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Effect of the Diameter of the Endoscope 
and of Surgeon Training on the Duration 
and Quality of Laparoscopic Surgery 
in a Rabbit Model 
Carlos Roger Molinas, M.D., C~sar Ram6n Cabral, M.D., and Philippe Robert Koninckx, M.D., Ph.D. 

Abstract 

Study Objective. To evaluate the effect of diameter of the endoscope on the duration and quality of laparoscopic 
surgery. 
Design. Prospective, randomized trial (Canadian Task Force classification I). 
Setting. Centre for Surgical Technologies. 
Subjects. Sixty adult, female, New Zealand, white rabbits. 
Intervention. Two series of laparoscopic nephrectomies, one each performed by an experienced and an inexpe- 
rienced surgeon comparing 10-, 5-, 4-, and 2-mm endoscopes. 
Measurements and Main Results. Besides duration of surgery and occurrence of bleeding, the quality of dissec- 
tion was scored by adding scores of dissection of renal vessels, ureters, and kidneys. During consecutive nephrec- 
tomies, the duration of surgery (p = 0.001) and occurrence of bleeding (p -- 0.02) decreased, whereas the quality 
of dissection increased (p = 0.002), demonstrating the learning curve, mainly for the less experienced surgeon. 
Duration of surgery (p = 0.04) decreased and quality of dissection increased (p = 0.05) when the larger endoscope 
was used. This was the case only for the less experienced surgeon, whereas for the experienced surgeon it had 
only a slight effect on learning curve. 
Conclusion. These results confirm a learning curve of nephrectomy consisting of some 20 animals. In addition, 
the endoscope diameter and thus quality of image affect both duration and quality of surgery, especially for less 
experienced surgeons. 

(J Am Assoc Gynecol Laparosc 6(4):447-452, 1999) 

Learning curves are frequently studied to evalu- 
ate the effect of training on duration and quality of 
endoscopic surgery both in vitro and in vivo. Train- 
ing in endotrainers increases laparoscopic skills, both 
duration and quality of performance. This was shown 
for intracorporeal and extracorporeal knot tying, 16 

suturing,~,5 cutting,2 clipping,~,2 and transferring objects 
with both hands. 1,2,4,5 In animal models, such as the rab- 
bit, operating time decreased and quality of surgery 
increased with training, v In humans the duration of lap- 
aroscopic Pomeroy tubal ligation decreased after only 
five procedures. 8 Similar results were reported in 
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laparoscopic surgery performed for ovarian masses 9 
and ectopic pregnancies, t~ Experienced surgeons 
achieve shorter operating times and better quality than 
inexperienced surgeons, and these differences decrease 
with training. 6,1~ 

It is widely assumed that the quality of videoen- 
doscopic image affects the quality of surgery. Per- 
formance increased when the image was displayed in 
front of the surgeon at hand level, ll but the direction 
of view of the endoscope had no effect on intracor- 
poreal knot tying. 12 Much effort has been expended to 
improve the quality of the image of endoscopes and 
of video systems. Three-chip cameras, electronic 
image-enhancement systems such as digi-video, 3D 
cameras, and fiberoptic and electronic endoscopes 
have been developed. Although the increased quality 
of the image is obvious, it remains to be proved that 
it results in better quality of surgery. 13 is 

Miniendoscopy was developed to decrease surgi- 
cal trauma and to permit outpatient procedures. Since 
image quality is less, it was suggested that the skills 
required for these procedures are higher than for tra- 
ditional laparoscopy. 16 Several studies failed, how- 
ever, to show differences in accuracy of diagnosis 
with a 2- or 10-mm endoscope. ~7 ~1 No agreement 
exists as to the optimal endoscope diameter for diag- 
nostic procedures, and the influence of diameter and 
of the associated quality of the image on the quality 
of surgery has not been assessed properly. 

Therefore we performed a prospective, random- 
ized trial to evaluate the effect of endoscope diame- 
ter on the duration and quality of surgery in a rabbit 
nephrectomy model. Effects of the surgeon's training 
and experience were confounding variables. 

Materials and Methods 

Animals and Surgical Procedures 
Laparoscopic nephrectomies were performed in 

adult, female, New Zealand white rabbits weighing 2.5 
to 3 kg. Anesthesia was induced with intramuscular 
ketamine 50 mg/kg and xylazin 0.3 mg/kg and main- 
tained with inhalational halothane 2% and oxygen 1.5 
L/re. The rabbit was placed in supine position, and the 
abdomen was shaved and disinfected with povidone 
iodine. 

The first 10-mm cannula (all cannulas Endopath; 
Ethicon Endo-Surgery, Cincinnati, OH) was intro- 
duced by open laparoscopy through a 1-cm incision 
caudal to the sternum. After CO2 pneumoperitoneum 

was established with a thermoflator (Karl Storz, 
Tuttlingen, Germany) with a flow rate of 5 L/m and 
pressure 6 mm Hg, the endoscope, connected to a 
single-chip videocamera and light source (Karl Storz, 
Germany), was introduced. A second 10-ram cannula 
was placed under direct vision at the level of  the 
umbilicus. To perform right nephrectomy, the rabbit 
was placed in right lateral position and, after visual- 
ization of the left kidney, a 5-mm cannula was intro- 
duced into the abdomen at the level of the kidney 
hilus. To perform right nephrectomy a second 5-mm 
cannula was introduced in the same way but with the 
animal in left lateral position. 

Nephrectomies were carried out as follows for 
both kidneys. The kidney was denuded from sur- 
rounding fatty tissue at the level of the hilus using 
sharp and blunt dissection. Both renal vessels, artery 
and vein, were dissected up to the aorta, skeletonized 
individually, and ligated with three medium clips 
(Horizon; Weck Closure Systems, Research Triangle 
Park, NC), one for the artery, one for the vein proxi- 
mally, and one for the artery and vein together distally, 
and transected. The ureter was dissected from the 
hilus up to its intersection with the circumflex vein and 
artery, since this is an obvious anatomic landmark. The 
kidney was removed by isolating it without sur- 
rounding fat from the renal fossa. 

Experimental Design 
The experiments were carried out in series of 30 

animals (60 nephrectomies) since pilot experiments 
showed a learning curve of some 25 animals. To assess 
the effect of experience, one series was performed by 
an experienced and another by an inexperienced sur- 
geon. Both were gynecologists with 3 years of expe- 
rience in open surgery but with different exposure to 
laparoscopic surgery. The experienced surgeon had 
had more than 6 months of in vitro training, and had 
performed more than 60 nephrectomies in rabbits and 
a significant number of diagnostic and operative lap- 
aroscopies in humans. The inexperienced surgeon had 
had 2 months of in vitro training and had performed 
only 10 nephrectomies in rabbits, his only exposure 
to laparoscopic surgery. His training was intentionally 
kept to the strict minimum for two reasons. First, 
interim analysis of the experienced surgeon's results 
showed that differences between small and larger 
endoscopes were so small that a very large series 
would be required to reach statistical significance. 
Second, since operating times are longer and quality 
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of surgery is reduced in the hands of inexperienced sur- 
geons, the hypothesis was that an inexperienced 
surgeon would be a better model to demonstrate 
differences. 

To evaluate the effect of the quality of the video 
image, nephrectomies were performed randomly with 
zero-degree endoscopes (Karl Storz) of different diam- 
eters. In the first series the experienced surgeon per- 
formed 20 nephrectomies with 10- and 5-mm 
endoscopes (series IA). Since interim analysis did 
not show a difference in results, the next 40 nephrec- 
tomies were performed with 10-, 5-, 4-, and 2-ram 
endoscopes (series 1B). In the second series the inex- 
perienced surgeon performed 60 nephrectomies with 
10-, 4-, and 2-mm endoscopes (series 2). Rabbits were 
randomized daily in blocks of two (series 1A), four 
(series 1B), and three (series 2). Since right nephrec- 
tomy seemed slightly more difficult, the left side was 
performed first and the right side was done using the 
same endoscope. To avoid the potential effect of dif- 
ferent relative positions of instruments for left and 
right nephrectomies, randomization was performed 
in animals, including two nephrectomies. 

All procedures were continuously video recorded 
and evaluated for duration and quality of surgery. 
Scoring was done by the surgeon immediately after 
surgery and by a blinded independent observer. Since 
differences between observers were small, a manifest 
surgeon bias could be excluded and the mean of the 
two scores was used. The duration of surgery was 
scored in minutes from introduction of cannulas and 
instruments to end of dissection. If for any reason dis- 
section could not be completed (e.g., life-threatening 
bleeding), the score was arbitrarily established as 18 
minutes, as this was the longest duration of a proce- 
dure in this experiment. The quality of surgery was 
scored from zero to 3 (no-perfect) for dissection of 
renal vessels, ureter, and kidney, and for bleeding 
(none-fatal). Dissection quality score was defined as 
the sum of scores of dissection of renal vessels, ureter, 
and kidney. 

Statistics 
Statistical analysis was performed with the SAS 

system = using Spearman and Pearson correlation and 
regression analysis (Proc LOGISTIC, Proc REG). 
Effects of experience, learning curve (assessed by 
number of nephrectomies), and quality of videoimage 
(assessed by the diameter of the endoscope) on the 
duration and quality of surgery were determined. 

Results 

Dissections of renal vessels, ureter, and kidney 
were strongly intercorrelated for quality (Spearman 
p <0.0001 for vessels-kidney, vessels-ureter, and 
kidney-ureter). Therefore they were grouped into dis- 
section quality for further analysis. 

For the inexperienced surgeon, duration of surgery 
decreased (logistic regression) with progressive gain 
in experience during consecutive nephrectomies 
(p = 0.006) and with a larger-diameter endoscope 
(p = 0.015). The decrease in duration of surgery cor- 
related (Spearman) with the increase in quality of 
vessel dissection (p = 0.001), kidney dissection 
(p = 0.003), and ureter dissection (p = 0.012), and with 
decrease in bleeding (p = 0.0002). By stepwise forward 
selection using regression analysis (Proc LOGISTIC) 
the duration of surgery was predicted simultaneously 
by experience (p = 0.007), endoscope diameter 
(p = 0.02), quality of ureter dissection (p = 0.03), and 
quality of vessel dissection (p = 0.003). 

For the experienced surgeon, duration of surgery 
only slightly decreased with experience. To become 
statistically significant, logistic regression (Proc 
LOGISTIC) was necessary, assessing simultaneously 
the effects of experience (p = 0.05) and endoscope 
diameter (p = 0.06) on duration of surgery. 

The effect of endoscope diameter was investi- 
gated in more detail by regression analysis. For the 
experienced surgeon, no significant effect on duration 
of surgery, bleeding, or quality of dissection was 
found. For the inexperienced surgeon, endoscope 
diameter affected simultaneously duration of surgery 
(p = 0.05), quality of dissection (p = 0.04) and, occur- 
rence of bleeding (p = 0.08). To correct for progres- 
sive gain in experience during the experiment, in one 
model endoscope diameter and experience simulta- 
neously affected duration of surgery (p = 0.04 and 
p = 0.001, respectively), bleeding (NS and p = 0.02, 
respectively) and quality of dissection (p = 0.05 and 
p = 0.002, respectively). 

The same model was used to evaluate differences 
between 10- and 4-mm endoscopes and between 
4- and 2-mm endoscopes. For the former, endoscope 
diameter and experience simultaneously affected dura- 
tion of surgery (NS and p = 0.0001, respectively), 
bleeding (p = 0.02 and NS), and quality of dissection 
(p = 0.02 and NS). For the latter, the two variables 
simultaneously affected duration of surgery (NS and 
p = 0.0001, respectively), bleeding (NS and p = 0.03), 
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and quality of dissection (NS and p = 0.005). Taking 
all data together in one regression model, endoscope 
diameter clearly affected duration of surgery 
(p = 0.04), bleeding (p -- 0.02), and quality of 
dissection (p = 0.02). Results are summarized in Fig- 
ures 1 and 2. 

Discussion 

To the best of our knowledge this is the first report 
that endoscope diameter affects duration and quality 
of surgery. This was shown for the inexperienced sur- 
geon and for the total experiment. For the experienced 
surgeon the effect was statistically nonsignificant, but 
the number of animals required to pick up small 
differences would probably be much larger. Endo- 
scope diameter also affected the frequency of bleed- 
ing, which could be considered a complication of 
surgery. Only two fatalities occurred, both with a 
2-mm endoscope and by the inexperienced surgeon. 
That surgeon also had six cases of heavy bleeding, one 
with a 10-mm, two with a 4-mm, and three with a 
2-ram endoscope. Since heavy bleeding occurred only 
once in the experienced surgeon's series, with a 2-ram 
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endoscope, statistical significance could not be 
achieved. It is remarkable, however, that most com- 
plications occurred with the smallest endoscope. We 
realize that this experiment was performed by two 
surgeons only. Considering the difficulty recruiting 
well-motivated gynecologists with great experience in 
open surgery but with none in endoscopic surgery, 
additional experiments that could have made bleed- 
ing and fatalities significant were not performed. 

The importance of these results for human surgery 
should not be underestimated. A decrease in the fre- 
quency of complications is obviously important. 
However, to demonstrate a decrease of a phenomenon 
that occurs rarely is difficult since the sample size 
requh'ed to reach statistical significance is probably too 
large; that is, to show a difference between 2% and 1% 
with a power of 80% and with significance of 0.05 
requires a prospective, randomized trial of 5000 sub- 
jects, 2500 in both groups. Our results therefore sug- 
gest that a higher-quality image will decrease the 
frequency of complications, something that could be 
anticipated by common sense. 

Our data confirm the well-known effect of train- 
ing on the learning curve, 1-1~ The inexperienced 
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FIGURE 1. Effect of training on quality of [] dissection and bleeding �9 (a) and on duration of surgery N (b) during consec- 
utive nephrectomies performed by an experienced (I) and an inexperienced surgeon OIL Mean • SD are indicated. 
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surgeon had a considerable decrease in duration of 
surgery and occurrence of bleeding and an increase in 
quality of dissection after 20 rabbits. For the experi- 
enced surgeon, effects of training on the same variables 
were less important and did not reach statistical 
significance. 

The rabbit nephrectomy model seems to be good 
for evaluating duration and quality of surgery because 
of  dissection of majors vessels. The surgeon has to 
adapt to the opposite requirements of going fast to 
reduce time but without complications such as heavy 
bleeding. 

These data are important for interpreting mini- 
endoscopy results. Failing to show a difference 
between 10- and 2-mm endoscopes in diagnostic pro- 
cedures does not allow the conclusion that they are 
comparable. Reported series consisted of fewer than 
100 cases with consequently a low power for these 
experiments. ~7~ Moreover, the surgeons were highly 
experienced and skilled. Our data suggest that for less 
experienced surgeons the difference between 10 and 
2 mm could be much more important. 
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