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Resumo

Nos dltimos anos, multiplos esforcos tém vindo a ser desenvolvidos
pelos cirurgides para minimizar a invasao e o trauma cirirgicos dos seus
procedimentos. Neste contexto, na abordagem cirlrgica, trés aspetos devem
ser tidos em consideracao: o acesso cirrgico, a extensao da disseccao
cirlrgica e a quantidade de tecido removido. A dimensao do acesso deve
ser a mais reduzida possivel de modo a causar o menor trauma cirdrgico.
A extensao da disseccao operatoria devera ser a minima necessaria, de
forma a evitar-se morbilidade adicional relacionada com o procedimento (p.e.
linfocelo apos linfadenectomia ou lesao nervosa apos correcao do prolapso
genital). A quantidade de tecido excisado devera ser apenas a adequada.
Assim, a cirurgia deve ser orientada no sentido de se cumprirem os objetivos
previamente expostos com o propdsito final de reduzir ao minimo possivel a
agressividade cirrgica. Recentemente, a minilaparoscopia reapareceu como
uma alternativa a laparoscopia convencional, dadas as potenciais vantagens
cosméticas e a precisao cirurgica associadas.

O nosso trabalho de investigacao teve como objetivo demonstrar a
viabilidade da minilaparoscopia em alguns procedimentos ginecologicos
inovadores, tais como a abordagem guiada por imagem do ganglio sentinela
e a correcao laparoscopica do prolapso genital.

0 nosso estudo evidenciou que a abordagem cirtrgica minilaparoscépica por
via intraperitoneal na identificacao, disseccao e excisao do ganglio sentinela
é uma alternativa a abordagem laparoscopica tradicional, podendo reduzir a
morbilidade decorrente dos procedimentos de estadiamento das neoplasias
ginecoldgicas. Num estudo subsequente, foi confirmada a viabilidade
e fiabilidade da abordagem minilaparoscopica por via extraperitoneal
na identificacao, disseccao e excisao do ganglio sentinela corado por

indocianina verde, usando uma camera multiespectral de fluorescéncia.
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Na correcao do prolapso genital, a minilaparoscopia demonstrou ser uma
opcao viavel na sacrocolpopexia apresentando beneficios cosméticos,
mantendo a baixa morbilidade associada a abordagem laparoscopica
convencional. Finalmente, num outro estudo descrevemos uma
técnica inovadora de tratamento do prolapso genital que consistiu na
sacrocervicopexia ap0os histerectomia supra-cervical usando instrumentos
minilaparoscopicos, com a remocao da peca operatoria através do fundo
de saco vaginal posterior (NOSE).

0 nosso trabalho de investigacao contribuiu para uma futura minimizacao

da agressividade da cirurgia laparoscopica em ginecologia.



Abstract

In recent years, many efforts have been made by endoscopic surgeons to
further minimize surgical trauma and invasiveness of their procedures.

In a surgical approach, three aspects should be taken into account: the
surgical access, the extension of surgical dissection and the amount of
excised tissue. The surgical access should be the smallest possible to cause
the lowest operative damage. The extension of operative dissection should
be the minimal required in order to avoid unnecessary trauma or morbidity
related to the procedure (e.g. lymphocele after lymphadenectomy or
nervous injury during genital prolapse correction). The amount of extirpated
or excised tissue should be the strictly necessary. There is no need to
remove extra tissue what may cause supplementary damage. Therefore, we
should tailor the surgery to reach our three previous objectives for reducing
the surgical aggressiveness to the minimum possible.

With a current emphasis on diminishing the visibility of scars, on increasing
the surgical precision and on decreasing the amount of dissection,
minilaparoscopy has reemerged as an appealing option for surgeons. Thus, in
our research work we aimed to test the use of minilaparoscopic instruments
in some innovative gynecological surgical procedures like the image-guided
sentinel lymph node (SLN) approach and the genital prolapse correction.

In our experiments, we confirmed the feasibility of the minilaparoscopic
surgical approach for identification, and excision of SLN by an intraperitoneal
acess. Furthermore, the feasibility and reliability of an extraperitoneal
minilaparoscopic approach for SLN excision using a near infrared imaging
system and indocyanine green was demonstrated. These procedures might
be considered a potentially better alternative to traditional laparoscopy
during staging procedures for gynecological malignancies.

Concerning the genital prolapse correction, we demonstrated that
minilaparoscopy is a reliable and attractive approach for sacrocolpopexy
as it enhances cosmetics, keeping the low morbidity associated with the

classical laparoscopic approaches. Moreover, we attested the feasibility of
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minilaparoscopic sacrocervicopexy after supra-cervical hysterectomy with
specimen removal through the posterior vaginal cul-de-sac (NOSE).
In our studies, we may have offered a contribution to minimize the

aggressiveness of laparoscopic surgery in gynecology.
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Background

1.1 A brief history of gynecological surgery

In ancient Greece, gynecology originated in the myth of the first woman
Pandora, whose beautiful appearance was seen to cover her dangerous
‘insides’ (King 1998). Gynecology finds its roots in the Ebers Papyrus (1500
Before Common Era, BCE) that described the uterus as a wandering animal,
usually a tortoise, newt or crocodile, capable of movement within its host.
Hippocrates perpetuated this animalistic concept, stating that the uterus
often went wild when deprived of male semen (Francis Adams 1939).

From the initial days of recorded medical history, physicians struggled
with the problems of uterine tumors and pelvic organ prolapse. The oldest
published work on gynecology is attributed to Soranus (circa AD 98-138)
of Ephesus in which he discusses the problem of uterine prolapse and,
while acknowledging that this does not usually require surgical treatment,
he advises “If the whole uterus has become black, one must cut it off in its
entirety” (Temkin 1956). His writings provided the foundation for gynecologic
texts up to the seventeenth century.

The ancients employed instruments fashioned from tin, iron, steel, lead,
copper, bronze, wood and horn (Walters and Karram 2015). Those made of
iron and steel were likely quite popular but very few survived the oxidation
of more than two millennia. Gynecologic instruments including forceps,
catheters, scalpels as well as massive bivalve, trivalve and quadrivalve
vaginal specula from the first century BCE were unearthed at Pompeii
(Walters and Karram 2015).
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Bartholomeo Eustachio (1520-1574) furnished the earliest accurate
delineation of the uterine cavity and cervical canal.

Pelvic surgical procedures and instruments of the seventeenth century
are nicely portrayed by the drawings of Johannes Schultetus (1595-1645)
in his Armamentarium Chururgicum (Walters and Karram 2015). Included
are examples of treatment of imperforate hymen, hematocolpos, clitoral
hypertrophy and the use of a T-binder following vaginal surgery.

There are a number of references to vaginal ‘excision’ of the uterus in the
sixteenth and seventeenth centuries. The first of these was in 1517 by
the Italian anatomist, Giacomo Berengario da Carpi, who is said to have
excised the uterus for prolapse (Garrison 1929). Most of the early surgical
attempts to deal with cervical cancer and uterine prolapse were probably
limited to removal of the cervix and lower part of the uterine corpus, such as
Osiander’s eight cases of excision of the cervix for cancer (Garrison 1929).
In 1737, James Douglas (1675-1742) gave the first adequate description
of the peritoneum, which helped to pave the way to retroperitoneal surgery
and the concomitant decrease in peritonitis that typically plagued abdominal
procedures (Walters and Karram 2015).

In April 1812 the Italian surgeon G.B. Palletta of Milan inadvertently performed
a vaginal hysterectomy when planning to amputate the cervix for suspected
cancer, only to find that he had excised the entire uterus (Baalbergen and
Helmerhorst 2014). The patient died 3 days later from sepsis.

The first planned, successful vaginal hysterectomy was performed in 1813
by Conrad Langenbeck, although he did not report the case until 1817
(Baskett 2005). The patient was a 50-year-old woman with an ulcerated,
possibly cancerous cervix. Langenbeck performed the procedure without
anaesthesia or assistance (Baskett 2005).

An insufficient understanding of pelvic anatomy plagued practitioners prior to
the nineteenth century. Ignorance of asepsis, the absence of anesthesia, faulty
suture materials, inadequate instrumentation and difficult exposure delayed any
consistent success until the mid-nineteenth century (De Alvarez 1977).

The first abdominal hysterectomy was a subtotal hysterectomy performed
by Charles Clay in Manchester 1843. The procedure was indicated by an
adnexal mass that in fact was a large fibroid and the corpus of the uterus
was removed. Despite the successful operation the patient died on the 15th
postoperative day (1977) (Shaw 1951). Since then, focus on the indications
and methods for performing a hysterectomy have changed several times.

From the beginning, abdominal hysterectomy was always performed as
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a subtotal hysterectomy and a total abdominal hysterectomy (TH) of a
cancerous uterus was first described in 1878 (Freund 1878). The technique
of TH as we know it today was first introduced by Richardsson in 1929.
He advocated the total procedure in order to prevent the development of
cervical carcinoma (Richardsson 1929). Despite this, subtotal hysterectomy
was by far the most common method until the 1950s. With the development
and availability of antibiotics and blood transfusions the trend turned towards
TH in order to prevent cervical carcinoma.

In 1898, Ernst Wertheim, a Viennese physician, developed the radical total
hysterectomy with removal of the pelvic lymph nodes and the parametrium.
(Kelso and Funnel 1967). In 1944, Meigs repopularized the surgical approach
when he developed a modified Wertheim operation with removal of all pelvic
nodes (Kelso and Funnel 1967, Verleye, Vergote et al. 2009).

To correct vaginal prolapse and when initially proposed, the sacrocolpopexy
procedure was performed via laparotomy and the vaginal apex was anchored
posteriorly, approximating the posterior uterine fundus to the anterior
longitudinal ligament (Arthure and Savage 1957). Lane first advocated an
intervening graft between the vagina and sacrum to overcome excessive
tension (Lane 1962). Numerous modifications to the original technique have
been made over the last 50 years. These modifications included Birnbaum'’s
ill-advised anchoring of the mesh to the sacrum at the level of S3-S4
(Birnbaum 1973). After a life-threatening hemorrhage, Sutton et al. (Sutton,
Addison et al. 1981) advocated anchoring the graft higher, at the S1-S2
level, where the sacral veins and middle sacral artery were more easily
visualized and avoided. This change had no detectable negative effect on

the vaginal axis.

1.2 A brief history of gynecological endoscopy

Endoscopy seen as the inspection (scope) of the inside (endo) of the human
body dates back to Hippocrates (460-375 BCE). The Greek physician
invented the first rectal speculum and original gynecological speculum
dates from about the same time.

Yet, modern endoscopy is a nineteen-century’s invention. Philipp Bozzini, a
German physician, was the first to develop a light source to achieve adequate
endoscopic illumination. Bozzini combined reflexing mirrors, a candle, and

an urethral cannula to direct light into the internal cavities. The device was
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called the Lichtleiter, which means light conductor (Bozzini, 1806).

John D. Fisher (1798-1850) used the same physics principle to create an
endoscope of his own, initially to inspect the vagina. Later, he modified it
to examine the bladder and urethra (Picatoste et al., 1980). In 1853, Jean
Desormeaux, a French surgeon, considered by most the father of endoscopy,
used a lamp of gasogen (a mixture of alcohol and turpentine) as the light
source and introduced the use of lens to focus. This is considered the first
widespread cystoscope, as he used it mainly for urological purposes. In
1869, Commander Pantaleoni modified it to cauterize a hemorrhagic uterine
growth. Thus, Pantaleoni performed the first therapeutic hysteroscopy
(Gunning and Rosenzweig, 1991). By the same time, in 1868, Kussmaul
performed the first rigid gastroscopy in a patient who was a professional
sword swallower (Walk, 1996). Cruise and Gordon were the first to introduce
a cystoscope through a pleurocutaneous fistula of a child suffering from
chronic empyema, in 1866. However, this was not followed by any further
practical utilization (Tassi and Tschopp, 2010).

In 1879, Thomas Edison invented the electrical light bulb. This relevant
happening on human evolution was promptly used in favor of endoscopy.
In 1886, both Maximilian Nitze from Germany and Josef Leiter from Vienna
presented a cystoscope with a built-in light source formed from an electrically
heated platinum wire, a multilens system, and a separate water circulation
system for cooling (Moreira-Pinto 2014). In 1956, Hirschowitz presented
the first flexible gastroduodenal endoscope using coherent fiber bundle.
During late 1910 and early 1911, Hans Jacobaeus, a Swedish internist,
used the term “laparothoracoscopy” for the first time (Jacobeus, 1911). By
1912, he had performed closed-cavity endoscopy with a Nitze cystoscope in
over 100 patients with ascitis and also described liver pathology, peritoneal
tuberculosis, and tumors. A response by Georg Kelling appeared two months
later, disputing Jacobaeus’ claim to be the first to perform the procedure
in humans, stating that he had successfully used celioscopy in two humans
between 1901-1910 (Kelley 2008).

In the 1930s, the internist John Ruddock popularized laparoscopy in the United
States. Using a forward-viewing scope similar to Kalk’s, he extolled the virtues
of diagnostic laparoscopy as a safer, less-invasive alternative to laparotomy.
In 1933, the gynecologist Karl Fervers described laparoscopic lysis of
adhesions using cautery. Three years later, Boesch, a Swiss gynecologist,
performed the first laparoscopic sterilization by electrocoagulation of the

fallopian tubes. The evolution of laparoscopy from its origin with George
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Kelling in 1901 to a therapeutic modality for Fervers and Boesch took one-
third of a century (Kelley 2008).

Operative laparoscopy was also employed in gynecologic procedures by
Raoul Palmer (1905-1985) in 1943. At a time when laparoscopy was largely
the domain of surgeons, he established its role for evaluating infertility and
visualizing pelvic organs by placing the patient in the Trendelenburg position
and elevating the uterus by means of a trans-cervical manipulator.

Bozzini's invention of the cystoscope laid the foundation for laparoscopy a
full century before the first transabdominal “celioscopy” was performed by
Kelling (Kelley 2008). The development of laparoscopic surgery was clearly
a gradual evolution and not a revolution. The early slow pace of endoscopic
and laparoscopic evolution was in large part related to the limitations of
technology. It was further slowed by skepticism of the medical and surgical
communities (Kelley 2008). The early laparoscopic surgeons experienced
many examples of repression by the old guard of traditional surgery.
During the mid-1960s and 1970s, the gynecologist Kurt Semm in Kiel,
Germany, contributed greatly to laparoscopic technology. He perfected
many technical refinements, including an automated insufflator, the
suction irrigator, safer electrocoagulation instruments, intracorporeal
and extracorporeal knot tying, and an electrical morcellator for myomas
(Vecchio, MacFayden et al. 2000). In 1983, Kurt Semm performed the
first laparoscopic appendectomy, bringing him criticism and censor rather
than accolades. The German Board of Surgery condemned him (Perissat,
Collet et al. 1998) (Semm 1983). In 1984, Semm suggested the use of
laparoscopic technique in hysterectomy but, the first actual laparoscopic
hysterectomy was reported by Reich in 1989 (Semm 1984) (Reich 1992).
This was a total laparoscopic procedure.

The laparoscopically assisted vaginal hysterectomy (LAVH), described by
Kovac in 1990, was soon adopted because of a less demanding surgical
technique and shorter operating time (Kovac 1998).

By the late 2000s, with improvements in training and innovative adaptations
of instruments and techniques, minimally invasive approaches for gynecologic
malignancies started to be used more often (Frumovitz, Escobar et al. 2011).
The laparoscopic sacrocolpopexy, which evolved from the classical
abdominal sacrocolpopexy, has been recognized as providing a shorter
hospital stay, better hemostasis and less pain than the open procedure
(Freeman, Pantazis et al. 2013). From a conceptual point of view, if

abdominal sacrocolpopexy corresponds to a palliative treatment of genital
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organ prolapse, the laparoscopic approach provides a real reconstructive

surgical procedure (Gadonneix, Ercoli et al. 2005).

1.3 State of the art in image-guided surgery

Advanced imaging technologies, such as multidetector computed
tomography and three-dimensional magnetic resonance imaging, have
introduced a new era in preoperative planning and treatment of gynecologic
malignancies. However, as these imaging modalities are mainly used in the
preoperative setting, translation of these images to the surgical theater
is often challenging and does not always correspond to the intraoperative
findings (Handgraaf, Verbeek et al. 2014).

Over the past years, near-infrared (NIR) fluorescence imaging has emerged
as a promising complimentary technique for intraoperative visualization of
tumor tissue, sentinel lymph nodes (SLN) and vital structures. This technology
provides real-time images, which allows accurate guidance during surgery.
In gynecologic oncology, NIR fluorescence imaging has been used for
intraoperative identification of SLN in vulvar, cervical and endometrial cancer
and imaging of vital structures such as the ureter (Vahrmeijer, Hutteman et
al. 2013). Moreover, NIR fluorescence imaging systems for image-guided
surgery are developing rapidly.

NIR fluorescence imaging uses NIR light, which is safe when used at the
relatively low intensity needed for this technique. Requirements are a NIR
fluorescent probe (fluorophore) combined with an imaging system, which
is able to excite this fluorophore and to detect the emitted fluorescence.
By displaying the detected fluorescence on a screen, it becomes visible
to the human eye. Some systems are able to merge white light images
with NIR fluorescence images, which enhance anatomical orientation
(Schaafsma, Mieog et al. 2011). To date, indocyanine green (ICG) and
methylene blue (MB) are the only fluorophores approved for clinical use
by the Food and Drug Administration and the European Medicines Agency
(Feindel, Yamamoto et al. 1967). ICG is cleared exclusively by the liver
and emits light with awavelength of approximately 820 nm (Kraft and Ho
2014). MB is cleared simultaneously by liver and kidneys and emits light
with a less optimal wavelength of approximately 700 nm, which has less
tissue penetration capacity and more tissue autofluorescence (Verbeek,
van der Vorst et al. 2013). Both ICG and MB are non-targeted dyes and
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their chemical structures do not allow conjugation to tumor specific ligands.
Therefore, they are mainly suitable for indications such as SLN mapping,
e.g. in vulvar and cervical cancer, since they do not bind to tumors, but only
follow the lymphatic drainage pattern. Furthermore, they can be used for
ureter or bile duct visualization.

NIR fluorescence imaging has a steep learning curve, especially since most
gynecologists are already trained in operating while using a monitor in
laparoscopic surgery. If surgeons are able to identify structures more easily
with help of NIR fluorescence imaging, operating and anesthesia time may
be reduced, which simultaneously may reduce costs and associated risks
(Handgraaf, Verbeek et al. 2014).

1.4 Minilaparoscopy

In the last two decades, recognition of laparoscopy has rapidly risen.

In recent years, many efforts have been made by endoscopic surgeons to
further minimize surgical trauma and invasiveness of their procedures, mainly
following three major directions: one is reducing the number of the access
ports (as in the case of single-port surgery) (Fagotti, Boruta et al. 2012,
Fanfani, Fagotti et al. 2013), the other is using natural orifice translumenal
endoscopic surgery (Lima 2008, Henriques-Coelho 2011, Moreira-Pinto
2014) and, the third is decreasing the diameter of the trocars from 5-10
mm or more to 3 or 2 mm (as in the case of mini- or microlaparoscopy)
(Ghezzi, Cromi et al. 2008) (Ghezzi, Uccella et al. 2014).

There is no consensus in the literature about the strict definition of
“minilaparoscopy,” although several reports have suggested that the word
be reserved only for laparoscopic operations performed entirely using 3-mm
trocars with the only possible exception of the umbilical port (Ghezzi, Cromi
et al. 2011) (Ghezzi, Cromi et al. 2013).

Minilaparoscopic surgery had been introduced several years ago, but it was
initially reserved for exclusively diagnostic procedures, (Bruhat and Goldchmit
1998) whereas interventional use of 3-mm instruments was mainly considered
as a mere complementary addition to standard 5-10-mm trocars.

In the beginning, minilaparoscopic instruments were problematic due to poor
vision, loose grasping, easy bending, defective irrigation or suction, and
decreased durability (Porpiglia, Morra et al. 2012). With the enhancement

of surgical endoscopic techniques and the advances in equipment and
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materials, considerable numbers of procedures have become possible
using minilaparoscopic instrumentation only. A second generation of
minilaparoscopic instruments has addressed the former drawbacks, and
currently, a wide range of instruments has been added in the armamentarium
of endoscopic surgeons, such as bipolar graspers, dissectors, needle
holders and suction—irrigation devices. This, added to a better training of
the surgeons, has increased the applicability of minilaparoscopic surgery,
and it gained force in some gynecological conditions, especially for those
patients seeking for better cosmesis (Krpata and Ponsky 2013).

In the field of gynecologic surgery, the first operative applications regarded
adnexal procedures (Ghezzi, Cromi et al. 2005) and standard hysterectomies
(Wattiez, Goldchmit et al. 1999, Ghezzi, Cromi et al. 2008, Ghezzi, Cromi
et al. 2011) (Fanfani, Fagotti et al. 2012). Surgeons then proceeded to
intraperitoneal lymphadenectomy (Ghezzi, Cromi et al. 2009), ending up (for
the time being) with total minilaparoscopic radical hysterectomy (Ghezzi,
Cromietal. 2011, Fanfani, Gallotta et al. 2013) (Ghezzi, Fanfani et al. 2013).
The introduction of 3-mm trocars for laparoscopic hysterectomy procedures
has proven to be as effective as standard-caliber accesses (Ghezzi, Cromi
et al. 2011) (Ghezzi, Cromi et al. 2008). One of the main contributors to
these advancements has been the introduction of efficient 3 mm bipolar
coagulation that can warrant adequate hemostatic control of moderate-
caliber blood vessels, as in the case of the uterine pedicles.

As witnessed by an increasing body of literature, miniaturization of the
instruments has allowed for maximization of the well-known benefits of
standard minimally invasive techniques (smaller surgical scars, reduced
blood loss, less pain following surgery, shorter hospital stay, faster return to
normal activity, reduced risk of infection and herniation) (Bisgaard, Klarskov
et al. 2000) (Carvalho, Loureiro et al. 2011).

With the availability of refined minilaparoscopic instruments and following
the trend of further improving laparoscopic morbidity, minilaparoscopy has

recently gained significant popularity (Table 1).
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Table 1 - Main achievements in history of minilaparoscopic approach in

Gynecology

1998 - Diagnostic minilaparoscopy (Bruhat and Goldchmit 1998)

1999 - First minilaparoscopic hysterectomy (Wattiez)

2005 - First minilaparoscopic operative applications regarding adnexal
procedures (Ghezzi, Cromi et al. 2005)

2009 - First minilaparoscopic intraperitoneal lymphadenectomy (Ghezzi,
Cromi et al. 2009)

2011 - Total minilaparoscopic radical hysterectomy (Ghezzi, Cromi et al.
2011, Fanfani, Gallotta et al. 2013) (Ghezzi, Fanfani et al. 2013)

1.5. The role of lymphadenectomy in gynecological uterine malignancies

Cervical cancer is the second most common malignancy in women
worldwide (Jemal, Bray et al. 2011). Cervical cancer is clinically staged,
but assessment of pelvic and paraaortic lymph nodes is performed with
lymphadenectomy and/or imaging. In surgically treated patients with early
cervical cancer, lymph node metastasis is the most important risk factor for
recurrence and death (Creasman and Kohler 2004) (Delgado, Bundy et al.
1990) (Biewenga, van der Velden et al. 2011).

In developed countries, endometrial cancer is the most common gynecologic
malignancy (Jemal, Bray et al. 2011). Pelvic and paraaortic lymph node
evaluation is a major component of the surgical staging procedure for
endometrial carcinoma (Papadia, Remorgida et al. 2004).

The surgical and oncologic goals of the lymph node dissection are to
define the extent of disease, and thereby, to guide further treatment.
Lymphadenectomy may also have a therapeutic goal in conditions in which
removing nodes harboring metastatic disease improves survival (Cosin,
Fowler et al. 1998) (Gold, Tian et al. 2008) (Goff, Muntz et al. 1999) (Kilgore,
Partridge et al. 1995).

The lymphatic system transports excess intracellular fluid that will be
recirculated or excreted. It is able to drain larger sized debris compared with
the vascular system. Small lymphatic capillaries drain organs and merge
into larger vessels that eventually drain into lymph nodes. The ultimate
destination of this drainage and filtration system is the thoracic duct, which

empties into the venous system.
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Malignant tumor can invade the lymphatic endothelium, forming emboli that
may be carried to regional or distant lymph nodes. The lymph nodes of
interest in a pelvic and paraaortic dissection lie along, upon, or in between
the great vessels of the pelvis and abdomen. Lymph nodes are divided
into regions based upon arbitrary anatomic boundaries for the purpose of
staging of cancers and for defining the boundaries of surgical dissection.
Lymphatic drainage from the pelvic viscera may proceed in a step-wise
fashion from the pelvic to the lower and then upper aortic lymph nodes;
however, lymphatic channels from the ovaries, fallopian tubes, and uterus
may also drain directly into the lower and upper paraaortic nodes.

The pelvic lymph nodes include the lower portion of the common iliac,
external and internal iliac, obturator, sacral, and pararectal nodes. It is
uncommon the sacral and pararectal nodes to be included in a lymph node
dissection for a gynecologic malignancy. According to the Gynecologic
Oncology Group Surgical Procedures Manual (Whitney et al., 2009), pelvic
node dissection includes bilateral removal of nodal tissue from the distal
one-half of each common iliac artery, the anterior and medial aspect of the
proximal half of the external iliac artery and vein, and the distal half of the
obturator fat pad anterior to the obturator nerve. Most of the pelvic lymph
nodes lie anterior, medially, and posteriorly to the external and internal iliac
vessels and the obturator nerve. There are a few nodes that lie lateral to
these structures, between the vessels and the pelvic sidewall, and these are
generally removed in a complete dissection.

According to the Gynecologic Oncology Group Surgical Procedures Manual
(Whitney et al., 2009), paraaortic node dissection consists of resection
of nodal tissue over the distal vena cava from the level of the inferior
mesenteric artery to the mid right common iliac artery and between the
aorta and the left ureter from the inferior mesenteric artery to the left
mid common iliac artery. By convention, many staging protocols limit the
superior extent of dissection for gynecologic malignancies to the level of
the inferior mesenteric artery. However, uterine fundal, fallopian tube, and
ovarian lymphatics can drain directly to the paraaortic nodes above the
level of the inferior mesenteric artery. The lymphatic drainage from pelvic
viscera to the paraaortic nodes is complex and involves both ipsilateral and
contralateral connections in addition to direct lymphatic channels that may
bypass the pelvic drainage basin.

Alymph node dissection (also referred to as lymphadenectomy) is intended to

clear all lymph nodes from a specified area defined by anatomic boundaries.
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In early-stage cervical cancer, information regarding lymph node involvement
helps to guide whether the primary therapy will be radical hysterectomy or
chemoradiation, and if adjuvant chemoradiation should be given. In addition,
the information impacts the anatomic level chosen for volume-directed
radiation therapy in both early- and advanced-stage disease (Delgado, Bundy
et al. 1990) (Tanaka, Sawada et al. 1984) (Tinga, Timmer et al. 1990).
Endometrial cancer is surgically staged. One of the mostimportant prognostic
factors for endometrial carcinoma is the presence of extrauterine disease,
particularly pelvic and paraaortic lymph node metastases. Evaluation of
pelvic and paraaortic lymph nodes is required as part of staging, but there
is ongoing controversy about the mode of evaluation, particularly in women
presumed to have early-stage disease. Possible approaches include pelvic
and paraaortic node palpation and sampling, selective lymphadenectomy
based on frozen section criteria (grade, tumor size, and depth of invasion),
complete lymphadenectomy, or sentinel node evaluation. The presence
of pelvic and/or paraaortic lymph node metastases determines whether
postoperative radiation and/or chemotherapy is indicated and to what level
the radiation may possibly be given (Kilgore, Partridge et al. 1995) (Mariani,
Webb et al. 2000).

Lymphadenectomy is associated with risks and side effects (prolonged
operation duration, increased blood loss, infection, nerve injury, lymphoceles
formation, vascular injury, venous thromboembolism, and lower extremity
lymphedema), which may negatively impact the patient's quality of life
(Levenback, Coleman et al. 2002) (Matsuura, Kawagoe et al. 2006).
Minimally invasive techniques have become the gold standard of care as
they decrease morbidity, hospital stay and period of return to normal activity.
The majority of the cases are performed by a transperitoneal approach;
however, recently extraperitoneal approach has been used.

The retroperitoneal space is a potential space that is accessed via a
transperitoneal incision, or directly via an extraperitoneal approach. The kidneys,
ureters, bladder, great vessels, lymphatic channels, lymph nodes, nerves, and
muscles lie underneath the peritoneum and are enveloped in loose areolar
connective tissue. Knowledge of the anatomy of the retroperitoneum and the
surgical ability to dissect and develop these potential spaces greatly facilitates
radical gynecologic surgery and pelvic and paraaortic lymph node dissection.
The pararectal and paravesical pelvic spaces and the retroperitoneum of the
lower abdomen are developed by the surgeon in order to define the boundaries

of the lymph nodes and facilitate the surgical dissection.
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1.5.1 Intraperitoneal /Transperitoneal Approach

A transperitoneal approach offers excelent access to the pelvic nodes and
variable access to the paraaortic nodes. Access to the paraaortic nodes is
primarily dependent on whether the patient is obese and the experience of
the surgeon. Paraaortic lymphadenectomy is more difficult in obese patients
because the bowel and omentum store a great deal of fat. These structures
need to be mobilized and retracted out of the field of dissection to access

the paraaortic nodes.

1.5.2 Extraperitoneal /Retroperitoneal Approach

An extraperitoneal approach offers excellent exposure to the paraaortic
nodes, even in obese patients. The extraperitoneal access in comparison
to the standard transperitoneal one presents a number of potential
advantages. Firstly, the approach to the retroperitoneal space provides the
possibility to limit and tamponate possible leaks of either blood or urine,
avoiding the direct contact of urine or blood with bowel that can cause ileus
(Madi, Daignault et al. 2007). The possibility of either vascular or intestinal
injury is also decreased. Moreover, avoiding the entry into the peritoneal
cavity can minimize the post-operative adhesions and hernia complications
(Huang, Slomovitz et al. 2009). The CO, insufflated into the working space
is of lower pressure (about 12 mmHg lower) and quantity in relation to
the transperitoneal technique. Thus, complications related to CO, passage
into peritoneal cavity, such as subcutaneous emphysema, pneumothorax
or even vagus nerve irritation, are quite negligible at the extraperitoneal
technique. Additionally, the extraperitoneal approach reduces the necessity
of extreme Trendelenburg position due to the fact that the abdominal viscera
are retracted by peritoneum, offering a clear view of the surgical field. This
is crucial in obese or elderly patients with comorbidities (Atug, Castle et al.
2006). In particular, the decreased inclination during Trendelenburg position
reduces the negative impact on ventilation and the usually increased peak
pressure in the group of obese patients. However, the extraperitoneal
technique may also present a few drawbacks. The restricted working space
can be a serious issue.

From a technical point of view, the main strength of the extraperitoneal

para-aortic lymphadenectomy is avoidance of intra-abdominal entry. This
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allows for relatively rapid access to the vascular axes, in particular to the
left aortic group of lymph nodes until the level of the renal vein, without
being bothered by bowel loops (Vasilev and McGonigle 1996). This makes
the extraperitoneal approach particularly suitable in obese patients in whom
exposure of major retroperitoneal vessels in a transperitoneal laparoscopy

can be a major problem.

1.6. Sentinel lymph node

Although the definition of the sentinel lymph node was presented by Cabanas
in 1977, the idea of the sentinel node had been earlier described by
Braithwaite in 1923, and the term ‘the sentinel node’ was first used by Gould
in 1960 (Gould, Winship et al. 1960). Dynamic development of the SLN biopsy
technique began in 1992, when Morton published their report on the use of
this method in patients with skin melanoma (Morton, Wen et al. 1992).

A SLN is defined as a lymph node that has a direct connection to the primary
tumor through a lymphatic channel and represents the lymph node(s) most likely
to first receive metastases from the primary tumor (Gould, Winship et al. 1960).
SLN detection has proven feasible and safe in select cancers such as
vulvar cancer, breast cancer, early gastric cancer and melanoma (Loar and
Reynolds 2007) (Kelder, Nimura et al. 2010).

In endometrial and cervical cancers the SLN finding is becoming more common
(Echt, Finan et al. 1999) (Frumovitz, Ramirez et al. 2008) (Oonk, van de
Nieuwenhof et al. 2009) (van de Lande, Torrenga et al. 2007) (Abu-Rustum,
Khoury-Collado et al. 2008). A few centers are performing SLN outside research
protocols; however, comparisons of cost effectiveness, complications,
and overall survival between women who have had SLN versus traditional
lymphadenectomy or lymph node sampling have not been completed.

The rationale for SLN mapping is to identify patients with lymph node
metastases and avoid the morbidity of a full lymphadenectomy in patients
with negative SLNs. In addition, SLN mapping may also be considered a
technique that may identify occult metastatic disease not otherwise identified
by a standard lymphadenectomy. This may occur if the node lies outside
of the usual boundaries of pelvic or paraaortic lymph node dissection.
Also, the SLN evaluation process typically includes ultra-section of the SLN
and immunohistochemical staining, which may be more sensitive than the

traditional hematoxylin and eosin evaluation.
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The most common technique for identification of sentinel nodes is the
injection of vital blue dyes (eg, methilen blue) and/or radioisotope (eg,
Technetium-99) around the tumor. These techniques are relatively well
established for patients diagnosed with vulvar carcinoma. The combination
of technetium radiocolloid and blue dye demonstrated better results in SLN
mapping in both early stage cervical and endometrial cancer. The detection
rate reported in recent literature ranges from 70% to 93% (Khoury-Collado,
Murray et al. 2011) (Bats, Frati et al. 2015). This injection can be performed
intraoperatively with or without preoperative lymphoscintigraphy, and hand-
held and laparoscopic instruments (gamma-probe) are available. However,
the complexity of the procedures and the related costs are pushing for a
more feasible and efficient tracer research.

Recently, there is increasing interest in the use of the fluorescent dye,
indocyanine green (ICG) that is a tricarbocyanine dye that fluoresces in the
NIR spectrum when illuminated with 806 nm light. The fluorescent light is
then captured using a special video camera device that enables the ICG to
be displayed in the visible light spectrum. ICG is highly water-soluble and
rapidly binds to albumin, and therefore has a propensity for lymphatic tissue
(Levinson, Mahdi et al. 2013). ICG may be used for SLN detection in the
setting of open, laparoscopic, or robotic surgery.

ICG offers a novel tool to identify sentinel nodes avoiding radioactivity and
demonstrating superior rates of unilateral and bilateral SLN detection (Darin,
Gomez-Hidalgo et al. 2015) (Jewell, Huang et al. 2014) (Plante, Touhami et
al. 2015) (How, Gotlieb et al. 2015)(Ditto, Martinelli et al. 2015).

Recently, it was confirmed that cervical injection of ICG achieved a higher
detection rate and a similar anatomic nodal distribution as hysteroscopic
injection for SLN mapping in endometrial cancer patients (Rossi, Jackson et
al. 2013). Furthermore, the rationale of using the cervix as injection site for
SLN mapping has been confirmed by classic morphological studies. A well-
known lymphatic pathway is composed of a complex network of bilaterally
independent lymphatic channels, draining the uterine cervix and the corpus
primarily from the lateral parametrial regions (Ercoli, Delmas et al. 2010).
The cervical injection still remains the easiest and most reproducible way to
perform SLN mapping but at the same time, hysteroscopy injection in well
skilled hands represents a valid alternative (Buda, Lissoni et al. 2016).

The best surgical approach to identify and excise the SLN (laparotomy,
laparoscopy, and robotics) is still under evaluation (Mais, Peiretti et al. 2010)

(Rossi, Ivanova et al. 2012). Currently, efforts of laparoscopic surgeons are
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aimed at further reducing the morbidity associated with minimally invasive
technology, while maintaining the same high standard of surgical results.
With a recent focus on minimizing the visibility of scars, minilaparoscopy has
reemerged as an attractive option for surgeons because it limits tissue trauma
and offers improved cosmetics.

The combination of the SLN technique and minilaparoscopy could be a future
alternative to achieve the goal of a less aggressive surgical procedure. The former
is the least invasive method to assess lymph nodes by histologic examination and

the latter seems to be one of the least invasive surgical approaches.
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Aims

Aiming to minimize the aggressiveness of laparoscopic surgery in

gynecology, the following specific aims were pursued in this thesis:

1 - To add the advantage of minilaparoscopy to the benefit of the SLN
concept in uterine malignancies, we:

a) evaluated the feasibility of SLN intraperitoneal/transperitoneal
excision by minilaparoscopy, and we compared it with the conventional
laparoscopic 5 mm instruments approach in a porcine model

b) assessed the reliability of SLN excision by minilaparoscopy using
an extraperitoneal approach, and we compared it with the conventional
laparoscopic 5 mm instruments approach in a preclinical study

i) evaluated if those smaller minilaparoscopic instruments
could offer a better surgical approach in the narrow and restricted

extraperitoneal space

2 - To test the feasibility of indocyanin green fluorescent dye for SLN
identification by an extraperitoneal access using a special video camera in

a porcine model

3 - To carry out minilaparoscopic sacrocolpopexy and sacrocervicopexy

(nerve sparing technique) to correct genital prolapse in humans.
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Minilaparoscopy and sentinel
lymph node - intraperitoneal
Image-guided approach

Minilaparoscopy and Sentinel Lymph Node in Uterine Cancer-Preclinical Study.
Ferreira H, Nogueira-Silva C, Miranda A, Correia-Pinto J.
CRSLS €2014.00055. DOI: 10.4293/CRSLS.2014.00055
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ABSTRACT

Background: The sentinel lymph node (SLN) concept might minimize surgical aggressiveness in gynecological oncology,
namely in cervical and endometrial malignancies. Therefore, we assessed the feasibility of SLN identification, dissection,
and harvesting by using minilaparoscopic surgical instruments in an animal model. We compared the minilaparoscopic
approach, which is known to bring important advantages, with the use of conventional laparoscopic instruments.

Methods: Two groups of 7 female pigs were enrolled in this experiment that was performed by the same surgical team.
In group A, all animals were approached by a similar minilaparoscopic surgical instrumentation, namely a 5-mm 30°
endoscope (supraumbilical port) and 3 ancillary 3.5-mm trocars. In group B, a 5-mm conventional laparoscopic instrument
set was used. The patent blue (4.0 mL) was injected on the paracervical region. The time for SLN coloring, identification,
localization, dissection, and excision, as well as complications were recorded. The sealing of the lymphatic vessels was
observed in the 2 groups. During this experiment, and for the both groups, the Trendelenburg position was kept the same,
as well as the carbon dioxide—-pneumoperitoneum pressure. Finally, a laparotomy was then performed to evaluate
whether any stained SLN still remained.

Results: All endoscopic procedures were performed without major complications. SLN were identified and excised in all
animals in both groups. The SLN localization varied between animals from external iliac to preaortic regions. The surgical
times, from skin incision to SLN removal, was 28.4 = 5.6 minutes for minilaparoscopy and 25.3 * 6.8 minutes for
conventional laparoscopy (P = .36). In group B, 1 stained SLN remained and was only detected by laparotomy.

Conclusions: We confirmed the feasibility of the minilaparoscopic surgical approach for identification, dissection, and
excision of SLN, as well as for sealing the lymphatic vessels that supply the nodes. This procedure might be considered
a potentially better alternative to reduce morbidity during staging procedures for gynecological malignancies.
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Minilaparoscopy and Sentinel Lymph Node in Uterine Cancer—Preclinical Study, Ferreira H et al.

INTRODUCTION

Gynecologists pioneered the laparoscopic approach to
abdominal surgical procedures. By the late 2000s, with
improvements in training and innovative adaptations of
instruments and techniques, minimally invasive ap-
proaches for gynecologic malignancies started to be used
more often.!

Cancer of the cervix is the second most common malig-
nancy in women worldwide.? In surgically treated patients
with early cervical cancer, lymph node metastasis is the
most important risk factor for recurrence and death.3-> On
the other hand, in developed countries, endometrial can-
cer is the most common gynecologic malignancy.? Evalu-
ation of lymphatic spread in cervical and endometrial
cancers staging remains an ongoing area of controversy in
the field of gynecologic oncology. Traditionally, to obtain
histological diagnosis of nodal spread, the entire lym-
phatic basin draining a tumor is removed (resulting in
prolonged operation duration, increased blood loss, in-
fection, nerve injury, lymphocyst formation, vascular in-
jury, venous thromboembolism, and lower extremity
lymphedema).®”

A sentinel lymph node (SLN) is any lymph node that
receives direct drainage from the tumor site and is iden-
tified by a procedure called lymphatic mapping. SLN bi-
opsy techniques have been developed to decrease com-
plications related to entire lymphadenectomy, to improve
detection of micrometastatic disease, and to fine-tune our
lymphadenectomy anatomic templates. SLN mapping has
been studied in cervical and endometrial cancer with
encouraging data.8-12 The best surgical approach to iden-
tify and excise the SLN (laparotomy, laparoscopy, and
robotics) is still under evaluation.!3.14

Currently, efforts of laparoscopic surgeons are aimed at
further reducing the morbidity associated with minimally
invasive technology, while maintaining the same high
standard of surgical results. With a recent focus on mini-
mizing the visibility of scars, minilaparoscopy has re-
emerged as an attractive option for surgeons because it
limits tissue trauma and offers improved cosmetics.

The combination of the SLN technique and minilaparos-
copy could be an alternative to achieve the goal of a less
aggressive surgical procedure. The former is the least
invasive method to assess lymph nodes by histologic ex-
amination and the latter seems to be one of the least
invasive surgical approaches. To add the advantage of
minilaparoscopic approach to the benefit of the SLN con-
cept on an oncologic staging system, we evaluated the

€2014.00055

feasibility of SLN excision by minilaparoscopy in a porcine
model, and we compared it with the conventional lapa-
roscopic approach.

MATERIALS AND METHODS

The aim of the study was to test, using an in vivo porcine
model, the feasibility of minilaparoscopic approach for
SLN identification, dissection, and excision using the new
3.5-mm rotating bipolar coagulator. We did the same ex-
periments in a second control group with 5-mm conven-
tional laparoscopic instruments. Animal experiments were
performed following EU Directive 2010/63/EU and the
Portuguese law for animal welfare (Didrio da Repuiblica,
Portaria 1005/92).

Animal Model

To accomplish the aim, 18 female pigs (Sus scrofus do-
mesticus) weighing between 35 and 45 kg were submitted
for the surgical procedure. The first 4 animals, used to
establish anatomical landmarks and technical steps, were
not included in the following protocol. Two animal
groups were formed with 7 animals each. Group A was
submitted for minilaparoscopy and group B for conven-
tional laparoscopy. Animals were randomly assigned to
groups and the animals’ mean weight was 38 = 2.1 kg in
group A and 38 * 3.2 kg in group B. All the pigs were 12
weeks of age.

Pig Preparation

All procedures were performed with the animals under
general anesthesia with endotracheal intubation and me-
chanical ventilation. The pigs had no access to food (8
hour) nor water (4 hour) before the surgical procedure.
Animals were premedicated with a combination of azap-
erone (4 mg/kg, intramuscularly [IM]), midazolam (1 mg/
kg, IM), and atropine (0.05 mg/kg, IM). Anesthesia was
induced with propofol (6 mg/kg, intravenously) and main-
tained with continuous propofol infusion (20 mg/kg/h, in-
travenously) and buprenorphine (0.05 mg/kg, IM).

Surgical Procedures

The animals were placed in exactly the same Trendelen-
burg position (25°) and immobilized. In group A, the
pneumoperitoneum (14 mm Hg) was created using a
Veress needle at a supraumbilical position, where an op-
tical trocar (30160GC; Karl Storz 6-mm trocar set; Karl
Storz, Tuttlingen, Germany) was introduced and a 5-mm
30° endoscope (26046BA; HOPKINS 1I forward oblique
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telescope; Karl Storz) was used to have a general view of
the abdominal cavity. After observing the pelvis, under
direct visualization, 3 3-mm ancillary trocars (30114GZL;
Karl Storz minilaparoscopy trocar set) were inserted, 1
suprapubically and 2 laterally to the epigastric arteries, in
the left and right lower abdominal quadrants, respectively.
The bladder was fixed to the anterior abdominal wall with
a TLIFT (VECTEC, Vichy, France) to get a better exposure
of the surgical field. Internal iliac vessels were visualized
followed by the identification of external iliac vessels,
aorta, and vena cava. Patent-V blue (4 mL) was injected in
the paracervical region (Spinocan 26G 120 mm; Braun,
Melsungen, Germany). A few minutes after blue injection
on the paracervical region, the lymphatic mapping was
observed, showing the colored lymphatic channels to-
ward the lymph nodes that retained the blue dye. In this
experience, 36-cm-long minilaparoscopic instruments
(Karl Storz Endoskope minilaparoscopy instruments set)
were used, choosing among graspers, cold scissors, suc-
tion/irrigation, and the recent 3.5-mm bipolar coagulator
(Karl Storz Robi).

After opening the retroperitoneum, all blue-stained lymph
nodes were classified as sentinel and were finely dissected
and excised separately with minilaparoscopic instru-
ments. Any small bleeding was immediately controlled
with the bipolar instrument that was used also for sealing
the lymphatic vessels.

The procedure time, defined as the interval between the
start of skin incisions to SLN removal, was recorded as
well as difficulties and complications at each step of the
procedure. The intraoperative complications were de-
fined as bowel, bladder, ureteral, or vascular injuries, and
an estimated blood loss > 200 mL. Estimated blood loss
was estimated from the contents of suction devices.

After SLN extraction, bilateral dissection was performed to
achieve visualization of the aorta and the vena cava and,
subsequent completion of pelvic and para-aortic lymph-
adenectomy was carried out. Finally, a laparotomy was
then performed to evaluate whether there was any re-
maining SLN. After the procedure, the pigs were eutha-
nized by anesthesia overdose.

In group B, exactly the same procedure, by the same
surgical team, was performed but with 5>-mm conventional
laparoscopic instruments. To avoid possible bias compar-
ing the groups, all the experiments were performed by the
same surgical team.

€2014.00055
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Figure 1. Lymphatic afferent vessels colored by blue dye after
cervical injection.

Figure 2. Lymphatic afferent vessels colored by blue dye to the
sentinel lymph node.

Data Recording

All surgical endoscopic procedures were recorded on an
advanced image and data archiving (AIDA) device from
Karl Storz. Vital and physiological parameters (heart rate,
arterial pressure, and respiratory distress) were monitored
by the research team.

Histologic Analysis

The lymph nodes were analyzed without freezing. Lymph
nodes were fixed in neutral buffered formaldehyde for 24
to 72 hours, then cut into 0.1-cm-thick slices, and embed-
ded in a paraffin block per node. Multiple sections were
prepared from each block. A set of 3 4-um-thick sections
was cut every 250 um. Sections were stained with hema-
toxylin and eosin.

Statistical Analysis

All quantitative data are presented as mean = SD. Statistical
analysis was performed using the statistical software SigmaS-
tat (version 3.5; Systat Software Inc, San Jose, California).
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Independent samples Student # test analysis was used to
compare surgical times, and statistical significance was set at
P < .05. We also present Cohen d measure of effect size,
whereby 0.2 equates to a small effect, 0.5 equates to a
medium effect, and effects > 0.8 equate to large effects.’>

RESULTS

Following the blue dye injection on the paracervical re-
gion, the blue lymphatic channels were identified
(Figures 1 and 2) as well as the ending blue lymph node,
which was considered the SLN. The average time for
coloring of the SLNs was 7.9 = 1.1 minutes in group A and
7.3 £ 1.1 minutes in group B [(12) = 0.98; P = .35, d =
0.524 — medium effect size]. The retroperitoneum was
accessed in the standard fashion with care to avoid bleed-
ing from vessels and capillaries, which might stain the
retroperitoneum, resulting in greater difficulty in follow-

ing the blue lymphatic channels. Identification, dissection,
and excision of SLNs were performed with success in all
pigs. The overall results of our study are summarized in
Table 1. The average times to perform the experiments
were 28.4 * 5.6 minutes in group A and 25.3 * 0.8
minutes in group B [(12) = 0.94; P = .36, d = 0.507 —
medium effect size]. From every animal, at least one col-
ored lymph node was excised; in some cases, 2 lymph
nodes were. Concerning the SLN locations, most of the
SLNs were found in the right iliac and left iliac vessels
regions, 3 on the promontory region, 1 on the right obtu-
rator, and 1 on the preaortic region. Lymphatic vessels
were sealed with the rotating bipolar instruments. Accord-
ing to our feedback, the minilaparoscopic bipolar dissec-
tor offered better small vessel hemostasis and a more
efficient sealing of the afferent lymphatics (Figure 3).
The colored lymph nodes were sent to histology

Table 1.
Individual Data After Patent Blue Injection and SLN Detection
Group SLN Complications Operative
Time, min
Coloring n Location
Time, min
A: minilaparoscopy
1 8 1 Right iliac vessels 35
2 8 1 Right obturator 36
3 6 2 1 promontory; 1 right iliac vessels Bleeding 30 mL 31
4 9 1 Left iliac vessels 27
5 9 2 Left iliac vessels 22
6 8 1 Preaortic 25
7 7 1 Right iliac vessels 23
Mean = SD 7.86 = 1.07 28.43 £ 5.65
B: conventional laparoscopy
1 7 1 Left iliac vessels 38
2 6 1 Left iliac vessels 16
3 8 1 Promontory 23
4 8 1 Right iliac vessels 26
5 6 1 Left iliac vessels 22
6 7 2 Right iliac vessels and left iliac vessels 24
7 9 1 Promontory 28
Mean *£ SD 7.29 = 1.11 25.29 * 6.75
P 35 36
Cohen d 0.524 0.507

Abbreviation: SLN, sentinel lymph node.

€2014.00055
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Figure 3. Minilaparoscopic sentinel lymph node identification
and dissection with 3.5-mm Robi Kelly forceps.

Figure 4. Lymph node colored in blue.

(Figures 4, 5, and 6). No major complications were
observed in our series. Neither urinary nor digestive tract
injuries were reported. There was 1 case of intraoperative
bleeding (30 mL), which was controlled by minilaparo-
scopic instruments. Minilaparoscopic port sites required
no suture closure. After the experiments, all animals were
submitted to laparotomy. In the group B, there was 1 SLN
that was only detected after laparotomy.

DISCUSSION

SLN techniques are now part of the standard treatment for
breast cancer,'© melanoma,!” and selected cases of vulvar
cancer.'® The application of the SLN concept for malig-
nancies of intra-abdominal organs is still under evaluation
and testing. SLN biopsy has been one of the most impor-
tant innovations in surgical oncology in recent years; it is
being reported as a less invasive procedure that brings
more information to clinicians.®'°

In SLN biopsy—negative patients, regional lymphade-
nectomy may no longer be a requirement, promising

€2014.00055

CRSLS

Figure 5. Excised sentinel lymph node. (Hematoxylin and eosin
4X).

Figure 6. Excised sentinel lymph node. (Hematoxylin and eosin
20X).

fewer potential complications such as lymphedema,
lymphocysts, nerve injury, vascular injury, and venous
thromboembolism. In uterine cancers, SLN biopsy
holds the hope of more accurate identification of uter-
ine drainage and staging of the primary tumor, as well
as, potential applications in fertility-sparing surgical
procedures.'®

The SLN detection rate is significantly higher through
laparoscopy than through laparotomy after vital dye
pericervical injection.’® In cervical cancer, lymphatic
mapping can be conducted by laparotomic or laparo-
scopic approaches. It would appear perfectly logical to
perform lymphatic mapping laparoscopically. The ad-
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Figure 7
Robi Kelly.

7. The 5-mm rotating bipolar versus minilaparoscopic

vantages are several and obvious: first, the laparoscopic
surgical approach allows a more delicate and bloodless
dissection of the retroperitoneum; second, laparoscopy
permits magnification of the image, which facilitates
visualization of blue lymphatic vessels; and third, if
positive nodes are identified, the surgeon has the op-
portunity to end the procedure, thus avoiding radical
hysterectomy, and offer to patients chemoradiation
with minimal delay and reduced morbidity compared
with laparotomy.

Minilaparoscopy re-emerged has an even better approach
involving the use of miniaturized scopes and instruments
to further reduce perioperative morbidity and enhance
cosmetic healing.

Most surgeons have been hesitant to adopt minilaparos-
copy into their practice expressing concerns regarding the
instruments (not functional or not strong enough). Fur-
thermore, some have complained that 3-mm instruments
do not offer the same array of end-effector options or
functionality of the 5-mm instruments. Recently, minilapa-
roscopic surgical techniques have benefited from addi-
tional product development with a focus on improving
instrument strength and optics. The transition from 10- to
5-mm ports was a change from big to small, whereas the
transition from 5 to 3 mm is visible to invisible.?0

During these experiments, the research team found those
thinner instruments to be very functional with no increase
in complexity. The new minilaparoscopic rotating bipolar
instrument (Figure 7) greatly facilitates a bloodless, pre-
cise tissue dissection, shortens the operation time, pre-
vents unnecessary application of intraperitoneal foreign

€2014.00055

bodies, reduces the costs, and brings more convenience to
the surgeon.

Another advantage of minilaparoscopy is the possibility of
performing it under local anesthesia, generally with seda-
tion, thus avoiding general anesthesia complications.?! It
may be easier to schedule and reduce the costs of SLN
excision. It decreases the extent of intraoperative injury,
avoids incisional herniation, and reduces postoperative
pain.

In addition, the use of small-diameter laparoscopes and
instruments is feasible with low carbon dioxide pres-
sures,?? thereby reducing possible complications related
to pneumoperitoneum.

This is the first study that compares minilaparoscopic
versus conventional laparoscopic approaches for this type
of procedure. Further studies with larger samples, lower
carbon dioxide pressures, and local anesthesia should be
done. Also, human studies should be performed.

The minilaparoscopic approach to SLN is a promising
concept in the minimally invasive surgical domain.

CONCLUSIONS

Minilaparoscopic approach to SLN identification, dissec-
tion, and excision is a feasible and reproducible proce-
dure. Our comparative study revealed no statistically sig-
nificant time difference between the minilaparoscopic and
conventional laparoscopic procedures. With the smaller
tools, a gentle and fine dissection of the anatomical
planes, lymphatic nodes, and vessels was observed. Ad-
ditionally, better sealing of lymphatic afferent vessels that
supply the nodes was obtained.

This procedure can be considered a potentially better
alternative to reduce morbidity during staging procedures
for gynecologic malignancies.

The authors thank Karl Storz for their support with equipment.
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Minilaparoscopy and sentinel
lymph node — extraperitoneal
Image-guided approach

Resection of Sentinel Lymph Nodes by an Extraperitoneal Minilaparoscopic
Approach Using Indocyanine Green for Uterine Malignancies: A Preclinical
Comparative Study.

Ferreira H, Nogueira-Silva C, Miranda A, Correia-Pinto J. Surg Innov. 2015 Dec 4.
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Abstract

Background. The sentinel lymph node (SLN) concept might minimize surgical aggressiveness in cervical and endometrial
malignancies. The aim of the study was to test the feasibility and reliability of minilaparoscopic extraperitoneal SLN
excision after indocyanine green (ICG) cervical injection using a high-definition near infrared (NIR) imaging system in
an in vivo porcine model. The same procedure was performed using conventional laparoscopic instruments and both
outcomes were compared. Methods. Twenty-four animals were equally and randomly divided into a minilaparoscopic
group (group A) and a 5-mm conventional laparoscopic group (group B). A high-definition NIR imaging system and
a 30° ICG endoscope were used. First, ICG (0.5 mL) was injected in the paracervical region. The SLN coloring time
was recorded. An extraperitoneal approach to the SLN was executed with the same CO, retropneumoperitoneum
pressures (10 mm Hg). In both groups, the times for SLN localization and excision, as well as complications, were
registered. Finally, a laparotomy was then done to evaluate whether any stained SLN still remained. The same surgical
team performed all experiments. Results. SLNs were identified and extraperitoneally excised in all animals without
major complications. The SLN localization varied between animals from external iliac to preaortic regions. The surgical
times were shorter with minilaparoscopy (39.3 + |3 minutes) than with conventional 5-mm instruments (51.3 £ 14.17
minutes; P = .042). In group B, one stained SLN remained and was only detected by laparotomy. Conclusions. We
confirmed the feasibility and reliability of extraperitoneal minilaparoscopic approach for identification, dissection, and
excision of SLN using an NIR imaging system and ICG.

Keywords
gynecologic laparoscopy, surgical oncology, evidence-based medicine/surgery

Introduction The gold standard assessment of SLN in cervical and
endometrial cancers is still to be established. SLN assess-
ment has been performed with laparotomy, conventional
laparoscopy,® robotics,” and minilaparoscopy,'® always
via transperitoneal or intraperitoneal approach.

The evaluation of lymphatic metastases in the staging of
cervical and endometrial cancers continues to be contro-
versial in gynecologic oncology. By convention, the entire
lymphatic basin draining a tumor is excised (resulting in
prolonged operation duration, increased blood loss, infec-
tion, nerve injury, lymphocyst formation, vascular injury,
venous thrombo.emb(.)hsm’ a nd lo.wer e)}tremlty 1ympl.1_ %|CVS/3B's—PT Government Associate Laboratory, Braga, Portugal
edema) to 1(z)btam histological diagnosis of lymphatic 3, .0 H ospitalar do Porto, Porto, Portugal

metastases. ~ The development of sentinel lymph node *Hospital de Braga, Braga, Portugal

(SLN)‘ blgpsy techniques havq .reduced the number of Corresponding Author:
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The benefits conferred by an extraperitoneal, laparo-
scopic lymphadenectomy include a short learning curve,
decreased adhesion formation, feasibility in obese
patients, patients with peritoneal adhesions, and reduced
bowel complications associated with postoperative adju-
vant irradiation.""

To the authors’ knowledge, the combination of extra-
peritoneal minilaparoscopy in SLN assessment has not
previously been described. There are no data referring to
the use of these smaller instruments in the reduced extra-
peritoneal space. The aim of the study was to test the fea-
sibility and reliability of minilaparoscopic extraperitoneal
SLN excision after indocyanine green (ICG) cervical
injection using a high-definition near infrared (NIR)
imaging system in an in vivo porcine model. The same
procedure was performed using 5-mm conventional lapa-
roscopic instruments and both outcomes were compared.

Materials and Methods

Animal experiments were performed following EU
Directive 2010/63/EU and the Portuguese law for animal
welfare (Diario da Republica, Portaria 1005/92).

Animal Model

Our cohort included 27 female pigs (Sus scrofus domesti-
cus) weighing between 35 and 45 kg. The first 3 pigs
were used to establish anatomical landmarks and techni-
cal steps and therefore were not included in the subse-
quent protocol. Twenty-four pigs were equally and
randomly divided into a minilaparoscopic group (group
A) and a conventional laparoscopic group (group B). The
mean weight of the pigs was 37 + 2.1 kg in group A and
37 £ 1.6 kg in group B. All pigs were 12 weeks of age.

Pig Preparation

All procedures were performed with the pigs under gen-
eral anesthesia, with endotracheal intubation and mechan-
ical ventilation. The pigs were preoperatively starved of
food for 8 hours and water for 4 hours. Animals were pre-
medicated with a combination of azaperone (4 mg/kg,
intramuscularly [IM]), midazolam (1 mg/kg, IM), and
atropine (0.05 mg/kg, IM). The pigs were initially anaes-
thetized with intravenous propofol (6 mg/kg). Anesthesia
was maintained with continuous intravenous propofol
infusion (20 mg/kg/h) and intramuscular buprenorphine
(0.05 mg/kg).

Surgical Procedures

After anaesthetization of the pigs, the pigs were positioned
in a dorsal Trendelenburg position and immobilized. In

both groups, pneumoperitoneum was created using a
Veress needle.

A special laparoscope (26003 BGA, Karl Storz GmbH
& Co KG, Tuttlingen, Germany) with a 30° angle of view,
incorporating observation filters that allowed NIR and
white light imaging without changing the telescope. The
powerful xenon light source (D-LIGHT P SCB, Karl
Storz) provided both visible and NIR excitation light. A
pedal controlled by the surgeon was used to switch from
standard light to NIR. The use of a fluid light cable
ensured high light transmission. A dedicated, infrared-
sensitive camera head (IMAGE 1 H3-Z FI, Karl Storz) in
conjunction with a full high-definition camera control
unit (IMAGE 1, Karl Storz) was used to process the gen-
uine NIR fluorescence.

First, a laparoscope was introduced by a supraumbili-
cal trocar and 0.5 mL of ICG solution (25 mg of ICG
[Pulsion Medical Systems AG, Munchen, Germany]
diluted in 10 mL of 0.9% NaCl solution) was injected on
the paracervical region using a long needle (Spinocan
26G 120 mm; Braun, Melsungen, Germany). A few min-
utes after ICG injection, the colored lymphatic channels
were mapped and followed toward nodes that retained the
ICG dye. A stopwatch was used to calculate the time
required for coloring of the nodes.

Second, a 12-mm incision, 2 cm superomedial to the
anterosuperior iliac spine was made to develop an extra-
peritoneal space. Once the peritoneal layer was visual-
ized, the surgeon introduced one finger into the incision
and performed blunt dissection to separate the peritoneal
layer from the abdominal wall, which was constantly
visualized via the umbilical port. Subsequently, a 10-mm,
single use, blunt tip trocar (OMST10BT, AutoSuture,
Covidien) was placed through the incision to develop an
extraperitoneal space. The abdomen was deflated, and the
laparoscope was brought to the balloon-tipped trocar in
the extraperitoneal space, which was then insufflated.
The retroperitoneum was insufflated with carbon dioxide
(CO,) with a pressure not exceeding 10 mm Hg. The
loose, areolar tissue in the extraperitoneal space was dis-
sected freely using the laparoscope. Special attention was
taken to prevent perforating the peritoneum, which could
compromise the retropneumoperitoneum.

In the minilaparoscopic approach (group A), a 3.5-mm
trocar was introduced into the extraperitoneal space along
the midaxillary line, under the subcostal margin, approxi-
mately 5 cm above the initial trocar. An additional 3.5-
mm trocar was then placed 3 to 4 cm cephalad to the
balloon-tipped trocar in the preperitoneal space under
endoscopic guidance. Utmost care was taken to ensure
accurate trocar placement without perforating the perito-
neum, which would make the remaining procedure diffi-
cult. While advancing to the retroperitoneum, CO2 was
administered via the balloon trocar channel to keep good
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Figure I. Extraperitoneal view (U, ureter; V, vena cava; PS, psoas muscle; K, kidney).

Figure 2. Lymphatics and lymph nodes (LN) colored by ICG.

exposure. The instrumental trocars accommodated
36-cm-long minilaparoscopic instruments (Karl Storz
Endoskope minilaparoscopy instruments set), including
graspers, cold scissors, suction/irrigation, and the recent
3.5-mm bipolar coagulator (Karl Storz Robi).

Once the extraperitoneal space was adequately insuf-
flated, the left psoas muscle, ureter, gonadal vessels, and
common iliac artery were easily identified (Figure 1).
The retroperitoneum was accessed with care to avoid
bleeding from vessels and capillaries, which could stain
the retroperitoneum, making it difficult to follow the col-
ored lymphatic channels. The lumbar and iliac segments
of the ureter were lifted along with the peritoneal sac. The
lateral aspect of the iliac artery was used as a guide to
dissect caudally to the level of its bifurcation, up to the
aortic bifurcation and lastly to the renal vessels. The
operative field was thoroughly evaluated to look for col-
ored retroperitoneal lymph nodes (Figure 2). The ureters
and promontory were 2 useful landmarks in following the
path of the lumboaortic lymph nodes. At the level of the
kidneys, we identified paracaval, aortocaval, and preaor-
tic lymph nodes. The laparoscopic fluorescence imaging
system could visualize the lymphatic channels and nodes
by stepping on the pedal (Figure 3). The distance between
the laparoscope tip and target when applying the fluores-
cence was standardized at 2 to 3 cm. Once a colored
lymph node was confirmed, it was grasped and gently
separated from the attached lymphatic tissue (Figure 4).
The peritoneal sac was elevated from the left common
iliac vein and then from the sacral promontory. The bifur-
cation of the inferior vena cava was identified. The right

Figure 3. (A) Lymph node colored by ICG. (B) Lymph node
in NIR light.

common iliac vein followed by the right common iliac
artery were freed using blunt dissection. The right ureter
was then elevated and separated from the iliac vessels and
the psoas muscle. At this time, the right lateral common
iliac, presacral, and precaval nodes were identified.
Lymphatic vessels were sealed with the bipolar dissector
(Figure 5). The resected SLNs were extracted from the
extraperitoneal cavity with an endoscopic bag through
the 10-mm port under direct vision of a 3-mm endoscope
inserted at one of the 3.5-mm ports. Careful hemostasis
with bipolar energy was used at the end of the procedure.
At this time, the extraperitoneal space was deflated, and
the abdominal cavity was insufflated. The laparoscope
was once again placed through the supraumbilical port.
Finally, a laparotomy was then performed to evaluate
whether there were any remaining SLNs. After the proce-
dure, the pigs were euthanized with an overdose of anes-
thesia. The procedure time (defined as interval between
skin incision to SLN removal), difficulties, and complica-
tions at each step of the procedure were recorded. The
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Figure 4. (A) SLN extracted with a minilaparoscopic grasper. (B and C) Lymph node in NIR light.
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Figure 5. Standard 5-mm rotating bipolar versus
minilaparoscopic bipolar dissector.

intraoperative complications were defined as bowel,
bladder, ureteral, or vascular injuries, and an estimated
blood loss >200 mL. Estimated blood loss was assessed
from the contents of suction devices. The procedure can
be broken into 4 parts: diagnostic laparoscopy to observe
lymphatic mapping and rule out intraperitoneal disease;
the insertion of the retroperitoneal minilaparoscopic tro-
cars; the development of the retroperitoneal space; and
the identification, dissection, and resection of SLNSs.

In the conventional laparoscopic group (group B), the
exact same procedure was performed but with 5-mm con-
ventional laparoscopic instruments. To avoid possible
bias between the groups, the same surgical team per-
formed all the experiments.

Histologic Analysis

The lymph nodes were analyzed without freezing. Each
lymph node was fixed in neutral buffered formaldehyde
for 72 hours, cut into 0.1-cm-thick slices, and embedded
in a paraffin block. Multiple sections were prepared from
each block. A set of 3- to 4-um-thick sections was cut
every 250 um. Sections were stained with hematoxylin
and eosin. The images were taken with an Olympus
microscope BX61 (Olympus, Tokyo, Japan).

Statistical Analysis

All quantitative data are presented as mean + SD.
Statistical analysis was performed using the statistical

software SigmaStat (version 3.5; Systat Software Inc,
San Jose, CA). Independent samples Student #-test analy-
sis was used to compare surgical times, and statistical sig-
nificance was set at P < .05. We also present Cohen d
measure of effect size, whereby 0.2 equates to a small
effect, 0.5 equates to a medium effect, and effects >0.8
equates to large effects.'

Results

Following the ICG injection in the paracervical region, the
green lymphatic channels were identified, as well as the
ending colored lymph nodes, which were considered
SLNs. The average time to coloring was 3.58 + 1.38 min-
utes in group A and 3.25 +1.42 minutes in group B (7[22]
=0.58; P=.57,d=0.23—small effect size). Extraperitoneal
dissection and excision of SLNs with 3-mm instruments
were performed with success in all pigs. The overall
results of our study are summarized in Table 1.

The average times to perform the experiments were
39.3 + 10.7 minutes in group A and 51.3 + 14.17 minutes
in group B (P = .042). From experiment 1 to experiment
12, the operative time was dramatically reduced (from 65
to 25 minutes in group A and from 79 to 34 minutes in
group B) presumably due to improved experience and
identification of the anatomic landmarks.

In group A, the intraoperative complications included
intraoperative bleeding (40 and 30 mL) in 2 cases, which
was controlled by minilaparoscopic instruments, and 1
diffuse anterior abdominal wall emphysema. In group B,
there were 2 cases of intraoperative bleeding (60 and 40
mL), | case of abdominal wall emphysema, and 2 pneu-
moperitoneums (one of which was associated with perito-
neal perforation and both were evacuated by Veress
needle insertion). There were no cases with urinary and
digestive tract injuries. During the procedures, the heart
rate, arterial pressure, and respiratory function were sta-
ble. In group B, there was only SLNs detected after
laparotomy.

Microscopic examination of the sentinel nodes
removed with minilaparoscopy revealed intact nodes
with complete preservation of nodal architecture and no
evidence of thermal or mechanical damage.
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Table |. Perioperative Data After ICG Injection and SLN Removal.

Group A: Group B: Conventional
Perioperative Variables Minilaparoscopy (n =24)  Laparoscopy (n =24) P Value® Cohen’s d
SLN  Coloring time (minutes), mean * SD (range) 3.58 = 1.38 (1-6) 3.25 = 1.42 (1-6) .57 0.23
Number removed, mean + SD (range) 1.9 £0.8(1-3) 2+0.74 (1-3)
Location Preaortic 3 6
Left iliac vessels 9 7
Right iliac vessels 5 6
Promontory 4 4
Right obturator fossa I -
Left obturator fossa I |
Operative time (minutes), mean + SD (range) 39.3 = 13.02 (25-65) 51.3 £ 14.17 (34-79) .042 0.85

Abbreviations: ICG, indocyanine green; SLN, sentinel lymph node.
*Student’s t test.

Discussion

SLN techniques are now part of the standard treatment
for breast cancer,”” melanoma,'® and selected cases of
vulvar cancer.'>'® SLN biopsy has been one of the more
recent, important innovations in surgical oncology. It has
been established as less invasive and more informative to
clinicians.*’ In uterine cancers, SLN biopsy can poten-
tially provide more accurate identification of uterine
drainage, primary tumor staging, and may have applica-
tions in fertility-sparing surgical procedures.'’

In our study, the feasibility and reliability of SLN
removal by a retroperitoneoscopic approach using mini-
laparoscopic instrumentation after ICG dye cervical
injection were assessed. This was also compared with
conventional 5-mm laparoscopic instruments.

The ICG fluorescent dye relies on a fluorometrically
capable camera and appears green when excited by light
in the NIR range. It has the potential advantage of being
readily visible through visceral fat and has a higher detec-
tion rate than blue dye in SLNs."® NIR fluorescence imag-
ing using ICG may improve SLN technology in cervical
and endometrial cancers by increasing the rate of bilateral
SLN mapping without the added cost and inconvenience
of technetium. "’

Dargent and Salvat reported the first use of conven-
tional laparoscopic instruments for extraperitoneal lymph-
adenectomy in women with gynecologic cancers.”**!
Occelli et al found that compared with transperitoneal
approach in animal studies, extraperitoneal laparoscopy
leads to fewer postoperative adhesions, lowering the risk
of postoperative radiation-related complications."!
Additionally, as the peritoneal cavity is untouched, com-
plications such as postoperative ileus, intraperitoneal
adhesions, and intestinal obstruction are eliminated.””> A
further important advantage of the extraperitoneal route is
the protection of the bowel provided by the peritoneal
sac.” It is anatomically and surgically more logical as it

is carried out on the left-hand side (providing better
access to the aortic territory lymph nodes).”* Previous
abdominal surgery, radiotherapy, and chemotherapy do
not complicate the extraperitoneal approach. The low
incidence of postoperative complications and minimal
hospital stay promote early initiation of adjuvant therapy.
Extraperitoneal techniques may reduce the time taken to
access the lymphatic channels since adhesiolysis and
bowel mobilization is unnecessary. There is decreased
risk of electrosurgical bowel injury and there is no risk
for unrecognized enterotomy due to traction or dissec-
tion.”* The ureters is automatically mobilized out of the
dissection field by attachment to the peritoneal envelope.
Since the peritoneal sac acts as a natural retractor, fewer
instruments may be needed. Finally, there is potentially
less pain caused by diaphragmatic irritation from CO,
gas. Potential drawbacks may include subcutaneous
emphysema with retropneumoperitoneum, possibly lead-
ing to pneumothorax via potential spaces and mediastinal
anatomic pathways.”**

Minilaparoscopy, using miniaturized instruments, fur-
ther reduces perioperative morbidity, enhances cosmetic
healing, and avoids incisional herniation. Recently, mini-
laparoscopic surgical techniques have benefited from addi-
tional product development with a focus on improving
instrument strength.”® During these experiments, research-
ers found thinner instruments to be functional with no
increase in complications. The new minilaparoscopic
rotating bipolar instrument allows precise tissue dissection
and fine coagulation. The use of small-diameter instru-
ments is feasible with low CO, pressures, thereby reducing
possible complications related to pneumoperitoneum.”’

In our comparative study, the operating time with
minilaparoscopic instruments was shorter than with 5-mm
conventional instruments (P = .042) without major com-
plications. These smaller instruments may offer the pos-
sibility of working better in restricted and narrow spaces
like the retroperitoneum with lower CO, pressures.
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6 Surgical Innovation
This is the first study that compares minilaparoscopic 2. Matsuura Y, Kawagoe T, Toki N, Tanaka M, Kashimura
versus  conventional laparoscopic  extraperitoneal M. Long-standing complications after treatment for can-

approach in SLN removal.

The strengths of our study include the controlled set-
ting in which only a single variable (instruments size)
was altered. The same team of surgeons performed all
procedures. The most important limitation perhaps is its
preclinical nature. Further studies with larger samples,
lower CO, pressures, and local anesthesia® should be
done. Our findings may help focus future human studies.

Conclusions

The resection of SLN by a minilaparoscopic extraperito-
neal approach after ICG cervical injection was performed
successfully with no major complications. In this preclin-
ical study, the operative technique was feasible and reli-
able. The surgical time with the minilaparoscopic
instruments was shorter than with 5-mm conventional
instruments (P = .042). This procedure may reduce mor-
bidity during staging of gynecologic malignancies.
Further studies are needed to confirm our results.
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Minilaparoscopy and
genital prolapse correction
— Initial experience

Minilaparoscopic Sacrocolpopexy for Vaginal Prolapse after Hysterectomy.
Ferreira H, Ferreira C, Braga A, Pereira AT, Guimaraes S.
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ABSTRACT

enital prolapse repair is one of the most common indications for benign gynecologic surgery. The life-
time risk of undergoing a single operation for prolapse in the female population is rising. Many differ-
ent surgical techniques have been described.
We report 4 cases of minilaparoscopic sacrocolpopexy to correct vaginal apical prolapse after previous total
hysterectomy. For each patient we collected some socio-demographic data, vaginal apical prolapse grade
using the Pelvic Organ Prolapse Quantification (POP-Q), intraoperative details and postoperative outcomes.
Operative time was recorded as well as difficulties and complications (Clavien-Dindo Classification) at each
step of the procedure.
The range of women’s ages was from 57 to 71 years old. The mean BMI was 24.75 * 3.2 Kg. Three patients had a
stage IIT POP-Q prolapses and there was one case of a symptomatic stage II POP-Q prolapse. The mean
surgical time was 119 minutes and there were no intraoperative complications. The postoperative pain

assessment revealed very positive recovery in every patient. An ambulatory consult and an anatomic

-q-
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assessment were done 1 and 3 months after surgery. The incision scars were almost invisible after 1 month,

and the anatomic cure rate was 100%.

We confirmed the feasibility of a minilaparoscopic surgical approach for vaginal vault prolapse after total

hysterectomy.

INTRODUCTION

Genital prolapse repair is one of the
most common indications for benign
gynecologic surgery. As average life
span increases, pelvic floor disorders are
more common in the female popula-
tion. It is estimated that up to 50% of
all women over 50 years of age are
affected by pelvic organ prolapse
(POP)." The lifetime risk of undergoing
a single operation for prolapse or incon-
tinence by age 80 was 11.1%.> Women
who seek treatment strive for an
improvement in body image and quality
of life.?

Many different surgical techniques to
correct POP have been described in the
past 60 years. The aim of this surgery is
to restore physiologic anatomy, as well
as to preserve lower urinary tract,
intestinal, and sexual functions. Sacro-
colpopexy (SC) has shown superior out-
comes for correcting apical prolapse
after total hysterectomy when com-
pared with a variety of other vaginal
procedures including sacrospinous
colpopexy, uterosacral colpopexy, and
transvaginal mesh.*

SC was traditionally performed
through an open abdominal approach
associated with higher rates of morbidi-
ty (longer time to return to daily activi-
ties, more postoperative pain, and
unaesthetic scars). To avoid the need for
a large abdominal incision and to mini-

mize bowel manipulation and recovery
time, laparoscopic sacrocolpopexy
emerged as a great promise with all
these advantages.

With the continuous focus on mini-
mizing the visibility of scars new tech-
nological advances were developed in
order to create smaller diameter endo-
scopes (5 mm) and surgical instruments
(3 mm). Minilaparoscopy limits tissue
trauma and postoperative pain, and
improves cosmesis.

We report our initial experience in
performing minilaparoscopic sacro-
colpopexies to correct vaginal apical
prolapse after previous total hysterecto-

MATERIALS AND METHODS

We report 4 cases of minilaparoscop-
ic sacrocolpopexy to correct vaginal
apical prolapse after previous total hys-
terectomy. For each patient we collect-
ed some socio-demographic data,
vaginal apical prolapse grade using the
Pelvic Organ Prolapse Quantification
(POP-Q), intraoperative details, and
postoperative outcomes. Operative time
(OT), defined as the interval between
incision start to closure, was recorded,
as well as difficulties and complications
(Clavien-Dindo Classification) at each
step of the procedure. Estimated blood
loss was estimated from the contents of

!

Figure 1. Minilaparoscopic trocars’ positions.

suction devices. The length of hospital
stay was also recorded.

Surgical Procedures

A first-generation cephalosporin was
administrated to all patients 30 minutes
before induction of general anesthesia in
supine position. The patient was
prepped from the nipples to proximal
thigh including the vagina.

The pncumopcritoncum was created
using a Veress needle at an umbilical
position up to 12 mmHg, where an
optical trocar (30160GC; Karl Storz 6-
mm trocar set; Karl Storz, Tuttlingen,
Germany) was introduced and a 5-mm,
30-degree endoscope (26046BA; HOP-
KINS II Forward Oblique telescope,
Karl Storz) was used to have a general
view of the abdominal cavity. After
observing the pelvis, under direct visu-
alization, three 3-mm ancillary trocars
(30114GZL; Karl Storz minila-
paroscopy trocar set) were inserted, 1
suprapubically and 2 laterally to the epi-
gastric arteries, in the left and right
lower abdominal quadrants, respectively
(Fig. 1).

The bowel was fixed to the left
upper quadrant of the abdominal wall
with a T-Lift® (VECTEC, Vichy, France)
in order to better expose the right
pelvis and the sacral promontory.

A flat, flexible, handheld vaginal
retractor was used to expose the vaginal
cuff and facilitate the dissection. The
vesicovaginal space was developed up to

Figure 2. Opening the peritoneum over the promontorium.
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Figure 3a. Posterior and anterior meshes.

the bladder neck, which was identified
using the balloon of the Foley catheter.
Both pararectal fossa were opened by
gentle dissection up to the levator ani
muscles.

In these procedures, 36-cm-long
minilaparoscopic instruments (Karl
Storz Endoskope Minilaparoscopy
Instruments Set) were used, choosing
among graspers, cold scissors,
suction/irrigation, and the recent 3.5-
mm bipolar coagulator (Karl Storz
Robi") (Fig. 2).

Puborectalis muscles were exposed
bilaterally using rotating bipolar forceps
and a suction-irrigation device for blunt
dissection, with identification of the
middle rectal artery.

The promomtorium was well dis-
sected with large exposition of the ante-
rior sacral longitudinal ligament. The
peritoneum was opened from promon-
torium up to the right uterossacral liga-
ment, between the ureter and the right
inferior hypogastric nerve. A wide dis-
section was performed. We used a
polypropylene mesh (Gynemesh PS,
Ethicon, Sommersville, NJ) that was cut
in two parts, one for the anterior com-

partment and the other for the posteri-
or compartment. The anterior part has
a terminal triangular shape and a long
arm that comes up to the promontori-
um. The posterior part has a bifurcation
to fix on both levator ani muscles (pub-
orectalis) (Figs. 3a & 3b).

The apex of the anterior triangular
shape mesh was fixed in the dissected
vesico-vaginal space with a nonab-
sorbable, braided surgical suture com-
posed of polyethylene terephthalate,
Ethibond Excel suture (Ethicon,
Somerville, NJ). Sutures to the vagina
were performed tangentially to mini-
mize the risk of postoperative erosion of
the suture material.

The 2 arms of the posterior mesh
were fixed with 2 Ethibond® sutures in
both puborectalis muscles bilaterally.

A suture was used to fix the anterior
mesh to the left uterosacral ligament
and the posterior mesh, and a second
suture was used to fix the anterior mesh
to the right uterosacral ligament and the
posterior mesh. The anterior and poste-
rior meshes were used to replace the
damaged fascias. After both meshes
were attached, the long arm of the ante-

Figure 3b. Posterior mesh.

Gynecology
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rior mesh was fixed on the promontory
with a unique suture that passed
through all the ligament thickness
(Fig. 4).

The surgeon tested sacral fixation.
The peritoneum involving the arm of
the mesh was closed with a monofila-
ment absorbable suture. All the mesh
was covered by peritoneum.

The dissection, coagulation, and
intracorporeal sutures were performed
only with minilaparoscopic instruments.
Any small bleeding was immediately
controlled with the bipolar instrument.

The threads were removed from
abdominal cavity by a unique trans-
abdominal hole using a Berci needle
(Karl Storz, Tuttlingen, Germany).

Postoperative Follow-up
Postoperative pain assessment (dur-
ing the immediate postoperative period
and seventh day postoperatively) was
performed in all patients by using a vali-
dated visual analog scale (VAS) and
scored from 0 to 10 (0 = no pain; 10 =
agonizing pain). All patients were man-
aged with the same standardized anes-
thetic protocol and postoperative

Figure 5. Minilaparoscopic incision scar.
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Table |
Perioperative and postoperative parameters and complications
Postoperative pain
Pati Surgery time | Intraoperative Blood Complications according to assessment (max. VAS)
atient : - . < e S
(min) complications loss Clavien-Dindo Classification
1st day 7th day
1 125 - 50 mL Grade | 3/10 0/10
2 110 - 40 mL Grade | 2/10 0/10
3 135 - 50 mL Grade | 4/10 0/10
4 105 - 40 mL Grade | 3/10 0/10

analgesic therapy. Patients were allowed
to go home when they were fully
mobile, apyrexial, and passing urine sat-
isfactorily.

An ambulatory consult and an
anatomic assessment were done after 1
and 3 months. De novo symptoms,
defined as symptoms that were not pre-
sent before surgery but were present on
subsequent visits, were evaluated. Sub-
jective amelioration, sexual function,
and anatomic cure, defined as the
absence of stage II prolapse or more at
any anatomical site, were also assessed.

Data Recording

All surgical endoscopic procedures
were recorded on an AIDA® (Advanced
Image and Data Archiving System)
device from Karl Storz. Vital and physio-
logical parameters (heart rate, arterial
pressure, and respiratory distress) were
monitored by the anesthesiological team.

RESULTS

At our institution, during the last
semester of 2014, four patients were
submitted to minilaparoscopic sacro-
colpopexies due to apical prolapse. The
range of age was from 57 to 71 years
old. The mean BMI was 24.75 * 3.2
Kg. Three patients had stage Il POP-Q
prolapses, and one patient had a symp-
tomatic stage Il POP-Q prolapse.

The length of hospital stay was 48
hours in 3 cases and 72 hours in 1 case
(patients entered the day before for
bowel preparation and analytical study).
Vital and physiological parameters
(heart rate, arterial pressure, and respi-
ratory distress) were always stable.

Perioperative and postoperative

parameters and complications are sum-
marized in Table I.

At first month consultation, the
patients had no complaints of pain, and
the incisions scars were almost invisible
(Fig. 5).

At third month, all the patients were
subjectively ameliorated and very satis-
fied with the cosmetic outcomes. The
anatomic cure rate was also 100%.

Minilaparoscopy reemerged has an
even better approach involving the use
of miniaturized scopes and instruments
to further reduce perioperative morbid-
ity and enhance cosmetic results. The
transition from 10-mm to 5-mm ports
was a change from big to small, whereas
the transition from 5 mm to 3 mm is
visible to invisible.®

Most surgeons have been hesitant to
adopt minilaparoscopy into their practice
because of concerns regarding the instru-
ments (not functional or not strong
enough). Furthermore, some have com-
plained that 3-mm instruments do not
offer the same array of end-effector
options or functionality as the 5-mm
instruments.® Recently, minilaparoscopic
surgery has benefited from additional
product development with a focus on
improving instrument strength and
optics. With this new armamentarium,
surgeons are trying to adapt all laparo-
scopic procedures already validated to
this milimetric approach.

Minilaparoscopic hysterectomy, diag-
nostic laparoscopy, pain mapping, and
ovarian biopsy have also been described
in gynecology.®”

To our knowledge, this is the first

-4-

report that describes a minilaparoscopic
approach for this type of procedure to
correct vaginal apical prolapse after hys-
terectomy. During all the procedures,
the surgical team found those thinner
instruments very functional. Actually,
no difficulty was found in terms of field
vision, grasping, dissection, irrigation,
or suction. The new rotating bipolar is a
very efficient dissector and a very pre-
cise coagulator instrument. The minila-
paroscopic needle holders are also very
ergonomic and functionally similar to
the conventional 5-mm ones.

Every sacrocolpopexy implicates
many sutures. In order to avoid multiple
trocar movements of thread extraction
and reintroduction, a Berci® needle was
used to remove the threads from inside
the abdominal cavity, preventing trocar
incision enlargement. In order to pre-
vent ischemia and pain, the surgeons
avoided putting too much tension on
the mesh.

The main advance offered by the use
of needlescopic instruments is the
reduction of intraoperative injury and
abdominal wall trauma. The latter not
only benefits postoperative cosmetic
outcome (minimal postoperative scar-
ring) but most important eradicates the
risk for postoperative hernia formation
and potentially causes less postoperative
pain and faster rchabilitation. In addi-
tion, the use of small diameter laparo-
scopes and instruments is feasible with
lower CO, pressures, reducing possible
complications related to pneumoperi-
toneum. '’ An additional advantage of
this technology is that upon adaptation
there is no need for a new learning
curve as minilaparoscopy maintains the
principles of instrument triangulation
and resembles conventional laparoscop-
ic experience.
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Minilaparoscopy is an attractive
approach for sacrocolpopexy in view of
its advantages, such as reduced morbidi-
ties and enhanced cosmesis. We con-
firmed the feasibility of
minilaparoscopic approach for vaginal
vault prolapse after total hysterectomy.
The procedure can be performed safely
but further studies with larger samples

should be presented.
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Abstract

Introduction and Aims: We aim to compare clinical and surgical outcomes between minilaparoscopic sacro-
colpopexy (MLSC) and conventional laparoscopic sacrocolpopexy (LSC). As far as we know, no comparative
study exists between these two minimal invasive procedures to correct vaginal prolapse.

Design and Setting: An observational and comparative study with 20 individuals submitted to vaginal vault
prolapse correction between June and December of 2014 in our tertiary referral unit. Nine women were
submitted to 3-mm MLSC and the others were approached by a standard 5S-mm laparoscopic technique.
Materials and Methods: Women’s demographic data and prolapse grade were evaluated preoperatively using
the Pelvic Organ Prolapse Quantification score. Operative parameters (surgical time, blood loss, and compli-
cations under Satava and Clavien—Dindo classification) and length of hospitalization were also compared.
Postoperative pain and surgical scar satisfaction were measured using Visual Analog Pain Scale and Patient and
Observer Scar Assessment Questionnaire, respectively.

Results: MLSC took approximately the same time as LSC (P>.05). No significant differences in operative time,
blood loss, length of hospitalization, and complications (Satava, Clavien—Dindo) were observed between both
groups. Pain score after surgery was similar in MLSC and LSC (P> .05). Surgical scar monitoring at 3 months
established that MLSC produced better overall results than LSC (P <.05). Anatomic cure rate was 100%.
Conclusion: Minilaparoscopy is a feasible and attractive approach for sacrocolpopexy as it enhances cosmetics,
keeping the low morbidity associated with the classical laparoscopic approaches.

Introduction colpopexy, and transvaginal mesh.> SC was traditionally per-
formed through an open abdominal approach associated with
THE LIFETIME RISK of experiencing a single operation for  high rates of morbidity (longer time to return to daily activi-
prolapse or incontinence by age 80 was 11.1%." Women ties, more postoperative pain, and unesthetic scars). Laparo-
seek treatment in an attempt to improve body image and scopic procedures in prolapse surgery have gained increasing
quality of life.> Many different surgical techniques to correct ~ importance within the past few years. Reduced morbidity,
pelvic organ prolapse (POP) have been described in the past good cosmetic results, and a shorter stationary period are
60 years. The aim of this surgery is to restore physiologic advantages generally offered by laparoscopy.* With the con-
anatomy as well as to preserve lower urinary tract, intestinal,  tinuous focus on minimizing the visibility of scars, new tech-
and sexual functions. Sacrocolpopexy (SC) has shown su- nological advances were developed to create smaller diameter
perior outcomes for correcting apical prolapse after total endoscopes (5 mm) and surgical instruments (3 mm).
hysterectomy when compared with a variety of other vagi- Observational data have revealed that minilaparoscopic
nal procedures, including sacrospinous colpopexy, uterosacral — cholecystectomy is associated with less postoperative analgesia

'Department of Obstetrics and Gynecology, Centro Hospitalar do Porto, Porto, Portugal.

2Life and Health Sciences Research Institute (ICVS), School of Health Sciences, University of Minho, Braga, Portugal.
3ICVS/3B s - PT Government Associate Laboratory, Braga, Guimaraes, Portugal.

“Department of Urology, Hospital Pedro H1span0 Matosinhos, Portugal.

Departments of *Obstetrics and Gynecology and “Pediatric Surgery, Hospital de Braga, Braga, Portugal.
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and even better cosmesis when compared with traditional
laparoscopic surgeries.™ During the last years, several mini-
laparoscopic procedures have been successfully performed in
various surgical fields.” "

Ultrahigh-definition cameras are appearing and the preci-
sion offered by this new image technology may push surgery
to smaller instruments that allow a more accurate approach.

It was recently presented as the first case of minilaparo-
scopic SC,'"" but, up to now, no comparative study exists
between minilaparoscopic versus conventional laparoscopic
sacrocolpopexy (LSC). We aim to report a short comparison
of clinical and surgical outcomes between these two mini-
mally invasive approaches.

Materials and Methods

This is a prospective, observational comparative study
between patients who submitted to vaginal vault prolapse
correction by 3-mm minilaparoscopic sacrocolpopexy
(MLSC) and patients of identical characteristics treated by
the conventional 5-mm laparoscopic approach. Inclusion
criteria included BMI <30, aged 50-70 years, and symp-
tomatic vault prolapse (minimally presenting as stage 2
prolapse of the apex or upper posterior wall of the vagina).
Approval of the Local Ethics Committee was obtained.

Preoperative evaluation
Anatomic findings were scored according to the POP
Quantification classification.'?

Subjects

Twenty patients participated in the protocol. For prolapse
correction, nine women were assigned for a minilaparoscopic
approach and 11 for a conventional 5-mm LSC technique.
The study went on from June 2014 to December 2014.

FERREIRA ET AL.

Decision of surgical technique

The surgical technique was determined through a preference-
based, shared decision-making system. The patient was
informed about the evidence to support the benefits and dis-
advantages of each available surgical choice. The surgeon
did not recommend any specific surgical option to patients.
According to the patient’s preference and shared decision,
the patient was allocated to either the LSC alone group or the
MLSC group. All patients gave their informed consent. The
same surgeon performed all surgical procedures.

Surgical technique

A first-generation cephalosporin was administrated to all
patients 30 minutes before induction of general anesthesia in
the supine position. The patient was prepped from the nip-
ples to proximal thigh, including the vagina. The pneumo-
peritoneum was created using a Veress needle at an umbilical
position up to 12 mmHg, where an optical trocar (30160GC;
Karl Storz 6-mm trocar set; Karl Storz, Tuttlingen, Germany)
was introduced and a 5-mm 30-degree endoscope (26046BA;
HOPKINS 1II Forward Oblique telescope, Karl Storz) was
used to have a general view of the abdominal cavity. After
observing the pelvis, under direct visualization, three 3-mm
ancillary trocars (30114GZL; Karl Storz minilaparoscopy
trocar set) were inserted, one suprapubically and two laterally
to the epigastric arteries, in the left and right lower abdominal
quadrants, respectively (Fig. 1). The bowel was fixed to the
left upper quadrant of the abdominal wall with a T-Lift®
(VECTEC, Vichy, France) to better expose the right pelvis
and the sacral promontory. A flat, flexible, handheld vaginal
retractor was used to expose the vaginal cuff and facilitate the
dissection. The vesicovaginal space was developed up to
the bladder neck, which was identified using the balloon of the
Foley catheter. Both pararectal fossa were opened by gentle

FIG. 1.

(a) Minilaparoscopic trocars; (b) Right ovarian suspension with a T-Lift exposing right pararectal space; (c)

Opening of the vesicovaginal space (arrowhead); (d) Opening of the rectovaginal space (asterisk).
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dissection up to the levator ani muscles. In these procedures,
36-cm-long minilaparoscopic instruments (Karl Storz Endo-
skope Minilaparoscopy Instruments Set) were used, choosing
among graspers, cold scissors, suction/irrigation, and the re-
cent 3.5-mm bipolar coagulator (Karl Storz Robi®) (Fig. 1).
Puborectalis muscles were exposed bilaterally using rotating
bipolar forceps and a suction—irrigation device for blunt dis-
section, with identification of the middle rectal artery. The
promomtorium was dissected with large exposition of the
anterior sacral longitudinal ligament. The peritoneum was
opened from promontorium up to the right uterossacral liga-
ment, between the ureter and the right inferior hypogastric
nerve. A wide dissection was performed. We used a polypro-
pylene mesh (Gynemesh PS; Ethicon, Sommersville, NJ) that
was cut in two parts, one for the anterior compartment and the
other for the posterior compartment. The mesh and the sutures
(26 mm Y2 circle needle Ethibond Excel suture; Ethicon) were
introduced in the abdominal cavity through the optical trocar.
The anterior part has a terminal triangular shape and a long arm
that comes up to the promontorium. The posterior part has a
bifurcation to fix on both levator ani muscles (puborectalis)
(Fig. 2).

The apex of the anterior triangular-shaped mesh was fixed
in the dissected vesicovaginal space with a nonabsorbable,
braided surgical suture comprising polyethylene terephthal-
ate, Ethibond Excel suture (Ethicon). Sutures to the vagina
were performed tangentially to minimize the risk of postop-
erative erosion of the suture material. The two arms of the
posterior mesh were fixed with two Ethibond® sutures in both
puborectalis muscles bilaterally.

A suture was used to fix the anterior mesh to the left uter-
osacral ligament and the posterior mesh, and a second su-
ture was used to fix the anterior mesh to the right uterosacral
ligament and the posterior mesh. The anterior and posterior
meshes were used to replace the damaged fascias. After both

FIG. 2.

meshes were attached, the long arm of the anterior mesh was
fixed on the promontory with a unique suture that passed
through all of the ligament thickness (Fig. 3).

The surgeon tested sacral fixation. The peritoneum in-
volving the arm of the mesh was closed with a monofila-
ment absorbable suture. All of the mesh was covered by
peritoneum.

In the MLSC group, dissection, coagulation, and intra-
corporeal sutures were performed only with 3-mm instru-
ments. Any small bleeding was immediately controlled with
the bipolar instrument. The threads and needles were removed
from abdominal cavity by a unique very small transabdominal
hole using a BERCI fascial closure instrument (Karl Storz).
This technique for suture removal was used to avoid excessive
minitrocar manipulations that could interfere with the efficient
performance of the procedure.

In the conventional laparoscopy group, 5-mm conven-
tional laparoscopic instruments (Karl Storz Endoskope In-
struments Set) were used and the technique was similar to the
one described before with the smaller instruments.

All surgical endoscopic procedures were recorded on an
AIDA® (Advanced Image and Data Archiving System) de-
vice from Karl Storz.

Duration of operation was defined as the interval between
the initial skin incision and skin closure. Intraoperative and
postoperative surgical complications were classified as de-
scribed by Satava'® and Dindo et al.,'* respectively. Hospital
stay was defined as the number of days spent in the hospital
after surgery. Estimated blood loss was assessed from the
contents of suction devices.

Postoperative follow-up

All patients were managed with the same standardized
anesthetic protocol and postoperative analgesic therapy.

(a) Minilaparoscopic versus conventional rotating bipolar dissectors; (b) Promontorium dissected: longitudinal

sacral ligament (arrowhead), superior hypogastric nerve (asterisk); (c¢) Dissection of the right pararectal fossa, right ureter

(asterisk); (d) Posterior mesh (arrowhead).
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FIG. 3.

(a) Cutting the thread that fixed the mesh to the promontorium; (b) Final view after mesh peritonization; (c)

Anatomic cure 30 days after minilaparoscopic sacrocolpopexy; (d) scars (asterisk) immediately after 3-mm trocar removal;

(e) scar assessment 7 days after surgery (asterisk).

Postoperative pain assessment (at 12 hours after surgery and
at discharge) was performed in all patients by using a val-
idated Visual Analog Pain Scale (VAPS) scored from O to
10 (0=no pain; 10=agonizing pain). Patients were allowed
to go home when they were fully mobile, apyrexial, and
passing urine satisfactorily.

The Patient and Observer Scar Assessment Questionnaire
(POSAS)'® was filled by the patients and observer after 3
months on ambulatory regime. The observer was a blinded
nurse that accepted to participate in the study. An ambulatory
consultation and an anatomic assessment were also done after
this period. De novo symptoms, defined as symptoms that
were not present before surgery, but were present on subse-
quent visits, were evaluated. Anatomic cure, defined as the
absence of stage II prolapse or more at any anatomical site,
was also assessed.

Statistical analyses

The IBM® Statistical Package for Social Sciences (SPSS),
version 20, was used for statistical analysis. Chi-square test
was used for categorical variables. Age, body—mass index
(BMI), operative time, blood loss, and hospital stay were
compared using Student’s r-test for independent groups.
POSAS parameters were studied using the Mann—Whitney
test. The criterion for statistical significance was set at P <.05
for all comparisons.

Results

Twenty patients underwent minimally invasive SC, 11 by
conventional laparoscopy and nine by minilaparoscopy. All of
them were performed by the same surgical team at our insti-
tution with the use of 5- or 3-mm instruments (Karl Storz),
respectively. The two groups were similar with respect to sex,
age, BMI, prolapse grade, and surgical history (Table 1).

Conventional LSC took approximately the same time as
MLSC, 172 (148-197) minutes versus 166 (149-183) min-
utes; however, higher BMIs seem to be associated with lon-
ger operative times, mainly in the MLSC group (P <.05).
Four patients in the MLSC group were discharged home
within less than 24 hours after surgery; however, no statistical
differences were found between the two groups in terms of
hospitalization length. There were no cases of middle sacral
or pararectal fossa vessel bleeding and no bowel, bladder, or
ureteral injuries. One patient, in the MLSC group, had a small
bleeding from the vagina during the vesicovaginal dissection

TaBLE 1. CLINICAL AND DEMOGRAPHIC DATA

Conventional
laparoscopic ~ Minilaparoscopic
sacrocolpopexy  sacrocolpopexy P
Total patients, n 11 9 ns
Mean age, 60.7£7.5 61.5+8 ns
years (SD)
Mean BMI, 252+2.7 24.1%+2.7 ns
Kg/m? (SD)
POP-Q
I — — ns
II 4 5 ns
I 5 3 ns
v 2 3 ns
Previous 4 6 ns
abdominal
hysterectomy
Previous vaginal 7 5 ns
hysterectomy
Cesarean section 8 4 ns

BMI, body-mass index; ns, nonsignificant (P>.05); POP-Q,
Pelvic Organ Prolapse Quantification.
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immediately controlled by a minilaparoscopic bipolar dis-
sector. Overall, there was no relevant intra- or postoperative
complication (Table 2).

The pain scores (VAPS) at 12 hours after surgery and at
discharge were similar in conventional laparoscopy and
MLSC (P>.05) (Table 3). At 3 months’ consultation, pa-
tients were asymptomatic, the anatomic cure rate was 100%,
and there was a statistically significant reduction in nearly all
the POSAS parameters when comparing LSC and MLSC
(P<.05) (Table 4).

Discussion

Laparoscopic surgery has developed rapidly in recent years.
The LSC, which evolved from the classical abdominal SC,
provides a shorter hospital stay, better hemostasis, and less
pain than the open procedure. Better hemostasis is due to fine
dissection and better visualization of the presacral, pararectal,
and common iliac vessels. From a conceptual point of view, if
abdominal SC corresponds to a palliative treatment of genital
organ prolapse, the laparoscopic approach will actually pro-
vide a real reconstructive surgical procedure.'®

A recent, randomized controlled trial confirmed that LSC
is equally effective as open abdominal SC.!” With a recent
emphasis on diminishing the visibility of scars, minilaparo-
scopy has reemerged as an appealing option for surgeons. As
far as ML hysterectomy is concerned, Ghezzi et al.'® showed
that ports could safely be reduced in size without a negative
impact on the surgeon’s ability to perform hysterectomy in
patients with early-stage endometrial cancer. Our first re-
ported cases of MLSC'' have been reevaluated and they
presented very positive anatomical and functional results.

The present preliminary study suggests that minilaparo-
scopy can be successfully and safely applied to SC for vaginal
vault prolapse after hysterectomy, with similar periopera-
tive outcomes compared with standard laparoscopy. In par-
ticular, no significant differences in operative time, blood
loss, and pelvic prolapse correction, as well as complications

TABLE 2. SURGICAL OUTCOMES

Conventional
laparoscopic ~ Minilaparoscopic
sacrocolpopexy  sacrocolpopexy P

Mean operative
time, minutes

166 (149-183) 172 (148-197) ns

(range)

Mean operative 80 (55-115) 75 (50-130) ns
blood loss,
mL (range)

Mean hospital 2.210.6 1.71£0.64 ns

stay, days (SD)

Intraoperative complications
None 11 8 ns
Satava grade 1 0 1 ns
Satava grade 2 0 0 ns
Postoperative complications
None 11 9 ns
Clavien—Dindo 0 0 ns
grade I
Clavien-Dindo 0 0 ns

grade 11

TABLE 3. PAIN ASSESSMENT

Conventional
laparoscopic Minilaparoscopic
sacrocolpopexy sacrocolpopexy P
VAPS
Postoperative 2.36 (0.81) 2.09 (0.94) ns
12 hours
Discharge 1.1 (0.7) 0.81 (0.75) ns

VAPS, Visual Analog Pain Scale (0-10 Numeric Pain Rating
Scale).

(Satava, Clavien—Dindo), were observed between LCSC and
MLSC groups.

The shorter hospital stay in the minilaparoscopic group
may be a cost-effective alternative in the way that it may be
scheduled in an ambulatory surgery regime (<24 hours of
hospitalization).

In a prospective comparative study, Porpiglia et al. showed
that patients who underwent minilaparoscopic pyeloplasty
were significantly more satisfied with their cosmetic out-
comes than those who were submitted to a standard laparo-
scopic approach.'® A better cosmetic outcome using smaller
trocars has also been reported in general surgery literature
through comparative studies on standard laparoscopic cho-
lecystectomy.’° At 3 months’ consultation, after POSAS
Questionnaire,'® we reported significantly better scores in the
MLSC group than in the patients approached by traditional
laparoscopic instruments.

Possible mystifications regarding 3-mm instruments
may include poor grasping ability, weak manipulation, and
difficulty during dissection and development of anatomical
spaces.®!” Nevertheless, several investigations in the field of
gynecologic and nongynecologic surgery suggest that down-
sizing abdominal ports allows equal or better surgical results
compared with standard laparoscopic procedures.”*'* In ad-
dition, the use of small-diameter laparoscopes and instruments

TABLE 4. MINILAPAROSCOPIC AND LAPAROSCOPIC PATIENT
AND OBSERVER SCAR ASSESSMENT QUESTIONNAIRE VALUES
(MANN—WHITNEY TEST FOR STATISTICAL ANALYSIS)

Conventional
laparoscopic ~ Minilaparoscopic
sacrocolpopexy  sacrocolpopexy
Parameter (median value) (median value) P
Vascularity 3 2 2
Pigmentation 4 1 .05
Thickness 4 2 .03
Relief 4 2 .02
Pliability 4 2 .06
Overall 4 2 .03
(observer)
Pain 3 2 .08
Itching 3 2 12
Color 5 3 <.01
Hardness 4 2 .02
Thickness 4 2 <.01
Shape 5 2 <.01
Overall 4 2 .01
(patient)
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is feasible with low carbon dioxide pressures,” thereby re-
ducing possible complications related to pneumoperitoneum.

We recognize some specificities and possible limitations
of minilaparoscopic instruments, such as higher susceptibil-
ity to bending, resulting in an increased difficulty when dis-
section is carried out on a very hard fibrous tissue. Obesity
may represent a challenge to minilaparoscopic instruments
because intraperitoneal access could be more demanding and
low insufflation pressures can be insufficient to lift the weight
of the abdomen and provide a good view. However, these
potential technical problems did not alter our ability to safely
and effectively perform MLSC. In the present study, we
observed that minilaparoscopic instruments were very effi-
cient in suturing vessels and nerve identification, allowing
precise hemostasis and nerve preservation.

We can assume that the adequacy of SC is mainly deter-
mined by the expertise of the surgeon rather than by the
caliber of the instruments used. Indeed, we decided to adopt a
minilaparoscopic approach to SC only after overcoming our
learning curve with conventional laparoscopy. Under this
view, our findings must be interpreted cautiously since gen-
eralization of these results in less experienced hands is far
from guaranteed. Finally, costs of minilaparoscopic instru-
ments overlap conventional ones, although with expected
shorter durability. The smaller incisions and miniature tools
involved in minilaparoscopy may provide somewhat better
cosmetic results and shorter hospital stays that should be
balanced at the end.

In a very short future, the new ultrahigh-definition cameras
will succeed in surgery, therefore more precise and delicate
instruments must follow this better image resolution. We are
firmly convinced that these minilaparoscopic instruments
will have a strong role in this next video camera generation. It
will be possible to join a more accurate picture to a more
precise tool. As described recently, LSC should be a nerve-
sparing technique.?® This more precise combined approach
will help in nerve preservation and other anatomical delicate
structure identification.

Some study limitations should be acknowledged such as
the sample size and the absence of randomization. The ex-
perience with this technique is very small and follow-up
limited. Despite these restraints, to the best of our knowledge,
this represents the first study that compares minilaparoscopic
versus LSC using validated assessment tools (i.e., POSAS,
VAPS) and our results indicate that the ML approach might
offer a better surgical scar from the patient’s and observer’s
point of view. Thus, further studies are necessary in this field.

By reproducing the principles of standard laparoscopy, and
with predictable improvements of 3-mm instruments and
higher definition cameras, we predict that MLSC can be re-
garded as an excellent option to POP correction.

Conclusions

Minilaparoscopy is a feasible and attractive approach for
SC as it enhances cosmetics, keeping the low morbidity as-
sociated with the classical laparoscopic approaches.
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Abstract

Introduction: Sacrocervicopexy is a procedure similar to sacrocolpopexy, in which a graft material is
used to suspend the cervix to the anterior longitudinal ligament of the sacrum. Sacrocervicopexy can be
performed either with uterine preservation or after supracervical hysterectomy!= This procedure
definitely avoids the risk of mesh erosion. Moreover, it preserves the integrity of the uterosacral and
cardinal ligaments, which are the main supports of the vaginal apex? Minilaparoscopy limits tissue
trauma and improves cosmesis .’

Design: We report a video explaining the technique and evaluated the effectiveness of our first four cases

of minilaparoscopic subtotal hysterectomy (MLSH) and sacrocervicopexy to resolve isolated pelvic
central compartment uterine prolapse, with posterior cul-de-sac specimen extraction® We assessed the
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reduction of prolapse-related symptoms, operative and postoperative complications, and patient
satisfaction.

Setting: A tertiary university hospital.

Patients: Four women with symptomatic isolated pelvic central compartment uterine prolapse (pelvic
organ prolapse quantitative stage 2) without urinary complaints.

Interventions: Four ports were made in all patients: a 5-mm infraumbilical port for the laparoscope and
three 3.5-mm ports (right and left paraumbilical and suprapubic). MLSH was performed using a 3-mm
bipolar grasping dissector device and reusable monopolar scissors. Uterus was transected from cervical
stump using monopolar. Sacrocervicopexy was performed using a triangle-shaped polypropylene mesh
with one right arm that was fixed on the vagina and on the sacral promontory with a nonabsorbable
braided surgical suture. Reperitonealization over the mesh was performed using a running monofilament
absorbable suture. Finally, the posterior cul-de-sac was incised, the specimen was removed vaginally,
and the cuff was closed.

Results: The mean age of the patients was 61.3 years. The operation was performed successfully with
no intraoperative or postoperative complication in all cases. Mean operative time was 123 £28 minutes
and mean blood loss was 34 mL. At the patients’ fourth week postoperative visits, no prolapse in any
compartment was identified. There were no operative complications related to colpotomy incision and no
cases of postoperative vaginal cellulitis or pelvic infection were reported. Patients reported only minimal
pain on the day after the surgery and were overall very satisfied especially with the cosmetic results. No
new onsets of urinary symptoms following the procedure were found.

Conclusion: This video demonstrates a feasible method for performing supracervical hysterectomy and
sacrocervicopexy using minilaparoscopic instruments with specimen removal through the posterior
vaginal cul-de-sac.

No competing financial interests exist.
Runtime of video: 8 mins 18 secs
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Discussion

The term disease broadly refers to any condition that impairs the normal
functioning of the body. For this reason, diseases are associated with
dysfunctioning of the body’s normal homeostatic process (Emson 1987).

During our daily medical practice, we as physicians work intensively to offer
the best treatment outcomes to our patients. To reach this final goal, the
best approach strategy for each patient and his disease should be well
organized. According to our point of view, there are three aspects that we
should routinely take into consideration. The first point that should be focused
is the disease itself. We should be aware of the disease pathology and its
biological behavior in order to offer the most efficient treatment as soon as
indicated. The second aspect we have to consider is the evaluation of the
patient health beyond the disease (extra-disease health or health reserve).
Health is the ability of individuals or communities to adapt and self-manage
when facing physical, mental or social challenges (Huber, Knottnerus et
al. 2011). When confronted with physiological stress, a healthy organism
is able to mount a protective response, to reduce the potential for harm,
and restore an (adapted) equilibrium (McEwen 2003). Therefore, we should
assess the patient’s “health reserve” while planning his treatment. We must
tailor our disease management to reduce the amount of collateral damage,
or side effects, what would impair the patient's extra-disease health.
Therefore, if the health reserve is low we should not be radical, but offer an
accurate and selective approach towards the disease and always balance
the benefit-risk relationship before deciding an intervention. The third phase
should consist in organizing the finest strategy for treatment approach. The

disease management can include medical or surgical treatments.
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In a surgical approach, three aspects should be taken into account: i) surgical
access; ii) extension of surgical dissection and; iii) amount of extirpated/
excised material/tissue.

The size or dimension of the surgical access should be the smallest possible
to cause the lowest operative damage.

The extension of operative dissection should be the minimal required in
order to avoid unnecessary trauma or morbidity related to the procedure
(e.g. lymphocele after lymphadenectomy or nervous injury during genital
prolapse correction).

The amount of extirpated or excised material should be the lowest necessary.
No need to remove extra tissue what may cause supplementary damage.
We should tailor the surgery to reach our three previous aims for reducing
the surgical aggressiveness to the minimum possible.

The surgical evolution that happened in last century has dramatically
changed the treatment outcomes of many diseases. This transformation
has been transversal to the different medical specialties. Not many years
ago, it was possible to hear a quotation that described surgeons’ views of
themselves: “Big hole, big surgeon.” In other words, the collateral damage
of incisions for access was not relevant to the surgeon. Meanwhile, several
surgeons contributions began a “change”, where bigger is no longer better,
and what is easy for the patient dictates their views.

In recent years, the laparoscopic progression has been remarkably rapid. No
longer is the default procedure an open one; it is fair to say that the current
state of the art in most surgical scenarios makes the standard procedure
one done with scopes. The entire field of minimal access surgery and its
application has not been just a set of tools and technologies but a new way
of thinking (Nezhat, Nezhat et al. 2013).

In the gynecology field, minimally invasive surgery has also faced a convincing
progress. From the time that the surgeon looked through the scope up to
the time that we are using minilaparoscopic instruments, the technology has
offered the possibility to decrease the instruments size, the surgical trauma,
the post-operative pain and recovery time.

Recently, minilaparoscopic surgical techniques have benefited from additional
products development with a focus on improving instruments strength and
optics. The transition from 10- to 5-mm ports was a change from big to
small, whereas the transition from 5 to 3 mm is visible to invisible (Krpata
and Ponsky 2013). The main advance of minilaparoscopic surgery, involving

the use of miniaturized scopes and instruments, is the reduction in abdominal
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trauma, consequently causing less postoperative pain and better cosmesis,
since 3-mm incisions generate minimal scarring (Porpiglia, Morra et al. 2012)
(Pini, Goezen et al. 2012). Furthermore, minilaparoscopy offers lower risk
of abdominal wall vascular injuries and minimizes the possibility of wound
infection (Tagaya and Kubota 2012) (Cheah, Lenzi et al. 2001) (Lau and Lee
2002). No incisional hernia has been described after a minilaparoscopic
procedure, differently from conventional laparoscopy approach with 5 mm
and/or 10-12 mm ports (Toub and Campion 1994) (Yamamoto, Minikel et al.
2011) (Tonouchi, Ohmori et al. 2004, Hosono and Osaka 2007, Sajid, Khan et
al. 2009, Yamamoto, Minikel et al. 2011) (Ghezzi, Cromi et al. 2005, Ghezzi,
Cromi et al. 2009). An additional advantage of this technology is that there
is no need for a new challenging learning curve, since it maintains the same
principals of triangulation resembling standard laparoscopic surgery (Pini,
Goezen et al. 2012, Porpiglia, Morra et al. 2012, Krpata and Ponsky 2013).
Trying to minimize the aggressiveness of laparoscopic surgery in gynecology,
we aimed to test the feasibility of minilaparoscopic instruments to perform
innovative procedures in the gynecology field like SLN approach and nerve
sparing genital prolapse correction.

The SLN is the hypothetical first lymph node or group of nodes draining a
cancer. In case of established cancerous dissemination it is postulated that
the SLN/s is/are the target organs primarily reached by metastasizing cancer
cells from the tumor. Thus, SLN can be totally void of cancer because they
were detected prior to dissemination. SLN biopsy has been one of the most
important innovations in surgical oncology in recent years; it is being reported
as a less invasive procedure that brings more information to clinicians
(Frumovitz, Ramirez et al. 2008) (Oonk, van de Nieuwenhof et al. 2009). SLN
techniques are now part of the standard treatment for breast cancer (Carlson,
Allred et al. 2011), melanoma (Coit, Andtbacka et al. 2013), and selected
cases of vulvar cancer (Van der Zee, Oonk et al. 2008).

The application of the SLN concept for malignancies of intra-abdominal
organs is still under evaluation and testing. In uterine cancers, SLN biopsy
holds the hope of more accurate identification of uterine drainage and staging
of the primary tumor, as well as, potential applications in fertility-sparing
surgical procedures (Levenback 2008). In SLN biopsy-negative patients,
regional lymphadenectomy may no longer be a requirement, promising fewer
potential complications such as lymphedema, lymphocele, nerve injury,
vascular injury, and venous thromboembolism. The concept of SLN mapping

is gaining interest and credibility in the management of uterine cancer as
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a valuable compromise between complete lymphadenectomy and no lymph
node dissection at all (Abu-Rustum 2013). It is considered a more accurate
staging procedure due to its increased surgical precision through image-
guided detection and enhanced pathological accuracy through meticulous
ultrastaging (Abu-Rustum 2013). In uterine malignancies the SLN detection
rate is significantly higher through laparoscopy than through laparotomy
after vital dye pericervical injection (Mais, Peiretti et al. 2010). It would
appear perfectly logical to perform lymphatic mapping laparoscopically. The
advantages are several and obvious: first, the laparoscopic surgical approach
allows a more delicate and bloodless dissection of the retroperitoneum;
second, laparoscopy permits magnification of the image, which facilitates
visualization of colored lymphatic vessels; and third, if positive nodes are
identified, the surgeon has the opportunity to end the procedure, thus
avoiding radical hysterectomy, and offer to patients chemoradiation with
minimal delay and reduced morbidity compared with laparotomy.

We attempted to combine the SLN concept with another minimally invasive
approach like is the application of 3 mm minilaparoscopic instruments
(Figure 1). For this purpose, we prepared a protocol where we used these
smaller instruments for SLN harvesting in porcine models after uterine

cervical injection of a dye.

MINI Laparoscopy: Instruments < 3mm
A=Txr

3mm: 2,25T 5mm:6,25T 10mm:25T
3X 11X

Figure 1 — The instruments cross sectional area is estimated by A=nr2. The 5mm caliber
instruments have approximatively three times more area than the 3 mm ones. The 10 mm
caliber instruments have approximatively eleven times more area than the 3 mm caliber

instruments.

In the first experimental series, we used blue dye for SLN identification

and a transperitoneal/intraperitoneal access for SLN harvesting by
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minilaparoscopy (Aim 1a - Chapter 3).

The transperitoneal approach for lymphadenectomy has been the traditional
choice. The extensive working field and the relative easy port placement
as well as the minimal risk of lymphocele are some of the strong points of
the transperitoneal approach (Pakish, Soliman et al. 2014). The potential
disadvantages of the transperitoneal technique could include the risk of
bowel injury or accidental perforation, the risk of vascular injuries, the
need of severe Trendelenburg positioning of the patient that may have
deep impact especially on patients with cardiopulmonary problems and
increased intraocular pressure (Chon, Bush et al. 2012) (Gkegkes, Karydis
et al. 2014). In case of previous surgeries or radiotherapy, the high risk of
intraperitoneal adhesions may severely impair a transperitoneal approach
to the lymph nodes.

We attested the feasibility of the minilaparoscopic surgical approach for
identification, dissection, and excision of SLN after blue dye cervical injection.
This procedure might be considered a potentially better alternative to reduce
morbidity during staging procedures for gynecological malignancies

In towards to explore different SLN approaches, a second phase of
experiments was performed to test the feasibility of SLN identification and
removal by an extraperitoneal access using ICG dye and a special video
camera in a porcine model (Aim 1b - Chapter 4). According to previous
literature, the restricted and narrow extraperitoneal space can cause an
additional difficulty in standard use of bmm laparoscopic instruments
(Carvalho, Cavazzola et al. 2013). Therefore, our research team tried those
smaller 3 mm instruments in that limited space and SLN harvesting by an
extraperitoneal access.

Dargent and Salvat reported the first use of conventional 5mm laparoscopic
instruments for extraperitoneal lymphadenectomy in women with
gynecologic cancers (Querleu, Dargent et al. 2000). The extraperitoneal
approach in comparison to the standard transperitoneal one presents a
number of potential advantages. Extraperitoneal laparoscopy leads to fewer
postoperative adhesions than transperitoneal approach, lowering the risk
of postoperative radiation-related complications (Occelli, Narducci et al.
2000). Additionally, as the peritoneal cavity is untouched (bowel protected
by the peritoneal sac), complications such as postoperative ileus, intestinal
obstruction, electrosurgical bowel injury or unrecognized enterotomy due
to traction or dissection are eliminated (Ramirez and Milam 2007)(Dargent,

Ansquer et al. 2000). Extraperitoneal techniques may reduce the time taken
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to access the lymphatic channels since adhesiolysis and bowel mobilization
is unnecessary. The ureter is automatically mobilized out of the dissection
field by attachment to the peritoneal envelope. Previous abdominal surgery,
radiotherapy, and chemotherapy do not complicate the extraperitoneal
approach. Since the peritoneal sac acts as a natural retractor, fewer
instruments may be needed. It is anatomically and surgically more logical as
it is carried out on the left-hand side (providing better access to the aortic
territory lymph nodes) (Franco-Camps, Cabrera et al. 2010). Finally, there
is potentially less pain caused by diaphragmatic irritation from CO, gas.
The low incidence of postoperative complications and minimal hospital stay
promote early initiation of adjuvant therapy.

The ICG has revealed to be an excellent alternative to the combination of
blue dye and technetium radionuclide for SLN identification (Spear 2011). It
has widespread uses in hepatic, cardiac, and ophthalmologic studies, and
its use in analyzing tissue perfusion and identifying SLN in cancer staging
is recently gaining popularity (Reinhart, Huntington et al. 2015). The ICG
fluorescent dye relies on a fluorometrically capable camera and appears
green when excited by light in the NIR range. It has the potential advantage
of being readily visible through visceral fat and has a higher detection rate
than blue dye in SLNs. The increasing body mass index (BMI) is negatively
associated with successful mapping after blue dye use, but not with ICG
application (Sinno, Fader et al. 2014). NIR fluorescence imaging using
ICG may improve SLN technology in cervical and endometrial cancers by
increasing the rate of bilateral SLN mapping without the added cost and
inconvenience of technetium (Jewell, Huang et al. 2014) (Ditto, Martinelli
et al. 2015). This technique has proven feasible both in breast and skin
cancer patients, with comparable to or slightly better detection rates than
conventional techniques like 99mTe (Troyan, Kianzad et al. 2009) (Fujiwara,
Mizukami et al. 2009).

In our research, we confirmed that it is feasible and reliable the SLN removal
by a retroperitoneoscopic approach using minilaparoscopic instrumentation
after ICG dye cervical injection. This was also compared with conventional
5-mm laparoscopic instruments (Aim 1b - Chapter 4). During these
experiments, researchers found that those smaller minilaparoscopic
instruments could offer a better surgical approach in the narrow and
restricted extraperitoneal space. In our comparative study, the operating
time with minilaparoscopic instruments was shorter than with the 5-mm

conventional instruments (P=.042) without major complications. According
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to the best of authors’ knowledge, this was the first comparative study
that compared the use of mini (3mm) laparoscopic instruments with the
use of conventional (5 mm) laparoscopic instruments in an extraperitoneal
approach for SLN removal.

In these previously described two studies (Chapters 3, 4), we used two
different accesses (intraperitoneal and extraperitoneal) for SLN resection
and two distinctive dies for SLN coloring (methylene blue and indocyanine
green). In both works, we compared the use of the 3 mm minilaparoscopic
instruments versus the standard 5 mm laparoscopic devices. The research
team found those thinner instruments to be very functional with no increase
in complexity. The new minilaparoscopic rotating bipolar instrument greatly
facilitates a bloodless, precise tissue dissection, shortens the operation
time, prevents unnecessary application of intraperitoneal foreign bodies,
reduces the costs, and brings more convenience to the surgeon. Sealing
of lymphatic channels with bipolar minilaparoscopic grasper was also
tried and apparently well accomplished. We concluded that the use of the
smaller instruments is feasible and may be advantageous in comparison to
the conventional ones. After a literature review, we should state that these
are the initial studies that compare mini laparoscopic versus conventional
laparoscopic approaches for these types of procedures.

We confirmed the enhanced view referred in previous studies offered by
the use of these smaller instruments. A surgeon who uses minilaparoscopy
can work much closer to the subject without being disturbed by the 5-mm
forceps (Carvalho, Cavazzola et al. 2013). Mathematically speaking, we can
find gains up to 2.7 times in magnification when using minilaparoscopic
instruments, as the thinner instruments occupy less of the visual field
(Carvalho, Loureiro etal. 2011, Carvalho, Loureiro et al. 2012). In endoscopic
surgery, peripheral vision is limited by the visual field of the laparoscope.
In this tunnel vision, thinner instruments occupy less space, and a much
better view can be obtained (Carvalho, Cavazzola et al. 2013). The increase
in vision scale seen in laparoscopy does not find a perfect partnership with
conventional 5-mm instruments, and they become coarse instruments for
dealing with more delicate situations, such as biliary anastomosis, resection
of a sympathetic ganglion adherent to the vena cava, or dissection of the
deferens duct from the hernia sac during hernia surgery (Carvalho, Loureiro
et al. 2011, Carvalho, Loureiro et al. 2012).

We tested and confirmed the feasibility of indocyanin green fluorescent dye

for SLN identification by an extraperitoneal access using a special video
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camera in a porcine model (Aim 2 - Chapter 4). The ICG use was of
paramount importance to decrease the surgical time adopting a new image
guided surgery concept. Also, it diminished the amount of extirpated tissue
offering less aggressiveness in our surgical approach.

The strengths of our SLN studies include the controlled setting in which
only a single variable (instruments size) was altered and the same team of
surgeons performed all procedures.

In a third study, we tested these reduced size instruments for genital prolapse
correction (Aim 3 - Chapters 5, 6, 7). We carried out a minilaparoscopic
approach for sacrocolpopexy in humans and we compared it with the
conventional 5-mm laparoscopic instruments. It was also accomplished
sacrocervicopexy after supracervical hysterectomy using the smaller 3 mm
tools. In these procedures, those finer tools were additionally observed for
precise dissection and nerve sparing.

Sacrocolpopexy is the gold standard treatment for vaginal vault prolapse
(Barber and Maher 2013). Pelvic organ prolapse has a prevalence of 3-6%
when based on symptoms and up to 50 % when based on vaginal examination
(Barber and Maher 2013). Specifically, prevalence of apical prolapse ranges
between 0.2% and 43% (Toozs-Hobson, Boos et al. 1998).

The laparoscopic sacrocolpopexy, which allows a quicker recovery, can
be considered a safe and effective procedure for the treatment of vaginal
vault prolapse with a success rate of 95% (Granese, Candiani et al.
2009). It has demonstrated excellent anatomic and functional outcomes
(Sarlos, Brandner et al. 2008) (Sarlos, Kots et al. 2014) (Maher, Feiner et
al. 2011). However, de novo pelvic organ dysfunction has been reported
after laparoscopic sacrocolpopexy (Sarlos, Brandner et al. 2008) (Sarlos,
Kots et al. 2014) (Maher, Feiner et al. 2011) (Forsgren, Zetterstrom et
al. 2010) (Bradley, Nygaard et al. 2007) and may be due to compromise
of nerve fibers of the superior hypogastric plexus (Shiozawa, Huebner et
al. 2010, Cosma, Menato et al. 2013). At laparoscopic sacrocolpopexy
particularly, dissection of the presacral space can compromise fibers of the
superior hypogastric plexus and contribute to postoperative problems such
as incomplete voiding, defecatory dysfunction, pain, and sensory problems
(Bradley, Nygaard et al. 2007) (Shiozawa, Huebner et al. 2010, Cosma,
Menato et al. 2013). The key step is visualization, gentle displacement and
precise preservation of fibers of the superior hypogastric plexus at the level
of the promontory and right pelvic sidewall.

Sacrocervicopexy is a procedure similar to sacrocolpopexy, in which a graft
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material is used to suspend the cervix to the anterior longitudinal ligament
of the sacrum. Sacrocervicopexy can be performed either with uterine
preservation or after supracervical hysterectomy. This procedure definitely
avoids the risk of mesh erosion (Rosati, Bramante et al. 2013). Moreover, it
preserves the integrity of the uterosacral and cardinal ligaments, which are
the main supports of the vaginal apex (Rosati, Bramante et al. 2013).

Our firstreported cases of minilaparoscopic sacrocolpopexy (MLSC) presented
post-operatively very positive anatomical and functional results (Chapter 5).
Moreover, our comparative study suggested that minilaparoscopy can be
successfully and safely applied to sacrocolpopexy for vaginal vault prolapse
after hysterectomy, with similar perioperative outcomes in comparison
to the standard laparoscopy (Chapter 6). In particular, no significant
differences in operative time, blood loss, pelvic prolapse correction, as
well as complications (Satava, Clavien-Dindo) were observed between
conventional laparoscopic sacrocolpopexy and MLSC groups (Satava 2005)
(Dindo, Demartines et al. 2004). The shorter hospital stay in the MLSC group
may be a cost effective alternative in the way that it may be scheduled in
an ambulatory surgery regime (less than 24 hours of hospitalization). At
three months consultation, after Patient and Observer Scar Assessment
Scale (POSAS) Questionnaire (van de Kar, Corion et al. 2005) we reported
significantly better scores in the MLSC group than in the patients approached
by traditional laparoscopic instruments (Chapter 6). Possible mystifications
regarding 3-mm instruments may include poor grasping ability, weak
manipulation, and difficulty during dissection and development of anatomical
spaces (Berci 1998)(Gagner and Garcia-Ruiz 1998). Nevertheless, several
investigations in the field of gynecologic and nongynecologic surgery
suggest that downsizing abdominal ports allows equal or better surgical
results compared with standard laparoscopic procedures (Quattrone,
Cicione et al. 2015) (Ghezzi, Cromi et al. 2008) (Mamazza, Schlachta et al.
2001). In addition, the use of small-diameter laparoscopes and instruments
is feasible with low carbon dioxide pressures (Bogani, Uccella et al. 2014)
thereby reducing possible complications related to pneumoperitoneum.
Obesity may represent a challenge to minilaparoscopic instruments because
intraperitoneal access could be more demanding and low insufflation
pressures can be insufficient to lift the weight of the abdomen and provide
a good view. However, these potential technical problems did not alter our
ability to safely and effectively perform minilaparoscopic sacrocolpopexy.

We observed that minilaparoscopic instruments were very efficient in
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suturing, vessels and nerves identification, allowing precise hemostasis and
nerve preservation. We can assume that the adequacy of sacrocolpopexy is
mainly determined by the expertise of the surgeon rather than by the caliber
of the instruments used. Indeed, we decided to adopt a minilaparoscopic
approach to sacrocolpopexy only after overcoming our learning curve with
conventional laparoscopy. Under this view, our findings must be interpreted
cautiously since generalization of these results in less experienced hands is
far from guaranteed.

Finally, costs of minilaparoscopic instruments overlaps conventional ones,
although its expected shorter durability. The smaller incisions cuts and miniature
tools involved in minilaparoscopy may provide somewhat better cosmetic
results and shorter hospital stays that should be balanced at the end.

The POSAS was developed recently and found to be a useful subjective
evaluation tool for burns scars and it is an appropriate subjective tool for the
evaluation of linear scars (van de Kar, Corion et al. 2005).

Some study limitations should be acknowledged like the sample size and
the absence of randomization. The experience with this technique is very
small, and follows up limited. Despite these restraints, to the best of our
knowledge, this represented the first study that compares minilaparoscopic
versus laparoscopic sacrocolpopexy using validated assessment tools
(i.e., POSAS, Visual Analogue Pain Score) and our results indicate that ML
approach might offer a better surgical scar from the patient’s and observer’s
point of view. Thus, further studies are necessary in this field.

We also carried out minilaparoscopic subtotal hysterectomy and
sacrocervicopexy to resolve isolated pelvic central compartment uterine
prolapse, with posterior cul-de-sac specimen extraction (Chapter 7).
We assessed the reduction of prolapse-related symptoms, operative and
postoperative complications, and patient satisfaction. The operation was
performed effectively with no intraoperative or postoperative complication
in all cases. At the patients’ fourth week postoperative visits, no prolapse
in any compartment was identified. There were no operative complications
related to colpotomy incision and no cases of postoperative vaginal cellulitis
or pelvic infection were reported. Patients reported only minimal pain on
the day after the surgery and were overall very satisfied especially with
the cosmetic results. No new onsets of urinary symptoms following the
procedure were found.

It has been referred that the ideal indication for minilaparoscopic surgeries

are the procedures that do not require specimen extraction, or the ones in
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which the specimen to be removed from the abdominal cavity fits the 10-mm
trocar used for the laparoscope introduction (Dubeux, Carrerette et al. 2016).
However, in gynecology, to remove large specimens from inside the abdominal
cavity, we can make a culdotomy (opening of the posterior vaginal cul de sac)
performing a natural orifice specimen extraction (NOSE) (Chapter 7). Then,
minilaparoscopy has an additional beneficial role in the gynecological field.

In our human studies, all the genital prolapse cases approached by
minilaparoscopy revealed very positive anatomic and functional outcomes. No
case of de novo pelvic organ dysfunction such as incomplete voiding, defecatory
dysfunction, pain, and sensory problems has been reported after surgery.

In a very short future, the new ultra-high definition (UHD) cameras will succeed in
surgery therefore more precise and delicate instruments must follow this better
image resolution. We are firmly convicted that these minilaparoscopic instruments
will have a solid role in this next video cameras generation. It will be possible to join
amore accurate picture to a more precise tool. As described recently, laparoscopic
sacrocolpopexy should be a nerve-sparing technique (Sarlos, Aigmueller et al.
2015). This more precise combined approach will help, even more, in nerves
preservation and other anatomical delicate structures identification.

By reproducing the principles of standard laparoscopy, and with predictable
improvements of 3 mm instruments and higher definition cameras, we predict that

MLSC can be regarded as an excellent option to pelvic organ prolapse correction.

Minilaparoscopic
Versus Conventional
Laparoscopic
Sacrocolpopexy: A
Comparative Study.
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Extraperitoneal
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Figure 2 — Diagram showing the converging of our studies towards our aim of minimizing the

aggressiveness of endoscopic surgery in some pioneering gynecological procedures.

The main advances offered by the use of minilaparoscopic instruments are the
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reduction of abdominal wall trauma and intraoperative injury. Therefore, coming
back to the beginning of our discussion, we have offered a small contribution
for the aggressiveness reduction of endoscopic surgery in some pioneering
gynecological procedures (Figure 2). We tested positively the use of a smaller
surgical access that may cause less stress and trauma to the patient. Using
the SLN concept, an image-guided surgery approach and finer instruments we
have reduced the amount of removed tissue and we may have improved the
quality of surgical dissection preserving small structures like the nerves and the
lymphatics. SLNs mapping seems to have the potential to improve the stage
of the disease with lower morbidity, consequently offering several benefits
for both patients and the health-care system (Benedetti Panici, Basile et al.
2008). If surgeons are able to identify structures more easily with help of NIR
fluorescence imaging, operating and anesthesia time may be reduced, which
simultaneously may reduce costs and associated risks (Handgraaf, Verbeek
et al. 2014). In prolapse correction surgery, we also confirmed that the use of
smaller instruments diminishes the surgical access related trauma and offers
the ability to perform more precise dissection. The anatomical and functional
results were very positive, as well as the recovery time (Chapter 5, 6, 7).
Most of the patients complaining of genital prolapse have an advanced age
and other concomitant morbidities, so our treatment approach must be
even less traumatic in order to avoid any additional damage to their health
reserve. Being less aggressive we can treat patients better and safer, even
if they have a fragile extra-disease health.

Our final goal should be to treat the disease avoiding collateral damage.
In a short future, thanks to the minilaparoscopic smaller instruments,
image guided-surgery and our previous described innovative techniques we
may offer superior outcomes to our patients. This less invasive surgical
treatment also may significantly increase the number of procedures that can

be performed in an ambulatory regime.
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Future Directions

Supported by our promising results, two main research lines appears as
natural consequences of this thesis: i. the performance of a minilaparoscopic
approach to SLN and genital prolapse correction, need validation by other
minimally invasive surgeons with experience in minilaparoscopy from high-
volume centers. A large-scale multicenter study or a multicenter registry
for prospective data collection is therefore warranted to assess this new
less aggressive surgical approach. ii. in a very short future, the UHD image
will be available in many operative rooms and the more detailed image-
guided surgery picture, offered by the new UHD-cameras, will demand more
precise instruments. With a better resolution image, it will be possible to
identify even very small anatomic structures like nerves, minor vessels and
lymphatics. Our impressions are that the minilaparoscopic instruments will
have a decisive role on image-guided surgery, precision and enhanced-image

combination but this will need additional tests.
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Conclusions

With a current emphasis on diminishing the visibility of scars, on increasing
the surgical precision and on decreasing the amount of dissection,
minilaparoscopy has reemerged as an appealing option for surgeons.
Having in the mind the aims of the present dissertation, namely to add
the advantage of minilaparoscopy to the benefit of the SLN concept in
uterine malignancies and to carry out minilaparoscopic sacrocolpopexy and
sacrocervicopexy (nerve sparing techniques) to correct genital prolapse,
main achievements derived from this dissertation are listed below.

e We attested the feasibility of the minilaparoscopic surgical
approach for identification, dissection, and excision of SLN, as well as for
sealing the lymphatic vessels that supply the nodes. This procedure might
be considered a potentially better alternative to reduce morbidity during
staging procedures for gynecological malignancies;

e We confirmed the feasibility and reliability of extraperitoneal
minilaparoscopic approach for identification, dissection, and excision of
SLN using an NIR imaging system and ICG;

e \We demonstrated a feasible method for performing supra-cervical
hysterectomy and sacrocervicopexy using minilaparoscopic instruments
with specimen removal through the posterior vaginal cul-de-sac;

e We confirmed that minilaparoscopy is a feasible and attractive
approach for sacrocolpopexy as it enhances cosmetics, keeping the low
morbidity associated with the classical laparoscopic approaches.

Our research work added an extra contribution to minimize the aggressiveness
of laparoscopic surgery in gynecology (Figure 3). With a smaller access size,
more precise surgical dissection and excising less tissue we save the patients

to extra injury. Simultaneously, we followed the believe that image-guided
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surgery also adds an additional benefit for better outcomes. By this way we
may offer an opportunity of treatment for patients whose health reserve has
not previously allowed an efficient therapeutic approach. That's why we hope to
continue this journey and we expect that other centers will follow this challenge

of reducing even more the laparoscopic aggressiveness in gynecology.



Contribution to Minimize the Aggressiveness of Part Il - Discussion and Conclusions 107

Laparoscopic Surgery in Gynecology













Contribution to Minimize the Aggressiveness of Part V- References 111
Laparoscopic Surgery in Gynecology

References

(1977). “Classic pages in obstetrics and gynecology. Observations on
ovariotomy, statistical and practical. Also, a successful case of entire removal
of the uterus, and its appendages. Charles Clay. Transactions of the Obstetrical

Society of London, vol. 5, pp. 5874, 1864.” Am J Obstet Gynecol 127(6): 671.

A

Abu-Rustum, N. R. (2013). “The increasing credibility of sentinel lymph
node mapping in endometrial cancer.” Ann Surg Oncol 20(2): 353-354.

Abu-Rustum, N. R., F. Khoury-Collado and M. L. Gemignani (2008).
“Techniques of sentinel lymph node identification for early-stage cervical

and uterine cancer.” Gynecol Oncol 111(2 Suppl): S44-50.

Altman, D., T. Vayrynen, M. E. Engh, S. Axelsen, C. Falconer and G. Nordic
Transvaginal Mesh (2011). “Anterior colporrhaphy versus transvaginal
mesh for pelvic-organ prolapse.” N Engl J Med 364(19): 1826-1836.

Ansari, M., M. A. Rad, M. Hassanzadeh, H. Gholami, Z. Yousefi, V. R.
Dabbagh and R. Sadeghi (2013). “Sentinel node biopsy in endometrial
cancer: systematic review and meta-analysis of the literature.” Eur J

Gynaecol Oncol 34(5): 387-401.

Arthure, H. G. and D. Savage (1957). “Uterine prolapse and prolapse of the vaginal
vault treated by sacral hysteropexy.” J Obstet Gynaecol Br Emp 64(3): 355-360.



112 Part IV - References

Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

Atug, F., E. P. Castle, M. Woods, S. K. Srivastav, R. Thomas and R. Davis
(2006). “Transperitoneal versus extraperitoneal robotic-assisted radical

prostatectomy: is one better than the other?” Urology 68(5): 1077-1081.

Autorino, R., J. A. Cadeddu, M. M. Desai, M. Gettman, I. S. Gill, L. R.
Kavoussi, E. Lima, F. Montorsi, L. Richstone, J. U. Stolzenburg and

J. H. Kaouk (2011). “Laparoendoscopic single-site and natural orifice
transluminal endoscopic surgery in urology: a critical analysis of the

literature.” Eur Urol 59(1): 26-45.

B

Baader, B. and M. Herrmann (2003). “Topography of the pelvic autonomic
nervous system and its potential impact on surgical intervention in the

pelvis.” Clin Anat 16(2): 119-130.

Baalbergen, A. and T. J. Helmerhorst (2014). “Adenocarcinoma in situ of the

uterine cervix-a systematic review.” Int J Gynecol Cancer 24(9): 1543-1548.

Barber, M. D. and C. Maher (2013). “Apical prolapse.” Int Urogynecol J
24(11): 1815-1833.

Barber, M. D. and C. Maher (2013). “Epidemiology and outcome assessment

of pelvic organ prolapse.” Int Urogynecol J 24(11): 1783-1790.

Baskett, T. F. (2005). “Hysterectomy: evolution and trends.” Best Practice
& Research Clinical Obstetrics & Gynaecology 19(3): 295-305.

Bats, A. S., A. Frati, P. Mathevet, I. Orliaguet, D. Querleu, S. Zerdoud, E. Leblanc,
H. Gauthier, C. Uzan, D. Deandreis, E. Darai, K. Kerrou, H. Marret, E. Lenain,

M. Froissart and F. Lecuru (2015). “Contribution of lymphoscintigraphy to
intraoperative sentinel lymph node detection in early cervical cancer: Analysis of

the prospective multicenter SENTICOL cohort.” Gynecol Oncol 137(2): 264-269.



Contribution to Minimize the Aggressiveness of Part V- References 1 13
Laparoscopic Surgery in Gynecology

Benedetti Panici, P., S. Basile, F. Maneschi, A. Alberto Lissoni, M. Signorelli,
G. Scambia, R. Angioli, S. Tateo, G. Mangili, D. Katsaros, G. Garozzo, E.
Campagnutta, N. Donadello, S. Greggi, M. Melpignano, F. Raspagliesi,

N. Ragni, G. Cormio, R. Grassi, M. Franchi, D. Giannarelli, R. Fossati, V.

Torri, M. Amoroso, C. Croce and C. Mangioni (2008). “Systematic pelvic
lymphadenectomy vs. no lymphadenectomy in early-stage endometrial
carcinoma: randomized clinical trial.” J Natl Cancer Inst 100(23): 1707-1716.

Berci, G. (1998). “Laparoscopic cholecystectomy using fine-caliber

instruments. Smaller is not necessarily better.” Surg Endosc 12(3): 197.

Biewenga, P., J. van der Velden, B. W. Mol, L. J. Stalpers, M. S. Schilthuis,
J. W. van der Steeg, M. P. Burger and M. R. Buist (2011). “Prognostic
model for survival in patients with early stage cervical cancer.” Cancer
117(4): 768-776.

Birnbaum, S. J. (1973). “Rational therapy for the prolapsed vagina.” Am J
Obstet Gynecol 115(3): 411-419.

Bisgaard, T., B. Klarskov, R. Trap, H. Kehlet and J. Rosenberg (2000).
“Pain after microlaparoscopic cholecystectomy. A randomized double-blind
controlled study.” Surg Endosc 14(4): 340-344.

Bisgaard, T., B. Klarskov, R. Trap, H. Kehlet and J. Rosenberg (2002).
“Microlaparoscopic vs conventional laparoscopic cholecystectomy: a

prospective randomized double-blind trial.” Surg Endosc 16(3): 458-464.

Bogani, G., S. Uccella, A. Cromi, M. Serati, J. Casarin, C. Pinelli and F.
Ghezzi (2014). “Low vs Standard Pneumoperitoneum Pressure During
Laparoscopic Hysterectomy: Prospective Randomized Trial.” Journal of

Minimally Invasive Gynecology 21(3): 466-471.



114 PartlVv- References Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

Bogani, G., S. Uccella, A. Cromi, M. Serati, J. Casarin, C. Pinelli and F.
Ghezzi (2014). “Low vs standard pneumoperitoneum pressure during
laparoscopic hysterectomy: prospective randomized trial.” J Minim Invasive
Gynecol 21(3): 466-471.

Bradley, C. S., I. E. Nygaard, M. B. Brown, R. E. Gutman, K. S. Kenton,
W. E. Whitehead, P. S. Goode, P. A. Wren, C. Ghetti, A. M. Weber and N.
Pelvic Floor Disorders (2007). “Bowel symptoms in women 1 year after

sacrocolpopexy.” Am J Obstet Gynecol 197(6): 642 e641-648.

Bruhat, M. A. and R. Goldchmit (1998). “Minilaparoscopy in gynecology.”
Eur J Obstet Gynecol Reprod Biol 76(2): 207-210.

Buda, A., A. Lissoni and R. Milani (2016). “Sentinel lymph node detection in
endometrial cancer: hysteroscopic peritumoral versus cervical injection.” J

Gynecol Oncol 27(1): ell.

C

Carlson, R. W., D. C. Allred, B. O. Anderson, H. J. Burstein, W. B. Carter,
S. B. Edge, J. K. Erban, W. B. Farrar, A. Forero, S. H. Giordano, L. J.
Goldstein, W. J. Gradishar, D. F. Hayes, C. A. Hudis, B. M. Ljung, D. A.
Mankoff, P. K. Marcom, I. A. Mayer, B. McCormick, L. J. Pierce, E. C.
Reed, J. Sachdev, M. L. Smith, G. Somlo, J. H. Ward, A. C. Wolff, R. Zellars
and N. National Comprehensive Cancer (2011). “Invasive breast cancer.” J

Natl Compr Canc Netw 9(2): 136-222.

Carvalho, G. L., L. T. Cavazzola and P. Rao (2013). “Minilaparoscopic
surgery-not just a pretty face! What can be found beyond the esthetics

reasons?” J Laparoendosc Adv Surg Tech A 23(8): 710-713.

Carvalho, G. L., M. P. Loureiro and E. A. Bonin (2011). “Renaissance of
Minilaparoscopy in the NOTES and single port era.” JSLS 15(4): 585-588.



Contribution to Minimize the Aggressiveness of Part V- References 115
Laparoscopic Surgery in Gynecology

Carvalho, G. L., M. P. Loureiro, E. A. Bonin, C. P. Claus, F. W. Silva, A.

M. Cury and F. A. Fernandes, Jr. (2012). “Minilaparoscopic technique for
inguinal hernia repair combining transabdominal pre-peritoneal and totally
extraperitoneal approaches.” JSLS 16(4): 569-575.

Carvalho, G. L., F. W. Silva, J. S. Silva, P. P. de Albuguerque, M. Coelho
Rde, T. G. Vilaca and C. M. Lacerda (2009). “Needlescopic clipless
cholecystectomy as an efficient, safe, and cost-effective alternative with
diminutive scars: the first 1000 cases.” Surg Laparosc Endosc Percutan
Tech 19(5): 368-372.

Cheah, W. K., P. Goh, M. Gagner and J. So (1998). “Needlescopic
retrograde cholecystectomy.” Surg Laparosc Endosc 8(3): 237-238.

Cheah, W. K., J. E. Lenzi, J. B. So, C. K. Kum and P. M. Goh (2001).
“Randomized trial of needlescopic versus laparoscopic cholecystectomy.”
Br J Surg 88(1): 45-47.

Chen, J. S., H. H. Hsu, S. W. Kuo, P. R. Tsai, R. J. Chen, J. M. Lee and Y.
C. Lee (2003). “Needlescopic versus conventional video-assisted thoracic
surgery for primary spontaneous pneumothorax: a comparative study.” Ann
Thorac Surg 75(4): 1080-1085.

Chock, A., S. Seslar, E. Stoopen, A. Tristan, H. Hashish, J. J. Gonzalez and
M. E. Franklin, Jr. (2003). “Needlescopic appendectomy.” Surg Endosc
17(9): 1451-1453.

Chon, H. S., W. D. Bush, C. W. Kang and M. Hoffman (2012). “Robotic-
assisted resection of isolated paraaortic lymph node recurrence with right

lateral decubitus position.” Journal of Robotic Surgery 7(2): 205-207.



1 ]_6 Part IV - References Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

Coit, D. G., R. Andtbacka, C. J. Anker, C. K. Bichakjian, W. E. Carson, 3rd,
A. Daud, D. Dimaio, M. D. Fleming, V. Guild, A. C. Halpern, F. S. Hodi, Jr.,
M. C. Kelley, N. I. Khushalani, R. R. Kudchadkar, J. R. Lange, A. Lind, M. C.
Martini, A. J. Olszanski, S. K. Pruitt, M. I. Ross, S. M. Swetter, K. K. Tanabe,
J. A. Thompson, V. Trisal, M. M. Urist, N. McMillian, M. Ho and N. National
Comprehensive Cancer (2013). “Melanoma, version 2.2013: featured
updates to the NCCN guidelines.” J Natl Compr Canc Netw 11(4): 395-407.

Cosin, J. A., J. M. Fowler, M. D. Chen, P. J. Paley, L. F. Carson and L. B.
Twiggs (1998). “Pretreatment surgical staging of patients with cervical

carcinoma: the case for lymph node debulking.” Cancer 82(11): 2241-2248.

Cosma, S., G. Menato, M. Ceccaroni, G. L. Marchino, P. Petruzzelli, E. Volpi
and C. Benedetto (2013). “Laparoscopic sacropexy and obstructed defecation

syndrome: an anatomoclinical study.” Int Urogynecol J 24(10): 1623-1630.

Creasman, W. T. and M. F. Kohler (2004). “Is lymph vascular space
involvement an independent prognostic factor in early cervical cancer?”

Gynecol Oncol 92(2): 525-529.

Creasman, W. T., C. P. Morrow, B. N. Bundy, H. D. Homesley, J. E.
Graham and P. B. Heller (1987). “Surgical pathologic spread patterns of
endometrial cancer. A Gynecologic Oncology Group Study.” Cancer 60(8

Suppl): 2035-2041.

D

Dargent, D., Y. Ansquer and P. Mathevet (2000). “Technical
development and results of left extraperitoneal laparoscopic paraaortic

lymphadenectomy for cervical cancer.” Gynecol Oncol 77(1): 87-92.



Contribution to Minimize the Aggressiveness of Part V- References 117
Laparoscopic Surgery in Gynecology

Darin, M. C., N. R. Gomez-Hidalgo, S. N. Westin, P. T. Soliman, P. F.
Escobar, M. Frumovitz and P. T. Ramirez (2015). “Role of Indocyanine
Green in Sentinel Node Mapping in Gynecologic Cancer: Is Fluorescence

Imaging the New Standard?” J Minim Invasive Gynecol.

Davila, G. W., K. Baessler, M. Cosson and L. Cardozo (2012). “Selection
of patients in whom vaginal graft use may be appropriate. Consensus of
the 2nd IUGA Grafts Roundtable: optimizing safety and appropriateness of
graft use in transvaginal pelvic reconstructive surgery.” Int Urogynecol J
23 Suppl 1: S7-14.

De Alvarez, R. R. (1977). Textbook of gynecology. Philadelphia, Lea &
Febiger.

de Carvalho, G. L. and L. T. Cavazzola (2010). “Can mathematic formulas

help us with our patients?” Surgical Endoscopy 25(1): 336-337.

Delgado, G., B. Bundy, R. Zaino, B. U. Sevin, W. T. Creasman and F.
Major (1990). “Prospective surgical-pathological study of disease-free
interval in patients with stage IB squamous cell carcinoma of the cervix: a

Gynecologic Oncology Group study.” Gynecol Oncol 38(3): 352-357.

Dindo, D., N. Demartines and P. A. Clavien (2004). “Classification of
surgical complications: a new proposal with evaluation in a cohort of 6336

patients and results of a survey.” Ann Surg 240(2): 205-213.

Ditto, A., F. Martinelli, G. Bogani, A. Papadia, D. Lorusso and F. Raspagliesi
(2015). “Sentinel node mapping using hysteroscopic injection of
indocyanine green and laparoscopic near-infrared fluorescence imaging in

endometrial cancer staging.” J Minim Invasive Gynecol 22(1): 132-133.

Dubeux, V. T., F. Carrerette, G. Pecanha, L. Medeiros, P. Gabrich, J. Milfont
and R. Damiao (2016). “Minilaparoscopy in urology: initial results after 32
cases.” World J Urol 34(1): 137-142.



1 ]_8 Part IV - References Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

E

Echt, M. L., M. A. Finan, M. S. Hoffman, R. C. Kline, W. S. Roberts and J.
V. Fiorica (1999). “Detection of sentinel lymph nodes with lymphazurin in

cervical, uterine, and vulvar malignancies.” South Med J 92(2): 204-208.

Emson, H. E. (1987). “Health, disease and illness: matters for definition.”

CMAJ 136(8): 811-813.

Ercoli, A., V. Delmas, V. lannone, A. Fagotti, F. Fanfani, G. Corrado, G.
Ferrandina and G. Scambia (2010). “The lymphatic drainage of the uterine
cervix in adult fresh cadavers: anatomy and surgical implications.” Eur J

Surg Oncol 36(3): 298-303.

F

Fagotti, A., D. M. Boruta, 2nd, G. Scambia, F. Fanfani, A. Paglia and P. F.
Escobar (2012). “First 100 early endometrial cancer cases treated with

laparoendoscopic single-site surgery: a multicentric retrospective study.”
Am J Obstet Gynecol 206(4): 353 e351-356.

Fanfani, F., A. Fagotti, M. L. Gagliardi, G. Monterossi, C. Rossitto, B.
Costantini, S. Gueli Alletti, G. Vizzielli, A. Ercoli and G. Scambia (201 3).
“Minilaparoscopic versus single-port total hysterectomy: a randomized
trial.” J Minim Invasive Gynecol 20(2): 192-197.

Fanfani, F., A. Fagotti, C. Rossitto, M. L. Gagliardi, A. Ercoli, V. Gallotta, S. Gueli Alletti, G.
Monterossi, L. C. Turco and G. Scambia (2012). “Laparoscopic, minilaparoscopic and

singleport hysterectomy: perioperative outcomes.” Surg Endosc 26(12): 3592-3596.

Fanfani, F., V. Gallotta, A. Fagotti, C. Rossitto, E. Piovano and G. Scambia
(2013). “Total microlaparoscopic radical hysterectomy in early cervical

cancer.” JSLS 17(1): 111-115.



Contribution to Minimize the Aggressiveness of Part |V - References 1 19

Laparoscopic Surgery in Gynecology

Feindel, W., Y. L. Yamamoto and P. Hodge (1967). “The human cerebral
microcirculation studied by intra-arterial radio-active tracers, Coomassie

Blue and fluorescein dyes.” Bibl Anat 9: 220-224.

Ferreira, H., C. Ferreira, A. Braga, A. T. Pereira and S. Guimaraes
(2014). “Minilaparoscopic sacrocolpopexy for vaginal prolapse after

hysterectomy.” Surg Technol Int 25: 157-161.

Fiori, C., I. Morra, R. Bertolo, F. Mele, M. L. Chiarissi and F. Porpiglia
(2013). “Standard vs mini-laparoscopic pyeloplasty: perioperative

outcomes and cosmetic results.” BJU Int 111(3 Pt B): E121-126.

Forsgren, C., J. Zetterstrom, A. Zhang, A. lliadou, A. Lopez and D. Altman
(2010). “Anal incontinence and bowel dysfunction after sacrocolpopexy for

vaginal vault prolapse.” Int Urogynecol J 21(9): 1079-1084.

Franco-Camps, S., S. Cabrera, A. Perez-Benavente, B. Diaz-Feijoo,

M. Bradbury, J. Xercavins and A. Gil-Moreno (2010). “Extraperitoneal
laparoscopic approach for diagnosis and treatment of aortic lymph node
recurrence in gynecologic malignancy.” J Minim Invasive Gynecol 17(5):
570-575.

Freeman, R. M., K. Pantazis, A. Thomson, J. Frappell, L. Bombieri, P.
Moran, M. Slack, P. Scott and M. Waterfield (2013). “A randomised
controlled trial of abdominal versus laparoscopic sacrocolpopexy for the
treatment of post-hysterectomy vaginal vault prolapse: LAS study.” Int
Urogynecol J 24(3): 377-384.

Frumovitz, M., P. Escobar and P. T. Ramirez (2011). “Minimally invasive surgical

approaches for patients with endometrial cancer.” Clin Obstet Gynecol 54(2): 226-234.



120 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

Frumovitz, M., P. T. Ramirez and C. F. Levenback (2008). “Lymphatic
mapping and sentinel lymph node detection in women with cervical

cancer.” Gynecol Oncol 110(3 Suppl 2): S17-20.

Fujiwara, M., T. Mizukami, A. Suzuki and H. Fukamizu (2009). “Sentinel
lymph node detection in skin cancer patients using real-time fluorescence
navigation with indocyanine green: preliminary experience.” J Plast

Reconstr Aesthet Surg 62(10): e373-378.

Furukawa, N., H. Oi, S. Yoshida, H. Shigetomi, S. Kanayama and H.
Kobayashi (2010). “The usefulness of photodynamic eye for sentinel lymph

node identification in patients with cervical cancer.” Tumori 96(6): 936-940.

G

Gadonneix, P., A. Ercoli, G. Scambia and R. Villet (2005). “The use
of laparoscopic sacrocolpopexy in the management of pelvic organ

prolapse.” Curr Opin Obstet Gynecol 17(4): 376-380.

Gagner, M. and A. Garcia-Ruiz (1998). “Technical aspects of minimally
invasive abdominal surgery performed with needlescopic instruments.”

Surg Laparosc Endosc 8(3): 171-179.

Garrison, F. H. (1929). An introduction to the history of medicine : with
medical chronology, suggestions for study and bibliographic data.

Philadelphia, W.B. Saunders.

Ghezzi, F., A. Cromi, G. Colombo, S. Uccella, V. Bergamini, M. Serati and P.
Bolis (2005). “Minimizing ancillary ports size in gynecologic laparoscopy: a

randomized trial.” J Minim Invasive Gynecol 12(6): 480-485.

Ghezzi, F., A. Cromi, G. Siesto, L. Boni, S. Uccella, V. Bergamini and P. Bolis
(2008). “Needlescopic hysterectomy: incorporation of 3-mm instruments in

total laparoscopic hysterectomy.” Surg Endosc 22(10): 2153-2157.



Contribution to Minimize the Aggressiveness of Part V- Refe rences 1 2]_
Laparoscopic Surgery in Gynecology

Ghezzi, F., A. Cromi, G. Siesto, S. Uccella, L. Boni, M. Serati and P. Bolis
(2011). “Minilaparoscopic versus conventional laparoscopic hysterectomy:

results of a randomized trial.” J Minim Invasive Gynecol 18(4): 455-461.

Ghezzi, F., A. Cromi, G. Siesto, F. Zefiro, M. Franchi and P. Bolis (2009).
“Microlaparoscopy: a further development of minimally invasive surgery for

endometrial cancer staging - initial experience.” Gynecol Oncol 113(2): 170-175.

Ghezzi, F., A. Cromi, S. Uccella, G. Bogani, D. Sturla, M. Serati and P. Bolis
(2013). “Nerve-sparing minilaparoscopic versus conventional laparoscopic
radical hysterectomy plus systematic pelvic lymphadenectomy in cervical
cancer patients.” Surg Innov 20(5): 493-501.

Ghezzi, F., F. Fanfani, M. Malzoni, S. Uccella, A. Fagotti, F. Cosentino, A.
Cromi and G. Scambia (2013). “Minilaparoscopic radical hysterectomy
for cervical cancer: multi-institutional experience in comparison with

conventional laparoscopy.” Eur J Surg Oncol 39(10): 1094-1100.

Ghezzi, F., S. Uccella, J. Casarin and A. Cromi (2014). “Microlaparoscopic
bilateral adnexectomy: a 3-mm umbilical port and a pair of 2-mm ancillary
trocars served as conduits.” Am J Obstet Gynecol 210(3): 279 e271.

Gkegkes, I. D., A. Karydis, S. . Tyritzis and C. lavazzo (2014). “Ocular

complications in robotic surgery.” Int J Med Robot.

Goff, B. A., H. G. Muntz, P. J. Paley, H. K. Tamimi, W. J. Koh and B. E.
Greer (1999). “Impact of surgical staging in women with locally advanced

cervical cancer.” Gynecol Oncol 74(3): 436-442.

Gold, M. A., C. Tian, C. W. Whitney, P. G. Rose and R. Lanciano (2008).
“Surgical versus radiographic determination of para-aortic lymph node
metastases before chemoradiation for locally advanced cervical carcinoma:

a Gynecologic Oncology Group Study.” Cancer 112(9): 1954-1963.



122 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

Gould, E. A., T. Winship, P. H. Philbin and H. H. Kerr (1960). “Observations

on a “sentinel node” in cancer of the parotid.” Cancer 13: 77-78.

Granese, R., M. Candiani, A. Perino, F. Romano and G. Cucinella (2009).
“Laparoscopic sacrocolpopexy in the treatment of vaginal vault prolapse: 8
years experience.” Eur J Obstet Gynecol Reprod Biol 146(2): 227-231.

H

Handgraaf, H. J., F. P. Verbeek, Q. R. Tummers, L. S. Boogerd, C. J. van
de Velde, A. L. Vahrmeijer and K. N. Gaarenstroom (2014). “Real-time near-
infrared fluorescence guided surgery in gynecologic oncology: a review of

the current state of the art.” Gynecol Oncol 135(3): 606-613.

Holloway, R. W., R. A. Bravo, J. A. Rakowski, J. A. James, C. N. Jeppson, S. B.
Ingersoll and S. Ahmad (2012). “Detection of sentinel lymph nodes in patients
with endometrial cancer undergoing robotic-assisted staging: a comparison of

colorimetric and fluorescence imaging.” Gynecol Oncol 126(1): 25-29.

Hosono, S. and H. Osaka (2007). “Minilaparoscopic versus conventional
laparoscopic cholecystectomy: a meta-analysis of randomized controlled
trials.” J Laparoendosc Adv Surg Tech A 17(2): 191-199.

How, J., W. H. Gotlieb, J. Z. Press, J. Abitbol, M. Pelmus, A. Ferenczy, S.
Probst, R. Gotlieb, S. Brin and S. Lau (2015). “Comparing indocyanine
green, technetium, and blue dye for sentinel lymph node mapping in
endometrial cancer.” Gynecol Oncol 137(3): 436-442.

Huang, M., B. M. Slomovitz and P. T. Ramirez (2009). “Transperitoneal
versus extraperitoneal para-aortic lymphadenectomy in patients with

cervical cancer.” Rev Obstet Gynecol 2(2): 101-106.



Contribution to Minimize the Aggressiveness of Part V- Refe rences 1 23
Laparoscopic Surgery in Gynecology

Huber, M., J. A. Knottnerus, L. Green, H. v. d. Horst, A. R. Jadad, D. Kromhout, B.
Leonard, K. Lorig, M. I. Loureiro, J. W. M. v. d. Meer, P. Schnabel, R. Smith, C. v. Weel
and H. Smid (2011). “How should we define health?” Bmj 343(jul26 2): d4163-d4163.

Hunn, J., M. K. Dodson, J. Webb and A. P. Soisson (2009). “Endometrial
cancer-current state of the art therapies and unmet clinical needs: the role
of surgery and preoperative radiographic assessment.” Adv Drug Deliv Rev

61(10): 890-895.

J

Jemal, A., F. Bray, M. M. Center, J. Ferlay, E. Ward and D. Forman (2011).
“Global cancer statistics.” CA Cancer J Clin 61(2): 69-90.

Jewell, E. L., J. J. Huang, N. R. Abu-Rustum, G. J. Gardner, C. L. Brown,
Y. Sonoda, R. R. Barakat, D. A. Levine and M. M. Leitao, Jr. (2014).
“Detection of sentinel lymph nodes in minimally invasive surgery using
indocyanine green and near-infrared fluorescence imaging for uterine and

cervical malignancies.” Gynecol Oncol 133(2): 274-277.

K

Kadkhodayan, S., M. Hasanzadeh, G. Treglia, A. Azad, Z. Yousef, L.
Zarifmahmoudi and R. Sadeghi (2015). “Sentinel node biopsy for lymph
nodal staging of uterine cervix cancer: a systematic review and meta-

analysis of the pertinent literature.” Eur J Surg Oncol 41(1): 1-20.

Kang, S., H. J. Yoo, J. H. Hwang, M. C. Lim, S. S. Seo and S. Y. Park
(2011). “Sentinel lymph node biopsy in endometrial cancer: meta-analysis

of 26 studies.” Gynecol Oncol 123(3): 522-527.



124 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

Kelder, W., H. Nimura, N. Takahashi, N. Mitsumori, G. M. van Dam and K.
Yanaga (2010). “Sentinel node mapping with indocyanine green (ICG) and
infrared ray detection in early gastric cancer: an accurate method that

enables a limited lymphadenectomy.” Eur J Surg Oncol 36(6): 552-558.

Kelley, W. E., Jr. (2008). “The evolution of laparoscopy and the revolution
in surgery in the decade of the 1990s.” JSLS 12(4): 351-357.

Khoury-Collado, F., M. P. Murray, M. L. Hensley, Y. Sonoda, K. M. Alektiar,
D. A. Levine, M. M. Leitao, D. S. Chi, R. R. Barakat and N. R. Abu-Rustum
(2011). “Sentinel lymph node mapping for endometrial cancer improves
the detection of metastatic disease to regional lymph nodes.” Gynecol
Oncol 122(2): 251-254.

Kilgore, L. C., E. E. Partridge, R. D. Alvarez, J. M. Austin, H. M.
Shingleton, F. Noojin, 3rd and W. Conner (1995). “Adenocarcinoma of the
endometrium: survival comparisons of patients with and without pelvic

node sampling.” Gynecol Oncol 56(1): 29-33.

Kim, C. H., F. Khoury-Collado, E. L. Barber, R. A. Soslow, V. Makker, M. M.
Leitao, Y. Sonoda, K. M. Alektiar, R. R. Barakat and N. R. Abu-Rustum (201 3).
“Sentinel lymph node mapping with pathologic ultrastaging: A valuable tool for
assessing nodal metastasis in low-grade endometrial cancer with superficial

myoinvasion.” Gynecologic Oncology 131(3): 714-719.

Kelso, J. W. and J. W. Funnel (1967). “Radical Wertheim hysterectomy.
Twenty years' experience.” Am J Obstet Gynecol 99(1): 106-112.

King, H. (1998). Hippocrates’ woman : reading the female body in ancient

Greece. London ; New York, Routledge.

Kitai, T., T. Inomoto, M. Miwa and T. Shikayama (2005). “Fluorescence
navigation with indocyanine green for detecting sentinel lymph nodes in
breast cancer.” Breast Cancer 12(3): 211-215.



Contribution to Minimize the Aggressiveness of Part V- References 125
Laparoscopic Surgery in Gynecology

Kovac, S. R. (1998). “Guidelines to determine the role of laparoscopically

assisted vaginal hysterectomy.” Am J Obstet Gynecol 178(6): 1257-1263.

Kraft, J. C. and R. J. Y. Ho (2014). “Interactions of Indocyanine Green and
Lipid in Enhancing Near-Infrared Fluorescence Properties: The Basis for
Near-Infrared Imagingin Vivo.” Biochemistry 53(8): 1275-1283.

Krpata, D. M. and T. A. Ponsky (2013). “Needlescopic surgery: what's in
the toolbox?” Surg Endosc 27(3): 1040-1044.

L

Lane, F. E. (1962). “Repair of posthysterectomy vaginal-vault prolapse.”
Obstet Gynecol 20: 72-77.

Lau, H. and F. Lee (2002). “A prospective comparative study of
needlescopic and conventional endoscopic extraperitoneal inguinal
hernioplasty.” Surg Endosc 16(12): 1737-1740.

Lee, P. C., I. R. Lai and S. C. Yu (2004). “Minilaparoscopic (needlescopic)
cholecystectomy: a study of 1,011 cases.” Surg Endosc 18(10): 1480-1484.

Levenback, C. (2008). “Update on sentinel lymph node biopsy in
gynecologic cancers.” Gynecol Oncol 111(2 Suppl): S42-43.

Levenback, C., R. L. Coleman, T. W. Burke, W. M. Lin, W. Erdman, M.
Deavers and E. S. Delpassand (2002). “Lymphatic mapping and sentinel
node identification in patients with cervix cancer undergoing radical

hysterectomy and pelvic lymphadenectomy.” J Clin Oncol 20(3): 688-693.

Levinson, K. L. and P. F. Escobar (2013). “Is sentinel lymph node
dissection an appropriate standard of care for low-stage endometrial
cancers? A review of the literature.” Gynecol Obstet Invest 76(3): 139-150.



126 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

Levinson, K. L., H. Mahdi and P. F. Escobar (2013). “Feasibility and
optimal dosage of indocyanine green fluorescence for sentinel lymph node
detection using robotic single-site instrumentation: preclinical study.” J

Minim Invasive Gynecol 20(5): 691-696.

Liatsikos, E., I. Kyriazis, P. Kallidonis, M. Do, A. Dietel and J. U.
Stolzenburg (2012). “Pure single-port laparoscopic surgery or mix of

techniques?” World J Urol 30(5): 581-587.

Loar, P. V., 3rd and R. K. Reynolds (2007). “Sentinel lymph node mapping
in gynecologic malignancies.” Int J Gynaecol Obstet 99(1): 69-74.

Lowman, J. K., L. A. Jones, P. J. Woodman and D. S. Hale (2008). “Does the
Prolift system cause dyspareunia?” Am J Obstet Gynecol 199(6): 707 €701-706.

M

Madi, R., S. Daignault and D. P. Wood (2007). “Extraperitoneal v
intraperitoneal robotic prostatectomy: analysis of operative outcomes.” J

Endourol 21(12): 1553-1557.

Maher, C., B. Feiner, K. Baessler, E. J. Adams, S. Hagen and C. M.
Glazener (2010). “Surgical management of pelvic organ prolapse in
women.” Cochrane Database Syst Rev(4): CD004014.

Maher, C. F., B. Feiner, E. M. DeCuyper, C. J. Nichlos, K. V. Hickey and
P. O'Rourke (2011). “Laparoscopic sacral colpopexy versus total vaginal
mesh for vaginal vault prolapse: a randomized trial.” Am J Obstet Gynecol

204(4): 360 e361-367.

Maher, C. M., B. Feiner, K. Baessler and C. M. Glazener (2011). “Surgical
management of pelvic organ prolapse in women: the updated summary

version Cochrane review.” Int Urogynecol J 22(11): 1445-1457.



Contribution to Minimize the Aggressiveness of Part V- Refe rences 1 2 7
Laparoscopic Surgery in Gynecology

Mais, V., M. Peiretti, T. Gargiulo, G. Parodo, M. G. Cirronis and G. B. Melis
(2010). “Intraoperative sentinel lymph node detection by vital dye through
laparoscopy or laparotomy in early endometrial cancer.” J Surg Oncol

101(5): 408-412.

Mamazza, J., C. M. Schlachta, P. A. Seshadri, M. O. Cadeddu and E. C.
Poulin (2001). “Needlescopic surgery. A logical evolution from conventional

laparoscopic surgery.” Surg Endosc 15(10): 1208-1212.

Matsuura, Y., T. Kawagoe, N. Toki, M. Tanaka and M. Kashimura (2006).
“Long-standing complications after treatment for cancer of the uterine
cervix-clinical significance of medical examination at 5 years after

treatment.” Int J Gynecol Cancer 16(1): 294-297.

Matter, I., E. Nash, J. Abrahamson and S. Eldar (1996). “Incisional hernia
via a lateral 5 mm trocar port following laparoscopic cholecystectomy.” Isr

J Med Sci 32(9): 790-791.

McEwen, B. S. (2003). “Interacting mediators of allostasis and allostatic
load: towards an understanding of resilience in aging.” Metabolism 52(10
Suppl 2): 10-16.

Morton, D. L., D. R. Wen, J. H. Wong, J. S. Economou, L. A. Cagle, F.
K. Storm, L. J. Foshag and A. J. Cochran (1992). “Technical details of
intraoperative lymphatic mapping for early stage melanoma.” Arch Surg

127(4): 392-399.

Murphy, M., A. Holzberg, H. van Raalte, N. Kohli, H. B. Goldman, V.
Lucente and N. Pelvic Surgeons (2012). “Time to rethink: an evidence-
based response from pelvic surgeons to the FDA Safety Communication:
“UPDATE on Serious Complications Associated with Transvaginal
Placement of Surgical Mesh for Pelvic Organ Prolapse”.” Int Urogynecol J
23(1): 5-9.



128 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

N

Nadu, A. (2008). “Is smaller actually better? Needlescopic surgery - a step
towards (virtually) incisionless surgery.” Eur Urol 54(3): 493-495; author
reply 495-497.

Nezhat, C., F. R. Nezhat and C. Nezhat (2013). Nezhat's video-assisted and
robotic-assisted laparoscopy and hysteroscopy. Cambridge, Cambridge

University Press.

Nguyen, J. N. and R. J. Burchette (2008). “Outcome after anterior vaginal
prolapse repair: a randomized controlled trial.” Obstet Gynecol 111(4): 891-898.

Nieminen, K., R. Hiltunen, T. Takala, E. Heiskanen, M. Merikari, K. Niemi
and P. K. Heinonen (2010). “Outcomes after anterior vaginal wall repair
with mesh: a randomized, controlled trial with a 3 year follow-up.” Am J
Obstet Gynecol 203(3): 235 €231-238.

Novitsky, Y. W., K. W. Kercher, D. R. Czerniach, G. K. Kaban, S.

Khera, K. A. Gallagher-Dorval, M. P. Callery, D. E. Litwin and J. J. Kelly
(2005). “Advantages of mini-laparoscopic vs conventional laparoscopic
cholecystectomy: results of a prospective randomized trial.” Arch Surg
140(12): 1178-1183.

0O

Occelli, B., F. Narducci, D. Lanvin, D. Querleu, E. Coste, B. Castelain, D.
Gibon and E. LeBlanc (2000). “De novo adhesions with extraperitoneal
endosurgical para-aortic lymphadenectomy versus transperitoneal
laparoscopic para-aortic lymphadenectomy: a randomized experimental

study.” Am J Obstet Gynecol 183(3): 529-533.



Contribution to Minimize the Aggressiveness of Part V- References 129
Laparoscopic Surgery in Gynecology

Oonk, M. H., H. P. van de Nieuwenhof, J. A. de Hullu and A. G. van der
Zee (2009). “The role of sentinel node biopsy in gynecological cancer: a

review.” Curr Opin Oncol 21(5): 425-432.

P

Pakish, J., P. T. Soliman, M. Frumovitz, S. N. Westin, K. M. Schmeler, R. D.
Reis, M. F. Munsell and P. T. Ramirez (2014). “A comparison of extraperitoneal
versus transperitoneal laparoscopic or robotic para-aortic lymphadenectomy

for staging of endometrial carcinoma.” Gynecol Oncol 132(2): 366-371.

Papadia, A., V. Remorgida, E. M. Salom and N. Ragni (2004).
“Laparoscopic pelvic and paraaortic lymphadenectomy in gynecologic

oncology.” J Am Assoc Gynecol Laparosc 11(3): 297-306.

Pellicano, M., F. Zullo, F. Cappiello, C. Di Carlo, D. Cirillo and C. Nappi (2000).
“Minilaparoscopic ovarian biopsy performed under conscious sedation in

women with premature ovarian failure.” J Reprod Med 45(10): 817-822.

Perissat, J., D. Collet and N. Monguillon (1998). “Advances in laparoscopic

surgery.” Digestion 59(5): 606-618.

Pini, G., A. S. Goezen, M. Schulze, M. Hruza, J. Klein and J. J. Rassweiler
(2012). “Small-incision access retroperitoneoscopic technique (SMART)
pyeloplasty in adult patients: comparison of cosmetic and post-
operative pain outcomes in a matched-pair analysis with standard

retroperitoneoscopy: preliminary report.” World J Urol 30(5): 605-611.

Plante, M., O. Touhami, X. B. Trinh, M. C. Renaud, A. Sebastianelli, K.

Grondin and J. Gregoire (2015). “Sentinel node mapping with indocyanine
green and endoscopic near-infrared fluorescence imaging in endometrial
cancer. A pilot study and review of the literature.” Gynecol Oncol 137(3):

443-447.



130 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

Porpiglia, F., R. Autorino, A. Cicione, V. Pagliarulo, M. Falsaperla, A. Volpe, A.
S. Gozen, A. Celia, M. De Sio, A. Saita, R. Damiano, M. Zacchero, C. Fiori,

C. Terrone, R. Bertolo, F. Greco, A. Breda, E. Lima and J. Rassweiler (2014).
“Contemporary urologic minilaparoscopy: indications, techniques, and surgical

outcomes in a multi-institutional European cohort.” J Endourol 28(8): 951-957.

Porpiglia, F., I. Morra, R. Bertolo, M. Manfredi, F. Mele and C. Fiori (2012).
“Pure mini-laparoscopic transperitoneal pyeloplasty in an adult population:
feasibility, safety, and functional results after one year of follow-up.”
Urology 79(3): 728-732.

Q

Quattrone, C., A. Cicione, C. Oliveira, R. Autorino, F. Cantiello, V. Mirone, M.
De Sio, L. Carrubbo, R. Damiano, C. Pavone and E. Lima (2015). “Retropubic,
laparoscopic and mini-laparoscopic radical prostatectomy: a prospective

assessment of patient scar satisfaction.” World J Urol 33(8): 1181-1187.

Querleu, D., D. Dargent, Y. Ansquer, E. Leblanc and F. Narducci (2000).
“Extraperitoneal endosurgical aortic and common iliac dissection in the

staging of bulky or advanced cervical carcinomas.” Cancer 88(8): 1883-1891.

R

Rajan, P. and B. Turna (2009). “New trends in minimally invasive urological

surgery.” Int Braz J Urol 35(5): 514-520.
Ramirez, P. T. and M. R. Milam (2007). “Laparoscopic extraperitoneal
paraaortic lymphadenectomy in patients with locally advanced cervical

cancer.” Gynecol Oncol 104(2 Suppl 1): 9-12.

Reich, H. (1992). “Laparoscopic hysterectomy.” Surg Laparosc Endosc 2(1): 85-88.



Contribution to Minimize the Aggressiveness of Part V- Refe rences 1 3]_
Laparoscopic Surgery in Gynecology

Reinhart, M. B., C. R. Huntington, L. J. Blair, B. T. Heniford and V. A.
Augenstein (2015). “Indocyanine Green: Historical Context, Current

Applications, and Future Considerations.” Surgical Innovation.

Robova, H., L. Rob, M. J. Halaska, M. Pluta and P. Skapa (2013). “Current
status of sentinel lymph node mapping in the management of endometrial

cancer.” Expert Rev Anticancer Ther 13(1): 55-61.

Rosati, M., S. Bramante, U. Bracale, G. Pignata and G. Azioni (2013).
“Efficacy of laparoscopic sacrocervicopexy for apical support of pelvic
organ prolapse.” JSLS 17(2): 235-244.

Rossi, E. C., A. lvanova and J. F. Boggess (2012). “Robotically assisted
fluorescence-guided lymph node mapping with ICG for gynecologic

malignancies: a feasibility study.” Gynecol Oncol 124(1): 78-82.

Rossi, E. C., A. Jackson, A. Ivanova and J. F. Boggess (2013).
“Detection of sentinel nodes for endometrial cancer with robotic assisted
fluorescence imaging: cervical versus hysteroscopic injection.” Int J
Gynecol Cancer 23(9): 1704-1711.

S

Sajid, M. S., M. A. Khan, K. Ray, E. Cheek and M. K. Baig (2009).
“Needlescopic versus laparoscopic cholecystectomy: a meta-analysis.”
ANZ J Surg 79(6): 437-442.

Sarlos, D., T. Aigmueller, H. Magg and G. Schaer (2015). “Laparoscopic
sacrocolpopexy: demonstration of a nerve-sparing technique.” Am J Obstet

Gynecol 212(6): 824 e821-823.



132 Part IV - References Contribution to Minimize the Aggressiveness of

Laparoscopic Surgery in Gynecology

Sarlos, D., S. Brandner, L. Kots, N. Gygax and G. Schaer (2008).
“Laparoscopic sacrocolpopexy for uterine and post-hysterectomy
prolapse: anatomical results, quality of life and perioperative outcome-a
prospective study with 101 cases.” Int Urogynecol J Pelvic Floor Dysfunct

19(10): 1415-1422.

Sarlos, D., L. Kots, G. Ryu and G. Schaer (2014). “Long-term follow-up of
laparoscopic sacrocolpopexy.” Int Urogynecol J 25(9): 1207-1212.

Satava, R. M. (2005). “Identification and reduction of surgical error using

simulation. “ Minim Invasive Ther Allied Technol 14(4): 257-261.

Schaafsma, B. E., J. S. Mieog, M. Hutteman, J. R. van der Vorst, P.
J. Kuppen, C. W. Lowik, J. V. Frangioni, C. J. van de Velde and A. L.
Vahrmeijer (2011). “The clinical use of indocyanine green as a near-
infrared fluorescent contrast agent for image-guided oncologic surgery.” J

Surg Oncol 104(3): 323-332.

Semm, K. (1983). “Endoscopic appendectomy.” Endoscopy 15(2): 59-64.

Semm, K. (1984). “[Endoscopic methods in gastroenterology and
gynecology. Completion of diagnostic pelviscopy by endoscopic abdominal

surgeryl.” Fortschr Med 102(19): 534-537.

Shah, M., S. N. Lewin, |. Deutsch, W. M. Burke, X. Sun, T. J. Herzog and
J. D. Wright (2011). “Therapeutic role of lymphadenectomy for cervical
cancer.” Cancer 117(2): 310-317.

Shaw, W. F. (1951). “Charles Clay: the father of ovariotomy in England.” J
Obstet Gynaecol Br Emp 58(6): 930-940.

Shiozawa, T., M. Huebner, B. Hirt, D. Wallwiener and C. Reisenauer
(2010). “Nerve-preserving sacrocolpopexy: anatomical study and surgical
approach.” Eur J Obstet Gynecol Reprod Biol 152(1): 103-107.



Contribution to Minimize the Aggressiveness of Part V- Refe rences 1 33
Laparoscopic Surgery in Gynecology

Sinno, A. K., A. N. Fader, K. L. Roche, R. L. Giuntoli, 2nd and E. J. Tanner
(2014). “A comparison of colorimetric versus fluorometric sentinel lymph
node mapping during robotic surgery for endometrial cancer.” Gynecol

Oncol 134(2): 281-286.

Spear, S. L. (2011). Surgery of the breast : principles and art.
Philadelphia, Wolters Kluwer/Lippincott Williams & Wilkins.

Sutton, G. P., W. A. Addison, C. H. Livengood, 3rd and C. B. Hammond
(1981). “Life-threatening hemorrhage complicating sacral colpopexy.” Am J

Obstet Gynecol 140(7): 836-837.

T

Tagaya, N. and K. Kubota (2012). “Reevaluation of needlescopic surgery.”

Surg Endosc 26(1): 137-143.

Tan, H. L. (2001). “Laparoscopic Anderson-Hynes dismembered
pyeloplasty in children using needlescopic instrumentation.” Urol Clin North

Am 28(1): 43-51, viii.

Tanaka, Y., S. Sawada and T. Murata (1984). “Relationship between lymph
node metastases and prognosis in patients irradiated postoperatively for

carcinoma of the uterine cervix.” Acta Radiol Oncol 23(6): 455-459.

Tinga, D. J., P. R. Timmer, J. Bouma and J. G. Aalders (1990). “Prognostic
significance of single versus multiple lymph node metastases in cervical

carcinoma stage IB.” Gynecol Oncol 39(2): 175-180.

Tonouchi, H., Y. Ohmori, M. Kobayashi and M. Kusunoki (2004). “Trocar
site hernia.” Arch Surg 139(11): 1248-1256.



134 Part IV - Refe(ences Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

Toozs-Hobson, P., K. Boos and L. Cardozo (1998). “Management of vaginal

vault prolapse.” Br J Obstet Gynaecol 105(1): 13-17.

Toub, D. B. and M. J. Campion (1994). “Omental herniation through a 5-mm
laparoscopic cannula site.” J Am Assoc Gynecol Laparosc 1(4 Pt 1): 413-414.

Touboul, C., E. Bentivegna, C. Uzan, S. Gouy, P. Pautier, C. Lhomme, P.
Duvillard, C. Haie-Meder and P. Morice (2013). “Sentinel lymph node in

endometrial cancer: a review.” Curr Oncol Rep 15(6): 559-565.

Troyan, S. L., V. Kianzad, S. L. Gibbs-Strauss, S. Gioux, A. Matsui, R. Oketokoun,
L. Ngo, A. Khamene, F. Azar and J. V. Frangioni (2009). “The FLARE intraoperative
near-infrared fluorescence imaging system: a firstin-human clinical trial in breast

cancer sentinel lymph node mapping.” Ann Surg Oncol 16(10): 2943-2952.

Tu, F. F. and A. P. Advincula (2008). “Miniaturizing the laparoscope: current
applications of micro- and minilaparoscopy.” Int J Gynaecol Obstet 100(1): 94-98.

Turner, D. A., C. Shaw, C. W. McGrother, H. M. Dallosso, N. J. Cooper and M. R.
C. |. Team (2004). “The cost of clinically significant urinary storage symptoms

for community dwelling adults in the UK.” BJU Int 93(9): 1246-1252.

Vv

van de Kar, A. L., L. U. Corion, M. J. Smeulders, L. J. Draaijers, C. M. van
der Horst and P. P. van Zuijlen (2005). “Reliable and feasible evaluation of
linear scars by the Patient and Observer Scar Assessment Scale.” Plast
Reconstr Surg 116(2): 514-522.

van de Lande, J., B. Torrenga, P. G. Raijmakers, O. S. Hoekstra, M. W.
van Baal, H. A. Brolmann and R. H. Verheijen (2007). “Sentinel lymph node
detection in early stage uterine cervix carcinoma: a systematic review.”
Gynecol Oncol 106(3): 604-613.



Contribution to Minimize the Aggressiveness of Part IV - References 135

Laparoscopic Surgery in Gynecology

van der Vorst, J. R., M. Hutteman, K. N. Gaarenstroom, A. A. Peters, J. S.
Mieog, B. E. Schaafsma, P. J. Kuppen, J. V. Frangioni, C. J. van de Velde
and A. L. Vahrmeijer (2011). “Optimization of near-infrared fluorescent
sentinel lymph node mapping in cervical cancer patients.” Int J Gynecol

Cancer 21(8): 1472-1478.

Vahrmeijer, A. L., M. Hutteman, J. R. van der Vorst, C. J. van de Velde and
J. V. Frangioni (2013). “Image-guided cancer surgery using near-infrared

fluorescence.” Nat Rev Clin Oncol 10(9): 507-518.

Verbeek, F. P., J. R. van der Vorst, B. E. Schaafsma, R. J. Swijnenburg, K.
N. Gaarenstroom, H. W. Elzevier, C. J. van de Velde, J. V. Frangioni and

A. L. Vahrmeijer (2013). “Intraoperative near infrared fluorescence guided
identification of the ureters using low dose methylene blue: a first in human

experience.” J Urol 190(2): 574-579.

Verleye, L., |. Vergote, N. Reed and P. B. Ottevanger (2009). “Quality
assurance for radical hysterectomy for cervical cancer: the view of the
European Organization for Research and Treatment of Cancer-Gynecological

Cancer Group (EORTC-GCG).” Annals of Oncology 20(10): 1631-1638.

Van der Zee, A. G., M. H. Oonk, J. A. De Hullu, A. C. Ansink, I. Vergote,

R. H. Verheijen, A. Maggioni, K. N. Gaarenstroom, P. J. Baldwin, E. B. Van
Dorst, J. Van der Velden, R. H. Hermans, H. van der Putten, P. Drouin, A.
Schneider and W. J. Sluiter (2008). “Sentinel node dissection is safe in the
treatment of early-stage vulvar cancer.” J Clin Oncol 26(6): 884-889.

Vasilev, S. A. and K. F. McGonigle (1996). “Extraperitoneal laparoscopic
para-aortic lymph node dissection.” Gynecol Oncol 61(3): 315-320.

Vecchio, R., B. V. MacFayden and F. Palazzo (2000). “History of
laparoscopic surgery.” Panminerva Med 42(1): 87-90.



136 Part IV - References Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

W

Whitney, C.W., Spirtos, N. Gynecologic Oncology Group surgical
procedures manual. Gynecologic Oncology Group, Philadelphia; 2009

Walters, M. D. and M. M. Karram (2015). Urogynecology and

reconstructive pelvic surgery. Philadelphia, PA, Elsevier/Saunders.

Wattiez, A., R. Goldchmit, G. Durruty, G. Mage, M. Canis, G. Cucinella, J.
L. Pouly and M. A. Bruhat (1999). “Minilaparoscopic hysterectomy.” J Am
Assoc Gynecol Laparosc 6(1): 97-100.

Y

Yamamoto, M., L. Minikel and E. Zaritsky (2011). “Laparoscopic 5-mm
trocar site herniation and literature review.” JSLS 15(1); 122-126.

/

Zupi, E., D. Marconi, M. Sbracia, E. Solima, F. Zullo, M. Dauri and C. Romanini
(2000). “Is local anesthesia an affordable alternative to general anesthesia for

minilaparoscopy?” J Am Assoc Gynecol Laparosc 7(1): 111-114.

Zupi, E., M. Sbracia, D. Marconi, F. Zullo, K. Santi, E. Solima and C.
Romanini (1999). “Pain mapping during minilaparoscopy in infertile patients

without pathology.” J Am Assoc Gynecol Laparosc 6(1): 51-54.



Contribution to Minimize the Aggressiveness of Part |V - Refe rences ]. 37

Laparoscopic Surgery in Gynecology













Hélder Bruno Carvalho Ferreira

Contribution to Minimize the Aggressiveness of
Laparoscopic Surgery in Gynecology

fevereiro 2016



