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1 Minimally invasive surgery reduces surgical stress and post
operative pain as well as reduces overall morbidity, thus resulting
in rapid recovery, earlier ambulation, shorter hospital stay, and
rapid return to daily living activities.
2 Robotic surgery offers technical advantages over laparoscopic
surgery and thus should further expand the ield of minimally
invasive surgery.
3 Pneumoperitoneum creation and patient positioning dur
ing laparoscopic and robotic surgeries can cause signiicant
physiologic changes, which may result in signiicant cardiore
spiratory compromise, particularly in patients with signiicant
cardiopulmonary dysfunctions.
4 The cardiovascular changes during pneumoperitoneum include
an increase in systemic vascular resistance and mean arterial
pressure, cardiac arrhythmia (bradycardia and tachycardia),
while changes in cardiac illing volumes and cardiac index vary
depending on the patients’ status.
5 The hemodynamic changes in the morbidly obese are similar
to those observed in the nonobese.
6 Pneumoperitoneum can reduce splanchnic and renal blood
lows, while increasing intracranial pressures.
7 Cephalad displacement of the diaphragm caused by increased
intraabdominal pressure and patient positioning, which can
lead to reduction in functional residual capacity and total lung
compliance, results in basal atelectasis and increased airway
pressures.

8 Carbon dioxide insuflation for creation of pneumoperitoneum
increases carbon dioxide absorption, but the changes in arterial
carbon dioxide concentrations remain clinically insigniicant
in healthy patients.
9 Balanced general anesthesia with tracheal intubation and
mechanical ventilation with acceptance of higher endtidal
carbon dioxide levels remains the best practice for minimally
invasive surgical procedures.
10 Aggressive multimodal analgesic as well as antiemetic pro
phylaxis and treatment are required to reduce these common
postoperative adverse effects.
11 Should intraoperative cardiopulmonary impairment occur,
it is important to conirm that the intraabdominal pressure
is <15 mm Hg as well as rule out traumatic vascular injuries,
carbon dioxide embolism, subcutaneous emphysema, capnotho
rax, and capnomediastinum.
12 If subcutaneous emphysema extends to the chest and neck,
the carbon dioxide can track to the thorax and mediastinum,
thereby resulting in capnothorax or capnomediastinum.
13 Signiicant subcutaneous emphysema may lead to development
of late hypercarbia (i.e., in the recovery room).
14 Hyperventilation and positive endexpiratory pressure should allow
early resolution of capnothorax and carbon dioxide embolism.
15 If there is no improvement in the vital signs with routine
management, it is imperative to release the pneumoperitoneum
and place the patient in a supine (or Trendelenburg) position.
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Mult imedia
1 Laparoscopic

IntroductIon
The development of “minimally invasive surgery” or “mini
mal access surgery” has revolutionized the ield of surgery. The
growth of laparoscopic surgical procedures is due to the use of
smaller incisions that reduce surgical stress and postoperative
pain as well as reduce overall morbidity, thus resulting in rapid
recovery, earlier ambulation, shorter hospital stay, and rapid
1 return to daily living activities (Table 431). These beneits are
achieved without compromising surgical outcomes.1–6 In addi
tion, a minimally invasive approach has allowed several proce
dures to be performed on an outpatient basis, where previously
a hospital stay was necessary.7–11 Furthermore, it has allowed the
implementation of rapid rehabilitation recovery programs that
have been shown to further improve perioperative outcome and
reduce hospital stay.12 Overall, there is potential for signiicant
cost savings.
With growing surgical expertise and continuing improvements
in technology, more extensive laparoscopic procedures are being
performed in a wide range of patients, including morbidly obese,
older, and sicker patients with signiicant comorbidities as well
as pregnant and pediatric patients.1 However, conventional lapa
roscopy has several technical limitations, such as reduced range
of motion and instrument dexterity as well as a twodimensional
view of the operative ield.6 Technologic advances in computer
power and robotic engineering have allowed us to address some
of these limitations. Robotic surgery improves depth perception
through a highdeinition, magniied, and threedimensional
view of the operative ield and provides intuitive instrument
control that mimics natural hand and wrist movements and elim
inates surgeon tremor. Overall, robotic surgery enhances sur
geons’ skills and thus has the potential to transform technically
challenging open or laparoscopic procedures, particularly those
requiring improved visualization and/or complex reconstruc
tion necessitating extensive suturing, into technically feasible
minimally invasive procedures. Robotic surgery can be applied
to virtually every surgical subspecialty (e.g., general, colorectal,
head and neck, gynecologic, thoracic, and cardiac surgeries). The

advantages of robotic surgery are expected to broaden the appli
2 cation of the minimally invasive surgical paradigm.
Despite the potential advantages of laparoscopic and robotic
surgeries, they are associated with signiicant physiologic changes
as well as new complications (some potentially lifethreatening)
3 that are usually not seen with the traditional open approach1
(Table 432). In addition, robotic procedures can have signii
cantly prolonged operative times and require patients to be placed
in extreme positions. Because the robotic system is large, it limits
the access to the patient and invades the anesthesia working space.
Overall, this presents signiicant challenges in anesthetic manage
ment. Therefore, a thorough understanding of potential physi
ologic changes and perioperative complications associated with
laparoscopic and robotic surgeries is necessary to provide optimal
patient care and improve perioperative morbidity and mortality.
This chapter discusses the anesthetic management of adult
patients undergoing laparoscopic and abdominal robotic sur
geries. However, endoscopic and robotic cardiac and thoracic
surgeries (e.g., videoassisted thoracic surgery [VATS]) that are
increasingly performed are discussed elsewhere (Chapter 37).

SurgIcal technIqueS
1 Laparoscopic procedure entails intraperitoneal insuflation of
carbon dioxide (CO2) to create pneumoperitoneum that allows
surgical exposure and manipulation. Carbon dioxide is used
because it is noncombustible and more soluble in blood, which
increases the safety margin and decreases the consequences of gas
embolism. Unlike nitrous oxide (N2O), CO2 does not support
combustion and, therefore, can be used safely with diathermy.
Compared to helium, the high blood solubility of CO2 and its
capability for pulmonary excretion reduce the risk of adverse
outcomes in the event of gas embolism. An abdominal wall lift
system (i.e., a gasless laparoscopy) has been developed to achieve
surgical space while avoiding the cardiopulmonary effects of CO2
pneumoperitoneum.13 Although this approach appears to be safe,

table 43-2. POTENTIAL COMPLICATIONS
DURING LAPAROSCOPY
table 43-1. ADVANTAGES OF MINIMALLY
INVASIVE SURGERY
•
•
•
•
•
•
•
•
•
•

Minimizes surgical incision and stress response
Decreases postoperative pain and opioid requirements
Preserves diaphragmatic function
Improves postoperative pulmonary function
Earlier return of bowel function
Fewer woundrelated complications
Earlier ambulation
Shorter hospital stays
Early return to normal activities and work
Reduces health costs

• Creation of pneumoperitoneum (carbon dioxide
insuflation and intraabdominal pressure)
• Hemodynamic
• Pulmonary
• Neurohumoral responses
• Surgical instrumentation
• Injury: Vascular, gastrointestinal, genitourinary, nervous,
thermal
• Subcutaneous emphysema
• Capnothorax, capnomediastinum, capnopericardium
• Gas embolism
• Patient positioning
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it has not been accepted in routine clinical practice because it
operating tables may be rotated laterally (right or left lateral) to
increases operating times and surgical costs without improving
further facilitate surgical exposure. Also, patients undergoing
clinical outcomes.13
pelvic surgery (e.g., radial prostatectomy and hysterectomy) may
be placed in a lithotomy position. Patients undergoing urologic
The initial access necessary for CO2 insuflation could be
surgery, particularly renal procedures, may be placed in lateral
achieved either through a blind insertion of a Veress needle that
or semilateral positions combined with a lexion (i.e., jackknife)
consists of a blunttipped, springloaded inner stylet and sharp
position. The considerations related to patient positioning are
outer needle through a small subumbilical incision or a trocar
discussed in Chapter 28.
inserted under direct vision. The open insertion of the trocar
using a minilaparotomy approach guarantees safe creation of
pneumoperitoneum and avoids the dangers of blind insertion.
Upon conirmation of appropriate placement, a variable low
PhySIologIc effectS
electronic insuflator that automatically terminates gas low at a
preset intraabdominal pressure (IAP) is used to achieve pneu
moperitoneum. It is standard of care to maintain the IAP below
The physiologic consequences of laparoscopy can be complex and
15 mm Hg, because higher pressures can have signiicant physi
depend on the interactions between the patient’s preexisting car
ologic consequences and can increase the incidence of intraop
diopulmonary status and surgical factors such as the magnitude
erative complications. An access port is then inserted in place of
of IAP, degree of CO2 absorption, alteration of patient position,
the needle to maintain insuflation during the procedure. A video
and the type of surgical procedure.2,14,15 In addition, the anes
laparoscope, inserted through the port, allows visualization of
thetic technique may inluence the physiologic changes; however,
the operative ield. Additional access ports are inserted through
these effects may be minimal with modern anesthetic techniques.
a number of small skin incisions, which allow the introduction
Of note, physiologic changes are well tolerated by most healthy
of surgical dissection and suction instruments. The secondary
patients; however, they could have adverse consequences in
ports are placed under direct vision, preferably with the help of
patients with limited cardiopulmonary reserve.
transillumination of the abdominal wall to identify supericial
abdominal wall vessels.
The Da Vinci Surgical System (Intuitive Surgical Inc., Sunny
Cardiovascular Effects
vale, California) is the most common robotic platform used
currently. It consists of three components: a control console
The changes in the cardiovascular function during laparoscopy
where the surgeon sits and operates the robotic arms and camera
are due to the mechanical and neuroendocrine effects of pneu
(Fig. 431), an equipment tower that includes an optical system,
moperitoneum and the effects of absorbed CO2 and patient posi
and the patient side cart that includes robotic arms.3,4,6 Similar to
tioning as well as patient factors such as cardiopulmonary status
a laparoscopic procedure, robotic surgery involves development
and intravascular volume (Table 433). The induction of pneu
of pneumoperitoneum and placement of a video camera (a high
moperitoneum in the supine position (rather than headdown
deinition threedimensional vision system) and ports. This is
position) and limiting the IAP to 12 to 15 mm Hg minimize the
followed by placement of the robotic arms, a crucial and tedious
alterations in cardiovascular function during laparoscopy.2,14
part of the procedure (Fig. 432). An assistant is at the patient side
The cardiovascular changes of laparoscopy include an increase
for suctioning, retraction, and passage of suture or sponges.
in systemic vascular resistance (SVR) and mean arterial pressure
Patient position during minimally invasive surgery varies sig
(MAP), which is caused by increased sympathetic output from
niicantly based on the surgical procedure. Patients undergoing 4 CO2 absorption and a neuroendocrine response to pneumoperi
upper abdominal procedures require a reverse Trendelenburg
toneum.2,14,15 Pneumoperitoneumrelated increased IAP results
(headup) position, while those undergoing lower abdominal
in activation of the sympathetic system with catecholamine release
procedures require Trendelenburg (headdown) position. The
and the renin–angiotensin system with vasopressin release.16 The
headup or headdown position can be steep. In addition, the
proile of vasopressin release parallels the time course of changes
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fIgure 43-1. A control console
where the surgeon is stationed and
operates the robotic arms and camera. © 2012 Intuitive Surgical, Inc.
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fIgure 43-2. Layout of the operating
room during robotic surgery. Reproduced
from:.

table 43-3. HEMODYNAMIC EFFECTS OF
MINIMALLY INVASIVE SURGERY
• Increased systemic vascular resistance and mean arterial
pressure
• Causes: Hypercarbia, neuroendocrine response (e.g.,
increased catecholamines, vasopressin, cortisol),
mechanical factors (e.g., direct compression of aorta)
• Variable change (increased or no change) in cardiac illing
volumes
• Causes: Compression of intraabdominal organs (i.e.,
liver and spleen)
• Variable change (decreased or no change) in cardiac index
• Causes: Increased afterload, decreased venous return,
and cardiac illing
• Cardiac dysrhythmias (brady or tachycardia)
• Causes: Peritoneal stretch, hypercarbia, hypoxia,
capnothorax, pulmonary embolism

in SVR. In addition, compression of the arterial vasculature from
increased IAP may also lead to an increase in SVR. These neuro
endocrine and mechanical responses supersede the hypercapnia
induced arteriolar dilation and decrease SVR. The increase in SVR
may increase the myocardial wall tension and, thus, may increase
the myocardial oxygen demand. However, myocardial ischemia,
as suggested by electrocardiogramST–segment changes, is not
observed.17
The changes in cardiac illing pressures and volumes during lap
aroscopy appear to be complex. Increased cardiac illing pressures
may relect increased intrathoracic pressures caused by pneumo
peritoneum and increased sympathetic output due to hypercapnia
from CO2 absorption and surgical stress. However, cardiac illing
pressures may not always relect cardiac illing volumes. Increased
IAP may compress venous capacitance vessels, causing a decrease
in preload (cardiac illing volume), particularly in hypovolemic
patients. In contrast, compression of the abdominal organs (e.g.,
liver and spleen) caused by increased IAP may increase intravas
cular volume, which may increase cardiac illing, particularly if the
patient is placed in a headdown position.18 Overall, the cardiac
illing pressures and volumes increase, but minimally.
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position, the cardiac preload, as determined by the left ventricular
enddiastolic area, increased and CI and EF improved.22 Oxy
genation and ventilation remained unchanged, and no patients
exhibited electrocardiogram signs of myocardial ischemia. Release
of pneumoperitoneum resulted in a signiicant decrease in SVR
and increased CI and left ventricular systolic work index.
The type of surgical procedure may also inluence the
degree of hemodynamic derangement. Surgical disruption of
the esophageal hiatus during laparoscopic fundoplication may
increase mediastinal and pleural pressures, resulting in a signii
cant reduction in CI.23,24 Patients undergoing endoscopic radical
prostatectomy in the Trendelenburg position did not experience
hemodynamic changes, despite prolonged duration (average
4 hours) of pneumoperitoneum.25
The hemodynamic changes that occur during abdominal
robotic surgery appear to be similar to those observed dur
ing laparoscopic surgery. Most of the studies evaluating such
changes are performed in patients undergoing prostatectomy
with steep headdown position. Peritoneal insuflation and
steep (40 degrees) headdown position during roboticassisted
prostatectomy increase SVR and MAP, while other hemody
namic variables remain in acceptable limits26,27 (Figs. 433 and
434). A recent study found that although cardiac illing pres
sures were increased, the cardiac performance (stroke volume,
cardiac output, and mixed venous oxygen saturation as well as
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In healthy patients, the changes in cardiac index (CI) appear
to be phasic with initial reduction after induction of pneumo
peritoneum and subsequent recovery within 10 to 15 minutes.
Overall, the changes in CI in healthy patients are minimal.
However, in patients with severe cardiac dysfunctions, there
may be a signiicant reduction in CI and signiicant hemo
dynamic deterioration.19 Although reduction in CI parallels
the time course of increase in SVR, the cause–effect relation
ship between SVR and CI is unclear. In addition, signiicant
hypercapnia and associated respiratory acidosis may decrease
myocardial contractility and lower the arrhythmia threshold.
Hypercarbia can cause pulmonary vasoconstriction, which may
be deleterious in patients with pulmonary hypertension or right
ventricular dysfunction.
5
In the morbidly obese, the hemodynamic changes are similar
to those observed in the nonobese.20,21 Although the reasons for
this observation are not clear, it is hypothesized that lack of differ
ences in hemodynamics may be related to intrinsically higher IAP
in the obese (10 mm Hg vs. 5 mm Hg in the nonobese).
In the elderly, with signiicant coexisting cardiopulmonary dis
ease, pneumoperitoneum and headdown position cause several
hemodynamic changes.22 Induction of pneumoperitoneum signif
icantly increased SVR accompanied with a signiicant reduction in
CI and ejection fraction (EF). However, the left ventricular work
load remained unchanged. Upon placement in the headdown
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fIgure 43-3. Hemodynamic changes (heart rate (HR), mean arterial pressures (MAPs), central venous pressures (CVPs), cerebral perfusion pressure (CPP), arterial oxygen saturation measured by pulse oximetry (SpO2), and regional cerebral tissue oxygen
saturation (SctO2) in patients undergoing laparoscopic robotic prostatectomy in steep head-down position. Thin lines indicate
values in individual patients and thick lines indicate mean values (From: Kalmar AF, Foubert L, Hendrickx JFA, et al. Influence of
steep Trendelenburg position and CO2 pneumoperitoneum on cardiovascular, cerebrovascular, and respiratory homeostasis during robotic prostatectomy. Br J Anaesth. 2012;104:433–439).
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fIgure 43-4. Changes in end-tidal CO2 values (PECO2), ventilatory plateau pressure (Pplat), tidal volume, and pulmonary
compliance in patients undergoing laparoscopic robotic prostatectomy in steep head-down position. Thin lines indicate values
in individual patients and thick lines indicate mean values (From: Kalmar AF, Foubert L, Hendrickx JFA, et al. Influence of steep
Trendelenburg position and CO2 pneumoperitoneum on cardiovascular, cerebrovascular, and respiratory homeostasis during
robotic prostatectomy. Br J Anaesth. 2012;104:433–439).

echocardiographic cardiac dimensions) was maintained during
roboticassisted prostatectomy with patients in 45degree head
down tilt and pneumoperitoneum with IAP 12 mm Hg28 (Fig.
435). Overall, robotic surgery appears to be well tolerated in a
healthy population. However, the physiologic changes in the
elderly or in patients with impaired cardiopulmonary reserve
undergoing robotic prostatectomy remain unknown.
fIgure 43-5. Changes (mean and standard deviations) in mixed venous oxygen saturation (SvO2),
heart rate (HR), and cardiac index (CI).
a
HR significantly increased compared with horizontal, P <.05. (From: Lestar M, Gunnarsson L, Lagerstrand L, et al. Hemodynamic perturbations during
robot-assisted laparoscopic radical prostatectomy
in 45° Trendelenburg position. Anesth Analg.
2011;113:1069–1075).

Regional Perfusion (splanchnic, Renal,
Cerebral, intraocular)
Increased IAP, systemic CO2 absorption, and changes in patient
position, along with hemodynamic changes (e.g., SVR and CI),
inluence splanchnic, renal, and cerebral blood low during
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• Increased cerebral perfusion and intracranial pressure
• Caution in patient with brain tumor or
ventriculoperitoneal shunt
• Decreased splanchnic blood low
• Variable (decreased or no change) in bowel perfusion,
mechanical pneumoperitoneum compression balanced by
hypercarbic vasodilatation
• Decreased hepatic blood low
• Beneicial during cryoablation of liver metastasis
• Reduced renal perfusion and urine output (reduced
during pneumoperitoneum/recovery following delation)
• Decreased femoral vein low
• Increased potential for deep vein thrombosis and
pulmonary embolism

and cerebral perfusion remain within safe limits during com
bined pneumoperitoneum and Trendelenburg position.27,32,33
Choroidal vasodilatation and an increase in intraocular pressure
may occur during CO2 pneumoperitoneum and steep headdown
position.33 Intraocular pressure increased signiicantly during
roboticassisted radical prostatectomy with steep headdown posi
tion.33 Multivariate analysis suggested that the predictors of IOP
include duration of surgery and endtidal CO2 (ETCO2).

Respiratory and Gas Exchange Effects

Changes in pulmonary function during laparoscopy include reduc
tion in lung volume and pulmonary compliance secondary to
cephalad displacement of the diaphragm caused by increased IAP
and patient positioning14,15 (Table 436). Reduction in functional
residual capacity (FRC) and total lung compliance results in basal
7 atelectasis and increased airway pressure. In addition, the increase
in minute ventilation required to avoid hypercarbia caused by
systemic CO2 absorption further increases peak airway pressures.
Although these changes are well tolerated by healthy patients, sig
niicant pulmonary dysfunction may occur in patients with pre
existing pulmonary disease (see the section on complications).
6 minimal access surgery (Table 434). However, the clinical con
The CO2 insuflated into the peritoneal cavity is absorbed and
sequences of these changes depend largely on the patient’s pre
causes hypercarbia. The absorption of gas from the peritoneal cav
existing status.
ity depends on its diffusivity, the absorption area, and vascularity
The direct mechanical and neuroendocrine effects of pneu
of insuflation site. Carbon dioxide absorption is greater during
moperitoneum can decrease splanchnic circulation, causing
extraperitoneal (e.g., pelvic, hernia repair, and adrenorenal sur
reduced total hepatic blood low and bowel circulation. However,
geries) insuflation than during intraperitoneal insuflation (e.g.,
these effects may be counterbalanced by the direct splanchnic
cholecystectomy).34 The CO2 absorption reaches a plateau within
vasodilatation caused by hypercapnia. Notwithstanding occa
10 to 15 minutes after initiation of intraperitoneal insuflation
sional reports of mesenteric ischemia following laparoscopy, the
and thus is not inluenced by the duration of surgery.35 However,
effects of pneumoperitoneum on the splanchnic circulation are
it continues to increase progressively throughout extraperitoneal
not clinically signiicant.
CO2 insuflation.
The mechanical compressive and neuroendocrine effects of
Although laparoscopic surgery is associated with increased
pneumoperitoneum may account for reduction in renal blood
CO2 absorption, the changes in arterial CO2 (PaCO2) concentra
low, glomerular iltration, and urine output (Table 435).29,30
However, the urine output generally normalizes following pneu 8 tions remain clinically insigniicant in healthy patients. However,
in patients with severe pulmonary disease and limited elimina
moperitoneum delation with no consequent renal dysfunction.
tion of CO2, the resulting rise in PaCO2 may be signiicant despite
Nevertheless, there may be clinical implications in critically ill
aggressive hyperventilation. In addition, in this patient popula
patients and those with renal dysfunction undergoing extensive
tion, the ETCO2 levels may underestimate arterial CO2 concen
laparoscopic procedures requiring prolonged pneumoperitoneum.
trations (PaCO2). Interestingly, the absorption and excretion
An increase in PaCO2 during steep Trendelenburg positioning
of CO2 in morbidly obese patients appear to be similar to that
can increase cerebral blood low and intracranial pressure with
of nonobese patients.20 However, in obese patients placed in
implications for patients with intracranial mass lesions. There
the headdown position, arterial oxygenation and the alveolar–
fore, maintenance of normocarbia is essential for preservation
arterial oxygen gradient are impaired.21
of cerebrovascular homeostasis.31 However, cerebral oxygenation

table 43-5. RENAL FUNCTION DURING
LAPAROSCOPY
• Urine output reduced during laparoscopy
• Decreased renal blood low
• Compression of renal parenchyma
• Neuroendocrine
• Factors that inluence urine output
• Preexisting renal compromise
• Longer insuflation times
• High intraabdominal pressures
• Intraoperative oliguria reversible within 2 h postoperatively
• IAP <15 mm Hg safe even in patients with renal disease

table 43-6. PULMONARY CHANGES DURING
LAPAROSCOPY
• Diaphragm elevated
• Decreased lung volumes (e.g., functional residual capacity)
• Increased ventilation–perfusion mismatch
• Increased alveolar–arterial oxygen gradient
• Decreased lung compliance and increased resistance
• Increased pleural pressures
• Increased airway pressures
• Uneven gas distribution
• Cephalad displacement of carina
• Endobronchial intubation
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table 43-4. REGIONAL CIRCULATORY
CHANGES DURING LAPAROSCOPY
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A recent study found that pH decreased during laparotomy
open procedures and laparoscopic procedures with CO2 pneu
moperitoneum. However, reduced pH during the pneumoperito
neum was due to an increase in PaCO2 and promptly returned to
a normal value after the desuflation of the abdomen. In contrast,
reduction in pH after laparotomy was from metabolic factors and
persisted for approximately an hour postoperatively.36
A recent animal study found that the improved arterial oxy
genation and gas exchange after induction of pneumoperitoneum
was due to improved ventilation–perfusion matching caused by
redistribution of perfusion away from the collapsed lung regions.
This was probably caused by enhanced hypoxic pulmonary vaso
constriction possibly mediated via increased arterial CO2.37
During roboticassisted hysterectomy and prostatectomy per
formed under steep (40 degrees) headdown position, the changes
in deadspace ventilation and venous admixture appear to be
small.38 Another study in patients undergoing robotic prostatec
tomy also found minimal changes in respiratory parameters.27
However, the arterial endtidal CO2 gradient increased after
120 minutes. Therefore, ETCO2 values may underestimate arterial
CO2 levels, and maintaining ETCO2 between 25 and 35 mm Hg will
result in PaCO2 levels of 35 to 45 mm Hg. Similarly, the institution
of pneumoperitoneum (IAP of 12 mm Hg) and 45degree head
down positioning resulted in decreased lung compliance by 40%.28
The ventilation–perfusion distribution did not differ signiicantly
from baseline measurements, and oxygenation actually improved,
probably due to optimization of intraoperative ventilation.28

AneSthetIc ManageMent
An optimal anesthetic technique would provide excellent intra
operative conditions while ensuring rapid recovery and low inci
dence of adverse effects as well as allowing early return to daily
living activities.39,40 Local and regional anesthesia (spinal and
epidural) can be used for shorter laparoscopic procedures, such
as diagnostic laparoscopy, which requires lower IAP and mini
mal headdown tilt.40,41 Nevertheless, patient discomfort associ
ated with creation of pneumoperitoneum and extreme position
changes during the procedure can be signiicant. In addition,
neuraxial anesthesia can cause signiicant sympathetic denerva
tion, which may be associated with adverse ventilatory and cir
culatory responses, complicating perioperative management.
Therefore, balanced general anesthesia with tracheal intubation
and mechanical ventilation with acceptance of higher endtidal
carbon dioxide levels remains the best practice for minimally
9 invasive surgical procedures.

induction of Anesthesia and
Airway management
Because of its unique recovery proile, propofol is considered the
sedative–hypnotic drug of choice for induction of anesthesia.
Propofol also offers an advantage over other intravenous anes
thetics because of its antiemetic properties and associated eupho
ria on emergence. Tracheal intubation and controlled mechani
cal ventilation comprise the accepted anesthetic technique to
reduce the increase in PaCO2 and avoid ventilatory compromise
from pneumoperitoneum and position changes. Although the
laryngeal mask airway (LMA) has been used during short pelvic
laparoscopic procedures, this evidence cannot be extrapolated to
procedures requiring high IAP, steep headdown position, and

upper abdominal laparoscopy as well as in patients at increased
risk of regurgitation.42,43

maintenance of Anesthesia
Maintenance of anesthesia with the newer inhaled anesthetics (i.e.,
deslurane or sevolurane) remains the mainstay of modern anes
thesia practice, probably because of the ease of titratability.39,44 In
addition, inhaled anesthetics exert some neuromuscular block
ing effect. Furthermore, inhalation anesthesia may provide faster
emergence as compared to total intravenous anesthesia (TIVA)
with propofol. However, propofolbased TIVA is associated with
a lower risk of postoperative nausea and vomiting (PONV), but
its cost and apparent complexity (i.e., need for infusion and dif
iculty in titration) deter some practitioners.44,45 Of note, except
for patients with very high risk of PONV, the incidence of PONV
with TIVA appears to be similar to that with inhalation anesthesia
combined with prophylactic antiemetics.44

nitrous oxide
N2O is widely used as part of a balanced anesthetic technique
because of its amnestic and analgesic properties, as well as its abil
ity to reduce the requirements of inhaled and intravenous anes
thetic drugs and facilitate recovery.46,47 Elimination of N2O at the
end of anesthesia produces a clinically signiicant acceleration
in the reduction of inhaled anesthetic concentrations, further
contributing to the speed of emergence.48 However, its use dur
ing laparoscopic procedures has been controversial as a result of
concerns regarding its ability to diffuse into bowel lumen, caus
ing distension and impaired surgical access as well as increased
PONV.49 However, surgical conditions during laparoscopic pro
cedures have been shown to be identical, regardless of whether
N2O was used.50 In particular, surgeons were unable to distin
guish between patients who had received N2O compared to air.50
Although N2O can contribute to PONV, the overall impact
appears to be modest.51 The use of propofol for induction of anes
thesia and antiemetic prophylaxis, which is the current standard of
care, further negates the emetic effects of N2O.51 A metaanalysis
of randomized controlled trials found that the emetic effect of
N2O is not signiicant, and omitting N2O may increase the risk
of awareness.52 Thus, there is no convincing reason to routinely
avoid N2O during laparoscopic procedures. However, omitting
N2O from the anesthesia regimen may be an option in patients
at very high risk of PONV or when there are surgical dificulties.
In a laboratory experimental study, N2O was shown to diffuse
into a CO2 pneumoperitoneum, and the levels were high enough
to support combustion within 2 hours.53 As laparoscopic surgi
cal techniques become more complex and with the increasing use
of laser and electrocautery, the chance of bowel perforation and
release of highly volatile bowel gases (methane and hydrogen)
into the peritoneal cavity is highly likely. However, the clinical
signiicance of these issues remains unclear. In practice, leakage
of intraperitoneal gas and replacement with fresh CO2 are likely
to wash out N2O and reduce the risk of explosion.54

intraoperative opioids
Opioids remain an important component of a balanced general
anesthetic technique and are typically titrated to achieve hemo
dynamic stability. However, treatment of pneumoperitoneum
induced hypertension with opioids may lead to relative opioid
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muscle Relaxants and Reversal of
Residual neuromuscular Blockade
Muscle paralysis reduces the IAP needed for the same degree of
abdominal distension. However, several studies have not been
able to show a correlation between the degree of muscle paraly
sis and the surgeon’s ability.57,58 Therefore, deep muscle paralysis
may not be necessary during laparoscopic procedures. However,
patient movement during robotic surgery can result in displace
ment of the robotic arms, which has a potential for patient harm.59
Recent evidence suggests that even a minor degree of residual
neuromuscular blockade can increase the incidence of postopera
tive respiratory complications in highrisk patients such as the
morbidly obese and elderly.60–62 Unfortunately, residual neuro
muscular blockade is dificult to diagnose clinically or by using
trainoffour (TOF) response monitoring.63 Recently, accelero
myography that provides a TOF ratio has been shown to reduce the
incidence of residual blockade and associated unpleasant symp
toms of muscle weakness in the recovery room and thus improve
the overall quality of recovery.63 Reversal with neostigmine is
sometimes avoided due to concerns of higher incidence of PONV.
However, the incidence of PONV and the need for antiemetics do
not increase with the appropriate use of neostigmine combined
with glycopyrrolate.64,65 Therefore, reversal drugs should be used
without hesitation. The dose of neostigmine should be determined
by the degree of blockade at the time of reversal.61,66

mechanical Ventilation
The changes in pulmonary function (e.g., reduction in lung
volume, increase in peak inspiratory pressure, and decrease in
pulmonary compliance) during laparoscopy may require intra
operative modiication in mechanical ventilation. Typically the
minute ventilation needs to be increased by 20% to 30%, which
could be achieved by increasing the respiratory rate while main
taining a constant tidal volume. Lung protective ventilation
strategies include the use of pressurecontrolled ventilation with
low tidal volumes (6 to 8 mL/kg ideal body weight) and positive
endexpiratory pressure (PEEP) of 5 to 10 cm water (H2O).67 Use
of PEEP has been shown to improve arterial oxygenation dur
ing prolonged pneumoperitoneum.68 In addition, recruitment
maneuvers are beneicial and should be applied, particularly

before and after a laparoscopic procedure.69 Unfortunately, the
effects of recruitment maneuvers are short lasting and often lim
ited by hemodynamic instability. It is important to avoid hyper
ventilation (and hypocapnia), as this may result in metabolic alka
losis and lead to postoperative hypoventilation. The acceptance
of higher ETCO2 levels may limit peak airway pressures (<50 cm
H2O) and potential barotrauma. Mild hypercapnia (i.e., ETCO2
of 40 mm Hg) can improve tissue oxygenation through improved
tissue perfusion, resulting from increased cardiac output and
vasodilatation as well as increased oxygen offloading from the
shift of the oxyhemoglobin dissociation curve to the right.67,70,71

monitoring
In addition to standard intraoperative monitoring, minimally inva
sive hemodynamic monitoring (e.g., arterial waveform analysis)
may be appropriate in patients with signiicant cardiopulmonary
disease to monitor the cardiovascular response to pneumoperito
neum and position changes in order to institute therapy. The arte
rial waveform analysis provides a relatively noninvasive means of
estimating ventricular contractility and stroke volume on a beatto
beat basis.72,73 In addition, these monitors could guide luid therapy
by using dynamic indicators such as stroke volume variation.
Although ETCO2 provides a reasonable approximation of
PaCO2 in healthy patients, this may not be true in patients with
preexisting cardiopulmonary disease. Therefore, monitoring of
arterial blood gases may be prudent in patients with signiicant
pulmonary disease or those with persistent refractory intraop
erative hypercapnia. Also, compliance and pressure–volume loop
monitoring may be helpful in diagnosing complications resulting
in increased airway pressure, such as endobronchial intubation,
bronchospasm, and pneumothorax. Recently, cerebral oximetry
monitoring was found to provide brain oxygenation,74–76 and
could be particularly useful in highrisk patients undergoing pro
longed endoscopic procedures in steep headup or headdown
procedures.32

Fluid management
Maintenance of optimal intravascular volume or cardiac illing is
critical in improving perioperative outcomes.77,78 This is particu
larly critical during prolonged laparoscopic procedures in the high
risk patient population. However, luid therapy remains one of the
most controversial topics in perioperative management. There is
continuing debate regarding the type of luids used (i.e., crystal
loids, colloids, or a type of colloid) as well as the amount of luid
administration (i.e., liberal vs. restricted or goaldirected approach).
It is increasingly becoming clear that intraoperative luid ther
apy should be speciic to patient characteristics and the type of
surgical procedure. For mild to moderately invasive surgical pro
cedures, crystalloid boluses (20 to 40 mL/kg) have been shown to
improve outcomes, such as reduced postoperative dizziness and
early ambulation.79 For major elective surgical procedures, the use
of luid minimization and a goaldirected luid administration
approach are recommended.77,78 In patients undergoing robotic
prostatectomy, luid minimization is recommended, as steep
headdown positioning for prolonged period may result in facial,
pharyngeal, and laryngeal edema. Also, large luid volumes can
lead to high urine output and interfere with the surgical procedure.
It is clear that traditional indicators used to guide luid therapy
(e.g., heart rate, arterial blood pressure, central venous pressures,
and urine output) are not reliable. Urine output is reduced during
laparoscopy, and its use to guide luid therapy may lead to luid
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overdose after abdominal delation. Therefore, it may be prudent
to use an ultrashortacting opioid (i.e., remifentanil) or sympa
tholytic drugs (e.g., esmolol and nicardipine) to treat pneumo
peritoneuminduced hypertension. Remifentanil is a novel opioid
with a short duration of action independent of the duration of
infusion. Numerous studies have reported a reliable and rapid
emergence from anesthesia with the use of remifentanil. Because
of its short duration, transitional analgesics must be administered
before emergence from anesthesia.55
Overall, opioids should be used sparingly because of concerns
of opioidrelated adverse effects such as dizziness, drowsiness,
nausea, and vomiting.55 Another concern has been raised regard
ing opioidinduced spasm of the sphincter of Oddi,56 leading to
misinterpretation of intraoperative cholangiographic indings
during laparoscopic cholecystectomy. Many opioids, including
fentanyl, have been implicated, and there are conlicting reports
regarding the relative effect of individual opioids.56 If necessary,
the opioidinduced spasm of the sphincter of Oddi may be antag
onized by glucagon.
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overload. Therefore, dynamic indicators, such as stroke volume
or systolic or pulse pressure variation, are preferred. Optimiza
tion of dynamic indicators can be achieved by administration of
small luid boluses.80 Of note, deep general anesthesia and hyper
ventilation can inluence luid requirements and thus should be
avoided.

nauSea and VoMItIng PreVentIon
Patients undergoing laparoscopic surgery are at a greater risk for
PONV, probably due to intraperitoneal insuflation and bowel
manipulation.81 Therefore, aggressive multimodal antiemetic
prophylaxis is necessary in this highrisk population. A mul
timodal approach to PONV prophylaxis could include use of
combinations of dexamethasone, 4 to 8 mg administered after
induction of anesthesia, and 5HT3 antagonists (e.g., ondanse
tron 4 mg) at the end of surgery as well as aggressive hydration,
minimal opioid use, and aggressive pain control.81–83 Other anti
emetic therapy includes a scopolamine patch applied preferably
prior to surgery and neurokinin1 receptor antagonists adminis
tered preoperatively.84,85

PaIn PreVentIon
Compared to open surgical procedures, pain after laparoscopic
procedures is considered to be less intense and of shorter dura
tion.86 Nevertheless, adequate pain control is critical to hasten
postoperative recovery and ambulation.55 The origin of pain after
most laparoscopic and robotic procedures is predominantly vis
ceral rather than parietal (i.e., from incision site). In addition,
shoulder pain secondary to diaphragmatic irritation is also com
mon and can limit the patient’s ability to return to normal activi
ties. The factors that could inluence postoperative pain include
duration of procedure, degree of IAP,87 and the volume of resid
ual subdiaphragmatic gas after surgery. Optimal pain therapy for
patients undergoing laparoscopic and robotic surgeries includes
10 the use of multimodal analgesia techniques.55,88 Because opioid
related adverse effects may delay recovery, nonopioid analgesics
should be used when possible.
Conventional nonsteroidal antiinlammatory drugs or
cyclooxygenase2–speciic inhibitors have been shown to reduce
postoperative pain and opioid requirements and thus should be
considered part of analgesic therapy.89 These analgesics could be
combined with acetaminophen,90 as the combination is supe
rior to either drug alone.91,92 If pain relief remains inadequate,
analgesia may be supplemented with weak opioids for low to
moderateintensity postoperative pain and with strong opioids
for moderate to highintensity postoperative pain.88 These drugs
should be administered at the appropriate time (preoperative or
intraoperative) to provide suficient analgesia in the early recov
ery period as well as continued in the postoperative period. The
use of these medications should depend on assessment of an indi
vidual patient’s risks.
Parenteral glucocorticoids (e.g., dexamethasone) should also
be considered part of a multimodal analgesia technique because
they have been shown to reduce postoperative pain as well as
length of hospital stay after abdominal surgery with no evidence
of increased complications, including after colorectal surgery.93,94
Although ketamine has some documented beneits,95 its routine
use remains controversial due to lack of data on optimal dose and
duration.

Iniltration of the surgical wound (laparoscopy portals) with
local anesthetics can provide excellent analgesia that outlasts the
duration of action of the local anesthetic.88,96,97 For hybrid or
laparoscopicassisted surgical procedures with longer incisions,
continuous local anesthetic wound infusion may be used to pro
long the duration of analgesia.98 The transversus abdominis plane
(TAP) block, which involves administration of local anesthetic
between the layers of internal oblique and transversus abdomi
nis muscles, may be beneicial in patients undergoing hybrid or
laparoscopicassisted procedures,99,100 but its role in procedures
with small incisions remains controversial.
Intraperitoneal instillation of longacting local anesthet
ics (e.g., ropivacaine) has been shown to reduce the intensity
of postlaparoscopic pain.101,102 However, the concentration and
dose of the local anesthetic as well as optimal timing of adminis
tration remain unknown. Therefore, intraperitoneal local anes
thetic instillation remains controversial. Recently, intraperitoneal
nebulization of ropivacaine has been shown to provide excellent
postlaparoscopic pain relief, particularly shoulder pain.103 Intra
venous lidocaine infusion in the intraoperative and the postop
erative periods has been reported to reduce postoperative pain
and opioid requirements and improve bowel function as well as
reduce the length of hospital stay.104–106 However, the optimal
dose and duration of lidocaine infusion remain unknown. No
signiicant local anesthetic toxicity has been reported in pub
lished systematic reviews, and adverse events were not system
atically evaluated. Therefore, routine use of lidocaine infusion is
not recommended. Nevertheless, lidocaine infusion could be an
alternative when other approaches are inadequate.
Although epidural analgesia provides excellent pain relief
with improved outcomes after open major abdominal surgery,
its role in laparoscopic surgery remains controversial.86,107 Simi
larly, intrathecal morphine provides excellent pain relief, but it is
associated with opioidrelated adverse effects such as increased
PONV, itching, urinary retention, and respiratory depression.108
For most minimally invasive surgical procedures, neuraxial anal
gesia is not necessary because of a lack of superiority over other
analgesic techniques and the potential risks of adverse effects,
such as hemodynamic instability, postural hypotension, and uri
nary retention as well as delay of early ambulation.109

IntraoPeratIVe coMPlIcatIonS
Intraoperative complications during minimally invasive sur
gery include those related to creation of pneumoperitoneum
through intraperitoneal CO2 insuflation, patient positioning,
and surgical instrumentation.110 These include cardiopulmo
nary compromise, renal dysfunction, and hypothermia. Surgical
complications include subcutaneous emphysema, capnothorax,
capnomediastinum, capnopericardium, gas embolism, acute
hemorrhage, and bowel or bladder perforation, which can occur
during the laparoscopic procedure. Procedures with higher inci
dence of complications include upper abdominal procedures,
such as fundoplication, and urologic procedures, particularly in
patients with signiicant comorbidities.111–115

Cardiopulmonary Complications
Hemodynamic complications associated with laparoscopic pro
cedures include dysrhythmias and alterations in arterial blood
pressure (i.e., hypotension and hypertension). Bradyarrhyth
mias are attributed to increased vagal tone following peritoneal
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•
•
•
•
•
•
•
•
•
•

Profound vasovagal reaction
Cardiac dysrhythmias
Excessive intraabdominal pressure
Tension capno(pneumo)thorax
Cardiac tamponade (capnomediastinum and
capnopericardium)
Signiicant gas embolism
Acute blood loss
Myocardial ischemia/infarction
Severe respiratory acidosis (hypercapnia)
Anesthetic drug related

stretching, especially associated with lighter levels of anesthesia;
while tachyarrhythmias may be due to hypercapnia as a result
of intraperitoneal CO2 insuflation. Paroxysmal tachycardia
and hypertension followed by ventricular ibrillation have been
reported during laparoscopic adrenalectomy.116 Although rare,
acute cardiovascular collapse can occur (Table 437).
Creation of pneumoperitoneum and Trendelenburg position
ing are associated with cephalad movement of the carina, which
may lead to endobronchial intubation.117,118 Pneumoperitoneum
and position changes can cause signiicant hypoxemia (Table
438) and hypercarbia (ETCO2 >50 mm Hg) (Table 439).
11
Treatment of hemodynamic dysfunction should include con
irmation that the IAP has not exceeded 15 mm Hg and that vas
cular injuries have been ruled out, accompanied by supportive
therapy including reduction in anesthetics, luid administration,
and pharmacologic interventions. In addition, hemodynamic
instability in patients with a signiicant increase in SVR may
require vasodilator therapy (Table 4310). After cardiopulmonary
stabilization, cautious slow reinsuflation may then be attempted
using lower IAPs. However, with persistent signs of signiicant 12

table 43-8. CAUSES OF HYPOXEMIA DURING
LAPAROSCOPY
• Patientrelated factors
• Preexisting cardiopulmonary dysfunction
• Morbid obesity
• Low inspired oxygen concentrations
• Hypoventilation
• Ventilation–perfusion mismatch
• Endobronchial intubation
• Atelectasis
• Capno(pneumo)thorax
• Pulmonary embolization
• Reduced cardiac output
• Inferior vena cava compression
• Dysrhythmias
• Myocardial depression
• Hemorrhage
• Anemia

table 43-9. DIFFERENTIAL DIAGNOSIS
OF HYPERCARBIA DURING
LAPAROSCOPY
• Increased carbon dioxide absorption
• Extraperitoneal insuflation greater than intraperitoneal
insuflation
• Subcutaneous emphysema
• Capnothorax, capnomediastinum, capnopericardium
• Carbon dioxide embolism
• Decreased alveolar ventilation (hypoventilation,
ventilation–perfusion mismatch)
• Endobronchial intubation
• Atelectasis (increased IAP, patient position)
• Airway obstruction
• Reduced cardiac output
• Increased carbon dioxide production
• Obesity, malignant hyperthermia, fever, thyrotoxicosis
• Rebreathing of carbon dioxide
• Defective carbon dioxide absorber
• Malfunctioning valves

cardiopulmonary impairment, it may be necessary to convert to
an open procedure.

subcutaneous Emphysema
Subcutaneous emphysema can occur from inadvertent extra
peritoneal insuflation in the subcutaneous, preperitoneal, or
retroperitoneal tissue or from extension of extraperitoneal insufla
tion.119,120 Because there is a continuum of fascial planes, extensive
subcutaneous emphysema can develop involving the abdomen,
chest, neck, and groin. If the emphysema extends to the chest wall
and the neck, the CO2 can track to the thorax and mediastinum,
thereby resulting in capnothorax or capnomediastinum.121 Of
note, because of similar blood solubilities of CO2 and N2O, N2O
should not cause further expansion of a CO2illed space.
Predictors of subcutaneous emphysema include operative
time of >200 minutes and use of six or more surgical ports.120
Subcutaneous emphysema is indicated by the development of

table 43-10. PREVENTION OF
CARDIOPULMONARY CHANGES
IN PATIENTS WITH SIGNIFICANT
CARDIOPULMONARY DISEASE
•
•
•
•

Induce pneumoperitoneum in supine position
Use lower intraabdominal pressure (10–12 mm Hg)
Limit position change
Early use of vasodilators and betablockade to control
hypertension
• Monitoring
• Arterial line for continuous blood pressure
• Hemodynamic monitoring using pulse contour analysis
• Transesophageal echocardiography
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table 43-7. DIFFERENTIAL DIAGNOSIS OF
CARDIOVASCULAR COLLAPSE
DURING LAPAROSCOPY
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crepitus. Increased CO2 absorption may cause a sudden rise in
ETCO2. In most cases, no speciic intervention is required, and
the subcutaneous emphysema resolves soon after the abdomen
is delated. However, if signiicant hypercarbia occurs, despite
aggressive hyperventilation, it may be necessary to temporar
ily delate the abdomen to allow CO2 elimination, followed by
reinsuflation with lower IAP to prevent further extravasation of
13 CO2. Development of late hypercarbia (i.e., in the recovery room)
has been reported in patients with subcutaneous emphysema.122
Signs of hypercarbia in the postoperative period include somno
lence, increased sympathetic output (i.e., increased heart rate and
arterial blood pressure), and respiratory acidosis (and its conse
quences). If there is neck or face emphysema, a chest xray should
be obtained in patients with cervical emphysema to rule out cap
nothorax or capnomediastinum.

table 43-12. DIAGNOSIS OF CAPNOTHORAX
• High index of suspicion
• Site of surgical procedures
• Subcutaneous emphysema of the neck and thorax
• Increased endtidal carbon dioxide and reduced endtidal
carbon dioxide with hypotension
• Decreased oxygen saturation
• Increased peak airway pressures
• Hypotension
• Unequal chest expansion and air entry
• Bulging of hemidiaphragm seen through the endoscope
• Conirmed on thoracic ultrasound and/or chest xray

Capnothorax, Capnomediastinum,
and Capnopericardium

capnothorax. A chest xray should conirm the diagnosis. How
ever, a recent use of transthoracic ultrasound for the diagnosis of
pneumothorax has been described.127
Capnothorax has been reported during both intraperitoneal and
Treatment of capnothorax includes delation of the abdomen
extraperitoneal laparoscopic procedures. Although rare, it is a
and
supportive treatment (Table 4313). If there is minimal phys
110
potentially lifethreatening complication. It is most common
iologic compromise, conservative treatment with close observa
in procedures near the diaphragm (e.g., fundoplication and adr
tion may be adequate because CO2 is rapidly absorbed.124,125,128
enorenal procedures).111,123 The suggested mechanisms include
In
addition to hyperventilation, use of PEEP may reduce the
tracking of insuflated CO2 around the aortic, caval, and esopha
pressure
gradient between the abdomen and the thorax during
geal hiatuses of the diaphragm into the mediastinum with subse
both inspiration and expiration and thus may inlate the lung and
quent rupture into the pleural space124,125 (Table 4311). Passage
14 resolve capnothorax. In patients with severe compromise, place
of gas through anatomic defects in the diaphragm occurring at the
ment of an intercostal cannula may be necessary, followed by a
outer crus or through a congenital defect at the pleuroperitoneal
chest drain if reaccumulation occurs. After stabilization, the pro
hiatus (patent pleuroperitoneal canal) is also a likely mechanism.
cedure can usually be resumed at lower IAP. Conversion to an
Accidental diaphragmatic injury and damage to the falciform
open procedure might be necessary after stabilization.
ligament (e.g., during insertion of the Veress needle) and ingui
Capnomediastinum and capnopericardium, although rare,
nal space (via retroperitoneum) can occur. Alternatively, rupture
can
occur during laparoscopic procedures. These complications
of a lung bulla or bleb could produce a tension pneumothorax
may be associated with signiicant hemodynamic derangement.
independent of the pneumoperitoneum.
The diagnosis of these complications is based on chest xray, and
Capnothorax may be undetected intraoperatively or may
their management depends on the degree of hemodynamic com
present as an unexplained increased airway pressure, hypoxemia,
promise. In most patients, delation of the pneumoperitoneum
hypercapnia, surgical emphysema, or, if tension capnothorax
occurs, severe cardiovascular compromise with profound hypo
tension125 (Table 4312). Maintaining a high index of suspicion
will facilitate early diagnosis and treatment, which can be lifesav
ing. Inequality in chest expansion, reduced air entry, and a bulg
table 43-13. MANAGEMENT OF
ing diaphragm (visualized by directing the videoscope toward the
CAPNOTHORAX DURING
126
diaphragm) are suggestive of capnothorax. In addition, subcu
LAPAROSCOPIC PROCEDURE
taneous emphysema in the head and neck may be indicative of

table 43-11. cAUSES OF CAPNOTHORAX
• Inadvertent peritoneal breach
• Dissection around the diaphragm and retroperitoneum
• Nissen’s fundoplication, gastric bypass surgery, urologic
surgery
• Misdirected Veress needle (damage to the falciform
ligament)
• Gas tracked through facial planes from the neck and thorax
into the mediastinum and pleural space
• Passage of gas through the pleuroperitoneal hiatus
(foramen of Bochdalek)
• Passage of gas through congenital defects (foramen of
Morgagni)

• Stop surgery and delate the pneumoperitoneum
• Continue supportive treatment, hyperventilation, positive
endexpiratory pressure
• Conirm the diagnosis of pneumothorax by clinical
examination, if time permits, chest ultrasound and/or
radiograph
• Treat according to the severity of cardiopulmonary
compromise:
• Minimal compromise—treat conservatively with close
observation
• Moderate to severe compromise—place intercostal
cannula or temporary drain
• Reaccumulation of capnothorax—place chest drain
• After stabilization, resume procedure with lower (10 mm Hg)
intraabdominal pressures
• If capnothorax reoccurs, it may be necessary to convert to
open procedure
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Gas Embolism
Serious adverse intraoperative events attributed to gas embo
lism during laparoscopic procedures are widely reported. The
incidence of gas embolism during laparoscopy is unclear. Stud
ies using transesophageal echocardiography have reported a
high incidence of CO2 embolism.129,130 Venous gas embolism
detected using transesophageal echocardiography was higher in
open radical retropubic prostatectomy compared with robotic
assisted laparoscopic radical prostatectomy.131 However, the gas
embolisms observed in these studies were not associated with sig
niicant cardiopulmonary effects. These studies did not observe
cardiopulmonary compromise, despite a signiicant degree of
gas embolism. Therefore, clinical relevance of these embolisms is
questionable. It is possible that headdown positioning increases
right atrial pressures, which may prevent cardiac entrainment of
gas. In contrast, in an animal study, gas embolism occurred fre
quently during laparoscopic liver resection, with approximately
half of the embolisms causing respiratory and/or hemodynamic
disturbances, probably due to a headup positioning during the
procedure.132
The proposed mechanisms of gas embolism include inadver
tent intravenous placement of the Veress needle or passage of
CO2 into the abdominal wall and peritoneal vessels during insuf
lation or into open vessels on the liver surface during gallbladder
dissection. Most of the embolisms during laparoscopic hysterec
tomy occur during round ligament transection and broad liga
ment dissection.133 During prostatectomy, most gas embolisms
occur during transection of the deep dorsal venous complex.131
Appropriate monitoring and maintenance of a high index of
suspicion should allow early detection and prevention of seri
ous adverse sequelae from CO2 embolism. Signs and severity of
the effects of CO2 embolism are variable and may include car
diac arrhythmia, hypoxemia, and hypotension, and an associated
decrease in ETCO2. The electrocardiogram might show a right
strain pattern and widening of the QRS complex. Cyanosis of
the head and neck resulting from inlow obstruction to the right
side of the heart may also occur. Paradoxical embolism through
a probepatent foramen ovale or an atrial septal defect may result
in cerebral CO2 embolism.
If gas embolism is suspected, the abdomen should be delated.
Also, hyperventilation and rapid CO2 washout should result in
rapid absorption of the CO2 embolus and facilitate reversal of
hemodynamic impairment. In addition to aggressive cardiopul
monary resuscitation, the patient should be turned to the left
lateral decubitus with a headdown position to allow the gas to
rise into the apex of the right ventricle and prevent entry into
the pulmonary artery. Hyperbaric oxygen and cardiopulmonary
bypass have also been used to successfully treat symptomatic gas
embolism.

Hypothermia
It is generally expected that the degree of hypothermia during a
closed procedure, such as laparoscopy, would be less than that
during an open procedure because the abdominal contents are
not exposed to the atmosphere.134,135 However, the incidence of
hypothermia during laparoscopic procedures is similar to that of
open abdominal operations. It is postulated that heat loss dur
ing laparoscopy occurs mainly by convection (i.e., due to low

of a luid [liquid or gas] when it circulates through a surface at a
different temperature). The potential for heat loss during laparo
scopic procedures is considerable, with dry CO2 exiting the cylin
der at 21°C and being insuflated into a peritoneal cavity with a
large surface area.136
Builtin heating elements that warm the insuflating gas have
become available commercially. However, their effectiveness
remains controversial137 because heating insuflating gas without
humidiication may not prevent hypothermia. Therefore, heat
ing and humidifying CO2 to a physiologic condition has been
proposed, particularly in prolonged surgical procedures.138,139
However, larger studies are necessary to show the advantages of
humidifying insuflating gas.

Complications Related to Positioning
Although complications related to positioning are discussed else
where (Chapter 28), this section includes complications associ
ated with pneumoperitoneum and steep headdown positioning.
In patients undergoing roboticassisted prostatectomy, prolonged
steep headdown positioning may lead to facial, pharyngeal, and
laryngeal edema, which might lead to upper airway obstruction
including laryngospasm. Reducing intraoperative luid adminis
tration could minimize this edema formation. Prolonged head
down positioning and increased IAP along with large crystalloid
administration could increase venous congestion in the optic
canal and potentially reduce optic nerve perfusion pressure.33,140
Acute venous congestion of the optic canal can cause ischemic
optic neuropathy and lead to postoperative blindness.141 Ocular
complications, including visual loss, have been reported after
robotic surgery.142
Prolonged caudad displacement of the shoulders can cause
brachial plexus injury.143 Therefore, careful positioning and
securing the shoulders by using braces are necessary. Another
potential complication reported in patients undergoing robotic
surgery is corneal abrasions, which can be reduced by ocular pro
tection using eye patches or transparent occlusive dressing over
the eyes.143

Complications from surgical instrumentation
Hemorrhage may occur because of insertion of the Veress needle
or trocar into major intraabdominal vessels (i.e., aorta, com
mon iliac vessels, or inferior vena cava) or because of injury to
abdominal wall vasculature. Disruption or avulsion of the cystic
or hepatic artery may cause major bleeding during laparoscopic
cholecystectomy. Concealed bleeding, particularly into the ret
roperitoneal space, may result in delayed diagnosis of vascular
injury, which may be indicated initially by unexplained hypo
tension and fall in hematocrit values. The anesthesiologist may
therefore play a crucial role in early diagnosis of this potentially
fatal complication. Uncontrollable hemorrhage requires imme
diate conversion to an open procedure to control bleeding and
repair the vascular injury.
Other reported intraabdominal injuries associated with tro
car insertion include gastrointestinal tract perforations, hepatic
and splenic tears, and mesenteric lacerations. Unrecognized gas
trointestinal injuries may be associated with signiicant morbid
ity and mortality. Risk factors for gastrointestinal injuries include
gastric distension and adhesions because of previous abdominal
surgery. Esophageal or gastric perforation may occur during the
insertion of the bougie, particularly in patients with Barrett’s
esophagus, ulcers, or strictures. Unrecognized bladder or ureter
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and close observation is adequate, while others might require
supportive therapy along with hyperventilation to wash out CO2.
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injury may lead to azotemia, particularly when it is associated
with ascites and hyponatremia. Bladder injury may be suspected
by sudden delation of the abdomen, pneumaturia (gas bubbles
in the urinary bag), and hematuria.
Placement of the Veress needle and trocars using a mini
laparotomy approach should reduce the risks of these injuries.
Stomach injuries can be reduced by gastric decompression prior
to surgery. Similarly, decompression of the urinary bladder by
placement of a urinary catheter or asking patients to void prior to
surgery should decrease the possibility of bladder trauma.

PoStoPeratIVe conSIderatIonS
Postoperative respiratory function is superior after laparoscopic
approach as compared with open procedures. Although there
have been few prospective randomized trials comparing laparo
scopic and open procedures, many early studies report a lower
incidence of pulmonary complications with the laparoscopic
approach.
In patients with signiicant respiratory dysfunction and
restricted CO2 clearance, impaired postoperative ventilation
from residual anesthetics and neuromuscular blockade in the
immediate postoperative period may delay removal of absorbed
CO2 and cause signiicant hypercapnia. Of note, normalization of
CO2 concentrations may take longer after extraperitoneal insuf
lation than after intraperitoneal insuflation. Diaphragm dys
function has been reported after laparoscopic procedures,144,145
but its clinical consequence is minimal. However, postoperative
respiratory failure may occur in patients with diaphragm dys
function.146
Increased IAP and reverse Trendelenburg position have been
reported to cause venous stasis that could increase the potential
for deep vein thrombosis and pulmonary embolism.147 Measures
to reduce venous stasis, such as graduated elastic compression
stockings, are indicated in the perioperative period. Minimal
tissue trauma with laparoscopic techniques, facilitating early
postoperative ambulation, may also reduce the risk.

A systematic review of laparoscopic gastric bypass surgery per
formed on a 23hour ambulatory basis found that the unplanned
admission rate after 23hour observation was 16% and the read
mission rate was 1.82%.11 The most common reasons for read
mission were related to surgery (e.g., anastomotic strictures,
gastrointestinal bleeding, and internal hernia) and pulmonary
embolism. Also, there was a 0.01% (2/2,201 patients) incidence
of mortality. Overall, the scientiic literature regarding the safety
of outpatient bariatric surgery is sparse and of limited quality.11
Therefore, the suitability of ambulatory surgery in these patients
remains controversial.
It is clear from the literature that careful patient selection is
critical. It should depend on the surgical procedure, the sever
ity of comorbidities, the anesthetic technique, and the anticipated
postoperative analgesic requirements, as well as patients’ ability
to follow postdischarge instructions. Similarly, adequate patient
information and preparation as well as followup after surgery are
necessary for the success and safety of ambulatory surgery.

SuMMary

Minimally invasive surgery reduces postoperative pain and ileus,
facilitates recovery, allows shorter hospital stays, and provides a
rapid return to activities of daily living. With growing surgical
expertise and improvements in technology and computer power,
more extensive and prolonged procedures will be performed in a
wide range of patient population. Robotic surgery offers techni
cal advantages over laparoscopic surgery and thus should further
expand the ield of minimally invasive surgery.
The physiologic changes associated with pneumoperitoneum
creation and patient positioning may cause signiicant cardiore
spiratory compromise, particularly in patients with signiicant
cardiopulmonary dysfunction. Therefore, a thorough under
standing of the associated cardiopulmonary changes and the
potential complications is necessary to maintain patient safety.
Balanced general anesthesia technique with mechanical ven
tilation remains the best practice for minimally invasive surgical
procedures requiring CO2 insuflation. Aggressive multimodal
analgesia as well as antiemetic prophylaxis and treatment are
required to reduce these common postoperative adverse effects.
Appropriate monitoring and maintenance of a high index
aMbulatory laParoScoPIc
of suspicion can result in early diagnosis of complications and
ProcedureS
prevent serious adverse sequelae. Should intraoperative cardio
pulmonary impairment occur, it is important to conirm that the
IAP is <15 mm Hg as well as rule out traumatic vascular injuries,
Minimally invasive surgery has extended the range of procedures
CO2 embolism, subcutaneous emphysema, capnothorax, and
that can be performed on an outpatient basis. The safety and fea
sibility of laparoscopic cholecystectomy, as an outpatient surgical 15 capnomediastinum. If there is no improvement in the vital signs
with routine management, it is imperative to release the pneumo
procedure, have been well established.7,8 Other procedures that
peritoneum and place the patient in a supine (or Trendelenburg)
are increasingly being performed on an outpatient basis include
position. After cardiopulmonary stabilization, cautious slow rein
laparoscopic fundoplication and laparoscopic gastric band sur
suflation may then be attempted. However, with persistent signs
gery. Recent systematic reviews reported that laparoscopic fundo
of signiicant cardiopulmonary impairment, it may be necessary
plication could be safely performed on an ambulatory basis with
to convert to an open procedure.
an unanticipated admission rate of 7% and a readmission rate of
1%, which are similar to other ambulatory surgical procedures.9
The most common causes for overnight admission include nau
sea, pain, and capnothorax. The common reasons for readmis
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