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Coronary artery bypass grafting (CABQG) is the most frequently performed cardiac surgery worldwide. Improvements in operative tech-

nique and perioperative care have led to a significant reduction in associated morbidity and mortality. Achieving optimal outcomes

requires meticulous surgical technique that is complemented by comprehensive postoperative care. This review aims to summarize the
principles of postoperative care following CABG based on latest evidence and our extensive institutional experience. Immediate post-
operative care in the intensive care unit focuses on management of acute cardiorespiratory issues, bleeding, and pain management. Ward
care focuses of ensuring a smooth transition from inpatient treatment to outpatient recovery. Protocolized postoperative interventions,
including Enhanced Recovery after Surgery-cardiac and emerging applications of automation and artificial intelligence, are transforming
postoperative CABG care by promoting faster recovery, reducing complications, and enabling more personalized, data-driven decision-

making.
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1. Introduction

Coronary artery bypass grafting (CABG) is the rec-
ommended treatment for complex triple vessel coronary
artery disease [1,2]. According to the Society of Tho-
racic Surgeons (STS) database, 161,907 CABG operations
were performed in the United States in 2023 [3]. Isolated
CABG mortality is less than 3% but may increase to 11%
in combined CABG and valve surgery [3]. The success of
CABG surgery relies heavily on postoperative care, which
represents a critical determinant of short- and long-term
outcomes. This review article explores key management
principles after CABG surgery in a system-based format
throughout every phase of care (Fig. 1).

2. Care Pathway Optimization

After CABG, patients need multiorgan system man-
agement that requires effective communication with pro-
tocolized hand-off among surgical, anesthesia, and cardiac
surgical intensive care teams. This hand-off needs to pro-
vide detailed communication about surgical indication and
procedure, comorbidities, intraoperative valve and myocar-
dial function, vasoactive medication use, blood products
administered in the operating room, and a subjective im-
pression of hemostasis. Assuming an uncomplicated post-

operative course, early recovery after surgery (ERAS®)
principles have been adapted to cardiac surgery (ERAS®-
Cardiac) and provide reliable pathways and targets to guide
and expedite transfer out of the intensive care unit (ICU)
and discharge from the hospital.

The key components of ERAS-Cardiac protocols [4]
for CABG surgery, specifically in the context of postoper-
ative patient management, include several checkpoints:

1. Multimodal opioid-sparing analgesia: reduces opi-
oid consumption and associated side effects.

2. Early extubation: enables early mobilization and
lowers risk of ventilator-associated pneumonia.

3. Early mobilization: reduces thromboembolic risk
and accelerates overall recovery.

4. Postoperative nausea and vomiting prophylaxis:
facilitates early oral intake and improves gastrointestinal
function and nutrition recovery.

5. Removal of invasive lines and catheters: decreases
infection risk and enhances patient mobility.

6. Optimized fluid management (goal-directed ther-
apy): ensures adequate preload and prevents fluid overload
complications.

7. Normothermia maintenance: reduces surgical site
infections and supports normal metabolic function.
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Extubation before 6 hours is a STS benchmark for
quality of care. Early extubation (<6—8 hours after surgery)
may reduce length of stay and healthcare cost [5,6]. The
infliction point for timing of extubation that translates into
adverse clinical outcomes such as mortality appears to be
at 12-hour mark. Early reports show that ERAS-Cardiac
decreased duration of mechanical ventilation, and improve-
ment in pain scores and length of stay [7].

Once a patient demonstrates cardiorespiratory stabil-
ity and stable end organ function, a transfer to an inpa-
tient floor or stepdown unit is considered. Ward care fo-
cuses on incrementally advancing mobilization, and identi-
fying adequate doses of medications at discharge with on-
going surveillance for complications. Hospital discharge
preparation includes education on wound care, medications,
and complication recognition. Post-CABG depression (oc-
curring up to 1 year later) may require psychological sup-
port [8,9]. Disposition depends on preoperative function.
Postoperatively, most patients discharge home, while oth-
ers transition to rehab or skilled nursing facilities [10].

3. Systems-Based Postoperative Care
3.1 Neurocognitive Management—Sedation and Pain

Proper management of sedation and opioid manage-
ment is critical to minimize the risk of delirium. In a
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large meta-analysis, 24% patients were noted to have delir-
ium after CABG [11]. Known risk factors for delirium af-
ter CABG are presence of cognitive impairment, history
of stroke, depression, arrhythmias (including atrial fibril-
lation [AF]), peripheral vascular disease, kidney disease,
body mass index (BMI) >30 kg/m?, diabetes mellitus, hy-
pertension, higher EuroSCORE, and older age. Manage-
ment strategies include implementing non-pharmacologic
measures (early mobilization, sleep hygiene optimization,
and cognitive stimulation [12-14]), avoiding benzodi-
azepines/antihistamines [15], and considering dexmedeto-
midine for sedation [15]. Routine use of antipsychotics has
not been shown to decrease delirium rate, duration, or to im-
prove outcomes. They may be used for hyperactive delir-
fum that is impending care and putting the patient at risk
[15].

While the patient is on mechanical ventilation, se-
dation at its lowest effective dose is administered to pro-
vide patient comfort. Propofol and dexmedetomidine are
commonly used sedative hypnotics. Dexmedetomidine is
a short active alpha-2 receptor agonist that has sedative
and analgesic effects. Systematic review and meta-analyses
have noted that dexmedetomidine may be associated with
decreased duration of mechanical ventilation, and lowered
incidence of delirium and ventricular arrhythmias as com-
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pared to propofol, but at the possible expense of increased
risks of bradycardia and hypotension [16,17]. As soon as
cardiorespiratory stability and hemostasis are established,
sedation is weaned off to prepare for extubation.

Opioid-based analgesia is a mainstay of postopera-
tive pain management due to its established effectiveness
[18]. Opioid-related adverse effects, including respira-
tory depression, constipation, nausea, vomiting, and anal-
gesic tolerance and dependence, may however impede re-
covery and impact patient experience [19]. Multimodal
analgesia protocols, including acetaminophen, gamma-
aminobutyric acid analogues, muscle relaxants, topical
anesthetic patches, and nerve blocks, have been increas-
ingly used. Nonsteroidal anti-inflammatory use in CABG
patients is controversial due to a “black-box warning” from
the U.S. Food and Drug Administration for all cyclooxyge-
nase (COX)-1 and COX-2 inhibitors, on the basis of two
randomized, controlled trials on select COX-2 inhibitors
[20]. Nevertheless, retrospective studies have shown the
potential safety of nonselective COX inhibitors and their
association with improved outcomes, including for graft pa-
tency, but these inhibitors are still classified as off-label use
[20]. Studies have shown superiority of multimodal anal-
gesia compared to opioids in lowering pain scores and de-
creasing reducing opioid-related adverse effects [21]. A
recent systematic review have shown that regional blocks
may help in reducing pain and postoperative opioid usage
when compared to systemic analgesia alone [22]. Nonethe-
less, patients undergoing minimally invasive CABG usu-
ally require more analgesia due to initially higher postoper-
ative pain due to lateral thoracotomy.

3.2 Cerebrovascular Accidents

Postoperative cerebrovascular accidents have an inci-
dence of 0.7% to 1.2%, and carry a significantly increased
risk of mortality (11.7% for early stroke vs 3.4% without
stroke) [23-25]. Ischemic mechanisms, such as embolism
from aortic plaque, atrial fibrillation, or cerebral hypoper-
fusion, predominate over hemorrhagic causes. Major risk
factors include advanced age, peripheral vascular disease,
prior stroke, aortic atherosclerosis, and intraoperative hy-
potension [26]. Diagnosis requires maintaining a high level
of suspicion while following serial neurologic assessments
upon arrival to the ICU. Endovascular thrombectomy is
pursued for large-vessel occlusion, since parenteral throm-
bolytics are contraindicated during the immediate postop-
erative period [27].

3.3 Cardiovascular Management
3.3.1 Hemodynamic Abnormalities

Systemic inflammatory response syndrome, which is
induced by cardiopulmonary bypass and ischemic reperfu-
sion injury with its associated cytokine release (interleukin-
1 and -6, and tumor necrosis factor-alpha), causes multi-
ple downstream effects resulting in vasoplegia [28]. This
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vasoplegia is associated with an increased risk of mortal-
ity, prolonged length of stay, and varying re-admission rate
(9—44%, depending on the definition used for reporting)
[29,30]. Pre-existing renal failure, long aortic cross-clamp
time, and cardiopulmonary bypass time, combined CABG
with valve surgery, and intraoperative red blood cell trans-
fusions are associated with a higher risk of vasoplegia [31].
Goal-directed volume resuscitation with crystalloids, col-
loids, or blood combined with conventional vasopressors is
first-line therapy. A mean arterial pressure (MAP) of 70 to
80 mmHg is a practical target in patients with atheroscle-
rotic disease to ensure adequate cerebral perfusion in the
absence of evidence-based targets. Multiple randomized
controlled trials have demonstrated no clinical advantage
for colloids versus crystalloids, although colloids may re-
sult in a reduction in administered volume [32,33]. Restric-
tive versus liberal blood transfusion strategies have shown
equivalent clinical outcomes in randomized controlled tri-
als, but studies on patients with critical hemodynamics are
lacking [34]. Transfusion triggers and thresholds should
target adequate tissue oxygen delivery and account for the
rate of bleeding. Systemic corticosteroids, methylene blue,
hydroxocobalamin, and angiotensin II agonists can be used
for refractory vasoplegia [28]. Methylene blue should be
avoided in patients with pulmonary hypertension, right ven-
tricular failure, or glucose 6 phosphate dehydrogenase de-
ficiency.

Low cardiac output syndrome (LCOS) is defined by
insufficient cardiac output (CO) for metabolic demand
despite adequate preload in the absence of cardiac tam-
ponade, pneumothorax, or significant arrhythmias [35].
LCOS or postcardiotomy shock can result from myocardial
stunning, ischemia, ischemic-reperfusion injury, and pre-
existing myocardial dysfunction [36]. Its incidence (1.5—
91%) varies due to the lack of a standardized definition
[37]. Duncan and colleagues [38] noted a 12-fold increased
risk of mortality after LCOS, which was defined as the
need for mechanical circulatory support (MCS) within the
first 5 days after the procedure or 2 inotropes on postoper-
ative day 1. Advanced age, female sex, pre-existing my-
ocardial dysfunction, atrial fibrillation, chronic kidney dis-
ease, combined CABG with valve surgery, prolonged car-
diopulmonary bypass time, and number of intraoperative
blood transfusions appear to be associated with increased
risk of LCOS [38—41]. Right ventricular failure as a case
of LCOS is characterized by adequate or elevated right-
sided filling pressures along with echocardiographic fea-
tures of right ventricular dysfunction, although definitions
vary [42]. Risk factors include mitral valve surgery, tricus-
pid valve surgery, baseline-elevated pulmonary artery pres-
sure, pre-existing atrial fibrillation, and low ejection frac-
tion (EF) [43,44]. Echocardiographic findings include de-
creased systolic function by global (visual, 3D-derived right
ventricle (RV) ejection fraction, fractional area change,
right ventricle/left ventricle (RV/LV) size ratio) or segmen-
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tal markers (tricuspid anular plane systolic excursion, and
systolic velocity).

If LCOS is suspected, pulmonary artery catheter-
derived parameters, such as thermodilution cardiac index
(TDCI), estimated Fick’s cardiac index (eFCI), central ve-
nous pressure, pulmonary artery diastolic pressure or pul-
monary capillary wedge pressure, and pulmonary artery
pulse pressure index, are essential to integrate into pa-
tient management. Although correlation between TDCI and
eFCI was modest (r = 0.65), a large retrospective study of
more than 14,000 patients showed higher mortality at 90
days and 1 year in those with low TDCI and normal eFCI
when compared to patients with low eFCI and normal TDCI
(2.2-4 L/min/m?) [39]. Elderly patients with normal to high
BMI, kidney disease, male sex, atrial fibrillation, and lower
hemoglobin were at higher risk of discordantly low TDCI
and normal eFCI. Epinephrine, dobutamine, and milrinone
are inotropes that can be used in isolation or combination
for the treatment of LCOS. Due to milrinone’s vasodilation
effect, long half-life, and delayed clearance in the setting
of renal dysfunction, alternate agents should be used in the
patient with profound vasoplegia.

Patients with RV failure may benefit from a higher
than usual goal mean arterial pressure of 65—70 mmHg, as
elevated central venous pressure (CVP) may impair my-
ocardial tissue perfusion. A small retrospective study noted
improved renal function in patients with pre-capillary pul-
monary hypertension using a MAP goal of 60 mmHg with
CVP [45]. Providing inhalation of pulmonary vasodila-
tors (nitric oxide, epoprostenol), along with decreasing pul-
monary vascular resistance and increasing cardiac output
in patients with RV failure may serve as additive therapy
[46,47]. Inhaled milrinone decreases pulmonary vascular
resistance but has not been shown to increase cardiac output
[48,49]. Vasopressin may produce less pulmonary vascula-
ture constriction compared to adrenergic agents and there-
fore may be beneficial [50]. Epicardial pacing via atrial or
ventricular wires can be used even in the absence of brady-
cardia to support cardiac output. Acidemia, hypoxemia,
and electrolyte abnormalities should be aggressively cor-
rected.

Key points about hemodynamic abnormalities:

1. Vasoplegia risk factors include renal failure, long
CPB time, combined CABG/valve surgery, and transfu-
sions. First-line therapy is fluids and vasopressors.

2. LCOS risk factors include age, AF, chronic kidney
disease (CKD), long bypass time, combined surgery, and
transfusions.

3. RV failure as a cause of LCOS requires higher
MAP targets (65—70 mmHg), pulmonary vasodilators (NO,
epoprostenol), appropriate inotropes, and correction of hy-
poxemia, acidosis, and electrolyte abnormalities.

3.3.2 Mechanical Circulatory Support

Refractory LCOS necessitates early MCS initiation to
prevent end-organ damage. While severe LCOS requiring
MCS carries high mortality, initiation of preoperative or in-
traoperative MCS improves outcomes as compared to post-
operative use [51,52]. The decision to escalate to MCS can
be challenging due to limited guideline recommendations.
The consensus statement by the Society for Cardiovascular
Angiography and Interventions, and endorsed by the STS
[53], classifies cardiogenic shock into 5 stages. Stage D
is characterized by deteriorating hemodynamics and organ
perfusion while on inopressors, which triggers escalation
to MCS. Stage E is condition in extremis and cardiac ar-
rest; MCS may be the only option to save the patient (Ta-
ble 1, Ref. [54]). At our institution, more than moder-
ate doses of inotropes (>10 mcg/min epinephrine or equiv-
alent dose of a different inotrope with or without a sec-
ond inotrope) to wean off cardiopulmonary bypass triggers
consideration for intraoperative MCS implantation. Simi-
lar inotrope doses postoperatively prompts consideration of
MCS in the ICU (Fig. 2). Intra-aortic balloon pump is often
considered as the first-line MCS modality for its simplicity
and cost-effectiveness. Intra-aortic balloon pump increases
diastolic coronary ostial perfusion, decreases LV afterload,
and causes a modest increase in cardiac output (up to 20%)
(Fig. 3). Complications include arterial injury, limb is-
chemia, mesenteric ischemia, and acute kidney injury [55].
Microaxial transvalvular left-ventricular assist device (Im-
pella®, Abiomed Inc, Danver, MA, USA) or left-atrial-
to-arterial centrifugal pump-based assist device (Tandem-
Heart™, LivaNova, London, UK) can increase cardiac in-
dex and unload the left ventricle more effectively. Impella
5.5® can provide up to 6.2 L/min of cardiac output and de-
crease afterload given the antegrade MCS flow, whereas
TandemHeart™ can generate flows up to 4 L/min but in-
creases LV afterload given retrograde aortic MCS flow. Mi-
croaxial transvalvular left-ventricular assist device provides
the most LV-oxygen-demand reduction due to active LV un-
loading [56]. Veno-arterial extracorporeal membrane oxy-
genation (VA-ECMO) provides the most effective form of
cardiac output support at the expense of increasing LV af-
terload and myocardial oxygen consumption. It remains the
mainstay MCS support for postcardiotomy shock with se-
vere biventricular failure or refractory cardiac arrest follow-
ing cardiac surgery [56].

3.3.3 Cardiac Arrest After CABG

Bleeding, tamponade, arrhythmias, ischemia, and
LCOS are leading causes of post-CABG cardiac arrest. The
treatment algorithm differs from advanced cardiac life sup-
port protocols [57]. Due to potential disruption of surgi-
cal anastomoses suture lines, external cardiopulmonary re-
suscitation can be very briefly delayed in order to initiate
early defibrillation and epicardial pacing for unstable brad-
yarrhythmia or asystole. Intravenous lidocaine and amio-
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Table 1. Cardiogenic shock stages [54].

Stage Description

Laboratory Data

Hemodynamics Role of MCS

A (at risk) No current signs or
symptoms of CS, but at risk
due to myocardial injury
such as M1, acute heart
failure or recent surgical

procedure.

Normal labs (i.e., Cr,
lactate, LFTs)

Normotensive; CI >2.4 Not indicated
L/min/m?; CVP <10 mm

Hg; PaO2 Sat >65%

B (beginning CS)  Altered hemodynamics (i.e.,
hypotension or tachycardia)
without evidence of

hypoperfusion.

Mild Cr elevation (stage
1 AKI) Elevated [BNP]
Normal lactate

SBP <90 mm Hg; MAP <60
mm Hg; HR >100; CI >2.2;
CVP <10; PaO4y Sat >65%

Early planning

C (classic CS) Evidence of hypoperfusion

that requires hemodynamic

Lactate >2 mmol/L; Cr
elevation (stage 2-3

SBP <90; MAP <60; CI
<2.2; PCWP >15+

Strongly consider
based on clinical

support beyond fluid AKI); Elevated [BNP]; medications to maintain response
resuscitation (i.e., inotrope, Increased LFTs perfusion
Vasopressor).
D (deteriorating) Classic CS with worsening Similar to stage C Similar to stage C + Indicated
condition and failure to deteriorating
respond to initial therapies.
E (extremis) Cardiac arrest with ongoing Labs consistent with Pulselessness Indicated

CPR, supported by multiple

interventions.

mmol/L

organ failure; pH 5

This document was endorsed by the American College of Cardiology (ACC), the American Heart Association (AHA), the Society of
Critical Care Medicine (SCCM), and the Society of Thoracic Surgeons (STS) in April 2019. CS, cardiogenic shock; MI, myocardial
infarction; Cr, creatinine; LFTs, liver function tests; CI, cardiac index; CVP, central venous pressure; PaOo, arterial partial oxygen

pressure; AKI, acute kidney injury; SBP, systolic blood pressure; MAP, mean arterial pressure; HR, heart rate; PCWP, pulmonary capillary

wedge pressure; CPR, cardiopulmonary resuscitation.

darone can be used in isolation or in combination for un-
stable ventricular tachyarrhythmias. Intravenous lidocaine
may be associated with higher rates of return of sponta-
neous circulation, survival to hospital discharge, and favor-
able neurologic outcomes when compared to amiodarone
[53]. Ventricular tachyarrhythmias should prompt suspi-
cion for graft failure. In case of apparent pulseless electrical
activity, epicardial wire pacing should be paused briefly to
rule out underlying ventricular fibrillation [58]. In case of
true pulseless electrical activity, external cardiopulmonary
resuscitation can be started within 5 minutes while prepar-
ing for early re-sternotomy. The arterial line pressure read-
ings are used as a guide to avoid over-aggressive compres-
sions which can result in iatrogenic cardiovascular injury.
Early re-sternotomy facilitates an effective internal cardiac
massage, provides exposure for central VA-ECMO cannu-
lation, relieves tamponade effect from mediastinal collec-
tions, and aids in prompt identification of the source of
bleeding. Epinephrine bolus dosing should be administered
with consideration of the lowest effective dosage under the
supervision of an experienced provider since severe hyper-
tension may precipitate bleeding and surgical suture line
disruption. After the return of spontaneous circulation and
once tamponade and bleeding have been ruled out, multi-
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disciplinary evaluation for myocardial infarction and need
for re-vascularization is essential.

3.3.4 Postoperative Bleeding and Tamponade

The rate of surgical re-exploration is approximately
1.5% after isolated CABG and 3.5% after combined CABG
surgery [59]. High chest-tube output even after correction
of coagulopathy is an indication for re-exploration. Hemo-
dynamic instability with or without elevated filling pres-
sures can be an indication of tamponade. Prompt bed-
side echocardiographic assessment with transthoracic or
transesophageal echocardiography can be helpful in mak-
ing the diagnosis but cannot replace surgical judgment.
Tamponade or significant hemothorax requires surgical re-
exploration in the operating room or occasionally at the bed-
side for emergent hemodynamic stabilization.

Chest tubes should be assessed frequently for signs
of obstruction, through visual inspection and functional as-
sessment, since obstruction may lead to hemothorax and
tamponade [60]. Active clearance technologies, such as
the PleuraFlow® system, may help maintain patency and
reduce the incidence of retained blood and the need for
re-exploration in some studies [60]. The timing of chest
tube removal is based on clinical criteria, including the
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Suspecting Low Cardiac Output Syndrome I

Screen and treat:
2 1) Dysarrhythmia/Bradycardia
2) Tamponade
Volume status 2 1: 3) Pneumothorax
CVP <8-10 Hg 4) Hemorrhage
PCWP or PAD < 15 mmHg 5) Hypoxia/Acidemia
Input/output < 1
TTE/TEE: underfilled ventricles

A
No Yes
Eu / Hypervolemia Hypovolemia
If patient has: p ¢ \
1) Cl < 2-2.2 L/min/m2 Treat with
i 250-500 cc fluid
Low Cardiac Output| _ No 2) Evidence of elnd organ - ui
Syndrome ruled out malperfusion aliquots and
yndrome ruled ou 3) Low urine output < 0.5 \____fe-assess J
ml/kg/hr
4) Up trending lactate
Low Cardiac Output
Syndrome defined
Stabilized with less
than moderate dose
inopressors
(
No Yes
Reassess
TEE/TTE

Moderate to severe

Less than Moderate LV dysfunction

LV dysfunction

Significant RV dysfunction**

No Yes

Still i Still ¢
IABP pF=-====--~- -)‘ Impella 5.5 % -——— )‘ VA-ECMO
Unstable Unstable

. Still
Y Unstable

ECPELLA

Fig. 2. Proposed algorithm for managing low cardiac output syndrome after CABG. CVP, central venous pressure; PAD, pulmonary
artery diastolic pressure; PCWP, pulmonary capillary wedge pressure; CI, cardiac index; TTE, transthoracic echocardiography; TEE,
transesophageal echocardiography; LV, left ventricle; RV, right ventricle; IABP, intra-aortic balloon pump; VA-ECMO, venoarterial-
extracorporeal membrane oxygenation; LVAD, left ventricular assist device; RVAD, right ventricular assist device.
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- Persistent LCOS
- Profound vasoplegia
- Hemodynamic instabilities
-Cardiac Arrest
- Refractory arrhythmias

No Yes
- Optimize volume
- Correct reversible causes
- Inotropes
- Invasive monitoring
VA-ECMO
Y

[

Continue medical
management

(- Persistent hypotension\
- Poor perfusion
-Refractory Hypoxia or

J

Hypercapnia
- Rising lactate
-Cl<20

\_
No

J

Yes

v

Predominant LV
failure

Biventricular
Failure

[ ] |

Predominant RV
failure

]

/

Percutaneous RVAD with
Oxygenator + Impella 5.5

7

Intra-Aortic Balloon Pump]

\

or

Central RVAD with

Oxygenator + Impella 5.5

- IABP insufficient
- Severe LV/RV/Biventricular

Dysfunction

Impella 5.5 or VV-ECMO

Percutaneous RVAD with
Oxygenator
or
Central RVAD with
Oxygenator

Insufficient

v

VV-ECMO + IAMP
or
VV-ECMO + Impella 5.5
or
Tandem Heart

Fig. 3. Proposed algorithm for mechanical circulatory support. LCOS, low cardiac output syndrome; VA-ECMO, venoarterial-

extracorporeal membrane oxygenation; CI, cardiac index; LV, left ventricle; RV, right ventricle; RVAD, right ventricular assisted device;

IABP, intra-aortic balloon pump; VV-ECMO, veno-venous extracorporeal membrane oxygenation.
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amount and nature of drainage, absence of residual pleuro-
pericardial effusion or air leak, or pneumothorax. Early
chest tube removal within the first 24 hours of surgery is
associated with residual pleuro-pericardial effusions requir-
ing invasive interventions [61,62]. Our typical practice is to
remove the chest tubes on postoperative day 1 once the out-
put is serosanguinous and less than 200 mL/day.

3.3.5 Myocardial Ischemia/Infarction

The incidence of post-CABG myocardial infarction is
variable, ranging from 0.3% to 9.8% after isolated CABG
and from 0.7% to 11.8% after combined CABG and valve
surgery [63]. Differentiating myocardial injury due to car-
diotomy, ischemia-reperfusion injury, or insufficient my-
ocardial protection from bypass grafts or compromise of
native coronary arteries can be challenging, and therefore
requires a high level of suspicion and multiple diagnostic
modalities. Ischemic chest pain can be masked by ster-
notomy pain and sedatives or analgesia. The fourth univer-
sal definition of myocardial infarction following CABG ar-
bitrarily suggests troponin elevation 10 times the 99th per-
centile upper reference limit, with a further 20% increase
if baseline troponin is elevated [64]. This definition also
requires evidence of loss of viable myocardium in the form
of abnormalities seen on electrocardiography, angiography,
or myocardial imaging [64]. Biomarkers are often ele-
vated immediately after cardiac surgery with lack of dis-
crete threshold values predictive of graft failure or native
coronary occlusion [64—67]. Electrocardiography findings
of new pathological Q waves, ST-T segment changes (es-
pecially ST elevation along with reciprocal ST depression),
and new left bundle branch block pattern can be suggestive
of post-CABG myocardial infarction, but in isolation have
modest correlation with acute graft dysfunction [65-67].
New regional wall motion abnormalities detected by trans-
esophageal echocardiography only identify 15.8% t0 20.5%
of acute graft failure [65,60]. Our algorithm for detecting
post-CABG myocardial infarction is described in Fig. 4.

The American Heart Association recommends life-
long use of aspirin (81-325 mg daily) for patients post-
CABG regardless of conduit used to reduce graft occlu-
sion and adverse cardiac events [8]. For off-pump CABG
or those with recent acute coronary syndrome, dual an-
tiplatelet therapy with aspirin and clopidogrel for one year
is advised to enhance graft patency [8]. CABG with en-
darterectomy or poor targets may benefit from dual an-
tiplatelet therapy [68]. Arterial grafts are more prone to
spasm due to their muscular nature when compared to vein
grafts. Radial artery grafts have lower intrinsic nitric ox-
ide synthase enzyme activity and may be more prone to
spasm than internal thoracic artery grafts. Low-dose intra-
venous nitroglycerine or diltiazem is used postoperatively
and is transitioned to oral long-acting dihydropyridine cal-
cium channel blockers. These are continued for at least 3
months to maintain radial artery graft patency [8]. Statins

improve long-term graft patency, lower risk of atheroscle-
rosis, and improve survival, and are continued for life after
CABG [8].

3.3.6 Arrhythmias

Postoperative atrial fibrillation (POAF) has an inci-
dence of 20% to 30% after isolated CABG, and up to 60%
with combined CABG and valve surgery [69]. POAF in-
creases the risk of stroke (early and late) and mortality [70].
Risk factors for POAF include chronic obstructive pul-
monary disease, advanced age, male sex, congestive heart
failure, prolonged cross-clamp time, duration of mechan-
ical ventilation, and inotrope use [71]. Prophylactic beta
blockers or amiodarone are both associated with decreased
incidence of POAF [72]. Current evidence does not sup-
port superiority of rthythm over rate control for POAF [73],
but in our practice we favor rhythm control when possi-
ble (Fig. 5). POAF with rapid ventricular rate is treated
with beta blockers, amiodarone, calcium channel blockers,
digoxin, and cardioversion. POAF of more than 48 hours
without systemic anticoagulation requires transesophageal
echocardiography to rule out left atrial appendage clot prior
to cardioversion [74]. The decision for subsequent systemic
anticoagulation is nuanced as a large meta-analysis showed
a decreased thromboembolism risk but a significantly in-
creased risk of bleeding [75]. The PACeS trial is an ongo-
ing Cardiothoracic Surgical Trial Network study designed
to identify the optimal antithrombotic management in this
population [76].

Isolated premature ventricular contractions (PVCs)
in patients with normal EF typically are inconsequential.
However, malperfused PVCs can impair CO and should be
treated aggressively in patients with LCOS. Short-coupled
PVCs (distance between preceding QRS and PVC peak
<300 ms) pose a risk of R-on-T phenomenon, poten-
tially triggering ventricular tachycardia/ventricular fibrilla-
tion (VI/VF), and require prompt intervention. For sta-
ble patients with frequent PVCs, beta-blockers may suf-
fice [77]. Overdrive pacing can suppress PVCs but car-
ries a risk of inducing R-on-T; unnecessary epicardial pac-
ing should be avoided [78]. The incidence of VT/VF af-
ter cardiac surgery ranges from 0.4% to 1.6%, rising to 7%
in low-EF CABG patients [79]. Risk factors include re-
duced LVEF, inotrope use, and postoperative ischemia [80].
Sustained VT/VF is associated with increased early mortal-
ity, although survivors of the initial event have comparable
long-term survival to patients without postoperative VI/VF
[81]. Monomorphic VT often indicates prior infarction
and scar-related reentry while polymorphic VT may sug-
gest acute ischemia [82]. Pulseless VT/VF necessitates im-
mediate defibrillation paired with anti-arrhythmic medica-
tions (lidocaine and amiodarone, alone or in combination)
while addressing reversible causes (e.g., ischemia and elec-
trolyte imbalances) [83]. Electrical storm (>3 VT episodes
in 24 hours) may necessitate intubation, deep sedation, or
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Fig. 4. Proposed algorithm for management of postoperative myocardial ischemia. CABG, coronary artery bypass grafting; EKG,

electrocardiography; MCS, mechanical circulatory support; LBBB, left bundle branch block.

VA-ECMO support for hemodynamically unstable cases.
Catheter ablation should be considered for ventricular ar-
rhythmias refractory to medical therapy [84]. Early elec-
trophysiology consultation is advised for recurrent VT/VF
to guide anti-arrhythmic medications and implantable car-
dioverter defibrillator implantation.

Temporary epicardial pacing wires (EPW) are rou-
tinely placed in on-pump CABG to manage transient brad-
yarrhythmias, particularly in patients with preexisting con-
duction abnormalities [22]. Persistent symptomatic brady-
cardia may necessitate permanent pacemaker (PPM) im-
plantation [85]. Isolated CABG has the lowest PPM re-
quirement (~1%) while combined valve/CABG procedures
increase this risk [22]. PPM implantation is typically de-
layed 5 to 7 days postoperatively to allow for AV node con-
duction recovery [86]. Once stable rhythm has been noted
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for days without pacing requirements, EPW are removed
despite the small risk of cardiac tamponade (incidence of
0.1%) [87]. The timing of wire removal should align with
anticoagulation decisions to mitigate bleeding complica-
tions. If EPW cannot be pulled safely or there is high risk
of bleeding such as when patient is on anticoagulation, they
can be cut flush to the skin, with a small risk of including
infection and lead migration [87].

Key points about arrythmias:

1. POAF increases stroke and mortality risk, and is
prevented with beta-blockers or amiodarone.

2. Rhythm and rate control have similar outcomes,
but rhythm control is often preferred in practice; anticoag-
ulation decisions remain nuanced.

3. Ventricular arrhythmias (PVCs, VT/VF) are un-
common and management includes beta-blockers, antiar-
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rhythmics (amiodarone, lidocaine), defibrillation for pulse-
less VT/VF, and consideration of ablation or ECMO for re-
fractory cases.

4. Bradyarrhythmias are managed with temporary epi-
cardial pacing wires, with permanent pacemaker required in
~1% after isolated CABG.

3.4 Pulmonary Management

Multiple mechanisms may cause a decline in respira-
tory function postoperatively, including ischemic reperfu-
sion injury, ventilator-associated lung injury, transfusion-
associated lung injury, cardiogenic pulmonary edema, di-
aphragmatic dysfunction from phrenic nerve injury, atelec-
tasis, pneumonia, pleural effusions, pneumothorax, and
pulmonary embolism [88]. Treatment includes optimiz-
ing pain control, minimizing duration of mechanical venti-
lation, promoting physical activity and bronchopulmonary
hygiene, and treating specific pulmonary pathology. Our
routine practice is to get patients out of bed and into the
chair by the morning of postoperative day one with initia-
tion of physical and occupational therapy in the ICU. More-
over, patients are expected to perform hourly positive pres-
sure airway exercises while in bed. Regarding patients with
chronic obstructive pulmonary disease, preoperative inten-
sive inspiratory muscle training is proven to improve pul-
monary mechanics thus reducing incidence of pulmonary
complications and the need for reintubation as well as non-
invasive positive pressure ventilation.

3.5 Renal Management

Cardiac surgery associated acute kidney injury affects
5% to 10% of patients after cardiac surgery [89]. In a
large, retrospective study of patients undergoing cardiac
surgery, postoperative dialysis initiation ranged from 1.1%
after isolated CABG to 5.1% for CABG plus mitral valve
surgery [90]. Advanced age, preexisting renal disease, pe-
ripheral arterial disease, diabetes mellitus, increase body
weight, prolonged cardiopulmonary bypass, re-operation,
nature and complexity of cardiac surgery, perioperative
transfusion requirements, perioperative hypotension, low
cardiac index, and high CVP are known risk factors for de-
velopment of cardiac surgery associated acute kidney injury
[89,91]. Based on these risk factors, maintaining optimum
cardiac index, high MAP, and low CVP is recommended for
adequate renal perfusion. This may require active diuresis
despite renal injury as it may relieve renal congestion and
improve renal perfusion.

3.6 Endocrine and Gastrointestinal Management

Intraoperative hyperglycemia is an independent pre-
dictor of mortality, both for diabetic and non-diabetic pa-
tients [92]. Postoperative serum glucose levels >250
mg/dL increase postoperative complications 10-fold [93].
Zerr et al. [94] demonstrated that postoperative glycemic
control (glucose <200 mg/dL) reduced sternal wound in-
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fection rates from 2.4% to 1.5% in diabetic patients af-
ter cardiac surgery. Studies also show that continuous in-
sulin therapy with mean glucose levels between 100 to 150
mg/dL reduces deep sternal wound infections compared to
intermittent injections [91]. The 2009 STS best-practice
guidelines recommend maintaining serum glucose <180
mg/dL intraoperatively and postoperatively for both dia-
betic and non-diabetic patients undergoing cardiac surgery
[95]. Tight glycemic control remains controversial with
studies favoring [91] and other studies [96] showing no im-
provements in perioperative outcomes. Our institutional
practice is to maintain patients on an insulin infusion for
the first 24 hours postoperatively, upon which the patient is
gradually transitioned to a combination of long- and short-
acting insulin to maintain blood glucose of <180 mg/dL.
The use of a diabetes management team, including endocri-
nologists, dieticians, and pharmacists, is recommended to
optimize long-term glucose control and reduce the risk of
cardiovascular events [8].

The American Heart Association [8] recommends a
controlled dietary intake post-CABG, emphasizing a bal-
anced diet with 30 kcal/kg, comprising 15% to 20% pro-
tein, 30% fat, and 50% to 55% carbohydrates (rich in fruits
and vegetables). Postoperative gastrointestinal complica-
tions after cardiac surgery include ileus, nausea, vomiting,
gastrointestinal bleeding, pancreatitis, bowel obstruction,
Clostridium difficile colitis, acute cholecystitis, postcar-
diotomy liver dysfunction, and acute mesenteric ischemia,
with ileus being the most common postoperative gastroin-
testinal complication. Postoperative ileus management re-
lies on minimizing opioids, early mobilization, and laxa-
tives. Enteral naloxone gel or subcutaneous methylnaltrex-
one may be beneficial for opioid-induced constipation. For
massive colon distension, we follow an aggressive strategy
to avoid ischemic complications and resort to decompres-
sive colonoscopy along with neostigmine drip as needed.

Despite occurring in only 1% of post-CABG patients,
acute mesenteric ischemia is one of the devastating post-
cardiac surgery complications with mortality reaching 67%
to 94% [97] and is usually non-vaso-occlusive. Risk factors
for acute mesenteric ischemia include advanced age, car-
diogenic shock, atrial fibrillation, need for intra-aortic bal-
loon pump, reoperation, emergency surgery, blood trans-
fusions, and prolonged mechanical ventilation [97]. Ab-
dominal pain, tenderness, distention, hematochezia, radio-
graphic ileus on X-ray, and unexplained lactic acid eleva-
tion can point towards the diagnosis. In hemodynamically
tenuous patients who cannot obtain a computed tomogra-
phy scan, bedside sigmoidoscopy or colonoscopy can aid
in diagnosis. Patients with acute mesenteric ischemia with
bowel infarction require bowel resection and prolonged par-
enteral nutrition and appropriate antibiotic coverage to tar-
get peritonitis and gut translocation (Fig. 6).
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3.7 Skin and Wound Integrity

Surgical site infections of the sternal wound and me-
diastinum affect approximately 0.7% of isolated CABG
procedures (range 0.4—4% for all cardiac surgeries) [98].
These deep sternal infections are associated with >30-fold
increase in one-year mortality [99]. Factors associated
with deep wound infections include poorly controlled di-
abetes mellitus, high BMI, prolonged duration of surgery,
chronic obstructive pulmonary disease, and use of bilateral
internal thoracic artery grafts [100]. The impact of surgi-
cal risk factors can be minimized by meticulous technique
and skeletonization of harvested internal mammary arter-
ies. Staphylococcus aureus accounts for 40% to 80% of
surgical site infections following CABG [101,102]. Pa-
tients colonized with Staphylococcus aureus have higher
risk of surgical site infections, with rising incidence of
methicillin-resistant Staphylococcus aureus (MRSA) col-
onization. Surgical site infections with MRSA has a 3-
fold increased risk of mortality compared to methicillin-
susceptible Staphylococcus aureus (MSSA). Preoperative
de-colonization protocols using intra-nasal mupirocin and
chlorhexidine bath can decrease risk of surgical site infec-
tions [103,104]. STS practice guidelines issued a class 1A
use of mupirocin (duration 2—5 days) for all cardiac surgery
patients without negative staphylococcal colonization test-
ing [99]. At Cleveland Clinic, routine nasal polymerase
chain reaction swab is obtained before surgery, and if pos-
itive for MSSA, mupirocin nasal ointment is started a day
before surgery and continued for 48 to 72 hours postopera-
tively. MRSA-negative patients receive postoperative cefa-
zolin, and MRS A-positive patients receive a combination of
cefazolin and vancomycin. Penicillin-allergic patients re-
ceive a combination of aztreonam and vancomycin regard-
less of MRSA status. The total duration of postoperative
systemic antibiotics is 48 hours.

3.8 Globally Integrated Postoperative Strategies

Despite the global burden of coronary artery disease,
access to CABG remains highly inequitable, with low-to-
medium income countries facing significant shortages in
cardiac surgical capacity and resources [105]. In many
of those countries, optimized medical therapy remains the
mainstay for managing LCOS postoperatively [106]. When
advanced MCS is not available, intra-aortic balloon pump
is the simplest and most widely accessible device for tem-
porary support in high-risk or hemodynamically unstable
patients, as supported by the American Association for Tho-
racic Surgery [106]. Off-pump CABG is another resource-
conserving strategy with comparable outcomes with ex-
perienced teams [107]. The ERAS® Society protocols
have been shown to be adaptable to low-to-medium income
countries, improving improve outcomes and reducing costs
[107].

Global resource concerns and high rates of unplanned
re-admissions after CABG has carved a niche for digi-
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tal health revolution, including in low-to-medium income
countries. Digital health holds promise of improving pa-
tient outcomes, engagement, and reducing healthcare re-
source utilization through [108,109]:

1. Enhanced communication and education: Digital
health tools, such as mobile applications and chatbots, facil-
itate continuous communication between patients and their
care teams, empowering patients. These platforms can pro-
vide medication reminders and cardiac health education,
making patients more active in their care. Video-based pa-
tient education and consultations have also been shown to
reduce unplanned healthcare utilization and aid in faster re-
covery.

2. Remote monitoring and early detection of compli-
cations: Telehealth visits and digital health tools are effec-
tive for postoperative screening and early identification of
complications. Chatbots can collect care assessment data
related to common causes of readmission after CABG, al-
lowing proactive intervention by the care team.

3. Support for cardiac rehabilitation: Digital health
tools can promote cardiac rehabilitation, even serving as
an alternative or adjunct to traditional center-based rehab.
Studies have shown that patients using digital health tools
have better cardiovascular fitness and exercise habits, and
combining digital health with center-based rehab can lead
to lower healthcare utilization and better patient outcomes.

4. Improved medication adherence: Digital health
tools can significantly improve medication adherence,
which is vital for transplant patients and equally important
for CABG patients to prevent complications.

5. Reduced healthcare costs and readmissions: By
improving patient engagement, facilitating remote moni-
toring, and supporting rehabilitation, Digital health tools
can reduce healthcare utilization, including emergency de-
partment visits and hospitalizations with associated lower
healthcare costs.

6. Increased accessibility and patient satisfac-
tion: Given that much of the world’s population now owns
a Smartphone. Digital health tools are easily accessible and
often cost-negligible for consumers. They can also improve
patient satisfaction and provide a more seamless transition
from hospital to home.

Artificial intelligence and machine-learning algo-
rithms, such as Extreme Gradient Boosting (XGBoost) and
neural networks, have been developed to predict postoper-
ative outcomes, such as mortality, major morbidity, com-
plications, and costs, and exhibit a high degree of accu-
racy [110]. Artificial intelligence is increasingly integrated
into post-CABG care, with real-world examples including
the Epic Sepsis Model for early detection of sepsis in the
ICU and machine-learning-enhanced CABG risk calcula-
tors, such as the STS and EuroSCORE systems, which sup-
port perioperative risk stratification and outcome prediction
[111]. The American Heart Association emphasizes that
while predictive analytics (e.g., risk calculators and early
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warning systems) are already in clinical use, prescriptive
analytics—such as reinforcement learning models for dy-
namic anesthetic or hemodynamic management—remain
investigational and are not yet standard of care [110]. Key
challenges include data bias (which can perpetuate health
disparities if training data are not representative) and lack of
algorithm transparency (which limits clinical interpretabil-

ity).

4. Summary Statements and Take-Home
Messages

L. Delirium prevention: Implement non-
pharmacologic measures (mobilization, sleep hygiene) and
avoid benzodiazepines; consider dexmedetomidine for
sedation.

2. Pain management: Use multimodal analgesia, in-
cluding regional blocks, to reduce pain and opioid side ef-
fects.

3. Maintain high suspicion for stroke with serial neu-
rologic assessments due to high mortality risk.

4. Pursue endovascular thrombectomy for large-
vessel occlusion; parenteral thrombolytics are contraindi-
cated postoperatively.

5. Treat vasoplegia with goal-directed volume resus-
citation and conventional vasopressors; consider advanced
agents for refractory cases.

6. MAP targets: Aim for MAP 70-80 mmHg in
atherosclerotic patients; consider 65—-70 mmHg for RV fail-
ure, adjusting for CVP.

7. Integrate pulmonary artery catheter parameters
(TDCI, eFCI, CVP, PCWP) for LCOS management.

8. Inotrope choice: Use epinephrine, dobutamine, or
milrinone; avoid milrinone in profound vasoplegia or renal
dysfunction.

9. Initiate MCS early for refractory LCOS to prevent
end-organ damage, ideally pre- or intraoperatively.

10. Choose MCS (IABP, Impella, VA-ECMO) based
on specific hemodynamic needs and LV/RV support re-
quirements.

11. Modify advanced cardiovascular life support:
Delay external CPR briefly for early defibrillation/pacing;
avoid over-aggressive compressions.

12. Consider surgical re-exploration for high chest-
tube output.

13. The roles of innovations such as ERAS-cardiac,
digital health, and artificial intelligence are promising.

5. Conclusion

Postoperative care after CABG is an intricate and in-
terdisciplinary process that involves meticulous coordina-
tion across specialties to attain the best long-term outcome
for the patient. This review highlights the essential ele-
ments of postoperative management, ranging from early
ICU management to later follow-up by the heart team. Ad-
vancements in perioperative care, ERAS guidelines, digital
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health solutions, and artificial intelligence hold great poten-
tial in streamlining the delivery of care, enhancing patient
engagement in the recovery process, and optimizing out-
comes. The integration of these emerging tools into rou-
tine practice holds the potential to revolutionize the care of
CABG patients, making recovery faster, safer, and more
personalized.
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