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Abstract
Rapid diagnosis of sudden, unexpected, and potentially fatal complications in the neonatal intensive care unit (NICU) is essential  
for the initiation of prompt and life-saving management. Point-of-care ultrasound (POCUS) protocols are widely used in adult emergency  
situations to diagnose and guide treatment, but none has been specifically developed for the neonate. We propose a targeted  
diagnostic ultrasound protocol for the suddenly decompensating infant in the NICU for rapid screening for the most com-
mon life-threatening complications needing immediate attention. We integrated current knowledge on the use of POCUS  
for diagnosis of the most critical neonatal complications into the “SAFE-R protocol” (Sonographic Assessment of liFe- 
threatening Emergencies — Revised). The ultrasound algorithm was evaluated at the bedside for suitability and ease of use. 
Main features of SAFE-R are the use of standardized ultrasound points and a simple one-probe rule-in/rule-out approach.  
The flowchart is designed by order of urgency and priority is given to treatable causes. Hence, ruling out cardiac tamponade 
is the first step in the decision tree, followed by pneumothorax, pleural effusion, then acute critical aortic occlusion, acute 
abdominal complications, and severe intraventricular hemorrhage.

Conclusion: SAFE-R is the first ultrasound algorithm specifically conceived for use in the NICU to screen for the most  
common urgent neonatal complications leading to sudden deterioration, thereby providing critical information within minutes. 
The simplified and rapid approach is designed for the neonatologist and is easy to learn and quick to perform.

What is Known:
• The fields of neonatal and pediatric critical care are undergoing a transformation with the adoption of POCUS and the recent publication of 

the first international guidelines on POCUS for critically ill children and neonates.
• Targeted emergency ultrasound protocols are widely used in adult emergency and critical care medicine, but specific and adapted ultrasound 

algorithms are lacking for the pediatric and neonatal population.
What is New:
• We propose the first targeted ultrasound protocol specifically designed for the suddenly decompensating infant in the NICU for rapid screen-

ing of the most common life-threatening complications needing immediate attention.
• The SAFE-R ultrasound algorithm integrates current knowledge on ultrasound diagnosis of the most critical neonatal complications into a 

simple and easy-to-perform emergency scanning protocol aimed to guide initial management and resuscitation efforts.
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decompensation with bradycardia and/or prolonged signifi-
cant desaturation needing resuscitation, or rapidly increasing 
oxygen requirements, to maintain stable saturation levels, 
when there is no apparent explanation, e.g., technical diffi-
culties such as an occluded or dislodged ETT and ventilator 
dysfunction.

The first step of the proposed SAFE-R protocol is the 
SAFE protocol (Sonographic Assessment of liFe-threatening 
Emergencies) [6] which integrates current knowledge on the 
POCUS detection of the most critical neonatal complica-
tions (cardiac tamponade, tension pneumothorax, and large 
pleural effusions) into a simple POCUS algorithm. SAFE 
was assessed at the bedside for suitability and ease of use 
[8].

Operators underwent basic training consisting of a 2-h 
theoretical lung ultrasound course followed by hands-on 
training in the NICU. The SAFE protocol was then evalu-
ated prospectively in a bi-center, international, observa-
tional study in two tertiary level NICUs over 2 months by 
operators with different levels of experience defined as 
novices (experience < 3 months) and experienced sonog-
raphers (> 6 months of ultrasound experience). All opera-
tors, regardless of their level of experience, were able to 
quickly screen for cardiac tamponade, pneumothorax and 
pleural effusion. Mean time to complete the SAFE proto-
col was 109.6 ± 114.6″ (min–max 18–480)” and 45.6 ± 34.1 
(min–max 20–180″) for novice and experienced ultrasonog-
raphers, respectively (p = 0.014) [Unpublished results. Foli-
gno S, Meau-Petit V, Tusor N, Paltrinieri A, De Luca D, 
Yousef N. NICU evaluation of the SAFE ultrasound algo-
rithm (Sonographic Assessment for liFe-threatening Emer-
gencies) by differently experienced operators. 2nd LAUNCH 
conference, Paris, Feb 13–14, 2020].

The SAFE protocol was also evaluated independently 
in a tertiary referral hospital over 3 years [Unpublished 
results. Ibarra-Rios D. Use of the sonographic algorithm 
for life threatening emergencies in a tertiary level refer-
ral hospital in Mexico City. Case series over 3 years. 2nd 
launch conference, March 12, 2021]. The protocol was 
performed on 12 ‘crashing’ patients before conventional 
radiography was performed (5 patients by an attending 
physician with expertise, 5 patients by fellows super-
vised by attending physician, and 2 patients exclusively 
by trained fellows), and a total of ten emergency proce-
dures were performed as a result (3 pleural tubes inser-
tions, 2 pleural tubes repositioned, 2 needle aspirations 
for pneumothorax, 2 needle aspirations for pleural effu-
sion and one tamponade drainage). One hundred percent 
of patients survived the event.

We here intended to revise the SAFE protocol and 
extend it to include extra-thoracic causes of acute 
decompensation in the NICU; acute critical aortic 
occlusion, acute abdominal complications, and severe 

Abbreviations
CHD	� Congenital heart disease
NICU	� Neonatal intensive care unit
POCUS	� Point-of-care ultrasound
SAFE	� Sonographic Assessment of liFe-threatening 

Emergencies
SAFE-R	� Sonographic Assessment of liFe-threatening 

Emergencies — Revised

Background

The use of point-of-care ultrasound (POCUS) has rapidly 
increased in the past years, especially in critical care and 
emergency medicine. Adult critical care providers have pio-
neered the field with publication of formal guidelines and 
elaboration of targeted ultrasound protocols that are widely 
used in many situations, e.g., dyspnea [1], shock [2], and 
trauma [3].

Although the use of POCUS has been slower to gain 
momentum in pediatrics and neonatology, the past years 
have seen significant expansion in its use, particularly in 
pediatric emergency medicine [4] and in neonatal critical 
care [5, 6].

The recent publication of the first international evidence-
based guidelines for the use of POCUS in neonatal and pedi-
atric critical care provides a first framework to guide the 
use of POCUS in critically ill children and newborns [7]. 
However, formal diagnostic integrated ultrasound protocols 
for use in emergency situations, as in adult medicine, are 
still lacking.

With the growth of POCUS in neonatal intensive care, 
there is a need for specific ultrasound protocols adapted to 
the clinical context, and to the age and size of the patient. 
Rapid diagnosis of unexpected and potentially fatal compli-
cations in the neonatal intensive care unit (NICU) is essen-
tial to prompt life-saving management in the newborn. Our 
objective was to propose a simple and easy-to-use ultrasound 
protocol for the suddenly deteriorating infant in the NICU to 
screen for the most common life-threatening complications 
and to guide initial management.

Materials and methods

The proposed ultrasound protocol was developed in an aca-
demic tertiary level NICU where POCUS is routinely per-
formed as a first line imaging technique for patients with 
respiratory and/or hemodynamic compromise and in the case 
of sudden clinical deterioration.

The protocol is specifically intended for use in previ-
ously stable infants in the NICU who present with acute 
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intraventricular hemorrhage were integrated into SAFE-R 
(Sonographic Assessment of liFe-threatening Emergen-
cies Revised).

Ethical approval was not sought since the presented 
research did not involve patients.

Results

Main features of SAFE-R are standardized ultrasound points 
and a simple one-probe, rule-in/rule-out approach. The pro-
tocol is designed for the average neonatologist and requires 
minimal training to perform.

As shown in Fig. 1, the SAFE-R decision tree is designed 
by order of urgency. Hence, as a preliminary step, cardiac 
contractility is rapidly evaluated using an “eyeball” method 
[7], and expert help is called for in case of severe myocar-
dial dysfunction. Then, cardiac tamponade, which is a rare 
condition, is ruled out as the first step in the decision tree 
since it may be fatal in the absence of prompt intervention, 
followed by tension pneumothorax, pleural effusion, acute 

critical aortic occlusion, acute abdominal complications, and 
severe intraventricular hemorrhage.

Priority is given to treatable causes of decompensation, 
and the order of the standardized points in the decision tree 
was chosen to allow for a logical and easy movement of the 
ultrasound probe from the thorax, to the abdominal aorta, 
the iliac fossae, and then the head (Fig. 2).

Pulsatility of the abdominal aorta is assessed by moving  
the ultrasound to the subcostal window. In the absence of 
aortic pulsatility, critical aortic occlusion must be suspected  
and urgent expert help must be sought. The next step is to 
place the probe in the iliac fossae where signs of abundant 
intra-abdominal fluid would orient suspicion to an acute 
abdominal cause of decompensation and warrant targeted 
workup and management. Finally, as a last step, the probe is 
placed on the fontanelle to screen for severe intraventricular 
hemorrhage. Although this complication is non-treatable,  
supportive therapy of e.g., associated anemia may be necessary  
to achieve patient stability. SAFER is not designed for detec-
tion of congenital heart diseases, and it should not be used 
to rule out congenital heart disease. The risk of undiagnosed 

Fig. 1   The SAFE-R protocol flowchart. The step-by-step ultrasound 
protocol uses a single probe at standardized SAFE points with a 
simple rule in/rule out approach. The decision tree is designed by 
urgency, and the order of the standardized points in the decision tree 
allows for a logical and easy use of the ultrasound probe from the 
thorax, to the abdominal aorta, the iliac fossae, and then the head. 
Starting at the upper left with the most urgent intra-thoracic causes 
the following: cardiac tamponade, tension pneumothorax and pleural 
effusion, the protocol includes extra-thoracic causes at the right hand 

of the figure with critical aortic occlusion, abdominal complication, 
and severe intraventricular hemorrhage. An important reminder of the 
possibility of congenital heart disease (CHD) needing a full echocar-
diogram by an expert is indicated on both sides of the panel, since for 
the neonatal population, this remains an important differential diag-
nosis. The color version uses green and red arrows to signify positive 
or negative ultrasound findings, with the conclusion and comments in 
blue
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critical congenital heart disease is always present in the neo-
natal population, and therefore, it should always remain as a 
differential diagnosis needing expert attention.

Discussion/conclusion

The SAFE-R protocol is the first specific formal ultrasound 
algorithm adapted for use in the NICU. The NICU neonate 
is a critically ill infant, often preterm and usually need-
ing respiratory and/or hemodynamic support, generally for 
several weeks. Patients are exposed to potentially serious 
complications related to their underlying disease and/or 
extremely low gestational age, in addition to those related 
to invasive procedures, e.g., central lines and mechanical 
ventilation. Current diagnostic modalities are mainly lim-
ited to chest X-rays, because of the limitations related to 
the use of CT scans and other imaging modalities. POCUS 
offers the advantage of being quick to perform at the bed-
side, repeatable, non-invasive, and offers a high diagnostic 

performance compared with the chest X-ray for diagnosis 
of the most life-threatening emergencies in the NICU [4–6].

A main challenge to implementation of POCUS in gen-
eral is the need for adapted training and effort to achieve 
competency and skills. However, for the targeted POCUS, 
studies show that short focused courses improve ranging 
from a few hours to a few days are sufficient to achieve 
basic POCUS competency [9, 10] and for implementation 
into daily practice even for novices. Mazmanyan P et al. 
[11] were able to introduce and implement lung ultrasound 
into daily practice in a middle-income country after a short 
lung ultrasound training course.

The proposed SAFE-R protocol relies on simple ultra-
sound signs that need short training and little experience to 
use. It is designed for use in the case of acute decompensa-
tion in the NICU in previously stable infants once more 
common causes (e.g., ETT occlusion or dislodgement, 
ventilator dysfunction) have been addressed. In these pre-
viously stable (or relatively stable) babies presenting with 
acute severe deterioration cardiac or respiratory arrest or 
near-arrest, or needing increased respiratory support to 
maintain stable saturation values, the initiation of targeted 
intervention may be highly time sensitive.

Bedside evaluation of the SAFE protocol, which is the 
first step in SAFE-R, shows that basic training is sufficient 
to allow operators, regardless of prior ultrasound experi-
ence, to quickly screen for cardiac tamponade, pneumotho-
rax, and pleural effusion (Foligno S et al., LAUNCH 2020) 
and that it can be successfully used by residents on-call in 
emergency situations [Ibarra-Rio D, 3rd LAUNCH 2021].

SAFE-R allows for a rapid screening of urgent compli-
cations of central lines needing rapid intervention such as 
cardiac tamponade, thoracic and abdominal extravasation 
of parenteral fluid, as well as tension pneumothorax, which 
may complicate ventilation or an underlying respiratory 
pathology in the newborn. The screening of the abdomi-
nal aorta may help in suspecting critical duct-dependent 
congenital heart disease (CHD) as a cause of acute decom-
pensation and permit initiation of life-saving treatment 
while awaiting expert evaluation by a full echocardiogram, 
which, unfortunately, may not always be immediately avail-
able. Assessment of the abdomen can orient suspicion 
towards an abdominal complication such as necrotizing 
enterocolitis and/or gut perforation in case of abundant 
free intraperitoneal fluid. Large abdominal effusions due 
to less common causes may also be detected (e.g., bleeding, 
lymphatic malformations). Severe intraventricular hemor-
rhage is a feared complication in preterm neonates and may 
need supportive treatment to correct anemia and/or acute 
hypovolemia.

A main feature of SAFE-R is the use of a single ultra-
sound probe. Gomond-Le Goff et al. showed good inter-
rater agreement and reliability, irrespective of the probe 

Fig. 2   A SAFE baby: The SAFE points in the SAFE-R protocol.  © 
2012–2020 Nucleus Medical Media. All rights reserved. With per-
mission. The probe is first placed on the chest at the left parasternal 
or substernal axis (point 1) or subcostally. As preliminary step, car-
diac contractility is rapidly evaluated using an “eyeball” method, and 
expert help is called for in case of myocardial dysfunction. The proto-
col starts with assessment for tamponade, then the probe is moved to 
the anterior chest wall bilaterally to assess for tension pneumothorax 
(point 2), and then to the inferior posterolateral chest wall bilaterally 
(point 3) to assess for pleural effusion. The probe is then moved to the 
substernal notch (point 4) to assess for the pulsatility of the abdomi-
nal aorta as screening of critical aortic occlusion and then to the iliac 
fossae (point 5) to assess for abundant intra-abdominal free fluid, 
before being placed on the anterior fontanel (point 6) to evaluate for 
severe intracranial hemorrhage. The order of the standardized points 
in the decision tree was chosen to allow for a logical and easy use of 
the ultrasound probe from the thorax, to the abdominal aorta, the iliac 
fossae, and then the head
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and operator expertise, for neonatal lung ultrasound [12]. 
Although, for SAFE-R, theoretically, any ultrasound probe 
may be used, a separate specific study to determine the opti-
mal probe for this purpose is necessary.

The SAFE-R protocol is designed to help the neonatolo-
gist in the decision-making process when faced with a sud-
denly and severely decompensating infant in the NICU. It 
aims to rapidly screen for the most common life-threatening 
complications needing immediate attention, thereby allow-
ing the clinician to quickly initiate treatment or, in the case 
of a negative screen, to promptly assess for other neonatal 
conditions such as sepsis, or decompensation of metabolic 
or endocrine disorders, or CHD needing urgent comprehen-
sive echocardiography. Since it needs minimal training to 
perform, SAFE-R may help guide junior clinicians in the 
management of patients while awaiting more expert help, 
thereby saving valuable time in emergencies. SAFE-R may 
also be useful for more POCUS-experienced clinicians who 
may use SAFE-R and/or combine it with a full echocardio-
gram or a more extensive POCUS evaluation.

The purpose of our study was to propose an integrated 
ultrasound protocol for use in a complex clinical situation 
as a step towards the integration of POCUS into emergency 
situations in the NICU. A field validation of the proposed 
protocol is necessary before it can be implemented into daily 
practice. A multi-center study is planned to evaluate SAFE-
R at the bedside with operators with variable levels of expe-
rience. It is also our intention to submit SAFER protocol to 
a Delphi consensus to the next edition of the PICU/NICU 
POCUS guidelines issued by the European Society for Pedi-
atric and Neonatal Intensive Care [7].

In spite of numerous barriers to its implementation into 
daily practice, POCUS is transforming the field of pediat-
ric and neonatal critical care. The proposed SAFE-R is the 
first ultrasound protocol specifically designed for use in 
the NICU to screen for the most common urgent neonatal 
complications leading to sudden deterioration, thereby pro-
viding critical information within minutes. The simplified 
and rapid approach is designed for the neonatologist and 
is easy to learn and quick to perform and hopefully a step 
towards improving the quality of care to our most vulner-
able patients.
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