1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Card Fail. Author manuscript; available in PMC 2022 May 06.

-, HHS Public Access
«

Published in final edited form as:
J Card Fail. 2021 October ; 27(10): 1045-1052. doi:10.1016/j.cardfail.2021.05.010.

Aortic Pulsatility Index: A Novel Hemodynamic Variable for
Evaluation of Decompensated Heart Failure

MARK N. BELKIN, MD1, SARA KALANTARI, MD1, ANTHONY J. KANELIDIS, MD!, TAMARI
MILLER, MD?, BRYAN A. SMITH, MD®, STEPHANIE A. BESSER, MSAS, MSPAl, DAVID
TEHRANI, MD2, BEN B. CHUNG, MD, ANN NGUYEN, MD?, NITASHA SARSWAT, MD1, JOHN
E.A. BLAIR, MD!, DANIEL BURKHOFF, MD, PhD3, GABRIEL SAYER, MD#, SEAN P. PINNEY,
MD?, NIR URIEL, MD, MSc#, GENE KIM, MD®, JONATHAN GRINSTEIN, MD1

lUniversity of Chicago Medicine, Section of Cardiology, Chicago, lllinois
2University of California-Los Angeles, Division of Cardiology, Los Angeles, California

3Columbia University Medical Center and Cardiovascular Research Foundation, New York, New
York

4Columbia University Irving Medical Center, Division of Cardiology, New York, New York.

Abstract

Background: Right heart catheterization for invasive hemodynamics has shown only modest
correlation with clinical outcomes. We designed a novel hemodynamic variable that incorporates
ventricular output and filling pressure. We anticipated that the aortic pulsatility index (API) would
correlate with clinical outcomes in patients with heart failure.

Methods and Results: We retrospectively analyzed consecutive patients undergoing right heart
catheterization with milrinone drug study at our institution (February 2013 to November 2019).
The API was calculated as (systolic blood pressure — diastolic blood pressure)/pulmonary capillary
wedge pressure. The primary outcome was freedom from advanced therapies, defined as the

need for inotropes, temporary mechanical circulatory support, a left ventricular assist device, or
orthotopic heart transplantation, or death at 30 days. A total of 224 patient encounters, age 57
years (48-66 years; 34% women; 31% ischemic cardiomyopathy) were included. In univariable
analysis, lower baseline API was significantly associated with progression to advanced therapies
or death at 30-days (odds ratio 0.43, 95% confidence interval 0.30-0.61; £ < .001) compared

with those on continued medical management. Receiver operator characteristic analysis specified
an optimal cutpoint of 1.45 for API. A Kaplan—Meier analysis indicated an association of API
with the primary outcome (79% for APl = 1.45 vs 48% for APl < 1.45). In multivariable

analysis, higher API was strongly associated with freedom from advanced therapies or death
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(odds ratio 0.38, 95% confidence interval 0.22-0.65, £< .001), even when adjusted for baseline
characteristics and routine right heart catheterization measurements.

Conclusions: The API is a novel invasive hemodynamic measurement that is associated

independently with freedom from advanced therapies or death at 30-day follow-up.

Keywords
Heart failure; hemodynamics; cardiogenic shock; outcomes

Right heart catheterization (RHC) for invasive hemodynamics, as measured by a pulmonary
arterial catheter, has been an integral aspect of the diagnosis and management of heart
failure and cardiogenic shock for decades.12 Routine invasive hemodynamics include
measurements of filling pressures representing right- and left-sided chambers of the heart,
along with the calculation of cardiac output and systemic vascular resistance. However,
calculation of cardiac output, whether by the Fick principle or thermodilution, involves
assumptions that may not be accurate, and they have shown only modest, and often
discrepant, correlation with clinical outcomes.34

Prior research on pulmonary arterial catheter use in hemodynamically stable patients
admitted with acute decompensated heart failure demonstrated that elevated right atrial
(RA) pressure and pulmonary capillary wedge pressure (PCWP) after optimization were
associated with long-term adverse events, whereas a decreased cardiac index (Cl) was
not, indicating the importance of filling pressures on patient outcomes over standard
measurements of cardiac function.?> Advanced hemodynamic calculations have since been
developed to better represent intrinsic cardiac function under variable loading conditions.
Most notably, cardiac power output (CPO) was found to have the strongest independent
association of in-hospital mortality in patients with acute myocardial infarction and
cardiogenic shock, when compared with routine RHC measurements, for patients with
cardiogenic shock.5

We aimed to design and derive a novel hemodynamic variable that would simultaneously
incorporate ventricular output and filling pressure, while remaining simple to calculate. The
aortic pulsatility index (API) is calculated as systolic blood pressure minus diastolic blood
pressure and divided by PCWP. The difference between the systolic blood pressure and
diastolic blood pressure (ie, the arterial pulse pressure) in the numerator has been shown to
correlate with stroke volume in the setting of a fixed systemic compliance.” In contrast,
the PCWP is reflective of pulmonary pressures, and therefore, represents pulmonary
congestion.8-10 The API is analogous to the pulmonary artery pulsatility index (PAPI),
which is the best invasive hemodynamic predictor of right ventricular failure and clinical
outcomes in patients with advanced heart failure.1? Furthermore, both pulse pressure,
defined as the difference between systolic blood pressure and diastolic blood pressure, and
left ventricular end-diastolic pressure, for which PCWP serves as a surrogate, have been
associated with short-term mortality in patients with acute coronary syndromes,12-14
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We hypothesized that the APl would correlate with clinical outcomes of a cohort of patients
with acute, chronic, and worsening heart failure with invasive hemodynamics consistent with
decompensated heart failure.

This study was approved by the University of Chicago Institutional Review Board.
Retrospective data were collected on consecutive patients undergoing RHC at the University
of Chicago between January 2013 and November 2019. Patients were retrieved with a
coding query via the electronic medical record (Epic 2018, Epic Headquarters, Verona,

WI1). Included patients had to be 18 years or older and undergoing a milrinone drug study
completed by a member of the advanced heart failure team to assess inotropic response in
patients with concern for cardiogenic shock. There are no specific criteria for patients to be
referred to the advanced heart failure cardiac catheterization laboratory, but in an effort to be
inclusive, we included all patients 18 years of age or older undergoing milrinone drug study
by the advanced heart failure team. At our institution, patients are referred for RHC by the
advanced heart failure team for either acute decompensation of heart failure with concern for
cardiogenic shock or chronic heart failure with progressively worsening functional status (ie,
Interagency Registry for Mechanically Assisted Circulatory Support [INTER-MACS] profile
4-7) concerning for advancement to American Heart Association stage D heart failure.
Milrinone drug studies are done in patients with elevated filling pressures (PCWP of > 15
mm Hg and/or a mean pulmonary arterial pressure of >25 mm Hg) and a CI of less than 2.2
L/min/m2. Milrinone drug studies consist of a bolus of 50.g/kg/min over 10 minutes with
repeat invasive hemodynamic measurements after this 10-minute period. Continuation and
dosage of milrinone after the study are at the discretion of the treating physician and relate
to the individual patient’s response to the medication.

Patients were excluded if they were on any vasoactive medication at baseline (because this
would directly affect the hemodynamic measurements), were on temporary or permanent
mechanical circulatory support, or had undergone an orthotopic heart transplant. An ejection
fraction cutoff was not used. Finally, we excluded patients if the RHC was completed

by a physician who was not a member of the advanced heart failure team. This strategy
allowed for decreased variability in regard to patient phenotypes, invasive hemodynamic
measurement interpretation, and the use of milrinone drug studies for resuscitation of low-
output states because this practice was a standard of care for diagnostic and therapeutic
assessment for RHC competed by the advanced heart failure team.

Routine RHC and advanced hemodynamic measurements were measured at the start

of the procedure, before the milrinone drug infusion. RHC measurements included RA
pressure, right ventricular pressure, pulmonary arterial pressure, PCWP, cardiac output,

and CI, as measured by both the Fick principle and thermodilution, systemic vascular
resistance, pulmonary vascular resistance, pulmonary artery saturation, systemic saturation,
and hemoglobin. The PCWP was recorded at end-expiration after advancing the catheter into
the wedge position via the left or right pulmonary artery. All hemodynamic measurements
were recorded as the average of three beats, or 5 beats if the patient was in atrial

fibrillation. Fick cardiac output and Cl were measured using the difference between systemic
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oxygenation (via pulse oximeter) and the mixed venous oxygen saturation (drawn from the
pulmonary artery), and used in the standard Fick equation in which oxygen consumption
(ie, VO,) was assumed to be 125 multiplied by the body surface area. Cardiac output

by thermodilution was recorded as the average of 3 measurements. Blood pressure was
measured noninvasively and was recorded during the measurement of the pulmonary artery
oxygen saturation, because this is when the Fick cardiac output and systemic vascular
resistance are measured. Moderate sedation, with fentanyl and/or midazolam, was used as
needed for patients for anxiety.

In addition to the API, indices derived from hemodynamic measurements included

left ventricular CPO, left ventricular stroke work index, right ventricular stroke work
index, left ventricular pressure ratio (systolic blood pressure/PCWP), and PAPI were
calculated (Supplementary Table 1). Baseline medical diagnoses, heart failure specific
guideline-directed medical therapy, and renal function data were collected. Finally,
outcomes were stratified by noninotrope medical management or the need for advanced
heart failure therapies, defined as a need for continuous inotrope medication, temporary
mechanical circulatory support, left ventricular assist device implantation, or orthotopic
heart transplantation. Individual patient outcomes then were recorded at 30 days after the
date of procedure. The primary outcome was freedom from advanced therapies, defined as
the need for inotropes, temporary mechanical circulatory support, a left ventricular assist
device, or orthotopic heart transplantation, or death at 30 days compared with continued
medical management.

Statistical Analysis

Differences in baseline medical diagnoses, heart failure specific guideline-directed medical
therapy, and renal function data were expressed as means = standard deviations or medians
with interquartile ranges and compared with either Student #tests or Mann Whitney U
(Wilcoxon) tests depending on normality as determined by Shapiro-Wilk tests. Categorical
variables were expressed as relative counts and percentages and compared with XZ tests of
association or Fisher exact tests. Receiver operator characteristic (ROC) curves were used
to determine the appropriate cutoff value for API, CPO, Fick CI, RA pressure, and PCWP
for association of continued medical management, versus advanced therapies or death. The
API ROC curve was then compared with the remaining ROC curves using a XZ test adjusted
with the Sidak adjustment for multiple testing. In another set of comparisons, the CPO ROC
curve was compared with the other ROC curves using a XZ test with the Sidak adjustment
for multiple testing. Separate ROC analyses were done to determine the optimal cutoff

for API including only patients with the outcome of medical management, left ventricular
assist device, orthotopic heart transplant, or death (ie, excluding patients on inotropes),
because these are hard, time-to-event outcomes suitable for the generation of Kaplan—Meier
time-to-event analyses. Log-rank testing was not done because there was not an independent
dataset with which to validate the cutoff from the ROC.

Univariable logistic regressions were used to determine which routine or advanced
hemodynamic measurements explained the events of continued medical management
compared with the events of advanced therapies or death at 30 days, whereby results were
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presented as odds ratios (OR) and 95% confidence intervals (CI). A 1-point increase in
value was used to calculate the OR of the continuous variables. Independent parameters
were checked for multicollinearity using Spearman rank correlations before multivariable
logistic regressions were conducted to determine which routine or advanced hemodynamic
measurements best explained the events of continued medical management compared with
the events of advanced therapies or death at 30 days, when adjusting for age and sex.

Not all hemodynamic measurements could be included in the same multivariable analysis
(specifically CPO and Fick CI) because both parameters are calculated with cardiac output.
Therefore, 2 separate multivariable analyses were conducted, one including the API and
CPO, but not the Fick CI, and the other including the API and the Fick ClI, but not CPO.
Tests were 2 tailed and considered statistically significant with a Avalue of less than .05. Al
statistical analyses were conducted using STATA MP version 15 (College Station, TX).

A total of 224 procedures were analyzed from 224 individual patients. At the time of
procedure, average age was 57 years (48-66 years), and 33.5% were women, 39.3%
Caucasian, and 31.3% had underlying ischemic cardiomyopathy. Patients with continued
medical management were more likely to have had a history of stroke at baseline (20.3% vs
8.7%, P=.01). Additional data regarding baseline characteristics and medical regimens can
be seen in Table 1. Moderate sedation was used in 103 procedures (45.6%), including 29 of
the 74 patients (39.2%) with the medical management outcome at 30 days, compared with
74 of the 150 patients (49.3%) with advanced therapies outcome at 30 days (P=.15). The
baseline hemodynamics of patients on medical management versus the need for advanced
therapies or death at both 30 days are listed in Table 2. There were significant differences
in multiple hemodynamic measurements when stratified by 30-day outcomes for medical
management and advanced therapies (Table 2).

Thirty-Day Outcomes

At 30 days, 74 patients were continued on medical management and 91 patients were on
inotropes; 35 underwent left ventricular assist device implantation, 16 received orthotopic
heart transplant, and 10 patients died. A univariable analysis indicated multiple standard
hemodynamic measurements were associated with medical management at 30 days, in
addition to 4 advanced hemodynamic measurements: API (OR 0.43, 95% CI 0.30-0.61, P
<.001), CPO (OR 0.02, 95%CI 0.01-0.07, A< .001), left ventricular stroke work index
(OR 0.93, 95% CI 0.90-0.96, P< .001), and PAPI (OR 0.83, 95% CI 0.71-0.98, P=.02)
(Table 3). In separate multivariable analyses API, CPO, and age were found to be associated
with medical management at 30 days, even when adjusted for CI (as measured by Fick or
thermodilution), right ventricular function (as measured by PAPI), age, and sex (Table 4).

Clinical Outcomes Associated With API

A ROC analysis indicated a cutoff of 1.45 for API was most associated with continued
medical management at 30 days, 0.71 Watts for CPO, 1.67 L/min/m? for Fick CI, 11 mm
Hg for RA pressure, and 21 mm Hg for PCWP compared with the combined endpoint of
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advanced therapies or death (Table 5, Fig. 1). Head-to-head area under the curve (AUC)
comparisons of API versus the other variables noted the API to have a significantly greater
AUC than that of RA or PCWP, but not in comparison with CPO or Fick Cl. Head-to-head
AUC comparisons of CPO versus the other variables noted that it was significantly greater
than that of RA, but not in comparison with the API, Fick CI, or PCWP (Table 6).

A Kaplan-Meier survival analysis was completed after excluding the outcome of continued
inotrope (ie, only including patients on medical management or with a left ventricular
assist device, orthotopic heart transplant, or death). Using this API cutoff of 1.45, a Kaplan—
Meier survival analysis illustrated an association of the APl with the primary outcome with
survival 79% for an API of 1.45 or greater and 48% for an API of less than 1.45 (Fig.

2). A Kaplan—Meier survival analysis also illustrated associations with 30-day outcomes for
CPO (76% for CPO > 0.71 vs 55% for CPO < 0.71), Fick CI (69% >1.67 L/min/m2 vs

53% < 1.67 L/min/m2), PCWP (80% for PCWP = 21 mm Hg vs 57% for PCWP < 21 mm
Hg), and RA pressure (65% = 11 mm Hg vs 64% < 11 mm Hg) (Supplemental Figs. 1-4).
Log-rank tests were not performed because there was not a separate validation cohort, and
the Kaplan—Meier curves are meant to be illustrative and hypothesis generating.

Discussion

In this study, we introduce and derive the API, a novel hemodynamic measurement in
patients with acute, chronic, and worsening heart failure, which is significantly associated
with adverse clinical outcomes. API is associated with advanced therapies or death at 30
days with a reasonable degree of sensitivity and specificity.

The API was designed to simultaneously represent cardiac function and filling pressures. It
accomplishes this goal in 2 ways: (1) by clinical intuition, because medical professionals
understand that a low, narrow pulse pressure and signs and symptoms of congestion, which
would result in a low API, represent decompensated heart failure or cardiogenic shock,

and (2) the API reflects changes in both pressure and stroke volume, and therefore cardiac
output. Furthermore, the PCWP correlates with the left ventricular end-diastolic pressure,
and informs on pulmonary pressures and congestion.8-19 No other advanced hemodynamic
measure so clearly reflects the relationship seen in a pressure—volume loop.

Standard RHC measurements of cardiac output, by both the Fick principle and
thermodilution, have inherent flaws and have shown only modest, but frequently discrepant,
correlation with clinical outcomes.34 CPO was shown to correlate with outcomes,
specifically in patients with cardiogenic shock.® We were able to show that both the

API and CPO were associated significantly with continued medical management at 30
days. Importantly, in our clinical experience, CPO is not routinely measured, incorporates
another nonintuitive calculation during a cardiac catheterization procedure, and has only
been validated in the setting of acute coronary syndromes, which are different from the
population being evaluated in this study.

All of the patients in this analysis were being evaluated by the advanced heart failure team
at a tertiary care center and were predominantly referred for the evaluation of advanced
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options for refractory heart failure. CPO has been validated in patients admitted with acute
myocardial infarction and cardiogenic shock, whereas the API was recently shown to be
prognostic in heart failure patients without cardiogenic shock from the Evaluation Study

of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE)
Trial, both of which were markedly different from the population evaluated in our study.6:15
Patients with advanced heart failure, American Heart Association Stage C or D, have a

poor prognosis, and risk stratification for consideration of advanced therapies use remains
elusive.16:17 Furthermore, PCWP, which was shown to be associated with outcomes in acute
decompensated heart failure patients in the ESCAPE Trial, remained associated with the
primary outcome in our group of patients, but the AUC was significantly lower than that of
the API.18

The API continued to be independently associated with the primary outcome, even when
accounting for standard RHC hemodynamic measurements (ie, Fick CI, thermodilution Cl,
RA, and PAPI) in multivariable logistic analysis, and remained significant when compared
against the accepted advanced hemodynamic metric of cardiac function, CPO, at the 30-day
outcome mark. Of note, because both the API and CPO are continuous variables, the

ORs were calculated from 1-point increases in their respective values. It is, therefore,

not surprising that the CPO resulted in a significantly lower OR with a 1-point increase
compared with the significantly improved OR seen with a 1-point increase in the API,
because the CPO values use absolute lower numbers and changes of less than 1 point have
significant effect, although both were significant.

The API still requires the use of a pulmonary arterial catheter to measure a PCWP. However,
the PCWP is used as a reflection of left ventricular end-diastolic pressure, which can
presumably be substituted for the PCWP in the API equation so as to calculate an API
during a left heart catheterization. In fact, the systolic blood pressure to left ventricular
end-diastolic pressure ratio has recently been shown to correlate with in-hospital mortality
or escalation of therapy in patients with heart failure, or those admitted with an ST

elevation myocardial infarction.19.20 Future research of API calculated with a left ventricular
end-diastolic pressure has promise to help predict clinical outcomes and potentially assist

in decisions regarding medical and temporary mechanical circulatory support treatment

of patients with cardiogenic shock, including those presenting with an acute coronary
syndrome as potentially an additional RHC would not be needed.

Limitations

This study is limited by its retrospective nature. Additionally, all RHC evaluations were done
by a single group of physicians, which limits interoperator variability, and may decrease

the applicability to patients not evaluated in our center. Likewise, a statistical limitation

is that the sample size did not provide the ability to validate the ROC cutoff points by
splitting the dataset into training and testing datasets; future research would require the
testing these cutoff points with new sets of patients with similar characteristics. Our analysis
includes patients dating back to 2013, and with the significant change in management of
cardiogenic shock in the interim, the prognostic findings may be limited. It is also important
to note that these patients were not presenting with acute coronary syndromes, and thus
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direct application of this hemodynamic variable to the acute coronary syndrome population
may not be accurate. Finally, we acknowledge that the noninvasive brachial blood pressures
measured for calculation of the API may vary from central aortic pressures, which were not
measured during these venous access procedures. Future research into the use of the API
using central aortic pressures would be warranted.

Conclusions

The API is a novel invasive hemodynamic measurement that is independently associated
freedom from advanced therapies or death at 30-day follow-up.

LAY SUMMARY

. The API is a novel metric to assess the severity of illness in a patient heart
failure.
. In patients with heart failure, with an API of less than 1.45 was associated with

implantation of a left ventricular assist device, heart transplantation, the need for
continuous use of vasoactive medications, or temporary mechanical circulatory
support devices, or death within 30 days.

. The API may help in assessing the need for advanced therapies in patients with
advanced heart failure by informing on their 30-day risk.

Heart failure is a progressive disease that can be attenuated by oral, guideline-directed
medical therapies. Some patients progress to advanced disease, requiring powerful
intravenous medications, temporary or permanent heart pumps, or a heart transplant, despite
these medications. Assessing a patient’s risk of progression to advanced disease remains
imperfect. The novel hemodynamic metric, API, described in this study may be associated
with clinical outcomes 30 days following the procedure. Use of the API may help to assess
risk and potentially help inform clinical decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan—Meier analysis of API on the freedom from advanced therapies or death at 30 days
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Table 2.

Baseline Hemodynamics for 30-Day Outcomes

Page 14

Characteristics Advanced Therapies or Death (n =150) Medical Management (n=74) P

RA (mmHg) median (IQR) 13 (10-19) 13 (8-17) 0.21
RV Systolic (mmHg), mean + SD 56 + 13 57+17;n=73 0.88
RV Diastolic (mmHg) median (IQR) 15 (10-20) 13 (10-18); n =73 0.14
PA Systolic (mmHg) median (IQR) 60 (49-66) 59(45-70) 0.74
PA Diastolic (mmHg), mean + SD 3019 29 9 0.25
Mean PA Pressure (mmHg), mean + SD 40+ 10 38+11 0.15
PCWP (mmHg), mean + SD 27+8 24+8 0.03
PA saturation (%), mean £ SD 51+10.0 55 +9 0.004
Sp02 (%) median (IQR) 97 (95-99) 97 (95-99) 0.81
Fick CO (L/min) median (IQR) 3.4 (3.00-4.00) 3.76(3.10-4.65) 0.002
Fick CI (L/min/m2) median (IQR) 1.80 (1.50-1.97) 1.90(1.73-2.20) 0.001
Thermodilution CO (L/min) median (IQR) 3.20 (2.50-3.80); n = 109 3.50 (2.90-4.42); n = 60 0.02
Thermodilution CI (L/min/m?) median (IQR) ~ 1.60(1.36-1.90); n = 109 1.80(1.50-2.07); n = 60 0.01
Systolic BP (mmHg) median (IQR) 103 (95-111) 119(104-135) <0.001
Diastolic BP (mmHg) median (IQR) 70 (63-76) 73(65-85) 0.03
MAP (mmHg) median (IQR) 82(75-89) 89(83-101) <0.001
Pulse Pressure, median (IQR) 31 (25-41) 43 (34-52) <0.001
SVR (dynes-sec-cm®) median (IQR) 1576(1338-1918) 1611 (1283-2133) 0.59
PVR (Woods Units) median (IQR) 3.9 (2.6-5.1) 4.0(2.6-5.21 0.98
Heart Rate, median (IQR) 80 (69-89); n =144 78 (68-87) 0.26
CPO (Watts) median (IQR) 0.64 (0.51-0.74) 0.77 (0.65-0.95) <0.001
API, median (IQR) 1.18(0.91-1.68) 1.85 (1.35-2.50) <0.001
LVSWI, (g*m/m2) median (IQR) 24 (19-28); n = 144 30 (25-37) <0.001
RVSWI. (g*m/m2) median (IQR) 7.9(5.4-10.1); n =144 8.50 (6.6-10.9); n =71 0.17
PAPI, median (IQR) 2.00(1.33-2.74) 2.28(1.60-3.42) 0.10

API = aortic pulsatility index, BP = systemic blood pressure. Cl = cardiac index, CO = cardiac output, CPO = cardiac power output, IQR =
interquartile range, PA = pulmonary artery, PCWP = pulmonary capillary wedge pressure, PVR = pulmonary vascular resistance, RA = right

atrium, RV = right ventricle, SD = standard deviation, SpO2 = systemic oxygen saturation, SVR = systemic vascular resistance
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Univariable Analysis of Hemodynamic Variables on 30- Day Outcomes

Table 3.

Characteristic 20 Days
Hemodynamic Variable n OR  95%ClI P

RA (mmHg) 224 1.03 (0.99-1.08) 0.16
RV Systolic (mmHg) 221 1.00 (0.98-1.02) 0.88
RV Diastolic (mmHg) 221 1.03 (0.99-1.08) 0.15
PA Systolic (mmHg) 224 101 (0.99-1.03) 0.73
PA Diastolic (mmHg) 224 102 (0.99-1.06) 0.25
Mean PA Pressure (mmHg) 224 102 (1.00-1.05) 0.15
PCWP (mmHg) 224 1.04 (1.01-1.08) 0.03
PA saturation (%) 224 096 (0.93-0.99) 0.01
Sp02 (%) 224 1.00 (0.90-1.12) 1.00
Fick CO (L/min) 224 059 (0.43-0.81) 0.001
Fick CI (L/min/m?) 224 033 (0.17-0.66) 0.002
Thermodilution CO (L/min) 169 0.69 (0.53-0.90) 0.01
Thermodilution CI (L/min/m?) 169 0.43 (0.23-0.79) 0.01
Systolic BP (mmHg) 224 095 (0.93-0.97) <0.001
Diastolic BP (mmHg) 224 098 (0.96-1.00) 0.038
MAP (mmHg) 224 094 (0.92-0.96) <0.001
Pulse Pressure 224 095 (0.93-0.97) <0.001
SBP/PCWP 224 0.72 (0.61-0.85) <0.001
SVR (dynes-sec-cm®) 222 100 (1.00-1.00) 0.66
PVR (Woods Units) 220 112 (0.89-1.42) 033
Heart Rate 218 1.01 (0.99-1.03) 0.26
Left Ventricular EF (%) 212 097 (0.95-1.00) 0.04
CPO (Watts) 224 0.02 (0.00-0.07) <0.001
API 224 043 (0.30-0.61) <0.001
LVSWI (g*m/m2) 214 093 (0.90-0.96) <0.001
RVSWI (g*m/m?) 217 094 (0.87-1.01) 0.10
PAPI 222 0.83 (0.71-0.98) 0.02

Page 15

API = aortic pulsatility index, BP = systemic blood pressure. Cl = cardiac index, CO = cardiac output, CPO = cardiac power output, EF = ejection
fraction, PA = pulmonary artery, PAPI = pulmonary artery pulsatility index, PCWP = pulmonary capillary wedge pressure, PVR = pulmonary
vascular resistance, RA = right atrium, RV = right ventricle, SBP = systolic blood pressure, SpO2 = systemic oxygen saturation, SVR = systemic

vascular resistance
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Table 4.

Multivariable Analysis of Variables on 30-Day Outcomes

Multivariable Analysis A

30 Days (n=158)

Hemodynamic Variable OR 95% ClI p
API (1-point increase) 0.38 (0.22-0.65) <  0.001
CPO (1-point increase) 0.02 (0.001-0.25)  0.002
PAPI (1-point increase) 0.79 (0.60-1.04) 0.09
Thermodilution CI (1-point increase)  1.15  (0.50-2.65) 0.74
Left Ventricular EF (1-point increase) 0.99  (0.95-1.03) 0.63
Age (1-point increase) 1.04 (1.01-1.07) 0.01
Male Sex 1.28 (0.57-2.88) 0.55
Multivariable Analysis B LD 6,
Hemodynamic Variable OR  95% ClI p
API (1-point increase) 0.38 (0.23-0.63) <0.001
PAPI (1-point increase) 0.81 (0.63-1.04) 0.10
Fick CI (1-point increase) 0.74 (0.25-2.19) 0.59
Thermodilution CI (1-point increase)  0.63  (0.28-1.41) 0.26
Age (1-point increase) 1.03 (1.00-1.06) 0.02
Male Sex 1.10 (0.50-2.39) 0.81
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API = aortic pulsatility index, Cl= cardiac index, CPO = cardiac power output, EF = ejection fraction, PAPI = pulmonary artery pulsatility index,

RA = right atrial pressure

J Card Fail. Author manuscript; available in PMC 2022 May 06.



Page 17

BELKIN et al.

Author Manuscript

09°0 29'99 vzey 19'9L 12 dMod
S50 T.°09 6T°6€ €eTL 1 vy
G9°0 1675 ev'e8 €e'TY 19T 103014
L0 L1189 97129 29TL TL°0 0do
€L°0 9819 29TL 0099 Sr'T Idv
oNY (%) pauisse|D Aposai00 (%) Anou0ads (%) AnAaisuss — enjeA Joind fewndo  sswoonQ

‘'S al|qeL

Author Manuscript

awoNQ Alewid Jo sasAjeuy D0Y

Author Manuscript

Author Manuscript

J Card Fail. Author manuscript; available in PMC 2022 May 06.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

BELKIN et al.

Table 6.
Direct Comparison of ROC Analyses
Hemodynamic Standard
Variables n AUC  Error 95% ClI p
API
API| 224 0.73 0.03 0.66-0.80 0.998
CPO 224 0.72 0.04 0.64-0.79
API 224 0.73 0.03 0.66-0.80 0.28
Fick CI 224 065 0.04 0.57-0.72
API 224 0.73 0.03 0.66-0.80 0.001
RA 224 055 0.04 0.47-0.63
API 224 0.73 0.03 0.66-0.80 0.001
PCWP 224 0.6 0.04 0.51-0.68
CPO
CPO 224 071 0.04 0.64-0.79 0.26
Fick CI 224  0.65 0.04 0.57-0.72
CPO 224 0.71 0.04 0.64-0.79  0.02
RA 224 056 0.04 0.47-0.63
CPO 224 0.71 0.04 0.64-0.79 0.19
PCWP 224 0.6 0.04 0.51-0.68
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API = aortic pulsatility index, Cl= cardiac index, CPO = cardiac power output, PCWP = pulmonary capillary wedge pressure. RA = right atrial

pressure
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