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Abstract 

Background Diffuse coronary artery spasm after coronary artery bypass grafting may cause disastrous circulatory 
collapse and death if not detected and managed promptly.

Case presentation Four out of 387 patients who underwent uneventful off-pump coronary artery bypass graft-
ing between January 2019 and December 2021 at our centre developed unexplained arrhythmias and hypotension 
within 2 to 6 h of the postoperative period. Coronary angiogram showed diffuse coronary vasospasm involving both 
grafted and ungrafted native coronary arteries. Vasospasm was refractory to intracoronary vasodilators in all these 
cases. All of the patients recovered completely with the use of intravenous verapamil infusion and intraaortic balloon 
pump support.

Conclusions Coronary artery spasm should remain in the differential diagnosis in patients developing unexplained 
arrhythmias and haemodynamic instability following coronary artery bypass grafting. Prompt diagnosis with coro-
nary angiogram and proper management strategy using calcium channel blockers and intraaortic balloon pump can 
revert this deadly complication. Surgical intervention may delay precious time needed for therapeutic intervention.
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Background
The term coronary artery spasm (CAS) refers to a sud-
den, intense vasoconstriction of an epicardial coronary 
artery that causes vessel occlusion or near occlusion 
(Hung et  al. 2014). Coronary artery spasm may compli-
cate the immediate postoperative period after coronary 
artery bypass grafting (CABG) leading to circulatory col-
lapse and death (Pichard et al. 1980). Although cases have 
been reported worldwide with different outcomes and 
lines of management, there are not many reported in the 
Indian scenario (Lin et al. 2007; Unai et al. 2014; Lemmer 

and Kirsh 1988; Schena et al. 2007; Lorusso et al. 2012). 
To our knowledge, this is the first reported case series 
of refractory diffuse coronary artery spasm (CAS) after 
uneventful off-pump CABG (OPCABG) in India where 
a strategy of immediate coronary angiography, calcium 
channel blockers and mechanical circulatory support 
helped in complete recovery.

Case presentation
Three hundred eighty-seven patients underwent une-
ventful off-pump CABG between January 2019 and 
January 2021 at our institution. As per our existing pro-
tocol, all patients were preoperatively on long-acting 
oral nitrates and beta-blockers. All patients underwent 
surgery with general anaesthesia using 0.03 mg/kg mida-
zolam, 2  mg/kg propofol 1% or 0.2  mg/kg etomidate 
(for patients with left ventricular dysfunction), 5mcg/
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kg fentanyl, and 1 mg/kg rocuronium for induction and 
maintenance with sevoflurane. Haemodynamic, respira-
tory, temperature and bispectral index monitoring was 
done. A well-experienced surgeon performed all sur-
geries through a median sternotomy with a take-down 
of the left internal mammary artery (LIMA). A hepa-
rin dose of 300  IU/kg was given with activated clotting 
time maintained at approximately 350 s. The LIMA was 
sprayed with 0.5% topical papaverine. Patients were kept 
on nitroglycerin infusion 2–3 mcg/kg/min and a low dose 
of inotropes, dopamine (2.5–3 mcg/kg/min) and nor-
epinephrine (0.02–0.03 mcg/kg/min) for haemodynamic 
support. The grafting sequence was similar in all patients: 
left anterior descending (LAD) coronary artery, followed 
by the anterior, lateral and posterior vessels using intrac-
oronary shunts and mechanical stabiliser. Distal coronary 
anastomoses were carried out before the proximal aortic 
analogues in the vein grafts. Patients were kept on intra-
venous fentanyl infusion along with paracetamol while 
on ventilatory support in the Intensive care unit (ICU), 
so as to keep a universal pain assessment score of less 
than four. Inotrope used for haemodynamic support in 
ICU was Dopamine in the range of 2.5–5 mcg/kg/min. 
All patients were on nitroglycerin infusion 0.5–1 mcg/kg/
min.

Among these patients, four had clinical deteriora-
tion between 2 and 5.5  h of arrival to the ICU after 
surgery which manifested as junctional bradycardia 
with a heart rate range between 50 and 58 beats per 
minute and hypotension with a mean arterial pressure 
(MAP) between 40 and 50  mm Hg. One patient dem-
onstrated ST elevation in inferior leads while another 

developed an episode of ventricular fibrillation which 
was reverted with direct current electrocardioversion. 
Inotropes were stepped up to ensure MAP > 60  mm 
Hg and immediate coronary angiography (CAG) was 
performed to rule out graft failure. CAG showed dif-
fuse CAS of all the grafted coronary arteries (Fig.  1) 
as well as arterial conduits. It is to be noted that two 
patients had vasospasm of the ungrafted right coro-
nary artery (Fig. 2) which was not surgically handled at 
all. Repeated intracoronary injection of 0.2  mg nitro-
glycerin and nicorandil did not revert the vasospasm. 
Intraaortic balloon pump (IABP) was inserted for three 
of the patients for haemodynamic support. Intravenous 
verapamil infusion (0.05  mg/kg/h gradually increased 
to 0.1  mg/kg/h) was started for all of the patients and 
continued for 72  h. After starting verapamil infusion 
junctional bradycardia resolved after 1–2 h and normal 
sinus rhythm was restored for all patients. All patients 
tolerated verapamil therapy without further episodes of 
bradycardia or hypotension. Patients on IABP did not 
have complications like limb ischemia or local bleeding. 
IABP was weaned off after 48  h for two patients and 
after 72 h for one patient.

None of the four patients who developed CAS gave a 
history of rest angina. The mean age group of patients 
was 59.25 ± 6.55  years with the male-to-female ratio 
being 3:1 (Table  1). Half of the patients were smokers, 
three of them were diabetics and two of them had preex-
isting hypertension. There was no evidence of hypother-
mia, metabolic acidosis, respiratory alkalosis, hypoxia, 
hypercarbia, or dyselectrolytemia in the perioperative 
and immediate postoperative period.

Fig. 1 Coronary angiogram (CAG) showing severe vasospasm of the grafted left circumflex artery obtuse marginal (OM) branches
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All patients recovered completely and were dis-
charged on oral verapamil. Renal dysfunction was not 
observed in any. All patients were asymptomatic after 
discharge, ECG and echocardiography done on the fol-
low-up visit 1 month after discharge were normal. One 
patient underwent follow-up CT coronary angiogra-
phy 1 week post discharge, which showed no evidence 
of CAS.

Discussion
Although Prinzmetal first described CAS associated 
with variant angina in 1959, it was first reported in 
the postoperative period after CABG in 1980 by (Pich-
ard et  al. 1980). CAS is more common in males than 
females, individuals aged between 40 and 70 years, (JCS 
Joint Working Group 2010; Matta et al. 2020) more in 

Fig. 2 Coronary angiogram (CAG) showing severe vasospasm of the ungrafted right coronary artery divisions — posterior descending artery (PDA) 
and posterior lateral ventricular branches (PLB)

Table 1 Comparitive characteristics among the patients who developed CAS

LAD Left anterior descending artery, LCX Left circumflex artery, LMCA Left main coronary artery, OM Obtuse marginal artery, RI Ramus intermedius, RCA  right coronary 
artery, PDA Posterior descending artery, RA Radial artery, LIMA Left internal mammary artery, VF Ventricular fibrillation

Patient characteristics Case 1 Case 2 Case 3 Case 4

Age 51 65 64 57

BMI 29.7 24.5 20.8 26

Gender Male Male Male Female

Blood group A + A + O + A + 

Smoking Yes Yes No No

Diabetes Yes No Yes Yes

Left ventricular function ≥ 60% ≥ 60% 40% ≥ 60%

Hypertension Yes Yes No Yes

Coronary lesions LAD, LCX LMCA, LAD, OM LAD, RI, LCX, RCA LAD, LCX

Grafted vessels LAD, OM LAD, OM LAD, RI, OM, PDA LAD, OM

CAS affected vessels in CAG LAD, OM, RCA, RA, LIMA LAD, OM, RCA, LIMA LAD, RI, PDA, LIMA, LAD, OM

Interval between surgery and clinical deterioration 5 ½ h 3 h 3 h 2 h

Clinical presentation during deterioration Junctional bradycardia, 
VF, hypotension

Junctional bradycar-
dia, hypotension

Junctional tachycardia, ST 
elevation, hypotension

Junctional brady-
cardia, hypoten-
sion

Hours of IABP usage 72 h 48 h 48 h Not used

Outcome Recovery Recovery Recovery Recovery
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Japanese (24.3%) followed by Taiwanese (19.3%) and 
Caucasian (7.5%) populations (Matta et al. 2020).

Usually, vascular spasm involves a single implanted 
graft or coronary artery but reports have described a 
more diffuse form with dismal outcome (Lin et al. 2007). 
Diffuse refractory CAS represents a significant determi-
nant of morbidity and mortality during the periopera-
tive phase. It may occur intraoperatively, postoperatively 
upon emergence, or shortly after extubation with an inci-
dence ranging from 0.8 to 1.3% (Lin et al. 2007). Periop-
erative CAS can occur after both on-pump and off-pump 
CABG (Lin et  al. 2007; Unai et  al. 2014). Patients with 
the normal dominant right coronary artery (RCA) with-
out stenosis, history of smoking or variant angina before 
surgery are a high-risk group to develop coronary artery 
spasm (Unai et al. 2014; Hung et al. 2014).

The mechanisms underlying CAS are poorly defined 
and multifactorial. Important mechanisms involved 
are autonomic system dysfunction, inflammation and 
endothelial dysfunction, smooth muscle cell hypercon-
tractility, degradation of nitric oxide (NO) by oxygen 
free radicals and genetic mutations or polymorphism 
of the endothelial NO synthase gene (Hung et al. 2014). 
Precipitating causes of CAS include manipulation of 
the heart, intimal injury by intracoronary shunts, exter-
nal traction and compression by instruments or chest 
tubes, hypomagnesaemia, hyperkalemia, high endog-
enous catecholamine levels during emergence, high 
exogenous catecholamine administration, respiratory 
alkalosis, hypothermia, and underlying atherosclerotic 
disease (Lemmer and Kirsh 1988). Postoperative diffuse 
CAS is most commonly manifested by arrhythmias, ST-
segment elevation and circulatory collapse without a spe-
cific cause (Lemmer and Kirsh 1988). Failure to promptly 
resolve the spasm may produce irreversible and life-
threatening consequences.

Our case series of four patients developed severe 
refractory diffuse coronary vasospasm after unevent-
ful OPCABG. This constituted 1.03% of the total surgi-
cal cases performed by us during that period. Majority 
were males in the age group of 50–65 years. There were 
no intraoperative events like hypotension or electrolyte 
abnormalities to precipitate CAS in any of the patients. 
CAG showed spasm involving the ungrafted RCA in 
two of the patients which makes surgical manipulation 
or intracoronary shunts an unlikely trigger of the event. 
Inotropes administered were low doses as used in all 
patients undergoing CABG in our institution. Adequate 
postoperative analgesia, ventilatory support and nitro-
glycerin infusion were maintained in all these patients. 
Vascular smooth muscle hyper-reactivity is thought to be 
central to the pathogenesis of CAS. We hypothesise that 
this particular set of patients demonstrated abnormal 

coronary vascular hyper-reactivity to the surge of endog-
enous catecholamines on emergence in ICU and devel-
oped diffuse CAS.

Immediate intervention is essential in this situation, 
after ruling out other reasons like graft failure, tampon-
ade etc. Coronary angiogram is a powerful tool in the 
diagnosis and formulation of further management. Intra-
coronary injection of vasodilators has been shown to be 
effective but may not be sufficient in the presence of pro-
found cardiogenic shock and marked myocardial stun-
ning (Schena et al. 2007). In this situation, IABP support 
along with calcium channel blockers (CCBs) like vera-
pamil may help to tide over this crisis. Rarely temporary 
ECMO support may be required to handle the severe 
cardiogenic shock related to CAS (Lorusso et  al. 2012). 
CAS being a reversible condition, surgical intervention is 
unnecessary and might delay the critical period for ther-
apy leading to a fatal outcome.

Conclusions
Diffuse coronary artery vasospasm is an existent rare 
underdiagnosed perioperative complication after CABG 
with dismal outcomes. Suspicion of CAS in the periop-
erative period should warrant immediate coronary angio-
gram for diagnosis. Prompt management with the help of 
CCBs and IABP can be life-saving while surgical inter-
vention has no role. Larger clinical trials will be helpful to 
identify vulnerable patient groups and further study the 
exact cause of diffuse CAS.
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