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Introduction

In spite of all the medical advances and interventional 
treatments, cardiovascular disease (CVD) is still the 
leading cause of death in the United States of America 
(USA).1 The common pathway of all CVD is advanced 
heart failure (HF) which affects about 5.8 million 
Americans and accounts for nearly 250,000 deaths each 
year.2 It is the leading cause of hospital admission in the 
USA, the number one Medicare DRG (diagnostic related 
group) and is the disease state with the greatest cost bur-
den to the health care system.3,4

With the persistent shortage of donor hearts, 
mechanical circulatory support (MCS) technology  
has become the standard-of-care for advanced heart 
failure as a bridge-to-recovery or modeling, bridge-to-
transplantation and destination therapy.5–8 One major 
form of MCS device is the left or right ventricular assist 
device (L/RVAD), a mechanical pump that offloads the 
heart by propelling blood from the ventricle to either 
the ascending aorta or the pulmonary artery via axial 
or centrifugal flow methods.The patient herein had 

been supported through multiple MCS devices;  
ranging from temporary LVAD support as bridge-to-
decision or recovery with the Impella CP (Abiomed 
Inc., Danvers, MA, USA) and the CentriMag (Thoratec 
Corp., Pleasanton, CA, USA) to final destination-
therapy with the HeartMate II (Thoratec Corp.).
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Abstract
This case study reports the operative management of a 63-year-old male patient following implantation of the HeartMate 
II (HMII) left ventricular assist device (LVAD), with a non-compliant left ventricle (LV) and a reduced right ventricular 
(RV) end-diastolic volume. Intraoperatively, the patient had a thin, fragile LV wall with laminated clot; a ventricular septal 
defect was encountered during removal of the clot. Along with an aortic valve repair, the LV and the septum were 
reconstructed with multiple bovine pericardium patches, thus, moderately reducing the RV and LV stroke volume. A 
difference in cardiac output via a Swan-Ganz catheter (approximately 1.5 l/min) was observed as opposed to the HMII’s 
estimated flow. The result was later replicated and verified in vitro via the Donovan Mock Circulation System (DMCS), 
where about 2 l/min lower flow on the HMII system was observed. In conclusion, the HMII flow rate displayed can be 
inaccurate and should only be used for trending.
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Case History

History of the present illness

A 63-year-old male patient with ischemic cardiomyopa-
thy (body surface area: 2.0 m2) was transferred to The 
University of Arizona Medical Center from another 
institution with refractory heart failure (LV ejection 
fraction of less than 10% from extensive myocardial 
infarction). Prior to the transfer, he was admitted for an 
elective placement of a biventricular implantable car-
dioverter defibrillator (ICD). He was intubated for  
significant desaturations and started on an epinephrine 
drip for cardiogenic shock. Impella CP support was ini-
tiated. The patient was flown to our facility while on the 
Impella CP support and immediately taken to the cath-
eterization lab for a percutaneous LVAD placement 
from his right groin with a TandemHeart Trans-septal 
Cannula (Cardiac Assist Inc., Pittsburgh, PA, USA) for 3 
reasons: 1) the patient needed more flow support, 2) the 
Impella was clotted and 3) the patient had laminated 
clot in his left ventricular apex. The CentriMag LVAD 
was established with 3.3 l/m at 3300 rpm. The Impella 
CP was removed one day later. The patient was stabilized 
and his end-organ function recovered with marginal 
renal function.

Operative management

Ten days later, the patient underwent aortic valve repair 
for his moderate aortic valve insufficiency, closure of the 
atrial septal defect, left atrial appendage ligation, a right 
MAZE procedure, central cardiopulmonary bypass and 
placement of an intracorporeal HMII LVAD. It was 
found that the patient had a thin, fragile LV wall and a 
necrotic septal wall with a fresh laminated clot that 
appeared to be of the same pathologies presented. The 
ventricular septal defect (VSD) was encountered during 
LV clot exploration. The VSD was repaired with a bilayer 
of bovine pericardium patch using Ethibond 3-0 MH 
(medium half) Prolene-pledgeted sutures. The extremely 
thin LV was also reconstructed with multiple bovine 
pericardia, resulting in a reduced LV and RV size, thus, 
compromising end-diastole volume (Figure 1). After de-
airing and weaning from bypass with milrinone, inhaled 
nitric oxide (iNO) and dobutamine, the patient was 
hemodynamically stable after 290 minutes of bypass 
time and 32 minutes of cross-clamp time. Postoperatively, 
the patient achieved hemostasis and was hemodynami-
cally stable at a speed of 9400 rpm, flow of 4.4 l/min, pul-
satility index (PI) of 3.5 and pump power (PP) of 5.1 
watts; displayed by the controller. However, a disparate 
flow in the HMII was observed. The HMII LVAD would 
display a flow rate of about 4.5 l/m which was about 1.5 
l/m less than the Swan-Ganz catheter displayed, which 

had a cardiac index of 3.0 (6 l/m) or more. During this 
disparate flow, the aortic valve was never opened due  
to the repair via Park’s stitch method, suggesting that  
the Swan-Ganz catheter was measuring the flow of the 
HMII.

Discussion

The HMII system displays pump power (PP), pulsatil-
ity index (PI), adjustable rpm speed and an estimated 
flow rate. The flow estimation is a calculated number 
based on a linear regression model involving the speed 
and power consumption.9 However, Lund et  al.10 
found, from a study of five HMII patients, that flow is 
inaccurate if the pump operates below 8000 rpm. In 
another 20 patient study, Slaughter et  al.11 recently 
reported that about 15-20% difference (0.8 l/m) in 
flow was observed intraoperatively between the HMII 
flow estimation and the direct flow measured by an 
ultrasonic flow probe. These findings were evaluated 
based on a compliant heart, such that the flow dif-
ference was marginal. Furthermore, they required 
Institutional Review Board approval and a cohort  
of patient enrollment where a reliable in vitro simula-
tion could be used to demonstrate the point to gain 
further understanding of clinical picture and to make 
better clinical judgment under a complicated clinical  
scenario. The patient had extensive left ventricular 
and septal wall reconstruction, resulting in a non-
compliant LV and a reduced RV fill volume, which 
may have magnified the discrepancy in the flow esti-
mation displayed by the HMII from the true cardiac 
output measured by the Swan-Ganz catheter. This dis-
parate flow is about a 2-fold increase when compared 
to the findings from Slaughter et al. The finding was 
later replicated and verified in vitro via the Donovan 

Figure 1. Depiction of the left ventricle repair using 
bovine pericardium patches and Ethibond 3-0 MH 
Prolene-pledgeted sutures. I: normal heart with an atrial 
septal defect made from the trans-septal cannula, II: Cross 
–sectional view showing clots, III: encounter of ventricular 
septal defect with clots removed, IV: reduced right and left 
ventricle after bovine pericardium patched.
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Mock Tank System (Figure 2, 3) where about 2 l/min 
lower flow on the HMII controller was measured 
through the use of a SynCardia Total Artificial Heart 
(SynCardia Systems Inc., Tuscon, AZ, USA) and the 
DMCS.12–13 These findings have clinical implications 
where clinicians should interpret the estimated flow 

with caution and only use it for trending purposes. 
Further, an echocardiogram ramp study is warranted 
should a clinician want to optimize settings, assess the 
pump and analyze native heart function if an absolute 
value of cardiac output is not available.
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