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ABSTRACT

Objective: To evaluate factors affecting semi-rigid ureteroscopy (URS) results highlighting the influence of
teaching on its outcomes.

Material and methods: We reviewed the files of 891 adult patients who had undergone 1182 ureteroscopies
at our institute during the period from July 2008 to June 2011. The outcomes of all URSs were evaluated.
Outcomes were measured by stone- free rate and presence of complications, which were assessed using the
Clavien-Dindo system. Patients were divided into 2 groups; Group 1 (favorable outcome) became stone- free
after the first URS and had no documented complications, while Group 2 (unfavorable outcome) had residual
stones and/or complications. Group 2 was subdivided according to the skill level of the operating surgeon
into two subgroups. Patients belonging to subgroup A had their procedures performed by urology trainees
under direct supervision of expert urologists, while those in subgroup B had their procedures performed by
the expert urologists themselves. All groups were compared using univariate (chi-square and t tests) and
multivariate (logistic regression) statistical tests to identify significant risk factors. All data was analyzed
using SPSS.

Results: A total of 1182 URSs were evaluated. 958 patients had a favorable outcome (Group 1) while 224 pa-
tients had an unfavorable outcome (Group 2). Factors associated with an unfavorable outcome include loca-
tion of the presenting stone (p<0.001) and presence of stone impaction (p<0.001). No statistically significant
differences were detected in the overall complication rate between trainees and expert urologists. Trainees
stone- free rate was comparable to that of experts; 90.3% vs. 91.1%, respectively, p=0.6.

Conclusion: Factors such as stone impaction and proximal location are associated with an unfavorable surgi-
cal outcome. In a high- volume teaching hospital, semi-rigid URS done by trainees under direct supervision
is safe and their outcome is comparable to literature findings.
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oz
Amac: Egitimin sonuglara etkisini vurgulayarak semirijit ureteroskopi (URS) sonuglarini etkileyen faktorleri
degerlendirmek.

Gerec ve yontemler: Temmuz 2008 ile Haziran 2011 tarihleri arasinda kurumumuzda 1182 ureteroskopi
uygulanmig 891 yetiskin hastanin dosyalarini gézden gegirdik. Tiim URS’lerin sonuglari degerlendirilmistir.
Sonug tagsizlik oran1 ve komplikasyonlarin varligiyla ol¢iilmiis ve Clavien-Dindo sistemiyle degerlendiril-
mistir. Hastalar 2 gruba ayrilmigtir: Grup 1 (olumlu sonug) ilk URS sonrasi tagsizlik saglanmig ve/veya her-
hangi bir komplikasyon belgelenmemistir. Grup 2 (olumsuz sonug) rezidiiel taglar ve/veya komplikasyonlar
mevcuttu. Grup 2 uygulayici cerrahin diizeyine gore iki altgruba ayrlmistir. A altgrubuna dahil hastalarin
cerrahi iglemleri uzman iirologlarin dogrudan gozetimi altinda iiroloji asistanlari, B altgrubunda olanlar ise
uzman iirologlar tarafindan uygulanmistir. Onemli risk faktorlerini saptamak igin tiim gruplar tek (ki-kare ve
t-testleri) ve cok degiskenli (lojistik regresyon) istatistiksel testler kullanilarak karsilagtirilmigtir. Tiim veriler
SPSS ile analiz edilmistir.

Bulgular: Toplam 1182 URS degerlendirilmis, 958 hastada olumlu sonu¢ (Grup 1) ve 224 hastada bir olum-
suz sonug (Grup 2) elde edilmistir. Olumsuz sonucla iligkili faktorler tasin yerlesimi (p<0,001) ve tag sikis-
mas1 (p<0,001) idi. Asistanlarla uzman iirologlar arasinda genel komplikasyon orani agisindan istatistiksel
acidan onemli farkliliklar saptanmamustir. Asistanlarin tagsizlik oran1 uzmanlara benzerdi (sirasiyla %90.,3
ve %91,1, p=0.6.

Sonug: Tas sikigsmasi ve proksimal yerlesim gibi faktorler olumsuz cerrahi sonugla iligkilidir. Hasta yogun-
Iugu yiiksek olan bir egitim hastanesinde dogrudan gozetim altinda asistanlar tarafindan uygulanan semirijit
URS olup sonuglart literatiirle uyumludur.

Anahtar kelimeler: Komplikasyonlar; sonug; tagsizlik orani; 6gretim; ureteroskopi.
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Introduction

Ureteroscopy (URS) is an integral procedure of urology prac-
tice. In 1912, Hugh Hampton Young was the first to perform
this procedure using a rigid cystoscope.''! Since that time, the
technique has evolved dramatically into becoming the minimal-
ly invasive procedure of choice for managing ureteric diseases.
[21' With introduction of flexible technology, URS gained further
potentials, not only related to maneuverability but also to safety
and efficacy.?!

Urolithiasis is by far the most common condition requiring ther-
apeutic URS.™ Like any other treatment modality, the objective
for managing ureteric calculi is complete stone clearance with
minimal patient morbidity. Several studies have been performed
to investigate factors associated with the best achievable out-
come from URS in stone disease.”®! In addition to factors re-
lated to stone presentation, such as position and size, operator
related factors were also found to influence surgical outcomes.
Surgeons with an endoscopic training background were gener-
ally associated with a more favorable treatment outcome. [

With the introduction of structured medical training, a continu-
ous need to assess the value of this training on patient care im-
merges. After all, providing high quality healthcare that ensures
patient safety is an everlasting goal for all. This motivated con-
tinuous efforts to set structured medical education standards for
modern practice.””’ In this study, we aim to investigate patients
undergoing URS by analyzing all factors associated with an un-
favorable surgical outcome. Additionally, we intended to high-
light the safety of ureteroscopy teaching.

Material and methods

Data collection

This is a retrospective study done between July 2008 and June
2011 at a tertiary medical center recognized by the international
accreditation council for graduate medical education (ACGME-i).
The hospital’s medical registry was reviewed for records of pa-
tients undergoing URS. The identified records were evaluated
for data collection. Inclusion criteria were male and female pa-
tients above 18 years of age who had undergone URS. The col-
lected data included information regarding patients’ demograph-
ics, characteristics of their stone disease, details of surgery and
postoperative period.

In addition to routine preoperative investigations, computed to-
pography (CT) was done for all patients upon presentation, and
results were assessed for stone characteristics. Data regarding
stone size, location and presence or absence of hydronephrosis
or hydroureter were collected. Dilatation of the renal pelvis and
ureter was considered when their diameters measured more than

20 mm and 6 mm, respectively.l Intraoperative findings were
documented including the presence of stone impaction (if any).

Information related to surgery included mean duration, skill
level of operating surgeon, use of pneumatic or holmium laser
for stone disintegration, use of forceps or basket for retrieval
of the fragments and use of an an indwelling ureteral stent (if
any). Presence of recognized intraoperative complications such
as mucosal injury, contrast extravasation, false ureteric passage
and ureteric perforation or avulsion were also noted.

All patients underwent laboratory and radiographic investiga-
tions in the form of complete blood count, renal function tests
and plain kidney ureter and bladder (KUB) x-ray on the first
postoperative day to monitor their medical condition. Three
months after surgery, a KUB x-ray or urinary ultrasound and/
or CT scan were performed for all patients depending on the
stone radiolucency. Data regarding postoperative course were
collected which included information regarding presence of re-
sidual fragments, location of double J stent (DIS) (if placed),
results of laboratory investigations, days of hospital stay, and
presence of postoperative complications. Postoperative com-
plications included fever (>38°C), obstruction after removal of
ureteral catheter necessitating re-fixation, and ureteral stricture.
Intraoperative and postoperative complications were recorded
in compliance with the modified Clavien—Dindo classification
system.

Operative details

The URS performed at our center followed a standardized tech-
nique. After obtaining signed informed consent forms from all
patients, URS was performed using general anesthesia in most
patients and spinal anesthesia in others. Intravenous antibiotics
(third-generation cephalosporin) were routinely given to all pa-
tients at the time of anesthesia and maintained for 24 to 48 hours.

The procedure started with cystoscopy using video monitor, fol-
lowed by the introduction of a guidewire through the ureteral or-
ifice. A semi-rigid 8/9.8Fr (Richard Wolf, Knittingen, Germany)
or 9.5Fr (Karl Storz, Tuttlingen, Germany) ureteroscopes were
routinely used. A smaller caliber ureteroscope - 8Fr (Karl Storz,
Tuttlingen, Germany) was used when encountering a stenotic
ureter. Small stones were removed intact with forceps or basket,
while large stones were disintegrated with pneumatic or holmi-
um laser lithotripter. Resulting fragments were either removed
or left for spontaneous passage depending on their size. At the
end of the procedure, a ureteral catheter or a DJS was placed ac-
cording to patients’ condition and surgeon’s decision.

The same procedure was done in all cases. Expert urologists are
certified urologists who had been practicing endo-urology pro-
cedures for at least 2 years post- residency. Trainees were urol-
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ogy residents who had received 2 years of postgraduate basic
surgical training before practicing endo-urology. All procedures
performed by trainees were done under direct supervision of an
expert urologist. Direct supervision is the first level of graduate
medical education (GME) graded responsibility system in which
the Faculty is physically present with the resident and patient.

Statistical analysis

Patients were divided into two groups according to their out-
comes. Group 1 included patients with a favorable outcome
who became stone-free after a single ureteroscopy procedure
without any intraoperative or postoperative complications.
Group 2 included patients with an unfavorable outcome, who
were not stone free, and needed more than a single procedure
and/or showed any complication. The group with unfavourable
outcomes (Group 2) was subdivided according to the skill level
of operating surgeon into two subgroups. Patients belonging to
subgroup A had their procedures performed by trainees under
direct supervision of expert urologists, while those in subgroup
B had their procedures performed by the expert urologists them-
selves.

All groups were compared using univariate (chi-square and t
tests) and multivariate (logistic regression) statistical tests to
identify significant risk factors. A p value of <0.05 was consid-
ered significant. All data were analyzed using Statistical Pack-
age for the Social Sciences® version 20 (IBM SPSS Statistics,
Armonk, NY, USA). Results were compared with literature data.

Results

Eight hundred and ninety- one patients had undergone 1182
URSs which were performed on the right (558), left (479), and
both ureters (145). The patients’ mean age + SD was 39.7+11.6
years. All URSs were done for the management (94.8%) or diag-
nosis (5.2%) of urolithiasis. Intra-, and post-operative complica-
tions were noted in 10.8%, and 1.4% of the cases, respectively.
Other characteristics of the studied population are presented in
Table 1.

The overall stone- free, and complication rates were 90.8%, and
12.1% respectively.

Groups 1, and 2 included 958, and 224 atients. Univariate analy-
sis of factors revealed that an unfavorable outcome was signifi-
cantly related to the presence, size, location, degree of impaction
of the stone, mean operative time, and failure of stone retriev-
al. The mean (+ SD) stone size in the groups with favourable,
and unfavourable outcomes were 10.5+4.6 x 9.9+4.3 mm, and
8.5+3.4 x 8.1+3.3 mm, respectively (p<0.001). Stone location
significantly influenced the outcome of surgery. Unfavorable,

Table 1. Characteristics of the study population

Patient characteristics

Age (year) 39.7+11.6
Sex

Male 802 (67.9)
Female 89 (7.5)
BMI (kg/m?) 272452
Stone characteristics

ST length 9.5+4.8
ST width 7.3£3.1
ST location

Unilateral 1037 (87.7)
Bilateral 145 (12.3)
Hydronephrosis 352 (29.8)
Surgery characteristics

Indications

Diagnostic 62 (5.2)
Therapeutic 1120 (94.8)
Mean OR time 50.7+£29 4
Stone disintegration 685 (58)
DJS 907 (76.7)
Status of the surgeon

Expert 689 (58.9)
Trainee 493 (41.7)
Complications

Intraoperative 128 (10.8)
Postoperative 17 (1.4)
Stone- free at 3 months 1073 (90.8)

BMI: body mass index; OR: operative time; DJS: double J stenting

and favourable outcomes of URS performed for distal ureteric
stones were seen in 50.6, and 65.7 % of the cases, respectively.
On the contrary, upper ureteric stones were associated with un-
favorable, and favourable outcomes in 49.4, and 34.3% of the
cases, respectively (p<0.001). The mean operative time was
significantly higher in Group 1 when compared with Group
2 (56.4+35.5 and 49.3+27.7 min, respectively) Nearly half
(47.7%) of the stones were impacted in Group 2 versus 26.4% in
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Table 2. Univariate analysis of risk factors for the groups with

favorable (Group 1) and unfavorable (Group 2) outcomes

Table 3. Multivariate analysis of significant univariable
variables

Group 1 Group 2
Patient characteristics (n=958) (n=224) p
Age (year) 39.5+11.7 40.3+11.3 0.39
BMI (kg/m?) 274453 26.5+£5.0 0.02
Male 689 (89.8) 113 (91.1) 0.39
Female 78 (10.2) 11 (8.9)
Stone characteristics
Stone Length 8.5+34 10546  <0.001
Stone Width 8.1£3.3 99443 <0.001
Stone location 0.25
Unilateral 837 (87.4) 200 (89.3)
Bilateral 121 (12.6) 24 (10.7)
Stone level <0.001
Distal 473 (65.7) 81 (50.6)
Upper 247 (343) 79(494)
Hydronephrosis 275 (28.8) 77 (34.5) 0.055
Surgery characteristics
Indication 0.52
Diagnostic 50 (5.2) 12 (5.4)
Therapeutic 908 (94.8) 212 (94.6)
OR time 49.3+27.7 564+355 <0.001
Orifice dilatation 20 (2.3) 12 (3.7) 0.37
Stone presence 831 (86.7 198 (88.4) 0.29
Stone Impaction 253 (26.4) 106 (47.7) <0.001
Stone disintegration 341 (39.8) 156(479) 0.008
Stone retrieval 520 (543) 57254) <0.001
The status of the Surgeon 0.33
Expert 555(579) 134 (59.8)
Trainee 403 (42.1) 90 (40.2)

BMI: body mass index; ST: stone; OR: operative time

Group 1 (p<0.001). Other results of univariate analysis are pre-
sented in Table 2. Factors with statistical significance were com-
pared using multivariate analysis and the results are presented in
Table 3. Stone location and impaction were the only factors that

maintained statistical significance.

OR p 95% CI
Stone length 1.1 0.37 09-13
Stone width 1.0 0.8 0.8-1.2
Operative time 1 0.8 0.9-1
Stone Impaction 29 <0.001 1.6-5.3
Stone Level 29 <0.001 1.6-54

OR: odds ratio

Five trainees performed 493 URSs under direct supervision and
contributed to 90 cases (18%) of Group 2 in comparison with
expert urologists who had 134 cases (19%) of the same group.
The trainees’ stone- free rate (SFR) was 90.3% and complica-
tion rate (CR) 10.5% compared to SFR 91.1% and CR 13% for
URSs done by expert urologists. Four cases operated by expert
urologists were converted to open surgery. One case had a large
impacted 3 cm ureteric stone proximal to the stricture developed
after ureteric re-implantation and 3 had large impacted stones
that completely obstructed their ureters and failed ureteroscopy.
Comparative results between supervised trainees and expert
urologists are presented in Table 4.

Discussion

Advancements in URS technology have greatly improved man-
agement of urolithiasis. In very few circumstances URS can-
not handle a ureteric stone."” This progress in the efficacy of
URS was additionally associated with a remarkable safety pro-
file. Although an overall complication rate of up to 12% has
been reported!"!!, major intraoperative complications requiring
surgical intervention occur in no more than 1% of the cases.!'”
Recently, there has been a notion to utilize standardized meth-
ods for reporting complications; as such, the modified Clavien—
Dindo classification system was proven to be a reliable tool for
this purpose.l'¥ The European Association of Urology guideline
panel adopted this system since 2012.14 An ad hoc committee
concluded that uniform reporting of complications after urologic
procedures will contribute to improvements in scientific quality
of papers published in the field of urologic surgery.'¥ Our re-
ported results fall in the accepted range with an overall intraop-
erative complication rate of 10.8% in a total of 1182 procedures.

In an attempt to reduce complication rate, several studies were
made to evaluate risk factors for unfavorable outcome with URS.
(581518 Factors found to be associated with higher complication
rate were stone size, proximal stone location, stone impaction
and operating surgeon experience. In this study, stone impaction
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Table 4. Some demographic characteristics of the urology trainees and urologists in the unfavorable group (n=224)

Trainees (n=90) (18.3%) Experts (n=134) (19.4%) p 0.6

Patient characteristics
Age (years) 39.7+11.7 38.9+11.5 0.54
BMI (kg/m?) 26.9+5.7 26.7+4.9 0.81
Stone characteristics
Stone size 9.57+4.1 x T£1.4 10.7+4.6 x 9+4 4 0.21
Stone location

Distal 33 (36.7) 48 (35.8) 0.97

Upper 27 (14.4) 52 (38.8)
Multiple stones 17 (18.9) 21 (15.7)
Hydronephrosis 33 (24.3) 67 (35.4) 0.02
Operative time (min) 53.7+27.8 58.2+37.05 0.24
Stone impaction 43 (48.3) 63 (474) 043
Complications according to modified Clavien-Dindo classification system
Grade 1
Mucosal injury 8(8.9) 11 (8.2) 0.52
Contrast extravasation 7(7.8) 11 (8.2) 0.49
Grade 2
Perforation 1(1.1) 4(3) 0.21
Fever 7 (7.8) 2 (1.5) 0.17
Grade 3a
Failure to pass URS 22 (24.4) 33 (24.6) 0.55
Stone migration 444 23 (17.2) 0.01
Obstruction post DJS removal 2(22) 1(0.7) 048
Grade 3b
Conversion to open surgery 0 (0) 4 (3)
Grade 4a
Sepsis 1(1.1) 1(0.7) 0.50
Total complications 52 90 0.1
Stone-free rate 42 (46.7) 73(54.5) 0.15

BMI: body mass index; DJS: double J stenting

and proximal location were the only factors that maintained sta-
tistical significance with multivariate analysis, with odds ratio
0of 2.9 (95% CI 1.6-5.3) and 2.9 (95% CI 1.6-5.4), respectively.

The relation of stone size to the ureteroscopy outcome is contro-
versial. Some studies revealed unfavorable outcome with larger
stone size!®’1%, while others didn’t show significant effect on
outcome.® ! In this study, a mean stone width + SD of 9.9+4.3
mm and length 10.5+4.6 were found to be the only significant
factors in the univariate analysis but they didn’t maintain their
significance in the multivariate analysis.

As is the case with previous studies!®”, we found that stone im-
paction is strongly related to an unfavorable outcome. Consider-
able ureteral edema occurring as a result of stone impaction leads
to submucosal false passage early in the surgery during the inser-
tion of the guide wire. As a consequence, extravasation can occur
and more seriously ureteral perforation, which may result from
URS manipulation through the false passage or forceful pushing
of the stone through the fragile ureteral lumen during lithotripsy.

Location of the stone is also found to be a significant factor as-
sociated with unfavorable outcomes.”” The ureter is a smooth
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muscular tube with a thinner proximal wall that renders it prone
to injury during upper URS.I"®1 Actions such as excessive han-
dling, lithotripsy or use of forceps or basket in this part of the
ureter are more likely to cause injury than the distal part. As
such, leaders in the field of endo-urology recommend that bas-
keting of stones in the mid and proximal ureter be tried only
with extreme caution, and—unless the stones are exceptionally
small-never be retrieved intact.'"” In this study, unfavorable and
favorable outcomes related to proximal ureteric stones were de-
tected in 45.4 and 33.8% of the cases, respectively (p=0.001).

The experience of the operating surgeon affects the outcome of
ureteroscopy; the more experienced endo-urologists have better
outcome than the less experienced certified urologists.'® In the
meantime, there is evidence to suggest equivalent outcomes for
trainees under direct supervision when compared to expert staff.
In a study by Leijte et al.*” comparing surgical outcomes between
experts and trainees, the surgical outcome in terms of stone- free
rate and complication rate was superior in the supervised trainees
group than in the least experienced expert group. In another se-
ries, Netsch et al.?!! evaluated the impact of surgical experience
on the outcome of ureteroscopy done for a single upper ureteric
stone and found that the supervised trainees had a similar overall
outcome to their mentor consultants. In this study, we compared
the outcomes of all ureteroscopies that were done by supervised
trainees and their mentors for a period of 3 years. There was no
significant difference in the incidence of outcomes. This finding
prompted further analysis aiming for an explanation. All surger-
ies performed by trainees at this center are done under the direct
supervision of an expert experienced urologist. This means that
the expert is physically active in the operating theatre, monitoring
the procedure and giving instant and continuous feedback to the
trainee. The expert urologist takes over the procedure whenever
a complication occurs. One good example that can be given to a
similar circumstance in operation is the commercial airline indus-
try. It is not uncommon to compare medical and aviation fields, as
both tend to deal with people’s safety. One study evaluated per-
ceptions of fatigue, stress and error as targets for improvement
necessary in both aviation and medicine.”” In commercial avia-
tion, the first officer is the junior or co-pilot who performs duties
similar to the captain. The captain, on the other hand, is the com-
manding officer who is responsible for the overall flight operation
and is physically active in the cockpit at all times. This hierarchy
system is adopted by almost all airline carriers and is proven to
be most effective in reducing human errors. This model of opera-
tion can explain our study results. The expert urologist is present
monitoring every step of surgery but is not involved physically
in the procedure, which makes him more focused on feedback to
ensure a safe procedure. Additionally, to warrant proper teaching,
he insists on performing an evidence-based step ward approach

to surgery, an aspect that he might overcome in certain situations
based on his expertise.

The degree of training required to master endo-urology proce-
dures such as URS has not been explored thoroughly. A literature
review by Skolarikos et al. certifies the presence of obstacles in
defining the learning curve in URS.I'"" In a study done by Botoca
et al.”¥ it was found that URSs performed by trainees were as-
sociated with lower stone- free rates and higher complication
rates. However, after approximately 50 procedures, URSs done
by trainees showed a tendency to plateau at a level similar to the
results mentioned in the EAU guidelines. This finding indicates
that URS is suitable for trainees provided that they receive ad-
equate supervision by expert urologists.

The ACGME"" assigned a minimum number of procedures as
part of the accreditation process for urology residency programs.
Three categories exist and include surgeon, teaching assistant,
and the first assistant. For all these categories a minimum re-
quirement of 40 URSs during the entire residency are needed
for achieving competence. In this study, 5 trainees performed
493 URSs over two years. This exposure, by far, explains the fa-
vorable surgical outcomes of URSs performed by trainees. This
study was evaluating the outcomes of semi-rigid ureteroscopy in
a high- volume teaching hospital. High- volume hospitals where
more than 200 ureteroscopy procedures are performed per year
were found to obtain better outcomes.**

This study is limited by its retrospective design, which is gener-
ally considered to have a lower level of evidence. However, it
can also serve as an audit for a given practice. We were able to
retrieve valuable information and withdraw conclusions regard-
ing the education of future urologists. However, some valuable
information that may have influenced the outcome couldn’t be
assessed; in reality, suspected difficult cases are usually done
by expert staff rather than trainees and easier cases that were
pre-stented are usually done by trainees. This can’t be ruled out
except in a prospective randomized controlled trial.

Finally, this study is not comparing trainees with expert urologists,
as surgeries done by trainees were under direct supervision by the
same expert urologists who were directing them and interfering at
any crucial step. On the contrary, it values a teaching atmosphere
in medicine and may suggest that a high- volume teaching hospital
is a safer place for patients to seek treatment for different ailments.

In conclusion, advancements in ureteroscopy greatly improved
the efficacy of management of urolithiasis and reduced compli-
cation rates. Factors such as stone impaction and proximal loca-
tion are associated with unfavorable surgical outcomes.
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In the modern era of medical practice, teaching in the surgical
field is a valued principle; it can improve surgical outcome and
patient safety.
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