
Prognostic value of vasoactive-inotropic score following 
continuous flow left ventricular assist device implantation

Jiho Han, MD, MSca, Alberto Pinsino, MDb, Joseph Sanchez, BSc, Hiroo Takayama, MD, 
PhDc, A. Reshad Garan, MDb, Veli K. Topkara, MDb, Yoshifumi Naka, MD, PhDc, Ryan T. 
Demmer, PhDd, Paul A. Kurlansky, MDc, Paolo C. Colombo, MDb, Koji Takeda, MD, PhDc, 
Melana Yuzefpolskaya, MDb

aDepartment of Medicine, Stanford University Medical Center, Stanford, California

bDivision of Cardiology, Department of Medicine, Columbia University College of Physicians and 
Surgeons, New York, New York

cDivision of Cardiothoracic Surgery, Department of Surgery, Columbia University College of 
Physicians and Surgeons, New York, New York

dDivision of Epidemiology and Community Health, School of Public Health, University of 
Minnesota, Minneapolis, Minnesota.

Abstract

BACKGROUND: The purpose of this study is to evaluate the utility of vasoactive-inotropic score 

(VIS) in predicting outcomes after left ventricular assist device (LVAD) implantation and explore 

possible mechanisms of post-operative hemodynamic instability.

METHODS: Retrospective review was performed in 418 consecutive patients with LVAD 

implantation. VIS was calculated as dopamine + dobutamine + 10 × milrinone + 100 × 

epinephrine + 100 × norepinephrine (all μg/kg/min) + 10000 × vasopressin (U/kg/min) after 

initial stabilization in the operating room and upon arrival at the intensive care unit. The primary 

outcome was in-hospital mortality. The secondary outcomes were a composite of in-hospital 

mortality, delayed right ventricular assist device (RVAD) implantation, and continuous renal 

replacement therapy. The pre-operative biomarkers of inflammation, oxidative stress, endotoxemia 

and gut-derived metabolite trimethylamine-N-oxide (TMAO) were measured in a subset of 61 

patients.

RESULTS: Median VIS was 20.0 (interquartile range 13.3−27.9). VIS was an independent 

predictor of in-hospital mortality (odds ratio [OR] 1.06, 95% confidence interval [CI] 1.03−1.09, 
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p < 0.001) and composite outcome (OR 1.03, 95% CI 1.01−1.06, p = 0.008). In-hospital mortality 

increased for each VIS quartile (0% vs 3.9% vs 7.6% vs 12.3%, p = 0.002). VIS was superior to 

other established LVAD risk models as a predictor of in-hospital mortality (area under the curve 

0.73, 95% CI 0.64−0.82). The optimal cut-off point for VIS as a predictor of in-hospital mortality 

was 20. Pre-operative hemoglobin level was the only independent predictor of VIS ≥ 20 (p = 

0.003). Patients with a high VIS were more likely to have elevated TMAO pre-operatively (53.6% 

vs 25.8%, p = 0.03).

CONCLUSIONS: A high post-operative VIS is associated with adverse in-hospital outcomes and 

is a better predictor of in-hospital mortality compared with existing LVAD risk models. Whether 

early hemodynamic stabilization using RVAD may benefit patients with a high VIS remains to be 

investigated.
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The use of durable continuous flow left ventricular assist devices (LVADs) has been 

shown to improve the survival and quality of life in patients with advanced heart failure 

(HF).1 However, in-hospital mortality at the time of LVAD implantation still remains as 

high as 6.0% in the modern era.2 Post-operative complications such as the need for right 

ventricular assist device (RVAD) and continuous renal replacement therapy (RRT) are 

reported to be 6%−9%3,4 and 14%,5 respectively. The discriminatory ability of LVAD risk 

scores, such as HeartMate II Risk Score (HMRS) and Right Ventricular Failure Risk Score 

(RVFRS), for the prediction of post-operative outcomes has been limited.6,7 In addition, 

the pathophysiological basis for early unfavorable outcomes following LVAD surgery is 

poorly understood. Inflammation, oxidative stress, endotoxemia and gut-derived metabolites, 

such as trimethylamine-N-oxide (TMAO), have been associated with HF progression and 

outcomes, and as such might predispose to untoward post-LVAD complications.8–15 In 

addition, cardiac surgery provokes a vigorous inflammatory and oxidative response that 

together may culminate in severe peripheral vasodilatation and myocardial dysfunction.

Vasoactive-inotropic score (VIS) has been extensively studied in pediatric patients 

undergoing cardiopulmonary bypass (CPB) to measure illness severity and as a surrogate 

marker for hemodynamic cardiovascular derangement at the time of intensive care unit 

admission. The initial inotrope score was developed by Wernovsky et al16 and then modified 

as VIS by Gaies et al17 to include additional vasoactive medications used in modern clinical 

practice. Prior studies in infants and adults undergoing cardiac surgery showed that an 

elevated VIS was associated with in-hospital mortality and adverse events, including cardiac 

arrest, RRT, and neurological injury.17–20 However, the utility of VIS in patients with LVAD 

implantation has never been studied.

Our main objectives were to (1) investigate whether VIS is an independent predictor of 

mortality, RVAD implantation, and RRT at index hospitalization among adult patients with 

HF undergoing LVAD implantation; (2) determine the optimal cut-off point of VIS as a 

predictor of outcomes; and (3) identify pre-operative and intraoperative predictors of a high 

VIS. In addition, as an exploratory aim, we investigated the association of pre-operative 
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inflammation, endotoxemia, oxidative stress, and TMAO with the development of post-

operative hemodynamic instability in patients with advanced HF undergoing LVAD surgery.

Methods

Study population

This study was approved by the Columbia University Irving Medical Center Institutional 

Review Board with a waiver of consent. A total of 469 adult (age ≥ 18) patients 

received LVAD implantation from April 2004 to December 2015 at Columbia University 

Irving Medical Center. Of those, 418 (89.1%) patients were included in this study after 

excluding 19 (4.1%) patients who received concomitant RVAD at the time of initial LVAD 

implantation and 32 (6.8%) patients with limited chart availability.

Calculation of VIS and hemodynamic data

VIS was calculated using the following formula14,15: dopamine + dobutamine + milrinone 

(× 10) + epinephrine (× 100) + norepinephrine (× 100) (all μg/kg/min) + vasopressin (× 

10000) (U/kg/min). VIS and hemodynamic data (Fick cardiac index, systemic vascular 

resistance [SVR], mean arterial pressure [MAP], central venous pressure [CVP], and mean 

pulmonary artery pressure [PAP]) were acquired after initial stabilization in the operating 

room and upon arrival to the intensive care unit.

Data collection

Patient data were obtained from electronic medical records by coauthors (JH and AP). 

Pre-operative laboratory values and hemodynamics were collected within 24−48 hours 

prior to LVAD implantation. Pre-operative inotrope support was defined as the use 

of milrinone, dobutamine, and dopamine immediately prior to LVAD implantation. Pre-

operative vasopressor support was defined as the use of norepinephrine, epinephrine, 

and vasopressin. The primary outcome was all-cause in-hospital mortality. The secondary 

outcome was a composite of in-hospital mortality, delayed RVAD implantation, or a need 

for RRT during index hospitalization. The existing risk models for patients with LVAD 

implantation, such as HMRS and RVFRS, were calculated to assess their relationship with 

in-hospital mortality as well as with VIS.

Measurements of plasma and serum biomarkers

As an exploratory analysis, in a cohort of 61 patients who underwent LVAD implantation 

from February 2016 to December 2017, we prospectively obtained measures of biomarkers 

of inflammation, oxidative stress, endotoxemia, and TMAO at a single time point pre-

operatively (median 3, interquartile range [IQR] 1−8; days before surgery). The biomarkers 

of endotoxemia (lipopolysaccharide [LPS] and soluble CD14 [sCD14]), inflammation (C-

reactive protein [CRP], interleukin-6 [IL-6], tumor necrosis factor-α [TNF-α], endothelin-1 

[ET-1], and adiponectin), and oxidative stress (isoprostane) were measured in plasma or 

serum. Serum CRP was measured using a high sensitivity (0.3 mg/liter) particle enhanced 

turbidimetric assay on the automated analyzer, Integra 400 plus (Roche Diagnostics, 

Indianapolis, IN). Serum IL-6, TNF-α, sCD14, and ET-1 were assessed using a high-

sensitivity enzyme-linked immunoassay (ELISA) kit (RD Systems, Minneapolis, MN). 
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Serum adiponectin was measured using a Millipore Radioimmunoassay (RIA) kit (cat no. 

HADP-61HK, Billerica, MA). Plasma LPS was measured using a Limulus Amebocyte 

Lysate Chromogenic Endotoxin Quantitation Kit (Pierce Thermo Scientific, Rockford, IL). 

Plasma isoprostane (8, 12-iso-iPF2a-VI) was measured in butylated hydroxytoluene-treated 

human plasma samples using liquid chromatography-tandem mass spectrometry (LC-MS)/

tandem mass spectrometry (MS) on Acquity UPLC-Xevo TQS (Waters. Milford, MA). 

TMAO was measured in human plasma samples using ultraperformance LC-MS after 

protein precipitation using deuterated (D9)-TMAO as the internal standard. LC-MS analysis 

was performed on a platform comprising Eksigent UPLC 100 integrated to an API 4,000 

mass spectrometer, which was controlled by Analyst 1.6 (AB Sciex, Foster City, CA).

Statistical analysis

Stata 14 software (Stata Corp, College Station, TX) was used in statistical analyses. 

Statistical significance was determined based on a pre-determined two-sided α of 0.05. 

Logistic regression models were derived for a range of VIS cut-off points and Youden’s 

index was used to identify the optimal cut-off point of VIS for in-hospital mortality. The 

entire cohort was dichotomized into high vs low VIS groups based on the optimal cut-off 

point. The categorical variables are summarized with frequencies and percentages and were 

compared across VIS groups using chi-squared or Fisher’s exact tests as appropriate. The 

continuous variables are summarized as mean ± standard deviation (among all patients) or 

mean ± standard error (among VIS groups) for normally distributed data and as median 

(IQR) for non-normally distributed data. The differences in continuous variables between 

VIS groups were compared with either two-sample t-tests or Mann-Whitney-Wilcoxon 

tests, as appropriate. A series of univariate logistic models from pre-and intraoperative 

characteristics listed in Table 1 were used to determine whether VIS was an independent 

predictor of in-hospital mortality as the primary outcome and composite in-hospital 

mortality, delayed RVAD implantation, and RRT as secondary outcomes. The pre-operative 

variables at threshold of p < 0.1 and potential confounders including age, body mass index, 

and gender were then entered into a multivariate model. The final model was selected using 

Mallow’s CP as a criterion. To identify pre-and intraoperative predictors of high VIS, a 

series of univariate logistic models regressed high VIS on pre-and intraoperative predictors 

of high VIS. The variables at a threshold of p < 0.1 and clinically relevant variables were 

then entered into a multivariate model. The final model was selected using Mallow’s CP as 

a criterion. In a subset of patients with biomarker values, the biomarkers were dichotomized 

using a median split and were compared across high and low VIS groups using chi-squared 

tests. For TMAO, we further utilized a linear regression model to additionally assess the 

relationship between log TMAO values and continuous VIS.

Results

VIS as a predictor of clinical outcomes

Pre- and intraoperative characteristics of all patients are outlined in Table 1. In the entire 

cohort, the mean age was 57.8 1 13.1 years, 82.1% were male, 36.6% were undergoing 

destination therapy, and 40.4% had ischemic etiology. A total of 83.7% of patients were on 

inotrope support and 8.4% patients were on vasopressors pre-operatively. The median VIS 
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was 20.0 (IQR 13.3−27.9). The maximum VIS score was 85.0, and the overall distribution 

is shown in the boxplot and histogram in Figure 1. VIS was a significant predictor for 

in-hospital mortality with an OR of 1.06 per each unit increase in VIS (95% CI 1.03−1.09, 

p < 0.001) after adjusting for destination therapy, pre-operative vasopressor use, and pre-

operative hemoglobin and creatinine levels (Table 2). Receiver operating curve (ROC) 

analyses (Figure 2) showed that VIS as a predictor of in-hospital mortality had an area under 

the curve (AUC) of 0.73 (95% CI 0.64−0.82) compared with other risk models for LVAD, 

such as HMRS (AUC 0.68, 95% CI 0.58−0.78) and RVFRS (AUC 0.53, 95% CI 0.35−0.70). 

VIS was also a significant predictor for the composite outcome of in-hospital mortality, 

delayed RVAD implantation, and the need for RRT therapy during index hospitalization with 

an OR of 1.03 for each unit increase in VIS (95% CI 1.01 −1.06, p = 0.008) after adjusting 

for pre-operative hemoglobin, albumin, and creatinine levels (Table 2).

Optimal VIS cut-off point for prediction of clinical outcomes

An initial ROC analysis found VIS ≥ 20 as the optimal threshold for creating a dichotomous 

VIS variable. Based on Youden’s index, VIS ≥ 20 as a predictor of in-hospital mortality 

yielded a sensitivity of 0.84 and a specificity of 0.53. The results were nearly identical 

for the composite outcome with a cut-off point of 19.7 with a sensitivity of 0.72 and a 

specificity of 0.52.

Clinical characteristics based on a cut-off point of VIS ≥20

There were 210 (51.5%) patients with a high VIS (≥20) and 208 (48.5%) with a low VIS 

(<20). The patients with a high VIS had a lower body mass index and were more likely to 

have prior sternotomy, be on mechanical circulatory support, be on amiodarone, and have an 

INTERMACS 1 profile than patients with a low VIS (Table 1). In addition, the patients with 

a high VIS had lower hemoglobin and albumin and higher aspartate aminotransferase levels 

than those with a low VIS. The majority of patients (n = 329, 78.7%) received HeartMate 

II (Abbott Laboratories, Chicago, IL). A total of 44 (10.5%) patients received HeartWare 

(Medtronic, Minneapolis, MN) and 45 (10.8%) had other continuous flow devices. There 

was no association between device selection and VIS levels (p = 0.24). The patients with a 

high VIS were more likely to have required longer CPB time (97 minutes [IQR 67−130] vs 

79 minutes [IQR 59−104], p < 0.001), concomitant valve procedures (48.1% vs 33.7%, p = 

0.003), as well as a greater use of packed red blood cells (55.6% vs 35.1%, p < 0.001) and 

fresh frozen plasma (75.9% vs 66.3%, p = 0.033) intraoperatively.

Pre-and intraoperative predictors of VIS ≥20 after LVAD implantation

The multivariate logistic regression models showed that pre-operative hemoglobin level 

(OR 0.82, 95% CI 0.72−0.93, p = 0.003) was associated with increased post-operative VIS 

≥ 20 (Table 3). Pre-operative thyroid function test, use of angiotensin-converting enzyme 

(ACE) inhibitors, beta-blockers, or amiodarone were not predictors of VIS ≥ 20. There 

was no correlation between existing pre-operative LVAD risk models, such as HMRS (R2 

< 0.001, p = 0.62) and RVFRS (Kruskal−Wallis p = 0.58), with post-operative VIS ≥ 20. 

However, a high-risk pre-operative INTERMACS profile ≤2 was associated with a high VIS 

(Mann-U-Whitney p < 0.001) (Figure 3).
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Early post-operative clinical outcomes according to VIS ≥20 cut-off point

Table 4 shows early post-operative outcomes during index hospitalization. Twenty-five 

(6.0%) patients died. The most common causes of death were multi-organ failure (n = 

10, 40.0%) followed by stroke (n = 5, 20.0%), bleeding (n = 2, 8.0%), and right HF (n = 

2, 8.0%). A high VIS was associated with increased in-hospital mortality (10.0% vs 1.9%, 

p < 0.001). In-hospital mortality increased for each VIS quartile (0% [VIS 2.5−13.0] vs 

3.9% [VIS 13.2−19.7] vs 7.6% [VIS 19.8−27.9] vs 12.3% [VIS 27.9−85.0], p = 0.002). A 

total of 37 (8.9%) patients needed post-operative RRT, and 12.9% of patients with a high 

VIS required RRT compared with 4.8% of patients with a low VIS (p = 0.004). There were 

19 (4.5%) patients requiring delayed RVAD implantation without any significant difference 

among the VIS groups (p = 0.44). The patients with a high VIS spent longer periods of time 

in intensive care units than those with a low VIS (8 days [IQR 6−14] vs 7 days [IQR 5−11], 

p = 0.013) and a higher incidence of ventricular arrhythmias (31.8% vs 22.6%, p = 0.04).

Post-operative hemodynamic parameters based on VIS ≥20 cut-off point

Patients with a high VIS had lower SVR (median 1,380 dynes sec cm—5, [IQR: 

1,034−1,831] vs 1,562 [IQR: 1,199−1,963] dynes sec cm—5, p = 0.03), lower MAP (median 

77 mmHg [IQR: 71−84] vs 81 [IQR: 75−87] mmHg, p < 0.001) and lower mean PAP 

(median 22 mmHg [IQR: 18−26] vs 25 [IQR: 20−29] mmHg, p = 0.03) compared to those 

with a low VIS. There was no difference in VIS and Fick cardiac index (median 3.75 

liter/min/m2 [IQR 3.03−5.02] vs 3.51 liter/min/ m2 [IQR 2.87−4.51], p = 0.17) and CVP 

(median 9.5 mm Hg [IQR 7−13] vs 10 mm Hg [IQR 8−13], p = 0.58).

Biomarkers and VIS

Overall, the baseline characteristics and the distribution of VIS between patients with 

biomarkers measured (2016−2017) and those in whom biomarkers were not measured 

(2004−2015) were similar (refer to Supplementary Material 1 available online at 

www.jhltonline.org and Figure S1). The patients with high post-operative VIS ≥ 20 were 

more likely to have elevated TMAO pre-operatively (53.6% vs 25.8%, p = 0.03). The 

relationship between VIS and log transformation of TMAO is shown in Figure 4 (R2 = 

0.09). There was no significant association between VIS and pre-operative biomarkers of 

inflammation (IL-6, TNF-α, CRP, adiponectin, and ET-1), oxidative stress (isoprostane), and 

endotoxemia (sCD14 and LPS).

Discussion

The purpose of this study was to evaluate the utility of post-operative VIS (a combined 

marker of inotrope and vasopressor requirement) to predict adverse outcomes when 

calculated after initial stabilization in the OR and upon arrival at the intensive care unit 

and to explore possible mechanisms for post-operative hemodynamic instability.

The findings show that VIS is an independent predictor and composite outcome of in-

hospital mortality, delayed RVAD implantation and RRT, and the optimal cut-off point 

of VIS as a predictor of outcome is 20. Additionally, VIS is a better discriminator of in-

hospital mortality compared with established LVAD risk models. Furthermore, pre-operative 
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hemoglobin level is an independent predictor of elevated VIS and higher pre-operative 

plasma levels of TMAO are associated with a high VIS, while other biomarkers of 

inflammation, oxidative stress, and endotoxemia are not.

Prior studies in patients with LVAD implantation focused on identifying pre-operative 

predictors of short-term adverse events to allow better patient selection.21–26 However, 

few studies have tried to risk stratify patients immediately after LVAD surgery. Tecson et 

al27 recently reported that post-operative vasoplegia (defined as the “occurrence of normal 

cardiac index but with the need for intravenous vasopressors within 48 hours following 

surgery for >24 hours to maintain a MAP > 70 mm Hg”) was associated with poor 

post-operative outcomes, including mortality. Our study expands on this initial observation, 

by providing a reliable prediction tool that (1) integrates information on both vasopressor 

and inotrope requirement into one score that summarizes the severity of cardiovascular 

derangement, and (2) is calculated after initial stabilization in the OR and upon arrival at the 

intensive care unit. For this purpose and for the first time in the adult LVAD population, we 

are adopting VIS—a surrogate marker of overall cardiovascular derangement that has been 

associated with poor post-operative outcomes in pediatric and adult patients undergoing 

cardiac surgery.

Initial studies of VIS in pediatric patients used 24- or 48-hour maximum doses of drugs to 

calculate VIS.17–20 The results from our cohort show that VIS at a single time point still 

remains a significant predictor of in-hospital mortality and composite outcome of in-hospital 

mortality, delayed RVAD implantation, and RRT. The optimal cut-off point of VIS as a 

predictor of poor outcome in our cohort was 20. In a recent article by Yamazaki et al20 

that utilized VIS as a predictor of morbidity and mortality in patients who underwent adult 

cardiac surgery, the optimal cut-off point was 5.5. This discrepancy in cut-off values is likely 

due to the differences in baseline characteristics and surgical procedures between studies, 

because the majority of the patients in their cohort had elective valve surgery, few had a left 

ventricular ejection fraction < 30%, and none underwent LVAD surgery for the treatment of 

endstage HF.21 Thus, VIS appears to maintain a prognostic role throughout a wide range of 

surgical procedures, although cut-off points may vary depending on patients’ characteristics 

and the type of intervention.

A high VIS captures the complex interplay between right ventricular dysfunction and 

vasoplegia, which one may define as “vasoplegia with relative RVF” that frequently follows 

LVAD implantation. Our results indicate that patients with a VIS ≥ 20 have a lower 

SVR [median 1,380 dynes sec cm−5 (IQR 1,034−1,831) vs 1,562 dynes sec cm−5 (IQR 

1,199−1,963), p = 0.03], a lower MAP [median 77 mm Hg (IQR 71−84) vs 81 mm Hg 

(IQR 75−87), p < 0.001], and increased RRT requirement (12.9% vs 4.8%, p = 0.004) than 

those with a VIS < 20. Importantly, these data suggest that exposure to high, “toxic” doses 

of vasopressors to maintain MAP in a setting of marginal cardiac output may further limit 

perfusion of critical end-organs, particularly the kidneys, eventually causing acute kidney 

injury and ultimately patients’ demise.28 In addition, a greater incidence of ventricular 

arrhythmias in high VIS population (31.8% vs 22.6%, p = 0.04) may be driven by 

arrhythmogenic properties of inotropes and vasopressors. LVAD recipients with a high VIS 

deserve closer attention. In our opinion, these patients may benefit from early consideration 
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of RVAD therapy, either surgical or percutaneous, to maintain a higher cardiac output and 

minimize vasopressor requirement before the kidneys and other organs sustain meaningful 

and eventually irreversible damage. Late interventions are often futile as demonstrated in our 

prior published experience.29 Our results indicate that VIS is a better predictor of in-hospital 

mortality than existing pre-operative risk models, such as HMRS or RVFRS, in patients with 

LVAD implantation.22–25 Notably, a high-risk INTERMACS profile (≤2) was a predictor of 

VIS ≥ 20, while the above LVAD risk models were not.

In our study, a lower hemoglobin level is associated with increased VIS. Our 

result is consistent with a prior study that showed anemia is associated with post-

operative vasoplegia in patients with LVAD implantation.30 Pre-operative anemia is likely 

multifactorial. Determinants may include an underlying inflammatory state (anemia of 

chronic disease), poor nutrition and recurrent phlebotomies causing iron deficiency anemia, 

as well as hemolysis in patients on pre-operative mechanical circulatory support. While 

prior reports have identified the use of ACE inhibitors or beta-blockers as risk factors 

for post-bypass vasodilatory state and adverse events,31–33 our model does not show any 

association in the present cohort. Byrne et al 34 similarly reported that ACE inhibitors were 

not predictors of post-heart transplant vasoplegia. The long-term compensatory activation of 

the renin-angiotensin system in patients with HF (i.e., ACE escape) may explain this lack of 

association between ACE inhibitors and vasoplegia in this patient population.35

Our understanding of the pathophysiology that contributes to post-operative vasoplegia is 

incomplete. Cardiopulmonary bypass causes inflammation and smooth muscle relaxation 

via the release of nitric oxide.36 The pro-inflammatory milieu of advanced HF may also 

contribute to this hemodynamic response during Cardiopulmonary bypass. We investigated 

the association between VIS and biomarkers of inflammation, oxidative stress, and 

endotoxemia as well as the gut-derived metabolite TMAO in a subset of our study cohort. 

We report that a pre-operative value of TMAO is associated with a high VIS. Prior 

studies have shown that high TMAO levels are predictors of increased mortality in patients 

with chronic and acute HF,9–11 supporting the so-called gut-inflammatory hypothesis for 

the progression of this disease.12–14 One could speculate that TMAO may promote post-

operative vasodilation through activation of nuclear factor-kB in endothelial cells and 

smooth muscle cells,15 although TMAO is a relatively novel biomarker and its precise role 

in the pathophysiology of vasoplegia is yet to be determined.

This investigation has limitations. First, this is a single-center retrospective study that lacks 

an external validation cohort. Future prospective multi-institutional studies are necessary 

to fully evaluate the utility of VIS in patients with LVAD implantation. Second, VIS is 

measured at a single time point rather than the precise definition of maximum doses within 

the first 24 hours. However, we believe that a single value offers a simple and rapid 

calculation of VIS, which helps to identify high-risk patients with LVAD implantation 

immediately after the surgery.

In conclusion, a high VIS after initial stabilization in the operating room and upon arrival at 

the intensive care unit is associated with adverse clinical outcomes and is a better predictor 

of in-hospital mortality compared with existing LVAD risk models. A lower hemoglobin 
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level is an independent predictor of post-operative cardiovascular derangement. Based on 

an exploratory analysis, elevated preoperative TMAO levels are also associated with a 

high VIS. Whether early correction of hemodynamic compromise through mechanical right 

ventricular support therapy may prevent continued end-organ damage and improve clinical 

outcomes remains to be established.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of vasoactive-inotropic score (VIS). (A) Boxplot of VIS. (B) Histogram of VIS. 

LVAD, left ventricular assist device.
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Figure 2. 
Receiver operating curve (ROC) for comparison of vasoactive-inotropic score (VIS) and left 

ventricular assist device (LVAD) risk models (HeartMate II Risk Score [HMRS] and Right 

Ventricular Failure Risk Score [RVFRS]) in the prediction of in-hospital mortality. AUC, 

area under the curve.
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Figure 3. 
Vasoactive-inotropic score (VIS) values across INTERMACS profiles. LVAD, left 

ventricular assist device.
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Figure 4. 
Scatter plot of Log transformation of trimethyl-amine-N-oxide (TMAO) versus vasoactive-

inotropic score (VIS). CI, confidence interval

Han et al. Page 15

J Heart Lung Transplant. Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Han et al. Page 16

Ta
b

le
 1

Pr
e-

O
pe

ra
tiv

e 
an

d 
In

tr
ao

pe
ra

tiv
e 

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s

A
ll 

pa
ti

en
ts

(n
 =

 4
18

)
V

IS
 ≥

 2
0(

n 
= 

21
0)

V
IS

 <
 2

0(
n 

= 
20

8)
p-

va
lu

e

D
em

og
ra

ph
ic

 d
at

a

 
A

ge
 (

ye
ar

s)
57

.8
 ±

 1
3.

1
59

.0
 ±

 0
.8

8
56

.6
 ±

 0
.9

3
0.

06

 
B

M
I 

(k
g/

m
2 )

26
.3

 ±
 5

.4
25

.4
 ±

 0
.3

5
27

.2
 ±

 0
.3

9
<

0.
00

1

 
M

al
e,

 n
 (

%
)

34
3 

(8
2.

1)
17

2 
(8

1.
9)

17
1 

(8
2.

2)
0.

94

 
Is

ch
em

ic
 e

tio
lo

gy
, n

 (
%

)
16

9 
(4

0.
4)

86
 (

41
.0

)
83

 (
39

.9
)

0.
06

 
LV

A
D

 in
di

ca
tio

n
0.

86

 
 

B
T

T,
 n

 (
%

)
26

5 
(6

3.
4)

13
4 

(6
3.

8)
13

1 
(6

3.
0)

 
 

D
T,

 n
 (

%
)

15
3 

(3
6.

6)
76

 (
36

.2
)

77
 (

37
.0

)

 
Pr

io
r 

st
er

no
to

m
y 

(%
)

13
2 

(3
2.

0)
79

 (
37

.8
)

53
 (

26
.0

)
0.

01
0

 
Pr

e-
op

er
at

iv
e 

in
ot

ro
pe

 s
up

po
rt

35
0 

(8
3.

7)
17

2 
(8

1.
9)

17
8 

(8
5.

6)
0.

31

 
Pr

e-
op

er
at

iv
e 

va
so

pr
es

so
r, 

n 
(%

)
34

 (
8.

4)
18

 (
8.

8)
16

 (
7.

9)
0.

73

 
Pr

e-
op

er
at

iv
e 

ve
nt

ila
to

r, 
n 

(%
)

17
 (

4.
2)

12
 (

5.
9)

5 
(2

.5
)

0.
08

 
Pr

e-
op

er
at

iv
e 

IA
B

P,
 n

 (
%

)
11

9 
(2

8.
5)

69
 (

33
.0

)
50

 (
24

.0
)

0.
04

2

 
Pr

e-
op

er
at

iv
e 

m
ec

ha
ni

ca
l

 
C

ir
cu

la
to

ry
 s

up
po

rt
, n

 (
%

)
41

 (
9.

8)
29

 (
13

.8
)

12
 (

5.
8)

0.
00

6

 
 

E
C

M
O

7 
(1

.7
)

5 
(2

.4
)

2 
(1

.0
)

0.
25

 
 

Im
pe

lla
6 

(1
.4

)
5 

(2
.4

)
1 

(0
.5

)
0.

10

 
 

C
en

tr
iM

ag
 V

A
D

32
 (

7.
7)

23
 (

11
.0

)
9 

(4
.3

)
0.

01
1

 
IN

T
E

R
M

A
C

S 
pr

of
ile

0.
00

4

 
 

1
32

 (
7.

7)
22

 (
10

.5
)

10
 (

4.
8)

 
 

2
12

9 
(3

0.
9)

62
 (

29
.5

)
67

 (
32

.2
)

 
 

3
58

 (
13

.9
)

27
 (

8.
1)

41
 (

19
.7

)

 
 

4
10

 (
2.

4)
4 

(1
.9

)
6 

(2
.9

)

H
em

od
yn

am
ic

 d
at

a

 
C

V
P 

(m
m

 H
g)

10
.8

 ±
 5

.3
10

.7
 ±

 0
.4

11
.0

 ±
 0

.4
0.

58

 
M

ea
n 

PA
P 

(m
m

 H
g)

35
.0

 ±
 9

.8
34

.3
 ±

 0
.7

35
.7

 ±
 0

.7
0.

17

 
PC

W
P 

(m
m

 H
g)

23
.7

 ±
 7

.9
24

.0
 ±

 0
.6

23
.4

 ±
 0

.6
0.

52

 
C

O
 (

lit
er

/m
in

)
3.

48
 ±

 1
.1

1
3.

48
 ±

 0
.1

3.
46

 ±
 0

.1
0.

11

J Heart Lung Transplant. Author manuscript; available in PMC 2023 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Han et al. Page 17

A
ll 

pa
ti

en
ts

(n
 =

 4
18

)
V

IS
 ≥

 2
0(

n 
= 

21
0)

V
IS

 <
 2

0(
n 

= 
20

8)
p-

va
lu

e

 
PV

R
 (

W
oo

d 
un

its
)

4.
02

 ±
 2

.6
4

3.
98

 ±
 0

.2
4.

05
 ±

 0
.2

0.
81

L
ab

or
at

or
y 

va
lu

es

 
H

em
og

lo
bi

n 
(g

/d
l)

11
.4

 ±
 2

.1
10

.9
 ±

 0
.1

11
.9

 ±
 0

.1
<

0.
00

1

 
C

re
at

in
in

e 
(m

g/
dl

)
1.

4 
(1

.1
–1

.7
)

1.
4 

(1
.1

–1
.7

)
1.

4 
(1

.1
–1

.7
)

0.
58

 
A

lb
um

in
 (

g/
dl

)
3.

7 
(3

.2
–4

.0
)

3.
6 

(3
.1

–3
.9

)
3.

7 
(3

.4
–4

.1
)

0.
00

7

 
A

ST
 (

IU
/li

te
r)

24
 (

18
–3

4)
25

 (
19

–4
0)

22
 (

18
–3

1)
0.

03
2

 
To

ta
l b

ili
ru

bi
n 

(m
g/

dl
)

1.
0 

(0
.7

–1
.7

)
1.

1 
(0

.7
–1

.9
)

1.
0 

(0
.7

–1
.5

)
0.

11

M
ed

ic
at

io
ns

 
A

C
E

 in
hi

bi
to

r 
us

e,
 n

 (
%

)
11

6 
(3

1.
0)

51
 (

27
.4

)
65

 (
34

.6
)

0.
14

 
B

et
a 

bl
oc

ke
r 

us
e,

 n
 (

%
)

28
5 

(7
5.

8)
13

9 
(7

4.
7)

14
6 

(7
6.

8)
0.

63

 
A

m
io

da
ro

ne
 u

se
, n

 (
%

)
19

0 
(5

0.
8)

11
1 

(5
9.

7)
79

 (
42

.0
)

0.
00

1

In
tr

ao
pe

ra
tiv

e 
ch

ar
ac

te
ri

st
ic

s

 
C

PB
 ti

m
e 

(m
in

)
87

 (
63

–1
19

)
97

 (
67

–1
30

)
79

 (
59

–1
04

)
<

0.
00

1

 
In

tr
ao

pe
ra

tiv
e 

bl
oo

d 
pr

od
uc

ts

 
 

PR
B

C
 u

se
, n

 (
%

)
18

7 
(4

5.
4)

11
5 

(5
5.

6)
72

 (
35

.1
)

<
0.

00
1

 
 

FF
P 

us
e,

 n
 (

%
)

29
3 

(7
1.

1)
15

7 
(7

5.
9)

13
6 

(6
6.

3)
0.

03
3

 
 

Pl
at

el
et

s 
us

e,
 n

 (
%

)
33

5 
(8

1.
3)

17
3 

(8
3.

6)
16

2 
(7

9.
0)

0.
23

6

 
C

on
co

m
ita

nt
 v

al
ve

 p
ro

ce
du

re
s

17
1 

(4
0.

9)
10

1 
(4

8.
1)

70
 (

33
.7

)
0.

00
3

 
 

T
ri

cu
sp

id
 v

al
ve

75
 (

17
.9

)
49

 (
23

.3
)

26
 (

12
.5

)
0.

00
4

 
 

M
itr

al
 v

al
ve

77
 (

18
.4

)
48

 (
22

.9
)

29
 (

13
.9

)
0.

01
9

 
 

A
or

tic
 v

al
ve

60
 (

14
.3

)
25

 (
11

.9
)

35
 (

16
.8

)
0.

15

A
C

E
, a

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e;
 A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 B

SA
, b

od
y 

su
rf

ac
e 

ar
ea

; B
T

T,
 b

ri
dg

e-
to

-t
ra

ns
pl

an
ta

tio
n;

 C
O

, c
ar

di
ac

 o
ut

pu
t; 

C
PB

, c
ar

di
op

ul
m

on
ar

y 
by

pa
ss

; 
C

V
P,

 c
en

tr
al

 v
en

ou
s 

pr
es

su
re

; D
T,

 d
es

tin
at

io
n 

th
er

ap
y;

 E
C

M
O

, e
xt

ra
co

rp
or

ea
l m

em
br

an
e 

ox
yg

en
at

io
n;

 F
FP

, f
re

sh
 f

ro
ze

n 
pl

as
m

a;
 I

A
B

P,
 in

tr
a-

ao
rt

ic
 b

al
lo

on
 p

um
p;

 L
V

A
D

, l
ef

t v
en

tr
ic

ul
ar

 a
ss

is
t d

ev
ic

e;
 P

A
P,

 
pu

lm
on

ar
y 

ar
te

ry
 p

re
ss

ur
e;

 P
C

W
P,

 p
ul

m
on

ar
y 

ca
pi

lla
ry

 w
ed

ge
 p

re
ss

ur
e;

 P
R

B
C

, p
ac

ke
d 

re
d 

bl
oo

d 
ce

lls
; P

V
R

, p
er

ip
he

ra
l v

as
cu

la
r 

re
si

st
an

ce
; V

A
D

, v
en

tr
ic

ul
ar

 a
ss

is
t d

ev
ic

e;
 V

IS
, v

as
oa

ct
iv

e-
in

ot
ro

pi
c 

sc
or

e.

J Heart Lung Transplant. Author manuscript; available in PMC 2023 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Han et al. Page 18

Table 2

Final Model for All Outcomes

Final model for in-hospital mortality (Mallow’s CP 4.629)

Variable OR 95% CI p-value

Destination therapy 4.52 1.79–12.53 0.002

Pre-operative vasopressor use 3.37 0.91–11.07 0.053

Pre-operative hemoglobin 0.72 0.55–0.92 0.013

Pre-operative creatinine 1.81 1.10–3.21 0.026

Vasoactive-inotropic score 1.06 1.03–1.09 <0.001

Final model for composite outcome (Mallow’s CP 4.937)

Variable OR 95% CI p-value

Pre-operative hemoglobin 0.81 0.66–0.97 0.030

Pre-operative albumin 0.42 0.21–0.83 0.014

Pre-operative creatinine 2.27 1.45–3.71 0.001

Vasoactive-inotropic score 1.03 1.01–1.06 0.008

CI, confidence interval; OR, odds ratio.
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