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ABSTRACT

The studies conducted by our study group in the field of video-assisted surgery have contributed to a deeper understanding
of the creation of pneumoperitoneum for laparoscopic procedures. The occurrence of morbid, sometimes fatal, events
while establishing a pneumoperitoneum by insertion of a Veres needle encouraged us to conduct a systematic review of
the literature regarding this issue. This review revealed that Veres needle insertion into the abdominal cavity through a
midline incision can result in injury to viscera and great retroperitoneal vessels, as well as a large number of deaths. This
procedure is performed by most laparoscopic surgeons in Brazil and the USA. In an attempt to find safer alternatives, we
conducted experimental and clinical studies in which the Veres needle was inserted into the left hypochondrium. There
have been no reports of injury caused by Veres needle insertion into the left hypochondrium.
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INTRODUCTION before proceeding with CO, insufflation. Inaddition

to determining the true diagnostic value of thesetests,

We initially investigated thistechniquein astudy we attempted to establish at certain time pointsduring
involving experimental animals(pigs), withthe insufflation a relationship between the following
participation of an undergraduate student who was parameters: gas flow; intraperitoneal pressure; and
the recipient of a'Young Investigator grant. Withthe  the volume of gasinjected into the peritoneal cavity.
aid of two doctoral students, we subsequently We found that pressure and volume was strongly
conducted clinical studies that resulted in academic  correlated at certain time pointsduring insufflation and
dissertations. One of theseinvolved asamplethat was that intraperitoneal pressure strongly correlated with
representative of a specific population, and other volume. These findings allowed us to devise tables
involved a sample that was representative of the ge- containing valuesof volume and pressure asafunction
neral population. These studies demonstrated that the of time, as well as expected values of pressure as a
insertion of aVeresneedleinto theleft hypochondrium function of volume (and vice-versa), with the purpose

to establish an artificial pneumoperitoneumisaviable, of guiding surgeons during the process of
efficacious, and effective technique. Therefore, we intraperitoneal insufflation.

began to recommend that laparoscopi ¢ surgeons adopt In addition, by applying the fuzzy set theory,
thistechnique, sinceit istheoretically safer thanVe-  wedeveloped, in collaboration with other researchers
res needleinsertion through amidlineincision. from the Universidade Federal de Sio0 Paulo

Next, we conducted studies that aimed to (UNIFESP, Federal University of Sdo Paulo), Séo
evaluate the accuracy of the five tests that are most Paulo, Brazil, acomputer program (for which we have
commonly used to determine whether the tip of the filed a patent application) including a mathematical
Veres needle is indeed inside the peritoneal cavity model, that can provideinsufflatorswith asafety device
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during the process of establishing apneumoperitoneum
using the closed technique.

Still regarding the safety of the process of
creation of pneumoperitoneum, we studied thecritical
moment of insertion of the first trocar after creation
of pneumoperitoneum through the closed technique
(that is, without peritoneotomy), aswell as measures
to improve the safety of the procedure. With regard
to the latter, we conducted a study that demonstrated
that high intraperitoneal pressures (20 mmHg) for a
short period of time (5 min) had no adverse effectson
patients. This transitory increase in pressure was
proposed by the authorswith the purpose of increasing
the distance between the anterior abdominal wall and
the contents of the abdominal cavity, inorder to avoid
iatrogenic injury to important intra-abdominal
structureswhen thefirst trocar isblindly inserted. We
now consistently recommend the use of thismeasure.
We are currently evaluating the effects of transitory,
high intraperitoneal pressure on obese patients, who
areknown to be more proneto devel op compartmental
syndrome under these conditions. These studies aim
to determinethe highest intraperitoneal pressurelevel
that has no negative effect on the patient, as well as
theresulting volume of gas.

Finally, our goal has been to use modern and
effective teaching methods, such as interactive
computer programs and virtual reality, for teaching
the safest, most effective way of establishing a
pneumoperitoneum for |aparoscopic procedures.

The line of research designated “ Creation of
artificial pneumoperitoneum for laparoscopic
procedures’ is within the field of video-assisted
surgery.

The majority of complications associated
with videol aparoscopy occur during the most critical
step, which is the access to the peritoneal cavity,!
because of the significant risk of vascular and
visceral injuries.?

Addressing this particular issue, we conducted
arecent systematic review,® selecting 38 articles that
encompassed 696,502 laparoscopies. 1,575 (0.23%)
lesions were reported, of which 126 (8%) involved
blood vesselsor hollow viscera (preval ence of 0.018%
of the laparoscopies). Of the 98 vascular lesions, 8
(8.1%) were major retroperitoneal vessels of the
midline. We concluded from this systematic review
that puncture with aVeresneedlein the midline of the
abdomen, at the level of the umbilical scar, poses
important risks for the life of the patients, and that

there should be studies of alternativelocationsfor this
type of puncture.

Reportsof litigation because of medical errors
related to videol aparoscopy suggest that 18% of the
complaints occurred due to accidentsin the course of
establishing the pneumoperitoneum, and closeto half
of all laparoscopic complications were attributed to
technical problems that occurred in this step of the
procedure.*

Vascular injuries represent the most common
cause of death in laparoscopic procedures (15%). In-
juriesof thegresat retroperitonea vesselscan occur when
the Veres needle is blindly inserted into the abdomen,
before insufflation, as occursin the closed technique.?

In general, there are two techniques to
establish a pneumoperitoneum and access the
peritoned cavity. Thefirstiscalled“closed” or “blind”,
and is performed using a Veres needle, followed by
the insertion of the trocar, or, less often, by direct
insertion of the trocar without pneumoperitoneum.®
The second method isthe open technique, in which a
small laparotomy is performed under direct visionin
the umbilical region, followed by introduction of the
blunt trocar (Hasson's trocar).®

Although thereisno consensusregarding the
best method for accessing the peritoneal cavity inorder
to establish the pneumoperitoneum,” puncture with the
Veres needl€® isthe most frequently used technique.®
87 The study considered 155,987 laparoscopic
procedures; in 81% a Veres needle was used.®®

The Veres needle was developed in 1938 by
the Hungarian physician Janos Veres for the purpose
of establishing a pneumothorax to partially collapse
the lung as a treatment for tuberculosis.® Today the
Veres needleis used to create a path of entry into the
abdominal cavity to establish apneumoperitoneum for
the purpose of making possible laparoscopic
procedures.*®

Commercialy available Veres needles vary
from 12 to 15 cminlength, with an external diameter
of 2 mm. A bezel-shaped tip enables the needle to
piercethetissuesof theabdominal wall. Upon entering
the peritoneal cavity, the resistance generated from
the abdominal wall is overcome, which permits the
exposure of theinterior needlewithitsblunt atraumatic
mandril.* This system affords a degree of safety and
efficacy, making the puncture of the peritoneal cavity
with a Veres needle an easy, fast and effective
technique. Once the peritonea cavity isinflated by
thistechnique, thefirst trocar can be inserted without
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problems, minimizing intraoperative gas|eakage and
saving surgical time.

Nevertheless, despite this safety device,
incorrect insufflationsoccur. Injuriesto major vessels
are the leading intraoperative cause of death
associated with laparoscopic procedures.’? Thereare
case reports of injuriesto major vesselsthat show all
the drama of the situation.®** The timely diagnosis
of this complication is extremely difficult, mainly
because of the position of theretroperitoneal vessels.®

The classic location of the Veres needle
punctureisthe midline of the abdomen near the umbi-
lical scar.’® Due to the short distance between the
anterior abdominal wall and the retroperitoneal
vascular structures in this region — less than two
centimeters in thin people — puncture poses risks of
injury to these large vessels.'” The abdominal aorta,
the inferior vena cava, as well as the common iliac
vessels are especially vulnerable to lesions during
puncture with the Veres needle in proximity of the
umbilical scar.*®

Injuries to these vessels are serious
complications of laparoscopy that can occur inablind
moment of the laparoscopy, such aswhen puncturing
to establish the pneumoperitoneum: “ Certainly one of
the most dramatic events that a surgical team can
experience is a major vascular injury. Although the
prevalence of these occurrencesisvery low (0.05%),
the mortality associated with them rangesfrom 8% to
17%" 18

Although effective, the midline puncture po-
ses dangers. All injuries of large intra-abdominal
retroperitoneal vessels by Veres needle, reported in
the literature, were caused by midline punctures
performed close to the umbilical scar. Due to the
location of theselarge vessels, it islegitimateto assu-
me that the risk of associated injuries is minimized
when the punctures are done in alocation away from
the midline. %2

Additionally, patients who have undergone
previous abdominal surgery are at increased risk of
visceral lesions associated with the Veres needle
because of peritoneal adhesions, which typically are
located at the level of the scar from the surgical
incision of theanterior parietal peritoneum.? Autopsy
studies found adhesions in 74% to 95% of patients
with prior abdominal surgeries.®® Themidlineincisions
arethosethat posethe greatest risk of adhesion around
the umbilical scar. Nevertheless, even abdominal
incisions somewhat distant from the navel may still

resultintheformation of adhesionsin the periumbilical
region.'®

In contrast, puncturing theleft upper quadrant
has been described as being safe, without risk of a
major iatrogenic injury.’*® The specific point is the
predominant anatomical structure in the left
hypochondrium/upper quadrant*®? and the occasional
injuriesare generally minor.

The organs immediately behind the anterior
abdominal wall at the puncture site of the left upper
guadrant are the stomach and transverse colon.?* In
the event that the stomach is accidentally injured by
the Veres needle, gastric contents would not
necessarily escape, because the action of the triple
layer of muscle of the stomach wallstendsto occlude
any puncture hole. In the event of accidental
insufflation of the lumen of the gastric body, the gas
escaping through the orogastric tube will be evident
and will reveal thesituation. Inorder to minimizethe
risk of injuriesto thesmall intestine and the colon from
punctures in the upper left quadrant with the Veres
needle, patients should be placed in reverse
Trendelenburg position of about 20 degrees, so that
small bowel loops and segments of the transverse and
descending colon can migrate to the temporarily
elevated lower floor of the abdomen. Keep in mind
that such lesions—both in the colon and in the stomach
— are easy to diagnose upon initia inspection of the
peritoneal cavity, and can berepaired |aparoscopically
by means of a suture stitch.

Therarity of adhesionsin the abdominal wall
of theleft upper quadrant of the region should a so be
taken into consideration. As it is known that the
respiratory movements of the diaphragm constantly
mobilize structuresin thisregion, and thus hinder their
fixation to the anterior abdominal wall, the puncture
of the left upper quadrant is the approach preferred
by some surgeons for patients who have undergone
prior |aparotomy.?

Therearea so surgeonswho perform bariatric
surgeries and prefer the left upper quadrant for the
installation of pneumoperitoneum in their patients.?
Thispreferenceisdueto thefact that in obese patients
the open technique poses additional difficultiesbecause
of the excess weight, and puncture in the midline is
dangerous due to the thickness of the adipose tissue
and the high position of the navel in the abdomen.
These characteristicsmakeit difficult to puncture and
facilitate injuries, most notably of the large
retroperitoneal vessels.?
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Itisworth noting that thelesions, both vascular
and visceral, produced by the blind introduction of
Veres needle and trocars in the midline of the
abdomen, are not prerogatives of inexperienced
surgeons. Schafer et a. (2001)% found that among
26 such lesions, only four (15%) were produced by
inexperienced surgeons (those who had performed
fewer than 50 laparoscopies), whilein 22 |esions (85%)
the laparoscopies were performed by experienced
observers (those who had performed between 51 and
100 laparoscopies) or very experienced (over 100
laparoscopies performed).

In terms of safety and efficacy, there are real
advantagesin the puncture of the left upper quadrant
relative to the midline puncture. We proved this by
research, first in experimental animals.?*

In these animals (pigs) — whose abdominal
anatomy isvery similar to the human —we found that
at thelevel of the arch formed by the costal cartilages
(lower rib cage) the parietal peritoneum is closely
adhered to the transverse fascia, and thisensembleis
attached to with the costal cartilages. This
configuration confers a certain some degree of fixity
of the parietal peritoneum at thislevel, which iswhy
we choseto standardize thelocation close to the edge
of the lower rib cage as the puncture site we propose
for the left upper left quadrant.

Theideaisto minimizethe possibility that the
tip of Veres needle mistakenly remains in the space
between the parietal peritoneum and transversalis
fascia without entering the peritoneal cavity. Thus,
we modified thelocation of the puncture as described
by Palmer (a site two fingerbreadths below the rib
cage) to asite close to the rib cage, in an experimen-
tal trial in humans.»%

Itisalso imperativethat during puncture one
knows with the highest degree of precision possible
the real location of the needle before initiating
insufflation; proof of the needle’s position is
recommended in textbooks. There was a need to
perform original research to assess the real value of
these tests to confirm the needle’s position, both in
selected popul ations®” and inthe general population.?

Moreover, in order to inform the surgeon
during theinsufflation, it isinteresting to consider that
thelevelsof intraperitoneal pressure and thetotal vo-
lumeinjected at certain points of the insufflation are
objective data, and their values can be correlated
with the presence or absence of the tip of the Veres
needleinsidethe peritoneal cavity at certain points of

the insufflation process. This research was carried
out by us?®

Itisalso useful to beableto directly correlate
theintraperitoneal pressurewith thevolumesactually
injected. We have conducted research studying these
issues. 03t

All this research accumulated data that were
used by us in developing a computer program using
artificial intelligence (fuzzy logic). Inconjunctionwith
the Federal University of S8o Paulo (UNIFESP) a
patent application has been submitted entitled:

“Diffuse system of decision support for
positioning/placement of the Veres needle in the
peritoneal cavity during the procedurefor creating an
artificia peritoneum, withinput variables, volume and
pressure, and variable output flow.”

In addition, in the context of teaching the
techniques for establishing an artificial
pneumoperitoneum, we developed a computer
program that was tested as part of doctoral
dissertation,* with the results subsequently published
inajourna .®

Anautomated demonstration of the operation
of thisinteractive program is available on the Web at
the URL: http://www.cirurgiaonline.med.br/cursos/
simulador_demonstracao.

In another vein, still aimed at the prevention
of such iatrogenic events, research by my group was
done considering that the establishment of aregimen
of very high pneumoperitoneum pressure, for just
enough timeto introducethefirst trocar —done blindly
using the closed method — could help to protect the
intra-abdominal structure from injuries without,
however, causing organic repercussions in the form
of clinical complications.3*% Inthisparticular regard,
theresults of other authors,® were confirmed by ours.

Measures aimed at promoting the safety of
establishing apneumoperitoneum were evaluated and
have been routinely used by video-laparoscopicists.
The measures include definitions regarding the type
of gasto be used, the anatomic site and procedure for
safe puncture with aVeres needle, injuries caused by
the Veres needle, conducting tests to ensure proper
placement of the needle, the diagnostic value of
intraperitoneal pressure asit relatesto injected volu-
mes, precautionsfor the blind introduction of thefirst
trocar, by direct view, according to Hasson, or with
an optic trocar.

There is no study establishing a maximum
volume of theintra-abdominal workspace or pressure
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levels corresponding to normal pressurelevels. Given
that any pressureincrease—even thosethat fall within
safety margins — causes repercussions if the surgical
interventions are prolonged, the ideal would be to
establish for each patient their normal intraperitoneal
pressure, even without curarization, and thereby
establish thevaluefor their pneumoperitoneum.

Thisisresearch that we areinitiating (Artifi-
cial pneumoperitoneum and  systemic
repercussions. correlation between intra-abdomi-
nal pressure and intraperitoneal space actually
created.) It proposes to study what is the lowest
intraperitoneal pressure that provides the maximum
immutabl e space, even with a subsequent increasein
pressure, according to the anthropometric
characteristics of each patient.

Laparoscopic surgery has presented the
anesthesiologist with many questions about how
pneumoperitoneum and the positioning of the patient

affect the cardiorespiratory system. Asthey pertain
to patients of normal weight, most changes in
cardiorespiratory dynamics have been studied, but few
clinical trialshave been conducted in order to evaluate
the effects of pneumoperitoneum on the morbidly
obese.

Our group is conducting another research
project: “ Organic implications of transient elevation
of pneumoperitoneum pressure in laparoscopic
metabolic and bariatric surgery to prevent
iatrogenic injuries during the introduction of the
first trocar in the morbidly obese.”

The objective of this study isto evauate the
safety of laparoscopic bariatric surgery, as well as
theclinical, hemodynamic, gasometrical, and metabolic
implications of artificial pneumoperitoneum in the
morbidly obese. The study also aims to define the
best level of intra-abdominal pressure compatiblewith
thistechniquein this patient popul ation.

RESUMO

Com o auxilio das pesquisas do nosso grupo sobre o tema conseguimos agregar ao conhecimento da videocirurgia
uma contribuicdo importante sobre a criagdo do pneumoperitdnio artificial para procedimentos videolaparoscépicos.
Alertados pela ocorréncia de eventos morbidos, as vezes fatais, durante o estabelecimento do pneumoperiténio medi-
ante puncdo com agulha de Veres, realizamos andlise sistematica da literatura em relacdo a este tema, quando
constatamos que lesdes viscerais e de grandes vasos retroperitoneais ocorrem por causa da pung¢do abdominal na
linha mediana, com muitos Obitos. Este tipo de puncao é realizado no Brasil e nos Estados Unidos pela grande maioria
dos cirurgifes laparoscopistas. Buscando alternativas mais seguras, realizamos estudos experimentais e clinicos
com punc¢éo no hipocdndrio esquerdo, com a qual ndo ha relatos de lesdes.

Palavras-chave: Pneumoperiténio artificial; Laparoscopia; Complicacdes laparoscépicas; Pneumoperitdnio; Pungéo

com agulha de Veres.
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