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imposed upon the operative field. This can result in anatomic 
distortion and misperception of operative planes. Thus, prac-
ticing taTME surgeons should be cognizant of these effects.
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Introduction

Transanal total mesorectal excision (taTME) is a new sur-
gical technique which provides unprecedented access to 
the distal, horizontal rectum [1, 2]. With prerequisite skill, 
core study, ongoing training, and operative experience, it 
represents a quantum leap forward in our approach to the 
anatomically constrained rectum in selected patients [3, 4]. 
But mastery of this technique has proved to be arduous with 
the potential for serious morbidity [5].

It is often stated that taTME poses an unfamiliar van-
tage point for the operating surgeon and, because of this, 
the operation is more complex and thus more difficult to 
perform. However, this is an oversimplification of reality, 
as more than mere vantage point accounts for taTME’s 
complexity. Importantly, there are many aspects to taTME 
that are quite unique to this operation [6–10] including 
the delivery of gas insufflation for creation of a so-called 
pneumopelvis.

In this report, the specific and rather curious effects of 
carbon dioxide  (CO2) insufflation within the subperito-
neal pelvis are delineated. Collectively, they form a com-
posite that differentiates taTME from conventional mini-
mally invasive surgical (MIS) approaches to the rectum, 
and even differentiate it from the original down-to-up 
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sphincter-preserving operation, transanal abdominal transa-
nal (TATA), first performed in 1984 by Gerald Marks [11]. 
As described here, insufflation with taTME contributes to 
the complexity of the operation, primarily because it can 
render anatomic planes more difficult to interpret.

Unique effects of  CO2 insufflation in taTME

Insufflation in taTME is fundamentally different from insuf-
flation delivered via laparoscopy, as outlined in Table 1. 
 CO2 insufflation in taTME imparts these procedure-specific 
effects: (a) anatomic distortion (with both global and local 
effects), (b) extra-mesenteric pneumatic dissection result-
ant in hyper-mesorectal excision, (c) cyclic billowing, (d) 
inadvertent luminal insufflation, (e)  CO2 entrainment with 
potential air embolization, and (f)  CO2 embolization of bac-
teria and tumor cells (theoretical). These effects are sum-
marized (Table 2), and each is explored in further detail, 
with a glossary of key terminology provided (Table 3). The 
specific effects of gas flow, or fluid (gas) dynamics, within 
the taTME apparatus are also examined.

Newtonian fluid dynamics and gas kinetics

Gas kinetics is a branch of study in physics that examines 
the motion of gases, their fluid dynamics, and the effect 
they impose on physical systems. Remarkably, although gas 
insufflation has been used for decades and although the phys-
iologic effects of insufflation have been exhaustively studied, 
there remains a paucity of information about the continuum 
mechanics of gas insufflation during laparoscopy, let alone 
taTME. In other words, precisely what are the direct effects 
of insufflation on the operative field?

Relying on known physical principles of continuum 
mechanics and fluid dynamics, concepts which may have a 
relevant impact on taTME can be formulated.  CO2, a New-
tonian fluid, exhibits properties in accordance with laws per-
taining to fluid dynamics. There are two important principles 
in physics that govern  CO2 delivery during taTME. First, the 
Hagen–Poiseuille law defines volume rate of flow depend-
ent on location within a conduit (or cylinder, e.g., taTME 
access channel), such that flow of a liquid (or gas) has the 
highest velocity at the center and lowest at the periphery, 
thereby creating a velocity gradient; there also exists a pres-
sure gradient along the length of a cylinder. This means that 
the pressure at the end of the taTME access channel (exiting 
to the operative field) will be less than what is was at the 
beginning of the channel, and that the flow velocity of  CO2 
gas at the periphery is less than it is at the center (Fig. 1). 
Furthermore, Bernoulli’s law states that velocity flow rates 
are conserved, and mathematically, the gas velocity will be 
decreased as it exits the taTME access channel, since the 
radius is differentially larger than the trocar radius (Fig. 1). 
The effect of Bernoulli’s law and the Hagen–Poiseuille law 
on  CO2 flow through the taTME apparatus is important to 

Table 1  Comparison of 
insufflation with different 
approaches

a Except in instances of frank violation of the bowel lumen or locally advanced tumor exposed to the perito-
neal cavity
b Triangles and O’s previously described by Bernardi et al. [20]

Laparoscopy taTME

Insufflation of a true cavity Insufflation of a potential space
Insufflation of a large vo1. Insufflation of extremely small vol.
Workspace volume constant Workspace volume increases with dissection
Workspace created without dissection Workspace created entirely by dissection
Triangles and O’sb observed Triangles and O’sb observed, and often prominent
No cyclic billowing Cyclic billowing with standard insufflators
Visceral distortion negligible Visceral (anatomic) distortion pronounced
Gaseous dissection along TME plane Gaseous dissection beyond TME plane (hyper-TME)
Risk of air embolism low Risk of air embolism moderate with sacral bleeding
No intraluminal dilation Inadvertent dilation of bowel common
Subcutaneous emphysema rare Subcutaneous/scrotal emphysema observed
Tumor aerosolization  improbablea Tumor aerosolization remains uncertain

Table 2  Unique aspects of insufflation with the taTME operation

Anatomic distortion
 Global effect (contour deformity)
 Local effect (triangles and O’s)

Insufflation vectors resulting in extra-mesenteric pneumatic dissection
Cyclic billowing
Inadvertent luminal insufflation
CO2 entrainment and venous air embolization
CO2 embolization of bacteria and tumor (theoretical)
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Table 3  Definition of key terms related to insufflation with taTME

Insufflation vector The magnitude of insufflation together with its direction in three-dimensional space
Operative vector The direction of surgical dissection in combination with an insufflation vector, especially when the direction is the same, such 

as with taTME
Polarity The overall directionality of a specific field such as an electric/magnetic field. In this context, this term denotes the general operative 

field directionality, e.g., ‘up to down’
Reverse polarity Approach to an operative field in an opposite direction from known standards. For example, the opposite of approaching the 

rectum from ‘up to down’ here implies a ‘down-to-up’ directionality utilized with APR, TATA, and taTME
Hyper-TME From Greek, the prefix hyper is defined as ‘beyond’ or ‘in excess’ and denotes therefore a dissection that includes the mesorectum 

proper together with additional, extra-mesenteric planes, such as the endopelvic fascia, Waldeyer’s fascia, and non-mesenteric adipose tissue.
Anatomic distortion The effect of contour deformity imposed by  CO2 insufflation on target organs, such as the rectum and its mesentery, as com-

monly exhibited during the taTME operation during the subperitoneal dissection
Actualized space A potential (micro-) space surrounding the rectum and its mesentery beneath the peritoneal reflection which is created by 

taTME dissection, in part, by  CO2 insufflation. Unlike laparoscopy, the work space volume constantly increases as the dissection progresses
Cyclic billowing The sudden and repetitive collapse of the operative work space caused by pneumatic instability
Heald envelope The mesorectum which when properly removed results in a complete and total mesorectal excision
Triangles and O’s Definable shapes encountered during taTME that occur from fascia plane violation and which are the product of dissection 

and insufflation (pronounced with taTME, but can be observed in all areas of laparoscopy)
Fluid dynamics The study of fluid mechanics as it deals with fluid and gas motion
Newtonian fluid A fluid or gas whose viscosity is not altered by rate of flow.  CO2 is an example
Gas kinetics Study in physics examining the motion of gases and the effect they impose on physical systems
Continuum mechanics The branch of physics that examines the mechanical behavior of a material as a continuous mass rather than as individual 

particles
Hagen–Poiseuille law In fluid dynamics, it describes a pressure gradient along the length of a pipe or cylinder, along with a velocity gradient 

depending on the position of a Newtonian fluid within the cylinder
Bernoulli’s law States that an increase in the velocity of a fluid results in a simultaneous decrease in pressure, as occurs for Newtonian fluids 

flowing through a system

Fig. 1  Principles of flow dynamics for  CO2 through a cylindrical sys-
tem, such as for taTME, are illustrated in a simple model. There are 
two physical laws that govern the laminar flow of  CO2. Bernoulli’s 
law states that velocity flow rate is conserved as the diameter of a cyl-
inder changes, so that as the  CO2 flows from a trocar to the cylinder 
of the taTME access channel, velocity decreases since the cross-sec-
tional area increases. The Hagen–Poiseuille law indicates that pres-
sure diminishes in the direction of flow, thus creating a pressure gra-
dient, ∆P (P1 − P2). Furthermore, the velocity of a fluid or gas within 
a lumen varies by its location within a cylinder. For this reason, gas 

flowing at the periphery of the taTME accesses channel flows at a 
slower velocity than  CO2 at the center (white arrows), thereby creat-
ing a velocity gradient. ∆P, pressure differential; P1, pressure at start 
of access channel; P2, pressure at end of access channel; μ, dynamic 
(shear) viscosity; L, length of cylinder (taTME access channel/tro-
car); Q, volumetric flow rate; R, radius of cylinder (access channel/
trocar); A1, trocar cross-sectional surface area; A2, taTME access plat-
form cross-sectional surface area. V1, velocity of  CO2 within trocar; 
V2, velocity of  CO2 within taTME access channel
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understand. However, the effect on the work space created 
by  CO2 within the taTME operative field is likely complex 
and remains poorly understood.

Cyclic billowing

In the past 7 years, an important technical limitation has 
been overcome by use of alternate insufflation systems in 
conjunction with a transanal apparatus. Essentially, these 
systems solve the problem of pneumatic instability that cre-
ated the well-known phenomena of cyclic billowing and 
smoke accumulation, reported to be the commonest techni-
cal complication during taTME in the largest registry data 
series published to date [12].

Cyclic billowing is defined as the sudden and repetitive 
collapse of the operative work space caused by pneumatic 
instability. It occurs because of the cyclic nature of gas deliv-
ery utilized by rudimentary insufflators that periodically 
sample pressure and deliver  CO2 via a pump mechanism 
in response to pressure fluctuations. As these adjustments 
are made in a cyclic fashion, the small working space of the 
taTME surgeon cyclically contracts and expands. Although 
insufflation with standard insufflators produces a negligible 
effect within the abdominal cavity, it often results in loss of 
a stable,  CO2-created operative field during taTME dissec-
tion. Thus, cyclic billowing is primarily related to the mode 
of insufflation and the continuum mechanics of gas delivery.

Today, many taTME surgeons utilize a non-valve trocar 
system which maintains insufflation by a pressured gas bar-
rier of insufflated  CO2  (AirSEAL®, ConMed, Inc., Utica, 
NY, USA) [13–15], although other devices are also avail-
able and/or under development by industry. An important 
component of system design is that  CO2 pressure, smoke 
evacuation, and  CO2 fresh gas delivery are all separately 
controlled via a composite disposable tubing which contains 
three separate lumens [16, 17]. The ability to constantly 

monitor and separately regulate  CO2 pressure provides 
a more stable pneumatic working space that minimizes 
cyclic billowing. This non-valve trocar insufflation system 
is erroneously described as a ‘high flow’ system by many 
surgeons. However, the flow in most instances is relatively 
low and, for a typical taTME operation, the pressure is set to 
8–12 mmHg and flow rates are typically 8 L/min. However, 
when an increased rate of delivery is required (such as dur-
ing suctioning of smoke plumes and blood), such systems 
are designed to compensate immediately by increasing flow 
rates to up to 40 L/min in real time, such that the work-
ing space does not collapse [16]. The end result is a clear 
operative field, with minimal billowing [14]. This type of 
insufflation delivery represents the most significant solu-
tion to the purely technical limitations of taTME, which 
previously utilized conventional laparoscopic insufflators 
as described with the original transanal minimally invasive 
surgery (TAMIS) technique [18], or insufflators designed for 
intraluminal surgery, such as with the transanal endoscopic 
microsurgery (TEM) apparatus.

Operative vectors and hyper‑TME

This effect relates to the directionality of insufflation. Recall 
that a vector, in physics and mathematics, is defined as a 
force (magnitude) together with a direction in three-dimen-
sional space. Thus, because the insufflation with taTME is 
delivered transanally rather than transabdominally, the insuf-
flation vectors are completely opposed to those encountered 
in the abdominal approach (Fig. 2). Furthermore, when dis-
cussing direction, up to down versus down to up, one can 
also consider this as a type of polarity with respect to the 
surgical field. In this regard, the reverse approach to TME, 
or up to down, can be described as reverse polarity. The 
alternate viewpoint of taTME, coupled with the unique mag-
nitude and direction of pneumatic insufflation utilized by this 

Fig. 2  Relationship of insuf-
flation vectors is shown, with a 
comparison between taTME and 
abdominal approaches. Insuffla-
tion vectors are of no conse-
quence with abdominal surgery, 
but with taTME they exhibit 
important effects, including the 
creation of anatomic distortion 
during dissection of the subperi-
toneal pelvis. It is important to 
realize that the pelvic cavity is 
fully occupied by viscera and 
only becomes an empty cavity 
after rectal extirpation
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technique and reverse polarity, can more globally be con-
sidered as an operative vector which reshapes the surgeon’s 
impression of the surgical field in a very specific manner.

The reason for this has to do with the directionality of 
the pelvic fascial planes themselves. Because of the lay-
ering effect of extra-mesenteric fascial planes, the opera-
tive vectors (imparted by taTME’s insufflation direction) 
expose extra-mesenteric planes that otherwise would not be 
exposed, as  CO2 insufflation from the abdomen does not 
normally result in air dissection of these planes [6]. This 
often leads to surgical specimens which contain ‘extra’ tis-
sue, including fragments of non-mesenteric adipose tissue 
and juxtaposed fascia that lie beyond the Heald envelope, 
resulting in a ‘hyper’-mesorectal excision (hyper-dissection) 
or hyper-TME (Fig. 3).

Anatomic distortion

With conventional, up-to-down minimally invasive surgery 
(MIS) laparoscopic and robotic techniques, abdominal cavity 
insufflation does not exhibit an appreciable distortive effect 
on native visceral anatomy, probably because the volume 
insufflated is several-fold more than the volume of the actu-
alized (potential) space created with taTME beneath the 
peritoneum, within the dissected work space of the subperi-
toneal pelvis (Fig. 4). Additionally, most pressure from lapa-
roscopic, abdominal cavity insufflation results in force vec-
tors that are distributed anteriorly in a uniform manner over 
a relatively large surface area (i.e., the average peritoneal 

lining in adults measures ~ 1.5 m2 [19]), thus causing dom-
ing of the anterior abdominal wall. It is important to note 
that visceral organ deformity is negligible if not completely 
nonexistent with conventional laparoscopy.

In contradistinction, with taTME, the ultra-low volume 
insufflated of the actualized pelvic space exhibits significant 
forward pressure on the mobilized viscera (especially the 
rectum and its mesentery), resulting in anatomic distortion, 

Fig. 3  Hyper-TME defines a dissection that is inclusive of planes 
beyond the mesorectal envelope. In this schematic diagram, it is dem-
onstrated how taTME can lead to deep entry into extra-mesorectal 
planes, especially posteriorly. From above (green arrow), the arrange-
ment of anatomic planes and the pathway of dissection keep the sur-

geon’s dissection along the Heald envelope. In contrast, from below 
(red arrow), the surgeon’s dissection can be inadvertently directed 
posteriorly, deep to the endopelvic fascia resulting in a hyper-meso-
colic excision with resultant risk of damage to the pelvic autonomic 
and vascular plexus

Fig. 4  Shown is the taTME surgeon’s view of the pelvic cavity after 
extirpation of the rectum and its mesentery. It is only after the rectum 
and the mesentery are subtracted from the posterior pelvic compart-
ment that one can appreciated the subperitoneal pelvis as a true cav-
ity, with an approximate volume of 70–150 cm3 depending on pelvic 
geometry, gender and overall patient size, and importantly the degree 
of completed dissection.  CO2 dissection of this potential space cre-
ated during taTME results in special challenges not encountered with 
standard laparoscopy
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in essence, a marked contour deformity of rectum and its 
mesentery (Fig. 5a, b). The more mobilized the rectum 
becomes, the more the anatomic distortion becomes evident, 
as the anatomy is effectively ‘compressed’ anteriorly and 
distracted cephalad opposite the direction of  CO2 inflow. 
This global effect results in deformity of the native shape 
of the rectum and its mesentery (Fig. 6a–c). Because of the 
Hagen–Poiseuille law and the velocity gradient established 
though the cylindrical taTME access channel, the effect is 
likely most pronounced centrally. Thus, during the posterior 
dissection, there appears to be a mesenteric concavity which 
resembles a ‘cobra’ (Figs. 5b, 6c).

It is known that surgical approaches to taTME vary 
widely, with some surgeons preferring a posterior first 
approach, while others prefer an anterior first approach, and 
still others prefer a circumferential approach to dissection. 
In the circumferential approach, the distortion results in en 
face flattening of the rectum and mesorectum (Fig. 7a, b). 
Regardless of approach, the imposed anatomic distortion 
is still observed (Fig. 8a, b). It is imperative that taTME 
surgeons recognize the challenge posed by distortion, 
particularly as the degree of distortion tends to become 

Fig. 5  Anatomic distortion resultant from the unique effect of insuf-
flation of an actualized, potential space is illustrated. a Dissection 
with  CO2 distorts the rectum, as if to ‘press’ it anteriorly and ceph-
alad, b the mesorectal envelope and its cheveux d’ange are shown, 
note the concavity of the envelope, a direct result of  CO2 centrally 
pressing the mesentery forward. This is an effect that can likely be 
explained by the Hagen–Poiseuille law as a velocity gradient is cre-
ated such that the flow velocity is highest centrally and lowest at the 
periphery of the taTME operative workspace

Fig. 6  An artist’s rendition of the distortive effects of  CO2 insuffla-
tion is illustrated, a anatomy as it may appear without insufflation, b 
anatomic distortion with insufflation in midsagittal view, and c the 
effect of anatomic distortion from the taTME’s surgeon’s point of 
view with cobra like concavity of the midmesorectum resultant from 
the effects of the velocity gradient established by the Hagen–Poi-
seuille law
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more prominent with progression of the caudocranial dis-
section. Such anatomic distortion is unfamiliar to non-
taTME minimally invasive rectal surgeons. Simply stated, 
anatomic distortion observed with taTME is not realized 
with abdominal approaches, because anatomic planes do 
not become aberrant with MIS approaches and traditional 
pneumoperitoneum.

It should also be appreciated that this anatomic distor-
tion is not present with the predecessor to taTME, TATA 
[11], because with the latter, the subperitoneal pelvic dissec-
tion (according to the original description and prior to later 
modifications) is completed in a traditional manner, without 
a transanal access channel and thus without pneumopelvis, 
underscoring a crucial difference between taTME and (the 
original) TATA, as they are not the same operation due prin-
cipally to this point of distinction (Table 4).

Change in workspace volume (dv/dt)

It is crucial to understand that the working space created 
by taTME undergoes dramatic changes during the process 
of dissection. Initially, the extra-luminal component of this 
workspace (after the purse string has been secured) starts 
just as a ~ 1 cm3 area. It then gradually expends with taTME 
dissection (Fig. 9). The workspace eventually increases 
and approaches (approximately) the volume of a tennis 
ball or ~ 150 cm3, which is markedly smaller than laparo-
scopic operative fields. This underscores another point of 
distinction between taTME and conventional, up-to-down 
MIS laparoscopic and robotic techniques, as laparoscopic 
workspaces do not appreciably change with dissection time, 
while for taTME the volume of workspace (v) increases as 
a function of dissection time (t) and can mathematically be 
expressed as a differential, dv/dt.

Fig. 7  taTME surgeon’s en face view, a without and b with 
 CO2-induced anatomic distortion. Anatomic distortion can result in a 
loss of operative frame of reference and may increase case complexity

Fig. 8  Schematic diagram illustrating the insufflation vector effect, 
as shown a without and b with anatomic distortion. Unlike insuffla-
tion with abdominal minimally invasive surgery, the target anatomy 
shape can exhibit marked distortion
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Triangles and O’s

Because of the small operative field volume with taTME, 
as well as the unique methodology of insufflation used 
by transanal access platforms, specific  CO2 effects are 
often pronounced. These have been previously described 
in detail as ‘triangles’ and ‘O’s’ [20] as this pertains to the 
exaggerated effect of  CO2 on fascial planes as observed 
with taTME. Specifically, violation of fascia planes can 
simulate a halo or ‘O’ sign and this is created as gas 
evenly distributes force at the point of violation, causing 
it to expand uniformly in a symmetric circle or ellipse. 

Tethering points that have not been released during dis-
section often leave a triangular shape due to unidirectional 
traction without counter-traction (Fig. 10). It is important 
to understand that ‘triangles’ and ‘Os’ are created by the 
combination of (a)  CO2 insufflation and (b) operative dis-
section. These local effects are not unique to taTME and 
can be observed with all insufflation-based MIS surger-
ies; nevertheless, this local insufflation effect seen during 
plane dissection is probably more prominent with taTME 
and, when properly understood, can improve the taTME 
surgeon’s operative frame of reference. The visualization 
of a ‘halo’ should lead to careful plane reassessment.

Table 4  Comparison between TATA and taTME

taTME transanal total mesorectal excision, TATA transanal abdominal, transanal operation, TEM transanal endoscopic microsurgery, TEO transa-
nal endoscopic operation, TAMIS transanal minimally invasive surgery

TATA taTME

Originally described 1984 by G. Marks et al. Original taTME by M. Whiteford 2007 (preclinical), 1st human case P. 
Sylla, A. Lacy, et al. 2010

Sphincter preservation for distal ≤ 3 cm tumors Sphincter preservation for mid- and distal rectal tumors generally ≤ 10 cm
Dissection from below typically limited to distal ≤ 5 cm Dissection typically to peritoneal reflection
Best described for radiated, locally advanced rectal cancer Described for malignant and benign disease (IBD)
Described using traditional surgical instruments Described using advanced transanal platforms (TEM, TEO, or TAMIS)
No  CO2 insufflation CO2 insufflation mandatory
Gas-related anatomic distortion and hyper-dissection not applicable Anatomic distortion and other effects from  CO2 insufflation evident
Tactile feedback (for assessment of prostate) easily performed Tactile feedback requires removal of platform

Fig. 9  Relationship between extra-luminal workspace volume and 
taTME dissection time (dv/dt) is shown. During the first portion of 
the taTME operation, A the purse string is applied and there is not yet 
any extra-luminal workspace; as the rectal wall is circumferentially 
divided, B there is a gradual increase in the workspace volume, and 

after complete division, the workspace rapidly increases, C before it 
begins to plateau just prior to peritoneal entry. Upon entry, the pelvic 
workspace communicates with the abdominal cavity, and at this point 
of union, the operation is reduced to a single field
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CO2 entrainment and embolization

Case descriptions and anecdotal reports suggest that, 
although small, a real risk of  CO2 embolization via the 
venous system can occur during taTME [21, 22]. This may 
be related to a combination of factors including (a) high flow 
insufflation systems with gas delivery into a finite work-
space, (b) inadvertent violation of the pelvic sidewall veins, 
prostatic venous plexus, and sacral venous plexus, particu-
larly the latter, when it involves Batson’s plexus [23] and its 
tributaries since these veins have no valves, (c) operating at 
a pressure in excess of systemic venous pressure (creating 
a pressure gradient with resultant gas entrainment), and (d) 
patient position in steep Trendelenburg, which places the 
operative field above the level of the heart, where venous 
pressure is often below atmospheric pressure.

CO2 venous embolism can lead to decreased pulmonary 
capillary gas exchange, cardiac arrhythmia, pulmonary 
hypertension, and right ventricular strain (via a ‘gas lock’ 
effect which results in right ventricular outflow obstruction), 
cardiovascular collapse, as well as death [24]. Thus, taTME 
surgeons should be extremely knowledgeable about diagno-
sis and rapid treatment.

Diagnosis can be made through recognition of acute onset 
physiologic changes including hemodynamic instability, 
decreased  PaO2 and  PaCO2, metabolic acidosis, increased 
right ventricular afterload, with decreased left ventricu-
lar filling. Transesophageal echocardiogram is the most 

sensitive diagnostic test, as it can detect air emboli ≥ 0.1 mg/
kg [25]. However, the test is technically complex, requires a 
skilled operator, and is not likely to be immediately available 
in most operating theaters. Therefore, treatment should be 
initiated once the diagnosis is suspected based on clinical 
criteria.

A sudden and otherwise unexplained decrease in end-
tidal  CO2(EtCO2) should immediately alert the taTME sur-
geon to the possibility of  CO2 embolization, as this is often 
the first clinical parameter to be detected [21]. However, an 
increase in  EtCO2 has also been observed, and thus, sur-
geons and anesthesiologists must interpret this finding the 
context of the overall clinical picture [24, 26]. Treatment 
requires immediate cessation of gas delivery and surgery, 
placement in the left lateral decubitus position (i.e., left side 
down tilt, with immediate leveling of the operating table’s 
head down tilt in the case of taTME), fluid resuscitation, 
increased ventilation, and delivery of 100%  O2 [26]. Increas-
ing positive end expiratory pressure (PEEP) may decrease 
the pressure gradient between the lacerated venous vessels 
and the heart, thereby decreasing the probability of further 
gas entrainment. It is also beneficial to flood the operative 
field with sterile saline to prevent further entrainment of gas.

CO2 embolization of bacteria and tumor (theoretical)

Some aspects of taTME are unique to the procedure, such as 
closure of the lumen with division of the rectum distal to the 

Fig. 10  Triangles and O’s, as described by Bernardi et  al. [20]. a 
A schematic diagram of the rectum, mesorectum, and fascia planes 
is illustrated. Posteriorly, a tethering point of the endopelvic fascia 
has not been released. b The taTME insufflation vector and relative 
focused view of a small operative field create the appearance of a tri-
angle. The correct plane of dissection thus releases the tethering point 
of the endopelvic fascia (green line) and does not violate this plane 

(red line). c In any plane, a violation of a correct or incorrect fascial 
plane results in evenly distributed pressure at the point of violation 
creating a circle or ellipse. This is commonly described as the halo 
sign or ‘O’ sign. While these findings are observed during standard 
laparoscopy, they become more exaggerated within the small work-
space created during taTME
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tumor or, in the case of very low cancers, with intersphinc-
teric dissection. Purse string formation is often imperfect, 
and small defects are frequently observed, sometimes lead-
ing to inadvertent dilation of the entire large bowel. Hypo-
thetically, imperfect purse string closure of the rectum could 
lead to bacterial contamination within the resection bed as 
organisms become aerosolized. Thus, the combination of 
insufflation vectors directed en face toward the rectum and 
a purse string defect may result in colonization of microor-
ganisms within the pelvis, leading to post-surgical infection. 
Whether or not attributed to taTME  CO2 insufflation vectors, 
contamination of the sterile field has been documented with 
TAMIS-TME [27].

Because live neoplastic cells can also exfoliate and 
implant at other locales [28–34], the taTME surgeon must be 
aware of the potential risk of insufflation-induced tumor cell 
implantation, particularly when the purse string contains one 
or more defects [6]. Except for instances in which the bowel 
lumen is grossly perforated, it is improbable that insufflator-
induced aerosolization of tumor cells or bacterial organisms 
is associated with non-taTME approaches to rectal cancer 
extirpation, and therefore, this potential morbidity is unique 
to taTME. The clinical importance of this remains unknown.

Discussion

Despite decades of global experience with laparoscopy using 
gas insufflation systems, little research has been done relat-
ing to gas kinetics, fluid dynamics of  CO2, and the effect 
the gas itself imparts on the operative field. The general 
principles of physics can be applied to gas delivery via the 
taTME apparatus.

Today, there are three distinct oncologic approaches to 
rectal resection which require an up-to-down component 
(reverse polarity) in operative extirpation; they are: (a) the 
abdominoperineal resection (APR), (b) the original TATA 
operation, and (c) taTME (including taTME for APR [35]). 
For all of these reverse polarity operations, only taTME 
delivers subperitoneal  CO2 to create the pelvic workspace 
utilizing commercially available access channels and 
devices. This is a fundamental difference and crucial distinc-
tion that separates taTME from other perineal approaches 
to curative intent resection. In this respect, taTME even dif-
fers from local excision of rectal neoplasia via TAMIS/TEM 
because although the techniques share identical operative 
vectors, the insufflated gas is distributed throughout a much 
larger volume when intraluminal surgery is performed.

While operative vectors are of no consequence in stand-
ard laparoscopy and other abdominal minimally invasive 
techniques, they have marked and important effects dur-
ing taTME.  CO2 insufflation vectors and the effect they 
impart on the subperitoneal pelvis impose gross anatomic 

distortion, a concept that has not been previously described 
with taTME. Additionally, the velocity gradient defined by 
fluid dynamics and the Hagen–Poiseuille law likely effects 
the appearance and shape of the deformity, with the classic 
concavity of the posterior mesorectum; essentially, this law 
of fluid dynamics states that velocity is greatest centrally and 
least at the periphery as it is transmitted through a cylinder, 
so the central part of the mesentery is thus most compressed 
by this (relatively) higher velocity gas flow, leading to the 
appearance of a concave distortion of the mesentery (Fig. 5).

Transanal TME surgeons must appreciate the dynamics of 
the workspace and the fact that the subperitoneal pelvis rep-
resents a potential (micro) space and not a true cavity and it 
is only by forced insufflation that this potential space can be 
created and observed to significantly increase in volume as a 
function of taTME dissection time. It is only with complete 
extirpation of the rectum and its mesentery that the posterior 
compartment can be realized as a true cavity.

taTME is a relatively new operative approach that is still 
in the process of being investigated and learnt. By examining 
the effects of pneumatic insufflation on anatomy, we have 
shown how this can increase the complexity of taTME dis-
section–factors which help explain why this new technique 
has proved difficult to master, even for skilled surgeons.

The fluid dynamics of  CO2 and its effect upon anatomic 
planes with resultant gross anatomic distortion shift the 
contour of native viscera. As a result, surgeon perception 
itself shifts, potentially leading to a loss of the operative 
frame of reference and an increase in surgeon misperception. 
While new techniques for structure identification are being 
currently explored [36, 37], it is still imperative for taTME 
instructors and trainees to understand the unique effects of 
 CO2 on the operative field as it increases case complexity 
and is likely one of the key reasons there is a steep learn-
ing curve for taTME. Collectively, the effects of insufflation 
and operative vectors represent one of the most important 
challenges for taTME surgeons as they are still poorly under-
stood and have not yet been described although seven years 
have passed since the inception of the technique [38]. This 
highlights a global deficiency in the fundamental elements 
necessary to master taTME.

Conclusions

Although  CO2 is an invisible gas,  CO2 insufflation with 
taTME produces quite visible effects. It is important for the 
practicing surgeon to understand these aspects as they rep-
resent a crucial distinction between taTME and all other 
approaches to TME. The effect imposed by insufflation with 
taTME, although valuable in facilitating dissection, can 
result in anatomic distortion and misperception of opera-
tive planes.
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