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In this thesis we studied the effect of various haemostatic devices in laparoscopic surgery 
on operating time, blood loss and complications and identified predisposing factors 
for ureteral injuries during laparoscopic hysterectomy (LH) and recommendations to 
prevent them.

PART I
The effect of haemostatic devices during laparoscopic 
hysterectomy and laparoscopic salpingo-oophorectomy  
on surgical outcome and complications
The most common location of ureteral injury in pelvic surgery, in particular during 
laparoscopic hysterectomy, is at the cardinal ligament, where the ureter passes inferior 
to the uterine vessels. A reduction in excessive bleeding at this site is expected to 
reduce the risk on ureteral injuries. 

The feedback controlled bipolar cutting device (Ligasure, Covidien, Boulder, CO) 
was reported to have better haemostatic effectiveness in various surgical procedures 
compared to various other electrothermal coagulating devices 1-4, but was not yet 
evaluated in gynaecological laparoscopic procedures. In general, it is assumed that the 
combination of pressure technique and low voltage bipolar coagulation in the vessel 
sealing has two main advantages: it requires less electronic energy, reducing the thermal 
spread, and is assumed to be more effective due to the formation of a translucent seal of 
partially denatured protein instead of a clot in the vessel as is produced by conventional 
bipolar energy 5;6. Advances of the vessel seal technique of effective and fast securing 
of pedicles can be at the cost of recognisability of the anatomy as the different layers of 
the tissue are compressed which may be disadvantageous in dissecting.

By studying the effect of the Ligasure Lap 5 device (LS1500 V, Covidien, Boulder, 
CO) in comparison to the conventional bipolar devices in a multicenter randomized 
controlled study, no significant difference in mean operating time or perioperative 
blood loss could be found during laparoscopic salpingo-oophorectomy and 
laparoscopic hysterectomy. The only objectively measured outcome parameter that 
differed between the two techniques was the time taken to transect the adnexal 
ligaments during laparoscopic hysterectomy, that was in favour of the Ligasure 
device. Based on a reduced induction of thermal spread, the vessel sealing technique 
(Ligasure) was postulated to reduce the risk on injury to adjacent structures, including 
ureteral injuries. However, the randomized studies that are described in this thesis 
were not designed to identify differences in complications. Given the low incidence 
of ureteral injuries during gynaecological surgery, varying from 0 to 2.9% during 
salpingo-oophorectomy 7-9, and 0.6-4,4% during laparoscopic hysterectomy 10;11, it 
will be very difficult to perform studies of sufficient power that will show an effect of 
different haemostatic devices on these complications.
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The effect of haemostatic devices during abdominal surgery  
on surgical outcome and cost-effectiveness
We systematically studied all published RCTs comparing a vessel sealing device to 
other electrothermal or ultrasonic devices focusing on the effectiveness of vessel 
sealing devices compared to other coagulating devices during abdominal surgical 
procedures. Due to the low number of RCTs included and methodological differences, 
it was not possible to perform meta-analyses. A reason commonly given for the lack of 
RCT studying these devices is that clinicians require specific training to properly use 
these devices, which exposes the risk of different learning curves between the two 
arms and consequently the introduction of a potential confounding factor. Another 
challenge is the rapid evolution of devices, which makes it difficult to determine 
the optimal time for a clinical study, due to the fact that, by the time the study is 
completed, the device’s features have been improved 12. 

New devices need to have a CE-brand before they can be used in the European 
Union. The Dutch Society of Obstetrics and Gynaecology (NVOG) additionally has 
formulated a guideline for the implementation of new techniques: the efficacy, 
safety and practical relevance should be assessed in scientific research and its 
results published in a peer-reviewed journal first. According to this guideline, new 
(haemostatic) devices should have been studied before its implementation. However, 
if small adjustments of available devices should be part of such an evaluation before 
implementation in practice, is a matter of debate. 

The use of Ligasure has been critically assessed for a wide range of procedures, such as 
abdominal and vaginal hysterectomy, but also haemorrhoidectomy and bowel surgery 13-21. 
These studies reported a potential decrease of operating time and operative blood loss 
during these surgical procedures using Ligasure in comparison to other haemostatic 
devices. However, these favourable results of the Ligasure over conventional bipolar 
devices with respect to shorter operating time and reduced blood loss, could not be 
confirmed in our RCTs concerning laparoscopic salpingo-oophorectomy and laparoscopic 
hysterectomy. Most of the other laparoscopic studies which reported the Ligasure to be in 
favour over other haemostatic devices concerned bowel surgery and compared Ligasure 
with ultrasonic devices 1-3;20. An explanation for the reported differences may lie in the fact 
that ultrasonic devices are less effective in case of coagulating large vessels 5;6;22. 

Our systematic review concluded that currently available evidence is insufficient to 
draw solid conclusions on differences between vessel sealing devices and conventional 
bipolar or ultrasonic devices. In addition, our systematic review does not provide 
sufficient information to reach evidence-based conclusions to base the choice for a 
specific electro thermal or ultrasonic device to be used during laparoscopic surgery 
in terms of (cost) effectiveness. As the safety of haemostatic devices is expected to 
be more or less similar, in the light of insufficient available evidence, the personal 
preference of the surgeon will prevail in the choice of the device. Our RCT comparing 
Ligasure with conventional bipolar devices demonstrated that surgeons preference 
varies widely among different surgeons and hospitals and is highly associated with the 
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device that is available in the participating hospital. In our Delphi consensus procedure 
among experts it was also proposed that the level of experience of the surgeon is 
probably more important in preventing ureteral injuries than the type of device used.

PART II 
Recommendations to prevent ureteral injuries during 
laparoscopic hysterectomy (LH) based on predisposing factors
Besides the advantages of the laparoscopic over the abdominal hysterectomy 11;23, the 
risk of major complications, such as haemorrhage or ureteral injuries may be increased, 
particularly during the learning phase. Recommendations to prevent complications 
may be of use, especially during this learning phase. Evidence based (peri)operative 
recommendations for optimal surgical techniques in terms of reduction of bleeding 
and prevention of ureteral injuries during LH are lacking. Most recommendations are 
authority or experience based. In order to acquire evidenced based information on the 
effect of specific surgical techniques applied or equipment used during laparoscopic 
hysterectomy on the incidence of ureteral injuries, we systematically reviewed available 
literature on this topic. In total 29 articles included recommendations on the prevention 
of ureteral injuries during laparoscopic hysterectomy. However, only a limited number of 
recommendations have been studied in comparative studies and most recommendations 
have only been evaluated in single arm studies or have not been evaluated at all.

As the studied recommendations to prevent ureteral injuries during LH are limited, 
we have to fall back on expert opinions and more authority based guidelines. In an 
attempt to develop uniform recommendations on the prevention of urinary tract injuries 
during LH, we performed a structured Delphi consensus procedure among international 
experts in LH. Experts were selected in a structured way: they needed to have had at 
least one publication on complications related to laparoscopic hysterectomies in a peer 
reviewed journal, extensive experience in LH and they had to be active in this field. 
After three rounds of questionnaires among fourteen international experts, consensus 
was achieved in 63% of the recommendations (40 of 64), with respect to required 
education, learning curve, applied surgical technique such as the use of a uterine 
manipulator, restoration of distorted anatomy, and on the application of diagnostic 
tools in early detection of urinary tract injuries. There is, however, still considerable 
divergence in opinion on the other 37% of the recommendations, such as required 
case load, particularly in case of endometriosis, the need for specific ureteral handling 
techniques (e.g., “Koh manoeuvre”, making a window in broad ligament), and the need 
for routinely performing a cystoscopy during or after surgery. Apparently, opinions on 
some issues are strong and not easily overthrown, requiring further basis of evidence. 

Consensus can not replace scientific evidence. The fact that proper clinical trials 
studying the effect of these interventions or recommendations in guidelines are lacking 
are probably related to the low frequency of urinary tract injuries during laparoscopic 
hysterectomy (0-2.2%).
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Given the low frequency of this undesired complication, much can be learned from 
each reported complication. In an attempt to identify potential predisposing factors, we 
performed a retrospective study on ureteral injuries during laparoscopic hysterectomy 
in the Netherlands. In total 31 ureteral injury cases could be assessed and analysed. 
Predisposing factors were rated against the consented recommendations of our Delphi 
study among experts. The predisposing factors were categorised in patient-related, 
surgeon-related, or both. We concluded that 48.4% of the analysed ureteral injury 
cases did not meet all of the consented Delphi recommendations. We called them 
“protocol violations”. In strict perspective, this is not the correct term since all cases 
were performed before these Delphi recommendations were published. In addition, 
it can not be proven that the ureteral injuries would have been prevented in case the 
consented recommendations would have been followed in all cases. Furthermore, due 
to the retrospective design of this study and the presence of a recall bias, the total 
reported number of ureteral injuries should be considered as incomplete.

Ideally, the effect of various recommendations on outcome should be studied 
in a random way. However, to study the effect on these complications, large study 
populations are required. For instance, to reduce the rate of ureteral injuries from 1.2% 
to 0.2% (the incidence of ureteral injuries during LH versus abdominal hysterectomy 11, 
approximately 3000 patients should be included in each arm. Therefore, randomized 
studies to examine all recommendations are difficult to design. However, given the 
large number of performed hysterectomies it is not impossible. The total number 
of performed hysterectomies in England, Germany, France, and the Netherlands are 
estimated to be almost 95000 per year (Stichting informatieve gezondheidszorg, 
Landelijke Medische Registratie (LMR), Prismant, verrichtingen 2009; Source: InEK 
(Germany), ATIH (France) and The NHS Information Centre and Department of Health 
(England)). Given the current implementation rate of laparoscopic hysterectomy 24, 
we assume that approximately 10% will be performed by a laparoscopic approach, 
accounting for approximately 9500 LH per year.

If RCTs are not feasible, it should be considered minimally required to perform 
optimal registration of our procedures in large prospective cohort studies or national 
databases, in combination with the registration of patients characteristics.

The learning curve during laparoscopic hysterectomy 
The existence of a learning curve has been postulated in a couple of studies: a cohort 
study, in which significantly more urinary tract injuries were seen when the first and 
more recent years of experience were compared in terms of complications of total 
laparoscopic hysterectomy; 2.3% vs. 0.9% urinary tract injuries and 0.6% vs. 0.2% 
ureteral injuries 25. This was also underlined in 2001, after the analysis of a large 
Finnish database, including all 10.110 hysterectomies performed because of a benign 
indication in 1996. The incidence of ureteral injury decreased significantly from 2.2 to 
0.5% in case the surgeons had performed more than 30 LHs compared to those who 
did perform 30 or less laparoscopic hysterectomies 10. Ten years later, a substantially 
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lower incidence of ureteral injuries was reported during LH in the same database. 
The reported incidence was 0.3% during LH and was comparable to the reported 
incidence during abdominal hysterectomy (0.3%) 26. 

In our Delphi study the learning curve was proposed to be completed at 20 LHs 
in case of normal anatomy and normal sized uteri and 30 LHs in case of large uteri. 
However, consensus could not be reached on the required numbers in case of severe 
endometriosis or intraligamentary located fibroids. 

Analysing the 31 well documented ureteral injury cases in the Netherlands, in more 
than one-third of the injury cases the primary surgeon performed less than 30 previous 
laparoscopic hysterectomies and in one-fourth the experience of the surgical team 
was less than 30 LHs, i.e., first surgeon and primary assistant both performed less than 
30 LHs before the particular ureteral injury case occurred. 

In a large part of these cases the applied technique was rated to be insufficient, 
such as not using a uterine manipulator or coagulating the uterine arteries from the 
contralateral side. However, 50% of the ureteral injuries occurred without known 
predisposing factors. This is in line with the reported 30% of injuries in the large 
Finnish database in uncomplicated cases in patients with small sized uteri (Harkki-
Siren et al, 1998). Other factors, such as insufficient knowledge of the anatomy, visual 
perception, situational awareness or inadequate use of equipment could have played 
a role. We were not able to study these factors due to the lack of stored recordings 
of the procedures. Of all cases only one video was stored and could be analysed. 
From a retrospective study analysing 252 bile duct injuries during laparoscopic 
cholecystectomy we learned that only 3% of the injuries could be based on insufficient 
skills and 97% was due to insufficient visual perceptual illusion 27. In particular visual 
perception is a factor that should be developed during a surgeons learning curve. 

The required number of laparoscopic hysterectomies to be performed before a 
learning curve should be considered to be completed, in terms of safe enough to 
prevent unneeded complications, has never been studied sufficiently. Often the non-
evidenced based number of 20-30 hysterectomies has been taken for “simple” normal 
sized uteri with normal anatomy 10;28. The consented required number to complete 
the learning curve was higher for a more complicated LH, defined as patients with 
intraligamentary located fibroids, dense adhesions or distorted anatomy due to deep 
infiltrating endometriosis. However, the exact required number depends on the skills 
of the surgeon and probably also on the attitude of the surgeon and its surgical 
experiences with other procedures. Surgical performance can deteriorate also in 
surgeons with substantial experience due to altered patient case mix, applying new 
techniques or overconfident behaviour 29. In line with this, Twijnstra et al. advocates 
to focus on maintenance of individual surgical skills that will enhance and improve 
the patient-safe performance of laparoscopic hysterectomy instead of adopting only 
a 30-procedure mantra for the learning curve 30. A method to continuously monitor 
surgical performance in laparoscopic hysterectomy in individual surgeons is the 
cumulative sum (CUSUM) analysis which was earlier described by Park et al. 29.
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Insufficient experience of the surgeon, inadequate technique and distortion of the 
anatomy by pelvic disease were predisposing factors for ureteral injuries in 18 of the 
31 cases in our retrospective study 31.

The obvious reduction of urinary tract injuries after completing the learning 
curve 25;32 indicates the need for proper laparoscopic training programs 28. These 
training programs should include surgery under supervision, watching videos (for 
the recognition of anatomical structures and to improve visual perception) and 
special attention to the adjustment of the techniques in case of distorted anatomy. 
Incorporation of provided recommendations in training programs may decrease the 
urinary tract injury rate and, as a consequence, improve patient outcome. 

After completion of the learning curve, a sufficient annual case load is also 
important for preventing complications, especially when the difficulty of the procedure 
is increasing. Preoperative screening of patients becomes more important and this 
needs to be a part of all training programs. In addition, less injuries will occur in case 
unneeded hysterectomies are prevented. This means that less invasive alternatives 
needs to be considered before a hysterectomy is planned, such as Levonogestrel 
releasing intrauterine system (LNG-IUS) 33;34, endometrial ablation 35, embolization of 
uterine arteries 36-38, and other fibroid therapies in case of fibroid uteri 39.

Ureteral handling
Ureteral injuries are the most dreaded complication in gynaecological surgery. The 
course of the ureter in the pelvis renders it liable to injury during gynaecological 
operations, in particular during hysterectomies 40. The most common location of 
ureteral injury in pelvic surgery, in particular during laparoscopic hysterectomy, is at 
the cardinal ligament, where the ureter passes inferior to the uterine vessels. 

Several recommendations are conducted on specific ureteral handling techniques 
to prevent injuries during laparoscopic hysterectomy. What can be concluded on these 
techniques, such as ureteral stent placement, ureteral dissection and visualization, 
ureteral lateralization, and uterine artery preligation? Based on available literature, we 
have to conclude that routinely preoperative placement of ureteral stents does not 
reduce the occurrence of ureteral injuries during LH 41-44, but may cause minor to moderate 
complications, such as low back pain, urinary discomfort, transient haematuria, oliguria 
and transient anuria 45;46. The effect of ureteral dissection or uterine artery preligation 
on a routine base during LH has not been studied sufficiently 47-52. The experts in our 
Delphi study consented that these interventions are not required on a routine base in 
case of normal anatomy. Dissection takes time and in theory may increase the risk on 
intraoperative bleeding and devascularisation of the ureters and as a consequence 
related ureteral ischemia and necrosis at a later stage 53. However, sufficient powered 
studies evaluating the need for ureteral dissection has not been applied to underline 
this consensus, thus future studies may alter these recommendations.

130



GENERAL DISCUSSION AND FUTURE PERSPECTIVES

8

Required diagnostic methods to prevent delayed identification  
of ureteral injuries
Ureteral injuries should be recognised as soon as possible to prevent long term 
complications, such as urinomas, reduced kidney function, or fistulas. The AAGL 
recommends to perform a intraoperative cystoscopy during laparoscopic hysterectomies 54. 
However, current evidence is insufficient to base the need for this statement. In addition, 
whether these diagnostic method would have identified all ureteral injuries can be 
questioned. These techniques are able to identify complete obstructed or transsected 
ureters, however, thermal damage injuries may be missed as they fistulise later on. 

The routine use of methylene blue, Indigo carmine, bladder- and kidney ultrasound or 
cystoscopy during surgery, to identify eventual bladder or ureteral injuries were rejected 
in the Delphi study. In this study it was consented that peroperative cystoscopy to assess 
the ureteral flow or intravenous Indigo carmine should only be performed during surgery 
if an ureteral injury is suspected. In addition, it was also consented that there is no place 
for routine postoperative diagnostic interventions such as ultrasound or cystoscopy to 
exclude ureteral obstruction or injuries. This was only recommended in case of recovery 
problems. It was postulated that perioperative cystoscopy could only be cost effective 
in case the estimated rate of ureteral injury exceeded 2% 55. On the other hand, our 
retrospective study illustrated that recognition of the vast majority of the analysed ureteral 
injuries (90%) were delayed, with a mean of 29 days (median 14 days). Apparently, we 
were not able to identify risk cases. This may be related to insufficient evidence on 
predisposing factors. Given the higher incidence of ureteral injuries during surgeons 
learning curve, we recommend that particularly during this period it could be useful to 
perform intraoperative cystoscopy or postoperative power Doppler sonography to exlude 
ureteral injuries. Recognizing ureteral injuries should be part of training programs and 
improving the evidence on predisposing factors should be part of future studies.

Other recommendations
Uterine manipulators are able to move and stretch the uterus, some are able 
to additionally present the fornices of the vagina. Studies on the use of uterine 
manipulators and its effect on surgical outcome or complications are lacking. The use of 
a uterine manipulator during LH was recommended by the Delphi experts in all cases. 
It was considered to be indispensible in case of difficult recognition of anatomical 
planes to stretch the uterus and to increase the distance between the ureter and the 
uterine vessels by moving the uterus to the opposite side. Stretching the uterus was 
also mentioned as one of the most important techniques to prevent bladder injuries. 
In two of the 31 ureteral injury cases in the Netherlands no manipulator was used, of 
which in one case a bilateral ureteral injury occurred.

131



GENERAL DISCUSSION AND FUTURE PERSPECTIVES

8

CONCLUSION
Based on the systematic review, our Delphi study, and after analysing the ureteral 
injuries in the Netherlands, we proposed recommendations to prevent ureteral injuries 
during LHs and to enable its early detection: 

Preoperatively
Level of 

evidencea

1 Completion of learning curve (i.e., at least 20 for small sized uteri with normal anatomy, 30 for 
large uteri and higher but not specified in case of severe endometriosis or intraligamentary 
located fibroids) with tutor (surgeon with sufficient experience and qualifications)

IV 10;28

Intraoperatively

2 Use a uterus manipulator IV 28

3 Coagulate uterine vessels close to the uterus from ipsilateral side with a perpendicular 
approach, i.e., minimizing risk on bleeding and enlarge distance between uterine artery 
and ureter

IV 28

4 Completeb ureter dissection only in case of distorted anatomy, before coagulation of the 
uterine pedicle

IV 28

5 Routinely preoperative placement of ureteral stents is not needed Ib 41

6 No preference for a specific coagulating device in terms of prevention of ureteral injuries IV 28

Postoperatively

7 Cystoscopy during surgery or Doppler ultrasound ureteral flow on first day postoperative 
in case of distortion of anatomy and/or extensive bleeding or coagulating difficulties 
only

IV 28

8 Before completion of the learning curve, perform a cystoscopy or Doppler ultrasound 
ureteral flow on the first postoperative day in all cases also in case of normal anatomy

IV

General recommendation

9 To implement a national prospective registration of all operative procedures, including 
baseline characteristics and complications

IV

a Level of evidence: Ia Evidence obtained from meta-analysis of randomised controlled trials; Ib Evidence obtained 
from at least one randomised controlled trial; IIa Evidence obtained from at least one well-designed controlled study 
without randomisation; IIb Evidence obtained from at least one other type of well-designed quasi-experimental 
study; III Evidence obtained from well-designed non-experimental descriptive studies, such as comparative studies, 
correlation studies and case studies; IV Evidence obtained from expert committee reports or opinions and/or 
clinical experience of respected authorities (RCOG-Royal College of Obstetricians and Gynaecologists, UK).
b Complete is defined as visualization of the ureter in its course up to the uterine vessels with ureterolysis if required
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FUTURE PERSPECTIVES
Despite the fact that the laparoscopic hysterectomy is one of the most common performed 
major laparoscopic procedures in gynaecology, we have to conclude that available 
evidence on prevention of ureteral injury is still authority rather than evidence based. Only 
a limited items have been addressed in studies of sufficient power and design.

We identified several knowledge gaps that should be completed before sufficient 
evidence based conclusions can be taken on the preferred haemostatic device, 
equipment, and surgical techniques to prevent ureteral injury during LH.

The only vessel sealing device included in a RCT was the LigaSure device 
(Covidien, Boulder, CO) and this study was of insufficient power to analyse the risk 
on ureteral injuries. So far no RCTs have been published in laparoscopic surgery using 
Enseal (Johnson & Jonhson Medical BV), Bicision (Erbe, Tübingen, GE), Thunderbeat 
(Olympus, Center Valley, PA) or Gyrus (Olympus, Center Valley, PA) devices. Well 
designed RCTs are needed to study the preferred haemostatic device during LH in 
terms of haemostatic effect, complications and cost-effectiveness. Besides surgical 
outcome parameters, the RCTs should preferably also assess quality of live, recovery, 
return to work, direct and indirect costs.

The preventive effect of various ureteral dissection techniques (e.g., Koh-manoeuvre, 
making a window in broad ligament, ureterolysis), preligation or early coagulation of the 
uterine arteries on ureteral injuries have not been studied in a proper way or studied at all. 
The same accounts for the use and type of uterine manipulator and the cost-effectiveness 
of routine cystoscopy or power doppler sonography immediately after a LH to assess 
ureteral urinary flow in order to identify eventual ureteral injuries in an early stage. 

As the ureteral injury is classified as an uncommon but significant complication from 
benign gynaecological surgery, it is obvious that the identified knowledge gaps require 
sufficiently powered well designed studies to enable optimal care for our future patients.

To improve patient care we propose the development of a guideline proclaiming 
good clinical practice and patient care for performing laparoscopic hysterectomy 
and the development of a solid educational program.

This guideline should include recommendations on indication, pre- and postoperative 
care, equipment and surgical techniques to be used, minimal required skills of the 
surgeon, minimal requirements of the surgical team and hospital. Registration of 
baseline characteristics and complications in national databases are expected to 
improve the quality of care even further, particularly in case continuous monitoring of 
personal performances are taken into account. The achieved Delphi consensus and 
provided recommendations may serve as a basis for further development of educational 
programs and this guideline. A consensus meeting, to further encourage the debate 
and consensus building (“modified Delphi Procedure”) might be the following step to 
improve consensus on the topics in which we could not achieve consensus yet.
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