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   What ’ s known on the subject? and What does the study add?  
 Until now, the transvaginal approach has been the only method of removing larger 
specimens from the abdominal cavity using natural orifi ce transluminal endoscopic 
surgery. There has been no means of extracting larger specimens in men and the 
means are restricted even in women, particularly in young women. 

 The present study shows that the diffi culty of large specimen retrieval can be 
overcome, irrespective of the diameter of the chosen port, through natural orifi ces 
using morcellation. 

 OBJECTIVE 

     •     To show, in a porcine model, the 
feasibility of a complete transvesical 
natural orifi ce transluminal endoscopic 
surgery (NOTES) nephrectomy with kidney 
extraction after morcellation through the 
same port.   

 MATERIALS AND METHODS 

     •     Transvesical nephrectomy and 
morcellation were performed in six pigs at 
Minho University, Braga, Portugal after 
institutional review board approval.  
    •     The transvesical port and the cystotomy 
were created under the guidance of a 
ureteroscope, while the remaining steps 
were done under the guidance of an 
operating telescope.  
    •     Dissection of the renal vessels and 
kidney was performed using dissection 

grasping forceps and a vessel sealing 
system (LigaSure  TM  ; Covidien, Mansfi eld, 
MA, USA) and morcellation was done using 
a Piranha  TM   morcellator (Richard Wolf, 
Knittlingen, Germany).   

 RESULTS 

     •     There were no complications related to 
the creation of transvesical access.  
    •     The image provided by the telescope was 
superior to that of the ureteroscope, 
especially underwater. Morcellation was 
quick and effective, with the support of a 
fi xing needle through the abdominal wall, 
designed to fi x the kidney, after laceration 
of a bowel loop occurred in the fi rst 
experiment.  

    •     It was found that technical 
improvements are needed to ensure safety 
of NOTES morcellation.   

 CONCLUSIONS 

     •     Kidney morcellation after nephrectomy, 
using a natural orifi ce exclusively, is 
feasible.  
    •     Despite technical limitations, this proof 
of concept study can be regarded as a 
potential step towards the application of 
NOTES in urology.    

  KEYWORDS 

 transvesical  ,   endoscopy  ,   kidney  , 
  nephrectomy  ,   morcellation   

  Study Type  –  Therapy (case series)
  Level of Evidence   4  

  Transvesical natural orifi ce transluminal 
endoscopic surgery (NOTES) nephrectomy with 
kidney morcellation: a proof of concept study  
   Estevao     Lima   *   †     ,    Frederico     Branco   *    ,    Joana     Parente   *    ,    Riccardo     Autorino   *   ‡      
and    Jorge     Correia-Pinto   *   §    
      *  Life and Health Sciences Research Institute (ICVS), ICVS/3B ’ s  –  PT Government Associate Laboratory, 
Braga/Guimar ã es  ,      †   Department of Urology, Hospital de Braga, Braga, Portugal  ,      ‡   Glickman Urological and Kidney 
Institute, Cleveland Clinic, Cleveland, OH, USA  , and      §   Department of Pediatric Surgery, Hospital de Braga, Braga, 
Portugal   

   INTRODUCTION 

 Natural orifi ce transluminal endoscopic 
surgery (NOTES) is one of the most 
interesting recent developments in surgery 
  [ 1 – 3 ]  . The main aim of this new technique is 
to perform surgical procedures through 
natural orifi ces and thus obtain benefi ts, 

such as improved cosmesis, owing to the 
lack of surgical incision in the abdominal 
wall. The lack of incision can also potentially 
be translated into lower risk of wound 
infection and less postoperative pain   [ 1 – 3 ]  . 

 To date, NOTES has been successfully 
completed experimentally in the abdominal 

cavity using different methods. In 2002, 
Gettman  et   al.    [ 4 ]   described the fi rst 
experimental application of NOTES when 
transvaginal nephrectomy was performed in 
a porcine model. Kalloo  et   al.    [ 5 ]   later 
reported the fi rst natural orifi ce endoscopic 
surgery using a transluminal gastric 
(transgastric) port also in a porcine model; 
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however, several limitations of performing 
NOTES procedures using an isolated 
transgastric port were subsequently pointed 
out   [ 6 ]  . During the same period, Pai  et   al.    [ 7 ]   
described the use of a transluminal colonic 
(transcolonic) port, which was hindered by 
limitations related to the lack of sterility and 
an effective closure method. 

 Recently, the advantages of transvaginal 
access have been recognized, including the 
possibility of specimen extraction   [ 8,9 ]  , the 
safety of closure under direct vision and the 
in-line direct visualization of upper tract 
urological organs. These have allowed a 
progression towards the clinical application 
of the transvaginal port. Some recent 
studies have described hybrid NOTES 
nephrectomy   [ 10 – 14 ]   and now pure NOTES 
nephrectomy has also been reported   [ 15 ]  . An 
obvious limitation for the transvaginal route, 
however, is the fact that it is gender-specifi c 
and is not applicable in young patients   [ 16 ]  . 
The search, therefore, continues for universal 
NOTES access that allows the completion of 
a procedure and specimen retrieval from the 
abdominal cavity. 

 Our group was the fi rst to describe the 
transluminal vesical (transvesical) port for 
NOTES applications   [ 17 ]  . This technique has 
the advantage of safe and effective access 
to the abdominal cavity, as the transvesical 
port is naturally sterile and located in the 
most anterior compartment of the lower 
abdomen. By developing the concept of 
combining two transluminal ports 
(transvesical and transgastric), we also 
showed the feasibility of porcine 

nephrectomy. At that time we were not able 
to provide a solution for kidney extraction 
at the end of the intervention as the urethra 
diameter was a limiting factor for specimen 
retrieval   [ 18 ]  . 

 The purpose of the present study was to 
show, in a porcine model, the feasibility of 
transvesical morcellation of a large organ, 
i.e. the kidney, after nephrectomy using only 
a single transvesical port.  

  MATERIALS AND METHODS 

 The study was conducted at Minho 
University, Braga, Portugal, after formal 
approval by our institutional review board. 
Six female pigs ( Sus scrofus domesticus ) 
weighing 25 – 30   kg were used. The pigs were 
killed at the end of the experiment and 
necropsy was performed in those pigs in 
which lesions of adjacent organs were 
suspected. 

  PIG PREPARATION 

 The pigs were given a liquid diet during the 
3 days preceding the surgical procedure; 
24   h before the experiment they were given 
no food and, during the last 6   h of this 
period, they were given no water. All 
procedures were performed under general 
anaesthesia.  

  TRANSVESICAL ACCESS 

 To establish the transvesical port, a 
ureteroscope was introduced through the 
urogenital sinus and urethra into the 
bladder with CO 2  distention. By using 5-Fr 
scissors (Model 27424 U; Karl Storz, 
Tuttlingen, Germany) introduced through 
the ureteroscope working channel, a 
cystotomy was performed in the bladder 
dome. The ureteroscope was introduced into 
the peritoneal cavity and a guidewire was 
placed through the working channel ( Fig.   1 ). 

After ureteroscope extraction, the guidewire 
was used to perform a 10-mm dilatation of 
the urethra with a dilator designed for this 
experiment. The urethral dilatation allowed 
the introduction of a 10-mm operating 
telescope for single puncture surgery (Model 
26034 AA; Karl Storz) in the peritoneal 
cavity. The entire cavity was examined.  

  NEPHRECTOMY 

 Animals were placed in the lateral decubitus 
position to expose the contralateral kidney. 
The selected kidney and its hilum were then 
identifi ed by telescopic image. Mobilization 
of the kidney was initiated by opening the 
parietal peritoneum at the inferior pole of 
the kidney, using 5-mm scissors (Model 
34321 MW; Karl Storz) introduced through 
the working channel of the operating 
telescope. The peritoneum was refl ected, the 
hilum was exposed and the renal artery and 
vein were isolated from adjacent structures. 

 After complete dissection of the renal 
vessels, cauterization dissecting and 
grasping forceps were introduced (Model 
33321 ML; Karl Storz) and a ligation device 
(LigaSure  TM  ; Covidien, Mansfi eld, MA, USA) 
was used for individual division of the artery 
and renal vein. Kidney dissection was 
completed with the division of the ureter 
followed by isolation and mobilization of the 
kidney ’ s lateral fi xation and upper pole. 

 After releasing the organ, the renal area was 
inspected for bleeding.  

  MORCELLATION 

 After nephrectomy, the peritoneal cavity was 
emptied of CO 2  and replaced with saline 
solution (2   L). Before emptying CO 2 , the 
kidney was fi xed to the abdominal wall with 
a fi xing needle, created specifi cally for this 
purpose ( Fig.   2 ). 
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   FIG.   1.  Schematic illustraction of transvesical 
access to the peritoneal cavity and the selected 
kidney. 1, kidney; 2, operating telescope; 3, bladder.  
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   FIG.   2.  
Kidney fi xed to the ventral 
abdominal wall.  A , intraoperative 
endoscopic image;  B , schematic 
illustration. 1, ventral abdominal 
wall; 2, kidney; 3, fi xing needle.  
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 At this point, the morcellator (Piranha  TM  , 
Richard Wolf, Knittlingen, Germany) was 
introduced through the working channel of 
the telescope, into the peritoneal cavity and 
kidney morcellation began under saline 
solution and was completed with the 
remaining saline aspirated ( Fig.   3 ). 

 At the end of the procedure, the adjacent 
organs were inspected for any damage.   

  RESULTS 

 Nephrectomy by pure transvesical port was 
successfully performed in all cases. The 
creation of transvesical access was simple 
and quick, with no complications. 

 The introduction of the telescope into the 
peritoneal cavity was comfortably achieved 
after using the purpose-built dilator. Two 
cases of laceration of the urethra occurred, 
but these did not affect the completion of 
the procedure. 

 The image provided by the telescope was 
excellent, allowing us a clear view of all 
structures of the abdomen, and particularly 
the hilum structures. The kidney and its 

hilum dissection were easily accomplished 
by using 5-mm instruments introduced 
through the working channel of the surgical 
telescope. Division of renal vessels was 
effectively accomplished in all cases without 
evidence of bleeding. After ligation of the 
renal vessels, the kidney was easily dissected 
and released from adjacent structures. 

 The median (range) duration of nephrectomy 
was 70 (45 – 90) min. In the fi rst experiment, 
the pneumoperitoneum was not totally 
emptied during the fi lling of the peritoneal 
cavity with saline solution, causing a rectal 
prolapse. In the subsequent cases, this 
complication did not occur. The image 
provided by the telescope under saline 
solution was superior to that provided by 
gas, except when minor bleeding occurred. 
Kidney fi xation was straightforward and 
allowed fi rm setting of the organ to the 
ventral abdominal wall. 

 Transvesical morcellation proved to be 
effective, allowing rapid excision of the 
entire kidney (median  [ range ]  time taken: 15 
  [ 10 – 20 ]   min). During the fi rst experiment, 
bowel laceration was suspected. This did not 
occur in the following experiments after we 
decided to fi x the kidney in a more ventral 

position in the abdominal wall. The 
morcellator works only in liquid and 
separates morcellated tissue from irrigation 
fl uid. 

 In the necropsy performed on the fi rst pig, 
we found a colon laceration of  ≈ 1   cm in 
size.  

  DISCUSSION 

 The present study shows the feasibility of 
extracting a large organ, the kidney, after 
morcellation by transvesical port after a 
pure NOTES nephrectomy. This project is part 
of a sequence of studies on experimental 
NOTES nephrectomies. The fi rst attempt to 
perform a NOTES porcine nephrectomy was 
made by Gettman  et   al.    [ 4 ]   in 2002. 
Interestingly, after only 5 years, our group 
reported the feasibility of NOTES porcine 
nephrectomy by combining transvesical and 
transgastric ports   [ 18 ]  . At that time we 
could not provide a solution for the 
extraction of the kidney at the end of the 
intervention. In the same year, Clayman 
 et   al.    [ 19 ]   described a hybrid NOTES 
transvaginal nephrectomy in pigs, using a 
purpose-built surgical platform (Transport 
multi-lumen operating platform, USGI 
Medical, San Clemente, CA, USA) and a 
12-mm transabdominal port. More recently, 
Isariyawongse  et   al.    [ 20 ]   used the 
combination of transgastric and transvaginal 
ports to perform NOTES nephrectomy with 
specimen retrieval through the transvaginal 
port. 

 In the clinical fi eld, the transvaginal route 
for NOTES has received great attention, with 
several groups of investigators reporting 
their experience in NOTES kidney surgery. 
Branco  et   al.    [ 10 ]   fi rst attempted to carry 
out a NOTES nephrectomy in humans by 
using a hybrid technique with two 
additional transabdominal trocars. Using this 
same principle, other authors have reported 
their clinical experiences   [ 11 – 14 ]  . In 2009, 
Kaouk  et   al.    [ 15 ]   were the fi rst to report the 
 ‘ pure ’  transvaginal NOTES nephrectomy of 
an atrophic kidney in a woman. 

 With regard to the surgical technique used 
in the present study, transvesical access 
through a ureteroscope was similar to that 
described previously   [ 5,17,18,21,22 ]  ; 
however, 10-mm dilatation with a purpose-
built dilator was required for the 

    
 

   FIG.   3.  Morcellation.  A , Morcellator approaches the kidney;  B,  start of morcellation;  C, D,  end of 
morcellation: kidney almost unstructured. The fi xing needle can be seen.  
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introduction of the operating telescope 
because the diameter of the pig urethra 
was much smaller than that of the rigid 
operating telescope. This might account for 
two cases of urethral laceration. This 
complication is not likely to happen in the 
human urethra as it easily holds tools up to 
10   mm   [ 23 ]  , but the risk of urethral stricture 
in transvesical procedures should 
nevertheless be assessed in humans. 

 With the introduction of the operating 
telescope, it was found, as expected, that 
the image quality provided was far superior 
to that of the ureteroscope; it was clearer 
and therefore more detailed, which helped 
in the identifi cation of all structures, 
especially those of the hilum, which required 
more delicate handling. In addition to this 
advantage, the operating telescope allowed 
the introduction of 5-mm instruments, 
which facilitated surgical manoeuvres. 

 The use of the LigaSure  TM   device in the 
ligation of renal vessels was safe and 
effective, without cases of bleeding. It 
should be stressed, however, that in 
comparison with humans, the porcine kidney 
is easier to dissect and its hilum easier to 
isolate because it does not have a signifi cant 
amount of perinephric fat tissue; therefore, 
it is widely recognized that clips should be 
used for vessel ligation in humans instead 
of energy devices. 

 An important aspect to keep in mind is the 
evacuation of the pneumoperitoneum before 
morcellation. In our fi rst experiment, 
a rectal prolapse occurred because the 
pneumoperitoneum was not completely 
emptied before introducing the saline 
solution, causing an excessive increase in 
intra-abdominal pressure. 

 The image provided by the operating 
telescope in liquid was superior to that 
given in gas, except in cases of bleeding, but 
a renewal of saline solution was suffi cient 
to restore the image quality. 

 Morcellation, allowing kidney extraction 
through the working channel of the 
operating telescope, was effective and 
speedy. An advantage was the possibility of 
separating the morcellated material from 
the irrigation fl uid, which would allow 
histological study in certain clinical 
situations. The morcellator only works in 
liquid, which restricted its application. This 

limitation needs to be overcome by the 
creation of an instrument able to operate in 
gas. If, on the one hand, the speed and 
suction of morcellation represent an 
advantage in terms of operating time, it can 
be also regarded, on the other hand, as a 
limitation. Any deviation or uncontrolled 
handling could result in laceration or 
perforation of adjacent organs, as happened 
in the fi rst experiment where there was 
bowel loop laceration (revealed at necropsy). 
After this complication during the fi rst case, 
the kidney was placed far from other 
organs. To this end, a fi xing needle was 
designed and built. This was passed under 
vision through the ventral abdominal wall, 
then the kidney and, fi nally, again the 
ventral abdominal wall to fi rmly fi x the 
kidney at a superior level compared with 
other organs. Thus, the probability of 
accidentally morcellating adjacent organs 
was minimized, and no further organ 
injuries occurred. This fi xation of the kidney 
in the abdominal wall also facilitated 
morcellation by better exposing the kidney 
and moving it away from bowel loops, and 
the introduction of saline solution caused 
the bowel loops to move into a higher plane 
owing to their density and the presence 
of gas. 

 Morcellation through other natural orifi ces 
has never been reported, possibly because: 
1) the transgastric port does not allow the 
use of rigid morcellators and, as far as we 
know, fl exible ones do not exist; 2) the 
transcolonic port has an associated infection 
risk and the morcellator is introduced 
between the bowel loops; 3) the 
transvaginal port allows intact specimen 
retrieval, despite being restricted to females. 
A solution for the removal of large organs 
in males has not so far been reported. 

 The present study describes, for the fi rst 
time, the morcellation of an organ within 
the abdominal cavity through the natural 
orifi ce of the transvesical port. This fi nding 
might help overcome the limitation 
commonly pointed out  –  the impossibility of 

specimen retrieval   [ 2,3,16,18 ]  . Indeed, in the 
future, the transvesical port might represent 
an ideal pathway to organ morcellation as it 
is naturally sterile and is situated above the 
bowel loops, unlike all other natural orifi ces 
( Table   1 ). Nevertheless, it should be 
recognized that the safety of morcellation 
through the transvesical port is still far from 
perfect. Technical improvement of the 
morcellation device is needed in the future, 
as well as the creation of other ancillary 
devices to maximize safety. In this regard, 
we believe that a protector bag would be 
necessary to carry out this procedure in 
order to avoid any tissue spillage that might 
occur during the morcellation. This is critical 
for the non-functioning kidney with stones 
or infection, or in a kidney where a tumour 
is present. 

 In conclusion, complete NOTES transvesical 
nephrectomy, including specimen retrieval 
after morcellation, is feasible in the porcine 
model. The present study may serve as a 
starting point for the development of a new 
generation of morcellators aiming to make 
transvesical morcellation of abdominal 
organs safe and effective.   
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