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SPECIAL ARTICLE OPEN

Hemodynamic assessment by neonatologist using
echocardiography: Primary provider versus consultation model
Shahab Noori1✉, Rangasamy Ramanathan2, Satyan Lakshminrusimha3 and Yogen Singh 4

© The Author(s) 2024

Hemodynamic instability is very common in sick neonates and the currently used traditional hemodynamic monitoring tools lack
sensitivity and specificity. Hemodynamic evaluation on echocardiography can provide direct information regarding the
pathophysiology causing the hemodynamic instability and help the bedside clinician in making a personalized treatment approach
based upon the deranged pathophysiology. Assessment of cardiac function and hemodynamics is essential in the management of
neonates with cardiorespiratory failure, and hence neonatologist-performed echocardiography is becoming an essential tool in
modern neonatal care. Depending on the level and size of the NICU, there is a daily need for echocardiography, and for a subset of
sick infants, serial echocardiographic assessments are warranted. Comprehensive guidelines for neonatologists performing
echocardiography and targeted neonatal echocardiography have been published providing a framework for training and quality
assurance. There has been a significant interest among the providers to learn echocardiography skills. This manuscript explores the
various needs of neonatal care providers around echocardiography, the current challenges neonatologists face in learning
echocardiography, and how they, especially neonatal fellows, can learn these important skills during their training.
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INTRODUCTION
Clinical evaluation and traditionally used laboratory markers are
the indirect proxy-parameters of cardiovascular well-being. The
limitations of both clinical and laboratory assessments regarding
the adequacy of circulatory function in neonates, especially during
the early postnatal transitional period, have long been recog-
nized.1,2 Echocardiography allows for a direct assessment of
cardiovascular function and significantly enhances the clinician’s
ability to diagnose and manage cardiovascular insufficiency in the
neonatal intensive care unit (NICU).

HISTORY AND EVOLUTION
Functional echocardiography was introduced in NICUs in the
1990s.3 As the name indicates, the focus was the assessment of
the function rather than the structure of the heart, and the choice
of the name was in part to differentiate it from cardiologist-
performed echocardiography to rule out congenital heart defects
(CHD). At the time, the main focus of functional echocardiography
was the assessment of the adequacy of systemic blood flow
during the transitional circulation among very preterm infants, a
population at high risk for brain injury secondary to cerebral
ischemia or intraventricular hemorrhage (IVH). With the increased
interest in a more enhanced assessment of hemodynamics among
neonatologists in the 2000s, the scope of functional echocardio-
graphy started to grow. Along with expanding its application in
the NICU, different terminologies such as Point-of-Care (POC)

echocardiography and Targeted Neonatal Echocardiography (TNE)
were introduced as a substitute for functional echocardiography
to emphasize various aspects of the procedure.4 Neonatologists
Performed Echocardiography (NPE) in Europe, focuses on the
provider performing the procedure to differentiate it from
cardiologist-performing studies and emphasizes the limited
structural assessment of the heart as one of the goals is to
differentiate between normal and abnormal heart.5–7 Other terms,
such as Clinician-Performed Ultrasound (CPU) used in Australia
demonstrate the limited assessment of the heart on ultrasono-
graphy. While the scope of echocardiography performed by the
neonatal care provider varies in different countries and even in
different NICUs within a country, in this article, we use NPE and
TNE interchangeably to refer to the echocardiography performed
and interpreted by the neonatologist.

VARIOUS CLINICAL NEEDS
Although assessment of the hemodynamics beyond physical
exam can aid in the diagnosis and management of cardiovascular
compromise in neonates, there are different clinical scenarios in
which the extent of skills needed to perform echocardiography
and interpret results vary. For example, ruling out significant
pericardial effusion requires a more basic echocardiographic skill
than the management of pulmonary hypertension in a neonate
with the vein of Galen malformation, where a more advanced skill
and knowledge of hemodynamics are needed.
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HEMODYNAMIC EVALUATION USING TNE
Assessment of cardiac function and hemodynamics is essential in
the management of neonates with cardiorespiratory failure.
Depending on the level and size of the NICU, there is a daily
need for echocardiography, and for a subset of sick infants, serial
echocardiographic assessments are warranted. Although some of
these needs, including ruling out congenital cardiac diseases
(CHD), are met by cardiology service, there are clinical situations
where the neonatologist caring for the patient at the bedside is
better positioned to perform these assessments. These clinical
situations include acute decompensation when immediate
assessment is needed and cases when serial evaluation is
necessary to titrate fluid therapy, vasoactive medications, ino-
tropes, pulmonary vasodilators, and ductal constrictors/dilators.
Table 1 describes the common clinical indications for hemody-
namic assessment using TNE. There are two models of hemody-
namic evaluation using TNE: primary neonatologist and
neonatology hemodynamic consultation team (Fig. 1).

Primary neonatologist model
In this model, the neonatologist, who is the primary physician,
performs and interprets the TNE. This is the traditional and most

widely practiced model. There are several advantages to this
model. The primary neonatologist is the physician most familiar
with the patient’s history and clinical presentation, progression of
the disease, the impact of various treatments, and precise
questions needing to be answered by using TNE. Therefore, the
primary neonatologist is better positioned to incorporate the TNE
findings with all other pieces of information to shed light on the
underlying pathophysiology and formulate a treatment strategy.
In other words, the primary neonatologist is best suited to provide
individualized and tailored precision care. Another advantage is
that the hemodynamic assessment can be performed at any time
without delay. The examination can be focused and relatively brief
so that evaluation and management can be instituted in a time-
sensitive setting. This is especially important in the presence of
acute clinical deterioration. However, there are disadvantages to
this model as compared to a neonatology hemodynamic
consultation team. Although the number of neonatologists with
TNE has significantly increased over the past decade, they still
represent a small percentage of academic neonatologists. Training
all currently active neonatal providers and offering TNE training
during neonatal-perinatal medicine fellowship can be challenging
in countries such as the USA. Furthermore, a small subset of

Table 1. The common clinical indications for hemodynamic assessment using neonatologist-performed echocardiography.

Shock

Hypotension

Metabolic acidosis

Narrow pulse pressure

Low urine output

Escalation of cardiovascular medications

Cardiac arrest

Hypertension

Hypoxemic respiratory failure

Extremely preterm infant during transition

Clinical signs of patent ductus arteriosus (PDA)

Post-PDA ligation or transcatheter closure

Conditions associated with cardiovascular insufficiency (e.g. congenital diaphragmatic hernia)

Faster timeline
 to introduce

in some select
academic centers

T - Piece
Resuscitator

Circu

PRIMARY NEONATOLOGIST MODEL NEONATOLOGY HEMODYNAMICS
CONSULTATION MODEL

Provider with most
knowledge of patient’s
course performs and
interprets the echo

Early institution of
 individualized and

tailored precision care

Timely
intervention

in acute
deterioration

Need to train large
number of neonatal

providers and
mandate TNE training

during fellowship

Need for advanced
hemodynamic TNE

expertise to interpret
complex cardio-

pulmonary physiology

Inconsistency Dedicated team of
neonatologists with
advanced expertise
in TNE and cardio-
vascular physiology

Ability to perform
advanced imaging

techniques and
provide interpretation

Structured approach
and consistency

Need for an one-year
advanced hemodynamics

fellowship 

The primary neonatologist
is a by-stander somewhat

similar to the current
situation of being

dependent on pediatric
cardiology service for

performance of echo and
its interpretation

85       142

Fig. 1 Hemodynamic assessment models in the NICU. The pros and cons of the primary neonatologist model (left panel), where
hemodynamic evaluation is performed by the primary neonatal care provider, versus neonatology hemodynamics consultation model (right
panel), where hemodynamic evaluation is performed by the specialist neonatal hemodynamic team are shown.
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patients with cardiorespiratory failure has a complex pathophy-
siology that requires advanced hemodynamic expertise to
interpret the TNE findings correctly. Lastly, there can be
inconsistency of the service delivered because of varied TNE skills
among providers and their availability.

Neonatology hemodynamic consultation model
In this model, a neonatology hemodynamic consultation team
performs and interprets the TNE and makes recommendations to
the primary neonatologist. This is a newer model and is only
available in a small number of academic centers with a significant
hemodynamic focus. The biggest advantage of this model
includes having a dedicated team of neonatologists who have
advanced expertise in echocardiography and cardiovascular
physiology to evaluate the patient and perform and interpret
TNE. They can expand the TNE assessment to include more
advanced measurements such as tissue Doppler imaging and
strain rate. Another advantage of this model lies in having a small
group responsible for performing and interpreting TNE. This
allows for a more structured approach to TNE and accumulates
real-life TNE experience in a shorter time. This model improves the
consistency of the TNE and hemodynamic evaluation services. In
addition, this model and the associated infrastructure can support
the one-year hemodynamic-focused fellowship and would also be
ideal for training the newer generation of neonatologists in
developing expertise in hemodynamics. Among the disadvan-
tages of this approach is replacing the primary neonatologist with
a physician who has not been caring for the patient. This is
important as the whole idea of performing TNE by the
neonatologist rather than by the cardiology service is that the
treating physician is in a better position to perform and interpret
the functional echocardiography. The other limitation of this
model is that a core group of neonatologists with such expertise is
needed to provide day and night coverage, something that is
currently only possible in a handful of academic centers. Currently,
it is not possible to have such a model in most of the academic
NICUs, and this essentially excludes non-academic NICUs. As the
vast majority of preterm and sick term infants are cared for by
neonatologists in non-academic NICUs, the benefits of TNE will
only be realized for a tiny fraction of the population. Therefore,
while the consultation model is likely more effective in unraveling
the underlying pathophysiology in the most complex patients,
due to its limitations, it has significantly less direct impact on the
neonatal population as a whole until this model becomes widely
available across most of the academic and non-academic NICUs.
Considering the advantages and disadvantages of each model,

it is clear that the two models are complementary, and both are
needed for TNE to fulfill its primary goal of improving the
outcomes in sick neonates in the NICU.

CARDIAC POCUS
Compared to TNE, cardiac point-of-care ultrasound (POCUS) is less
well-defined.8 It generally refers to ultrasonography performed by
the primary caregiver (e.g., a neonatologist) to answer a specific
clinical question and usually in an emergency situation, for
example, ruling out poor contractility or pericardial effusion as the
cause of the cardiovascular collapse (Video 1). Compared to TNE,
less amount of training and skills are needed to perform and
interpret cardiac POCUS. However, depending on the definition of
cardiac POCUS, there can be a significant overlap between TNE
and cardiac POCUS. For example, in the International guidelines
on POCUS for critically ill neonates and children issued by the
POCUS Working Group of the European Society of Paediatric and
Neonatal Intensive Care, cardiac POCUS has a broader scope than
what was described above.9,10 It includes qualitative and semi-
quantitative assessment of preload, fluid-responsiveness, and
contractility, evaluating for patency of the ductus arteriosus, and

recognition and limited assessment of pulmonary hypertension.
However, this international guideline was developed for use in
both neonatal and pediatric intensive care units across the
countries and centers with a very significant limitation in the
availability of pediatric cardiology and TNE services. In countries
like the USA, where most centers have access to pediatric
cardiology or TNE services in a reasonable time, neonatal cardiac
POCUS should be used only for limited indications such as
assessment of cardiac contractility, detection of pericardial
effusion or cardiac tamponade, and rapid evaluation of shock to
determine the need for fluid versus inotropic therapy (Table 2).
Although except in the severe case, qualitative and semi-
qualitative interpretation of echocardiographic indicators of pre-
load and contractility is less reliable than a quantitative evaluation
using comprehensive TNE, nevertheless, they provide a direct
evaluation of the cardiac function and greatly supplement the
clinical examination, especially in emergency situations.
Recently, guidelines for using POCUS in emergencies in the

NICU referred to as “Crashing Neonate Protocol” and SAFE-R
protocols for acutely decompensating infants have been pro-
posed.11,12 In these protocols, in addition to a limited ultrasound
of the head, abdomen, and chest, cardiac POCUS is performed to
identify some of the major causes of acute cardiorespiratory
failure. The cardiac POCUS components are recognition of
pericardial effusion and tamponade, poor contractility, underfilled
heart, and pulmonary hypertension.
As the training and scope of neonatal cardiac POCUS are very

different from TNE or point-of-care echocardiography, in this
paper we will focus on echocardiography training only.

NEONATOLOGIST PERFORMED ECHOCARDIOGRAPHY – TNE
TRAINING
Although there is a consensus that echocardiography performed
by neonatologists (TNE/NPE) and cardiac POCUS are both valuable
in the management of neonates with cardiorespiratory failure,
there is no widely accepted structure or process to acquire the skill
and, more importantly, to verify competency.13 The expert opinion
and consensus statements in the last decade have provided some
framework and guidelines on training and quality assurance.
Some of the challenges in standardizing echocardiography

training stem from the regional and institutional differences in the
availability of resources and expertise to support a TNE or cardiac
POCUS program. Although there are many courses and workshops
on the subject providing the initial steps in learning echocardio-
graphy, one needs to spend at least 6–12 months as a mentored
trainee to acquire the necessary TNE skills in obtaining images and
interpreting the findings. This may be achieved during or after the
neonatology fellowship (Fig. 2), the scope of which warrants
further exploration as there is an increased demand to develop
such skills and limited availability of the resources (trainees’ and
mentors’ time and availability of the infrastructure).

Training during fellowship
Training during the fellowship has several advantages. Fellows
have three years to learn and to be evaluated. If TNE becomes a
part of fellowship training, the impact on the expansion of

Table 2. Indications for the cardiac point-of-care ultrasound in
neonates.

Rapid assessment of shock

Qualitative assessment of cardiac contractility

Rapid assessment of cardiac tamponade and pericardial effusion

Guide pericardiocentesis for cardiac tamponade

Verification of central catheter placement
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echocardiography knowledge and skills in the neonatology
workforce and, by extension, on neonatal patient care will be
highly significant. Ideally, basic principles and use of ultrasound
should be taught in medical school and be included in the
pediatric residency curriculum so that incoming fellows have
some basic knowledge of POCUS/TNE. However, there are several
limitations. Although increasing, the number of fellowship
programs with the infrastructure and expertise to support a
fellowship TNE program is still low. Even in the programs with TNE
expertise, the demand for substantial time commitment from the
TNE faculty poses a significant barrier, especially in smaller
programs where only one or two TNE experts are on staff. The
other challenge is completing neonatology learning objectives for
the fellow in a timely manner.
Here, we briefly describe some of our experiences training

neonatology fellows in our programs. At Los Angeles County
Hospital, the University of Southern California, and Children’s
Hospital Los Angeles, opportunities for learning echocardiography
for neonatology fellows have existed since 2000. The echocardio-
graphy training has evolved over the years. In 2003, the first annual
functional echocardiography course was held. Both neonatologists
and cardiologists taught this 5-day course on ultrasound physics,
imaging, and hemodynamics. Although our fellows were the
primary target audience, the attendees included local, national,
and international neonatologists and physicians in training. Since
2012, we have added echocardiography simulator training to
enhance and accelerate the initial skill development.14 The fellows
are required to attend the annual course in the first year of their
fellowship. The post-course training has changed from an elective to
mandatory since 2018. Each fellow is required to spend two weeks a
year dedicated to learning echocardiography. This involves hands-
on training on the simulator, performing echocardiography in the
newborn nursery and NICU, and observation and case discussion in
the echo lab. The simulation training prepares the fellow for the
actual echocardiography and is especially important for the novice,
although it is helpful for the more advanced learners.15 In addition,
the trainees can improve their skills in differentiating normal from
abnormal heart structure by imaging over 30 cases of various CHD
cases on the simulator. Depending on the competency level, they

will perform TNE throughout the year. A member of the TNE
program with expertise in echocardiography or a pediatric
cardiologist reviews each echocardiography study. By the end of
the fellowship, each fellow has done over 100 complete echocar-
diograms. In addition, fellows participate in monthly hemodynamic
case conferences and quality improvement meetings, where they
learn the interpretation of echocardiography images and how this
knowledge can be applied in clinical practice.

Training after fellowship
This can be in the form of an additional year of fellowship dedicated
to echocardiography and hemodynamics or a less structured and
perhaps with a more limited scope for the practicing neonatologist.
The first one-year hemodynamic fellowship program was estab-
lished at the University of Iowa in 2019, with few other programs
offering similar programs since. This approach had some advan-
tages over training during the neonatology fellowship. The whole
year is dedicated to learning TNE, understanding hemodynamics,
and applying the knowledge in daily patient care. These programs
typically have leading hemodynamic experts on the faculty and a
robust supportive infrastructure. The graduates from these pro-
grams are expected to master TNE and continue developing
hemodynamic expertise. However, this approach in training also has
limitations. Typically, the programs take one fellow a year, and since
there are only a handful of such programs, currently the impact of
such training on spreading skills among neonatologists is limited.
However, given the selection process for the most dedicated
candidate and the comprehensive curriculum, the graduates from
these programs are likely to have greater potential to initiate and
establish a TNE program after graduation.

Economic implications
Recruiting experts in TNE and providing them adequate time to
introduce the concept to pediatric residents and provide
dedicated training to fellows requires a financial commitment
from the Departments of Pediatrics for both models. The
additional year of advanced hemodynamics fellowship is currently
not approved by ACGME and will require funding from Depart-
ments although these providers have the option of

Provision of adequate time for TNE/POCUS mentors to provide training

Medical School – 4 y

Pediatric Residency – 3y

Echo
training

mandated
during the

3-y
Neonatal
Perinatal
Medicine

Fellowship

Neonatal 
Perinatal 
Medicine 

Fellowship 
without 

any echo 
training 
3 years

Introducing basic concepts of ultrasound, 
POCUS in the medical school and 

residency curriculum

Reduced exposure to NICU during residency 
may potentially increase time required by 

fellows to acquire basic neonatal skills during 
3-year fellowship

Economically advantageous for fellows as 
they graduate with TNE/POCUS skills in 3 

years and have an advantage in a 
competitive market

Mandated training in POCUS and TNE 
skills during fellowship by experienced 
mentors with adequate time to acquire 

skills during the 3-year period

Need for all fellowship programs to recruit faculty 
mentors with expertise in TNE/POCUS

Limited time for scholarly activities –
especially for future physician-scientists

Ability to be competitive in neonatology job 
market – both University based and non-

University based due to added skills

Ability to develop in-depth expertise in
echocardiography and interpretation

Advanced 
1-year 
hemo-

dynamics 
fellowship

Advanced fellows in neonatal hemodynamics 
delay their ability to generate higher 

compensation as an attending physician

ECHO TRAINING AFTER FELLOWSHIP

Pro-factors Con-factors

ECHO EDUCATION DURING TRAINING
(Medical School, Residency, Fellowship)

Fig. 2 Echocardiography training. The pros and cons of learning neonatologist performed echocardiography during and after neonatal
fellowship training are shown.
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“moonlighting” and earn extra-service payments. Finally, an
incentive (higher salary, guaranteed protected time, or earlier
promotion to a higher rank) must be provided to graduating
neonatal trainees with expertise in TNE.

Policy change implications
With proposals to reduce time spent in the ICUs by ACGME,16

incoming fellows to neonatal-perinatal medicine are likely to need
longer clinical time to achieve basic neonatal skills such as
resuscitation, line placement, and intubation. The added burden of
learning and developing expertise in TNEmay limit the time available
for scholarly activities in the “training during fellowship” model.
The recent suggestion by the National Academies of Science,

Engineering, and Medicine (NASEM) to reduce the duration of
pediatric fellowships to two years for clinically focused providers
may lead to less time for additional TNE training during fellowships
and support the “training after fellowship” model. However, the
main focus of the NASEM report was pediatric subspecialties with
difficulties in recruitment such as infectious diseases and endocri-
nology, and not neonatal perinatal medicine.17

Close attention should be paid to these proposals and their
implementation as it is likely to impact the time available for TNE
training.

CONCLUSIONS
In the last decade, significant advances in hemodynamic
evaluation, including the use of TNE, functional or point-of-care
echocardiography, and cardiac POCUS, have been made in
neonatology. The models of hemodynamic assessment using
TNE by the primary neonatologist and neonatology consultation
team are complementary and are needed to advance patient care.
With increased recognition of the role of echocardiography in
improving neonatal outcomes and increased demand for training,
the important question arises of how neonatologists can be
empowered with echocardiography skills while maintaining
quality assurance. Evaluation of various models of developing
this expertise by the national organizations tasked with pediatric
residency and fellowship curricula might streamline the acquisi-
tion of TNE/POCUS skills to enhance care for critically ill neonates.
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