
www.aana.com/aanajournal.aspx AANA Journal ß October 2009 ß Vol. 77, No. 5 365

A 52-year-old patient, ASA physical status IV, undergo-
ing a radical prostatectomy for cancer with a robotic
system had a cardiac arrest 3 hours into the case. All
attempts to resuscitate were unsuccessful, and several
hours later he was pronounced dead. Underlying
patient comorbidity and procedural issues contributed
to the patient’s death.

The patient had a history of coronary artery disease
that required the placement of drug-eluting stents 2
years before this surgical procedure. The preoperative
cardiac evaluation and pharmacological management
of patients with drug-eluting coronary stents are
reviewed.

There are a number of positional and technical con-
siderations for patients undergoing robotic surgical
procedures, especially in relation to the requirement of

low-lithotomy and steep Trendelenburg positions. The
cardiac and respiratory systems are especially vulner-
able to the extreme and lengthy head-down position.
The needed positioning, combined with the problems
associated with insufflation, presents a unique chal-
lenge in anesthetic management.

This course reviews the current literature on the
surgical implications for patients with drug-eluting
stents and the physiologic factors related to position
and pneumoperitoneum and their associated stres-
sors. By using a review of the contemporary literature,
a best-evidence approach to anesthetic management
is reviewed.
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Objectives
At the completion of this course, the reader should be
able to:
1. Identify some of the complications related to extreme
head-down tilt associated with robotic procedures in
the abdominal area.

2. Assess some of the stressors associated with the use of
pneumoperitoneum alone and in combination with the
Trendelenburg position.

3. Identify the various stressors associated with surgery
on the body systems.

4. Discuss the relevant but controversial literature associ-
ated with the perioperative management of the patient
with drug-eluting and bare metal cardiac stents.

5. Discuss the challenges facing the anesthesia and surgi-
cal teams in the care of a patient with cardiac stents.

Introduction
A 52-year-old man undergoing a robotic prostatectomy

had an acute myocardial infarction (MI) midway through
the procedure. All attempts to resuscitate him were un-
successful. The patient had several comorbidities that
contributed to his perioperative risk, the most significant
of which was the presence of drug-eluting coronary
stents that thrombosed during the 4-hour procedure.

Not only did this patient have cardiac disease and
drug-eluting stents in place preoperatively, but the
surgery and associated positioning and pneumoperi-
toneum also made this case a particular challenge for the
anesthesia provider. The drug regimen for patients with
drug-eluting stents and the recommendations that appear
in the recent literature about the care of surgical patients
with coronary drug-eluting stents have been the subject
of much recent research and discussion. The cardiac and
respiratory physiologic alterations that accompany
extreme surgical positioning and pneumoperitoneum are
important considerations for anesthesia providers.

New evidence is continually being presented about the
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recommended timing of elective surgery in people with
drug-eluting coronary stents. The patient described in
this course had stents placed 2 years before the surgery.
At the time of this surgery, it was standard practice at our
institution to discontinue aspirin and clopidogrel several
days preoperatively. In this case, the physiologic stressors
of the procedure, especially on the cardiac and respirato-
ry systems, and the recent and conflicting recommenda-
tions for the perioperative care of patients with drug-
eluting stents are examined.

Case Report
A 52-year-old man, 175 cm, 72 kg, was scheduled for a
robotic prostatectomy (using the da Vinci Surgical
System, Intuitive Surgical, Inc, Sunnyvale, California) for
a diagnosis of cancer of the prostate. He had no known
drug allergies. His medical history was significant for hy-
pertension and an MI 3 years before the present surgery.
He had undergone the placement of drug-eluting stents
in the proximal left anterior descending and ostial cir-
cumflex arteries 1 year after the MI. His medications in-
cluded lisinopril, metoprolol, ezetimibe, simvastatin,
aspirin, and clopidogrel.

The patient underwent a full cardiology workup 3
days before the elective procedure. The cardiologist rec-
ommended the discontinuation of the prescribed aspirin
and clopidogrel. The patient continued taking the sched-
uled antihypertensive and lipid-lowering medications.

On the morning of surgery, the patient had a preanes-
thetic evaluation by a member of the anesthesia team. He
was given an ASA physical status classification of IV and
had been assessed to have a Mallampati grade 2 airway.
An 18-gauge angiocatheter was inserted, and the patient
received 1 g of cefazolin piggybacked into 1 L of lactated
Ringer’s solution. He was placed in the supine position,
an electrocardiographic monitor was applied for moni-
toring leads II and V5 and showed normal sinus rhythm.
A bispectral analysis monitor was used (baseline reading,
92), peripheral nerve stimulator pads were placed over
the facial nerve, and a pulse oximeter probe with a be-
ginning saturation of 99% with the patient breathing
room air was secured to a left finger.

The patient received 2 mg of midazolam and 100 µg of
fentanyl immediately before induction. He was preoxy-
genated with 100% oxygen for approximately 5 minutes
while the monitors were placed. He was induced with
propofol, 150 mg, titrated to effect. Intubation was facil-
itated with the administration of rocuronium, 50 mg. An
8-mm internal diameter endotracheal tube was inserted
without complication. Following induction, an arterial
line was inserted in the left radial artery using a 20-gauge
angiocatheter. Monitoring of carbon dioxide began im-
mediately at induction, and temperature and breath
sounds were monitored using an esophageal stethoscope
following the uneventful intubation. A warming device

was placed on the upper part of body. The patient was
also given subcutaneous heparin, 50 mg, at the surgeon’s
request before the incision, and compression stockings
were applied. Anesthesia was maintained with sevoflu-
rane between 2% and 4% titrated to effect. Additional
fentanyl and morphine were also administered as needed
during maintenance. Skeletal muscle relaxation was facil-
itated with incremental bolus doses of rocuronium titrat-
ed to peripheral nerve stimulator response.

The patient was placed in low-lithotomy position with
the surgical table in steep Trendelenburg of 45°. The
abdomen was insufflated with carbon dioxide via a Veress
needle inserted through an incision near the umbilicus.
Access for the ports of the robot were created by using a
series of small incisions, and the robot was docked. The
case proceeded without incident for approximately 3
hours. Vital signs of blood pressure ranging from 105 to
130 mm Hg systolic, heart rate from 68 to 82/min, and a
hemoglobin saturation with oxygen of 97% to 100% were
recorded. There was minimal blood loss, and the patient
remained in stable condition. Metoprolol in 1-mg boluses
to a total of 10 mg and hydralazine in 5-mg boluses to a
total of 20 mg were administered early during the case to
treat systolic blood pressures between 160 and 180 mm
Hg following positioning with good results and a systolic
reading of between 110 and 120 mm Hg. The patient was
also given famotidine and metoclopramide intraopera-
tively, as is customarily done at our institution to moder-
ate gastric pH and volume.

In the third hour of the procedure, electrocardiograph-
ic changes (ST segment depression) and multiple prema-
ture ventricular contractions (PVCs) were noted, and the
blood pressure fell precipitously from 110/80 mm Hg to a
systolic reading of 50 mm Hg. The robot was undocked,
and the patient was placed in the supine position. The
pneumoperitoneum was discontinued and the abdomen
deflated. The electrocardiographic changes rapidly
evolved from a pattern suggesting ischemia to full cardiac
arrest. The surgical team initiated cardiopulmonary resus-
citation using advanced cardiac life support guidelines.
Transesophageal echocardiography was performed during
this resuscitation effort and showed severe left ventricular
dysfunction consistent with acute MI. The systolic blood
pressure remained in the range of 50 to 60 mm Hg.

Resuscitation efforts were continued, and the patient
was transported to the cardiac catheterization laboratory
where a Swan-Ganz catheter and temporary pacemaker
were inserted followed by heparinization with a total of
300 mg of porcine heparin. An intra-aortic balloon was
inserted into the right femoral artery. Despite all the
efforts, the systolic blood pressure never rose above 60
mm Hg. A cardiac catheterization was performed that
showed no right coronary ejection and thrombus forma-
tion in the left main coronary artery involving the left an-
terior descending and the left circumflex arteries. Wires
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were passed in an attempt to reopen the coronary vessels.
This attempt appeared to be successful for a brief time,
and the patient was transferred to another area hospital
so that a ventricular-assist device could be used. The
patient’s condition worsened during transfer, and use of
the ventricular-assist device was not attempted. Despite 3
hours of attempts to resuscitate the patient, he was pro-
nounced dead at 1:45 PM.

Discussion
• Contemporary Management of a Patient With Drug-

Eluting Stents. More than 1.5 million people benefit each
year from percutaneous coronary revascularization inter-
vention with stent insertion. The number of percuta-
neous coronary revascularization intervention proce-
dures now exceeds the number of coronary artery bypass
grafts performed each year in the United States.1 In 2002
a large number of the stents inserted were pharmacolog-
ically active, the so-called drug-eluting stents. Initially,
sirolimus stents were used. These stents are composed of
a polymer, which is designed to elute 100% of its drug
during a 4- to 6-week period. Since 2003, paclitaxel
stents have become the mainstay. These stents are de-
signed to elute 10% of their drug in the initial 10 to 14
days after insertion with the other 90% remaining in the
stent indefinitely. Drug-eluting stents, approved in the
United States in 1993, are associated with a significant re-
duction in restenosis compared with bare metal stents.2,3

Sirolimus and paclitaxel stents exert their effect by dif-
ferent mechanisms. Sirolimus is a cytostatic drug. It func-
tions to arrest the cell before it enters division. A signifi-
cant portion of its efficacy is probably due to pronounced
anti-inflammatory action. Paclitaxel interrupts cell divi-
sion during the mitotic phase and is, therefore, classified
as a cytotoxic drug. Drugs incorporated in drug-eluting
stents are used to retard and prevent hyperplasia of the
lining of the vessel by inhibiting cellular proliferation on
the stent wall. Drug-eluting stents may be associated with
prolonged delays in intimal healing. As a result, they in-
crease the risk of thrombosis in the absence of antiplatelet
treatment, aspirin and clopidogrel, and, therefore, patients
usually receive a combination of therapeutic modalities.

Surgical stress exacerbates the sympathetic nervous
system response, resulting in the release of neuroen-
docrine hormones (epinephrine, norepinephrine, corti-
sol, and renin). Surgical stress is also responsible for
causing a procoagulant and proinflammatory state.
Cytokine release occurs, which promotes stress on arteri-
al plaques, enhances vascular reactivity conducive to va-
sospasm, reduces fibrinolytic activity, and increases
platelet activation and hypercoagulability.2,3 General
anesthesia has been implicated in exacerbating this chain
of events due to its prothrombotic state.1 The steep
Trendelenburg position, pneumoperitoneum, and the du-
ration of the procedure all contribute to the physiologic

stressors for a patient with cardiovascular and/or respira-
tory disease.4-15

Bare metal and drug-eluting stents are thrombogenic
for an extended, yet unknown, period. Late stent throm-
bosis, that is, thrombosis occurring months to years after
placement is being reported and is associated with a 45%
mortality rate.1,16 Antiplatelet therapy is the cornerstone
of thrombosis prevention. Premature discontinuation of
antiplatelet therapy is the strongest predictor of stent
thrombosis.2,3 A recent article in the anesthesia literature
noted that the current recommendation is for patients
with drug-eluting stents to continue their dual therapy
for 1 year and patients with bare metal stents for 6
weeks.2,3

Another study showed that stent thrombosis can
occur as late as 4 years after drug-eluting stent insertion
despite prolonged periods of dual antiplatelet therapy.17

Many studies regarding various drug regimens following
stent placement have been reported. No studies to date
define the optimum period of delay between drug-eluting
stent insertion and elective surgery.18 More evidence-
based studies are needed in this area to clearly define the
delay between stent placement and the safest timing for
surgical intervention, especially elective surgery.

Antiplatelet therapy has also seen many recommenda-
tions and is the subject of much debate. At one time, it
was standard practice to discontinue these medications
several days preoperatively to prevent bleeding. This pro-
tocol is still followed for some patients having surgery in
closed anatomical spaces where bleeding might put the
patient at a very high risk for complications. Protocols
vary among institutions, and, at this time, definitive rec-
ommendations are lacking.

Surgery performed early, that is less than 12 months
after stent placement on patients with drug-eluting stent
implantation is associated with a significantly increased
incidence of perioperative MI and death, regardless of
whether clopidogrel and aspirin are continued.2,3

Thrombosis acutely manifests as sudden malignant dys-
rhythmias and must be treated immediately to avoid
transmural MI.

Some authorities recommend that patients be treated
with dual antiplatelet therapy for 12 to 24 months.16,19 In
cases in which there are additional stent complexities and
comorbidities (bifurcation stenting, multiple stenting,
long stent lengths, smaller minimum stent diameters, and
residual dissection), it is recommended to continue the
drugs indefinitely.18 Despite this recommendation, sur-
geons often discontinue all antiplatelet drugs preopera-
tively, regardless of the patient’s comorbidities, to mini-
mize intraoperative bleeding. Abrupt withdrawal of the
anti-inflammatory protection may result in a proinflam-
matory and prothrombotic state.17

At present, there is not a definitive standard of care for
the management of surgical patients with coronary artery
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stents. Evidence-based medicine falls short in identifying
the optimum preoperative antiplatelet regimen, particu-
larly for patients with drug-eluting stents. In a survey
done in 2005, 63% of anesthesiologists who participated
were unaware of what constituted the appropriate time
between stent placement and subsequent surgical proce-
dures.17 Although more is known today, much confusion
still exists, and we await further clinical research to better
define best practice.

Some authorities have stated that drug-eluting stents
may not be the “panacea” once thought.2,3 Research has
shown that drug-eluting stents are associated with more
late thrombotic events, approximately 2 to 3 times as
many as bare metal stents. Late stent thrombosis (occur-
ring months to years after placement) carries a significant
risk of MI and death, although the precise cause of late
stent thrombosis in these patients is incompletely under-
stood.2,3 Within the last 5 years, there has been a decline
in the use of drug-eluting stents by cardiologists from
90% to the present 70%.1 Research has focused on devel-
oping a second-generation drug-eluting stents with alter-
native coatings and newer drugs.

Caring for patients with drug-eluting stents is an impor-
tant patient safety issue for anesthesia providers. The pa-
tients require an approach that includes discussion among
a range of healthcare providers and the patient regarding
the planned management. Consultation with cardiology
specialists and surgical team members and being aware of
the timing of stent placement, the location(s), the type, the
number, and the medication profile are vital. It has been
recommended that patients with stents have surgery
delayed whenever possible, but if a delay is not possible,
undergoing surgery at a center with 24-hour access to in-
terventional cardiology is highly recommended.19

Robotic Prostatectomy: Clinical Concerns in
Perioperative Management
The use of robots in surgery was first introduced in 1987
by the Department of Defense for use in military battle-
field applications. In 2000, the US Food and Drug
Administration approved the da Vinci Surgical System for
use in general surgery.20

The da Vinci Surgical System encompasses high preci-
sion movements and has fully contained surgical instru-
ments with camera/scopic utensils and 3-dimensional
visuals (Figures 1-3).20 It consists of a 3- or 4-armed
robot connected to a remote control console. The
console, which is physically separated from the robot,
contains foot and hand controls for manipulating the
robot. Typically, following body cavity insufflation, 8- to
10-mm ports are inserted in the patient to provide for in-
strument access. These instruments have 7 degrees of
freedom, including rotation capabilities that mimic the
movements of the human wrist. The console surgeon’s
role requires less laparoscopic skill than that needed for

traditional laparoscopic procedures.20 The movements of
the instruments are intuitive as opposed to the counter-
intuitive movements needed in traditional laparoscopy.

Robotic radical prostatectomy can offer significantly
shorter operative times with a skilled operator, less blood
loss than laparoscopic and open procedures, shorter hos-
pital stays, and less associated postoperative pain. Other
associated complications of prostatectomy, such as
urinary incontinence and sexual dysfunction, seem to be
reduced by the robotic surgical approach, although out-

Figure 1. The da Vinci Robot That is Attached to the 
Patient Ports
The robot is covered in sterile plastic coverings and moved into
the surgical field.

Figure 2. The Components of the da Vinci Robotic
System: The Console, Operating Robot, and Control
Tower (the computer modules)
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comes vary by surgical skill and experience and the
unique complexity of individual patients.20,21

Robotic prostatectomy with the transperitoneal ap-
proach requires the patient to be placed in a steep
Trendelenburg position (45°) and the peritoneum to be
insufflated with carbon dioxide. This position allows the
abdominal viscera to slide toward the diaphragm. The
legs are placed in lithotomy position, and the robot is
then brought between the patient’s feet. The ports are
placed in the patient by the surgeon, and the robot is
docked to these ports.

This head-down position was named in the 1870s for
Friedrich Trendelenburg, a German genitourinary sur -
geon, who used it in his practice to provide for a more
open surgical field. The Trendelenburg position, especial-
ly the steep head-down tilt now used in robotic proce-
dures, has a number of associated physiologic derange-
ments. For example, immediately on initiation of the
steep head-down tilt position, up to 1 L of blood is
translocated from the extremities to the central vascula-

ture, representing significant physiologic stress with vari-
able, highly patient-specific implications. A number of
other systems are affected by this extreme position, as
noted in Table 1. In combination with the Trendelenburg
or steep head-down tilt position, pneumoperitoneum can
have a profound effect on many organ systems.

The surgical intervention can often take several hours,
which can exacerbate the effects of the extreme position-
ing and the carbon dioxide–induced pneumoperitoneum,
as noted in Table 2.

Summary
The patient’s comorbidities, the complex issues associat-
ed with drug-eluting stents, and the stress of the surgical
intervention resulted in this patient’s death. The timing of
stent placement and subsequent surgery is the subject of
much research. Conflicting recommendations have come
from multiple studies about the safe timing between stent
placement and elective surgery.

It appears that the best strategy to employ in manag-

Table 1. Physiologic Derangements Associated With a
Steep Head-down Position in Abdominal Surgery* 3-6,8-15
* Individual patient factors such as comorbidity, age, volume
status, and overall physiologic reserve markedly influence the
observed clinical response.

• Initial increase in cardiac output

• Elevated hydrostatic pressure at the baroreceptors

• Generalized vasodilatation

• Decreased stroke volume

• Cardiac output reduced by 10%-30% with prolonged tilt

• Decrease in central organ perfusion

• Increase in myocardial oxygen consumption, leading to 
cardiac compromise Table 2. Physiologic Derangements Associated With

Pneumoperitoneum and a Steep Head-down
Position* 1,5,9,11,13 -15
* Individual patient factors such as comorbidity, age, volume status,
and overall physiologic reserve markedly influence the observed
clinical response.

• Increased systemic vascular resistance

• Increased mean arterial pressure

• Increased filling pressures

• Reduction of cardiac index (by up to 50%) with initial 
insufflation

• Increased stroke volume with Trendelenburg

• Decreased aortic diameter with pneumoperitoneum

• Cardiac index gradually increases

• Systemic vascular resistance begins to decrease with 
insufflation

• Central venous pressure may rise

• Pulmonary capillary wedge pressure may rise

• Decreases in gastric pH, mesenteric blood flow, and 
gastrointestinal microcirculation

• Decreases in renal artery blood flow, renal vein blood flow,
and medullary and cortical flow

• Compacting of lung bases and limited expandability

• Decreased portal vein flow, total hepatic blood flow, and
flow through the hepatic microcirculation

• Possible malposition of the endotracheal tube leading to 
increased ventilation-perfusion mismatch

• Venous congestion, swelling of the eyes and face, conjuncti-
val edema, nasal congestion, increased intracranial pressure
and laryngeal edema

• Risk of carbon dioxide embolus; the longer the duration of
head-down tilt, the more profound could be the
abnormalities

Figure 3. Computer Console of the Robotic System 
Shown in this setup is a demonstration of the extreme position of
the surgical operating table during the procedure and the location
of the anesthesia machine.
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ing patients with coronary artery stents is one based on
current American Heart Association guidelines. These
guidelines are based on 2007 publications by Grines et al
and Mauermann et al and are intended to avoid cata-
strophic events such as an MI and death in patients with
in situ stents.22,23 These guidelines suggest the following:

1. Employ drug-eluting stents only in patients likely
to maintain dual therapy for 12 months.

2. Consider the bare metal stent approach when
surgery is likely to occur within 12 months of stenting.

3. Educate everyone involved in the patient’s care (in-
cluding the patient) about the importance of continuing
dual therapy and the implications of stopping this
therapy for any reason.

4. Inform patients that they must consult with their
cardiologist before altering their dual therapy in any way.

5. All elective procedures should be withheld until 12
months of dual therapy has elapsed.

6. Aspirin should be continued whenever possible.
Surgery is associated with many factors leading to a 

hypercoagulable state. This state alone raises the risk for
intraoperative thrombosis in patients with stents. Laparo -
scopic surgery with its associated positional and insuffla-
tion-related challenges causes physiologic derangements
that add to the overall stress of the procedure.

Robotic surgery is gaining in popularity because of
its precision and positive postoperative outcomes.
Robotic radical prostatectomy offers significantly lower
operative times with a skilled operator, less blood loss
than laparoscopic and open procedures, shorter hospital
stays, and less associated postoperative pain.12,13,20,21

However, the steep Trendelenburg positioning and the
pneumoperitoneum used to provide optimal surgical
exposure in robotic surgery can be associated with
complex physiologic derangements that are variably tol-
erated by individual patients.

There is an increasing role for percutaneous interven-
tions in managing patients with coronary artery disease,
and because of the overall aging of the population, this
trend is likely to continue. Given this likelihood, we are
likely to see more and more patients with coronary artery
stents (bare metal and drug eluting) presenting to us for
anesthesia and surgery. Patients with coronary artery
disease are well known to be at particular risk for all sur-
gical interventions. For a patient with ischemic cardiac
disease with one or more drug-eluting stents who is un-
dergoing a prolonged robotic procedure in an exaggerat-
ed position, decisions about the perioperative manage-
ment of antiplatelet medications and timing of surgery
are critical.
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