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Abstract
AIM: To investigate perception of natural orifice trans-
luminal endoscopic surgery (NOTES) as a potential 
technique for appendectomy.

METHODS: One hundred patients undergoing endos-
copy and 100 physicians were given a questionnaire 
describing in detail the techniques of NOTES and lapa-
roscopic appendectomy. They were asked about the 
reasons for their preference, choice of orifice, and ex-
tent of complication risk they were willing to accept.

RESULTS: Fifty patients (50%) and only 21 physi-
cians (21%) preferred NOTES (P  < 0.001). Patients 
had previously heard of NOTES less frequently (7% vs  

73%, P  < 0.001) and had undergone endoscopy more 
frequently (88% vs  36%, P  < 0.001) than physicians. 
Absence of hernia was the most common reason for 
NOTES preference in physicians (80% vs  44%, P  = 
0.003), whereas reduced pain was the most common 
reason in patients (66% vs  52%). Physicians were 
more likely to refuse NOTES as a novel and unsure 
technique (P  < 0.001) and having an increased risk of 
infection (P  < 0.001). The preferred access site in both 
groups was colon followed by stomach, with vagina be-
ing rarely preferred. In multivariable modeling, those 
with high-school education [odds ratio (OR): 2.68, 95% 
confidence interval (CI): 1.23-5.83] and prior colonos-
copy (OR: 2.10, 95% CI: 1.05-4.19) were more likely 
to prefer NOTES over laparoscopic appendectomy. 
There was a steep decline in NOTES preference with 
increased rate of procedural complications. Male pa-
tients were more likely to consent to their wives vaginal 
NOTES appendectomy than male physicians (P  = 0.02).

CONCLUSION: The preference of NOTES for appen-
dectomy was greater in patients than physicians and 
was related to reduced pain and absence of hernia 
rather than lack of scarring. 
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INTRODUCTION
Minimally invasive surgery has been challenging tradi-
tional open surgery. Laparoscopic surgery is less trau-
matic than open surgery, and is generally associated with 
fewer local and systemic complications, less postoperative 
pain, faster recovery and better cosmesis[1]. Natural ori-
fice transluminal endoscopic surgery (NOTES) is a novel 
technique that takes advantages of  natural orifices. It may 
be even less invasive than traditional laparoscopic surgery 
because it avoids abdominal incisions[2]. To date, a variety 
of  surgical procedures using natural orifices have been 
performed in animals and humans[3,4].

The advantages of  NOTES have not yet been fully 
confirmed in randomized trials[4], but are expected to in-
clude lack of  scarring, a less profound systemic response, 
faster recovery, less pain and absence of  hernia. Due to 
limited maneuverability and lack of  efficient and safe clo-
sure of  NOTES access sites, hybrid procedures involving 
additional laparoscopic instruments or vaginal access with 
hand-sutured closures have been used in most human 
procedures[5-7]. The overall complication rates reported 
in the first human studies have not exceeded those of  
laparoscopic surgery, but these findings remain to be 
proven in controlled trials[7]. Ultimately, the acceptance of  
NOTES procedures by both patients and physicians will 
be crucial in determining whether this new approach will 
become a part of  our routine clinical practice. 

Results of  the few studies that have addressed the 
perception of  NOTES have been variable. A very high 
patient preference of  almost 80% for NOTES over lapa-
roscopic cholecystectomy has been reported[8]. In contrast, 
the perception of  NOTES among surgeons in another 
survey was receptive overall, but more cautious[9]. The aim 
of  our study was to evaluate the perception of  NOTES 
appendectomy among patients and physicians. Further-
more, we aimed to determine reasons for their preference, 
the preferred access site, and the extent of  acceptable 
complication risk.

MATERIALS AND METHODS
Patients and physicians
A group of  consecutive patients scheduled to undergo 
procedures in the endoscopy unit were given a ques-
tionnaire by a staff  member and asked to complete it 
anonymously. Physicians in various departments of  our 
hospital (cardiology, cardiac surgery, gastroenterology, 
general surgery, diabetology, nephrology and radiology) 
also participated in the study and were given the same 
questionnaire. One hundred questionnaires were com-
pleted by each group and were evaluated. Participation 
in the study was voluntary. Only subjects with an intact 
appendix were included. Prior to beginning the study, the 
questionnaire was evaluated for consistency and clarity in 
a group of  20 medical students. 

Questionnaire
The first page of  the questionnaire described acute ap-

pendicitis and its management in detail. The technique 
of  laparoscopic appendectomy with its benefits and 
risks was explained. Then, the concept of  NOTES was 
described; stating clearly that it is still an experimental 
technique with its benefits and risk being only estimated. 
It was stated that the technique was not available in our 
hospital and that the response of  the patients would in 
no way influence their further medical management.

This information was followed by a list of  12 ques-
tions. Age, sex, educational status, prior awareness of  
NOTES and prior experience with endoscopy or laparos-
copy were queried first. Then, preference between NO­
TES and laparoscopic appendectomy was determined. 
Those who preferred laparoscopy were asked for reasons 
for their preference with options being safety and effi-
ciency of  the technique, willingness to tolerate scars and 
pain, and because NOTES is new, concerns about the 
technique and risk of  infection. The options offered to 
those preferring NOTES were less pain, absence of  scars 
and hernia, and a new unique technique. Patients who 
chose NOTES were asked to score their preference for 
access site (1, 2 or 3, mouth/stomach, anus/colon, vagina 
in women). Men were also asked if  they would object to 
a vaginal NOTES procedure for their wives. Those who 
preferred NOTES were asked about their tolerance for 
procedure-related complications (less, equal to, 1.5 times 
or two times greater than that of  laparoscopic appendec-
tomy), given a complication rate of  laparoscopic appen-
dectomy of  around 8%.

Statistical analysis
We hypothesized a 56% preference of  NOTES based 
on evidence available at the time of  study design[10]. We 
expected physicians’ preference to be 75% of  that of  pa-
tients. Thus, assuming a power of  0.8 and α of  0.05, 99 
patients and physicians needed to be included to show a 
statistically significant difference.

Data were analyzed for all participants overall and for 
both groups separately. The between-group differences 
were compared using a two-sample t test for continuous 
variables and Fisher’s exact test for categorical variables. 
Odds ratio (OR) and 95% confidence interval (CI) were 
calculated. A two-tailed P < 0.05 was required for statisti-
cal significance. To assess the effect of  individual factors, 
multiple logistic regression was used. Analyses were per-
formed using R software for statistical computing[11].

RESULTS
Patients vs physicians
Questionnaires were obtained from a 100 patients and 
100 physicians, and evaluated. Characteristics of  the study 
subjects are summarized in Table 1. Fifty-six patients (56%) 
and 53 physicians (53%) were male. The mean age of  
patients was higher than that of  physicians (52 years vs 41 
years, respectively, P < 0.001). Previously, 88 patients (88%) 
had an endoscopy; 67 (67%) had upper gastrointestinal 
endoscopy and 60 (60%) had colonoscopy. Only 36 phy-
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sicians (36%) had a previous endoscopy (P < 0.0001); 28 
(28%) had upper gastrointestinal endoscopy (P < 0.0001) 
and 14 (14%) had colonoscopy (P < 0.0001). There was 
no statistically significant difference in prior laparoscopy 
experience (20 patients vs nine physicians, P > 0.05).

Fifty patients (50%) and only 21 physicians (21%) 
preferred NOTES over laparoscopic appendectomy (P 
< 0.01). For the patients, the OR for NOTES preference 
was 1 (95% CI: 0.676-1.480), and none of  the queried 
characteristics influenced the preference for NOTES. 
For physicians, the OR for NOTES preference was low 
(OR: 0.152, 95% CI: 0.069-0.337). However, the OR for 
NOTES preference was significantly higher in female vs 
male physicians (OR: 2.875, 95% CI: 1.044-7.919).

The most common reasons for NOTES preference in 

patients was absence of  pain [33 (66%)], followed by ab-
sence of  hernia [22 (44%)] and cosmetic issues [15 (30%)]. 
The most common reasons in physicians were absence 
of  hernia [17 (80%)] followed by cosmetic issues and 
absence of  pain [11 (52%) each]. Absence of  hernia was 
given as a reason for NOTES preference by significantly 
more physicians than patients (80% vs 44%, P < 0.001).

In both groups, the most frequently chosen reasons 
for preference of  laparoscopy were proven safety [33 
(66%) vs 65 (82%)] followed by absence of  cosmetic con-
cerns [31 (62%) vs 43 (54%)] and proven efficiency [20 
(40%) vs 43 (54%)]. Physicians were more likely to chose 
laparoscopy for the reason that NOTES was a novel, un-
proven technique [33 (42%) vs 6 (12%), P < 0.0001] and 
had a greater risk of  infection [25 (32%)) vs 2 (4%), P = 
0.0001]. 

The preferred NOTES access site was the colon in 
both groups [25 (50%) vs 12 (57%)], followed by the 
stomach [19 (38%) vs 8 (38%)] with the vagina being rare-
ly preferred [6 (27%) vs 1 (7%)]. Forty-two of  49 male pa-
tients (86%) but only 29 of  46 male physicians (63%) did 
not object to vaginal NOTES for their wives (P = 0.02). 
There was a steep decline in NOTES preference with an 
increased rate of  procedural complications in both study 
groups (Figure 1). When the NOTES complication rate 
was lower than or equal to that of  laparoscopic appen-
dectomy (≤ 8%), it was acceptable for a vast majority 
of  those preferring NOTES. Once the complication rate 
increased to twofold that of  laparoscopy, the NOTES 
preference rate dropped to 10%.

Natural orifice transluminal endoscopic surgery vs 
laparoscopy
When the study subjects were analyzed based on the 
overall NOTES preference vs laparoscopy, those with a 
university education [NOTES vs laparoscopy, 34 (27%) vs 
94 (73%), P = 0.002], those who had heard of  NOTES 
[20 (25%) vs 60 (75%), P = 0.02] and those who had not 
had prior colonoscopy [35 (28%) vs 91 (72%), P = 0.004] 
were more likely to prefer laparoscopic over NOTES ap-
pendectomy. In multivariable modeling, lower education 
status (high school) (OR: 2.678, 95% CI: 1.230-5.826) 
and prior colonoscopy (OR: 2.098, 95% CI: 1.050-4.192) 
were significantly associated with NOTES preference 
(Table 2).

Patients Physicians 

Age (yr)      52 (mean)          41 (mean)
Men 56 (56)    53 (53)
Education
   Graduate 28 (28)    100 (100)
   High school 58 (58)    0 (0)
   Elementary school 14 (14)    0 (0)
Heard of NOTES  7 (7)a    73 (73)
Prior endoscopy  88 (88)a    36 (36)
Prior laparoscopy 20 (20)    9 (9)
NOTES preference  50 (50)a    21 (21)
Laparoscopy preference  50 (50)a    79 (79)
Reasons for preference
   Pain 33 (66)    11 (52)
   Cosmesis 15 (30)    11 (52)
   Absence of hernia  22 (44)a    17 (80)
Access site preference
   Colon 25 (50)    12 (57)
   Stomach 19 (38)      8 (38)
   Vagina   6 (12)    1 (5)
Approval of wife’s NOTES          42/49 (86)a      29/46 (63)

aP < 0.05 vs physicians. NOTES: Natural orifice transluminal endoscopic 
surgery.

less equal 1.5 × 2 ×
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Figure 1  Varying complication rates relative to laparoscopic appendec-
tomy and preference for natural orifice transluminal endoscopic surgery. 

Table 2  Association between participant characteristics and 
natural orifice transluminal endoscopic surgery preference

Odds ratio P value Confidence interval

Female 1.473 0.259 0.785-2.761
Age 0.985 0.587 0.960-1.011
High school education1 2.678 0.003 1.230-5.826
Elementary education1 3.222 0.003   0.907-11.444
Heard of NOTES 1.138 0.412 0.516-2.509
Prior colonoscopy 2.098 0.032 1.050-4.192
Prior laparoscopy 1.462 0.412 0.584-3.659

1University education serving as baseline. NOTES: Natural orifice translu-
minal endoscopic surgery.
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DISCUSSION
NOTES is an experimental surgical approach in which 
an endoscope is passed through a natural opening (e.g., 
mouth, anus or vagina) and then through an internal inci-
sion in the stomach, colon or vagina. So far, NOTES has 
been limited primarily to animal procedures. Although a 
variety of  procedures are technically possible in animals 
and the first laparoscopically assisted procedures have 
been performed in humans, the efficiency and safety of  
NOTES as well as its expected benefits, such as less trau-
ma, remain to be shown[12]. Wide adoption of  NOTES 
will depend largely on public acceptance.

Public acceptance and demand have previously been 
shown to play a major role in adoption of  a surgical 
technique. In the 1980s when a totally new technique of  
gallbladder surgery, laparoscopic cholecystectomy, was in-
troduced, medical professionals expressed little interest in 
the new approach. The early reports did not even show 
much benefit of  the new concept except for cosmesis[13]. 
However, public demand influenced in part by industry 
marketing spurred adoption of  this minimally invasive 
technique despite unproven benefits and increased risks. 
In spite of  the early difference in patient and physician 
perception of  laparoscopy, the technique has gained 
significant importance in abdominal surgery with laparos-
copy cholecystectomy now representing a gold standard 
procedure. In parallel to this interesting phenomenon, we 
aimed to determine the perception of  NOTES among 
patients and physicians.

Our study results show a discrepancy between patient 
and physician perception of  this new technique. Half  the 
patients questioned would prefer to undergo NOTES 
appendectomy despite the fact that the vast majority 
had never heard of  the technique before. In contrast, 
most physicians refused the novel technique in favor of  
laparoscopic appendectomy. A few differences between 
the groups may have contributed to this result. First, the 
medical profession is known for its general skepticism of  
a new technique with an unproven rate of  complications; 
thus the sensitivity to potential NOTES-associated risks 
was expected from the physicians[14]. Second, the mean 
age of  the patients was older than that of  the physi-
cians; however, older age has previously been associated 
with decreased NOTES preference. Third, a majority of  
patients had previously undergone an endoscopy, and a 
previous positive experience with endoscopy may have 
contributed to their preference for NOTES, being partly 
an endoscopic technique.

Patients’ preference for NOTES in our study was 
lower than previously reported. Almost 80% of  patients 
preferred NOTES over laparoscopy in a study performed 
by Varadarajulu et al[8] in 2008. The preference decreased 
to 56% in a study reported in 2009 by Swanstrom et al[10]. 
The observed decline may result from differences in the 
study design, chosen procedure or questioned popula-
tions. It may also reflect an actual trend of  NOTES mov-
ing out of  the public focus.

Physicians’ negative perception of  NOTES is not 

completely new. In a recent study by Volckmann et al[9], 
surgeons were asked whether they would choose person-
ally to undergo NOTES cholecystectomy. Only 26% of  
them opted for NOTES over laparoscopy, with most of  
the surgeons citing that NOTES was too new and was 
more risky. In another study by Thele et al[15], only 29% 
of  gynecologists would recommend NOTES to their 
patients even if  NOTES presented the same surgical 
risks as the laparoscopic approach. Interestingly however, 
female physicians in our study were almost three times 
more likely to choose NOTES than male physicians. The 
reason for this finding is unclear.

In patients, decreased postoperative pain was the ma-
jor determinant for favoring NOTES. In physicians, the 
major determinant was absence of  hernia. Surprisingly, 
cosmesis was considered important by only a third of  
patients and half  of  physicians. However, such a find-
ing is consistent with a survey comparing NOTES and 
laparoscopy by Strickland et al[16], in which only 44% of  
women were concerned with scarring after laparoscopy. 
Even though we did not ask our subjects specifically for 
reasons for refusing NOTES, those who favored laparo-
scopic appendectomy most frequently reported proven 
safety of  laparoscopy as their reason. The second most 
common reason was absence of  cosmesis concerns, fur-
ther supporting the above stated finding of  cosmesis be-
ing a relatively infrequent reason for choosing NOTES. 
Thus, the most striking benefit of  scarless surgery may 
not be the most important one for potential patients.

In our study, patients with high-school education and 
those with prior colonoscopy experience were signifi-
cantly more likely to choose NOTES over laparoscopic 
appendectomy. However, this finding resulting from a 
multivariate analysis of  the pooled data needs to be inter-
preted with caution. Our two groups of  subjects differed 
a priori in their educational status, with all physicians hav-
ing a university education. Furthermore, the frequency 
of  prior colonoscopy was much lower in the physicians 
group. Thus, university education and low rate of  prior 
colonoscopy experience were inherent attributes of  the 
physicians group having a low preference for NOTES. 
Multivariate analysis of  the patient group itself  did not 
reveal any characteristics suggestive of  NOTES prefer-
ence.

Interestingly, in both groups, the preferred route of  
access was the colon, with the vagina preferred by only 
a minority of  women. This finding was surprising given 
the very unpleasant bowel preparation required for trans-
colonic NOTES as opposed to transgastric and trans-
vaginal NOTES, and is in contrast with some previously 
reported results[8]. It may be speculated that for some 
patients, removal of  diseased organs may be better toler-
ated when performed via the anus as compared to the 
mouth. Another reason might be the high rate of  prior 
colonoscopy experience in our subjects. The reserved 
attitude of  women to transvaginal access is in contrast 
with previously published data[17], and deserves attention 
because most of  the current procedures are offered via 
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the transvaginal route due to uncertainty of  transgastric 
or transcolonic closure. 

The preference for NOTES decreased dramatically, 
even in those who preferred it, once the indicated rate of  
complications increased. This phenomenon was observed 
in both patients and physicians and has been reported 
previously by others[8]. However, in our study popula-
tion, the NOTES preference was significantly lower than 
that reported by Swanstrom et al[10] In their study group, 
almost 20% of  patients would have still elected NOTES 
even if  the complication risk was 10 times greater than 
that of  laparoscopy. Only less than 5% of  our patients 
tolerated only twice the risk of  laparoscopic appendec-
tomy.

Interestingly, physicians were less willing than patients 
to consent to their wives vaginal NOTES procedure. This 
finding may be explained in part by the negative percep-
tion of  NOTES itself  by physicians as well as their better 
awareness of  the possible complications associated with 
transvaginal procedures such as dyspareunia, infection 
and infertility.

Several limitations of  our study should be noted. 
Only patients undergoing an endoscopic procedure were 
questioned. Such a study population may not accurately 
represent the general public. Next, our patients were 
asked about their perception of  NOTES appendectomy. 
Acceptance of  NOTES may be disease related and may 
thus be different for another procedure. Furthermore, 
our patients did not suffer from complaints of  acute ap-
pendicitis and their decision was being made only based 
on description of  the disease. They may also have been 
biased in favor of  NOTES due to attending an endos-
copy clinic as opposed to a surgical clinic. Finally, only a 
theoretical description of  the benefits and risks was pro-
vided, which may change as more data are available.

In conclusion, the survey results show that there is 
considerable public interest in a new and experimental 
technique of  transluminal surgery. In contrast, physicians 
would be reluctant to undergo NOTES. Decreased pain 
and absence of  hernia were the most frequently reported 
reasons for choosing NOTES in patients and physicians, 
with cosmesis being of  minor importance. Physicians 
were much more concerned than patients about the risk 
of  infection. The study indicates that NOTES should be 
seriously considered as a potential technique with con-
siderable public demand. However, it also highlights the 
importance of  further development of  the technique and 
outcomes data reporting to enlighten physicians about 
NOTES.
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