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Abstract

Purpose of Review Robotic surgery has been shown to have a significant benefit in obese gynecologic patients over open surgery.
However, robotic surgery in these patients requires a thorough understanding of the physiologic adaptations caused by obesity,
adequate preoperative optimization, specialized equipment and techniques, and careful attention to intra- and postoperative man-
agement in order to minimize complications. This article reviews the benefits of a minimally invasive approach in obese patients and
provides a thorough guide to perioperative management of obese patients undergoing robotic gynecologic surgery. A useful set of
tips and tricks to overcome many of the technical challenges in performing robotic surgery in the obese patients is included.
Recent Findings In the USA, obesity has risen to affect 39.8% of the population, which leads to increased incidence of mortality,
hypertension, diabetes, heart disease, and stroke. Moreover, obese patients are at greater risk of perioperative complications
during gynecologic surgery. With the use of laparoscopy, many of the perioperative risks of surgery in obese patients can be
ameliorated. However, minimally invasive surgery in obese patients is technically challenging. Robotic-assisted laparoscopy
addresses several of these challenges, allowing surgeons to offer minimally invasive approaches to patients with extreme BMIs
while reducing perioperative risk.

Summary Obese patients undergoing gynecologic surgery receive a greater benefit than their non-obese counterparts from a
laparoscopic approach, and current data support the safety and feasibility of robotic surgery in the obese population. Therefore,
every effort to offer a minimally invasive surgery to obese patients should be made.

Keywords Robotic surgery - Gynecology - Obesity - Laparoscopic hysterectomy - Minimally invasive surgery - Anesthesia

Introduction

In the USA and globally, obesity has become a problem of
epidemic proportions. As of 2016, the prevalence of obesity,
defined as body mass index (BMI) > 30 kg/mz, reached 39.8%
in the USA [1]. In addition to increasing all-cause mortality,
hypertension, diabetes, heart disease, and stroke, obese pa-
tients are at greater risk of perioperative complications [2,

This article is part of the Topical Collection on Other Pain

>4 Gulden Menderes
gulden.menderes @yale.edu

Department of Obstetrics, Gynecology and Reproductive Sciences,
Division of Gynecologic Oncology, Yale University School of
Medicine, PO Box 208063, New Haven, CT 06520-806, USA

Department of Anesthesiology, Yale University School of Medicine,
PO Box 20805, New Haven, CT 06520-8051, USA

3]. This is compounded by the fact that obesity increases the
risk of developing conditions that require gynecologic sur-
gery, including abnormal uterine bleeding, incontinence, pel-
vic organ prolapse, and endometrial hyperplasia and cancer.
Thus, the proportion of obese women undergoing gynecologic
surgery in the USA is on the rise.

With the advent of laparoscopic surgery, many of the peri-
operative risks of surgery in obese patients have been amelio-
rated. Patients experience shorter hospital stays, fewer wound
infections, less risk of postoperative fever, and sepsis with
laparoscopy versus laparotomy [4, Se¢, 6]. Therefore, a mini-
mally invasive approach to gynecology in morbidly obese
women should be considered in appropriate cases. However,
conventional laparoscopy becomes technically challenging
with increasing BMI. Due to increased abdominal wall thick-
ness and higher intra-abdominal fat content, entry, visualiza-
tion, and manipulation can be severely limited in obese pa-
tients, resulting in longer operative times and surgeon fatigue
[7]. Robotic surgical systems carry the advantage of improved
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visualization and instruments with greater degrees of freedom
to allow the surgeon to navigate the obese abdomen. The
objective of this chapter is to discuss the benefits of robotic
gynecologic surgery in the morbidly obese patients and strat-
egies to overcome the challenges associated with performing
these surgeries.

Types of Obesity

Obesity is broadly defined by the World Health
Organization as an abnormal or excessive fat accumula-
tion that may impair health. The Quetelet Index, now
referred to as body mass index (BMI), has fallen into
favor as a simple way to categorize obesity by determin-
ing the ratio of patient weight to squared height. Thus, the
categories of body have been defined as underweight
(BMI< 18.5 kg/m?), normal (20-24 kg/m?), overweight
(25-29 kg/m?), obesity (30-34 kg/m?), morbid obesity
(35-40 kg/m?), and supermorbid obesity (>40 kg/m?).
While useful for broadly classifying a population, BMI
does not account for body fat percentage or distribution,
two factors that heavily affect the health impacts of obe-
sity. As any surgeon can attest, not all patients of a given
BMI share the same body habitus or physiology.
Moreover, multiple studies have called into question the
validity of BMI in estimating the risk of mortality, such
that BMI may overestimate risk in some patients and un-
derestimate it in others, depending on body composition.
In that vein, some groups have found other measures,
such as the ratio of waist to hip, are more suited to esti-
mating individual risk of cardiovascular disease [8—11].
Taken together, these studies indicate that body composi-
tion, rather than weight-to-height ratio alone, is a better
predictor of obesity-related cardio-metabolic risk factors.

In addition to risk stratification, body fat distribution
can significantly impact operative management of the gy-
necologic patient. Indeed, patients with equivalent BMIs
may present very different challenges in the operating
room. If a patient has a predominance of peripheral fat,
positioning and access to the perineum can be limited
while the laparoscopic portion of the procedure can be
accomplished with relative ease. Conversely, a patient
with central adiposity will have a thicker abdominal wall,
larger visceral volume, enlarged mesenteries, and abun-
dant epiploica, causing the bowel to significantly impact
visualization and make the intraperitoneal part of the op-
eration more difficult. Thus, BMI alone is inadequate in
the preoperative assessment of the patient, and careful
note should be made of body fat distribution preoperative-
ly. Accordingly, surgical planning, from a choice of pro-
cedure to operating room equipment and patient counsel-
ing, is inevitably impacted by body habitus.
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Benefits of Laparoscopy/Robotics in Morbidly
Obese

As previously mentioned, there are myriad benefits to a
minimally invasive approach in gynecologic surgery. In
the general gynecologic population, it is well established
that laparoscopic surgery results in less postoperative fe-
ver, urinary tract infection, pain, complications, length of
stay, total cost of care, and an earlier return to normal
function [12, 13]. In the past, laparoscopic surgery was
reserved for non-obese women due to potential barriers of
a thick abdominal wall limiting entry and maneuverability
in the abdomen and excessive visceral fat obscuring the
operative field [14]. With advances in minimally invasive
technologies and increased operator experience, new data
has shown that laparoscopic surgery in obese patients is
safe and feasible. In fact, several studies comparing sur-
gical outcomes of laparoscopic hysterectomy in obese
women compared with those with normal BMI reveal a
greater benefit in the former group [7, 13, 15-17]. The
difference in outcomes has been due primarily to a signif-
icant reduction in postoperative wound complications,
which occur at much higher rates in obese patients.
While it is clear that obese patients benefit greatly from
a laparoscopic approach, they also represent the most
challenging group of surgical patients. In recent years,
development of the robotic surgical platform has provided
surgeons with advanced laparoscopic instrumentation.
The theoretical benefits of this system include increased
degrees of freedom, motion scaling, tremor cancelation,
and 3D visualization, which together facilitate the proce-
dure while reducing surgeon fatigue. Moreover, the ful-
crum of the robotic instrument is fixed at the fascial inci-
sion, which together with the wristed action reduces
torque forces on the abdominal wall to reduce fasciotomy
size and postoperative pain. Early studies evaluating ro-
botic hysterectomy have shown reduced blood loss,
shorter length of stay, and faster return to normal func-
tion, compared with conventional laparoscopy [18-20].
Lastly, one of the cited benefits of robotic surgery is a
shorter learning curve to proficiency as compared with
conventional laparoscopy. Thus, the robotic platform
may allow a greater number of surgeons to efficiently
perform laparoscopic procedures. Indeed, since the intro-
duction of the robotic system, the proportion of robotic
total hysterectomy (RTH) has increased to 9.5% and is
continuing to rise, concomitant with a significant fall in
abdominal hysterectomies [20]. Therefore, the robotic
system may extend the benefits of laparoscopic surgery
to more patients than was previously possible with con-
ventional instruments. Taken together, these data suggest
that robotic surgery may be the optimal technique for
morbidly obese patients requiring gynecologic surgery.
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Physiologic Changes Encountered
in Morbidly Obese

Understanding the significant differences in the anatomy and
physiology of morbidly obese female patients is critical to the
safe and successful performance of minimally invasive sur-
gery in this population.

Cardiovascular System

Increased body mass in obese patients leads to a variety of
cardiovascular alterations which result in physiological abnor-
malities. At a metabolic level, more energy is required to
physically move the bigger body mass and to meet perfusion
requirements of the excess tissue [21]. Cardiovascular chang-
es occur in the form of larger stroke volume, increased cardiac
output, decreased vascular resistance, and overall increased
cardiac work. These changes, aimed at adapting to increased
metabolic demand, ultimately result in heart disease. Elevated
cardiac stroke volume and cardiac output cause hypertension
and cardiomegaly. The increased cardiac size elevates system-
ic arterial pressure, ultimately leading to congestive heart fail-
ure [21, 22]. Ventricular dysfunction causes an increase in
pulmonary artery pressure which contributes to cardiac fail-
ure, manifesting as peripheral edema. In addition to the above-
mentioned changes, unexplained cardiac arrhythmias are also
more common in obese patients. Obesity-related
cardiopathology includes eccentric and concentric ventricular
hypertrophy, which leads to tachyarrhythmia or to a prolonged
Q-T interval on electrocardiogram (ECG) [21]. Both of these
cardiopathologies are risk factors for sudden death. Along
these lines, obese patients have been shown to have 20 to
55% larger cardiac diameters, hypertrophied ventricles, and
increased cardiac weight compared with normal weight indi-
viduals in many autopsy studies [23—25]. Further, obesity is an
independent risk factor for a venous thromboembolic event
(VTE), which is even more pronounced in the perioperative
period [26, 27]. Surgeons operating on obese patients should
consider these cardio-metabolic alterations and make VTE
prophylaxis a priority in order to prevent potentially cata-
strophic surgical outcomes.

Pulmonary System

Pulmonary gas exchange is affected by obesity. Morbidly
obese individuals have poorer exercise capacity and also
poorer pulmonary gas exchange compared with healthy,
non-obese counterparts [28]. The increase in mechanical ven-
tilatory constraints and lower lung volumes from large
amounts of abdominal fat causes poor lung function [28].
The decrease in lung volumes, specifically expiratory reserve
volume (as an index of decreased functional residual capaci-
ty), is a cause for poor gas exchange in the lung [29]. Reduced

chest wall expansion and increased oxygen demand result in
decreased lung compliance. In addition, total lung volume,
total lung capacity, functional vital capacity, and functional
residual capacity (FRC) are all decreased. These changes are
characteristic of a restrictive pattern. Specifically, vital capac-
ity is reduced by 20 to 50%, and maximum voluntary venti-
lation is reduced by approximately 30%. This results in a
substantial alteration in the FRC and total lung capacity. The
expiratory reserve volume is also compromised by 35 to 60%,
secondary to cephalad displacement of the diaphragm by the
obese abdomen [29]. These values are even worse in patients
who have the added compromise of obstructive sleep apnea
(OSA) or obesity hypoventilation syndrome (OHS) [22]. In
addition, general anesthesia further reduces FRC by an addi-
tional 20%, and this, coupled with the steep Trendelenburg
position often required to safely perform gynecologic laparos-
copy, further compromises FRC.

There are additional risk factors that impair respiratory
function in obese patients. An increase in the amount of upper
airway soft tissue and tongue size leads to an increase in upper
airway resistance. Mask ventilation and oxygenation can be
challenging secondary to a sharp decrease in lung volume
with the induction of anesthesia [22]. Direct laryngoscopy
can be made particularly difficult by adipose breast tissue
compromises the already small space between the chest and
the mouth, into which the handle of a conventional laryngo-
scope fits. Taken together, reduced lung compliance, in-
creased airway resistance, and the possible presence of a large
volume of gastric contents, even after an overnight fast, may
put obese patients at risk for pulmonary aspiration.

Waist-hip ratio seems to influence gas exchange in the
obese patients [30]. Vaughan et al. demonstrated that as waist
circumference decreases in morbidly obese patients, the P(A-
a)0, decreases, illustrating that pulmonary gas exchange is
related to abdominal obesity [31]. Moreover, they showed a
significant relationship between changes in expiratory reserve
volume and PaO, and P(A-a)O,, demonstrating an improve-
ment in gas exchange as expiratory reserve volume increased
from surgical weight loss due to the reduction in waist circum-
ference [31]. One can speculate that a large fat mass surround-
ing the hips offers protective effects against the abdominal fat
mass such that the gas exchange impairment is reduced [30].
In fact, a large fat mass surrounding the hips may help to keep
the abdominal fat mass from sagging caudad. A sagging ab-
dominal fat mass may result in more ventilation—perfusion
mismatching compared with a nonsagging abdominal fat
mass. Therefore, fat distribution of obese patients has a sig-
nificant influence in ventilation—perfusion status.

Morbidly obese individuals have impaired gas exchange
lying down compared with sitting upright. Functional residual
capacity is further reduced when moving from the sitting to
the supine position. This may well lead to airway closure
during tidal breathing in obese patients, which results in
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additional hypoxemia and an increase in P(A-a)O, [30].
Airway closure leads to reduced alveolar ventilation, causing
ventilation—perfusion mismatch. In case of a severe mismatch,
these changes may even result in alveolar collapse beyond the
closed airways, causing a shunt to develop [30]. For these
above-mentioned reasons, it is of paramount importance to
maintain efficient communication between surgical and anes-
thesia teams throughout the procedure to be able to overcome
these pulmonary challenges.

Gastrointestinal System

Morbid obesity is associated with increased prevalence of
disordered esophageal motility, dysphagia, gastroesophageal
reflux disease (GERD), and esophageal erosions [32, 33].
Jaffin et al. previously reported that 61% of the obese popu-
lation had an esophageal motility disorder, the majority of
whom had an incompetent lower esophageal sphincter [34].
The presence of esophageal motility disorders before surgery
can be associated with postoperative dysphagia. Some motil-
ity disorders can also precede surgery and, thus, be exacerbat-
ed postoperatively [35].

The esophageal pathology of obesity is clearly related to
increased intra-abdominal pressure, which is two to three
times greater in morbidly obese patients compared with non-
obese counterparts [36]. Furthermore, gastric function may
also be abnormal in obese patients. Several studies have sug-
gested that obese patients are more likely to have large gastric
volumes, lower gastric pH, and delayed emptying, which
places them at increased risk of gastric acid aspiration during
and after surgery [22, 36].

Preoperative Considerations

As previously discussed, obesity carries a high risk of medical
comorbidities and, in general, an overall increase in perioper-
ative risk [37]. While obesity per se does not impart increased
surgical risks [38, 39], OSA, OHS, hypertension, diabetes,
metabolic syndrome, and renal disease are common among
obese patients and can modulate perioperative morbidity.
Thus, preparation for robotic surgery should begin with a
thorough medical history and physical examination, with par-
ticular attention to screening for OSA [40], hypertension, and
diabetes. Cardiology consultation should be considered if ab-
normal EKG, OSA, or other significant cardiac history is pres-
ent [41]. Tight blood glucose control should be emphasized,
with a goal of Hgb Ac of <7.0% [42¢].

The physical exam should focus on documentation of body
habitus for surgical planning and thus appropriate preopera-
tive counseling. While morbid obesity severely limits the pel-
vic examination, the uterine size and mobility and the vaginal
caliber should be assessed. Any cephalad mobility of the
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uterus portends adequate access to the pelvic sidewalls to per-
mit robotic surgery. If the vaginal caliber is excessively small
in relation to the corpus, a mini-laparotomy may be required to
deliver the specimen and the patient should be counseled to
expect this possibility. The authors do not routinely obtain
imaging studies preoperatively; however, the presence of a
fixed mass, history of extensive abdominopelvic surgery, or
markedly abnormal anatomy should prompt imaging studies
and evaluation for cancer where indicated. If malignancy is
identified or expected, careful attention must be paid to the
ability to remove the uterus without intra-abdominal spillage.
If the specimen is not expected to fit within a laparoscopic
specimen retrieval bag (< 20 cm at our institution), laparotomy
may be indicated. However, in our practice, uteri greater than
1000 g can be safely removed vaginally [6, 43]. Lastly, careful
examination of the abdomen often reveals intertriginous can-
didiasis and erysipelas which are common in patients with
dependent panniculi. Identified infections should be treated
preoperatively.

While the overall risk of venous thromboembolism (VTE)
is low in gynecologic surgery, obesity is a significant indepen-
dent risk factor for VTE [44, 45]. Morbidity can be severe
from perioperative VTE; thus, every effort should be made
to mitigate this risk. Preoperatively, medications, vitamins,
and herbal supplements should be discontinued if associated
with bleeding or hypercoagulability [42¢]. Hormonal therapy
should be discontinued 4-6 weeks prior to surgery and a bar-
rier method of contraception employed if applicable. The use
of prophylactic inferior vena cava (IVC) filter placement is
controversial due to an associated risk of complications.
However, for patients with recent or current VTE, BMI >
55 kg/m?, pulmonary hypertension, or absolute contraindica-
tion to chemical prophylaxis, a prophylactic IVC filter is ap-
propriate. Morbidly obese patients should be counseled on the
increased risk of perioperative DVT and the importance of
early ambulation and prophylactic anticoagulation.

In summary, obesity is associated with a number of medical
conditions that pose increased risks during gynecologic sur-
gery. However, a thorough approach to preoperative assess-
ment and management can significantly reduce untoward
complications through preoperative medical management.

Perioperative Considerations

Laparoscopy in the morbidly obese is challenging by defini-
tion, and thus, the preparation of patient, surgeon, operating
room, and staff is paramount in order to safely and efficiently
complete an operation. Beginning with the patient, prepara-
tion for the operation may include dietary restriction, antisep-
tic procedures, and mechanical bowel preparation (MBP). The
theoretical advantage of MBP is to reduce intestinal volume
and mass to improve intraoperative manipulation and
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visualization. However, the authors and others prefer to forgo
routine MBP, finding that the benefits are minimal and in
certain cases the added weight of intraluminal contents helps
maintain the bowel out of the pelvis with the Trendelenburg
position. A meta-analysis of elective colorectal surgery has
revealed no statistical advantage of MBP [46]. However, the
studies reviewed were primarily open procedures and further
evidence is needed for laparoscopic procedures.

Operating room preparation is critical, as specialized equip-
ment and instruments tailored to the obese patients are fre-
quently required and therefore must be available to prevent
unnecessary delay and increased risk of conversion to an open
approach. These include, but are not limited to, bariatric op-
erating table and stirrups, positioning equipment, bariatric tro-
cars and instruments, angled laparoscope, bowel fans, and
other specialized instruments to improve intra-abdominal vi-
sualization. The absence of adequate instrumentation may
needlessly result in conversion to laparotomy.

Patient Positioning

Patient positioning is the most critical step in safely
performing the minimally invasive gynecologic surgery.
Especially for robotic surgery, the steep Trendelenburg posi-
tion is required to visualize the pelvis. Unfortunately, this po-
sitioning is increasingly difficult to maintain in the obese pa-
tient, due to the excess weight and skin laxity that permits
slippage on the operating table. Many devices are available
to assist with obese patient positioning, including vacuum-
molded bean bags, gel pads, convoluted (egg crate) and mem-
ory foam mattresses, OR table extenders, and shoulder
supports.

Positioning begins with the patient in dorsal supine posi-
tion. The authors prefer a convoluted or memory foam mat-
tress compared with a beanbag, as the use of a beanbag pre-
cludes the use of a fixed retractor system (i.e., Bookwalter)
should the case be converted to laparotomy. If permitted by
the anesthesia team, the head extension is placed at the foot of
the bed and the patient is placed farther down the operating
table prior to induction of anesthesia. This reduces the dis-
tance the patient must be moved to position the perineum at
the edge of the table and thus the risk of injury to staff. An
upper body wedge is used by the anesthesia team if needed for
intubation and then removed. After induction of anesthesia,
the patient is placed in low lithotomy position with appropri-
ately rated stirrups with the buttocks hanging at the edge of the
break in the table. The arms are then tucked in neutral position
at the patient’s sides using a draw sheet and convoluted foam
padding where needed to protect the ulnar nerve and hands.
OR table extenders are used if increased width is needed to
support the arms. In rare cases, the arms are unable to be
tucked and require the use of arm boards for support. In these
cases, the shoulders are abducted only as much as necessary,

padded, and secured with self-adherent wrap. Once the arms
are positioned, shoulder supports are placed
superioposteriorly against the scapula in order to minimize
brachial plexus injury. A chest strap may also be placed across
or above the padded breasts; however, the authors avoid its
use to minimize any restriction to ventilation.

Once the patient is positioned, a tilt test is advisable to
allow troubleshooting prior to draping. Importantly, the tilt
test permits the evaluation of the patient’s tolerance to the
Trendelenburg position. The maintenance of normotension
and the maximum peak inspiratory pressures of <40 mmHg
predict adequate tolerance of the steep Trendelenburg [47].
However, this procedure should be repeated after insufflation
to ensure pneumoperitoneum does not compromise ventila-
tion. If the panniculus shifts significantly with a change in
position, it is advisable to secure redundant tissue caudally
to prevent excess tension on the trocars and abdominal wall
fascia. This can be accomplished prior to the procedure by
fixing the panniculus to the thighs using cloth tape or Ioban
Incise Drape (3M, St. Paul, MN). Fixing the panniculus intra-
operatively should be avoided but can be accomplished using
either penetrating towel clamps in the skin or a urinary cath-
eter that is passed through the abdominal wall and inflated,
either of which is affixed caudally to the operating table with a
rolled bandage or similar.

Intraperitoneal Access

It is important to consider the distortion of anatomic relation-
ships in the obese patient. The dependency of the panniculus
often results in inferior displacement of the umbilicus such
that normal landmarks for port placement can be misleading.
Thus, the bony structures should be used to estimate appro-
priate trocar placement. Often, a supra-umbilical incision is
required for camera port placement to maintain appropriate
triangulation and distance from the operative field.

There are myriad methods of entry to the peritoneum,
which overall have been shown to be statistically similar in
terms of safety [48]. Thus, the operator should be familiar with
multiple entry sites and techniques should the need arise.
Traditionally, the umbilicus represents thinnest part of the ab-
dominal wall and thus the safest and simplest point to intro-
duce pneumoperitoneum. Furthermore, given that the umbili-
cus is caudally displaced beneath the aortic bifurcation in
obese patients, risk of vascular injury is minimized.
Therefore, the authors prefer a direct Veress needle entry at
the umbilicus in a patient without prior abdominal surgery.
With this technique, the insufflator is attached and activated
prior to Veress needle insertion. With the patient flat on the
table, the needle is then placed directly into the base of the
umbilicus at a 90° angle. The needle is advanced with atten-
tion paid to the pressure reading on the insufflator; an acute
drop in pressure and increased flow rate signal successful
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entry. The right upper quadrant is then percussed and the ab-
domen observed for uniform distension to assess for possible
intraluminal insufflation. Once pneumoperitoneum is
established, the supra-umbilical port is placed and the remain-
der of trocars are placed under direct visualization.

In patients with prior laparoscopic or abdominal surgery,
the use of Palmer’s point is encouraged [49]. With an
orogastric tube in place to decompress the stomach, the
Veress needle is introduced two fingerbreadths below the cos-
tal margin in the midclavicular line. This approach is also
recommended after three failed attempts at transumbilical
insufflation.

Once pneumoperitoneum is established and the patient is
ventilating stably, the remainder of the trocars can be placed
under direct visualization in order to maximize maneuverabil-
ity and reach within the abdomen. The authors prefer a sunrise
pattern, with the peak of the arch in the midline at the umbi-
licus for routine cases, or several centimeters cephalad for
uteri greater than 18 weeks in size. Under direct visualization
with the camera in place, the paramedian ports are then placed
laterally and slightly inferiorly with care to avoid the epigas-
tric vessels. Finally, the lower quadrant ports are placed later-
ally and inferiorly. The robotic system can then be docked.
The authors prefer the Prograsp™ (Intuitive Surgical,
Sunnyvale, CA) forceps in the LLQ, fenestrated bipolar in
the left paramedian, and monopolar scissor in the RLQ. The
right paramedian port is reserved for the 12-mm assistant port,
which allows for the passage of suture and larger manual
instruments such as bowel fans that may be required to im-
prove visualization. While port utilization is subject to opera-
tor comfort and preference, the authors recommend a central
docking approach to maximize the reach of the robotic instru-
ment in obese patients. However, with the flexibility of the
latest robotic platform (Davinci Xi, Intuitive Surgical), the
issue of docking location is less critical.

Uterine Manipulation

While its use may be severely limited in the obese patient, the
uterine manipulator remains critical to the safe completion of
the hysterectomy. Redundant perineal tissue or large uteri will
equally limit the ability to maneuver the uterus within the
abdomen. However, the integrated KOH ring on modern ma-
nipulators continues to provide surgical landmarks and ureter-
al protection, even in obese patients. Thus, the authors rou-
tinely use a uterine manipulator and KOH ring for all patients.
Even if the uterus cannot be lateralized, cephalad traction will
increase the distance of the uterine arteries and cervicovaginal
junction from the ureters and increase the margin of safety
when using thermal energy. Further manipulation in these
cases is accomplished with a combination of the fourth robotic
arm (Prograsp) and the bedside assistant.
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Challenges with General Anesthesia

The impact of anatomic and physiologic changes on oxygen-
ation and airway management in obese patients is an impor-
tant consideration in the perioperative setting. The increased
amount of adipose tissue within the pharyngeal structures pro-
trudes into the airway lumen, which results in narrowing of the
lumen [50]. The combination of a large tongue, excessive
upper airway soft tissue, and reduced pharyngeal dilator mus-
cle function during periods of somnolence predisposes the
obese patients to OSA [51]. Morbidly obese patients, with or
without OSA, have been shown to experience frequent epi-
sodes of oxygen desaturation following laparoscopic bariatric
surgery, despite supplemental oxygen therapy [52]. For these
above-mentioned reasons, general anesthesia carries extra
challenges in the obese patient population.

Difficulties with tracheal intubation significantly contribute
to the morbidity and mortality associated with anesthesia.
Oxygen desaturation may occur very quickly during apneic
episodes since functional residual capacity is decreased [53].
In order to optimize success, pre-oxygenation before induc-
tion must be at least 5 min with a close-fitting face mask.
Despite this effort, hypoxemia may still occur in morbidly
obese patients. Although increased BMI imposes challenges
on intubation, the severity of the patient’s comorbidities is
equally important. Sharp decrease in lung volume occurs with
induction of anesthesia, as well as a decrease in lung compli-
ance, and an increase in airway resistance. Following induc-
tion of general anesthesia in morbidly obese patients, the func-
tional residual capacity decreases by approximately 50% com-
pared with pre-anesthetic values. This contrasts with a 20%
decrease in non-obese patients. These physiologic changes
predispose the morbidly obese patients to rapid oxygen
desaturation with the onset of apnea [50].

BMI represents the main risk factor for decreased lung
compliance after induction of anesthesia and insufflation of
pneumoperitoneum. Pneumoperitoneum and the
Trendelenburg positioning add to the difficulty of maintaining
adequate oxygenation throughout the procedure. Intra-
abdominal pressure is significantly increased, usually up to
15 mmHg, during laparoscopic procedures. The increased ab-
dominal pressure coupled with the Trendelenburg positioning
compresses the diaphragm, which leads to an increased vol-
ume of atelectasis [54]. Obese patients may need to be taken
out of the Trendelenburg position and have pneumoperitone-
um released in cases of deoxygenation. Therefore, the surgeon
and anesthesiologist need to be in close communication
throughout the procedure. That being said, obese patients
who tolerate induction of anesthesia and supine positioning
are likely to tolerate pneumoperitoneum and the
Trendelenburg positioning.

Mechanical ventilation and muscle paralysis in the obese
patients under general anesthesia have been shown to impair
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pulmonary function, lung compliance, and gas exchange as a
result of reduced lung volume and atelectasis [50, 55]. As
discussed, these changes are further exacerbated by pneumo-
peritoneum and the Trendelenburg positioning. Special atten-
tion should be paid to ventilatory strategies aimed at minimiz-
ing pulmonary complications [50]. Volume-controlled venti-
lation (VCV) has been the most frequently used mode of ven-
tilation during general anesthesia for many years [56, 57].
This mode uses a constant flow to deliver a set tidal volume,
but can result in higher airway pressures during laparoscopic
procedures due to the counterpressure from pneumoperitone-
um [58]. As discussed earlier, pneumoperitoneum results in
decreased lung and chest wall compliance and reduced func-
tional residual capacity which impairs alveolar ventilation and
leads to ventilator induced lung injury [59]. Pressure-
controlled ventilation (PCV) uses a decelerating flow which
reaches the highest possible value at the beginning of inspira-
tion, while having a preset maximum pressure with no mini-
mum level for tidal volume. This has been attributed to the
decelerating inspiratory flow delivery method, whereby high
initial flow rates are delivered to quickly achieve and maintain
the set inspiratory pressure followed by rapidly decelerating
flow [60]. This high initial rate of flow leads to more rapid
alveolar inflation and more homogenous distribution of ven-
tilation to the lung and improving ventilation—perfusion mis-
match [61]. However, PCV may result in low tidal volumes
during pneumoperitoneum because of increased intra-
abdominal pressure limiting inspired volume at a given pres-
sure (i.e., reduced compliance). Using this mode results in low
peak pressures and decreases the incidence of barotrauma,
especially in obese patients. Therefore, specific ventilation
techniques that may be helpful in the setting of morbid obesity
include the use of pressure control ventilation [22].

Obese patients have been shown to develop a greater de-
gree of atelectasis both intra- and postoperatively due to pre-
viously discussed changes in respiratory mechanics. This is
further compounded by slower resolution of airway collapse
compared with the non-obese patients [62]. To counteract this,
the addition of positive end-expiratory pressure (PEEP) has
been evaluated in the prevention of atelectasis and shown to
be effective [63].

In a retrospective chart review on obese patients undergo-
ing robotic gynecologic surgery, Wysham et al. evaluated pul-
monary and all-cause complication rates and assessed vari-
ables that may be associated with pulmonary complications
[64]. The ventilator parameters observed in this study were
consistent with the recognized ranges for lung-protective in-
traoperative ventilation [65]. The median tidal volume (TV)
was 489 mL, which was essentially within the lung-protective
TV goal of 68 mL/kg of predicted body weight. Peak inspi-
ratory pressure (PIP) below 30 cm H,O is considered lung-
protective in the average patient, whereas somewhat higher
pressures can also be considered safe when accounting for

decreased chest wall compliance, such as in obese patients,
and for increased intra-abdominal pressures, such as in pa-
tients with abdominal insufflation for minimally invasive sur-
gery (MIS). The patients in Wysham et al.’s study had a me-
dian PIP of 27 cm H,O, suggesting that even obese patients
can undergo robotic gynecological surgery while maintaining
a safe PIP [64]. The authors therefore concluded that pressure
control ventilation is better than volume control ventilation in
obese patients and that these patients can tolerate lower TV
and higher PIP than considered lung-protective and still have
minimal perioperative complications [64].

Airway complications and oxygenation issues may present
immediately on emergence from anesthesia at the time of
extubation, resulting in significant morbidity and mortality
[66]. The Analysis of the American Society of
Anesthesiologists Closed Claims Project database of causes
of death or brain death showed that 17% of the cases (26/156)
occurred at time of tracheal extubation and recovery, and 58%
of the extubation claims (15/26) were encountered in obese
patients [67]. The Difficult Airway Society published guide-
lines in 2012 for the management of tracheal extubation using
a stepwise approach [68]. Patients with obesity and OSA are
categorized as “at risk” of a major complication related to
extubation. Recommendations for awake tracheal extubation
in this patient population include patient optimization (full
reversal of neuromuscular blockade and return of protective
airway reflexes) and pre-oxygenation, placing the patient in a
reverse Trendelenburg or semi-recumbent position, and
suctioning of the oropharynx under direct visualization [68].
Logistical factors to be considered include selecting the oper-
ating room as the location for extubation and having skilled
assistance, equipment (difficult airway trolley), and monitor-
ing (in particular capnography) available. The Difficult
Airway Society guidelines also advocate the placement of an
airway exchange catheter in patients for whom tracheal re-
intubation is likely to be difficult [68]. In addition, patients
who have been in the Trendelenburg position for a prolonged
time during laparoscopic surgery are at increased risk of la-
ryngeal edema [22]. If there is any evidence of this, intubation
and sedation should be maintained until the swelling and ede-
ma resolve.

Postoperative Considerations

Successful completion of a minimally invasive approach
significantly reduces operative risk, such that many pa-
tients are now discharged on the day of surgery after in-
creasingly complex operations. However, morbidly obese
patients carry significantly increased perioperative risk and
it is prudent to observe these patients in an inpatient setting
for at least 23 h. Due to decreased baseline respiratory
function, obese patients are at particularly high risk of
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respiratory complications. This is particularly relevant to
patients with OSA or OHS as the risk of pulmonary com-
plications is increased in the setting of fluid shifts and
anesthetic and narcotic administration associated with sur-
gery [69, 70]. Moreover, a high suspicion for undiagnosed
OSA is required, as over half of patients with OSA under-
going surgery have yet to be diagnosed [71]. For patients
that undergo prolonged weaning from the ventilator or dif-
ficult extubation, monitoring in an ICU setting is manda-
tory. In obese patients with routine extubations, a floor
setting is appropriate; however, the duration of oxygen
therapy and post-anesthesia care unit (PACU) monitoring
may be necessarily lengthened. However, care should be
taken to avoid excessive FiO, to prevent hypercapnia due
to hypoventilation. If available, continuous pulse oximetry
monitoring should be used to monitor respiratory status
overnight. If continuous positive airway pressure (CPAP)
therapy is used at home, it should be continued during
admission. CPAP can also be applied postoperatively in
patients who demonstrate hypoxemia, hypoventilation, or
obstruction, though this may be technically challenging in
some hospital settings. Additionally, aggressive pulmonary
toilet and incentive spirometry should be used to minimize
atelectasis. A semi-recumbent position is recommended to
prevent worsening of OSA and improve oxygen exchange
[72]. As in all patients, early ambulation should be encour-
aged to increase respiratory function and decrease the risk
of VTE.

Choice of anesthesia has also been shown to impact
postoperative recovery in the obese patient. A systematic
review of 11 randomized controlled trials evaluating post-
operative recovery in patients with morbid obesity
showed that recovery was significantly longer with
desflurane than with propofol anesthesia or with
sevoflurane or isoflurane anesthesia. There were no sig-
nificant differences in postoperative pain scores, PACU
discharge time, or incidence of postoperative nausea and
vomiting [73]. Moreover, caution should be used with
opiate analgesia due to an increased risk of respiratory
depression. Wherever possible, an opioid-sparing analge-
sia regimen should be used, including the use of neuraxial
analgesia via epidural if feasible. If necessary, low doses
of short-acting, lipophilic opioid such as fentanyl or
hydromorphone may reduce the risk of respiratory depres-
sion and hypoxia.

Overall, morbidly obese patients receive the greatest
risk reduction in perioperative morbidity with the success-
ful completion of a minimally invasive operation. The
obesity-related risks of upper airway obstruction, aspira-
tion, and impaired cardiopulmonary physiology are pre-
dictable and can be mediated with well-orchestrated mul-
tidisciplinary team involving the surgical, anesthesia, re-
spiratory therapy, and nursing teams.
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Surgical Outcomes for Robotics in Morbidly
Obese

Despite the possible challenges of robotic surgery in obese
patients, current data support the feasibility and safety of ro-
botic surgery in this population [43, 74-78]. During early
experiences with robotics, our group conducted a retrospec-
tive chart review of 442 women who underwent robotic-
assisted laparoscopic hysterectomy for benign and malignant
conditions over a 4-year period at an academic and commu-
nity teaching hospital [43]. Of the 442 patients, 257 (58%)
were obese or morbidly obese. Overall, the median estimated
blood loss was 100 mL, the operative time was 135 min, and
the length of stay was 1 day. These did not differ significantly
by BMI groups. Overall, 11.9% of patients experienced com-
plications (7.9% minor, 4.1% major), and this did not differ
significantly across BMI groups. The conclusion from this
study was that RTH can be performed safely in obese and
morbidly obese patients, with surgical outcomes and compli-
cation rates similar to those in non-obese patients [43].
Particularly in gynecological oncology patients, robotic sur-
gery has been shown to be feasible. Besides, robotics offers
additional benefits of decreased blood loss, fewer transfu-
sions, lower conversion rate to laparotomy, and shorter oper-
ative time over traditional laparoscopy [18, 79-81].

One outcome measure of robotic surgery in obese patients
is the rate of conversion to laparotomy. Initial experience with
laparoscopy/robotics in obese women suggested that increas-
ing BMI may potentially lead to higher rates of conversion [7].
With the surgeon’s increasing experience in laparoscopy, the
conversion rates have been reported to decline [8§1-83]. In a
retrospective chart review of 1032 obese patients by Wysham
etal., 34% of patients had class I obesity, 28% had class II, and
remaining 37% had class III obesity with a BMI greater than
40 kg/m® [64]. The rate of conversion to laparotomy in this
study was 4%. Only 6 patients (0.6%) required conversion due
to failure to the Trendelenburg positioning, as measured by
low tidal volumes or low oxygen saturation. The low conver-
sion rates have been repeatedly reported by ours and other
groups with studies including obese and morbidly obese pa-
tients [75, 81, 84].

Longer operative time has always been a criticism against
laparoscopic approach when staging endometrial cancer pa-
tients. Along these lines, El Sahwi et al. compared the out-
comes of 155 endometrial cancer patients who had robot-
assisted surgical staging to 150 open cases [75]. In this retro-
spective chart review wherein mean BMI was 34.5 kg/m?, the
mean operative time was 127 min in the robotic arm and 141
min in the open arm (P=0.0001). The adequacy of surgical
staging was also compared. The mean lymph node counts
were 20.3 in the robotic arm and 20 in the open arm (P =
0.567). Similarly, the incidence of postoperative complica-
tions was lower with the robotic approach. Specifically, the
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incidence of postoperative ileus (0.6% vs. 10.7%, P =
0.0001), infections (5.2% vs. 24%, P=0.0001), anemia/
transfusion (1.3% vs. 7.7%, P =0.005), and cardiopulmonary
complications (3.2% vs. 14.7%, P=0.003) was significantly
lower in the robotic arm vs. the open arm [75]. The authors
were able to demonstrate the benefits of MIS without
compromising the adequacy of surgical staging in this obese
patient population with endometrial cancer.

Surgical outcomes and complication rates are another im-
portant measure that requires discussion in this context. In a
large retrospective chart review on obese patients who
underwent robotic gynecological surgery, the primary out-
come was pulmonary complications and the secondary out-
come was all-cause complications [64]. Of 1032 patients, 146
patients (14%) had any complication, whereas only 33 pa-
tients (3%) had a pulmonary complication. The median body
mass index was 37 kg/m”. Only age was significantly associ-
ated with a higher risk of pulmonary complications (P < 0.01).
Older age, higher estimated blood loss, and longer case length
were associated with a higher rate of all-cause complications
(P<0.0001, P<0.0001, and P < 0.004, respectively). The au-
thors reported that robotic-assisted gynecological surgery can
be safely completed in obese patients, including those with
class II-1II obesity, without significant pulmonary or other
complications [64].

Oncological outcomes are as important as surgical out-
comes when robotic surgery is performed in the gynecologic
oncology patient population. Menderes et al. evaluated the
impact of body mass index (BMI) on the short- and long-
term outcomes of patients with endometrial cancer who
underwent robotic-assisted staging [81]. In this retrospective
chart review of 364 patients with endometrial cancer, the
mean (SD) BMI was 34.8 (10.1) kg/mz. Conversions from
laparoscopy to laparotomy were in 3 (0.8%) of 364 cases.
The mean (SD) operative time was 162.3 (54.6) min and the
mean (SD) postoperative hospitalization was 1.6 (1.9) days.
Although these results compared favorably with the landmark
LAP2 study, they were in line with results from similar endo-
metrial cancer laparoscopic staging studies [7, 76, 83, 85].
More interestingly, recurrence rates were consistently lower
for patients with BMI greater than 30 kg/m* when compared
with patients with BMI less than 30 kg/m? [81]. The promis-
ing oncological outcome data from this paper will hopefully
continue to encourage gynecologic oncologists to offer MIS
staging approaches for obese patients.

The favorable outcomes of MIS operations in obese pa-
tients have been consistent across other surgical specialties.
Sundi et al. evaluated operative and pathologic outcomes of
laparoscopic radical prostatectomy (LRP) and robot-assisted
radical prostatectomy (RARP) in men with progressive chang-
es in BMI category [86]. Of 987 patients, a total of 57% (563/
987) of patients were overweight and 19.6% (193/987) were
obese. There were no differences in estimated blood loss,

complications, pathologic stage, or recurrences across BMI
categories [86]. Higher BMI was a significant predictor of
longer operative time. The authors therefore concluded that
obese man can safely undergo LRP or RARP and expect peri-
operative and early oncologic outcomes comparable with
those of normal weight men without an increased risk of peri-
operative complications [86]. Similar encouraging results sup-
portive of MIS in obese patients have been replicated in many
other surgical specialties, including general surgery and bar-
iatric surgery [87-91].

Summary of Tips and Tricks
General

* The proportion of obese women undergoing gynecologic
surgery in the USA is on the rise.

« A woman with BMI >30 kg/m? is at increased risk of
diabetes mellitus, hypertension, and many other
comorbidities.

* Obese patients are at greater risk of perioperative
complications.

* Many of the perioperative risks of surgery in obese pa-
tients have been ameliorated with the advent of laparo-
scopic surgery.

* Body composition, rather than weight-to-height ratio
alone, is a better predictor of obesity-related cardio-meta-
bolic risk factors.

Physiologic changes in obese patients

*  Oxygen consumption and carbon dioxide production are
more pronounced.

* Chest wall compliance is decreased by excess body
weight around the chest and under the diaphragm.

* General anesthesia and the steep Trendelenburg position-
ing reduce functional residual capacity.

» Cardiovascular changes occur in the form of larger stroke
volume, increased cardiac output, decreased vascular re-
sistance, and overall increased cardiac work.

* VTE is a serious perioperative concern in obese patients.

Preoperative considerations

* A comprehensive medical history and physical examina-
tion should include assessment of a patient’s exercise tol-
erance as well as OSA screening questions.

* A baseline electrocardiogram should be obtained in obese
persons of any age undergoing major abdominal surgery
since arrhythmias are common.

*  Current medications should be carefully reviewed and all
medications that increase the potential for bleeding should
be discontinued.
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Positioning

Use of an anti-skid material such as convoluted foam, gel
pad, or surgical bean bag should be strongly considered in
order to minimize downward shifting on the OR table.

If a surgeon prefers to use the shoulder blocks, they should
be placed over the acromioclavicular joint.

Success with tucking both arms can be optimized with the
use of bed extenders or arm boards.

Anesthesia considerations

Pre-oxygenation before induction of anesthesia must be
performed for at least 5 min with a close-fitting face mask
since oxygen desaturation occurs quickly after apneic ep-
isodes. Addition of PEEP should also be considered to
prevent atelectasis.

Pressure control ventilation is preferred in obese patients
since it improves the lung ventilation—perfusion ratio, gen-
erates higher instantancous flow peaks, and may enable
better alveolar recruitment.

Patients with obesity and OSA are at high risk of
major complication during extubation. It is highly rec-
ommended that these patients are extubated once they
are awake.

Surgical considerations

We do not recommend mechanical bowel preparation or
enema since there is no convincing evidence to support its
use.

As BMI and central adiposity increase, the umbilicus mi-
grates caudally with respect to the aortic bifurcation.
Therefore, umbilical port should be placed at a right angle
to the anterior abdominal wall.

Effective communication between surgical and anesthesia
teams is of paramount importance.

The patient might need to be taken out of the
Trendelenburg position for a period of time in order to
improve oxygenation.

A redundant rectosigmoid colon may be managed using a
puppet stitch placed through the epiploic appendices,
which is then attached to anterior abdominal wall.

Postoperative considerations

Obese patients who undergo robotic surgery should be
observed for at least 23 h postoperatively since they are
at increased for pulmonary and metabolic complications.
Continuous pulse oximetry monitoring should be used to
monitor respiratory status overnight.

If continuous positive airway pressure (CPAP) therapy is
used at home, it should be continued during admission.

@ Springer

Aggressive pulmonary toilet and incentive spirometry
should be used to minimize atelectasis.

Early ambulation should be encouraged to increase respi-
ratory function and decrease the risk of VTE.

Caution should be used with opiate analgesia due to an
increased risk of respiratory depression.

Fluid resuscitation should be used judiciously in order to
prevent volume overload.
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