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A B S T R A C T

Echocardiography is increasingly used to assess hemodynamics in critically ill neonates. We describe a novel 
echocardiographic phenotype associated with warm shock in preterm neonates with late-onset sepsis, ranging 
from left ventricular outflow tract (LVOT) acceleration to dynamic LVOT obstruction, with systolic anterior 
motion (SAM) of the mitral valve and secondary mitral regurgitation (MR).

We retrospectively reviewed six consecutive preterm neonates with late-onset sepsis admitted between June 
2024 and June 2025. All underwent neonatologist performed echocardiography (NPE) at the time of clinical 
deterioration.

All neonates presented with signs of warm shock, including tachycardia and hyperdynamic circulation. NPE 
demonstrated aliasing across the LVOT on color Doppler and a dagger-shaped spectral Doppler profile, indicative 
of LVOT acceleration. In three cases, dynamic LVOT obstruction with SAM and MR was demonstrated. Man
agement included fluid boluses and vasopressors (norepinephrine); two cases required β-blockade (esmolol), 
resulting in resolution of obstruction and MR.

This case series describes a previously unreported echocardiographic phenotype associated with warm shock 
in preterm neonates, characterized by a spectrum ranging from LVOT flow acceleration to dynamic LVOT 
obstruction with SAM and secondary MR. NPE enabled early identification and pathophysiological under
standing, and tailored management. Prospective studies are needed to validate these findings.

1. Introduction

Sepsis is a significant cause of morbidity and mortality in neonates, 
with cardiovascular compromise contributing to poor outcomes [1]. 
Sepsis-related cardiovascular dysfunction is traditionally classified into 
two main types: cold and warm shock and related to the degree of 
myocardial impairment and vasoregulatory failure, respectively [2]. A 
recent systematic review found that septic newborns commonly present 
with a warm shock physiology, characterized by reduced systemic 
vascular resistance (SVR) due to vasodilation, resulting in hypotension, 

normal or elevated cardiac output, rapid capillary refill, bounding pul
ses, and tachycardia [3]. Cold shock, in contrast, involves vasocon
striction, leading to pale or cold extremities, delayed capillary refill, 
generally decreased cardiac output, and weak pulses [4].

Although the classification appears straightforward, differentiating 
between warm and cold shock at the bedside remains challenging due to 
limitations in clinical assessment and the reliability of measurements 
such as blood pressure and capillary refill, particularly in preterm neo
nates [4]. Enhanced phenotyping through neonatologist-performed 
echocardiography (NPE) can improve diagnostic accuracy, uncover 
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underlying pathophysiology, and guide targeted management strategies 
[5]. At our center, we routinely perform NPE using a structured protocol 
for image acquisition and quantitative measurements [6].

The aim of the study was to review cases of sepsis in preterm neo
nates presenting with warm shock, to determine whether a distinct 
cardiac phenotype is present during warm shock, as assessed by NPE, 
and to describe their management implications.

In our unit, hemodynamic assessment is supported by a dedicated 
consultation service run by neonatologists with expertise in NPE, 
providing prompt and comprehensive cardiovascular evaluation. The 
NPE protocol is described in the Supplemental File 1. We retrospectively 
reviewed six cases of preterm neonates with late-onset sepsis presenting 
with signs of warm shock admitted between June 2024 and June 2025. 
Echocardiographic studies were triggered by clinical suspicion of sepsis, 
including signs such as tachycardia, hypotonia, hyporeactivity, and low 
blood pressure. In all cases, the first echocardiographic assessment was 
performed at the clinical onset of sepsis, prior to initiation of antibiotic 
therapy or any cardiovascular treatment. This was followed by repeat 
examinations according to an individualized management plan—typi
cally approximately one hour after initiation of any cardiovascular 
treatment and subsequently every 24–48 h, depending on clinical evo
lution. Written informed consent was obtained from the parents or legal 
guardians of all participants.

2. Case

All cases demonstrated a consistent echocardiographic pattern 

characterized by high peak velocities in the left ventricular outflow tract 
(LVOT), indicated by color Doppler aliasing at the level of the LVOT with 
a characteristic late-peaking, dagger-shaped pressure gradient on 
Doppler imaging (Fig. 1, Supplementary Video 1). These high peak 
LVOT velocities were observed across cases with variable severity, 
ranging from isolated LVOT flow acceleration to dynamic LVOT 
obstruction with systolic anterior motion (SAM) of the mitral valve (MV) 
and concomitant mitral regurgitation (MR). In the apical five-chamber 
view, this pattern was visualized on color Doppler imaging as a blue 
jet with a characteristic “V-shaped” configuration. The base of the “V” 
corresponds to color aliasing at the LVOT, consistent with dynamic 
obstruction. The left arm of the “V” represents systolic flow directed 
toward the aorta, whereas the right arm reflects regurgitant flow 
through the MV into the left atrium (Fig. 1).

Table 1 summarizes the main echocardiographic parameters for each 
case. Given the descriptive nature of this retrospective case series and 
the limited sample size, no formal statistical analyses were performed.

2.1. Case 1

This case involves a female neonate born at 24 + 4 weeks' gestation, 
who developed sepsis on day 10 of life (DoL). She exhibited tachycardia, 
episodes of apnea, and desaturation, which prompted an NPE assess
ment. The echocardiogram revealed a left ventricular output (LVO) close 
to the upper limit of normal, and good left ventricular systolic function 
[7]. There was a mild LVOT acceleration without SAM of the MV and 
MR. [8] The neonate responded favorably to volume expansion (10 mL/ 

Fig. 1. Echocardiographic phenotype of warm shock. A) Apical 5-chamber view with color Doppler imaging demonstrating a blue jet with a characteristic “V” shape. 
At the base of the “V,” aliasing is observed at the level of the left ventricular outflow tract (LVOT), consistent with dynamic obstruction. The left arm of the “V” 
represents flow directed toward the aorta, while the right arm indicates regurgitant flow through the mitral valve into the left atrium. B). Schematic of apical 5-cham
ber view showing dynamic LVOT obstruction due to systolic anterior motion (SAM) and associated mitral regurgitation. C) Continuous-wave Doppler tracing showing 
a characteristic dagger-shaped signal consistent with dynamic obstruction at the level of LVOT. D) M-mode echocardiography showing SAM of the mitral valve (red 
arrow). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Table 1 
Clinical and echocardiographic data of the study neonates.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Clinical characteristics at birth
Gestational age (week 
+ day)

24 + 4 25 + 2 29 + 0 31 + 0 24 + 4 25 + 0

Birth weight (g) 755 875 580 1715 830 775
Sex F F M F M F
Mode of delivery SVD CS CS SVD SVD SVD
5’ APGAR score 7 8 7 7 4 7
Antenatal steroids yes yes yes no no yes
Intrapartum antibiotics no yes yes no no yes
PROM >18 h yes no no no no no
Chorioamnionitis yes yes no no no yes
Postnatal steroids no no no no no no

Clinical characteristics at the onset of sepsis
Day of Life 10 17 7 11 25 17
Postmenstrual age 

(week)
25 + 6 27 + 5 30 + 0 32 + 4 28 + 2 27 + 2

Body weight (g) 685 815 640 1640 960 880
Respiratory support NIV MV NIV MV MV MV
FiO2 (%) 25 25 35 21 30 25
MAwP (cmH2O) 6.9 6.8 9.3 9.1 15 12
preductal SpO2 96 94 94 95 96 92
OSI 179 181 346 201 469 326
pH 7.30 7.45 7.16 7.28 7.29 7.37
CO2 (mmHg) 30 55 55 56 63 36
BE (mmol/L) − 11.6 9.9 − 9.5 − 1.5 2 − 3.9
lactate (mmol/L) 0.8 1.2 1.3 1.3 1.0 1.0
HR (bpm) 190 190 175 185 187 150
Blood pressure Normotensive Normotensive Hypotensive Hypotensive Hypotensive Normotensive
Systolic BP (mmHg) 75 74 50 55 44 55
Mean BP (mmHg) 50 48 28 30 20 35
Diastolic BP (mmHg) 37 35 21 25 15 27
Urine output 

(ml/kg/h - last 12 h)
4.7 2.5 3.0 4.5 5.2 3.9

Blood culture S. epidermidis E. coli S. warneri K. pneumoniae S. haemolyticus E. coli
CRP (mg/L) 7 15 10 163 7 49
PCT (mcg/L) 0.81 0.4 2.04 3.4 0.79 2.97
WBC (x 109 L) 42 26.15 2.9 7.0 18 23

Echocardiographic at the onset of sepsis/SIRS
LVO (ml/kg/min) 280 233 265 260 349 287
RVO (ml/kg/min) 270 244 253 255 317 273
BP-EF (%) 55 50 65 64 63 69
GLS (%) − 18 − 17 - 18 - 20 - 14.6 - 21
Mitral regurgitation, 

pressure gradient 
(mmHg)

none 100 48 none 69 none

Systolic anterior 
motion of the mitral 
valve (MV)

none yes yes none yes none

Peak velocity of LVOT 
obstruction (m/s)

1.80 2.24 2.32 1.58 4.18 2.00

PDA Closed Closed Closed Closed Closed Closed
PAAT/RVET 0.3 0.3 0.35 0.3 0.4 0.3
EI 1.2 1.3 1.54 1.2 1.2 1.3
TAPSE (cm) 0.6 0.7 0.6 0.8 0.45 0.7
E/A (MV) 0.6 0.6 0.6 0.6 0.6 0.4
E/e’ (MV) 11 15 12.3 7 NA 7.6

Follow-up
Treatment fluid bolus (10 mL/ 

kg), norepinephrine
fluid bolus (10 mL/kg), increase 
in daily fluid intake (20 mL/kg/ 
day), norepinephrine, esmolol

fluid boluses (20 mL/kg), 
increase in daily fluid intake 
(20 mL/kg/day), 
norepinephrine

fluid boluses (20 
mL/kg), 
norepinephrine

fluid boluses (20 
mL/kg), 
norepinephrine, 
esmolol

fluid boluses 
(20 mL/kg),

Outcome Survived Withdrawal of care Died Survived Survived Survived

Abbreviations: BP = blood pressure; BP-EF = Simpson's biplane ejection fraction; CRP = C-reactive protein; CS = cesarean section; EI = eccentricity index; F = female; 
GLS = global longitudinal strain; HR = heart rate; LVO = left ventricular output; LVOT = left ventricular outflow tract; M = male; MAwP = mean airway pressure; MV 
= mechanical invasive ventilation; NEC = necrotizing enterocolitis; NIV = non-invasive ventilation; OSI = oxygen saturation index; PAAT/RVET = pulmonary artery 
acceleration time/ right ventricle ejection time; PCT = procalcitonin; PDA = patent ductus arteriosus; PROM = premature rupture of membranes; RVO = right 
ventricular output; SVD = spontaneous vaginal delivery; TAPSE = tricuspid annular plane systolic excursion; WBC = white blood cell.
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kg) and norepinephrine infusion, with a subsequent reduction in heart 
rate and improvement of the dynamic LVOT obstruction. Blood cultures 
were positive, and laboratory results were consistent with sepsis. The 
echocardiographic anomalies resolved within 48 h.

2.2. Case 2

A female neonate born at 25 + 2 weeks' gestation presented with 
sepsis on DoL 17. She exhibited clinical deterioration, characterized by 
tachycardia, abdominal distension, and pallor/mottled skin. Blood cul
tures and lumbar cerebrospinal fluid tests were positive for E. coli. The 
initial echocardiogram revealed a normal LVO with good systolic 
function. There was a mild LVOT obstruction, accompanied by SAM and 
MR. A fluid bolus of 10 mL/kg and an increase in daily fluid intake by 20 
mL/kg/day were administered, along with initiation of norepinephrine. 
However, the dynamic obstruction and MR persisted, leading to the 
initiation of continuous esmolol infusion. Both the obstruction and the 
MR improved rapidly and resolved completely within 10 days, but due 
to severe neurological sequelae, care was ultimately withdrawn.

2.3. Case 3

The patient was a male infant born at 29 + 0 weeks' gestation, who 
developed clinical signs consistent with sepsis, including tachycardia, 
hypotension, and acute respiratory deterioration requiring mechanical 
ventilation on DoL 7. Echocardiography showed a mild LVOT obstruc
tion and a mild secondary MR. These findings suggested a relative 
hypovolemia and excessive catecholamine stimulation, which exacer
bated the LVOT obstruction. The accompanying MR caused elevated left 
atrial pressure, supported by the presence of a left-to-right atrial shunt, 
and may have contributed to the development of pulmonary edema. 
Initial management included fluid boluses totaling 20 mL/kg, followed 
by a further increase in fluid intake of 20 mL/kg/day, and vasopressor 
support using noradrenaline. Despite these interventions, the infant 
developed refractory shock with progressive circulatory collapse.

2.4. Case 4

A female infant born at 31 + 0 weeks' gestation presented on DoL 11 
with feeding intolerance, abdominal distension, and respiratory deteri
oration. Echocardiography revealed a good systolic function and a mild 
LVOT acceleration, which resolved after initiation of fluids and 
norepinephrine.

2.5. Case 5

A male infant born at 24 + 4 weeks' gestation presented on DoL 25 
with respiratory deterioration requiring high frequency ventilation, 
tachycardia, and biochemical evidence of late-onset sepsis. Echocardi
ography revealed severe LVOT obstruction without anatomical abnor
malities, associated with SAM and severe MR, likely causing increased 
atrial pressure and pulmonary venous congestion. Despite fluid boluses 
totaling 20 mL/kg and norepinephrine, there was no initial improve
ment. During the clinical course, the infant rapidly developed left ven
tricular hypertrophy, which was hypothesized to be secondary to 
persistent dynamic LVOT obstruction, as no postnatal corticosteroids or 
insulin exposure occurred. Significant clinical and echocardiographic 
improvement occurred following initiation of esmolol after 48 h, which 
sharply reduced the LVOT obstruction. On this basis, beta-blockade was 
maintained to mitigate hypercontractility and prevent recurrence of 
obstruction. Esmolol was progressively weaned and transitioned to oral 
propranolol, which was discontinued on DoL 60.

2.6. Case 6

A female infant born at 25 + 0 weeks' gestation developed sepsis on 

DoL 17, presenting with respiratory deterioration. Echocardiography 
revealed a mild LVOT acceleration that disappeared with fluid boluses 
totaling 20 mL/kg.

3. Discussion

To the best of our knowledge, this is the first reported association 
between sepsis, LVOT acceleration, and dynamic LVOT obstruction in 
preterm neonates with a clinical phenotype of warm shock. Recognition 
of this pattern in neonates is critical, as it helps individualize the 
approach based on the underlying pathophysiology.

All cases in our neonatal series were characterized by the onset of 
warm shock. The initial trigger was vasoplegia due to sepsis, leading to 
low afterload, loss of intravascular volume from capillary leak into the 
“third space,” and relative hypovolemia. These changes activated a 
compensatory sympathetic response, resulting in tachycardia and 
increased myocardial contractility—a classic hallmark of warm shock 
physiology [3,4].

The echocardiographic hallmark of this response was a blue jet with 
color Doppler aliasing at the LVOT with a characteristic late-peaking, 
dagger-shaped pressure gradient on Doppler imaging, both indicative 
of dynamic LVOT acceleration (Fig. 1, Supplementary Video 1). High 
peak LVOT velocities, commonly observed in hypertrophic cardiomy
opathy, can also be observed in healthy children and adolescents 
without left ventricular hypertrophy, particularly after exercise. In these 
settings, the underlying physiology remains incompletely understood 
but is thought to reflect dynamic intracavitary narrowing rather than 
true obstruction at the LVOT [9]. This intracavitary flow acceleration is 
likely multifactorial and may be related to the combination of hyper
dynamic systolic function, reduced preload, and reduced afterload. 
Therefore, although these findings are not specific to warm shock, they 
are frequently encountered in this clinical scenario [9].

This pattern was observed in Cases 1, 4, and 6, in which only mild 
LVOT acceleration was detected (Aortic Vmax < 2 m/s), without evi
dence of systolic anterior motion (SAM). These findings likely represent 
the milder end of a physiological spectrum of hyperdynamic flow rather 
than pathological obstruction [8].

At the opposite end of the spectrum, Cases 2, 3, and 5 demonstrated 
clear dynamic left ventricular outflow tract obstruction, characterized 
by high Doppler-derived gradients, the presence of SAM of the MV, and 
secondary MR, with severity graded according to Doppler-derived peak 
aortic velocities (mild: Vmax 2.0–2.9 m/s; moderate: Vmax 3.0–3.9 m/s; 
severe: Vmax ≥4.0 m/s), as reported in recent guidelines [8]. This 
pattern closely resembles dynamic LVOT obstruction described in 
hypercontractile states such as hypertrophic cardiomyopathy and adult 
septic shock [10–12].

This obstruction is likely due to a combination of reduced left ven
tricular filling, hypercontractility, and reduced afterload, which 
together create the ideal conditions for promoting systolic anterior 
motion (SAM) of the MV [10–12]. The anterior mitral leaflet moves 
toward the interventricular septum during systole, narrowing the LVOT. 
This is, at least in part, driven by the Venturi effect, where high-velocity 
blood flow through the narrowed outflow tract creates a low-pressure 
zone, drawing the mitral leaflet into the LVOT and causing a dynamic 
obstruction [13].

MR may occur secondary to SAM when the anterior displacement of 
the mitral leaflet disrupts leaflet coaptation, allowing regurgitant flow 
into the left atrium. The presence of SAM and MR may depend on 
multiple factors, including blood flow velocity in the LVOT, interven
tricular septal hypertrophy, and the intrinsic anatomy of the MV appa
ratus, including the leaflets, papillary muscles, and chordae tendineae 
[13]. When MR was present, it likely contributed to elevated left atrial 
pressure, pulmonary venous congestion, and subsequent pulmonary 
edema, providing a mechanistic explanation for the observed respira
tory deterioration in these neonates [10,14].

In this setting, fluid resuscitation was triggered by the presence of 
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dynamic LVOT obstruction, with the aim of increasing preload and 
alleviating the obstruction. Fluid boluses and/or an increase in daily 
fluid intake were therefore considered key components of management 
to increase left ventricular end-diastolic volume, even in the presence of 
MR. Importantly, the MR was interpreted as functional and related to 
SAM of the MV rather than to annular dilation or structural valve dis
ease. Accordingly, volume expansion was directed toward optimizing 
left ventricular filling to mitigate LVOT obstruction, with the intention 
of secondarily reducing SAM and MR, while carefully monitoring for 
potential pulmonary congestion with serial lung ultrasound 
assessments.

Another cornerstone of management in this physiological context is 
appropriate vasopressor selection. Avoiding agents with mixed α- and 
β-adrenergic effects (such as dopamine or epinephrine) in favor of pre
dominantly α-adrenergic agonists (e.g., norepinephrine) may improve 
cardiac filling by increasing systemic vascular resistance and arterial 
pressure, thereby reducing reflex tachycardia and limiting dynamic 
LVOT obstruction without a marked increase in contractility. Vaso
pressin may represent an attractive alternative in this setting, as it 
provides vasoconstriction without β-adrenergic effects; however, cur
rent evidence in neonates remains limited, and further studies are 
required [10].

Finally, as demonstrated in two of our cases, there was a physio
logical rationale for the use of β-blockade in the specific setting of dy
namic LVOT obstruction. β-blockers reduced heart rate, increased 
diastolic filling time, and mitigated hypercontractility, thereby 
decreasing LVOT obstruction and secondary MR. Although potential 
benefits of β-blockade have been reported in adult patients with warm 
septic shock, its use remains controversial [15]. Importantly, β-blockade 
is not a conventional therapy in neonates, and clinicians should be fully 
aware of its potential complications, including bradycardia, hypoten
sion, and reduced cardiac output. Its use should therefore be considered 
only in carefully selected cases with echocardiographically confirmed 
dynamic LVOT obstruction and under close monitoring.

3.1. Limitations

We acknowledge that this study is a retrospective case series with a 
small sample size, conducted at a single center, which limits the 
generalizability of our findings. The retrospective design may be subject 
to incomplete data capture and unmeasured confounders, and the 
single-center experience reflects local clinical practices that may not be 
universally applicable. In addition, potential selection bias cannot be 
excluded, as echocardiography was performed based on clinical indi
cation in critically ill neonates. As such, our findings should be consid
ered hypothesis-generating and intended to stimulate further 
prospective and larger-scale studies to validate this echocardiographic 
phenotype and its clinical implications.

4. Conclusions

This case series describes a previously unreported echocardiographic 
phenotype associated with warm shock in preterm neonates, charac
terized by a spectrum ranging from LVOT flow acceleration to dynamic 
LVOT obstruction with SAM of the MV and secondary MR. These find
ings highlight the complexity of cardiovascular responses during 
neonatal sepsis and underscore the potential value of echocardiography 
in improving pathophysiological understanding of warm shock. Further 
multicenter, prospective studies are required to determine the preva
lence, clinical significance, and prognostic implications of this pheno
type, as well as its potential impact on management strategies and 
outcomes.
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