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Abstract

Off-pump surgery was the original approach to treating patients with cardiac disease in the era before cardiopulmonary
bypass. With the advent and refinement of cardiopulmonary bypass, the use of this technique fell out of favor and was
quickly surpassed by on-pump techniques. However, the limitations of bypass surgery, especially for coronary artery
bypass procedures, was still significant, leading to renewed interest in this technique. Postoperative care for off-pump
coronary artery bypass (OPCAB) surgery presents both a challenge and opportunity to the intensivist. OPCAB patients
can be treated in a fast-track manner allowing rapid recovery and early extubation and discharge from the intensive care
unit. This is supported through the use of protocols that help standardize care and set expectations for the post—cardiac
care team. Importantly, complications that may delay recovery including hypothermia, hypotension, and bleeding must
be recognized early and treated aggressively to prevent unwanted complications and intensive care delays. Finally, care
of these patients has shifted to the post-anesthesia recovery room, making knowledge of the care of these patients in
the early postoperative period essential for cardiac anesthesiologists. This article will discuss the care of OPCAB patients

following surgery and include approaches to managing patients who return both intubated and extubated.
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Introduction

Beating heart surgery was originally developed, prior to
the advent of cardiopulmonary bypass (CPB) surgery, to
provide treatment for patients suffering from cardiac dis-
ease. It was later resurrected from obscurity when con-
cerns over the injurious effects of CPB were postulated.
Off-pump coronary artery bypass (OPCAB) surgery was
seen to be less invasive, without cross-clamping the aorta
and exposure to the CPB circuit, with the potential to pro-
vide better patient outcomes. It was also felt that this less-
invasive approach could allow for even more rapid
recovery than conventional cardiac surgery, thus reducing
intensive care unit (ICU) and hospital length of stay and
ultimately reducing the costs associated with cardiac sur-
gery care.”* While many of these assumptions remain to
be definitively proven, fast-track surgery has shown that
recovering patients with the aim to reducing length of stay
can indeed reduce the cost associated with postoperative
care.”” Patients who have undergone OPCAB surgery are
ideal candidates for fast-track recovery programs involv-
ing early extubation and early transfer to low-intensity
care (in most cases floor beds). This may involve short
stays in a general surgical recovery area, a dedicated car-
diac recovery area, or an ICU. An ultrafast track program

in which OPCAB patients are extubated immediately after
the surgical procedure, within the operating room (OR), is
also possible.*'°

This article will focus on the care of cardiac patients
following OPCAB surgery, with an emphasis on the
uncomplicated care pathway, which may be standardized
to provide high-quality patient-focused care with the dual
goals of improving patient outcomes while reducing costs.
In addition, common complications associated with
OPCAB surgery will be reviewed focusing on early recog-
nition and management to reduce its adverse impact on
patients’ recovery.

Routine Care

The main goal when a patients returns from surgery is to
ensure efficient transfer of care, which includes a thorough
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assessment to ensure the patient is stable and has no seri-
ous complications that will affect recovery. Handover of
care from the anesthesia and surgical teams should occur,
preferably in a standardized manner, involving all team
members highlighting and reviewing key perioperative
issues that will have an impact on patient care.'"'? Blood
work should be drawn as with conventional cardiac sur-
gery. Results will direct ventilator settings, possible need
for packed red cells or thrombostatic agents, as well as the
need to treat electrolyte imbalances, which may delay
awakening or lead to arrhythmias.

Many ICUs have developed handover checklists to aid
in communication during the transfer of care from the
anesthesiologist to the intensivist. In addition to the rou-
tine information normally given to all patients, which
includes a brief history, conduct of the surgery, and
any complications encountered in the OR, specific
emphasis should be placed on the reason for the OPCAB
approach (calcified aorta, for example); any complications
occurring during anastomosis, specifically, ischemia,
hypotension, or arrhythmia; the completeness of the revas-
cularization; and the patient’s temperature at the end of the
procedure (as hypothermia is common following OPCAB
procedures).

Routine blood work on admission is the same as for
conventional heart surgery: a complete blood count and
electrolyte panel (sodium, potassium, bicarbonate, urea,
creatinine, magnesium, and calcium). A set of arterial
blood gases should be drawn with focus on the pH, partial
pressure of arterial carbon dioxide (PaCoO,), partial pres-
sure of arterial oxygen (Pa0,), and lactate levels. A chest
X-ray and 12-lead electrocardiogram should also be per-
formed at this time, although the value of routine chest
X-ray in stable patients may be limited. "

A complete physical exam should be performed follow-
ing OPCAB surgery, similar to conventional bypass tech-
niques. The aim should be to assess the patient’s neurologic
status and rule out focal deficits, all to aid the decision
whether to rapidly awaken and wean the patient.
Cardiopulmonary exam should ensure bilateral air entry
and include a review of the chest tubes to ensure minimal
drainage. Abdominal exam is needed to ensure the abdo-
men is soft. Finally, careful attention to the placement of all
lines or attempted lines along with the assessment of
peripheral perfusion is required. Patients may be arousable
or awake on admission and may be breathing spontane-
ously, which are indications that rapid weaning is possible.

Weaning: Sedation and Extubation

For the routine patient who returns following OPCAB
surgery, it should be expected that the patient received a
low-dose narcotic regimen during the procedure and
returns on a propofol infusion or similar short-acting

agent and has received intermittent doses of longer acting
narcotics like morphine or hydromorphone for analge-
sia.'”*!® Over the next 2 to 4 hours the goal is to have the
patient awake and following commands (which will aid in
analgesia administration). They may be breathing sponta-
neously or ventilated. It should be noted that lung func-
tion following OPCAB is usually better than following
conventional bypass surgery, because the lungs are con-
tinually ventilated during OPCAB surgery and there is no
exposure to the bypass pump, which may contribute to
acute lung injury.

The same criteria are used for extubating OPCAB
patients as for conventional bypass patients'”'®: the
patient must be awake and responding to commands and
must be hemodynamically stable with reasonable chest
tube losses (less than 150 cc/h). Inspired oxygen (FiO,)
should be less than 50%. Usually, a measure of muscle
strength such as vital capacity >25 mL/kg is used; how-
ever, if the patient has reasonable tidal volumes and has
been intubated for a short period of time this may be omit-
ted. Amnestic agents are weaned prior to extubation and
converted to narcotic-based sedation titrated to patient
pain. The patient must be initiating breaths but usually
have a respiratory acidosis owing to the use of narcotic
analgesics. Arterial carbon dioxide levels in the high 40
mm Hg to low 50 mm Hg are usually well tolerated.
However, care must be taken when extubating patients
with a concomitant metabolic acidosis as this puts addi-
tional workload on the patient’s respiratory system and
may contribute to early respiratory failure.

The weaning of patients can be performed using one of
many different methods; our practice is to wean from assist
control (A/C) to pressure support (PS) 15 cm H O and then
reduce pressure support every hour to the target of PS 5 cm
H O at which point the patient is extubated. This approach
is very conservative, and given the lack of CPB and mod-
est doses of narcotics it is not unusual to either extubate
the patient from PS 10 mm H O or speed up the weaning
process to periods of 20 minutes between adjustments to
PS. There is debate whether a protocolized approach to
weaning results in decreased ventilation times.'” However,
a consistent approach aids in setting expectations for rapid
recovery and extubation among all caregivers within the
ICU.

Following extubation, the patient is usually placed on
oxygen by facemask, which is adjusted based on satura-
tions. An arterial blood gas may be drawn if there is con-
cern about the patient’s respiratory status, especially €O,
retention, although frequently the patient’s level of con-
sciousness is used as a surrogate for high Co, levels.

The main goal of extubation is to allow the patient to
have deep breath, cough, and mobilize, as these maneuvers
reduce complications associated with cardiac surgery
(such as atelectasis, pneumonia). So these goals must be
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reinforced to the patient by nursing/physiotherapy, and the
patient should be encouraged to mobilize out of bed as
soon as possible.

The Extubated OPCAB Patient

Some patients may return from the OR already extubated.
This is common especially in patients who have undergone
limited bypass grafting off pump (typically the left internal
mammary artery to left anterior descending artery). The
process of handover remains the same as does the admis-
sion blood work. The need to wean the patient from seda-
tives is not an issue in the extubated patient, but additional
opioids may be needed for pain control. Blood gases usu-
ally demonstrate a respiratory acidosis with carbon diox-
ide levels in the 45 to 55 mm Hg range. The 2 concerns in
any extubated patient are (a) that the patient avoids respi-
ratory failure and (b) that another complication does not
occur that may necessitate reintubation, specifically post-
operative bleeding.

Respiratory failure following extubation has many
potential causes, and the differential can be simplified into
central causes and peripheral causes. Central causes include
narcosis, stroke, encephalopathy, and residual anesthetics.
Central causes are usually associated with a decreased level
of consciousness (LOC), but this may be complicated by
the decreased LOC often associated with severe respiratory
failure and acidosis. Peripheral causes are more diverse and
include muscle weakness/residual paralysis, lung collapse/
atelectasis, pneumothorax/hemothorax, aspiration, bron-
chospasm, and upper airway obstruction.

Management includes identifying a cause through the
use of a focused history and physical exam looking for
patient’s LOC, focal neurologic deficits, air entry, and
hand grip strength. An arterial blood gas should be done
and may be repeated to follow the patient’s pH and PaCo.,.
A chest X-ray is useful to rule out a pneumothorax, atelec-
tasis, and alveolar lung disease (pneumonia). Management
can be directed toward the underlying cause. A chest tube
may be required if a pneumothorax or hemothorax is sus-
pected or visible on chest X-ray. The use of naloxone (0.04
mg every 3-5 minutes) is warranted if excess narcotic
administration is felt to be the cause. However, the dose
given should be small and repeated frequently to avoid
rapid reversal leading to pain, tachycardia, or pulmonary
edema. A reversal dose of muscle relaxant may be required
if no reversal was given at the end of the procedure or the
patient is felt to be weak. If no specific cause is found, then
the patient will need ventilatory support. An intermediate
step would be to try noninvasive respiratory support such
as continuous positive airway pressure (CPAP) or bi-level
positive airway pressure (BiPAP).”> These modes work
well for patients with peripheral causes of respiratory
failure but should be avoided in patients with central

depression or a decreased LOC. Patients on BiPAP or
CPAP for respiratory failure should be carefully moni-
tored. Both clinical indicators (respiratory rate, use of
accessory muscles, agitation) and laboratory values
(reduced Pa0,, elevated PaCoO,) should be used to gauge
the success of the noninvasive ventilation. If the patient
continues to deteriorate then the key to management is
early intervention to reintubate the patient prior to their
LOC becoming profoundly depressed and their respiratory
acidosis resulting in severe hypotension.

Pain Control in OPCAB Surgery

The avoidance of CPB coupled with the use of lower doses
of heparin often permits the use of other pain control strat-
egies besides intravenous narcotics. This is especially true
of patients who may have undergone robotic OPCAB sur-
gery through a mini-thoracotomy. Options include the use
of intrathecal narcotics, which may provide up to 24 hours
of pain relief, use of thoracic epidural anesthesia, or para-
vertebral anesthesia (bilateral for sternotomy and unilat-
eral for mini-thoracotomy).”'* The use of continuous
catheters may aid in extubation and pain control following
OPCARB surgery; however, the management of the regional
anesthesia catheters must be coordinated with the pain
team, who will follow the patients on the floor. Intravenous
narcotic doses need to be reduced or eliminated from the
pain protocol, and the weaning of sedation needs to include
an assessment of how well the catheter is working, as dur-
ing the weaning process in the ICU it frequently becomes
apparent that the catheter alone is insufficient to treat the
patient’s pain. Intrathecal narcotics spread throughout the
spinal dermatomes; however, thoracic epidural or paraver-
tebral catheters may miss the pain caused by the chest
tubes, irritating the thoracic pleura, and patients may
require supplemental narcotics until the chest tubes are
removed.

Finally, the use of nonsteroidal anti-inflammatory drugs
(NSAIDs) may be beneficial in younger patients who have
undergone OPCAB surgery. They provide excellent pain
control without the risk of respiratory depression.”>*®
However, care must be taken when administering NSAIDs
or avoided in patients with low urine output or elevated
creatinine levels.

Common Complications in the
OPCAB Patient That May Delay
Recovery and Transfer to the Floor

The goal of OPCAB surgery is to provide patients with
reduced complications and rapid recovery, allowing early
transfer out of the ICU and discharge from the hospital.
The aim therefore is to anticipate potential complications
and prevent or minimize their impact on the routine course
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of recovery.'® The aim of the remainder of the article will
be to address several common issues associated with
OPCAB surgery and suggest ways to prevent these com-
plications from occurring and treatment strategies if they
do occur.

Hypothermia

While avoiding CPB may have many potential advantages,
a distinct disadvantage is the inability to efficiently main-
tain the patient’s body temperature during the procedure.
Ideally, forced air warmers and fluid warmers would be
employed during the OPCAB procedure; however, unex-
pected blood loss or prolonged chest closure may result in
hypothermia in the patient. Hypothermia may cause respi-
ratory depression, cardiac depression, and coagulopathy,
so it should be aggressively treated once recognized. The
use of forced air warmers is the most efficient and in the
ICU has the advantage of being applied across the entire
body. Fluid warmers should also be used if the patient is
actively bleeding or hemodynamically unstable, with the
expectation that large volumes of fluid will be adminis-
tered. Certainly, patients who are otherwise stable but
hypothermic should not generally be extubated if their
body temperature is below 36°C (96.8°F). In addition, the
vasodilation associated with rewarming frequently results
in hypotension, which will require treatment with volume
or vasoconstrictors. It may also be advisable to maintain
sedation during rewarming in order to reduce patient shiv-
ering, which may increase oxygen consumption.

Hypotension

Hypotension following OPCAB surgery has similar causes
to conventional bypass surgery. However, post bypass
myocardial ischemia and stunning may be more common
following OPCAB surgery due to need to occlude the prox-
imal coronary vessels during coronary revascularization. In
addition, the patient’s volume status may be decreased
compared to on-pump surgery as OPCAB surgery omits the
pump prime solution. This may result in less total inopera-
tive volume administered compared to conventional bypass
surgery. Finally, the salvage of blood through a cell saver is
less efficient than mediastinal salvage through a CPB
machine as the plasma is lost during washing. If the hypo-
tension is not associated with signs of poor perfusion, such
as peripheral vasoconstriction, decreased urine output, or
elevated serial arterial lactate levels, then treatment with
volume infusions (500 mL crystalloid) or low-dose vaso-
constrictors (phenylephrine 20-40 pg/min or Levophed 2-4
pg/min) is warranted. As the sedation is weaned or when
the patient is fully rewarmed, the hypotension usually
resolves. If the hypotension is associated with signs of
reduced tissue perfusion, then a cause must be sought.

Initial management will be the same as noted above but
may entail more aggressive volume boluses (1000 mL crys-
talloid or 250-500 mL colloid) and vasoconstrictors (nor-
epinephrine or epinephrine 3-7 pg/min). Hemoglobin level
should be reviewed, and if low (<70 or <80 in the unstable
patient) packed red blood cells should be transfused. If the
patient is intubated then transesophageal echocardiography
is often helpful to rule out tamponade, poor left ventricular
(LV)/right ventricular (RV) function, regional wall motion
dysfunction, or reduced filling volumes. If the patient is
extubated then bedside transthoracic echocardiography can
be performed. In patients who are extubated, poor pulmo-
nary function may exacerbate pulmonary hypertension and
contribute to RV failure, so this must be careful evaluated.
Treatment is based on findings and may consist of further
crystalloid, colloid, or blood products administration, ino-
tropes, vassopressors, or chest exploration in the OR for
cardiac tamponade.

Bleeding

Blood loss following OPCAB surgery is in general less
than conventional surgery owing to the lack of CPB and
reduced heparin doses during the procedure. In fact, con-
cern has been raised that patients are more hypercoagula-
ble following OPCAB surgery; however, this concern does
not appear to be valid,?” and the goal should be to ensure a
normal activated clotting time (ACT) in the ICU.*® Some
OPCAB patients, however, may be at increased risk of
bleeding. As previously mentioned, hypothermia may con-
tribute to coagulopathy and increase postoperative blood
loss. Increased intraoperative blood loss is usually treated
with a cell salvage device that, while preserving red blood
cells, does result in the loss of fresh frozen plasma (FFP)
and platelets. This may result in postoperative coagulopa-
thy. Management of bleeding should focus on treating the
underlying cause, correcting coagulopathy, and if bleeding
is brisk (usually >400 cc/h) return to the OR for re-explo-
ration similar to conventional bypass cases.

Finally, OPCAB surgery may be performed on patients
with a contraindication to heparin (HITT) or in patients who
have received antiplatelet agents (clopidogrel) prior to
emergency surgery. In the case of patients with a contraindi-
cation to heparin, commonly the anticoagulant bivalirudin
(0.75 mg/kg bolus, 1.75 mg/kg/h infusion) is used.”’
While the half-life of bivalirudin is short (30 minutes), it
still may be present in therapeutic concentrations in the
ICU. No direct inhibitor is available and treatment is symp-
tomatic and may include transfusions of FFP, platelets, and
cryoprecipitate to replace chest tube drainage. Usually the
bleeding is self-limited and the anticoagulation effect of
bivalirudin should wear off after several hours.

The use of antiplatelet agents poses a greater bleeding
problem. Many agents can last 12 hours or more and all
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lack a reliable means of reversal. The platelet count is usu-
ally normal; however, platelet function is impaired. Use of
bedside platelet function tests may serve as a guide to the
degree of platelet dysfunction as few core labs provide
routine platelet function assays. Management is usually a
combination of administration of FFP, cryoprecipitate, and
of course platelets to treat the coagulopathy.

Management of OPCAB Patients in
the Recovery Room: The Ultrafast
Track Recovery Approach

While the theme of this article is management of the
patients in the ICU, we will conclude the article with a
look at ultrafast track recovery of OPCAB patients in the
post-anesthesia care unit (PACU). It is usually the cardiac
anesthesiologist attending the patient in the OR who is
ultimately responsible in managing the ultrafast-track
recovery of the patient in the PACU. This eliminates the
transfer of care from physician to physician but still man-
dates an appropriate handover to the recovery room nurse.
Patients most suitable for ultrafast track recovery are
those who are younger and have had short OPCAB surgi-
cal procedures with no intraoperative complications.
Patients with dementia or cognitive impairments, history
of severe pulmonary disease (including morbid obesity),
and those with poor LV function may be particularly chal-
lenging to manage in an ultrafast track recovery protocol.
In addition, patients who pose an increased risk of postop-
erative bleeding may also not be ideal candidates.
Patients should be brought to the recovery room extu-
bated, awake, and following commands. Longer acting
opioids should be initiated in the OR to begin the transi-
tion from anesthesia to analgesic regimens. The use of
regional techniques maybe helpful for this transition but
are not always necessary. Postoperative blood work is
similar for the patient admitted to the ICU and includes a
complete blood count, electrolytes, coagulation panel,
and magnesium and calcium. A chest X-ray is always per-
formed to confirm line placement and rule out the pres-
ence of a hemothorax or pneumothorax. The patient’s
hemodynamic status should be stable, which does not pre-
clude use of low-dose vasopressors. The need for ongoing
vasopressor support does, however, preclude transfer to
the ward. If hypotension persists a cause must be sought
while supportive treatment is ongoing. Blood loss should
be minimal (<100 cc/h), and it is important to monitor
chest tube drainage closely in the recovery room, as this
frequently determines the success of ultrafast track recov-
ery. Such a protocol may include q30min chest tube drain-
age monitoring for the first 4 hours with drainage greater
than 80 cc in any 30-minute period necessitating a repeat
coagulation profile. Administering protamine boluses

(25-50 mg intravenous over 5-10 minutes) or infusions
empirically (25 mg/h over 4 hours) or in response to an
elevated partial thromboplastin time (PTT) early after
blood loss increases may prevent further bleeding.

Patients typically stay 3 to 4 hours in the recovery area,
and criteria for discharge are similar for other noncardiac
patients. Consideration should be given to starting an
intravenous patient control analgesia (PCA) for postopera-
tive pain control.’' In addition, the use of NSAIDs may
reduce the adverse events associated with narcotics, which
may be of special concern given the limited monitoring for
floor patients.

If any significant complications persist (bleeding, hypo-
tension) or the patient does not meet criteria for transfer out
of the recovery room, the patient should be transferred to an
ICU and the ultrafast track pathway abandoned.

Conclusion

Care of patients following off-pump beating heart surgery
is in many ways similar to care of patients during conven-
tional CPB procedures. With a concerted intraoperative
and postoperative team management plan, a patient’s
recovery can be fast tracked considerably with no reduc-
tions in the quality of care or an increase in the risks of
morbidity. A fast-track and ultrafast track care can often be
protocolized in general and individualized when needed to
ensure high standards of care delivery and more unifor-
mity in both treatments provided and outcomes observed.
With all other things being equal, faster throughput per-
mits more access to care for a given amount of finite
resource utilization with benefits to the patient, institution,
and society in general.
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