the posterior vaginal wall17. As the traction applied to the cervix and 
the posterior vaginal wall is more extensive during vaginal hysterectomy, women might be more 
at risk for developing fecal incontinence after this route of surgery. With our prospective study 
we only found a trend, indicating that this finding has to be confirmed in other prospective or 
randomized studies.

Adjustment	in	surgical	technique	to	prevent	pelvic	floor	symptoms
Since the main hypothesis for the development of micturition and defecation symptoms after 
hysterectomy was damage to the innervation of the pelvic floor, we also aimed to evaluate 
whether adjustment of surgical technique could reduce hysterectomy-related adverse effects 
on micturition and defecation symptoms. The adjustment in the technique was made by using 
electrosurgical bipolar vessel sealing to enable the surgeon to cut the surrounding tissues closer 
to the uterus. Furthermore, since no sutures are needed, less traction to the tissue is needed to 
enable adequate visualization. 
We performed two randomized controlled trials comparing vessel sealing with conventional 
clamping. One in women undergoing vaginal hysterectomy and one in women undergoing 
abdominal hysterectomy. We found that six months after vaginal as well as abdominal 
hysterectomy the prevalence of micturition and defecation symptoms did not differ between 
women operated using vessel sealing or conventional technique. An explanation for this finding 
might be that even though vessel sealing techniques do limit innervational damage, this reduction 
in damage is too small to cause clinically relevant differences in micturition and defecation 
symptoms. Or maybe the manipulation of the uterus, and the traction applied to the uterus 
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and ligaments during vaginal as well as abdominal hysterectomy already causes innervational 
damage. If innervational damage is done during manipulation alone, vessel sealing techniques 
may not help limit innervational damage. Another explanation for the absence of a difference 
in pelvic floor symptoms between the two surgical techniques, might be the short follow-up 
period of only six months. Other previous studies with a short follow-up were also not able to 
demonstrate an increase in urinary symptoms after hysterectomy18-21, whereas studies with at 
least two year follow-up did find increased urinary incontinence and voiding difficulties9,11,22,23. 
An interesting finding of the RCT in women who underwent abdominal hysterectomy was 
that vessel sealing seemed to cause less pain during the first five days after surgery (repeated 
measurement analysis: p < 0.01). These women also seemed to return to daily activities sooner 
(on average 8 days earlier as compared to the conventional group (log-rank test, p = 0.07)). We 
explained this finding by the shorter operation duration and the less extensive traction applied to 
the tissue. Therefore we also expected to find this difference in women who underwent vaginal 
hysterectomy. In this study the women only reported less pain during the evening following vessel 
sealing surgery, but did not report less pain in subsequent postoperative days. This is probably 
explained by the overall low pain scores found in this study, after the first post-operative day. 
Pain scores after abdominal hysterectomy are probably higher as a result of the added pain of 
the abdominal incision which adds to the pain of hysterectomy itself24. 

Recommendation	for	clinical	practice	and	further	research
Current gynecological practice dictates that, when feasible, vaginal hysterectomy is the surgical 
route of choice for benign hysterectomy1,25. This is based on numerous studies showing vaginal 
hysterectomy to be associated with earlier return to normal activities, shorter duration of 
hospital stay and reduced infective morbidity compared with abdominal hysterectomy1,25,26.
Since pelvic floor symptoms are known to have a negative effect on patient’s quality of life27,28, the 
observed increased risk of needing treatment for micturition symptoms after vaginal hysterectomy 
should be added to the counseling for route of hysterectomy. The current available evidence 
does not justify the conclusion that the increased risk of developing micturition symptoms after 
vaginal hysterectomy outweighs the advantages of vaginal hysterectomy on short term outcomes 
such as faster return to normal daily activities, shorter duration of hospital stay and fewer febrile 
episodes25. In our observational design we did correct for all known confounders, but unknown 
confounders such as possibly pre-operative tissue characteristics could not be accounted for. If 
our findings are confirmed by more prospective studies or, preferably, by an RCT, we need to 
change current practice and advice patients to have abdominal surgery instead of vaginal surgery.
The search for a way to limit surgical damage, and hereby limit the risk of developing micturition 
symptoms, should continue. In this thesis we tried to limit surgical damage by using electrosurgical 
bipolar vessel sealing. This technique proved to have some advantages with regard to operation 
duration and post-operative pain, but it did not reduce the risk on micturition symptoms.
Another option to limit surgical trauma might be by performing laparoscopic hysterectomy. Several 
studies have shown that this technique causes less tissue trauma as compared to abdominal 
hysterectomy29,30. Whether a reduction in tissue trauma with laparoscopic hysterectomy also leads 
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to a reduction in micturition symptoms requires further study31. Only one RCT compared pelvic 
floor symptoms one year after abdominal hysterectomy with one year after total laparoscopic 
hysterectomy32. This study showed promising results favoring total laparoscopic hysterectomy 
over abdominal hysterectomy with respect to post-operative micturition symptoms32. Two 
prospective observational studies on micturition symptoms after hysterectomy also included 
patients who underwent laparoscopic hysterectomy33, 34. One study reported laparoscopic 
hysterectomy to be associated with an increased risk of urinary incontinence34, whereas the 
other study reported no differences between the various surgical techniques33. Unfortunately in 
our prospective study no laparoscopic hysterectomies were included, as ten years ago when we 
included women for this study, laparoscopic hysterectomy was not commonly performed in the 
participating centers.
Future studies should concentrate on a randomized comparison of vaginal and laparoscopic 
hysterectomy, evaluating micturition symptoms after surgery. Whereas vaginal hysterectomy 
still has clear benefits over abdominal hysterectomy with regard to peri-operative outcomes, 
the difference in surgery-related morbidity between vaginal hysterectomy and laparoscopic 
hysterectomy is quite small. The most recent meta-analysis comparing vaginal and laparoscopic 
hysterectomy has shown that laparoscopic hysterectomy is associated with reduced postoperative 
pain scores and reduced hospital stay, but takes longer to perform31. If total laparoscopic 
hysterectomy, compared to vaginal hysterectomy, proves to be beneficial with respect to post-
operative pelvic floor function, this should change clinical practice such that for some categories 
of patients in whom vaginal hysterectomy is technically feasible, a laparoscopic approach is 
preferred. 
In conclusion, when scheduling a hysterectomy, vaginal hysterectomy is still the surgical route 
of choice considering its advantages on short term outcomes. One should realize that this route 
of surgery does increase the risk of developing micturition symptoms. As these symptoms are 
known to negatively affect the quality of life, we recommend that the search for a less traumatic 
operative technique should continue.

Gynaecological surgery and sexual function

The aim of the second part of this thesis was to evaluate the effect of gynaecological 
surgery on vaginal innervation and vasocongestion and the association between changes in 
these physiological parameters and changes in sexual function. The ultimate goal of better 
understanding the physiologic effects of vaginal prolapse surgery is to modify surgical treatment 
in such a way that damage is reduced without compromising functional outcome.

First method to measure vaginal wall sensibility
We first aimed to develop and validate a reproducible technique to objectively quantify vaginal 
wall sensibility in different areas of the vaginal wall. The method we developed consisted of a 
pulse-generating electrode which was attached to the gloved index finger of the investigator. 
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Measurements were performed by holding the pulse-generating electrode to four different 
target areas in the vaginal wall (distal and proximal, posterior and anterior). A validation study 
to evaluate the reproducibility of this method showed an almost excellent intra-observer 
reproducibility (pearsons-rho correlation coefficient 0.77-0.96 p < 0.001), but a moderate inter-
observer agreement (pearsons-rho correlation coefficient 0.39-0.49). This moderate inter-
observer agreement is probably best explained by the variance in the force the researchers 
exerted, during the measurements, to the vaginal wall. Therefore this method can only be used 
if all measurements are performed by the same researcher.

Second	method	to	measure	vaginal	wall	sensibility	and	vasocongestion
In the second method we developed to measure vaginal wall sensibility, the pulse-generating 
electrodes were attached to a vaginal combi-probe, hereby avoiding the influence of the 
researcher on the measurement. The vaginal combi-probe also included measurements of vaginal 
vasocongestion using Vaginal Pulse Amplitude (VPA). We originally intended to also include 
measurements of pelvic floor muscle activity, but unfortunately this appeared not to be technically 
feasible at the time of study start.
The vaginal combi-probe was sized and shaped as a menstrual tampon and could be inserted by 
the patient herself, eliminating investigator factors from the measurements. Depth and orientation 
of the probe is controlled by a 9 x 2-cm acrylic plate. The probe remains positioned in an unaltered 
fashion during measurements, as such avoiding variation in force as a function of pressure. 

Studies	evaluating	the	effects	of	gynaecological	surgery	on	vaginal	innervation	and	vasocongestion
We performed three studies using these methods to measure vaginal innervation and 
vasocongestion. In the first study, measurements of vaginal wall sensibility using the older 
method of the pulse-generating electrode attached to the investigators finger, were performed 
as part of an RCT comparing recurrence of prolapse following vaginal and abdominal prolapse 
surgery. The second and third study were prospective observational studies evaluating the effect 
of surgery (prolapse surgery and hysterectomy, respectively) on vaginal wall sensibility and vaginal 
vasocongestion using the newer vaginal combi-probe. In all three studies, vaginal wall sensibility 
was measured on 4 locations: three and six centimetres from the introitus in the midline on the 
anterior and posterior vaginal wall. 
The first study yielded two main observations: first, vaginal prolapse surgery resulted in decreased 
vaginal wall sensibility in the distal posterior vaginal wall whereas abdominal prolapse surgery did 
not (median difference, between before and after surgery, in sensation threshold: after vaginal 
surgery -3mA, after abdominal surgery 5mA, p=0.02); second, if abdominal prolapse surgery was 
combined with incontinence surgery, it resulted in decreased vaginal wall sensibility in the distal 
anterior vaginal wall (median difference, between before and after surgery, in sensation threshold: 
with incontinence surgery -4mA, without incontinence surgery 2mA, p=0.01). The second and third 
study yielded three observations: [1] vaginal wall sensibility in the proximal posterior vaginal wall 
was decreased after vaginal prolapse surgery (pre-op 13.3mA vs post-op 17.5mA, p<0.05), after 
vaginal hysterectomy a trend was observed towards decreased vaginal wall sensibility in this same 
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area (pre-op 10.4mA vs post-op 14.7mA, p=0.08). On the other locations vaginal wall sensibility 
was not affected by surgery. After abdominal hysterectomy no decrease in vaginal wall sensibility 
at any location was found. [2] Vaginal prolapse surgery negatively impacted vaginal vasocongestion 
(pre-op 2.4 mV (SD 2.5) vs post-op 1.7mV (SD2.4), p=0.05), whereas vaginal vasocongestion was 
unaffected after hysterectomy. [3] We could not demonstrate a direct impact of these changes in 
vaginal physiology on sexual function as assessed with questionnaires. 
A drawback of all studies mentioned here was the small sample size and the large subject refusal 
rate. Apparently, prospective studies with psychophysiological measures and sexual stimuli are very 
challenging for women who are about to undergo surgery. Yet, these studies are among the first to 
assess the effects of prolapse surgery and hysterectomy on vaginal innervation and vasocongestion, 
and the first to simultaneously measure vaginal wall sensibility and vaginal vasocongestion. As 
such, these studies offer interesting findings that deserve replication and extension. 

The	effects	of	gynaecological	surgery	on	vaginal	wall	sensibility
When summarizing our finding regarding vaginal wall sensibility, we observed that vaginal wall 
sensibility was affected by vaginal prolapse surgery, abdominal prolapse surgery with incontinence 
surgery and by vaginal hysterectomy. Initially, we explained this decrease in vaginal wall sensibility 
by the extensive vaginal wall dissection during surgery, resulting in damage of the free nerve 
endings located in and near the vaginal epithelium and around the small blood vessels35,36. This 
seemed plausible as after vaginal prolapse surgery the main decrease in vaginal wall sensibility 
was found in the proximal posterior vaginal wall after sacro-spinous ligament fixation, and after 
colposuspension the largest decrease in vaginal wall sensibility was found in the distal anterior 
vaginal wall. Both of these locations correspond with the area in which the main part of the 
procedure was performed. However, direct surgical trauma could not explain the decrease in 
vaginal wall sensibility that was found in the proximal posterior vaginal wall after simple vaginal 
hysterectomy without concomitant surgery. During vaginal hysterectomy the only incision made 
is around the cervix, and not in the posterior vaginal wall. We hypothesize that the decrease in 
vaginal wall sensibility may be related to continuous downwards traction exerted to the vaginal 
tissue during vaginal surgery. This second hypothesis is an important one, as during any vaginal 
surgery, traction must be applied to the tissue to enable visualization during the procedure. The 
conclusion that this traction is an important cause of damage to vaginal innervation might make 
the vaginal approach less attractive. Before making any definite recommendations, however, our 
findings have to be confirmed in studies with larger sample sizes. 
 Another explanation for the decrease in vaginal wall sensibility, especially in the proximal 
posterior vaginal wall after vaginal hysterectomy and sacro-spinous ligament fixation, might be 
overstretching of the vagina. Fixation of the vagina in an overstretched fashion might induce a 
constant stimulation of afferent nerves, resulting in less sensibility to different stimuli, such as 
the stimuli applied by the test-stimulator. 

The	effects	of	gynaecological	surgery	on	vaginal	vasocongestion
Regarding vaginal vasocongestion after gynaecological surgery we observed that vaginal 
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vasocongestion did seem to be negatively affected by vaginal prolapse surgery, whereas it was 
unaltered after hysterectomy. This finding may be explained by the area in which the operation 
is performed. During vaginal prolapse surgery the free nerve endings in and near the vaginal 
epithelium might be affected due to trauma during dissection of the vaginal epithelium. The 
afferent impulses from these nerves are important in enhancing vaginal vasocongestion 
through activation of spinal autonomic pathways37. Furthermore, VPA mainly assesses vaginal 
vasocongestion in the total peripheral microcirculation. Vaginal prolapse surgery might cause 
damage to this peripheral microcirculation as a result of direct trauma during the dissection. 
During hysterectomy the only incision made in the vagina, is the one circulating the cervix during 
the start of the procedure. The rest of the vaginal wall is left untouched, thus theoretically not 
altering the status of vaginal vasocongestion. 
It was hypothesized that occlusion of the uterine artery during hysterectomy might also alter 
vaginal vasocongestion. However, the human vagina receives arterial blood supply not only from 
uterine artery, but also from the vaginal artery, the internal pudendal artery and the vaginal 
branch of the middle rectal artery38 All of the mentioned arteries form a network of anastomoses 
located in the adventitia. The absence of blood supply from one of the arteries is probably 
compensated by blood supply from the other arteries. 

The	effect	of	changes	in	vaginal	wall	sensibility	and	vasocongestion	on	sexual	function
With our studies we could not show an apparent impact of the changes in vaginal innervation 
and vasocongestion on sexual function. This contrasts the findings in male patients after non-
nerve sparing radical prostatectomy, in whom regaining erectile function is not expected39. Five 
explanations are offered that may clarify this absent relationship. The first is the small number of 
included women in these studies. These small numbers of included women are also possibly biased 
as it is known that patients willing to participate in a sexuality study have a more positive attitude 
towards sexuality and are more sexually active40. Secondly, changes in vaginal wall sensibility may 
be too small to be noticed subjectively. Also, changes in vaginal wall sensibility may be relatively 
unimportant for sexual feelings, given that the vaginal wall seems relatively unimportant for 
sexual pleasure. For the latter, the clitoris is much more important41. Fourthly, the FSFI may be 
too insensitive to pick up changes related to surgery-induced damage to the genitalia. Finally, 
and probably most importantly, the absence of an effect of these changes in vaginal innervations 
and vasocongestion on sexual function may be related to the multidimensional nature of sexual 
function, consisting of biological, physiological, psychological and interpersonal determinants. 
For example, before surgery sexual dysfunction might be caused by the pelvic organ prolapse 
itself, which affects psychological and interpersonal determinants such as women’s confidence 
and body image42,43, whereas after surgery the procedure itself and possible damage to vaginal 
vasocongestion and vaginal wall sensibility might be the cause of sexual dysfunction. Changes in 
psychological and contextual factors are not accounted for in the used questionnaires and may 
well compensate for the negative effects of changes in vaginal innervation and vasocongestion. 
Previous studies evaluating the influence of psychological factors on post-operative sexual 
well being have reported preoperative psychiatric morbidity, depression and unsatisfactory 
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preoperative sexual function to be associated with poor outcome44,45, whereas education about 
possible negative outcomes, the decrease in chronic pelvic pain and pain during intercourse, the 
elimination of menstrual pain and dysfunctional uterine bleeding enhanced post-hysterectomy 
sexual function44,46. In future studies, these factors should ideally all be independently 
assessed. Only then firm conclusions about the impact of changes in vaginal wall sensibility and 
vasocongestion on sexual function can be drawn.

Recommendations	for	clinical	practice	and	future	research
With our studies we provided support for the hypothesis that vaginal prolapse surgery and vaginal 
hysterectomy affect vaginal wall sensibility in the proximal posterior vaginal wall and that vaginal 
prolapse surgery affects vaginal vasocongestion. As both of these physiological parameters seem 
relevant for optimal sexual function, one could expect to find a decrease in sexual function 
after surgery. Interestingly enough, we could not show a deteriorated sexual function. As sexual 
function is still the main outcome for patients, it is not possible to give recommendations for 
the clinical practice based on our studies. But, as it is known that sexual problems are still more 
common after hysterectomy and after prolapse surgery than in a non-surgical population, our 
findings should encourage other researchers to also objectify vaginal physiology when analyzing 
effects of surgery on sexual function. A better insight into these parameters helps explaining why, 
despite an improvement in gynaecological symptoms, women still have dysfunctional sexual 
function scores after surgery.
Especially with the development of new surgical techniques in prolapse surgery, allowing more 
operations to be performed by vaginal approach, our finding that vaginal surgery negatively 
affects vaginal vasocongestion and innervation, deserves attention. New surgical techniques 
mainly focus on the use of mesh materials. The effect of mesh materials on vaginal innervation 
and vasocongestion was not the focus of this thesis. Nevertheless, it is important to briefly 
consider these, because when using these techniques, a synthetic, mostly polypropylene, mesh 
is implanted in the vaginal wall. As the synthetic mesh is implanted behind the vaginal mucosa, 
the risk of direct surgical trauma to vaginal vessels and nerves may even be more extensive as 
compared to conventional surgery. These synthetic meshes have already been associated with 
an increase in sexual dysfunction47-50. The first studies mainly showed an increase in dyspareunia, 
and more recent studies also reported an increase in anorgasmia and lubrication problems47-50. 
This now is often explained by shrinkage and stiffening of the mesh material, resulting in a 
less pliable vagina51. Decrease in vaginal wall sensibility and vasocongestion could also be an 
important factor. We now have the settings to evaluate if changes in vaginal innervation and 
vasocongestion contribute to the development of such symptoms after surgery. 
The aim of future studies should therefore be, first, to evaluate damage to vaginal innervation 
and vasocongestion after different types of surgical procedures, and second, to evaluate 
these findings within the multidimensional framework of female sexual dysfunction. If these 
studies indeed show that damage to vaginal innervation and vasocongestion are important in 
the development of female sexual dysfunction, the performed surgical techniques should be 
adjusted accordingly. 
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In chapter 1 the background of this thesis is illuminated. The aims of this thesis are:
1. To evaluate the long term effect of vaginal and abdominal hysterectomy on micturition and 

defecation symptoms
2. To evaluate whether adjustment of surgical technique can reduce morbidity related to 

hysterectomy. 
3. To develop and validate a reproducible technique to objectively quantify vaginal wall 

sensibility
4. To evaluate the effects of hysterectomy and prolapse surgery on vaginal wall sensibility, 

vaginal vasocongestion and sexual function
In chapter 2 we prospectively compared the development and persistence of micturition 
symptoms three years after vaginal and abdominal hysterectomy. Four-hundred-thirty women 
were included; 112 women underwent vaginal hysterectomy and 318 women underwent 
abdominal hysterectomy. All women completed a validated disease specific questionnaire 
(Urogenital Distress Inventory (UDI)) before surgery, six months, one year and three years after 
surgery. Three years after surgery micturition symptoms were more common after vaginal 
hysterectomy than following abdominal hysterectomy (OR 2.2, 95% CI 1.3- 4.0). The difference 
in micturition symptoms persisted after correction for differences in parity, decent of the uterus, 
uterine size and indication for hysterectomy (adjusted OR 3.0 95% CI 1.4-6.2). An interesting 
observation of this study was that the difference in prevalence of micturition symptoms between 
both surgical approaches seemed to increase over time. Since micturition symptoms negatively 
affect the quality of life, the increased risk of post-operative micturition symptoms after vaginal 
hysterectomy, should be mentioned during counselling and should be balanced against the lower 
morbidity of the vaginal approach.
In chapter 3 a prediction rule to predict the patients individual risk of developing stress urinary 
incontinence (SUI) three years after hysterectomy, is presented. When counselling the patient 
it would be helpful to counsel patients about their individual risk on SUI after hysterectomy 
rather than to inform them about the average risk. As both patient characteristics and surgical 
technique determine this risk, we aimed to define a prediction rule based on these variables. 
For this prediction rule the same cohort was used as in chapter 2, however only women not 
reporting SUI before surgery were included (n=243). Three years after surgery 183 women (78%) 
completed the questionnaire, of whom 40 (22%) patients had developed SUI. Using multivariable 
regression analysis with a stepwise forward selection procedure we identified three prognostic 
factors for developing SUI three years after hysterectomy: BMI (OR 1.1 per kg/m2, 95% CI 1.0-1.2), 
younger age at time of hysterectomy (OR 0.9 per year, 95% CI 0.8-1.0) and vaginal hysterectomy 
(OR 2.3, 95% CI 1.0-5.2). Using these parameters we developed the following rule to predict 
the risk of developing SUI: 32 + BMI - age + (7.5 x route of surgery), in which women for vaginal 
hysterectomy receive 1 point and women for abdominal hysterectomy receive 0 points. The 
calibration of the model was good (Hosmer Lemeshow p=0.68) the area under the ROC curve 
was 0.69 (95% CI 0.59-0.79). This prediction rule will improve counselling patients undergoing 



156

Summary

hysterectomy about their individual risk on de novo SUI following surgery.
Chapter 4 reports the results of a ten year follow-up of the same, prospectively collected, 
cohort of women, undergoing abdominal and vaginal hysterectomy. In our three year follow 
up we found that the difference in prevalence of micturition symptoms between both surgical 
approaches seemed to increase over time, possibly as a result of chronic progressive nerve 
damage. To evaluate if, ten years after hysterectomy, the difference in micturition symptoms 
between vaginal and abdominal hysterectomy still existed or even increased, we performed a 
ten year follow up. All women received the same validated disease specific questionnaires as 
they received before surgery, six months, one year and three years after surgery (UDI, Defecation 
Distress Inventory (DDI), Incontinence Impact Questionnaire (IIQ)). The response rate was 73%. 
Ten years after hysterectomy no difference in the prevalence of micturition symptoms between 
vaginally and abdominally operated patients was found. This might be explained by the finding 
that after vaginal hysterectomy, significantly more women reported that they had been treated 
for micturition symptoms (18% vs 8% p=0.02, adjusted OR 3.8 95% CI 1.2-11.6) and were 
therefore no longer symptomatic. Most women were treated for stress urinary incontinence. 
Defecation symptoms, mainly fecal incontinence, also seemed more common after vaginal 
hysterectomy (58% vs 46%, p=0.08). However this difference was not statistically significant. We 
concluded that ten years after vaginal hysterectomy women were more likely to seek medical 
help for micturition symptoms.
In chapter 5 the results of a randomized controlled trial comparing electrical bipolar vessel 
sealing with conventional clamping in women undergoing abdominal hysterectomy, are 
presented. Vessel sealing techniques enable the surgeon to cut the surrounding tissue closer to 
the uterus. As the more lateral parts are known to be more densely innervated we hypothesized 
this technique might reduce autonomic nerve damage, thus resulting in improved post-operative 
pelvic floor function. Furthermore, since less traction is needed, post-operative pain might be 
reduced. Fifty-seven patients undergoing abdominal hysterectomy for benign conditions, in 
two Dutch teaching hospitals, were randomised. Patients were asked to complete validated 
disease specific questionnaires (UDI, IIQ and DDI) before surgery and six months after surgery. 
Furthermore, they were asked to complete a pain diary from the evening before surgery till six 
weeks after surgery. It was found that during the first three postoperative days, patients operated 
using vessel sealing, reported significantly lower pain scores (repeated measurement analysis: p 
< 0.01). The amount of blood loss, surgery time, complication risk and duration of hospitalisation 
were comparable between both groups. Patients in the vessel sealing group resumed their 
normal daily activities on average 8 days earlier as compared to the conventional group (log-
rank test, p = 0.07). Postoperative pelvic floor function was similar in both groups. We concluded 
that the use of vessel sealing during abdominal hysterectomy for benign conditions appears to 
be associated with reduced postoperative pain and faster recovery, however it did not improve 
post-operative pelvic floor function.
Chapter 6 reports the results of a randomized controlled trial aiming to compare the effects 
of electrical bipolar vessel sealing and conventional suturing on; post-operative pain, recovery, 
costs and pelvic floor function in women undergoing vaginal hysterectomy. The hypothesis of 
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this study was that vessel sealing techniques reduce the amount of traction needed to enable 
visualisation as no sutures are needed. This decrease in traction might reduce the risk on pelvic 
nerve damage and hereby reduce the development in post-operative pelvic floor symptoms. 
The trial was conducted in eight teaching hospitals in the Netherlands. One hundred patients 
scheduled to undergo vaginal hysterectomy for benign conditions, excluding pelvic organ 
prolapse, were included. The quality of life related to pelvic floor function was assessed using 
validated questionnaires before surgery and 6 months after surgery (UDI, DDI, IIQ). Pain scores 
and recovery were assessed using a diary, including daily Visual Analogue Scores (VAS), starting 
from the day before surgery until 6 weeks after surgery. The evening after surgery, patients in the 
vessel sealing group reported significantly less pain (5.7 vs 4.5 on a scale of 0-10, p=0.03), but 
after that pain scores where comparable. Operation duration was shorter for vessel sealing (60 vs 
71 minutes p=0.05). Blood loss and hospital stay did not differ. We observed no major difference 
in costs between the two interventions (2903 vs 3102 euro, p=0.26). Changes in micturition and 
defecation symptoms were not affected by the used surgical technique. It was concluded that 
patients may benefit from the use of a vessel sealing technique since the post-operative pain 
during the first night after surgery is less and the operation duration is shorter. However, no 
difference in post-operative pelvic floor function was found and the shorter operation duration 
does not completely compensate for the costs of the vessel sealing clamp.
In chapter 7 a new method to measure vaginal wall sensibility is presented. This method was 
developed to enable objective measurement of the autonomic genital response mechanisms. 
All types of gynaecological surgery may not only affect subjective sexual function, but may also 
cause damage to the innervation of the vagina due to surgical incision, traction and manipulation 
of the vagina and visceral organs. The aim of this study was to investigate intra- and inter 
observer reproducibility of this new method and to define possible influences of menstrual 
cycle phase and oral contraceptive use. Measurements were performed in four different target 
areas (proximal and distal, posterior and anterior) by holding a pulse-generating electrode, 
which was attached to the gloved index finger of the investigator, to one of these locations. 
The intensity of the pulse was gradually increased until the sensation was felt by the patient. In 
this validation study measurements were performed in twelve healthy women. Measurements 
were performed by two independent researchers, target area’s were stimulated in a random 
order. We found that the intra-observer reproducibility of both researchers was almost perfect 
(pearsons-rho correlation coefficient 0.77-0.96 p < 0.001). The inter-observer reproducibility was 
moderate (pearsons-rho correlation coefficient 0.39-0.49). Both researchers measured increased 
sensibility in the proximal posterior vaginal wall relative to the proximal anterior vaginal wall, 
but for all measurements, researcher 2 obtained higher sensibility ratings than researcher 1. We 
concluded that this method is sufficiently sensitive so as to differentiate between anterior and 
posterior proximal vaginal wall sensibility, but the outcome differs as a function of researcher. 
Further evaluation of the clinical use of this method is needed, provided that measurements are 
performed by the same researcher.
In chapter 8 we used the newly developed method to measure vaginal wall sensibility as part of 
a randomized controlled trial comparing vaginal and abdominal prolapse surgery. Women with 
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uterine prolapse stage 2 or more were included. The aim of this study was to compare the amount 
of damage to vaginal wall sensibility between vaginal and abdominal prolapse surgery, with or 
without incontinence surgery. Measurements of vaginal wall sensibility were performed by one 
researcher, before surgery and six months after surgery. Sexual function was assessed at the 
same time points using a questionnaire. Data on vaginal wall sensibility were obtained from 65 
patients. The sensibility of the distal posterior (p=0.02) and distal anterior (p=0.10) vaginal wall 
decreased after vaginal surgery compared to abdominal surgery. Abdominal prolapse surgery 
with incontinence surgery decreased the sensibility of the distal part of the anterior vaginal 
wall significantly more than abdominal prolapse surgery only (p=0.01). Before surgery, vaginal 
wall sensibility was lower in women who reported vaginal dryness or anorgasmia. The presence 
of genital pain was associated with higher vaginal wall sensibility. Post-operative vaginal wall 
sensibility was similar in women with and without sexual problems. We concluded that vaginal 
prolapse surgery as well as abdominal prolapse surgery with additional incontinence surgery 
resulted in decreased vaginal wall sensibility. This study shows no influence of the decreased 
vaginal wall sensibility on sexual well-being. Larger studies are needed to better understand the 
association between changes in vaginal wall sensibility and changes in sexual well-being.
Chapter 9 presents the results of a prospective study, including patients scheduled for vaginal 
prolapse surgery. The first aim of this study was to evaluate the effect of vaginal prolapse 
surgery on vaginal vasocongestion and vaginal wall sensibility and secondly to evaluate if sexual 
dysfunction was related to diminished vaginal vasocongestion and innervation. Participants 
underwent measurements before and 6 months after surgery, during non-erotic and erotic 
visual stimuli. Measurements were performed using a validated vaginal combi-probe which 
included vaginal photoplethysmography to assess Vaginal Pulse Amplitude (VPA) (representing 
vaginal vasocongestion), and four pulse-generating electrodes to measure vaginal wall sensibility 
(representing vaginal innervation). Sexual function was assessed using validated questionnaires 
(FSFI, FSDS-R, SSAQ). Pre- and postoperative vaginal vasocongestion, vaginal wall sensibility 
and sexual function scores were compared. Twenty-nine women were included, 24 (83%) 
completed the six months follow-up visit. This study showed a significant reduction in vaginal 
vasocongestion during sexual stimulation post-operatively (p=0.05). Vaginal wall sensibility in 
the proximal posterior vaginal wall was significantly reduced after surgery (pre-op 13.3mA vs 
post-op 17.5mA, p<0.05). Sexual function as assessed with questionnaires, was not significantly 
affected. An explanation for the absence of an effect of decreased genital autonomic responses 
on sexual function might be that the negative effect of surgery on autonomic genital responses is 
masked by the positive effect of surgery on subjective sexual function due to the elimination of 
bothersome symptoms. We concluded that future studies are needed to tease out the impact of 
surgery related damage to vaginal vasocongestion and vaginal wall sensibility, to post-operative 
sexual function.
In chapter 10 the results of a prospective study including 19 patients scheduled for hysterectomy 
are presented. Seventeen patients completed the six months follow up. With this study we 
aimed to evaluate if vaginal and/or abdominal hysterectomy negatively affected vaginal 
vasocongestion, vaginal wall sensibility and sexual function. Participants in this study also 
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underwent measurements, using the vaginal combi-probe, before and 6 months after surgery, 
during non-erotic and erotic visual stimuli. Sexual function was assessed using validated 
questionnaires (FSFI, FSDS-R, SSAQ). We concluded that vaginal vasocongestion, vaginal wall 
sensibility and sexual function, as assessed with questionnaires, were not significantly affected 
by hysterectomy. Two trends were noted in the subgroup analyses: the first towards decreased 
vaginal wall sensibility in the proximal posterior vaginal wall after vaginal hysterectomy (p=0.08), 
and the second towards better scores on the FSFI pain domain after abdominal hysterectomy 
(p=0.06). These two trends might warrant further research.
In chapter 11 the results of these studies are placed in a broader perspective and recommendations 
are given for clinical practice and future research.
The first part of this thesis focused on micturition and defecation symptoms after hysterectomy. 
We concluded that, when scheduling hysterectomy, one should realize that vaginal hysterectomy 
does increase the risk of developing micturition symptoms after surgery. As these symptoms are 
known to negatively affect the quality of life, we recommend that the search for a less traumatic 
operative technique should continue. We attempted to reduce the risk of developing micturition 
symptoms by using vessel sealing techniques. We could not show a decrease in micturition 
symptoms after using this technique. 
The second part of this thesis focused on the evaluation of vaginal wall sensibility, vaginal 
vasocongestion and sexual function after hysterectomy and prolapse surgery. With our studies 
we provided support for the hypothesis that vaginal prolapse surgery and vaginal hysterectomy 
affect vaginal wall sensibility in the proximal posterior vaginal wall and that vaginal prolapse 
surgery affects vaginal vasocongestion. As both of these physiological parameters seem relevant 
for optimal sexual function, one could expect to find a decrease in sexual function after surgery. 
Future studies should therefore evaluate these findings within the multidimensional framework 
of female sexual dysfunction. If these studies indeed show that damage to vaginal innervation and 
vasocongestion are important in the development of female sexual dysfunction, the performed 
surgical techniques should be adjusted accordingly. 
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In hoofdstuk 1 wordt de achtergrond van dit proefschrift beschreven. De doelstellingen van dit 
proefschrift zijn:
1. Het evalueren  van de lange termijn gevolgen van vaginale en abdominale hysterectomie op 

mictie en defacatie klachten.
2. Evalueren of aanpassingen in de chirurgische techniek de morbiditeit van hysterectomie kan 

verlagen.
3. Het ontwikkelen en valideren van een reproduceerbare techniek om objectief de 

gevoeligheid van de vaginawand te meten.
4. Evalueren wat de gevolgen van hysterectomie en prolaps chirurgie zijn op de gevoeligheid 

van de vaginawand, de doorbloeding en het seksueel functioneren.
In hoofdstuk 2 hebben we, prospectief, de ontwikkeling, en het persisteren van mictie klachten 
3 jaar na vaginale en abdominale hysterectomie vergeleken. Vierhonderddertig vrouwen werden 
geïncludeerd: 112 vrouwen ondergingen een vaginale hysterectomie, 318 vrouwen ondergingen 
een abdominale hysterectomie. Alle vrouwen vulden een ziekte specifieke vragenlijst (Urogenital 
Distress Inventory (UDI)) in  voor de operatie, zes maanden, een jaar en drie jaar na de operatie. 
Drie jaar na vaginale hysterectomie kwamen mictie klachten significant vaker voor dan na 
abdominale hysterectomie (OR 2.2, 95% CI 1.3-4.0). Het verschil in mictie klachten tussen beide 
groepen persisteerde na correctie voor verschillen in pariteit, decensus uteri, grootte van de 
uterus en indicatie voor hysterectomie (aangepaste OR 3.0 95% CI 1.4-6.2). Een interessante 
bevinding van deze studie was dat het verschil in prevalentie van mictie klachten tussen beide 
groepen leek toe te nemen over de tijd. Aangezien bekend is dat mictie klachten de kwaliteit van 
leven negatief beïnvloeden, zou dit verschil moeten worden gemeld tijdens het preoperatieve 
gesprek en zou moeten worden afgewogen tegen de lagere morbiditeit van de vaginale ingreep.
In hoofdstuk 3 wordt een predictie model gepresenteerd waarmee het risico van de 
individuele patiënt op het ontwikkelen van stress incontinentie drie jaar na hysterectomie 
kan worden voorspeld. Tijdens de voorlichting voor de operatie is het handig om de patiënt 
te kunnen voorlichten over haar individuele risico in plaats van over het algemene risico op 
stress incontinentie. Aangezien zowel patiënt karakteristieken als operatieve techniek dit 
risico bepalen, was het doel van deze studie om deze parameters samen te voegen in een 
predictie model. Voor het maken van dit predictie model werd hetzelfde cohort gebruikt als 
beschreven in hoofdstuk 2, echter alleen vrouwen zonder stress incontinentie voor de operatie 
werden geïncludeerd (n=243). Drie jaar na de operatie hadden 183 van deze vrouwen (78%) de 
vragenlijst ingevuld, van hen hadden 40 vrouwen (22%) klachten van stress incontinentie. Met 
behulp van multivariabele logistische regressie analyse met stepwise forward selection hebben 
we drie prognostische factoren voor het ontwikkelen van stress incontinentie geïdentificeerd: 
BMI (OR 1.1  per kg/m2, 95% CI 1.0-1.2), jongere leeftijd ten tijde van de hysterectomie (OR 0.9 
per jaar, 95% CI 0.8-1.0), en vaginale hysterectomie (OR 2.3, 95% CI 1.0-5.2). Deze parameters 
werden samengevoegd in de volgende predictie regel: 32+BMI-leeftijd + (7.5x operatieve route). 
Hierin krijgen vrouwen die een vaginale hysterectomie ondergaan 1 punt en vrouwen die een 
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abdominale hysterectomie ondergaan 0 punten. De kalibratie van het model was goed (Hosmer 
Lemeshow p=0.68), de oppervlakte  onder de ROC curve was 0.69 (95%CI 0.59-0.79). Dit predictie 
model verbetert de voorlichting van patiënten aangezien zij hiermee kunnen worden voorgelicht 
over hun individuele risico op stress incontinentie na hysterectomie.
Hoofdstuk 4 rapporteert de resultaten van de tien jaar follow-up  van hetzelfde, prospectief 
vervolgde, cohort vrouwen die een vaginale of abdominale hysterectomie hebben ondergaan. 
In onze drie jaar follow-up hebben wij gevonden dat het verschil in prevalentie van mictie 
symptomen tussen vaginale en abdominale hysterectomie leek toe te nemen naarmate de tijd 
verstreek. Dit wordt mogelijk  verklaard door chronisch progressieve zenuw schade. Het doel van 
deze studie was om te evalueren of, tien jaar na de ingreep, dit verschil in mictie  klachten tussen 
vaginaal en abdominaal geopereerde patiënten nog steeds bestaat of zelfs is toegenomen. Alle 
deelnemende vrouwen ontvingen opnieuw dezelfde gevalideerde vragenlijsten (UDI, Defecation 
Distress Inventory (DDI), Incontinence Impact Questionnaire (IIQ)). De respons was 73%. Tien 
jaar na hysterectomie werd geen verschil gevonden in de prevalentie van mictie klachten tussen 
vaginaal en abdominaal geopereerde patiënten. Het verdwijnen van dit verschil wordt mogelijk 
verklaard doordat significant meer vrouwen na vaginale hysterectomie rapporteerden dat zij 
reeds waren behandeld voor mictie klachten (18% vs 8% p=0.02, adjusted OR 3.8 95% CI 1.2-
11.6). De meeste vrouwen waren behandeld voor stress incontinentie. Tien jaar na vaginale 
hysterectomie leken defacatie klachten, met name fecale incontinentie, ook vaker voor te komen 
(58% vs 46% p=0.08). Dit verschil was echter niet significant. De conclusie van deze studie was 
dat tien jaar na vaginale hysterectomie vrouwen vaker hulp zochten voor de behandeling van 
mictie klachten.
Hoofdstuk 5 laat de resultaten zien van een gerandomiseerde studie waarin het gebruik van 
elektrische bipolaire vessel sealing wordt vergeleken met de conventionele techniek tijdens 
abdominale hysterectomie. Vessel sealing technieken maken het mogelijk voor de operateur om 
de ligamenten dichterbij de uterus door te nemen. Aangezien het bekend is dat de meer lateraal 
gelegen delen van de ligamenten meer zenuwen bevatten, was de hypothese van deze studie dat 
de vessel sealing techniek mogelijk de autonome zenuwschade kon beperken. Dit zou kunnen 
resulteren in minder postoperatieve bekkenbodem klachten. Verder is voor deze techniek 
minder tractie nodig waardoor de postoperatieve pijn mogelijk wordt gereduceerd. In totaal 
werden 57 patiënten, die een abdominale hysterectomie ondergingen in twee Nederlandse 
opleidingsziekenhuizen, gerandomiseerd. Aan patiënten werd gevraagd om voor de operatie en 
zes maanden na de operatie gevalideerde vragenlijsten in te vullen (UDI, DDI, IIQ). Verder werden 
zij gevraagd om een pijndagboekje bij te houden vanaf de avond voor de operatie tot zes weken 
na de operatie. Gedurende de eerste drie dagen na de operatie bleken patiënten die waren 
geopereerd met de vessel sealing techniek minder pijn  aan te geven (repeated measurement 
analyse: p<0.01). De hoeveelheid bloedverlies, operatieduur, het risico op complicaties en de 
duur van de opname waren vergelijkbaar in de twee groepen. Patiënten in de vessel sealing 
groep hervatten hun normale dagelijkse bezigheden gemiddeld 8 dagen sneller dan de vrouwen 
die volgens de conventionele techniek werden geopereerd (log-rank test p=0.07). Er werd geen 
verschil gevonden in postoperatieve bekkenbodem klachten. De conclusie van deze studie was 
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dat het gebruik van vessel sealing tijdens abdominale hysterectomie voor benigne aandoeningen 
leek te resulteren in minder postoperatieve pijn en sneller postoperatief herstel, echter het gaf 
geen verbetering in postoperatieve bekkenbodem klachten.
Hoofdstuk 6 toont de resultaten van een gerandomiseerde studie met als doel het vergelijken 
van de effecten van de elektrische bipolaire vessel sealing techniek en de conventionele techniek 
op postoperatieve pijn, herstel, kosten en bekkenbodem klachten in vrouwen die een vaginale 
hysterectomie ondergaan. De hypothese van deze studie was dat het gebruik van vessel 
sealing de tractie tijdens de operatie vermindert aangezien er geen hechtingen nodig zijn. Deze 
vermindering in tractie verlaagt mogelijk het risico op schade aan de innervatie van het kleine 
bekken, wat zou kunnen resulteren in een verlaagde kans op postoperatieve bekkenbodem 
klachten. De studie werd uitgevoerd in acht Nederlandse opleidingsziekenhuizen. Honderd 
patiënten, die een vaginale hysterectomie ondergingen voor benigne aandoeningen, werden 
geïncludeerd. Aan patiënten werd gevraagd om voor de operatie en zes maanden na de operatie 
gevalideerde vragenlijsten in te vullen (UDI, DDI, IIQ). Pijnscores en postoperatief herstel 
werden vanaf de avond na de operatie tot zes weken na de operatie beoordeeld met behulp 
van een pijndagboekje waarin de Visual Analogue Score (VAS) was opgenomen.  De avond na 
de operatie rapporteerden patiënten in de vessel sealing groep significant minder pijn (5.7 vs 
4.5 op een schaal van 0-10, p=0.03), na deze eerste avond waren de pijnscores vergelijkbaar. 
De operatieduur was korter in de vessel sealing groep (60 vs 71 minuten p=0.05). Bloedverlies 
en opnameduur waren niet verschillend. Er werden geen grote verschillen in kosten tussen de 
twee technieken gevonden (2903 vs 3102 euro, p=0.26). Veranderingen in mictie en defacatie 
klachten werden niet beïnvloed door de gebruikte techniek. De conclusie van deze studie was 
dat  patiënten mogelijk voordeel hebben van vessel sealing aangezien de operatie duur korter 
is en de pijn gedurende de eerste avond na de operatie minder is. Er werd echter geen verschil 
gevonden in postoperatieve bekkenbodem klachten en de kortere operatie duur compenseert 
niet volledig de extra kosten van de vessel sealing klem.
In hoofdstuk 7 wordt een nieuwe methode voor het meten van de gevoeligheid van de 
vaginawand gepresenteerd. Deze methode is ontwikkeld om objectief de autonome genitale 
response te kunnen meten. Alle gynaecologische operaties kunnen niet alleen het subjectieve 
seksueel functioneren beïnvloeden, maar kunnen ook schade geven aan vaginale innervatie 
door incisie, tractie en manipulatie van de vagina en viscerale organen. Om deze schade te 
objectiveren is er behoefte aan een nieuwe uitkomstmaat. Het doel van deze studie was om 
de intra- en inter-observer reproduceerbaarheid van deze nieuwe methode te beoordelen en 
om de mogelijke invloeden van menstruele cyclus en het gebruik van orale anticonceptiva te 
beoordelen. De metingen werden uitgevoerd in vier verschillende locaties (proximaal en distaal, 
anterieur en posterieur) door een pulsgenererende elektrode, welke was bevestigd aan de 
gehandschoende hand van de onderzoeker, tegen een van deze vier locaties te houden. De 
intensiteit van de stimulus werd langzaam opgevoerd totdat de stimulus werd gevoeld door de 
patiënt.  In deze validatie studie werden de metingen uitgevoerd in twaalf gezonde vrijwilligsters. 
Metingen werden uitgevoerd door twee onafhankelijke onderzoekers, de vier verschillende 
locaties werden in willekeurige volgorde gestimuleerd. We vonden dat de intra-observer 
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reproduceerbaarheid bijna perfect was (pearsons-rho correlatie coëfficiënt 0.77-0.96 p< 0.001). 
De inter-observer reproduceerbaarheid was matig (pearsons-rho correlatie coëfficiënt 0.39-
0.49). Beide onderzoekers maten een toegenomen gevoeligheid in de proximale posterieure 
vaginawand vergeleken met de proximale anterieure vaginawand, echter voor alle metingen, 
verkreeg onderzoeker 2 hogere waarden dan onderzoeker 1. Wij concludeerden dat deze 
methode gevoelig genoeg was om te differentiëren tussen de gevoeligheid van de proximale 
anterieure en posterieure vaginawand, echter uitkomsten verschillen tussen onderzoekers. 
Verdere evaluatie van klinische toepasbaarheid van deze techniek is nodig, voorbehouden dat 
alle metingen worden uitgevoerd door dezelfde onderzoeker.
In hoofdstuk 8 hebben we de nieuw ontwikkelde methode om de gevoeligheid van de 
vaginawand te meten gebruikt als deel van een gerandomiseerde studie waarin vaginale 
en abdominale prolaps operaties worden vergeleken. Vrouwen  met een stadium 2 of meer 
decensus uteri werden geïncludeerd. Het doel van deze studie was om schade aan vaginale 
gevoeligheid te vergelijken tussen vaginale en abdominale chirurgie, met of zonder incontinentie 
chirurgie. De vaginale gevoeligheid werd gemeten door één onderzoeker, voor de operatie en zes 
maanden na de operatie. Seksueel functioneren werd beoordeeld op dezelfde tijdstippen met 
behulp van een vragenlijst. Data met betrekking tot de vaginale gevoeligheid werd verkregen 
van 65 patiënten. De gevoeligheid van de distale posterieure (p=0.02) en de distale anterieure 
(p=0.10) vaginawand verminderde na vaginale chirurgie vergeleken met abdominale chirurgie. 
Abdominale prolaps chirurgie in combinatie met incontinentie chirurgie verminderde de 
gevoeligheid van het distale deel van de anterieure vaginawand significant meer dan abdominale 
prolaps chirurgie zonder incontinentie chirurgie (p=0.01). Voor de operatie was de gevoeligheid 
van de vaginawand in patiënten die vaginale droogheid en anorgasmie rapporteerden lager. 
De aanwezigheid van genitale pijn was geassocieerd met een toegenomen gevoeligheid van 
de vaginawand. Postoperatief was de gevoeligheid van de vaginawand vergelijkbaar tussen 
vrouwen met en zonder seksuele problemen. Wij concludeerden dat vaginale prolaps chirurgie 
evenals abdominale prolaps chirurgie in combinatie met incontinentie chirurgie, resulteerde in 
een afgenomen gevoeligheid van de vaginawand. Deze pilot studie toonde geen effect van deze 
afname in gevoeligheid van de vaginawand op postoperatief seksueel functioneren. Grotere 
studies zijn nodig om een beter inzicht te krijgen in de associaties tussen veranderingen in de 
gevoeligheid van de vaginawand en veranderingen in seksueel functioneren.
Hoofdstuk 9 toont de resultaten van een prospectieve studie waarin patiënten die gepland 
stonden voor vaginale prolaps chirurgie, zijn geïncludeerd. Het primaire doel van deze studie was 
om de effecten van vaginale prolaps chirurgie op de vaginale vasocongestie en gevoeligheid te 
evalueren. Het tweede doel was om te evalueren of seksueel disfunctioneren is gerelateerd aan 
verminderde vaginale vasocongestie en gevoeligheid. Deelnemers ondergingen metingen voor 
de operatie en zes maanden na de operatie, onder erotische en niet-erotische omstandigheden. 
De metingen werden uitgevoerd met een vaginale combi-probe welke fotoplethysmografie 
bevat om de Vaginale Pulse Amplitude (VPA) te beoordelen (representatief voor de vaginale 
vasocongestie) en vier pulse-genererende elektrodes bevat om de gevoeligheid van de vaginawand 
te meten (representatief voor de vaginale innervatie). Seksueel functioneren werd beoordeeld 
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met behulp van gevalideerde vragenlijsten (FSFI, FSDS-R, SSAQ). Pre- en postoperatieve vaginale 
vasocongestie, vaginale gevoeligheid en seksueel functioneren scores werden vergeleken.  Er 
werden 29 vrouwen geïncludeerd, 24 vrouwen (83%) completeerden de 6 maanden follow-up. 
Deze studie toonde postoperatief een significante afname in vaginale vasocongestie (p=0.05) 
tijdens seksuele stimuli. De gevoeligheid van de vaginawand in de proximale posterieure 
vaginawand was significant afgenomen na de operatie (pre-op 13.3mA vs post-op 17.5mA, p< 
0.05). Seksueel functioneren, zoals beoordeeld met vragenlijsten, was niet significant veranderd. 
Een verklaring voor de afwezige invloed van verminderde genitale response op het seksueel 
functioneren, is mogelijk dat de negatieve effecten van de operatie op de autonome genitale 
response worden gemaskeerd door de positieve effecten van de operatie op het subjectieve 
seksueel functioneren door de eliminatie van hinderlijke klachten. Wij concludeerden dat meer 
studies nodig zijn om de invloed van chirurgie gerelateerde schade aan vaginale vasocongestie 
en innervatie op het seksueel functioneren te evalueren. 
In hoofdstuk 10 worden de resultaten getoond van een prospectieve studie onder 19 vrouwen 
die gepland stonden voor een hysterectomie. Zeventien vrouwen completeerden de zes 
maanden follow-up. Het doel van deze studie was om te evalueren of vaginale en/of abdominale 
hysterectomie een negatieve invloed had op vaginale vasocongestie, gevoeligheid van de 
vaginawand en seksueel functioneren. Deelnemers van dit onderzoek ondergingen metingen 
met de vaginale combi-probe, voor de operatie en zes maanden na de operatie, tijdens  erotische 
en niet-erotische filmfragmenten. Seksueel functioneren werd beoordeeld met gevalideerde 
vragenlijsten (FSFI, FSDS-R, SSAQ). Wij concludeerden dat zowel vaginale vasocongestie, de 
gevoeligheid van de vaginawanden als het seksueel functioneren niet significant veranderden na 
hysterectomie. Twee trends werden gevonden in een subgroep analyse: de eerste was een trend 
naar afgenomen gevoeligheid van de vaginawand in de proximale posterieure vaginawand na 
vaginale hysterectomie (p=0.08), en de tweede was een trend naar betere scores op het FSFI pijn 
domein na abdominale hysterectomie (p=0.06). Deze twee trends zouden toekomstig onderzoek 
kunnen rechtvaardigen.
In hoofdstuk 11 worden de resultaten van al deze studies in een breder perspectief geplaatst en 
worden aanbevelingen voor toekomstig onderzoek gegeven. 
Het eerste deel van dit proefschrift richt zich op mictie en defacatie klachten na hysterectomie. 
Wij concludeerden dat, bij het plannen van een hysterectomie, de dokter zich moet realiseren 
dat vaginale hysterectomie het risico op het postoperatief ontwikkelen van mictie klachten 
vergroot. Aangezien het bekend is dat deze klachten de kwaliteit van leven negatief beïnvloeden, 
bevelen wij onderzoek naar manieren om minder traumatisch te opereren van harte aan. Wij 
hebben een poging gedaan om het risico op postoperatieve mictie klachten te verminderen door 
het gebruik van een vessel sealing techniek. Wij vonden geen afname in mictie klachten met het 
gebruik van deze techniek. 
Het tweede deel van dit proefschrift richt zich op de evaluatie van vaginale gevoeligheid, vaginale 
vasocongestie en seksueel functioneren na prolaps chirurgie en hysterectomie.  Met onze studies 
hebben we bewijs gevonden voor de hypothese dat vaginale prolaps chirurgie en vaginale 
hysterectomie de gevoeligheid van de proximale posterieure vaginawand negatief beïnvloeden 
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en dat vaginale prolaps chirurgie de vaginale vasocongestie negatief beïnvloedt.  Aangezien deze 
beide fysiologische parameters relevant zijn voor het seksueel functioneren zou een effect van 
deze bevindingen op het seksueel functioneren kunnen worden verwacht. Toekomstig onderzoek 
moet zich dan ook richten op het plaatsen van deze bevindingen in het multi-dimensionale 
karakter van het vrouwelijk seksueel functioneren. Wanneer deze studies inderdaad tonen dat 
schade aan vaginale innervatie en vasocongestie een belangrijke factor is in het ontwikkelen van 
seksueel disfunctioneren, dienen de operatieve technieken hierop te worden aangepast.
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Appendices

Frequency
Urgency
Urge incontinence
Stress incontinence

Dysuria
Obstructive micturition

Do you experience an increased micturition frequency?
Do you experience an increased feeling of urgency if you have to 
urinate?
Do you experience urine leakage related to a feeling of urgency?
Do you experience urine leakage related to physical activity, coug-
hing or sneezing?
Do you experience pain while urinating?
Do you experience trouble emptying your bladder?

Symptom Question

Appendix B. Definitions of lower urinary tract symptoms.

Constipation
Obstructed defecation

Pain
Fecal incontinence
Flatus incontinence

Do you have less than 3 bowel movements a week?
Do you ever have o push on the vaginal wall or manually remove 
feces to have a bowel movement?
Do you experience pain during or shortly after a bowel movement?
Do you experience incontinence for solid stools?
Do you experience incontinence for gas?

Symptom Question

Appendix C. Definitions of defecation symptoms.

Question

Lack of sexual arousal
Vaginal dryness
Anorgasmia
Pain in genitals

Did you experience lack of sexual arousal the past few months?
Did you experience vaginal dryness the past few months? 
Did experience anorgasmia the past few months?
Did you experience pain the genitals the past few months?

Sexual problem

Appendix D. Definitions of sexual problems.

Appendix A. HysVA study group
J.G. van der Bom, Leiden University Medical Centre; Y.A.J.M. Dabekausen, Streekziekenhuis Het Spittaal, 
Zutphen; M.J. Duk, Eemland Ziekenhuis, Amersfoort; E.J.M. van Erp, Leyenburg Ziekenhuis, Den 
Haag; J.F. ter Haar, TweeSteden Ziekenhuis, Tilburg, A.P.M. Heintz, University Medical Centre Utrecht; 
H.M.M.H. Kerkhof, Carolus Ziekenhuis, Den Bosch; W.F.A. Mensink, Martini Ziekenhuis, Groningen; 
L.C. van Otterlo Ziekenhuis Centrum, Apeldoorn; A.A.F. Planken, Mesos Medisch Centrum, Utrecht; 
J.P.W.R. Roovers, University Medical Centre Utrecht; J.H. Schagen van Leeuwen, Antonius Ziekenhuis, 
Nieuwegein; P.C. Scholten, Diakonessenhuis, Utrecht; C.H. van der Vaart, University Medical Centre 
Utrecht, H.A.M. Vervest, St. Elisabeth Ziekenhuis, Tilburg; G.A. Wennink, Mesos Medisch Centrum 
Utrecht.
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Alleen had ik dit proefschrift nooit kunnen maken, velen hebben er aan bijgedragen. Iedereen die 
hieraan bijgedragen heeft wil ik graag bedanken, ik hoop dat ik hierbij niemand vergeet! 

Allereerst wil ik natuurlijk alle vrouwen bedanken die hebben deelgenomen aan deze, soms toch 
zeer intensieve en belastende, studies. Zonder jullie was er geen proefschrift geweest.

De leden van de promotie commissie: Prof dr W.A. Bemelman, Dr S. Both, Dr H.W. van Lunsen, 
Dr T.M. de Reijke, Prof dr D. de Ridder, Prof dr R.J.P.M. Scholten, Prof dr M.E. Vierhout, wil ik 
bedanken dat zij zitting hebben willen nemen in mijn promotie commissie en hiermee de moeite 
hebben genomen om mij te helpen bij de afronding van dit project.

Mijn promotor Prof Dr MPM Burger en compromotoren Dr JPWR Roovers en Dr ET Laan.

Beste Matthé, dank dat u mij de mogelijkheid heeft gegeven om te komen promoveren aan het 
AMC. Ieder artikel werd door u altijd nog even grondig onder de loep genomen, maar iedere 
afspraak startte en eindigde vrijwel altijd met nog even een gezellig praatje over de  bollen en 
tulpen.

Jan-Paul, ik kan jou nooit genoeg bedanken voor de kansen die jij mij hebt geboden. Zonder jou 
had dit proefschrift nooit bestaan en was ik waarschijnlijk nooit als promovendus naar het AMC 
gekomen. Niet alleen op het gebied van de wetenschap heb jij mij ontzettend veel geleerd, ook 
het vakgebied urogynaecologie heb jij voor mij tot een zeer interessant en uitdagend vakgebied 
gemaakt. Ik heb enorm veel bewondering voor je enthousiasme en tomeloze ambitie. Ik snap 
niet hoe je het volhoud maar ik ben heel blij dat ik in ieder geval onderdeel uit mocht maken van 
je onderzoeksteam! 
Ellen, jij was de perfecte tegenhanger voor Jan-Paul zijn (en mijn) snelle denken. Ik heb genoten 
van onze afspraken en gedachten wisselingen over onderzoek en over seksuologie in zijn 
algemeenheid. Soms frustrerend, maar uiteindelijk ontzettend leerzaam, was het om te merken 
hoeveel verschil er zit tussen het schrijven van psyhcologen en dokters. Maar uiteindelijk is 
het volgens mij redelijk gelukt om daarin dan toch een goede middenweg te vinden. Ik wil je 
enorm bedanken voor alle tijd die jij hebt gestoken in het reviseren van mijn artikelen en ter tafel 
brengen van nieuwe discussie punten waar ik als dokter toch echt niet over na had gedacht. Ik 
hoop dan ook dat ik n de toekomst nog iets voor je terug kan doen!

Mijn paranimfen Linda Hooijschuur en Menke Hazewinkel.
Lin, Muts, na 6 jaar middelbare school en 6 jaar Geneeskunde studeren samen ben en blijf jij nog 
altijd mijn beste vriendin. Ik ben dan ook heel blij dat jij op deze, voor mij zeer belangrijke dag, 
naast mij wilt staan. Dank voor alle peptalks en mogelijkheden om even uit te razen. En daarbij 
natuurlijk voor de vele avonden uitgaan, Rock Werchter, kermis, festivalletjes enzovoorts, waar 
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je me met veel moeite mee naar toe kreeg, maar waarmee je me altijd wist af te leiden van alle 
stress van het onderzoek. Thanks! Nu komen er betere tijden en gaan we echt weer wat vaker 
afspreken en nu met drank!

Menke, vanaf mijn komst in het AMC kon ik altijd met al mijn vragen bij jou terecht. Heerlijk om 
een vriendelijke, toegankelijke voorganger te hebben bij onze drukke copromotor. Jij hebt me 
heel veel geleerd over het doen van onderzoek en over de bekkenbodem, maar ook over hoe 
je een congres zo gezellig mogelijk kan maken! Ik heb in ieder geval genoten van Como, Madrid 
en Lissabon! Dank je wel dat je ondanks je eigen promotie op korte termijn toch mijn paranimf 
wilde zijn.

Verpleegkundigen en poliassistenten van de poli gynaecologie in het AMC. Dank jullie wel voor 
het denken aan mijn studie en voor de mogelijkheid om altijd even een kamer te gebruiken voor 
een studie patiënte die tussendoor kwam.

Al het personeel van Alant Vrouw Amsterdam, maar in het bijzonder: Johanna, Saskia, Angelique, 
Nicole en Lara. Dank jullie wel voor alle steun in moeilijke tijden, alle praatjes tussendoor en 
natuurlijk de gezellige borrels. Jullie hebben mij niet alleen ontzettend veel geleerd over de 
bekkenbodem maar vooral ook een ontzettend leuke werkplek gegeven. Zonder jullie had mijn 
Alant tijd nooit zo geslaagd geweest!

Mijn bekkenbodem maatjes: Menke, Femke, Maaike, Susanne, dank voor jullie gezelligheid 
tijdens de congressen en symposia en natuurlijk voor het aanhoren en meeleven tijdens de 
goede en slechte tijden. Fem, Maaik en Susan jullie moment komt ook zeker nog!

Frank en Robert, bedankt dat ik mee heb mogen werken aan jullie proefschriften. Jullie zijn me 
inmiddels allebei al voorgegaan in de afronding. Ondanks jullie drukke thuissituatie en werk 
was er altijd tijd om te brainstormen over jullie projecten. Ik heb genoten van het meedenken 
over jullie onderwerpen en heb veel bewondering voor de manier waarop jullie het af hebben 
gemaakt!

De onderzoekers van het AMC, we begonnen met een klein ploegje maar het werd al heel snel 
een enorme ploeg. Namen zal ik dan ook maar achterwege laten om niemand te vergeten, maar 
iedereen ontzettend bedankt voor de gezelligheid en hulp tijdens het werken aan dit proefschrift.

Mijn lieve collega’s in het MCA, dank voor jullie begrip en hulp om, ondanks de drukte, toch nog 
voldoende tijd vrij te krijgen voor het afronden van dit proefschrift. Ben ik eindelijk bij het einde 
en hopelijk dus wat minder gestrest laat ik jullie alleen, sorry…..

Wagemaker Flowers B.V. bedankt voor het beschikbaar stellen van de computer, printer, scan 
en fax en heerlijke werkruimte met ‘uitzicht’! Jullie begrepen er natuurlijk niets van dat ik hele 
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dagen bij jullie achter de computer kwam zitten, maar dit waren voor mij echt vaak de meest 
productieve dagen! Nu kunnen jullie eindelijk zien waar ik al die tijd dan toch mee bezig was.

Natuurlijk al mijn vrienden, dank dat jullie ondanks mijn gebrek aan tijd toch mijn vrienden zijn 
gebleven! In het bijzonder wil ik nog even een aantal mensen bedanken. 
Wouter, Marieke, Mara en Marije, dank jullie wel voor de gezelligheid op weg naar en terug van 
het AMC en Alant. Reistijd is op deze manier helemaal niet erg!
Petra, bedankt voor het maken van de kaft en het helpen bij de lay-out! Je hulp kwam precies op 
het goede moment!
Mel, Rian, Imelda, Babet en Hijko, mijn tennismaatjes, dank dat jullie nog steeds met mij wilden 
spelen. De competitie en toernooitjes vormden een heerlijke afleiding van mijn proefschrift.
De Rock Werchter gangers, 4 dagen per jaar alleen maar kamperen en muziek luisteren is toch 
wel heerlijk!
Mijn maatjes uit het Lucas, Moniek en Kimiko, dank voor de gezellige etentjes en goede adviezen!
Loes en Merel, lekker onbeperkt over geneeskunde kletsen! Onvoorstelbaar dat jullie nu allebei 
al huisarts zijn.
Bianca en Danielle, nu kom ik eindelijk jullie kleintjes weer eens bewonderen en Sigrid die 
tennisdate gaat er nu echt van komen!
Marieke, wat kan gezellig kletsen in de jacuzzi toch ontspannend werken!
Buurman Bjorn, nu hoef je niet meer steeds op mijn mannetje te passen en kom ik echt weer 
eens mee een biertje doen!

Lieve familie, Pap, Mam, Annemiek en Simone. Dank voor jullie begrip voor mijn beperkte 
bezoeken en jullie luisterend oor als ik dan toch eens langs kwam. Niets is heerlijker dan te 
weten dat er altijd mensen zijn die in je geloven en je zullen blijven steunen wat er ook gebeurd!

Als laatste en meest belangrijke natuurlijk, mijn vriend Jeffrey. Jef, zonder jouw steun had ik 
dit nooit afgemaakt. Al je heerlijk nuchtere adviezen en rechtlijnige antwoorden hebben mij 
geholpen om te relativeren. Gelukkig had jij het ook heel druk met het opzetten van het nieuwe 
bedrijf en had je daarom heel veel begrip voor alle tijd die ik in mijn werk stopte. De laatste 
maanden begon de balans wel een beetje door te slaan, maar ik beloof je, nu komen er echt 
betere tijden! Nu wordt het weer fijn om mijn vriendje te zijn!

 



172

List of publications



173

List of publications

List of publications

Lakeman MME, Kruitwagen R , Roovers JPWR; A randomized controlled trial comparing the 
effects of electrosurgical bipolar vessel sealing versus conventional suture in patients undergoing 
abdominal hysterectomy; J. min invasive gynaecology; 2008 Sep-Oct;15(5):547-53.

Lakeman MME, Laan E, van der Vaart CH, Roovers JPWR.A new method to measure vaginal 
sensibility; Neurourology and Urodynamics; 2010 Jun;29(5):753-6

Lakeman MME, van der Vaart CH, Roovers JPWR Hysterectomy and lower urinary tract 
symptoms: a non-randomized comparison of vaginal and abdominal hysterectomy; Gynecologic 
and Obstetric Investigation, 2010;70(2):100-6.

Zijta FM, Froeling M, van der Paardt MP, Lakeman MME, Bipat S, Montauban van Swijndregt 
AD, Strijkers G.J., Nederveen AJ, Stoker J Feasibility of Diffusion Tensor Imaging (DTI) with Fiber 
Tractography of the Normal Female Pelvic Floor. European Radiology, 2011 Jun;21(6):1243-9

Lakeman MME,  van der Vaart CH, Laan E, Roovers JPWR; The effect of prolapse surgery on 
vaginal sensibility; Journal of sexual medicine; 2011 Apr;8(4):1239-45

Hinoul P., Vervest HAM., den Boon J., Venema PL, Lakeman MME, Milani AL, Roovers 
JPWR.A randomized, controlled trial comparing an innovative single-incision sling with an 
established transobturator sling to treat female stress urinary incontinence Journal of Urology 
Apr;185(4):1356-62

Lakeman MME, van der Vaart CH, van der Steeg JW, Roovers JPWR; Predicting the development 
of stress urinary incontinence after hysterectomy; International urogynaecology journal; 2011 
Sep;22(9):1179-84.

Lakeman MME, van der Vaart CH, Roovers JPWR; A long-term prospective study to compare the 
effects of vaginal and abdominal hysterectomy on micturition and defecation; Britisch Journal of 
Obstetrics and Gynaecology; 2011 Nov; 118(12): 1511-7.

Brauer M, Lakeman M, van Lunsen R.H.W., Laan E. Inadequaat pijngedrag bij vrouwen met 
seksuele pijnstoornissen In E. Slager (Ed.). reproductieve geneeskunde, Gynaecologie en 
Obstetrie anno 2011 (pp. 652-656) Haarlem; DCHG medische communicatie; book chapter

Lakeman MME, Hakvoort RA, Van de Weijer EP, Emanuel MH, Roovers JPWR; Urodynamic 
investigation to evaluate whether there is bladder outlet obstruction on the first day after vaginal 
prolapse surgery; International urogynaecology journal; 2012 Jun; 23 (6): 723-728.



174

List of publications

Lakeman MME, Zijta FM, Peringa J, Stoker J, Roovers JPWR; Dynamic Magnetic Resonance 
Imaging in assessing prolapse, the reliability of assessment and correlation with clinical findings 
and pelvic floor symptoms; International urogynaecology journal;. 2012 Apr 25

Zijta FM, Lakeman MME, Froeling M, van der Paardt MP, Borstlap C, Bipat S, Montauban van 
Swijndregt AD, Strijkers GJ, Roovers JP, Nederveen AJ and Stoker J;Evaluation of the female pelvic 
floor in pelvic organ prolapse using 3.0-Tesla diffusion tensor imaging and fibre tractography; Eur 
Radiol; 2012 Jul 14

Lakeman MME, Dijkgraaf M, The S, Schellart R, Dietz V, Thurkow A, Roovers JPWR; Electrosurgical 
bipolar vessel sealing using LigaSure versus conventional clamping and suturing for vaginal 
hysterectomy: a randomized controlled trial; BJOG; Accepted july 2012

 



175

Curriculum vitae

Curriculum Vitae

Marielle Maria Elisabeth Lakeman werd geboren op 29 augustus 1983 in Hoogkarspel. De 
middelbare school heeft zij doorlopen in Grootebroek op het Martinus College waar zij in 2001 
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