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Abstract
Objective: Predictors of right ventricle (RV) dysfunction after continuous‐flow left 
ventricular assist device (CF‐LVAD) implantation in children are not well described. 
We explored the association of preimplantation Pulmonary Artery Pulsatility index 
(PAPi) and other hemodynamic parameters as predictors of prolonged postoperative 
inotropes/pulmonary vasodilator use after CF‐LVAD implantation.
Design: Retrospective chart review.
Setting: Single tertiary care pediatric referral center.
Patients: Patients who underwent CF‐LVAD implantation from January 2012 to 
October 2017.
Interventions: Preimplantation invasive hemodynamic parameters were analyzed to 
evaluate the association with post‐CF‐LVAD need for prolonged (>72 hours) use of 
inotropes/pulmonary vasodilators.
Measurements and main results: Preimplantation cardiac catheterization data 
was available for 12 of 44 patients who underwent CF‐LVAD implant during the 
study period. Median (IQR) age and BSA of the cohort were 15.3 years (10.2, 18) 
and 1.74 m2 (0.98, 2.03). Group 1 (n = 6) included patients with need for prolonged  
inotropes/pulmonary vasodilator use after CF‐LVAD implantation and Group 2 (n = 6) 
included those without. Baseline demographic parameters, cardiopulmonary bypass 
time, and markers of RV afterload (pulmonary vascular resistance, PA compliance and 
elastance) were similar among the two groups. PAPi was significantly lower in group 
1 compared to group 2 (0.96 vs 3.6, respectively; P = .004). Post‐LVAD stay in the 
intensive care unit was longer for patients in group 1 (46 vs 23 days, P = .52). Brain 
natriuretic peptide was significantly higher at 3 months after implantation in group 
1; P = .01.
Conclusions: The need for inotropes/pulmonary vasodilators in the postoperative 
period can be predicted by the preimplantation intrinsic RV contractile reserve as 
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1  | INTRODUC TION

Continuous‐flow left ventricular assist devices (CF‐LVAD) have been 
increasingly used for children with end‐stage heart failure commonly 
as a bridge to heart transplant and occasionally as destination ther‐
apy.1 Some degree of right ventricular (RV) dysfunction is consid‐
ered to be frequently present at the time of LVAD implantation. It is 
thought that LVAD support may help in the recovery of the RV func‐
tion through reduction of left atrial pressure (by decompressing the 
left ventricle) and thereby decreasing the RV afterload. However, RV 
failure or dysfunction can persist in 10%‐40% patients2‐4 and cause 
a significant increase in morbidity and mortality.3,5,6 At present, the 
diagnosis of RV dysfunction relies on clinical evidence of venous con‐
gestion (elevated CVP), clear lung fields, and evidence of low cardiac 
output (necessitating prolonged inotrope or pulmonary vasodilator 
therapy for RV support) despite optimal placement and function of 
the LVAD device. RV dysfunction necessitates prolonged inotrope 
and pulmonary vasodilator support in the postoperative period, and, 
in some cases, requires RV assist device (RVAD) implantation.7 We 
aimed to identify hemodynamic predictors of prolonged use of pul‐
monary vasodilators and inotropes after CF‐LVAD based on preim‐
plantation invasive hemodynamic cardiac catheterization data.

Previously identified invasive hemodynamic variables shown to 
correlate with RV dysfunction in adults include elevated right atrial 
(RA) pressure, elevated cardiac filling pressure ratio (mean RA to 
mean pulmonary capillary wedge pressure (PCWP) ratio), and re‐
duced right ventricular stroke work index (RVSWI).8 Pulmonary 
artery pulsatility index (PAPi) is a simple hemodynamic calculation 
[(systolic PA‐diastolic PA)/mean RA pressure] which was initially 
studied to predict RV dysfunction in adults after acute inferior myo‐
cardial infarction.9 Subsequent studies have shown that PAPi might 
be helpful in predicting RVAD after implantation of CF‐LVAD de‐
vices in adults.10,11 We hereby evaluated the usefulness of various 
invasive hemodynamic factors prior to LVAD implantation to predict 
the need for prolonged use (>72 hours) of pulmonary vasodilators/
inotropes in children.

2  | METHODS

In this retrospective study, we reviewed the records of children who 
underwent CF‐LVAD placement at the Heart Center, Texas Children's 
Hospital and Baylor College of Medicine, Houston, TX from January 
2012 to October 2017. The patients who underwent invasive 

hemodynamic assessment using cardiac catheterization prior to place‐
ment of CF‐LVAD were included in analysis. Patients who had single 
ventricle palliative surgical procedures (Glenn/Fontan operation) were 
excluded from analysis. Patients who had mechanical or surgical com‐
plications post‐LVAD (such as significant fluid collections in the pleural, 
pericardial, or abdominal cavity; surgical site bleeding causing hemody‐
namic compromise or needing re‐exploration) were excluded from the 
analysis. The study was approved by the Institutional Review Board.

Demographic, clinical, laboratory, and hemodynamic data were 
reviewed and evaluated for their association with prolonged inotro‐
pes and pulmonary vasodilator use. Patients were subcategorized 
into two groups. Group 1 included those patients who needed ino‐
tropes (epinephrine/norepinephrine/vasopressin/milrinone) and 
pulmonary vasodilators (inhaled Nitric Oxide or intravenous sildena‐
fil) beyond 72 hours after CF‐LVAD implantation. Group 2 included 
those patients who did not need inotropes and pulmonary vasodila‐
tors beyond 72 hours of the CF‐LVAD implantation. Hemodynamic 
data (mean RA pressure, pulmonary artery systolic and diastolic 
pressure, cardiac index, pulmonary/systemic vascular resistance) 
were obtained from invasive cardiac catheterization data performed 
prior to placement of CF‐LVAD using the Fick principle and incorpo‐
rating dissolved oxygen content.

Cardiac filling pressure ratio was calculated as the ratio of mean 
RA pressure to mean PCWP. PAPi was calculated as (systolic PA‐
diastolic PA)/mean RA pressure. RVSWI was calculated as (mean 
PA pressure‐mean RA pressure) × stroke volume index, where the 
stroke volume index was calculated as the cardiac index divided by 
the heart rate. Pulmonary artery compliance was calculated as stroke 
volume/(systolic PA pressure‐diastolic PA pressure). Pulmonary ar‐
tery elastance was calculated as PA systolic pressure/stroke volume.

All statistical analysis was done using SPSS version 20.0. 
Continuous variables were expressed as mean ± standard deviation 
for parametric data, and median (interquartile range) for nonpara‐
metric data. Normality was determined using the Shapiro‐Wilk test. 
Qualitative variables were expressed as percentages. Paired Student 
t test (for parametric data) and Wilcoxon‐Signed rank test (for non‐
parametric data) was used for the comparison of different variables. 
Receiver operator characteristic method was used to evaluate sen‐
sitivity and specificity for mean right atrial and cardiac filling pres‐
sure values to predict the prolonged use of inotropes and pulmonary  
vasodilators. Linear and quadratic regression analysis was performed 
to evaluate pulmonary vascular resistance and other markers of RV 
afterload (PA elastance and PA compliance). A P value <.05 was con‐
sidered statistically significant.

assessed by PAPi rather than the markers of RV afterload. Further investigation and 
correlation with clinical outcomes is needed.
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3  | RESULTS

Forty‐four patients underwent placement of CF‐LVAD at our insti‐
tution during the study period. Invasive hemodynamic assessment 
prior to placement of CF‐LVAD was performed in 15/44 (34.1%) 
patients (Figure 1). Two patients had undergone single ventricle 
palliation surgeries prior to CF‐LVAD implantation and therefore 
were excluded from the analysis. One patient developed a large left 
pleural hematoma causing collapse of the left lung. As the inotrope 
and pulmonary vasodilator need in this patient was altered by me‐
chanical compression of the lung, the patient was excluded from the 
analysis (Figure 1).

A total of 12/15 (80%) patients who had invasive hemody‐
namic measurements prior to placement of CF‐LVAD (8 Heartware, 
HeartWare International Inc., Framingham, Massachusetts and 4 
Heartmate‐II, Thoratec Corporation, Pleasanton, California) were 
included in the study. The baseline demographic profile of these 

patients is shown in Table 1. Median age of the study group was 15.3 
years and the median (IQR) interval between the invasive hemody‐
namic assessment and the CF‐LVAD placement was 65 (14, 270) 
days. The median cardiopulmonary bypass time required for place‐
ment of CF‐LVAD in the study group was 185 (149, 207.5) minutes.

Majority of the patients had underlying cardiomyopathy (n = 7), 
four patients had repaired congenital heart disease and one patient 
had a previous cardiac transplant graft failure. As shown in Table 1, 
majority of patients underwent placement of CF‐LVAD as a bridge 
to transplant. One patient had a cardiac arrest prior to CF‐LVAD 
placement. Two patients were on mechanical circulatory support 
prior to CF‐LVAD placement and three patients were mechanically 
ventilated. Baseline serum brain natriuretic peptide (BNP) prior to 
CF‐LVAD implantation was elevated [2169 (983, 2866) pg/mL] in the 
entire cohort. Patients stayed in the intensive care unit and hospital 
for a median duration of 35 and 56 days, respectively, after implan‐
tation of CF‐LVAD.

Various hemodynamic parameters measured at the time of car‐
diac catheterization in the study group are shown in Table 1. Mean 
right atrial pressure in the study group was 7 (4.3, 19) mm Hg and 
other hemodynamic variables and calculated indices are shown in 
Table 1.

Six patients required prolonged inotrope or pulmonary vasodi‐
lators, while the other six did not; and were classified in groups 1 
and 2, respectively. The demographic and clinical parameters among 
these two groups are shown in Table 2. Baseline parameters among 
patients in the two groups were comparable except for higher pre‐
LVAD BNP levels among patients in group 2 [2777 (1849, 3169) pg/
mL] as compared to patients in group 1 [1442 (640, 2204) pg/mL]; 
P = .04. Cardiopulmonary bypass time during placement of LVAD 
was similar in the two groups; P = .87. Post‐LVAD stay [median (IQR)] 
in the intensive care unit [46(5,122) vs 23 (10, 36) days, P = .52] and 
total hospital length of stay [median (IQR)] was longer in patients in 
group 1 as compared to group 2 [62(22, 122) vs 51(24.5, 79) days, 
P = .9]. Though pre‐LVAD implantation BNP was higher in group 1, 
2 and 3 months post‐LVAD BNP was lower in patients in group 2; 
P = .05 and .01 (Table 2).

Invasive hemodynamic measurements prior to CF‐LVAD place‐
ment among the two groups are shown in Table 2. Mean RA pres‐
sure in group 1 was significantly higher [18 (8.3, 22.3) mm Hg] 
than patients in group 2 [4.5 (3, 6.5) mm Hg]; P = .008, Figure 2A. 
Mean pulmonary artery pressures and PCWP were similar in the 
two groups. Cardiac filling pressure ratio in group 1 was also sig‐
nificantly higher [0.65 (0.42, 0.89)] than patients in group 2 [0.29 
(0.19, 0.43)]; P = .016, Figure 2B. PAPi was significantly lower in pa‐
tients in group 1 [0.96 (0.49, 2.02)] as compared to group 2 [3.6 (3.01, 
5.6)]; P = .004, Figure 2C. Other hemodynamic calculations includ‐
ing the pulmonary vascular resistance, pulmonary artery elastance, 
and compliance were similar in both groups. Patients in group 1 had 
lower RVSWI than group 2 but this difference did not reach statis‐
tical significance; P = .15 (Table 2). Pulmonary vascular resistance 
significantly correlated with pulmonary artery elastance on linear 
and quadratic regression analyses, Figure 3.F I G U R E  1   Study flow sheet
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4  | DISCUSSION

The outcomes of children supported with CF‐LVAD continue to 
gradually improve with growing pediatric VAD experience. RV 
failure continues to complicate significant number of LVAD im‐
plantations and its true physiologic causes remain poorly defined, 
especially in children. This is the first description of the utility of pre‐
operative invasive hemodynamics in children prior to placement of 
LVAD as predictors of RV dysfunction as evidenced by the need for 
prolonged inotropes/pulmonary vasodilators post‐CF‐LVAD place‐
ment in children. We found a lower mean RA pressure, lower cardiac 
filling pressure ratio and higher PAPi in patients who did not require 
a prolonged inotropes/pulmonary vasodilator after CF‐LVAD place‐
ment. The markers of RV afterload were not significantly different 
among the two groups.

CF‐LVAD has become the mainstay in the treatment of end 
stage heart failure in children. The 2017 PediMACS (Pediatric 
registry for mechanically assisted circulatory support) registry12 
reports a use of 226 continuous flow devices in children from 
September 19, 2012 to June 30, 2017 including biventricular assist 
device use in 5.3% and RVAD use in 1.8% patients. All‐cause mor‐
tality in this cohort was reported at 10.6%. One of the major causes 
of the morbidity and mortality after CF‐LVAD device placement is 
RV dysfunction,11 frequently necessitating prolonged inotrope/
pulmonary vasodilator support and intensive care unit stays, and in 
some cases RVAD support.6 In our institutional practice, most pa‐
tients are started on pulmonary vasodilator and inotrope therapy 
at the time of CF‐LVAD implantation on a selective basis. Without 
supportive clinical evidence of RV dysfunction, we stop inotropes/
pulmonary vasodilators within the first 48‐72 hours. Therefore, 
continuation of inotropes and pulmonary vasodilators beyond 72 
hours in the postoperative period is an indication of RV dysfunc‐
tion and can be used as a surrogate of RV dysfunction. Similar to 
our definition, Soliman et al13 have previously used a definition 

TA B L E  1   Demographic factors of all patients in the study group

Covariate

Study group

n = 12

Age at VAD implantation, years 15.3 (10.2, 18.01)

Age at cardiac catheterization, years 15.24 (9.54, 17.4)

Catheterization to VAD duration, days 65 (14, 270)

Weight, kg 54.4 (27.7, 80.9)

Height, cm 170 (127.3, 175)

Male, n 10 (83%)

Body surface area, m2 1.74 (0.98, 2.03)

Cardiopulmonary bypass time, minutes 185 (149, 207.5)

Diagnosis

Failed previous transplant, n 1 (8%)

Cardiomyopathy, n 7 (58%)

Repaired complex congenital heart disease, n 4 (33%)

Ventricular assist device indication

Destination, n 1 (8%)

Bridge to transplant, n 7 (58%)

Bridge to candidacy, n 4 (33%)

Preoperative mechanical ventilation

Yes 3 (25%)

No 9 (75%)

Preoperative mechanical circulatory support

Yes 2 (17%)

No 10 (83%)

Cardiac arrest before VAD

Yes 1 (8%)

No 11 (92%)

Post‐VAD

Length of ICU stay post‐VAD, days 35 (7, 110)

Total hospital LOS post‐VAD, days 56 (23, 115)

Total days of invasive ventilation post‐VAD 2 (1, 3)

Total support duration, days 427 (120, 785)

BNP (pre‐VAD) 2169 (983, 2866)

BNP (1 month) 294 (184, 904)

BNP (2 month) 147 (92, 725)

BNP (3 month) 184 (86, 320)

Hemodynamic characteristics at catheterization (pre‐VAD placement)

Average heart rate, bpm 84.5 (66.5, 117.8)

Mean right atrial pressure, mm Hg 7 (4.3, 19)

Systolic PA pressure, mm Hg 34.5 (27.3, 45)

Diastolic PA pressure, mm Hg 20 (15.3, 25.8)

Mean PA pressure, mm Hg 28 (18.5, 31)

Mean pulmonary capillary wedge pressure, 
mm Hg

20.5 (14.5, 28)

Mean systemic blood pressure, mm Hg 68 (58.8, 77.5)

(Continues)

Covariate

Study group

n = 12

Hemodynamic formulas (pre‐VAD placement)

Cardiac filling pressure ratio (mRAP/LAP) 0.43 (0.28, 0.7)

PA pulsatility index, (PAPi) 2.4 (0.8, 3.7)

Pulmonary vascular resistance, wU.m2 2.6 (1.2, 4.6)

Trans pulmonary gradient, mm Hg 6 (2.5, 11.25)

Right ventricular stroke work index 0.44 (0.16, 0.83)

PA compliance, ml/mm Hg 3.9 (1.65, 5.98)

PA elastance, mm Hg/ml 0.16 (0.10, 0.29)

Note: Values reported as “n(%)” or median (IQR).
Abbreviations: BNP, brain natriuretic peptide; cm, centimeters; ICU,  
intensive care unit; kg, kilograms; LAP, left atrial pressure; LOS, length 
of stay; m, meter; PA, pulmonary artery; PAPi, pulmonary artery pulsa‐
tility index; RAP, right atrial pressure; VAD, ventricular assist device.

TA B L E  1   (Continued)
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of iNO ventilation ≥48 hours for early severe right heart failure. 
Ideally, the RV dysfunction/failure should be defined by poor fill‐
ing of LVAD despite optimal support. Unfortunately, that infor‐
mation was not available in this retrospective review. However, 
some support for the use of this cutoff is exhibited by the fact 

that patients who needed prolonged inotropes/pulmonary vasodi‐
lators beyond 72 hours have prolonged ICU and hospital length of 
stay and significantly higher B‐type natriuretic peptide levels after 
3 months of CF‐LVAD implantation. We excluded patients with 
single ventricle physiology (Fontan circulation) from this study. 

TA B L E  2   Various demographic and clinical parameters in patients with and without RV failure/dysfunction

Covariate

Prolonged inotrope/pulmonary vasodilator requirement

P valueGroup 1, Yes (n = 6) Group 2, No (n = 6)

Demographic and clinical parameters

Age at VAD implantation, years 16.1 (13.4, 19.1) 12.6 (8.7, 19.8) .34

Age at cardiac catheterization, years 15.9 (12.6, 19.1) 12.52 (8.2, 18.8) .52

Catheterization to VAD duration 34.5 (10.8, 354) 163 (32.5, 361) .38

Weight, kg 59.5 (41.5, 73.1) 50.3 (19, 86) .75

Height, cm 170 (157, 175.5) 151.5 (117.5, 177.7) .52

Body surface area, m2 1.74 (1.3, 1.8) 1.74 (0.8, 1.8) .81

Cardiopulmonary bypass time, min 184 (128, 222.3) 185 (159, 232.3) .87

Length of ICU stay post‐VAD, days 46 (5,122) 23 (10, 36) .52

Total hospital LOS post‐VAD, days 62 (22, 122) 51 (24.5, 79) .9

Total days of invasive ventilation 2.5 (1, 19.8) 1.5 (1, 3.8) .56

Total support duration, days 145 (82, 182) 709 (223, 1217) .08

Pre‐VAD MCS 1 (16.7%) 1 (16.7%) 1.0

Feeding prior to VAD 4 (66.7%) 5 (83.3%) .523

Cardiac arrest prior to implant 1 (16.7%) 0 (0%) .317

Pre‐VAD ventilation 2 (33.3%) 1 (16.7%) .523

BNP (pre) 1442 (640, 2204) 2777 (1849, 3169) .04

BNP (1 month) 607 (172, 965) 245 (184, 610) .522

BNP (2 month) 725 (253, 895) 94 (88, 321) .05

BNP (3 month) 365 (273, 1156) 105 (59, 163) .01

Hemodynamic characteristics

Average heart rate, bpm 88 (61.3, 113.3) 84.5 (68.5, 125) .57

Mean right atrial pressure, mm Hg 18 (8.3, 22.3) 4.5 (3, 6.5) .008

Systolic PA pressure, mm Hg 34.5 (26.5, 50) 35 (26, 49) .94

Diastolic PA pressure, mm Hg 22.5 (15.8, 30.5) 20 (9.5, 22.8) .42

Mean PA pressure, mm  Hg 28 (19.5, 38.5) 27 (14.8, 31) .42

Mean PCW pressure, mm  Hg 25 (17, 30) 17.5 (10.5, 23.5) .17

Mean systemic BP, mm  Hg 95 (87.3, 102.3) 83.5 (78.3, 100.8) .23

Hemodynamic formulas

Cardiac filling pressure ratio, mm Hg 0.65 (0.42, 0.89) 0.29 (0.19, 0.43) .016

PA pulsatility index, (PAPi) 0.96 (0.49, 2.02) 3.6 (3.01, 5.6) .004

PVR, Wu.m2 1.8 (1.08, 4.5) 3.5 (2, 5) .34

Trans pulmonary gradient, mm  Hg 4 (1.5, 10) 7.5 (4, 12.8) .332

Right ventricular stroke work index 0.29 (0.11, 0.74) 0.49 (0.39, 1.2) .15

PA compliance 3.9 (1.5, 5.1) 3.5 (1.6, 16.2) .63

PA elastance 0.21 (0.1, 0.49) 0.13 (0.09, 0.21) .34

Note: Values reported as N (%) or median (IQR).
Abbreviations: BNP, brain natriuretic peptide; BP, blood pressure; cm, centimeters; ICU, intensive care unit; kg, kilograms; LAP, left atrial pressure; 
LOS, length of stay; m, meter; MCS, mechanical circulatory support; PA, pulmonary artery; PAPi, pulmonary artery pulsatility index; PCW, pulmonary 
capillary wedge; PVR, pulmonary vascular resistance; RAP, right atrial pressure; VAD, ventricular assist device.
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This physiology can be considered an extreme end and needs to 
be evaluated in future studies.

We found that children with prolonged inotrope/pulmonary vaso‐
dilator use after CF‐LVAD (Group 1) placement had an elevated RA 
pressure and cardiac filling pressure ratio. Since, the RA pressure inter‐
preted in isolation may be influenced by the volume status, correcting 
it by dividing with the mean pulmonary capillary wedge pressure (to 
obtain cardiac filling pressure ratio) gives an estimate of the RV preload 
with regards to LV preload. We found that cardiac filling pressure ratio 
in group 1 was significantly higher than patients in group 2 (0.65 vs 
0.29; P = .016). Similar to our observation, Lopez‐Sendon et al14 have 
previously shown cardiac filling pressure ratio >0.86 to be associated 
with pathological evidence of RV infarction at necropsy. Kormos et al15 
found a pressure ratio of >0.63 associated with RV failure after LVAD 
placement in adults. The difference in the ratios observed in the above 
studies could be due to the variability in the measured outcomes.

PAPi is a hemodynamic index used to provide insight into RV pre‐
load, afterload, and contractility. The numerator of the index is the 

PA pulse pressure which may serve as a surrogate marker of RV con‐
tractile function and left heart filling pressures as estimated by the 
PA diastolic pressure. It therefore incorporates the RV pulsatile load 
as well as the contractile strength. The denominator of the index is 
the mean RA pressure, which serves as a marker of RV preload and 
incorporates a marker of RV congestion. Therefore, by combining 
these parameters into a single index, PAPi provides insight into both 
RV loading conditions and its mechanics. PAPi was first described 
by Korabathina et al16 in adults to identify patients with severe RV 
dysfunction in acute inferior myocardial infarction. Subsequently, 
two adult studies9,10 found PAPi index < 1.85 to be predictive of RV 
failure after LVAD placement. We provide the first description of the 
utility of PAPi in assessment of RV function in children. We found a 
significantly lower PAPi index (0.96 vs 3.6) in patients requiring pro‐
longed inotropes/pulmonary vasodilators after CF‐LVAD placement.

Interestingly, the markers of RV afterload like PVR, PA elastance 
and compliance were not significantly different between the two 
groups. This is consistent with what has been previously reported 
and suggests that intrinsic RV contractile reserve rather than the 
markers of RV afterload determine the need for inotropes/pulmo‐
nary vasodilators in the postoperative period.10 As reported in other 
studies,17 we also found a significant positive correlation between 
PVR and PA Elastance.

The RVSWI calculates RV workload and contractility based on 
invasive hemodynamics and patient characteristics. Ochiai et al3 
have previously shown that low mean and diastolic pulmonary artery 
pressures and low RVSWI was significantly associated with RVAD 
use in adults after LVAD insertion. RV stroke work index < 0.57 
gm × m/m2 is associated with RVF after LVAD placement in adults.10 
We found a higher RVSWI in patients without prolonged need for 
inotrope/pulmonary vasodilators (0.29 vs 0.49); however, it failed to 
reach statistical significance (P = .15).

One may question the validity of the study due to the time be‐
tween catheterization and LVAD placement (median duration of 65 
days in our cohort) on the outcomes in a progressive disease. However, 
Kang et al10 have shown that time from the right heart catheterization 
to LVAD placement (1 day‐6 months in their cohort) did not change 

F I G U R E  2   Box plot curves showing significantly lower mean right atrial (A) and cardiac filling (B) pressure ratio; and higher pulmonary 
artery pulsatility index (PAPi) (C) among patients who did not need prolonged inotropes/pulmonary vasodilators after continuous‐flow left 
ventricular assist device placement

F I G U R E  3   Linear and quadratic regression analysis of the PA 
elastance and pulmonary vascular resistance
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the predictive ability of the PAPi. The authors concluded that the 
“hemodynamic changes that identify poor RV response may occur 
earlier in the disease course than one might expect.”10

Plasma BNP has been shown to reflect the degree of ventricular 
dysfunction in adults with heart failure and is correlated with poor 
survival.18,19 Postoperative BNP levels decrease early on after CF‐
LVAD implantation20 and elevated levels even 60 days after implan‐
tation have been shown to be associated with increased mortality.21 
Serum BNP levels were elevated in both of our groups prior to place‐
ment of LVAD, albeit more elevated in patients in group 2. The exact 
reason for the difference is unclear but possibly suggests that these 
patients may be sicker than group 1. The serum BNP levels appropri‐
ately declined in both of our groups after placement of LVAD. Sato 
et al21 showed that in adults, 2‐year survival was significantly higher 
(92.0% vs 70.5%; P = .003) in those with 60 days serum BNP concen‐
tration <322 pg/mL as compared to those with levels ≥322 pg/mL 
(P = .003).We found a median 3 months post‐LVAD BNP levels to be 
significantly higher in group 1 compared to group 2 (365 and 105 pg/
mL) suggesting that post‐operative RV dysfunction might contribute 
to slower myocardial recovery even in the late postoperative period.

Although the use of a RVAD has declined with the introduction 
of the implantable CF‐VAD, along with the use of pulmonary va‐
sodilators to lower pulmonary vascular resistance and protect RV 
function after LVAD implantation,22,23 13% of patients still require 
an RVAD support.24 The operative and bypass strategies may also 
play a role in the postoperative RV function. All cases at our center 
were performed by a single surgeon with very similar perioperative 
management. None of the patients in our cohort needed RVAD im‐
plantation and could be supported adequately in the postoperative 
period. However, a significant number of patients need prolonged 
inotropes/pulmonary vasodilators for RV support post‐CF‐LVAD 
placement adding to the morbidity. Thus, pre‐LVAD invasive he‐
modynamic assessment (when available) may help identify patients 
with higher probability of RV dysfunction. This can potentially and 
thereby help optimize post‐LVAD medical management strategies 
to support the RV. This information may also be helpful to appro‐
priately counseling families about realistic expectations post‐LVAD 
device placement.

Although invasive hemodynamic information prior to LVAD 
placement when available is valuable, our findings do not propose 
routine invasive hemodynamic assessment in all patients prior to 
LVAD placement. The measurement of central venous pressures 
(CVP) is most commonly used to drive management decisions in 
perioperative period. Our data support the importance of this he‐
modynamic parameter in identifying patient with risk of RV dysfunc‐
tion and monitoring response to therapy. Use of CVP to infer RA 
pressures or other RV indices can be misleading in certain clinical 
scenarios and should be validated before being used for advanced 
clinical decision making. If advanced hemodynamic assessment is 
performed as a part of the preimplantation evaluation (based on the 
discretion of the treating physician); calculation and appropriate in‐
terpretation of these hemodynamic parameters might be helpful in 
guiding appropriate treatment strategies. Ongoing assessment and 

continued surveillance of the impact of use of these hemodynamic 
measurements on clinical management and outcomes after CF‐LVAD 
placement requires further investigation.

Our study has a few important limitations. The retrospective 
nature of our study did not allow for a planned approach to hemo‐
dynamic assessment. The decision for cardiac catheterization prior 
to LVAD placement was dependent on the treating physician or 
was a result of an additional investigation into the underlying dis‐
ease. Retrospective chart review did not allow us to elucidate to the 
methodology behind this decision making. Due to small sample size 
and single institution design, only 27% of children who underwent 
CF‐LVAD placement at our institution had preimplantation invasive 
hemodynamic assessment potentially limiting significance of some 
associations and limiting further validation.

In conclusion, invasive hemodynamic measurements as part of 
preoperative CF‐LVAD implantation assessment have potential to 
provide quantitative information on RV function and may help to 
identify children at risk of refractory postoperative RV dysfunction 
evidenced by prolonged inotrope/pulmonary vasodilator require‐
ments. Early identification of this patient population may better 
guide postoperative management and improve clinical outcomes.
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