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�Medical Comorbidities

Oftentimes, patients coming for robotic proce-
dures have medical comorbidities that place them 
at a higher risk for anesthesia themselves. The 
appropriate preoperative workup of these issues 
is discussed in another chapter, but a brief over-
view of relevant topics follows.

In general, the age of surgical patients is increas-
ing. Elderly patients often have cardiovascular dis-
orders such as coronary artery disease, 
cardiomyopathies with low ventricular ejection 
fractions, diastolic dysfunction with or without 
preserved ejection fraction, peripheral vascular dis-
ease such as carotid stenosis, and/or hypertension, 
which may in turn lead to chronic kidney disease.

Hypertension, seemingly nearly ubiquitous in 
these patients, is associated with intravascular 
depletion from chronic vasoconstriction, which 
tends to cause exaggerated swings in blood pres-
sure until corrected. In addition, though contro-
versial, many anesthesiologists feel that patients 
who are on angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin receptor blockers 

(ARB) often show hemodynamic instability 
intraoperatively due to resistant reduction in 
afterload [1–3]. ACE inhibitors prevent break-
down of bradykinin, leading to increased levels 
of nitric oxide (NO) [2]. This in combination 
with decreased venous return from insufflation 
can cause severe hypotension that may not be 
responsive to fluid challenges. Once adequate 
fluid administration has occurred, if hypotension 
persists, it may be necessary to institute an infu-
sion of norepinephrine or vasopressin to increase 
afterload. It is this author’s opinion that both 
ACE inhibitors and ARB agents should be with-
held for 24 h prior to surgery, though this does 
not guarantee this reaction will not still occur.

Smoking results in a significant increase in 
urologic cancers including transitional cell carci-
noma of the bladder, with smokers having approx-
imately three times the risk of bladder cancer 
relative to nonsmokers [4]. Therefore, a signifi-
cant number of patients presenting for cystectomy 
will have this history, whether active or not, often 
with the associated comorbidities of COPD, pro-
ductive cough, and coronary artery disease.

Due to the presence of these comorbidities or 
merely the advanced age of the patient, these 
patients may have various degrees of chronic kid-
ney disease. It is important to remember that 
serum creatinine level does not necessarily reflect 
glomerular filtration rate (GFR), which is also 
related to age, race, and sex, and may remain nor-
mal until significant impairment of GFR exists. 
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Patient home medications, such as ACE inhibi-
tors, may also induce renal injury. Additionally, 
patients with renal cell carcinoma have a 3.1 rela-
tive risk of developing disease of the contralateral 
kidney in the future [5]. Therefore, patients pre-
senting for partial or radical nephrectomy may 
have already undergone a similar operation on 
the contralateral side.

Obesity patients are known to have a high 
incidence of comorbidities such as hypertension 
and diabetes and present many challenges to the 
anesthesiologist. These include issues with mask 
ventilation, intubation, and intravenous and arte-
rial line placement. Their large size may also 
have a negative impact on intraoperative ventila-
tion, especially in cases of steep Trendelenburg.

�Intraoperative Concerns

�Pneumoperitoneum

In order to obtain surgical exposure, carbon diox-
ide is insufflated into the abdomen. This leads to 
a number of physiologic changes affecting differ-
ent organ systems that the anesthesiologist must 
be aware of. These changes tend to be insuffla-
tion pressure-dependent, such that the greater the 
insufflation pressure, the greater the effect on 
various organ systems. At this time, it is recom-
mended to maintain insufflation pressures below 
15  mmHg if possible and below 12  mmHg in 
cases of steep Trendelenburg [6].

Insufflation has several effects on the cardio-
vascular system. There can be many reactions to 
initial insufflation, including tachycardia and 
hypertension. Response to insufflation includes 
release of catecholamines and vasopressin with 
renin-angiotensin activation [7]. Also of great 
concern is the potential for a vasovagal reaction 
resulting in severe bradycardia and hypotension, 
which may be significant enough to lead to asys-
tole and cardiac arrest. This may respond to anti-
cholinergic agents such as glycopyrrolate or in 
more severe cases atropine or vasopressors such 
as ephedrine. In cases of hemodynamic instabil-
ity, the surgeons should be notified to desufflate 
the abdomen immediately and allow the patient 

time to recover prior to reinsufflation. Following 
treatment with anticholinergic agents and ade-
quate recovery time, insufflation can be attempted 
again slowly; usually subsequent attempts do not 
lead to such significant hemodynamic conse-
quences. Other complications associated with ini-
tial insufflation include hemorrhage due to blood 
vessel injury during trocar placement and carbon 
dioxide embolism, resulting in cardiovascular 
collapse. The latter complication has been shown 
to occur with a much higher frequency than would 
be thought, though the incidence of clinically sig-
nificant embolism is low [8]. The diagnosis can 
be made by transesophageal echocardiography, 
along with a high degree of suspicion from the 
timing of events.

�Cardiovascular

Venous return is altered during insufflation. 
While initially there is an increase in venous 
return due to compression of the splanchnic cir-
culation, subsequently there is a decrease, due to 
interference of venous flow from the lower 
extremities, ultimately leading to a drop in car-
diac output and potential hypotension. Patients 
who are already intravascularly depleted are 
more at risk for this complication.

Transesophageal echo evaluation during pneu-
moperitoneum has shown conflicting results with 
regard to left ventricular ejection fraction (EF). 
Though some studies have shown no overall 
effect on EF, a more recent study documented an 
initial decrease felt to be related to increased 
afterload followed by a subsequent recovery, 
often facilitated by positioning in the 
Trendelenburg position [9]. The author has noted 
direct distortion of the cardiac profile during 
pneumoperitoneum, with compression of the 
right ventricle and rotation of the cardiac axis. 
Though usually tolerated, this may be of signifi-
cance in a patient with already compromised car-
diac function. The release of catecholamines 
secondary to the pneumoperitoneum may add 
stress to patients with preexisting coronary artery 
disease and, combined with increased afterload 
and tachycardia in the presence of diastolic 
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dysfunction, may lead to ischemia and cardiac 
decompensation [9].

�Airway/Respiratory System

Many aspects of the respiratory system are 
affected during robotic procedures. Functional 
residual capacity, already compromised by anes-
thesia, undergoes further reduction as a result of 
the pneumoperitoneum, causing diaphragmatic 
elevation, lung compression, and decreased pul-
monary compliance. This in turn can lead to high 
peak pressures and an increased risk of baro-
trauma. Carbon dioxide is used to create the 
pneumoperitoneum, which is absorbed by 
patients to a varying degree and leads to a vari-
able rise in PaCO2, necessitating increased min-
ute ventilation. It is estimated that between 14 
and 48 mL/min of CO2 is absorbed during laparo-
scopic procedures [10]. Just over 5% of the time, 
PaCO2 rises at a greater rate than can be removed 
and severe hypercapnia results. This in turn 
results in a significant respiratory acidosis. The 
use of bicarb is contraindicated here due to the 
ultimate rise in CO2. Though patients often toler-
ate some degree of respiratory acidosis well, rises 
in potassium can be seen with this technique and 
can be significant [11]. One also must bear in 
mind the effects of hypercarbia on pulmonary 
artery pressures, especially in those with preex-
isting pulmonary hypertension. It is important to 
remember that as PaCO2 rises, PetCO2 can 
become a less reliable reflection of PaCO2 (dif-
ference increases) due to increased dead space or 
V/Q mismatch, or both.

Various measures can be taken to overcome 
these issues. Most easily, minute ventilation 
(tidal volume × respiratory rate) can be increased 
to assist in blowing off the extra CO2 present. If 
peak pressures rise relative to tidal volume 
(decreased compliance) to what is deemed an 
unacceptable level, pressure control mode can be 
utilized, with the caveat that under pressure con-
trol, tidal volume is not guaranteed. This means 
that any sudden change in compliance (increase 
or decrease) can lead to significant changes in 
tidal volume. If changing to pressure control 

mode does not suffice in improving compliance, 
an alteration in the I:E ratio may be of use: by 
allowing more time for inspiration each breath, 
peak pressures may be lowered. Traditionally 
longer I:E ratios allow for greater removal of CO2 
due to longer expiratory times; however, in these 
robotic cases, a shorter I:E ratio may allow for 
improved removal of CO2 through resulting 
larger tidal volumes for the same peak pressure. 
If despite all measures, severe hypercarbia or 
hypoxemia persists, or if peak pressures remain 
unacceptably high or blood pressure too low, it is 
warranted to ask the surgeons to lower the CO2 
insufflation pressure or, in extreme cases, convert 
to an open procedure.

A major risk factor for development of hyper-
carbia is the presence of subcutaneous emphy-
sema, which has been shown to occur in 0.4–2.3% 
of patients [10]. In turn, many factors influence 
whether or not subcutaneous emphysema devel-
ops. These include insufflation pressure, number 
of ports used, and length of operation, among 
others. One patient at the author’s institution 
developed such severe subcutaneous emphysema 
that the patient’s EKG voltage diminished sig-
nificantly. Clearly, patients with preexisting pul-
monary disease, who may already have issues 
with elimination of CO2, are also at higher risk of 
hypercarbia.

It is important to be mindful of the degree of 
hypercarbia present prior to extubation. First, 
mandatory ventilation should be continued for 
several minutes following desufflation to allow 
for adequate expansion of atelectasis and 
improved removal of carbon dioxide. However, 
those with higher levels of CO2 retention intraop-
eratively may need prolonged ventilation in the 
postoperative period until their CO2 levels reach 
an acceptable range.

In procedures such as prostatectomy and cys-
tectomy, steep Trendelenburg is initiated to opti-
mize surgical access and view. Not only does this 
position exacerbate the aforementioned issues 
with pulmonary compliance, but airway edema is 
often a major concern at the conclusion of these 
cases. While most patients can be extubated 
without issue, caution should be exercised in 
patients who have developed significant facial 
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swelling. A leak test and visual upper airway 
assessment can be performed, keeping in mind 
that this edema may make an initially relatively 
straightforward intubation and/or mask ventila-
tion almost impossible to perform if reintubation 
is necessary. This edema tends to resolve over the 
first few hours of surgery.

�Renal System

Robotic surgeries affect the renal system via sev-
eral mechanisms. These include direct effects of 
the pneumoperitoneum as well as indirect 
responses such as catecholamine release and acti-
vation of the renin-angiotensin-aldosterone sys-
tem. Though generally transient, with urine output 
returning to acceptable levels soon after desuffla-
tion, patients who are older with less reserve or 
those with preexisting renal dysfunction are at 
higher risk of prolonged sequelae in the postop-
erative period due to these changes. Ultimately, 
these changes lead to decreased renal blood flow, 
decreased creatinine clearance, and oliguria [12].

The pneumoperitoneum results in a high intra-
abdominal pressure, to the extent that it may mimic 
abdominal compartment syndrome, leading to 
compression of renal vasculature and parenchyma, 
decreasing renal blood flow and urine output intra-
operatively. Renal blood flow is additionally 
reduced due to a decrease in cardiac output sec-
ondary to the peritoneum as discussed above [13].

Furthermore, this direct compression mimics 
hypovolemia to the renal system, resulting in the 
stimulation of the renin-angiotensin-aldosterone 
system, as well as antidiuretic hormone release. 
These substances will further decrease renal 
blood flow and urine output, respectively.

Other mechanisms of intraoperative renal dys-
function have been examined, and it has recently 
been demonstrated that both endothelin-1 and 
nitric oxide systems are involved [13]. In fact, 
blockade of these systems was shown to result in 
exacerbation of pneumoperitoneum-induced 
renal hypoperfusion, whereas the preemptive 
addition of a nitroglycerin infusion significantly 
reduced these adverse effects [13]. Additionally, 
it has been shown that with volume loading, renal 

blood flow and oliguria can be reversed; however, 
creatinine clearance remains reduced [12].

There is evidence that renal injury, a serious 
morbidity on its own, has significant negative 
effects on many distant organ systems [14]. Thus, 
it is prudent to take steps to minimize the risk of 
perioperative acute kidney injury. The author uti-
lizes a multimodal approach to accomplish this.

Given the fact that, as mentioned, many of the 
negative effects on renal blood flow during pneu-
moperitoneum appear to involve dysfunction of 
the nitric oxide system, it can be of benefit to 
administer a nitric oxide donor intraoperatively 
in patients who are high risk of perioperative 
renal dysfunction. For this, we have found nitro-
glycerin to be of great use. Nitroglycerin is pri-
marily a preload reducer with minimal effects on 
afterload. It allows for the additional volume 
loading possibly necessary for improved renal 
blood flow while minimizing the reflex tachycar-
dia often seen with the use of afterload reducers.

Diuretics are also of use in this setting. 
Mannitol, an osmotic diuretic, may have renal 
protective effects, primarily through improve-
ment of renal blood flow and decreased renal vas-
cular resistance [15]. Additionally, furosemide, a 
loop diuretic, helps to decrease oxidative stress 
on the kidney. Loop diuretics block the function-
ing of the Na-K-2Cl pump, an ADP-dependent 
pump, thereby reducing the kidney’s oxygen uti-
lization and increasing oxygen availability [16]. 
This can be particularly important in cases of par-
tial nephrectomy, which necessitates some ele-
ment of warm ischemia time during resection.

�Central Nervous System

Due to the nature of the position during robotic 
prostatectomy or cystectomy, there can be con-
cern about any compromise in cerebral blood 
flow due to elevated intracranial pressure and/or 
decreased venous return from positioning. Of 
course, this position does through gravity increase 
arterial pressure. However, a small study has 
shown that while zero perfusion pressure (the 
pressure at which cerebral blood flow ceases) 
does rise during steep Trendelenburg, the rela-
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tionship between mean arterial pressure, intracra-
nial pressure, and cerebral perfusion pressure is 
preserved, and MAP increases adequately to pre-
vent ischemia [17]. There have been anecdotal 
reports of patients awakening from anesthesia 
somewhat mentally altered for a brief period after 
being in this position for some time however.

�Optical

Though rare, cases of postoperative blindness fol-
lowing operations requiring steep Trendelenburg 
have been reported [18]. Intraocular pressure rises 
from baseline significantly in a time-dependent 
manner. If mean arterial pressure is low during this 
time, then blood flow through the optic artery can 
be compromised, leading to vision loss. Patients 
with preexisting conditions such as glaucoma who 
already have elevated intraocular pressure will be 
at increased risk of this unfortunate occurrence.

�Nerve Injury

As with any operative procedure, care must be 
taken to prevent nerve injury resulting from com-
pression. As both arms are tucked during supine 
robotic surgeries, proper padding must be placed 
to prevent ulnar injury. Improper bracing of the 
shoulders during prolonged steep Trendelenburg 
or severe stretching while in lateral decubitus can 
lead to brachial plexus injury. Additionally, though 
rare, patients in lithotomy and Trendelenburg for 
extended periods of time can lead to rhabdomyol-
ysis, or even compartment syndrome, reflected in 
extremely elevated creatine kinase levels and 
swelling of the affected extremity.
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