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AbstRACt

 A 50-year-old female presented for an elective aortic valve replacement (AvR). After a successful AvR and repair of a pulmo-
nary vein injury during the vent placement, a difficult wean from cardiopulmonary bypass (CPB) was presented with an acute 
right ventricle (RV) failure. We review acute RV failure and consequent difficult wean from CPB. Written consent was obtained 
for this paper.
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REsuMEN

 Se presenta el caso clínico de una paciente femenina de 50 años sometida a recambio valvular aórtico presenta un destete 
complejo de circulación extracorpórea debido a falla ventricular derecha.

Palabras clave: obstrucción de arteria coronaria derecha, falla ventricular derecha.

Glossary of terms

2D Two-dimensional
AS Aortic Stenosis
AvR Aortic valve Replacement
CABG Coronary Artery Bypass Graft
CPB Cardiopulmonary Bypass
ECG Electrocardiogram
iABP intra-aortic Balloon Pump
RCA Right Coronary Artery
Rv Right ventricular
TEE Transesophageal Echocardiogram

Introduction

 Post-operative acute right ventricular (Rv) failure is associ-
ated with 75% in-hospital mortality[1]. The right ventricle is a 
delicate structure susceptible to dysfunction imbued by trauma 
during cardiac surgery. Although optimal delivery of cardiople-
gia prevents post-operative acute Rv failure2is more likely as-
sociated with cardiovascular and pulmonary complications re-
lated to cardiopulmonary bypass (CPB, it can still occur. Early 
recognition and immediate management are paramount to its 
resolution[2]. Yet, clear guidelines regarding its diagnosis and 
treatment are lacking. For instance, effectiveness of intra-aortic 
balloon pump (iABP) in post-operative acute Rv failure remains 
controversial[2]-[5] Herein, we describe how we recognized and 
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successfully managed post-operative acute Rv failure. informed 
consent was obtained from the patient and this manuscript ad-
heres to the EQUAToR guidelines.

Case report

 A 50-year-old female with critical aortic stenosis (AS) due to 
calcification presented for an elective aortic valve replacement 
(AVR). She had no other significant past medical history. On 
the pre-operative coronary angiogram, there was evidence of 
90% stenosis in the first diagonal branch, for which medical 
management was decided. Otherwise, the coronaries appeared 
normal with very minimal disease. Left ventricular ejection frac-
tion was 71% on the two-dimensional transesophageal echo-
cardiogram (TEE; Supplementary Video 1).
 The patient underwent uneventful induction with a general 

anesthetic, endotracheal intubation, arterial line cannulation, 
and central line access. A standard thoracotomy was performed 
with aorta cannula placement and atrial cannulation. While 
placing the right superior pulmonary vent an inadvertent per-
foration occurred and was identified. The institution of cardio-
pulmonary bypass (CPB) was started and antegrade cardiople-
gia was delivered. A bioprosthetic aortic valve (SOLO Stentless, 
21 mm) was subsequently placed. Before coming off CPB, the 
pulmonary vein perforation was closed. The weaning process 
was initiated and once the heart was filled, the implanted valve 
was assessed with TEE. The position, motion and gradient of 
the bioprosthetic valve were appropriate. However, we experi-
enced a difficult wean from CPB, accompanied by hypotension 
and acute right ventricular (RV) failure. On TEE, the RV was 
enlarged and dyskinetic at the base, but normal at the apex 
(Figure 1A-D; Supplementary Video 2).
 A decision was made to re-institute CPB to promote RV re-

Figure 1. Representative images of the transoperative echocardiogram (ToE) of the right ventricle after induction and after coming off-pump. Panel 
A shows the trans-gastric mid-papillary short-axis view after induction, while Panel B shows the image coming off-pump. The difference in right 
ventricular (RV) size and diastolic flattening of the septum into the left ventricle can be noted in Panel A and B. Panel C shows the mid-esophageal 
four-chamber view after induction, while Panel D shows the image coming off-pump. Difference in RV sizes can be noted between Panel C and D, 
with the latter representing basal hypokinesia.
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covery, unloading the chamber and initiating inotropic support 
with epinephrine, norepinephrine, milrinone, vasopressin, and 
epoprostenol. Despite these measures, the patient remained 
hemodynamically unstable. An IABP was inserted to reinforce 
the RV and assist with the CPB wean. Eventually, the patient 
stabilized and was transferred to the cardiac recovery unit, 
with profound reliance on mechanical and inotropic support: 
epinephrine at 8 mcg/min, norepinephrine at 2mcg/min, milri-
none at 0.375 mcg/kg/min, vasopressin at 0.06 mcg/min, and 
inhaled epoprostenol.
 A 12-lead electrocardiogram (ECG) in the unit showed a 
J point and ST segment elevation in leads II, III and aVF, with 
reciprocal changes in v1 and avR. A coronary angiogram per-
formed three hours after arrival in the recovery unit revealed 
a subtotal occlusion of the ostial right coronary artery (RCA, 
Figure 3; Supplementary Video 3). In fact, there was significant 
difficulty in the insertion of the guide wire. An aortography 
was performed to assess its patency, which revealed slow flow. 
Given the unstable hemodynamics, a likely injury to the ostial 
RCA and recent sternotomy, a decision was made for an urgent 
off-pump coronary artery bypass graft (CABG) procedure, using 
a saphenous vein graft to the right coronary artery.   Following 
CABG, the TEE showed enhancement of the RV performance. 
The clinical improvement was also demonstrated with a reduc-
tion of the IABP ratio. The patient was transferred to the car-
diac recovery unit on substantially reduced inotropic support; 
specifically, epinephrine and norepinephrine at 3 mcg/min and 
1 mcg/min, respectively. The Rv function continued to improve. 
The mechanical support by IABP was stopped within the first 
12 hours of arrival, and inotropic support was discontinued on 
postoperative day 1. She was discharged home with stable vital 
signs on a postoperative day 6.

Discussion

 Postoperative acute refractory RV failure is associated with 
up to 70-75% in-hospital mortality, as opposed to 0.1% of 
patients after routine cardiac surgery.1 This is often caused by 
myocardial ischemia and depression after CPB in susceptible 
patients[1]. The Rv is a delicate structure that is affected by dif-
ferent pathways, including pulmonary pressure, volume status, 
geometry, and ventricular interdependence. Surgical interven-
tions produce a negative effect on the Rv the moment the peri-
cardium is incised.6 
 Prevention can be achieved through optimal myocardial 
protection using cardioplegia, with antegrade delivery supe-
rior to retrograde.[2],[4]. The use of cardioplegia has indeed 
contributed to Rv infarction being extremely rare[2]. Despite 
optimal cardioplegia, Rv infarction and dysfunction can still 
occur, potentiating and perpetuating post-operative acute Rv 
failure[3]. The early recognition of Rv failure is paramount to 
its management, for treatment delay results in poor prognosis 
due to the rapid hemodynamic decline and irreversible damage 
to the RV myocardium[2]. However, early recognition can be 
complicated by patients’ comorbidities[2]. Clinical signs such as 
hypotension are often non-specific[2], but ECG, albeit underes-
timated, can be useful in the diagnosis of acute Rv failure. in 
our case, a 12-lead ECG on arrival in the recovery unit showed 
clear Rv involvement as an elevation of the J point throughout 

inferior leads. Noteworthy, the ST elevation in lead III > lead II 
suggested an RCA occlusion7, which was precisely confirmed 
on angiogram.
 Another crucial element to our successful management of 
acute RV failure was the use of TEE. There are several ways of 
measuring the right-sided heart, but TEE measurements prior to 
pericardiotomy have not been validated for prognostication. Al-
though two-dimensional (2D) analyses have demonstrated a re-
duction in longitudinal shortening and an increase in transverse 
shortening, there is no association between initial assessment 
of Rv function and degree of Rv failure[6],[8]. in contrast, the 
free wall RV strain can detect subclinical dysfunction and thus, 
is the only promising parameter for predicting Rv failure[8]. 
Herein, free wall RV strain measured intraoperatively proved to 
be beneficial as it provided further evidence that the cause of 
hemodynamic instability was acute RV failure.
 The literature is sparse regarding the appropriate manage-
ment of postoperative acute RV failure[2]; randomized clinical 
trials and/or observational studies are lacking. The utility of iABP 
in postoperative acute RV failure is also controversial, with a 
paucity of data regarding its efficacy and escalation to a right 
ventricular assist device is often necessary[2]-[5].
 In addition to early detection, herein we describe the suc-
cessful treatment of postoperative acute Rv failure. We attained 
stable hemodynamics with inotropic support and institution of 
IABP, allowing us to do further investigations to ascertain and 
reverse the cause. In our case, a coronary angiogram was per-
formed due to suspected Rv infarction. An occlusion of the 
ostial RCA was found, and the patient underwent a re-do ster-
notomy for revascularization of her RCA.
 Not only did the patient have minimal coronary artery dis-
ease on the pre-operative angiogram, she did not have risk 
factors that would render her susceptible to a difficult CPB 
wean[9],[10]. Therefore, we suspect that the occlusion was iat-
rogenic caused intraoperatively. Consequently, delivery of car-
dioplegia to the Rv may have been impaired, leading to insuf-
ficient myocardial protection and thus, potentiation of acute RV 
failure. The patient underwent urgent revascularization. Due to 
the rapid reversal of cause, Rv function improved post-opera-
tively without significant impairment in RV function.

Conclusion

 Good communication between the anesthesiologist, sur-
geon and perfusionist is paramount to the detection of abrupt 
and unexpected Rv failure. Rv failure after CABG, albeit rare, 
can occur due to poor Rv protection or an underlying undiag-
nosed coronary deleterious blood flow. Accurate prediction on 
Rv failure is not yet feasible, but a reduced Rv strain might pro-
vide some clue for the subclinical disfunction Rv cases. 

video 1: SAX https://vimeo.com/manage/videos/640523125
video 2: ME 4C https://vimeo.com/manage/videos/640521547 
video 3: Angiogram https://vimeo.com/manage/vid-
eos/640522430
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