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Abstract

Aim of the study: Current guidelines advise rescuers to initiate cardiopulmonary resuscitation if a child is unresponsive, not breathing normally, and
shows no signs of life. Manual pulse checks are considered unreliable and time-consuming. This systematic review evaluates the accuracy and dura-
tion of recommended pulse check methods during pediatric cardiac arrest and explores emerging diagnostic techniques.

Methods: For this systematic review (PROSPERO ID CRD42024549535) three databases (PubMed, Embase, and Cochrane) were searched for
articles published on this topic. An initial search was conducted on April 24, 2024, with an updated search using the same search strategy on Febru-
ary 16, 2025. Two authors independently screened the articles. One author extracted the data while a second author double-checked it. Quality and
certainty of the evidence were evaluated using the QUADAS-2 and GRADE tools evaluated the evidence’s quality and certainty. Studies were
included if they compared manual pulse checks against alternative pulse check sites or other methods in pediatric patients. The data is presented
descriptively.

Results: A total of three studies were included. These studies involved 39 pediatric patients and a total of 376 pulse checks. Out of the 47 infants
and children included, only 14 were in cardiac arrest. The remaining 33 patients were on mechanical circulatory support with either VA-ECMO or
LVAD. In total, 183 nurses and 181 physicians performed 376 pulse or ultrasound checks. Due to their specialty, 122 nurses and 89 doctors were
classified as experienced. Sensitivity and specificity of manual pulse check ranged from 76 to 100% and 64—79%, respectively. When experienced
providers conducted pulse checks, sensitivity and specificity were higher (76—100% and 62—-82%, respectively) compared to inexperienced providers
(67—82% and 44-95%).

The mean duration of pulse checks was 20 s, with an accuracy of 85%.

Conclusion: Despite high heterogeneity among included studies, manual pulse checks only achieved moderate accuracy with a prolonged dura-
tion. This suggests that manual pulse checks are unreliable in children for determination cardiac arrest state and need for ongoing CPR.
Keywords: Pediatric Life Support, Pulse check, Systematic Review, Cardiac arrest, Resuscitation

diac arrest are not obligated to do so as part of their employment. If

Introduction a child is unresponsive and not breathing normally, and there are no

other signs of life, cardiopulmonary resuscitation (CPR) should be
When trying to determine if a child or adult is experiencing cardiac initiated. Due to the uncertainty and potentially fatal consequences
arrest, it is currently recommended for lay rescuers to not rely solely of not performing CPR on a patient without a pulse, guidelines have
on palpating a pulse. Lay rescuers are persons who respond to a car- dropped the pulse check for lay rescuers.?
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In contrast, healthcare providers (defined as clinicians trained in
cardiac arrest treatment) are advised to start CPR unless they can
feel a pulse within 10 s.®> Guidelines recommend a manual pulse
check during CPR rhythm checks to detect a return of spontaneous
circulation (ROSC). Palpating the carotid artery is recommended for
children > 1 year, while the brachial artery is recommended in
infants < 1 year.*

Due to the perceived unreliability of manual pulse checks, other
techniques have emerged over recent years. Due to the anatomic
differences, cardiac auscultation may be easier to conduct in children
than in adults. In in-hospital settings, arterial lines are the gold stan-
dard for invasive hemodynamic monitoring. Ultrasound is an emerg-
ing tool with the potential to decrease “hands-off’ time during CPR
and increase the accuracy of pulse checks. Prolonged manual pulse
detection phases have been reported across the cardiac arrest pop-
ulation.® For in-hospital cardiac arrest, end-tidal CO, (etCO,) has
been proven to be a reliable marker for ROSC detection.® In a mul-
ticenter observational study, etCO, values above 20 mmHg were
associated with a higher ROSC rate.”

Near-infrared spectroscopy (NIRS) has been explored for its
potential to assist in detecting a perfusing rhythm during pulse
checks.®® Higher cerebral NIRS values during cardiac arrest were
associated with ROSC and good neurological outcomes.'®'" The
role of NIRS in detecting a perfusing rhythm is still being determined.

This systematic review aims to identify the accuracy and duration
of the recommended pulse check methods during cardiac arrest in
pediatric patients. It also evaluates any new methods for pulse
checks or ROSC detection.

Materials and methods

This systematic review was commissioned by the International Liai-
son Committee on Resuscitation (ILCOR) Pediatric Life Support
Task Force.

The protocol for this systematic review was developed in accor-
dance with the ILCOR framework and registered on PROSPERO
(ID CRD42024549535) on June 1st, 2024. It was conducted follow-
ing the Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy'? and reported using the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA) checklist
(Supplement Text 1 Checklist). >

Search strategy

Following Cochrane standards for systematic reviews, a professional
librarian searched three databases (PubMed, Embase, and
Cochrane). Although searching trial registries was pre-planned, this
was not carried out due to the task force’s awareness that no studies
are currently planned. The main search terms were “cardiac arrest”,
“pediatric”, “infant”, and “pulse check” and checked against an
expert-assembled list of relevant papers. The full search strategy
is presented in the Supplements (Supplement Text 2 Search
Strategy).

We conducted the search without applying any language, age, or
geographic restrictions from inception until April 24, 2024, and
updated the search on February 16, 2025. The update was per-
formed using the same search strategy and all three databases.

Eligibility criteria
We included studies that followed the PICOST scheme in Table 1.

Study selection and data synthesis

Two authors (SK and JA) independently reviewed the titles and
abstracts of all articles identified in the search. In the event of dis-
agreement, both authors were unblinded to discuss and resolve
the conflict. The two reviewers then independently reviewed the
full-text papers, masking the decisions of the other reviewer. They
identified articles meeting the inclusion criteria. Disagreements were
resolved by discussion. Study selection and screening were per-
formed using Covidence (https://www.covidence.org).

Data extraction was performed sequentially, with one reviewer
extracting the data and risk of bias assessment. Afterwards, the sec-
ond reviewer double-checked the extracted data. Data extraction
was performed with the help of Microsoft Excel. This approach devi-
ated from the planned registration due to the time-sensitive nature of
this review.

True positive, false negative, false positive, and true negative
were defined in Fig. 1:

Sensitivity and specificity were calculated if study authors did not
present them within the manuscript.

Subgroups for the systematic reviews were predefined based on
the following characteristics: pulse check site (femoral, brachial, car-
otid) and healthcare provider experience (experienced versus inex-
perienced). Due to the low number of studies, meta-analysis was
not performed, and the data is presented descriptively. The pre-
planned statistical methods are presented in the supplement (Sup-
plement Text 3 Statistical Methods).

Risk of bias assessment

Details and an interpretation guide for the risk of bias assessment
are presented in the supplementary material (Supplement Text 4
QUADAS). This assessment was conducted by one author (SK)
and supervised by another (JA).

Certainty of evidence (CoE) assessment

Two critical outcomes (sensitivity and specificity) and one important
outcome (duration of pulse check) were defined by consensus within
the ILCOR Pediatric Life Support Taskforce. For each outcome, the
Certainty of Evidence (CoE) was assessed following the GRADE
guidelines.'® After rating the respective study type and assessing
for publication bias (e.g., randomized controlled trial or observational
trial; number of studies, sample size),'® each outcome was indepen-
dently evaluated using five categories: study design, risk of bias
(RoB), inconsistency, indirectness, and imprecision.

Results

After removing duplicates, the search strategy returned 1280 titles.
Of those, 19 were sought for full-text screening, and three studies
were included in the systematic review (Fig. 2)."""°

Two studies were performed in Australia, and one was conducted
in the United States.

Risk of bias assessment
The quality of clinical accuracy studies was assessed by applying the
quality assessment of studies of diagnostic accuracy (QUADAS-2)
tool, which was adjusted to the needs of this review.?® The included
studies were of variable bias and applicability.

Two studies had a low risk of bias."®'® However, their applicabil-
ity was determined to be high risk, as the studies were performed on
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Table 1 - Population, intervention, comparison, outcomes, study design, and time frame for study inclusion.

Population
start or continue CPR
Intervention

Infants and children in any setting (out of hospital or in-hospital) with suspected cardiac arrest when assessing whether to

any other site for pulse check (e.g. femoral pulse, etc) or method (not exclusively, cardiac auscultation, pulse oximetry,

ultrasonography, rise in end-tidal CO, values above specific thresholds, invasive monitoring, etc)

Comparison pulse check as per current guidelines by healthcare providers (brachial pulse for infants and carotid pulse for children and
adolescents)
Outcomes Any outcome including but not limited to:
The Pediatric Life Support Taskforce prefers outcomes defined in the Pediatric Core Outcome Set for Cardiac Arrest
publication
e accuracy, defined as sensitivity and specificity of detecting a perfusing rhythm
e duration of cardiac compression pauses
e any clinical outcome
Study Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series,
Design controlled before-and-after studies, cohort studies) that directly concern the population and intervention described above are
eligible for inclusion. The minimum number of cases for a case series to be included was set by the PLS TF at 5.
Unpublished studies (e.g., conference abstracts, trial protocols) were excluded. All relevant publications in any language
were included as long as there was an English abstract.
Time frame All years

Abbreviation: PLS = pediatric life support; TF = task force; P-COSCA = pediatric core outcome set for cardiac arrest.

Comparator/Reference standard

“Pulse absent”

Intervention

“Pulse present”

Cardiac arrest present

Cardiac arrest absent

True positive False positive

False negative True negative

Fig. 1 - Definition of True positive, False negative, False positive, and True negative.

patients receiving veno-arterial extracorporeal membrane oxygena-
tion (VA ECMO) or a left ventricular assist device (LVAD) with and
without spontaneous pulsatile flow (Table 2. Therefore, they indi-
rectly mimic cardiac arrest. One study had a high risk of bias; in con-
trast, the applicability was low risk, as this study was performed
during cardiac arrest.'” A high risk of publication bias existed due
to two small studies published by the same research group.

Certainty of evidence (CoE) assessment

In accordance with the GRADE recommendations, every study was
downgraded for serious risk of bias risks. Regarding indirectness, two
studies were downgraded to a serious risk of bias.'®'° In contrast, all
studies were downgraded for imprecision to a very serious risk of bias
for sensitivity and a serious risk of bias for specificity (Table 3).

Study description

Two studies were conducted in the intensive care unit (ICU), while
one was performed in the emergency department. Out of the 47
infants and children included, only 14 were in cardiac arrest. The

remaining 33 patients were on mechanical circulatory support with
either VA-ECMO or LVAD.

In total, 183 nurses and 181 physicians performed 376 pulse or
ultrasound checks.

Due to their specialty, 122 nurses and 89 doctors were classified
as experienced.

Accuracy
For the critical outcome of accuracy (defined as sensitivity and speci-
ficity), this systematic review identified three studies with 39 patients
and 376 pulse checks, providing very low certainty of evidence. All
studies had a serious risk of bias. Two studies compared arterial line
monitoring with manual pulse checks.'®'® These were downgraded
for imprecision as the patients were on mechanical circulatory sup-
port, which was used as indirect evidence. Those resulted in a range
of sensitivity and specificity from 76% to 86% and 64% to 79%,
respectively.

One study assessed the accuracy of ultrasound in comparison to
standard resuscitation measures such as a rise in end-tidal CO2, the
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Fig. 2 - PRISMA flow diagram.
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Table 2 - Risk of Bias and applicability assessment based on the QUADAS-2 assessment tool.

Selection of participants Index Test Reference Standard Flow and Timing
Study RoB / Applicability RoB / Applicability RoB / Applicability RoB
Tsung 2008 High / Low Unclear / Low High / Low Low
Tibbals 2009 Low / High Low / Low Low / Low Low
Tibbals 2010 Low / High Low / Low Low / Low Unclear

Abbreviation: RoB = Risk of Bias

presence of a pulse, or spontaneous movement without chest com-
pressions."” In all cases, the ultrasound exam was in concordance
with the pulse check result and the clinical exam (Fig. 3a,b).

Sensitivity and specificity among experienced healthcare person-
nel ranged from 78% to 100% and 62% to 82%, respectively.'®' In
contrast, sensitivity among inexperienced healthcare personnel ran-
ged from 67% to 82%, with a wide specificity range from 44% to
95%'871° (Fig. 3c,d).

One study reported accuracy according to the pulse check site.®
Brachial palpation (n = 125) resulted in a sensitivity and specificity of
86% and 67%, respectively. Femoral palpation (n = 70) had a similar
sensitivity and specificity of 85% and 56%, respectively.

Duration of cardiac compression pauses

No studies in infants and children were identified that directly
assessed this outcome. One study evaluated the time until a decision
was made about whether a pulse was present or not. However, this
study was performed in children on left ventricular assist devices
(LVAD) or extracorporeal membrane oxygenation (ECMO)."® In this
study, only 39% (60/153) of the participants decided on the presence
of a pulse within ten seconds. The mean duration until any decision
was made was 20 s (standard deviation 17 s), with an accuracy of
85%. Inexperienced providers took longer to make their decisions.
This indirect evidence indicates that there is a reasonable concern
about prolonged chest compression pauses, especially in inexperi-
enced clinicians. This evidence was gained in a less critical setting
with perfused children with warm skin temperature and brisk capillary
refill time.

Discussion

This is the first systematic review of pulse check accuracy in children
with cardiac arrest. It critically evaluates the reliability of manual
pulse palpation during pediatric cardiac arrest and highlights signifi-
cant implications for clinical practice and resuscitation guidelines.
Our analysis reveals that manual pulse checks, even among experi-
enced healthcare providers, are often inaccurate and time-
consuming. This suggests a need to reassess current protocols that
rely heavily on this method.

We considered the importance of sensitivity and specificity in pre-
senting a detailed accuracy assessment. The aim is to identify weak-
nesses in various clinical situations, e.g., in people with cardiac
arrest who are categorized as “pulse present”.

Our findings indicate that the sensitivity and specificity of manual
pulse palpation in pediatric patients with cardiac arrest vary widely,
ranging from 76% to 100% and 64% to 79%, respectively.'”'® Nota-
bly, the mean duration for pulse assessment was approximately 20 s,
exceeding the recommended maximum of 10 s.'® This compares to

a median of 15, 12, and 21 s for femoral, brachial, and carotid pulse
checks, respectively.?’

While clinical experience is generally associated with improved
diagnostic skills, our review demonstrates that even seasoned prac-
titioners exhibit considerable variability in pulse palpation accuracy.
Studies have shown that the sensitivity and specificity among expe-
rienced providers range from 76% to 100% and 62% to 82%, respec-
tively.'®'° This inconsistency suggests that factors beyond clinical
experience, such as the stressful environment of resuscitation and
the subtlety of pediatric pulses, may affect the reliability of manual
pulse checks. Consequently, there is a compelling need to explore
alternative, more objective methods for pulse checks in pediatric car-
diac arrest.?> An observational study, not included in this systematic
review, assessing caregivers’ ability to detect a pulse in sleeping
infants revealed a notably low detection rate of 23% for the carotid
pulse. In contrast, 86% could palpate a pulse at the brachial artery.>*
Simulation-based manikin studies overestimate the diagnostic accu-
racy of inexperienced medical personnel or laypersons in pulse
detection.?*2° Resuscitation Council guidelines have recommended
different approaches to initiate CPR in children. The European
Resuscitation Council recommends that all providers assess signs
of life and not lose time by checking for a pulse.?® In contrast, the
American Heart Association recommends that healthcare providers
consider assessing for a pulse as long as the initiation of CPR is
not delayed more than 10 s.?” However, our review highlights that
manual pulse checks frequently exceed this timeframe and are prone
to inaccuracies. In light of these findings, it is imperative to recon-
sider the emphasis on manual pulse checks in resuscitation proto-
cols. Future guidelines should contemplate de-emphasizing manual
pulse palpation in favor of no delay in starting resuscitation until
we have sufficient evidence to suggest other tools may help, such
as ultrasound or etCO2 monitoring, to enhance the determination
of the need for resuscitation.

The widespread availability of ultrasound and etCO2 monitoring
opens new opportunities for potentially faster and more reliable pulse
checks. These methods should be tested in clinical trials compared
to the current gold standard.

A prospective observational trial found that apical or subxiphoid
views of the heart to assess contractility can be obtained within
10 s in 86% and 94%, respectively. The femoral view showed a
slightly worse result, with 74% of the scans being interpretable for
pulsatility within 10 s.2® A dedicated ultrasound protocol for pediatric
cardiac arrest coupled with supervised training may increase the
rates of interpretable views within 10 s.2° Given the limitations iden-
tified with manual pulse palpation, incorporating technological
adjuncts into resuscitation protocols may enhance the accuracy
and efficiency of circulatory assessment.

Additionally, modalities such as near-infrared spectroscopy
(NIRS) and end-tidal carbon dioxide (EtCO,) monitoring offer real-



Table 3 - Certainty of Evidence for pulse check vs. arterial blood pressure or echocardiography assessment using the GRADE approach.

Outcome of studies Study Factors that may decrease certainty of evidence Effect per 1,000 patients tested Test Importance

( of patients) design ] ] ] ] . T accuracy

Risk of bias  Indirectness Inconsistency Imprecision Publication pre-test pre-test pre-test CoE
bias probability  probability  probability
0f0.8% of1% of10%

True positives 3 studies cohort & Serious,’”~  not serious® not serious  very serious 6to 8 810 10 76 t0 100 &OOQO CRITICAL
(patients with return case- 19 a serious'® 1% Very
of spontaneous control low,"=19
circulation) type ab
False negatives studies Oto2 Oto2 0to 24 CRITICAL
(patients incorrectly
classified as not
having return of
spontaneous
circulation)
True negatives 3 studies cross- serious,'®'®  serious'®'®® not serious serious'®'%®  serious 635 to 784 634 to 782 576to 711  @ooo CRITICAL
(patients without sectional P Very low,
return of (cohort ®
spontaneous type
circulation) accuracy
False positives study) 208 to 357 208 to 356 189 to 324 CRITICAL

(patients incorrectly
classified as having

return of

spontaneous

circulation)

Inconclusive 0 studies — - = — _ _
Complications 0 studies

Explanations: a. One study (Tsung) evaluated patients with knowledge about the reference test. b. Two studies (Tibballs) evaluated patients on ECMO and LVAD systems. Those were not in cardiac arrest, the mechanical

circulatory support system was used to mimic cardiac arrest.
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Fig. 3 - a-d — Forest Plots presenting the accuracy of the included studies. Abbreviations: Cl = confidence interval.

time insights into tissue perfusion and metabolic status, potentially
serving as valuable adjuncts in determining the presence of a perfus-
ing rhythm.

Studies have demonstrated that higher intra-arrest regional cere-
bral oxygen saturation (rSO,) measured by NIRS is associated with
increased ROSC rates and improved survival to hospital discharge in
pediatric patients.'"*° Similarly, elevated etCO, levels during pedi-
atric cardiac arrest have been correlated with higher ROSC rates
and better survival outcomes, suggesting that etCO, monitoring
can serve as a valuable tool during pediatric resuscitation.®’ These
findings underscore the potential of NIRS and etCO, monitoring to
enhance the accuracy of circulatory assessments and guide resusci-
tative efforts in pediatric cardiac emergencies.

All studies included in this systematic review were performed in
hospitals. However, two included inexperienced physicians and
nurses, increasing their generalizability. Due to different circum-
stances in the out-of-hospital setting, the studies’ transferability is
limited. Although this systematic review was performed following
the standardized guidance by ILCOR, it has limitations. (A) Due to
the indirectness and high heterogeneity of the included studies, no
meta-analysis was performed. (B) No randomized controlled trials
compared the intervention with standard care in the pediatric popula-
tion were identified. (C) The review included only diagnostic accu-
racy studies, potentially neglecting evidence from observational
studies without a comparator.

Future research should focus on evaluating the feasibility and
effectiveness of alternative assessment methods in pediatric resus-
citation to address the challenges associated with manual pulse pal-
pation. Clinical trials investigating the integration of ultrasound,
NIRS, and etCO, monitoring into standard resuscitation protocols
are essential to determine their impact on diagnostic accuracy and
patient outcomes. Moreover, studies exploring the potential of these

technologies to determine if a child is in cardiac arrest could provide
valuable insights. Ultimately, a paradigm shift towards utilizing objec-
tive measures of perfusion and oxygenation may enhance the effi-
cacy of pediatric resuscitation efforts and inform the development
of evidence-based guidelines. Further examination of the potential
longer hands-off time and their impact on outcome would also be
helpful. For comparability, these studies would benefit from including
outcome measures consistent with the Pediatric Core Outcome Set
for Cardiac Arrest recommendations.’*

Conclusion

This first systematic review of in-hospital pulse check accuracy for
children identified moderate accuracy with very low certainty of evi-
dence. As determining a perfusing rhythm is a high-stakes test, this
level of accuracy suggests that the currently recommended pulse
check sites are inaccurate compared to invasive blood pressure
measurement ultrasound and should, therefore, not be used as the
sole determinant of starting CPR in an unresponsive child.
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