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ABSTRACT
Study objective
To reach consensus among experts in the field of laparoscopic gynaecology in uniform 
recommendations on the prevention and early detection of urinary tract injuries during 
laparoscopic hysterectomy (LH).

Design
A systematic Delphi consensus procedure (Canadian Task Force Classification III).

Setting
A tertiary-care university hospital.

Population
International gynaecological experts in the field of LH.

Methods
Experts were selected according to standard criteria with regard to surgical experience and 
research. Twenty of 40 experts were willing to participate. Three questionnaires were sent. 
Each questionnaire was formulated and based on the answers of the previous one.

Results
Fourteen experts completed the third questionnaire. In 40 of 64 proposed 
recommendations, consensus was achieved. Consensus was achieved with respect to 
required education, learning curve, equipment, restoration of distorted anatomy and 
on the application of diagnostic tools in early detection of urinary tract injuries.

Conclusion
The Delphi technique is a useful  tool to achieve consensus regarding urologic 
complications in LH. Recommendations may serve as a basis for further research and 
the development of educational programs.
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INTRODUCTION
It is well known that particularly during the learning curve, the laparoscopic 
hysterectomy (LH) may be associated with more urinary tract injuries such as bladder 
and ureter injuries than open abdominal or vaginal approach 1-3. Bladder injuries occur 
in 2% (range 0-6%) of laparoscopic hysterectomies and ureter injuries in 1.2% (range 
0.6 -4%) 2;4. Ureter injuries are in 70% of cases detected after primary surgery, often 
resulting in an unintended laparotomy or second laparoscopy 3.

In the light of the wide range in urinary tract injury rates between surgeons, a learning 
curve seems probable. This is underlined by a cohort study, in which significantly 
more urinary tract injuries were seen if the surgeon performed less than 30 cases in 
comparison to more experienced surgeons; 2.2% versus 0.9% ureter injuries and 2.0% 
versus 0.8% bladder injuries 4. A similar decline in complications during the learning 
curve can be observed in a large Finish database including 27872 LHs over two periods 
(1992-1999 and 2000-2005) 5. Urinary tract injuries decreased from 1.4% (from 1992 to 
1999) to 0.7% (from 2000 to 2005) and ureter injuries from 0.9% to 0.34%.

Because LH still has to be implemented in many clinics and countries, many 
gynaecologists have to complete this learning curve. To prevent complications during 
the learning curve, perioperative recommendations should be formulated. Many of 
these recommendations have been reported in articles and text books 6-25.

Clinical trials to study the preventive effects of these recommendations on the 
urinary tract injury rate are not available. Most recommendations are authority and/
or experienced based and national or international guidelines are lacking. Therefore 
the subject is highly suitable for a structured consensus procedure using the Delphi 
method. The objective of this study is to reach consensus among experts on uniform 
recommendations that may possibly prevent these urinary tract injuries during LH.

METHODS
Study design
A prospective international study among experts using a Delphi consensus approach 
was used, on the basis of a systematic review of the published work on recommendations 
to prevent urinary tract injuries during laparoscopic hysterectomy.

Delphi technique
The Delphi technique is a method for structuring a group communication process in 
order to make the process more effective in allowing a group of individuals, as a whole, 
to deal with a complex problem 26. The Delphi technique was originally designed as 
a way to reach consensus as efficient as possible. Experts from all over the world give 
their opinion anonymously in (digital) writing. This approach has logistic advantages, 
but moreover, a more efficient conversion of opinions because of the anonymity 27;28.

Using repeated questionnaire rounds, the experts were able to give feedback on 
the previous round in a controlled way to achieve a consensus opinion in a short period 
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of time. The data were collected between May 2008 and March 2009. This method 
was selected as it lends itself to the formation of a collective recommendation on a 
topic spanning a wide range of international experts. A Delphi panel offers several 
advantages, including greater flexibility and lower costs than other formal consensus 
methods and allows inclusion of geographically separate experts 29;30. It is believed 
that during this process the range of the answers would decrease and the group will 
converge towards the “correct” answer and a consensus. An overview of the study 
design is presented in Figure 1.

Research team

Literature 
review 

Expert panel 

Expert panel 

Summary of 
literature review

Composition of 
questionnaire

Selection eligible 
experts 

Delphi round 1 
(questionaire) 

Delphi round 2 
(questionnaire) 

Delphi round 3 
(questionnaire) 

Analysis and presentation 
results round 1

Analysis and presentation  
results round 2

Final results and 
recommendations 

Figure 1. Study design. The stepwise Delphi consensus method used in this study to reach a consensus on 
formulating recommendations to prevent urinary tract injuries during laparoscopic hysterectomy.

Selection of the Experts
Experts were selected primarily on the basis of a literature search. Inclusion criteria were 
at least one publication on complications related to LH, in a peer-reviewed journal in 
the previous 10 year, extensive experience in LH (more than 100 LHs performed) and 
still active in this field. No more than two experts from one country were allowed to 
participate. If in a country more than two experts were available, the two participants 
were randomly selected.
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In total 40 eligible experts were identified, and were asked to complete a short 
questionnaire to assess their actual experience, number of publications on this topic 
and their willingness to participate in at least three rounds of this Delphi procedure. In 
total 20 experts were eligible and were included for the first round. Experts who failed 
to respond in time were additionally excluded. Experts were not aware of the identity 
of any of the other participants during the study in order to encourage responses of all 
individual experts, independent of cultural, social or communication abilities.

Systematic Review
To formulate perioperative recommendations for the prevention of ureter and bladder 
injuries during LH and the prevention of delayed diagnosis of these injuries, we 
performed a systematic review of available literature from 1990 to March 2008, in a 
Medline database. Articles had to be written in English, published in peer-reviewed 
journals as full articles or in national or international guidelines and had to describe 
the effect of recommendations on specific activities or interventions to prevent urinary 
tract injuries during laparoscopic hysterectomies or delayed diagnosis of these injuries. 
The search terms used were all possible terms for “laparoscopic hysterectomy” and 
“urinary tract injuries”, “bladder injuries”, “ureter injuries”, or “complications”, 
resulting in 900 articles. None of the studied guidelines contained recommendations 
during LH to prevent urinary tract injuries. All abstracts were reviewed, and 80 full 
articles were selected and studied. Cross-references were checked, resulting in 20 
additional potential eligible articles of which 10 were relevant. On the basis of these 
articles, we selected 47 potential relevant items. The main topics were education and 
training, including the learning curve under various conditions, instruments, surgical 
techniques and diagnostic methods to identify eventual urinary tract injuries. Detailed 
results of the systematic review will be published in a separate article.

Delphi procedure
First Round (Sent in May 2008)
This round focused on the selection of relevant items in the prevention of bladder or ureter 
injuries. All possible interventions and recommendations, identified by the systematic 
review, were included in the first questionnaire to assess the relevance and priority. 
Most questions had to be answered using the “Likert scale”; 1 = strongly disagree, 2 = 
disagree, 3 = indifferent; 4 = agree; 5 = strongly agree. Additionally, the experts were 
asked to rank the items according to level of importance and to add potential relevant 
items. Participants were encouraged to give arguments to support their answers.

Second Round (Sent in August 2008)
On the basis of the results of the first round, a new questionnaire was developed, 
including all items that were ranked as important by most experts. This questionnaire 
together with the summary of the (anonymous) results of round 1 were sent to the 
participants, who were asked to revise or confirm previous given answers, in light of 
the replies of other members of the group.
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Third Round (Sent in December 2008)
An anonymous summary of the outcome of the second round was sent with a request 
for revision or confirmation (agree, disagree, or indifferent) of the given answers. The 
items that were consented upon in the second round were not included in the next 
questionnaire. In case of rejection, the experts were encouraged to give an explanation 
in the third round.

Primary Outcome Parameter
Outcome of the Delphi method was the Rate of Agreement (RoA): (Agreement – 
Disagreement/Agreement + Disagreement + Indifferent) X 100%. When the RoA was 
greater than 70%, the level of consensus was considered to allow acceptation of the 
recommendation. A RoA less than -70% was considered to justify rejection of the 
proposed recommendation.

The level of achieved consensus determined the total number of rounds. It was 
predefined that the procedure should be stopped if no further consensus was expected 
in future rounds or the loss of participants was anticipated.

RESULTS
Of the 20 included experts, 14 completed all three questionnaires. In the first round 17 
experts and in the second and third round 14 experts gave their answers.

On the basis of the performed systematic review, we identified in total eight 
topics, including 47 items to discuss. These items were qualified by the experts as 
important enough to discuss. On the basis of the responses, 17 items were added 
(see Figure 2). Most added items focussed on specific conditions which may effect 
the earlier formulated recommendations. Full consensus was achieved after two 
rounds on six items. Forty-one items had to be re-rated, resulting in a total of 58 
items to be discussed during the third round. After 3 rounds consensus was achieved 
on 40 of the 64 items (63%).

Education
All experts agreed that education and training are important to shorten the learning 
curve and to prevent urinary tract injuries (RoA 100%) (see Table 1). The learning curve 
was proposed to be completed at 20 LHs in case of normal anatomy and normal 
sized uteri; 30 in case of large uteri. However, consensus could not be reached on the 
required case load in case of severe endometriosis or intraligamentary fibroids.

Proposed tools to improve education and training are surgery under supervision, the 
use of videos, lectures and electronic media to improve recognition and knowledge of 
the anatomy (RoA 93-100%). Training in (video) boxes or with virtual reality simulation, 
in the animal model or human cadavers were all considered to be important (RoA 
79-93%). Fellowships endoscopy are considered indispensable to improve education 
and training (RoA 86%) (see Table 1).
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Questionnaire 1+2            
(47 items) 

Items accepted               
(N=6) 

Items to be re-rated          
(N=41) 

Items rejected               
(N=0) 

Questionnaire 3              
(58 items) 

Items accepted               
(N=23) 

Items indifferent             
(N=24) 

Items rejected               
(N=11) 

17 new items added* 

Figure 2. Flow diagram of acceptation or rejection of various items. 

Items were accepted if the rate of agreement (RoA) exceeded the 70% and items were rejected in case the 
RoA was -100% to -70%. RoA was calculated as: (Agreement – Disagreement/Agreement + Disagreement + 
Indifferent) X 100%. * 17 items were added mainly to clarify some topics or when experts proposed us to add 
more items to specify recommendations for various specific conditions.

Table 1. Education and training to prevent urinary tract injuries

To prevent ureter or bladder injuries during LH
RoA  

Q1/Q2
RoA  
Q3

Education and training are important tools to prevent urinary tract injuries 53%/86% 100%

Education and training are important tools to shorten the learning curve 71% 100%

A high case load is an important tool to prevent urinary tract injuries 57%

Methods to improve education and training

Surgery under supervision 100%

Watching videos to improve recognition of anatomy 88%/86% 100%

Lectures and books to improve knowledge of anatomy 53%/71% 100%

Electronic media to improve knowledge of anatomy 86% 93%

Training in (video)boxes in general 71% 93%

Training in human cadavers 50% 79%

Improve hand-eye coordination by training in boxes or with virtual reality simulation 57% 79%

Training in animal model 7% 79%

Education and training on the job are more important than courses 36%

Fellowships endoscopy are indispensable to improve education and training 86%

Q1/Q2 = Results of reached agreement after the first and second questionnaire, respectively; Q3 = Rate of 
agreement after the third questionnaire
Results are presented in bold if consensus was reached (ie, RoA ≥ 70% or ≤ -70%)
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Technique
Consensus was reached to use an uterine manipulator to stretch the uterine pedicle (RoA 
100%), to dissect the uterine pedicle before coagulation and to coagulate it as close to 
the uterus as possible, with a perpendicular approach in all cases (RoA 71-100%) (see 
Table 2). In case of intraligamentary fibroids or severe adhesions, the anatomy should be 
restored first before coagulating the uterine pedicles (RoA 100%) (see Table 2). In case 
of difficult recognition of anatomical planes, paravesical spaces should be developed 
(RoA 79%). The following statements were rejected: (1) routine use of a 30-degree scope 
in all cases, (2) the prevention of blunt dissection in all cases of distorted anatomy, (3) 
routine visualization or dissection of ureters in all cases (see Table 2).

Visualization and dissection of the ureter near the infundibulopelvic ligament and 
near the uterine artery were recommended only in case of distorted anatomy (ie, 
deeply infiltrating endometriosis, adhesion or intraligamentary fibroids). Consensus 
could not be achieved on the need of making a window in the broad ligament 
before transsecting the ovarian ligament and Fallopian tube, on the need of ureter 
lateralization as proposed by Koh 13, the need for a release incision or the need to 
visualize the ureter in case of concomitant ovariectomy or large uteri. Consensus was 
also lacking with respect to the preoperative placement of ureter catheters in case of 
hydronephrosis or expected severe endometriosis (see Table 2).

Equipment
Some instruments are considered to be safer to use in the prevention of urinary tract 
injuries than others (RoA 100%), and adjustment of the instrument used should be 
performed on the basis of the anatomic condition (RoA 86%) (see Table 3). The cold scissor, 
bipolar current, and ultracision were proposed to be most useful in case of distorted 
anatomic planes to prevent bladder injuries. However, it was also proposed that the level 
of experience is probably more important than the type of instrument used.

Diagnostic methods 
Bladder and ureter injuries should be recognized as soon as possible to prevent long-
term complications, such as urinomas, reduced kidney function or fistulas (RoA 100%). 

The routine use of methylene blue, Indigo carmine, bladder and kidney 
ultrasonography, or cystoscopy during surgery, to identify eventual bladder or ureter 
injuries were rejected (RoA -71 to -86%). Retrograde filling of the bladder with 
methylene blue was only recommended in case of difficult bladder dissection (RoA 
71%). Peroperative cystoscopy to assess the ureter flow or intravenous Indigo carmine 
should only be performed during surgery if a ureter injury is suspected (RoA 86%).

In addition, there is also no place for routine postoperative diagnostic interventions 
such as ultrasound or cystoscopy to exclude ureter obstruction or injuries. This is 
recommended only in case of recovery problems (see Table 4).
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Table 2. Techniques to prevent urinary tract injuries during LH

RoA  
Q1/Q2

RoA 
Q3

Haemostatic technique of uterine pedicle

Uterine manipulator should always be used before coagulating uterine pedicle 38%/100%

Optimal localisation to coagulate uterine artery and vein is as close to the 
uterus as possible

100%

Uterine artery/pedicle should always be dissected before coagulation 71% 71%

Perpendicular approach of uterine pedicle should always be pursuit 12%/86% 71%

Lateralization ureter in posterior leaf of broad ligament before coagulation 
sufficient to prevent ureter injuries and replaces need for ureter visualization 
and dissection

14% -7%

In normal anatomy making a window in broad ligament should always be made -24%/14% -43%

In normal anatomy making a window in broad ligament only advised in 
combined ovariectomy

-36% -50%

Release incision before coagulation is useful -7% -50%

Anatomy should be restored before coagulating/sealing uterine arteries

In case of intraligamentary myomas 64% 100%

In case of severe adhesions 79% 100%

Important techniques in case of difficult recognition of anatomic planes

Stretching uterine vessels by manipulator 71%/93% 100%

Incision above plica vesica-uterina 50% 50%

Development of para-vesical spaces 29% 79%

Use 30-degree scope in difficult exposure due to large fibroid/uteri 29% 39%

Never use blunt dissection -25%/ -21% -79%

Always use 30-degree scope -71%

Visualization or dissection if necessary of ureters during LH to prevent ureter injury

Near uterine artery in case of normal anatomy -71%

Near uterine artery in case of distorted anatomy 79% 71%

Near infundibulopelvic ligament in case of concomitant ovariectomy 64% 57%

Near infundibulopelvic ligament in case of large uteri 43% 36%

Ureter stents should be placed preoperatively in case of expected difficulties or 
severe endometriosis

29% -36%

Ureter stents are mandatory in case of hydronephrosis before hysterectomy 7%

Q1/Q2 = Results of reached agreement after the first and second questionnaire, respectively;. Q3 = Level of 
agreement after the third questionnaire
Results are presented in bold if consensus was reached (ie, RoA ≥ 70% or ≤ -70%)

DISCUSSION
We confirmed the usefulness of a structured Delphi technique to achieve consensus 
among experts with respect to recommendations on training and surgical techniques 
to prevent urinary tract injuries and the indications for diagnostic interventions during 
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or after surgery in order to detect or exclude urinary tract injuries. Consensus rate 
increased substantially during the consecutive rounds, resulting in a consensus on 
63% of the selected recommendations.

There is, however, still considerable divergence in views on the other 37% of the 
recommendations which were selected to be relevant. Apparently opinions on some 
issues are strong and not easily overthrown, requiring further evidence. Consensus can 
not replace scientific evidence. However, proper clinical trials studying the effect of these 
interventions or recommendations in guidelines of various societies (ie, Royal College of 
Obstetricians and Gynaecologists, American College of Obstetricians and Gynecologists, 
and European Society of Gynaecological Endoscopy) are lacking. In general, most reported 
recommendations are proposed by individual surgeons on the basis of personal experience 
instead of clinical evidence 6;8-17;19-21;24;25;31. Ideally, the effect of various recommendations on 
outcome should be studied, particularly on those items where no consensus could be 
reached. However, to study the effect on urinary tract complications, large study populations 
are required. Until then consented recommendations may be a feasible alternative.

As far as we know, this is the first time that recommendations were formulated in 
a structured way, by systematically selected experts. The number of required experts 
can be discussed. We considered that 20 experts would be sufficient to start with. In 
future studies this number may be increased. The response rate of eligible experts was 
considerable, 17 of 20 selected experts initially participated, and there were no differences 
in geographic distribution between responders and non-responders. An additional three 
experts did not complete the entire three rounds. We did not analyze the reasons for the 
loss to participation, but busy schedules and priority problems may have played a role. 
We decided to use a systematic literature review to identify possible recommendations 
to prevent urinary tract injuries during laparoscopic hysterectomy. Experts were asked in 

Table 3. Recommendations with respect to the equipment used during LH to prevent urinary tract injuries

Equipment (instruments and settings) in relation to ureter injuries
RoA  
Q2

RoA  
Q3

Some instruments are safer to use concerning ureter injuries 79% 100%

Type of instrument should be adjusted to anatomical condition 57% 86%

In case of abnormal anatomy (e.g. endometriosis) the use of bipolar coagulation 
dissecting close to the uterine pedicle is not advisable

-71%

In case of abnormal anatomy (e.g. endometriosis) the use of vessel seal 
techniques dissecting close to the uterine pedicle is not advisable

-57%

In case of abnormal anatomy (e.g. endometriosis) the use of monopolar energy 
techniques dissecting close to the uterine pedicle is not advisable

21%

The settings of the bipolar coagulation generator should be between 30 and 40 Watt 50%

An autostop mechanism of the bipolar or vessel seal coagulator is important in 
preventing ureter injuries

-21%

Q1/Q2 = Results of reached agreement after the first and second questionnaire, respectively;. Q3 =  Level of 
agreement after the third questionnaire
Results are presented in bold if consensus was reached (ie, RoA ≥ 70% or ≤ -70%)
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Table 4. Diagnostic methods during or immediately after the procedure

RoA  
Q2

RoA  
Q3

Prevention delayed diagnosis of bladder injuries

To prevent development of fistula it is important to recognise bladder injuries as 
soon as possible

100%

Filling bladder with blue dye in normal anatomy -7% -71%

Always fill bladder with methylene blue after bladder dissection during uneventful LH -71%

Filling bladder with blue dye in expected difficult dissection 36% 50%

Filling bladder with methylene blue after difficult dissection 43% 57%

Filling bladder with methylene blue after reasonable doubt about the integrity of 
the bladder (eg, gas in the Foley bag)

71%

Additional diagnostic interventions only in case of abnormal postoperative recovery 64% 71%

Urine catheter required after surgery? -50% -36%

Prevention of delayed recognition of eventual ureter injuries

Intravenous Indigo carmine is recommended if an ureter injury is suspected during 
LH procedure

93% 86%

Cystoscopy as a routine procedure during or after a LH to check ureter flow -57% -71%

Cystoscopy is recommended during a LH if a ureter injury is suspected 86% 86%

Cystoscopy is only recommended in case of complicated surgery in the proximity of 
the ureter

29% -29%

During surgery: bladder and kidney US to assess ureter flow in case of complicated 
surgery in the proximity of the ureter or suspected ureter injury

-21% -86%

After surgery: bladder and kidney US to assess ureter flow performed on routine base -79%

After surgery: US/Doppler bladder to visualise ureter flow as a routine during or after LH -86%

After surgery: cystoscopy is only recommended in case of protracted recovery while 
anatomy was normal and surgery was uneventful

57% 7%

After surgery: IVP is the preferred examination in case of suspicion of ureter lesion 54%

Q1/Q2 = Results of reached agreement after the first and second questionnaire, respectively;. Q3 =  Level of 
agreement after the third questionnaire
Results are presented in bold if consensus was reached (ie, RoA ≥ 70% or ≤ -70%)

the first questionnaire to rank all items for their importance and usefulness, after which a 
selection was made and some items were added. We could have used focus groups to 
select these items; however, given the international scope of this consensus procedure, 
this was for logistic reasons not feasible at the moment. Additionally, this would have 
effected the anonymous character, introducing a potential risk of unequal weighting of 
responses because of variations in communication and cultural abilities of experts. The 
anonymous approach improves equal weighted influences of all experts on the final 
achieved consensus, which may be more difficult in a face-to face expert meeting.

However, 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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The obvious reduction of urinary tract injuries after completing the learning 
curve 5;31 indicates the need for proper laparoscopic training programs. This opinion 
was confirmed by the experts in this study. These training programs should include 
special attention to the adjustment of the techniques in case of distorted anatomy.

Surgery under supervision and watching videos were consented as the most 
important methods. Though training is important in prevention of urinary tract 
injuries, also the recognition of anatomical structures matters. Video clips offer an 
optimal tool to achieve this goal and to train in particular perceptual and procedural 
knowledge 32;33. In an analysis of causes of 252 laparoscopic bile duct injuries, the 
primary cause in 97% of the cases was misperception of the cystic bile duct and in 3% 
lack of technical skills 34. These data are not available with respect to ureter injuries, 
but it seems probable that misperception plays a substantial role.

Identification and dissection of the ureter are proposed by several authors 13;16;19;35; 
however, it was not recommended on a routine base in all cases. It should be limited 
to patients with distorted anatomy like infiltrating endometriosis, intraligamentary 
fibroids or adhesion.

Besides the dissection and associated identification, some techniques have been 
developed to increase the distance between the ureter and the uterine vessels. Koh 
described a technique to lateralize the ureter by dissecting the space between both 
leaves of the broad ligament and displacing inferolaterally the areolar tissue in which 
the ureter is embedded in order to increase the distance between the uterine vessels 
and the ureter. In this way the risk of thermal damage of the ureter during coagulation 
is reduced 13. He suggests this technique to be preferable over complete dissection of 
the ureter, as dissection extends the operative time and carries risk of bleeding.

Some reports propose the preoperative placement of ureteral catheters to improve 
the haptic perception or visualization in case transilluminating stents are used on a 
routine base, or in case of complex pelvic pathology 18;36;36-38. However, others reject 
the routine use because of possible complications after stent placement (ie, hematuria, 
oliguria and anuria)37; this was confirmed by our experts. However, we were not able to 
achieve consensus on the usefulness of ureteral stents in case of expected difficulties 
in patients with hydronephrosis or expected infiltrating endometriosis.

Several uterine manipulators are used during laparoscopic hysterectomy 19;39-42. 
Some manipulators are able to move and stretch the uterus, whereas others present 
the fornices of the vagina. A few are able to combine both stretching of the uterus 
and presentation of the fornices. The use of a uterine manipulator is recommended 
in all cases and is indispensible in case of difficult recognition of anatomic planes to 
stretch the uterus and to increase the distance between the ureter and the uterine 
vessels by moving the manipulator to the opposite side. Stretching the uterus was also 
mentioned as one of the most important activities to prevent bladder injuries.

Incorporation of provided recommendations in training programs may decrease 
the urinary tract injury rate and, as a consequence, may facilitate the implementation 
of laparoscopic hysterectomies.
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CONCLUSION
Consensus could be achieved on 40 out of 64 items (63%) with respect to the 
prevention of urinary tract injuries during laparoscopic hysterectomy or delayed 
detections afterwards. The achieved consensus and provided recommendations may 
serve as a basis for further development of educational programs and guidelines. The 
non-consensus issues should be subject to clinical investigation.
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