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 Around 10% of newborn infants require assistance during transition after 

birth. Heart rate (HR) is the most important clinical indicator to evaluate 

the clinical status of a newborn. Our study aimed to review all 

established and novel methods to detect HR in babies giving special 

consideration to non-invasive techniques. We performed a systematic 

literature search on the following databases MEDLINE, Embase, 

Cochrane Central Register of Controlled Trials (CENTRAL), and 

CINAHL. The inclusion criteria were studies on methods to detect HR in 

both term and preterm infants in comparison to one of the current gold 

standards: pulse oximetry (PO) or electrocardiography (ECG) published 

in the last 15 years. Two independent reviewers screened titles and 

abstracts for eligibility. Data extracted in an Excel table were analysed to 

produce a narrative review structured around the type of monitoring, 

identified obstacles in use, as well as methods to overcome these 

limitations. The search revealed 649 studies after duplicates were 

removed. Full article analysis was performed on 26 studies of which 25 

met the inclusion criteria. Well established methods such as auscultation 

and palpation, although rapid and easily available, have been shown to 

be inaccurate. ECG and PO were both more precise but the delay in 

obtaining a reliable HR signal from birth often exceeded 1–2 min. Novel 

sensors offered the advantages of minimally obtrusive technologies but 

have limitations mainly due to movement artefact, bad sensor coupling, 

intermittent measurement, and poor-quality recordings. The limitations 

of existing methods have a potential impact on short- and long-term 

morbidity and mortality outcomes. The development of a technological 

solution to determine HR accurately and quickly in babies at birth has 

immense implications for further research and can guide interventions, 

such as placental transfusion and resuscitation. 
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1. Introduction 

The majority of newborn infants make the transition from the intrauterine to extrauterine environment 

successfully; however, approximately 10% of newborn infants require assistance during this transition. 

Heart rate (HR) is the most important clinical indicator to evaluate the clinical status of a newborn [1], [2]. 
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HR during the first minutes of life in infants needing resuscitation may be a predictor of early neonatal 

mortality and moderate to severe brain injury in those who survive [3]. HR at birth has to be assessed as 

quickly and accurately as possible to guide further interventions [1], [2] such as placental transfusion and 

effective resuscitation efforts. There are several established methods of palpation and auscultation to 

determine HR at birth as recommended by international guidelines [2] feeling for pulsations at the base of 

the umbilical cord, feeling the brachial or femoral pulses, and listening to the precordium with a 

stethoscope. Other methods mentioned in the literature include: electrocardiography (ECG), pulse oximetry 

(PO), Doppler ultrasound, and forehead reflectance photoplethysmography (PPG) [4]. A review by [4] 

concluded that auscultation is superior to palpation, although neither technique provides an accurate 

assessment of current HR and both are intermittent. ECG remains the gold standard to continuously monitor 

an infant’s HR in the neonatal intensive care unit (NICU) [4]. Potential limitations of ECG include: delay in 

signal acquisition due to skin cleaning (all infants are wet at delivery) and lead placement as well as skin 

fragility in extremely premature infants. There is also the potential of pulseless electric activity, which 

could be interpreted as HR on an ECG, thus potentially delaying resuscitation efforts [5]. Although it is 

continuous and visible to the whole team, PO has its limitations, including delay in HR display sometimes 

up to 2 min, which could potentially delay resuscitation efforts [6], and inaccuracy of HR measurements 

due to motion artefacts or poor tissue perfusion (e.g., hypothermia) [7]. [8] recognised that even though 

ECG and PO are both precise, multiple studies have shown that the time elapsed from birth to successful 

establishment of HR display using these devices often exceeds 1–2 min [7], [9]. Nevertheless, rapid, 

reliable, and accurate HR detection and monitoring is a critical indicator of the clinical status of a newborn 

at delivery or in the NICU. 

 

2. Methods 

We developed a protocol prior to commencing the literature search. This was registered on Prospero and 

can be accessed under the following registration number: CRD42018091024. The systematic literature 

search was performed on the following databases: MEDLINE, Embase, Cochrane Central Register of 

Controlled Trials (CENTRAL), and CINAHL. The terms searched for were: term and preterm neonates, 

vital signs, HR, pulse rate determination, monitoring devices, birth. There were no restrictions on the type 

of studies or the language. Duplicates were removed using EndNote. Two independent reviewers screened 

titles and abstracts for eligibility. Any discrepancies were resolved by discussion with a 3rd reviewer. The 

inclusion criteria were studies published in the last 15 years reviewing the method to detect HR in both term 

and preterm infants in comparison to one of the current gold standards: PO or ECG. We included studies 

based on experiments, as well as feasibility studies in different health care settings: NICU, high-dependency 

unit (HDU), postnatal ward, delivery room, and community birthing centre. We also reviewed studies that 

have been registered on respective databases and are ongoing. Studies were excluded if there was no 

comparison with the gold standard in monitoring ECG or PO. A PRISMA flow diagram detailing the 

selection process is provided in Figure 1. Risk of bias in individual studies was assessed according to the 

QUADAS-2 method [10] (online suppl. e-Table 1; for all online suppl. material, see 

www.karger.com/doi/10.1159/000499675). The full search strategy is available in the online supplementary 

material. 

 

3. Discussion 

This review summarizes both the well-established methods to detect HR in babies at birth and also the 

novel technologies with potential for clinical use. The bias assessment is summarised in online 

supplementary e-Table 1 using the QUADAS-2 structure [10]. This accounts for the limitations of the 

studies by reviewing the population’s methods of selection, the way the authors performed the index test, 

whether they compared it with the reference test, and the impact they have on generalization. The studies 
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included in our review were small studies which impact on generalizability either due to a limited 

population, lack of robust statistical analysis, and little consideration given to context (limited to a specific 

NICU setting, obstetric theatre, or use of a certain clinical status, such as only stable babies or only high-

risk delivery). In reality, the most commonly used methods in practice, as recommended by the 

International Resuscitation Liaison Committee on Resuscitation (ILCOR), were auscultation, palpation, and 

PO. Although rapid and easily available, chest auscultation and pulse palpation have been shown to be 

inaccurate, affecting the resuscitation processes [13]. ECG and PO were both more precise compared to 

clinical assessment alone, but multiple studies have shown that the delay in obtaining a reliable HR from 

birth often exceeds 1–2 min [5], [9]. 

 

4. Conclusions 

Our review looks into the advantages and disadvantages or current and novel methods to detect HR in 

babies. All these methods have limitations with potential impact on short-term and long-term morbidity and 

mortality outcomes. For a novel sensor to be accepted it has to overcome the practical barriers for use and 

prove its accuracy, reliability, and speed, but also have advantages in use and cost compared to the current 

methods. The development of a technological solution to determine accurately and quickly the HR on 

babies at birth has immense implications for clinical practice. Apart from offering a more reliable and faster 

alternative for monitoring, further studies can guide interventions, such as placental transfusion, and 

determine its role in the cardiovascular adaptation after birth. Larger studies are required to determine the 

advantages of a novel sensor and overcome the barriers to use. 
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