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Abstract

Purpose: Vasopressin, used as a catecholamine adjunct, is a vasoconstrictor that may be 

detrimental in some hemodynamic profiles, particularly left ventricular (LV) systolic dysfunction. 

This study tested the hypothesis that echocardiographic parameters differ between patients with a 

hemodynamic response after vasopressin initiation and those without a response.
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Methods: This retrospective, single-center, cross-sectional study included adults with septic 

shock receiving catecholamines and vasopressin with an echocardiogram performed after shock 

onset but before vasopressin initiation. Patients were grouped by hemodynamic response, defined 

as decreased catecholamine dosage with mean arterial pressure ≥65 mmHg six hours after 

vasopressin initiation, with echocardiographic parameters compared. LV systolic dysfunction was 

defined as LV ejection fraction (LVEF) <45%.

Results: Of 129 included patients, 72 (56%) were hemodynamic responders. Hemodynamic 

responders, versus non-responders, had higher LVEF (61% [55%,68%] vs. 55% [40%,65%]; 

p=0.02) and less-frequent LV systolic dysfunction (absolute difference −16%; 95% CI −30%,

−2%). Higher LVEF was associated with higher odds of hemodynamic response (for each LVEF 

10%, response OR 1.32; 95% CI 1.04–1.68). Patients with LV systolic dysfunction, versus without 

LV systolic dysfunction, had higher mortality risk (HR(t)=e[0.81−0.1*t]; at t=0, HR 2.24; 95% CI 

1.08–4.64).

Conclusions: Pre-drug echocardiographic profiles differed in hemodynamic responders after 

vasopressin initiation versus non-responders.

Summary:

In septic shock patients receiving adjunctive vasopressin, pre-drug echo parameters differed 

between hemodynamic responders and non-responders. Higher LVEF was associated with higher 

response odds. Echo may provide useful information to optimize adjunctive vasopressors.
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Introduction

Septic shock is the most common cause of circulatory shock, with a 33% mortality rate 

in North America despite decades of therapeutic investigation.[1, 2] Trials of adjunctive 

vasopressors in patients with septic shock have failed to show a patient-centered outcome 

benefit over norepinephrine alone.[3–5] The lack of positive studies may be due to 

diverse hemodynamics in the patient population leading to differential response based on 

drug pharmacology. Septic shock is characterized by systemic vasodilation with cardiac 

output traditionally described as preserved or increased.[6] However, studies have shown 

heterogeneous hemodynamic profiles that are influenced by therapies such as intravenous 

fluids and vasopressors.[7, 8] Left ventricular (LV) systolic dysfunction, LV hyperkinesia, 

LV diastolic dysfunction, and right ventricular (RV) dysfunction are prevalent in patients 

with early septic shock and may have prognostic implications.[7–14] Because of possible 

complex hemodynamics, echocardiography is recommended to determine the hemodynamic 

profile in patients with circulatory shock with an unclear diagnosis or inadequate response to 

initial therapy.[15, 16] Despite increasing utilization of bedside echocardiography for shock 

management, its usefulness for vasoactive therapy decision-making is unclear.[16]

Vasopressin is commonly administered as a norepinephrine adjunct in septic shock.

[17, 18] Both norepinephrine and vasopressin are vasoconstrictors that cause systemic 
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vasoconstriction and increase venous return.[19, 20] Yet, only half of vasopressin recipients 

have a blood pressure response.[21, 22] Unlike norepinephrine, where cardiac output 

is preserved or modestly increased due to its adrenergic β1-agonism, vasopressin may 

decrease cardiac output because it does not have direct inotropic properties.[20, 23] 

Therefore, therapeutic response to vasopressin may differ based on pre-existing ventricular 

function.[24–27] Particularly concerning is LV systolic dysfunction, where vasopressin 

may further decrease cardiac output.[28] Studies have evaluated factors associated with 

hemodynamic response after vasopressin initiation and outcomes in septic shock, but the 

role of underlying cardiac function in hemodynamic response is currently unknown. We 

designed this study to evaluate pre-drug echocardiographic parameters in patients with septic 

shock receiving adjunctive vasopressin. We hypothesized that pre-drug echocardiographic 

profiles would differ between hemodynamic responders and non-responders, specifically 

with hemodynamic responders having a lower prevalence of LV systolic dysfunction.

Material and Methods

This single-center, retrospective, cross-sectional study evaluated ICU patients at Cleveland 

Clinic from January 2012 to November 2017. Electronic health records of patients ≥18 

years were screened for septic shock presence.[29] All identified patients also met the 

Sepsis-3 septic shock definition.[30] Identified patients initiated on vasopressin as a 

catecholamine vasopressor adjunct and had a transthoracic echocardiogram performed 

were included. Most routinely used echocardiographic parameters are dependent on 

myocardial loading conditions and change dynamically in septic shock, especially 

with therapies such as vasopressors and inotropes.[7, 12] To minimize confounding of 

echocardiographic parameters we only included patients with an echocardiogram performed 

during catecholamine administration and within 72 hours prior to vasopressin initiation. 

Those in whom the vasopressin dosage was titrated within the first six hours of therapy, and 

those with echocardiogram images inadequate for assessment were excluded. All patients 

meeting study inclusion criteria without meeting an exclusion criterion during the study 

time frame were included. Only the first episode of exposure to vasopressin per patient 

was evaluated. All patients were managed in accord with the Surviving Sepsis Campaign 

guidelines available at the time of treatment.[31, 32]

Comprehensive transthoracic echocardiogram images were obtained by registered cardiac 

sonographers and evaluated according to guidelines.[33–35] Parameters of LV systolic 

function (LVEF), LV diastolic function (peak early diastolic velocity of the septal mitral 

annulus [e’] and mitral LV inflow peak early velocity [E]), and RV function (semi-

quantitative RV dilation and RV systolic function, tricuspid annular plane systolic excursion 

[TAPSE], and tricuspid lateral annulus peak systolic velocity [TAPSV]; also known as RV 

S’) were systematically measured.[33–35] LV systolic dysfunction was defined as LVEF 

<45%.[7, 12] LV hyperkinesia was defined as LVEF >70%.[36] LV diastolic dysfunction 

was defined as septal e’ <7 cm/sec with septal E/e’ >15.[35] A multimodal technique 

was used to define RV dysfunction based on adapted recommendations from the American 

Society of Echocardiography.[33, 34] Patients were adjudicated to have RV dysfunction if 

one or more of the following were present: RV dilation, RV systolic dysfunction, TAPSE 

<17 mm, or TAPSV <9.5 cm/sec.[13, 33, 34, 37]
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In the primary analysis patients were grouped by their outcome of hemodynamic response 

or non-response. A positive hemodynamic response was defined as a decrease from baseline 

in norepinephrine-equivalent (NEQ) catecholamine dose with a mean arterial pressure 

(MAP) ≥65 mm Hg at six hours after initiation of vasopressin.[21, 38] Patients who died 

within six hours of vasopressin initiation were adjudicated as non-responders. Exposure 

variables of interest were echocardiographic parameters prior to vasopressin initiation; 

the primary exposure of interest was LVEF. First, the distribution of echocardiographic 

parameters by hemodynamic response were evaluated graphically with density plots. Next, 

parameters were categorized according to the above definitions for LV systolic dysfunction, 

LV hyperkinesia, LV diastolic dysfunction, and RV dysfunction. Frequencies of ventricular 

dysfunction within hemodynamic response groups were compared with between-outcome 

absolute differences. To complement the primary analysis, the data were also reoriented to 

group patients into cohorts of pre-drug ventricular dysfunction or no dysfunction for each 

of the four categories. The frequency of hemodynamic response within each dysfunction 

cohort was evaluated with between-cohort absolute differences. The LV systolic dysfunction 

cohort analysis also included evaluation of secondary outcomes of 28-day mortality; the 

ratio of mean arterial pressure to norepinephrine-equivalent catecholamine dose (MAP/

NEQ) at six hours after vasopressin initiation;[39] and days alive and free of the ICU, 

vasopressors, mechanical ventilation, and renal replacement therapy.[40] Exposure time for 

28-day mortality was defined as the time from vasopressin initiation until death within 28 

days, with censoring of alive patients at 28 days. In a sensitivity analysis blood pressure 

improvement after vasopressin initiation was defined as an increase in MAP/NEQ at six 

hours after vasopressin initiation. Patients were grouped by outcomes of increase or decrease 

in MAP/NEQ at six hours after vasopressin initiation, and analyses subsequently conducted 

as outlined for the primary analysis.

Categorical data are described as n (%) and continuous data are described as median 

(interquartile range). The association of LVEF with hemodynamic response was assessed 

with multivariable logistic regression. Variables considered for confounder adjustment in 

the model were based on previous literature and clinical expertise.[21, 37, 41, 42] A 

directed acyclic graph was utilized for model variable selection, with arterial pH, mechanical 

ventilation, and sequential organ failure assessment (SOFA) score included as confounders 

for the effect of LVEF on hemodynamic response after vasopressin initiation (eFigure 1). 

Analyses were performed using Stata (version 14.2; StataCorp; College Station, TX) and 

R (version 4.1.2; R Foundation for Statistical Computing; Vienna, Austria) based on an 

overall significance level of 0.05. This study followed the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE reporting guideline and was approved by 

the Cleveland Clinic Institutional Review Board with a waiver of informed consent (approval 

number 20–1250 on 3 December 2020). Additional method details and the STROBE 

checklist are included in the Supplementary Material.
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Results

Patient population

A total of 4397 patients with septic shock were assessed for eligibility. Of the screened 

patients, 4023 did not meet inclusion criteria and 245 were excluded, resulting in 129 

patients included in the study. (eFigure 2) Included patients were most frequently admitted 

to a medical ICU and severely ill. (Table 1 and eTable1) At the time of vasopressin 

initiation, 17.7 (8.7, 33.1) hours had elapsed from catecholamine initiation and patients 

were receiving NEQ dose 25 (18, 40) mcg/min with lactate 3.0 (2.2, 6.0) mmol/L. 

Hemodynamic response was observed in 72 patients (56%), with responders, compared with 

non-responders, having higher MAP (70 [65, 78] mm Hg vs. 64 [59, 72] mm Hg, p<0.01) 

and arterial pH (7.35 [7.29, 7.39] vs. 7.32 [7.24, 7.36], p=0.04) at vasopressin initiation. 

(Table 1)

Echocardiographic profiles prior to vasopressin initiation

Echocardiograms were performed 6.2 (2.2, 13.8) hours after catecholamine start and 

7.6 (3.2, 19.5) hours prior to vasopressin initiation. At the time of echocardiogram, 

patients were receiving NEQ dose 16 (10, 25) mcg/min, and most were receiving 

norepinephrine monotherapy (n=108; 84%) and mechanically ventilated (n=89; 69%). 

Compared with hemodynamic non-responders, responders had higher LVEF, TAPSE, and 

TAPSV. (eTable 1) (Figure 1) After adjusting for arterial pH, mechanical ventilation, and 

SOFA with multivariable logistic regression, higher LVEF was independently associated 

with higher odds of hemodynamic response (for each LVEF 10%, response OR 1.32; 95% 

CI 1.04–1.68). Categorizing echocardiographic parameters into ventricular dysfunctions 

revealed 33 patients (26%) had no ventricular dysfunction, 62 (48%) had a single 

ventricular dysfunction, and 34 (26%) had multiple ventricular dysfunctions. (eFigure 3) 

Hemodynamic responders, compared with non-responders, had a lower frequency of LV 

systolic dysfunction (absolute difference −16% [95% CI −30% to −2%]). No between-group 

difference was detected in the frequency of LV hyperkinesia (absolute difference 3% [95% 

CI −10% to 15%]), LV diastolic dysfunction (absolute difference 1% [95% CI −12% to 

14%]), or RV dysfunction (absolute difference −3% [95% CI −20% to 14%]). (Figure 

2) Results were similar in the sensitivity analysis of patients grouped by outcome of 

MAP/NEQ increase or decrease at six hours after vasopressin initiation; patients with a 

MAP/NEQ increase had higher LVEF and less frequent LV systolic dysfunction (absolute 

difference −18% [95% CI −31% to −4%]). (eTable 2, eFigure 4, eFigure 5)

Ventricular dysfunction cohorts

When the data were reoriented to describe ventricular dysfunction cohorts prior to 

vasopressin initiation, patients with LV systolic dysfunction, compared to patients without 

LV systolic dysfunction, were less frequently hemodynamic responders (n/N=10/27 [37%] 

vs. n/N=62/102 [61%], absolute difference −24% [95% CI −44% to −3%]). No difference 

was detected in hemodynamic response frequency in patients with other ventricular 

dysfunctions categories. (Figure 3A–D) After adjusting for APACHE III, SOFA, and lactate 

at vasopressin initiation, LV systolic dysfunction was associated with higher risk for 28-day 

mortality with a time-varying effect (HR(t)=e[0.81−0.1*t]; at t=0, HR 2.24; 95% CI 1.08–
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4.64). (Figure 4) A difference was not detected between patients with and without LV 

systolic dysfunction in days alive and free of the ICU, vasopressors, mechanical ventilation, 

or renal replacement therapy. (eTable 3)

Discussion

In this study of patients with septic shock receiving adjunctive vasopressin, we found 

pre-vasopressin echocardiographic parameters differed between hemodynamic responders 

and non-responders 6 hours after vasopressin initiation. Consistent with our a priori 
hypothesis, hemodynamic responders had higher LVEF and a lower prevalence of LV 

systolic dysfunction. Higher LVEF was independently associated with higher odds of 

hemodynamic response. A sensitivity analysis of blood pressure improvement defined by 

MAP/NEQ increase after vasopressin initiation corroborated and complemented the findings 

in our primary analysis. When the data were reoriented into ventricular dysfunction cohorts 

in order to inform bedside decision-making, patients with baseline LV systolic dysfunction 

less frequently demonstrated hemodynamic response after vasopressin initiation. Further, 

compared with patients without LV systolic dysfunction, patients with LV systolic 

dysfunction had higher mortality. Although arterial pressures (which can influence LVEF 

and assessment of LV systolic dysfunction) were lower in hemodynamic non-responders 

at the time of vasopressin initiation, we did not detect a difference between hemodynamic 

responders and non-responders in NEQ or MAP/NEQ at the time of echocardiogram or at 

vasopressin initiation. This suggests differential ventricular loading conditions are unlikely 

the main explanation for our findings. Our novel study is the first to evaluate the association 

of echocardiographic profiles prior to adjunctive vasopressin with blood pressure response 

and patient outcomes, and provides valuable data to clinicians contemplating the initiation of 

adjunctive vasopressin in patients with septic shock.

Vasopressin is suggested as a norepinephrine adjunct in patients with septic shock.[17] 

While meta-analyses have demonstrated a mortality benefit of vasopressin analogues in the 

broader category of vasodilatory/distributive shock, vasopressin has not been associated with 

a mortality improvement specifically in patients with septic shock.[43, 44] These seemingly 

discrepant findings may be due to variable hemodynamic profiles observed in patients 

with septic shock, with the notable occurrence of sepsis-induced myocardial dysfunction.

[8, 45] For the average patient with septic shock, adjunctive low-dosage vasopressin does 

not change cardiac index. In a post-hoc analysis of the Vasopressin And Septic Shock 

Trial (VASST), no difference in cardiac index over time was detected between patients 

allocated to adjunctive vasopressin with norepinephrine versus norepinephrine monotherapy.

[30] Patients with chronic heart failure (New York Heart Association class III and IV) 

were excluded from the trial, though, and included patients on average had a baseline 

elevated cardiac index. Additionally, the hemodynamic analysis evaluated the average 

treatment effect in the study, and did not assess for heterogeneity of treatment effect by 

baseline cardiac index. Because of vasopressin’s pharmacology, it may have differential 

pharmacodynamic effects based on a patient’s underlying hemodynamic profile.[24–27] 

Animal models of heart failure have demonstrated decreased cardiac output after vasopressin 

initiation.[46, 47] Also, in a study of patients with compensated heart failure with reduced 

ejection fraction, vasopressin 0.1–0.8 pmol/kg/min (0.005–0.042 units/min for an 80 kg 
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patient) decreased cardiac output and stroke volume compared with baseline.[28] Our 

study showed an incremental decrease in hemodynamic response odds after vasopressin 

initiation with every 10% decrease in LVEF, signifying the impact of vasopressin initiation 

on the outcome to be exacerbated as LV dysfunction becomes more substantial. Although 

a previous meta-analysis did not detect a difference in LV function between sepsis 

survivors and non-survivors,[10] recent studies have found higher mortality in patients 

with septic shock and a cluster of features of LV systolic dysfunction (low LVEF and low 

cardiac index),[8] and those with LVEF <25%.[48] These data suggest patients with septic 

shock and LV systolic dysfunction are a vulnerable population and vasopressors must be 

selected judiciously. We hypothesize patients in our study with LV systolic dysfunction 

had a (further) decrease in cardiac output after vasopressin initiation, leading to less 

frequent hemodynamic response and higher mortality.[49] Future studies should evaluate 

this hypothesis. Our data support echocardiography as a valuable bedside tool to rule out LV 

systolic dysfunction prior to adjunctive vasopressin initiation in patients with septic shock in 

order to minimize drug-related harm.

We did not detect a difference between hemodynamic responders and non-responders 

in the frequency of LV diastolic dysfunction or RV dysfunction. To our knowledge, 

vasopressin has not been previously evaluated in either animal models or patients with 

septic shock and LV diastolic dysfunction. Because vasopressin typically decreases heart 

rate, we hypothesized hemodynamic responders would more frequently have LV diastolic 

dysfunction, with improved blood pressure due to increased ventricular filling time.[30, 

50] Since we did not detect differences between hemodynamic responders and non-

responders in E/e’, e’, or categorized LV diastolic dysfunction, our data suggest LV 

diastolic dysfunction is not a major contributor to hemodynamic response after vasopressin 

initiation in septic shock. In light of a number of case series describing beneficial effects 

of vasopressin-induced vasodilation of the pulmonary vasculature, a systematic review 

suggested low-dosage vasopressin for patients with vasodilatory shock and RV dysfunction.

[51, 52] While vasopressin was beneficial in a rat model of pulmonary vasoconstriction, in a 

canine model of acute pulmonary hypertension vasopressin increased pulmonary vascular 

resistance, decreased cardiac output, and decreased RV contractility.[53, 54] Although 

we did not detect a between-group difference in categorized RV dysfunction, TAPSE 

and TAPSV were higher in hemodynamic responders, consistent with better baseline RV 

function.[55] Our data do not support preferential use of vasopressin when signs of RV 

dysfunction are present in patients with septic shock; further research in this area is needed.

Our study has a number of strengths. First, we conscientiously designed the study to ensure 

echocardiograms were performed during catecholamine vasopressor administration and in 

close proximity to vasopressin initiation, without reliance on premorbid information. As 

demonstration of the importance of our study design, we did not detect a difference in 

premorbid LVEF or the frequency of heart failure history between hemodynamic responders 

and non-responders, but there was a between-group difference in LVEF and the frequency of 

LV systolic dysfunction during septic shock. Additionally, we performed multiple clinically-

relevant analyses to both better understand hemodynamic response after vasopressin 

initiation and inform bedside decision-making. The study is limited by its single-center 

nature and relatively small sample size. Further, our study design to ensure comprehensive 
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echocardiogram timing during septic shock but prior to vasopressin initiation may have led 

to a selection bias for the study sample. This is exampled by our reported hemodynamic 

response frequency of 56%, which is higher than previously-reported frequencies of 40–

45% utilizing the same definition for hemodynamic response at 6 hours after vasopressin 

initiation.[21, 22] Whether echocardiographic parameters differ in hemodynamic responders 

vs. non-responders in a population of patients with a lower hemodynamic response 

frequency is unclear. Also, because invasive or semi-invasive hemodynamic parameters, 

such as cardiac output/index, were not available the hemodynamic profile of included 

patients is incomplete. Yet, we designed this study to specifically evaluate echocardiographic 

parameters because they are commonly utilized at the bedside for shock diagnosis and 

management.[15, 16] Additionally, assessment of hemodynamic response at six hours after 

vasopressin initiation may lead to misclassification of response. Future studies should 

elucidate the optimal time point for assessing hemodynamic response after vasopressin 

initiation and the best definition of this endpoint (reflective of improved organ and tissue 

perfusion). Further, our study was not designed to evaluate the mechanism for hemodynamic 

non-response, which could include those of a cardiac nature (such as LVEF worsening due 

to increased afterload, or new myocardial ischemia) or a failure of vasopressin to improve 

arterial vasoconstriction. Lastly, because not all patients had a premorbid echocardiogram 

available for analysis, we are unable to distinguish between pre-existing ventricular 

dysfunction and sepsis-induced changes. This differentiation may have important prognostic 

and treatment implications.[9, 56] However, regardless of the temporality, our findings 

suggest echocardiographic findings during septic shock can guide adjunctive vasoactive 

therapy decision-making. Future studies with a larger sample size should use statistical 

clustering methods to distill redundant information and isolate important hemodynamic 

(echocardiographic, etc.) parameters for hemodynamic response after vasopressin initiation.

Conclusions

Hemodynamic responders and non-responders 6 hours after vasopressin initiation had 

different pre-drug echocardiographic profiles. Patients with septic shock administered 

adjunctive vasopressin with concomitant LV systolic dysfunction had less frequent 

hemodynamic response and higher mortality. In patients with septic shock not responding 

to initial catecholamines, echocardiography may provide useful information to optimize 

adjunctive vasopressor therapy and minimize drug-related harm.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

APACHE acute physiologic and chronic health evaluation

e’ peak early diastolic velocity of the mitral annulus

E mitral left ventricular inflow peak early velocity

ICU intensive care unit

LVEF left ventricular ejection fraction

MAP mean arterial blood pressure

MAP/NEQ mean arterial pressure/norepinephrine-equivalent catecholamine dose

RV right ventricular

SOFA sequential organ failure assessment

TAPSE tricuspid annular plane systolic excursion

TAPSV tricuspid lateral annulus peak systolic velocity (also known as RV S’)
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Highlights

• Hemodynamic responders, compared with non-responders, had higher LVEF 

(61% vs. 55%) and less-frequent LV systolic dysfunction (absolute difference 

−16%; 95% CI −30% to −2%)

• Higher LVEF was associated with higher odds of hemodynamic response (for 

each LVEF 10%, response OR 1.32; 95% CI 1.04–1.68)

• Patients receiving vasopressin with LV systolic dysfunction had higher 

mortality risk compared to those without LV systolic dysfunction 

(HR(t)=e[0.81−0.1*t]; at t=0, HR 2.24; 95% CI 1.08–4.64)

• Echocardiography may provide useful information to optimize adjunctive 

vasopressor therapy in patients with septic shock
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Figure 1. 
Distribution of Echocardiographic Parameters by Hemodynamic Response

Density plots representing the distribution of echocardiographic parameters by 

hemodynamic response group after vasopressin initiation. Hemodynamic responders had 

higher LVEF (p=0.02), TAPSE (p=0.03), and TAPSV (p=0.02). No between-group 

difference was detected in the analysis of e’ and E/e’. N=110 for TAPSE, N=123 for TAPSV. 

e’ = peak early diastolic velocity of the mitral annulus, E = mitral left ventricular inflow 

peak early velocity, LVEF = left ventricular ejection fraction, TAPSE = tricuspid annular 

plane systolic excursion, TAPSV = tricuspid lateral annulus peak systolic velocity (also 

known as RV S’)
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Figure 2. 
Ventricular Dysfunction Categories by Hemodynamic Response

Proportion of patients with pre-drug categorized ventricular dysfunctions within 

hemodynamic response and hemodynamic non-response groups. Hemodynamic responders, 

compared with hemodynamic non-responders, less frequently had pre-drug LV systolic 

dysfunction (absolute difference −16% [−30% to −2%]). No between-group difference 

was detected in the comparison of the frequency of other pre-drug ventricular dysfunction 

categories. LV = left ventricular, RV = right ventricular
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Figure 3A-D. 
Hemodynamic Response by Ventricular Dysfunction Categories

Proportion of patients with hemodynamic response after vasopressin initiation within pre-

drug categorized (A) LV systolic dysfunction, (B) LV hyperkinesia, (C) LV diastolic 

dysfunction, and (D) RV dysfunction categories. Patients with pre-vasopressin LV systolic 

dysfunction, compared with patients without LV systolic dysfunction, less frequently had 

hemodynamic response (absolute difference 24% [−44% to −3%]). No difference was 

detected in the comparison of hemodynamic response frequency within other ventricular 

dysfunction categories. e’ = peak early diastolic velocity of the mitral annulus, E = mitral 

left ventricular inflow peak early velocity, LV = left ventricular, LVEF = left ventricular 

ejection fraction, RV = right ventricular
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Figure 4. 
Kaplan-Meier Curves for 28-Day Survival by Left Ventricular Systolic Dysfunction Group

Kaplan-Meier estimated probability of survival in patients with pre-vasopressin LV systolic 

dysfunction (red) and no LV systolic dysfunction (blue). Compared to those without LV 

systolic dysfunction, patients with LV systolic dysfunction receiving adjunctive vasopressin 

had higher risk for 28-day mortality with a time-varying effect (HR(t)=e[0.81−0.1*t]; at t=0, 

HR 2.24; 95% CI 1.08–4.64). Insert: Kaplan-Meier estimated probability of survival over the 

first four days after vasopressin initiation. Four days was utilized as the exposure time for 

the insert because over 85% of patients received vasopressin for four days or less. LV = left 

ventricular, LVEF = left ventricular ejection fraction.
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Table 1.

Patient Characteristics

Characteristic Total (N=129) Hemodynamic Response 
(n=72)

Hemodynamic Non-Response 
(n=57)

p

At ICU Admission

 Age (years) 61.0 (53.0, 69.0) 62.0 (52.5, 69.5) 61.0 (53.0, 69.0) 0.88

 Male sex 63 (48.8) 27 (47.4) 36 (50.0) 0.86

 Body weight (kg) 86.6 (70.5, 107.0) 84.3 (70.0, 106.8) 87.7 (76.0, 107.5) 0.55

 Premorbid LVEF (%)a 60 (55, 60) 60 (55, 66) 60 (50, 66) 0.95

 APACHE III 108 (83, 130) 110 (84, 131) 107 (82, 128) 0.54

At Catecholamine Initiation

 Broad spectrum antibiotic receipt 120 (93.0) 66 (91.7) 54 (94.7) 0.73

 Lactate (mmol/L) 4.2 (3.1, 7.8) 4.2 (3.0, 6.8) 4.2 (3.1, 9.0) 0.46

At Echocardiogram Performance

 Hours elapsed from catecholamine 
start

6.2 (2.2, 13.8) 8.0 (2.6, 15.2) 4.5 (1.9, 10.7) 0.31

 SAP (mm Hg) 99 (89, 110) 101 (91, 112) 97 (89, 108) 0.26

 DAP (mm Hg) 52 (48, 59) 52 (48, 60) 52 (48, 56) 0.54

 MAP (mm Hg) 68 (63, 76) 67 (63, 75) 69 (63, 77) 0.30

 Norepinephrine-equivalent dose (mcg/
min)

16 (10, 25) 16 (10, 25) 17 (9, 25) 0.89

 MAP/NEQ (mm Hg/[mcg/kg/min]) 366 (222, 671) 394 (218, 767) 341 (229, 650) 0.83

At Vasopressin Initiation

 Hours elapsed from echocardiogram 7.6 (3.2, 19.5) 10.7 (3.7, 25.0) 6.2 (2.1, 13.6) 0.01

 Hours elapsed from catecholamine 
start

17.7 (8.7, 33.1) 20.0 (10.0, 39.4) 12.3 (7.0, 28.2) 0.05

 SAP (mm Hg) 101 (93, 113) 105 (97, 116) 98 (87, 110) <0.01

 DAP (mm Hg) 51 (46, 57) 53 (48, 61) 49 (43, 56) 0.04

 MAP (mm Hg) 68 (62, 76) 70 (65, 78) 64 (59, 72) <0.01

 Norepinephrine-equivalent dose (mcg/
min)

25 (18, 40) 27 (20, 40) 22 (15, 40) 0.27

 MAP/NEQ (mm Hg/[mcg/kg/min]) 242 (151, 360) 241 (147, 350) 242 (156, 376) 0.81

 Lactate (mmol/L) 3.0 (2.2, 6.0) 3.0 (2.1, 5.1) 3.4 (2.2, 9.3) 0.35

 Arterial pH 7.34 (7.26, 7.38) 7.35 (7.29, 7.39) 7.32 (7.24, 7.36) 0.04

 SOFA 14 (12, 17) 15 (12, 17) 14 (12, 17) 0.43

 Mechanical ventilation 98 (76.0) 58 (80.6) 40 (70.2) 0.21

At Hemodynamic Response Adjudication (6 Hours After Vasopressin Initiation)b

 SAP (mm Hg) 111 (101, 127) 114 (105, 130) 105 (94, 123) <0.01

 DAP (mm Hg) 60 (53, 67) 61 (56, 68) 56 (49, 65) 0.03

 MAP (mm Hg) 79 (72, 89) 81 (76, 86) 75 (68, 85) <0.01

 Norepinephrine-equivalent dose (mcg/
min)

20 (10, 30) 15 (7, 22) 27 (15, 60) <0.01
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Characteristic Total (N=129) Hemodynamic Response 
(n=72)

Hemodynamic Non-Response 
(n=57)

p

 Norepinephrine-equivalent dose 
change after vasopressin initiation (mcg/
min)

−6 (−14, 2) −10 (−17, −8) 5 (0, 29) <0.01

 MAP/NEQ (mm Hg/[mcg/kg/min]) 231 (128, 374) 290 (194, 436) 159 (103, 263) <0.01

 Vasopressin dose (units/min) 0.03 (0.03, 0.04) 0.03 (0.03, 0.04) 0.03 (0.03, 0.03) 0.58

Data presented as n (%) or median (interquartile range). Additional patient characteristics, including norepinephrine-equivalent doses in mcg/kg/
min, can be found in eTable 1 in the Supplementary Materials.

a
N=61.

b
N=128. APACHE = acute physiologic and chronic health evaluation, DAP = diastolic arterial pressure, LVEF = left ventricular ejection fraction, 

MAP = mean arterial blood pressure, MAP/NEQ = mean arterial pressure/norepinephrine-equivalent catecholamine dose, SAP = systolic arterial 
pressure, SOFA = sequential organ failure assessment
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