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The earliest technique developed by prof. Gerard Buess in the
1980s was termed as transanal endoscopic microsurgery
(TEM)1 and the equipment is manufactured by Richard Wolf
GmbH (Knittlingen, Germany). A similar competing product
was subsequently manufactured by Karl Storz (Tuttlingen,
Germany) and referred to as transanal endoscopic operation
(TEO). Both of these are described as rigid platforms as the
equipment is clamped to the operating table via an articu-
lating arm and the telescope is fixed to a rigid 4-cm diameter
proctoscope of varying lengths.

Relatively recently, an alternative technique, transanal mini-
mally invasivesurgery (TAMIS),2wasdeveloped, initiallyusinga
port adopted from single incision laparoscopic surgery (SILS).
ThisportandothersubsequentTAMISportsaremadeofflexible
material not fixed to the operating table but held in place by
“hooking” onto the anorectal ring. Rather than requiring pro-
prietary equipment and instruments used in TEM, TAMIS was
conceived to be more flexible and cost-effective by using a
standard laparoscopic camera, insufflator, and instruments.

The field of view, magnification, and surgical precision
afforded by these advanced transanal techniques have
resulted in excellent specimen quality and low recurrence
rates, especially compared with traditional transanal sur-
gery.3,4 This article will compare the technical aspects of
these platforms including the advantages and disadvantages
of each technique.

Cost

One of the limitations in widespread adoption of TEM has
been the initial capital cost.2 All of the equipment including
the resectoscope, insufflator, stereotactic scope, and angled
instruments are proprietary. While this specially designed
equipment has some advantages that will be discussed later,
it costs approximately US$80,000.5 The equipment is reus-
able, but some disposables are still required such as tubing
and sealing caps. Although the capital expense is high, it is
cost-effective versus the comparable open procedures.6 The
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Abstract Transanal endoscopic surgery encompasses the minimally invasive surgical techniques
used to operate in the rectum under magnification while maintaining pneumorectum
via a resectoscope or port. The view, magnification, and surgical precision afforded by
these advanced transanal techniques have resulted in excellent specimen quality and
low recurrence rates, especially compared with traditional transanal surgery. For rigid
platforms, the surgeon operates through a rigid 4-cm diameter steel proctoscope of
varying lengths that is clamped to the operating table with an articulating arm.
Transanal minimally invasive surgery (TAMIS) is a newer flexible platform using a
disposable port which “hooks” into the anorectal ring to remain in place. The cost-
effectiveness and versatility of the TAMIS platform have resulted in its popularity and
use in more advanced applications such as transanal total mesorectal excision.
Ultimately, the choice of operating platform should be based on surgeon preference,
patient characteristics, availability, and cost. The pros and cons of each platform will be
discussed in this article.
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TEO platform costs approximately US$30,000.5 The lower
cost is achieved by providing a two-dimensional (2D) digital
scope and by using standard generic laparoscopic insufflator
and instruments, although proprietary angled instruments
are available.

In contrast, TAMIS uses a disposable port and cannulas
costingUS$500 toUS$8005which is comparable to the cost of
the disposable tubing set required for TEM.7 All other re-
quired equipment can be attained from a regular laparosco-
pic surgical set. The most commonly used port is the
disposable GelPOINT Path Transanal Access Platform8 (Ap-
plied Medical, Rancho Santa Margarita, CA). Other ports
include the disposable SILS Port (Covidien, New Haven, CT)
and the reusable KeyPort (Richard Wolf GmbH).

Operating Resectoscope/Port

TEM (►Fig. 1) and TEO (►Fig. 2) resectoscopes are steel and
fixed to the operating table by a mounting arm. The resecto-
scope is 4 cm in diameter and available in different lengths

(7.5–20 cm) to target proximal and distal rectal lesions. The
distal tip is beveled downward to facilitate operating on
lesions in the dependent position, although a straight version
is also available. Therefore, patients must be positioned in
lithotomy for posterior lesions, prone for anterior lesions, or
in lateral decubitus for lateral lesions. Depending on the
position, operative setup time can be prolonged and less
clear for operating room staff. Tubing for insufflation, pres-
sure monitoring, smoke evacuation, and lens cleaning also
require attachment. This complex setup typically takes ap-
proximately 20minutes.9 The mounting arm for the resecto-
scope and its attachments provide a stable platform,
however, may frequently require repositioning to adjust
the field of view.

The advantage of the 4-cm rigid opening of the port is that
it can be used to stent the anal canal for distal lesions, to pin
the rectal valves for lesions behind them, and to stent the
bowel wall for more proximal lesions into the distal sigmoid.
Although rigid platforms are less commonly used for transa-
nal total mesorectal excision (TaTME), some proponents

Fig. 1 Transanal endoscopic microsurgery, Richard Wolf GmbH, Germany.
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prefer this ability to stent the tissue independently of the
pneumorectum. However, the long rigid resectoscope
reduces the working angles of the instruments (►Fig. 3).
This is partially overcome by proprietary angulated
instruments.

TAMIS ports are flexible and not fixed to the operating
table but held in place by “hooking” onto the anorectal ring
(►Fig. 4). The uncomplicated setup can be complete in 1 to
3minutes.2,10 The flexible port can also be angled or slightly
retracted if required. The port is flared at either end, but the
segment in the anal canal has a smaller diameter (3.4 cm)
causing less distortion of the sphincter. Also, the length is
much shorter (5.5 cm) which increases the working angle of
the instruments (►Fig. 3). The ports are not beveled, and the
increased working angle allows a 360-degree working space
meaning patients can be consistently positioned in lithoto-
my regardless of location of the lesion. The lithotomy posi-
tion for anterior rectal lesions enables greater ease of
laparoscopic access if the peritoneum is breached. This
contrasts with rigid platforms where the patient is posi-
tioned prone for anterior lesions making laparoscopy prob-
lematic to perform if required.

Telescope

The TEM system has a binocular optical stereoscope
which allows greater depth perception and a magnified

view. There is also a separate connector for a 2D digital
display if preferred, or for training purposes. The TEO
system has a 2D digital videoscope. TEO allows surgeons
to use standard laparoscopic instruments, making the
system more favorable for experienced laparoscopic sur-
geons. In both TEM and TEO, the scope is fixed in position
within the resectoscope providing a stable 70-degree
field of view.

Proponents of rigid platforms regard thefixed, stable view
provided to be advantageous as no assistant is required and
many smaller lesions can be excised without having to
change the view or angle of the camera. However, others
view this as a limitation to theflexibility of rigid platforms as
when excising larger lesions, or operating in multiple quad-
rants such as in TaTME, frequent adjustments of the resecto-
scope and its supporting arm are required to alter the view
from the scope. This platform is cumbersome and can
lengthen operative time.

In contrast, a surgeon performing TAMIS requires an
assistant to operate the videoscope. The surgeon is reliant
on the assistant’s technical skill to display the operative field
optimally while also avoiding clashes with the operator.
However, with an experienced assistant, the flexible plat-
form can provide a dynamic and optimal operative view in
which dissection can progress more efficiently. If a 5-mm
scope is used, the instrument and camera ports can be
interchanged for difficult cases.

Fig. 2 Transanal endoscopic operations (TEO), Karl Storz SE & Co. KG, Germany.
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Pneumorectum

When using a standard laparoscopic insufflator, the rectal
wall is prone to billowing especially during suctioning. This is
due to the small operating volume in the rectum in conjunc-
tion with programmed pauses for pressure sensing on most
insufflators.11 The billowing of the rectum makes dissection

difficult and imprecise. Billowing is less of a problem during
laparoscopic abdominal operations due to the larger volume
of the abdominal cavity and compliance of the abdominal
wall which negate the pauses for pressure sensing except
during prolonged suctioning.

The TEM apparatus overcomes the problem of billowing
due to its proprietary separate connections for gas delivery,
smoke evacuation, and pressure sensing. These are all linked
and controlled, so the rate of smoke evacuation never
exceeds the rate of gas delivery. The result is a very stable
pneumorectum while operating without insufflating more
proximal bowel, thus avoiding unnecessary bowel disten-
tion. In contrast, the TEO system does not include proprie-
tary insufflator and is prone to billowing when using
laparoscopic abdominal equipment.

As with the TEO platform, TAMIS relies on generic laparo-
scopic insufflators. Applied Medical have designed the in-
sufflation stabilization bag (ISB) used with the GelPOINT
path port (Applied Medical) to overcome the problem of
billowing.11 The ISB creates a large, compliant dead space
between the insufflator and the GelPOINT path. This
increases the volume and also the compliance of the system
to simulate insufflation of a much larger, abdominal cavity
where billowing is minimal.

An alternative insufflator to minimize billowing is the
AirSeal system (ConMed, 525 French Road, Utica, NY) which
was not developed specifically for TAMIS but has been found
to have significant advantages.12 The AirSeal system contin-
uously circulates turbulent CO2 into the operating space and
back through a filter which extracts smoke from the operat-
ing field. The system also constantly measures pressure
providing a stable pneumorectum even when suctioning.

Learning Curve

In general, for minimally invasive trained surgeons, TEM is
reportedly more difficult to master than TAMIS as the
equipment is proprietary and less familiar. Regardless of
platform, the importance of structured training is clear as
identified by Kipfmüller et al with the inception of TEM.13

In a study of 693 lesions resected by four surgeons using
TEM, effects of a long learning curve could be demonstrated
statistically even per single additional procedure.14 This
continuum of improvement stresses the importance of
maintaining a steady caseload. A single-surgeon series of
73 TEM cases describes a difficult learning curve; however,
no significant improvement in operative time was identified
in later cases due to the increase in difficulty of cases as
experience was gained.15 Another study of two surgeons
performing 95 TEMprocedures concluded that after 16 cases,
the learning curve started to plateau,16 whereas a separate
study of 23 cases showed a leveling of the rate of excision
after the first four cases.17 For TEO, a series of 46 cases was
analyzed using cumulative sum (CUSUM) analysis and the
operation time and hospital stay significantly decreased after
17 cases.18

In regard to TAMIS, a comparative study of two surgeons
in the Netherlands using CUSUM analysis determined 18 to

Fig. 3 Schematic representation of dimensions and instrument
working angles of transanal endoscopic microsurgery (TEM) endo-
scope and transanal minimally invasive surgery (TAMIS). (Reprinted
with permission from Burke and Albert.9)

Fig. 4 GelPOINT Path TAMIS port, Applied Medical, Rancho Santa
Margarita, CA.
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31 caseswere required to become proficient but this could be
reduced to 6 to 10 cases with proctoring.19 Another study of
254 patients operated on by five surgeons in a high-volume
center compared surgeons without prior TAMIS experience
with those who received formal TAMIS training. This study
estimated that 20 to 24 cases were required to achieve
proficiency, although this was shortened to 14 cases for
surgeons with formal training in TAMIS.20 The same group
also looked at the learning curve for TaTME in surgeons
already proficient in laparoscopic TME and TAMIS. Using the
same flexible TAMIS platform and CUSUM analysis, they
concluded that this complex technique requires approxi-
mately 50 cases to achieve acceptable high-quality surgery.21

It is interesting that while TaTMEwasfirst described using
a rigid platform,22 analysis of the TaTME registry reveals that
85% of recorded cases have been performed with a flexible
TAMIS platform, highlighting its increasing popularity.23

Outcomes

Largest comparison of TEM with TAMIS comprised 428
patients (247 TEM and 181 TAMIS) from high-volume cen-
ters.24 While length of stay and operative time were longer
with TEM, the specimen quality, complication rate, and
recurrence rate were similar between procedures. Melin
et al25 compared 40 TEM and 29 TAMIS cases and reported
no statistical differences in resection margin involvement or
postoperative complications, although lesions excised by
TAMIS were larger. Similarly, Mege et al26 compared 33
TAMIS and 41 TEM cases and found no differences in resec-
tion quality, complications, or recurrence rates. Another
institutional series compared 53 TEM and 68 TAMIS cases
demonstrated similar outcomes though shorter operative
times with TAMIS as all resections were performed in
lithotomy position.27

Preservation of anorectal function with an organ-sparing
approach was the driving force behind the development of
transanal endoscopic surgery. For rigid platforms, there was
initial concern that the 4-cm diameter rigid proctoscope
could affect continence. A prospective study of 201 patients
undergoing TEMwhowere followed up for 4months showed
a reduction in anal sphincter resting and contraction pres-
sures but no change in Wexner score or postoperative
incontinence.28 Ultrasound evaluation of 106 TEM/TEO
patients showed 29.2% had a demonstrable sphincter lesion
at 1 month but only 6.6% at 4 months with no evidence of
incontinence.29 The malleable 3.4-cm port for TAMIS is
thought to be less detrimental. A prospective series of 10
patientsmeasuredwith anorectal manometry and Cleveland
Clinic Incontinence Score pre- and post-TAMIS showed that
only mean minimum rectal sensory volume was lower at
3 weeks after surgery.30 The Cleveland Clinic Incontinence
Score was normal in all patients except one which resolved
by 6 weeks after surgery. A recent systematic review of
functional outcomes and quality of life after transanal sur-
gery concluded that rigid or flexible platforms do not appear
to affect continence by themselves except in minor cases.31

Summary

TAMIS and rigid platforms, in experienced hands, are capable
of high-quality precise surgery in the rectum and are supe-
rior to traditional transanal surgery. They provide precise
dissection techniques while limiting patient morbidity. Both
platformsmandate appropriate training and neither of these
advanced transanal platforms is intended for novice
surgeons.

Patient characteristics, surgeon preference, availability,
and cost are the driving forces when choosing the operative
technique. TAMIS utilization has rapidly spread worldwide
because of its versatility, cost-effectiveness, and the increas-
ing number of training courses available for surgeons. Its
global adoption has been reflected by the increasing rise in
publications and citations since its initial description in 2010.
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