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Abstract

Introduction: The prone position is frequently adopted
for surgical or critically ill patients in intensive care.
Cardiorespiratory arrest in these patients may pose an
operational challenge, in which delays resulting from
mobilization to the supine position culminate in worse
outcomes. Objective: To provide clinical insight based
on the synthesis of evidence from reports or case series
on reverse cardiopulmonary resuscitation (reverse CPR) in
surgical patients or invasive ventilatory support in severe
acute respiratory distress syndrome. Methods: This is a
systematic review of reports or case series in PubMed,
Scopus, Embase, and Google Scholar databases, in
addition to a search of the gray literature. Case reports
published in any language, reporting at least one case of
prone cardiopulmonary resuscitation in patients of any
age and in any care context, were considered eligible.
Results: Thirteen studies of fourteen cases of successful
reverse resuscitation were retrieved. Three patients
died within 30 days, while the others survived without
complications or neurological sequelae. Conclusion:
Despite limited evidence to support clinical decision-
making, prone resuscitation appears to be a feasible
alternative in exceptional circumstances, where patient
mobilization may result in additional harm, delay or
interrupt advanced life support (compressions, high-
quality early chest surgery, and defibrillation) or incur

occupational risks to the health team.
Keywords: Cardiopulmonary arrest. Cardiopulmonary

resuscitation. Case reports. Evidence-based clinical

practice. Prone position.
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Resumo

Introdugéo: A posicdo prona é um procedimento frequente
de cuidados intensivos para pacientes cirdrgicos ou doentes
graves. A ocorréncia de parada cardiorrespiratéria nestes
pacientes pode representar um desafio operacional, no qual
atrasos relacionados & mobilizagdo para decubito dorsal
implicam em piores desfechos. Objetivo: Oferecer um insight
clinico a partir da sintese das evidéncias oriundas de relatos ou
séries de casos sobre a utilizagdo de reanimagdo cardiopulmo-
nar reversa em pacientes cirdrgicos ou em suporte ventilatério
invasivo na sindrome do desconforto respiratério agudo grave.
Métodos: Trata-se de uma revisdo sistemética de relatos ou
séries de casos conduzida nas bases de dados PubMed, Scopus,
Embase e Google Scholar, além de busca na literatura cinzenta.
Foram considerados elegiveis relatos de caso publicados em
qualquer idioma, que reportaram pelo menos um caso de
reanimacgdo cardiopulmonar em posi¢cdo prona em pacientes
de qualquer idade e em qualquer contexto de atendimento.
Resultados: Foram recuperados treze estudos que relataram
quatorze casos de reanimagdo reversa bem-sucedidos. Trés
pacientes faleceram em um intervalo de 30 dias, enquanto
os demais sobreviveram sem complicagbes ou sequelas
neurolégicas. Conclusdo: Apesar de evidéncias limitadas para
suportar a tomada de decisdo clinica, a reanimacdo em posigdo
prona parece ser uma alternativa factivel em circunsténcias
excepcionais, nas quais a mobilizagdo do paciente pode resultar
em dano adicional, atrasar ou interromper o suporte avancado
de vida (compressées torécicas precoces de alta qualidade e
a desfibrilagdo) ou, ainda, incorrer em riscos ocupacionais a

equipe de saude.

Palavras-chave: Parada cardiorrespiratéria. Reanimagdo car-
diopulmonar. Relatos de casos. Prética clinica baseada em

evidéncias. Decubito ventral.

Introduction

The prone position is commonly used for surgical
procedures that require access to posterior anatomical
structures of the brain, neck, and spine, as well as the
retroperitoneum and upper urinary tract or other
posterior structures.”? It is also used in intensive care
patients with severe acute respiratory distress syndrome
(ARDS) on invasive ventilatory support, considered an
established evidence-based practice in these cases.>*

Dalmedico MM et al.

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

Patients managed in the prone position, either due
to acute respiratory failure or during surgery, may suffer
cardiac arrest. They may present with hemodynamic
instability due to the severity of the underlying disease
and multiple organ failure or acute clinical deterioration
induced by drugs or vasovagal stimulation, with
subsequent cardiac arrest.>”’

When patients suffer cardiac arrest in the prone
position, options include placing them in the supine
position before initiating cardiopulmonary resuscitation
(CPR) or performing CPR in the prone position.? In the
event of cardiac arrest in the prone position, changing
to the supine position may not be feasible or promptly
executable, i.e., it is not possible to safely and quickly
turn the patient.” Changing to the supine position
may require five or six professionals experienced in
performing the procedure and take up to five minutes
to complete.'® This delay in initiating CPR can be harmful
to the patient, increasing the time without blood flow to

the brain and coronary arteries,’

negatively impacting
survival and functional prognoses.

Factors such as spinal instability, open surgical
wounds, the presence of surgical instruments, the risk of
adverse events such as the loss of ventilatory prosthesis
or vascular lines, the need for Covid-19-related personal
protective equipment and limited staff preclude
performing decubitus changes and may result in a delay
in resuscitation. In these circumstances, CPR, including
electrical therapy (defibrillation), can be performed with
the patient in ventral decubitus.'%'213

The main goals of initiating prone CPR, also known
as reverse CPR, are to shorten the no flow time of blood
to the heart or brain and apply defibrillation early (when
indicated), factors that contribute to decreasing mortality
and mitigating neurologic outcomes in survivors.'

There are a limited number of observational studies
and case reports comparing prone versus supine CPR
and/or defibrillation.”™ There is also a scarcity of data
supporting the adoption of prone CPR as a protocol
practice. This is due to the lack of information on the
clinical implications of the intervention, such as survival
with favorable neurologic outcomes, rate of cardiac
arrest, resuscitation time, use of defibrillation, patient
characteristics, and occurrence of adverse effects.

Given the above, this study aims to provide clinical
insight based on synthesized case reports or case series
on the use of reverse CPR in surgical patients or those on

invasive ventilatory support in severe ARDS.
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Methods

This systematic review of case reports is in line
with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.’® Systematic
reviews are routinely used to synthesize current science
and assess the strength of the evidence and the
resulting quality of the recommendations. Case series
can be included in systematic effectiveness reviews,
particularly in the absence of experimental designs
such as randomized controlled trials and analytical
studies. This
contributes to a better understanding of the topic and

observational methodological design
identifying knowledge gaps in a rare clinical event or
new intervention."’

This study asks the following research question:
what is the available scientific evidence in case reports
and case series on resuscitation in the prone position
for return of spontaneous circulation (ROSC), survival,
favorable neurologic outcome, and occurrence of
adverse events?

A systematic search was performed in PubMed/
MEDLINE, SCOPUS, and EMBASE (Excerpta Medica
dataBASE) databases. A manual search of the grey
literature was also conducted in Google Scholar,
OpenGrey, and Grey Literature Report, as well as
complementary consultation of the reference lists of the
included studies.

Thetheoretical framework was based on the following
descriptors and respective synonyms, combined using
the Boolean operators AND and OR: (Cardiac Arrest)
OR (Heart Arrest) OR (Cardiopulmonary Arrest) OR (CPR)
AND (Cardio Pulmonary Resuscitation) AND (Prone
Position) OR (Reverse CPR) OR (Prone CPR).

Eligibility criteria included case reports or case series;
patients of any age; patients previously in the prone
position (surgical procedures or ventilatory support);
resuscitated in the prone position; and available data
on survival and neurologic prognosis. There were no
restrictions on language or year of publication. Patients
who suffered intraoperative cardiac arrest or those under
intensive care were considered a subgroup.

Exclusion criteria were studies that used other
methodological designs; reports in which the patient
was repositioned to dorsal decubitus during CPR; and
studies with incomplete data.

All retrieved citations were screened and assessed for

eligibility by two independent reviewers. The screening
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process comprised two stages: (i) evaluation of the titles
and abstracts and (ii) reading in full and assessment of
the complete article

Data from the articles that met the inclusion criteria
in the second stage were collected, organized in a
standardized table and presented in a narrative summary
including authorship and year of publication; indication
of prone position; age; sex; cardiac arrest rhythm;
resuscitation time until ROSC; use of defibrillation (in
the case of shockable rhythms), survival, neurologic
outcome; clinical repercussions; and occurrence of
adverse events.

The risk of bias in case reports was assessed by
applying the Critical Appraisal Checklist for Case Reports
from the Joanna Briggs Institute Reviewers’ Manual."®
The critical appraisal tool considers demographic
characteristics; patient history; clearly described clinical
cases; description of the intervention; outcome; adverse

events; and implications for practice.

Results

The search strategy resulted in 29 eligible studies.
After evaluation by two reviewers, 14 studies were
considered for inclusion in the present review (Figure 1).
The Kappa index for analysis of inter-reviewer agreement
was 1.0 (95% CI; 0.60-1.00; p < 0.001).

Tables 1 - 3 present a summary of the relevant
information from the studies. Table 1 lists the selected
studies with their respective references and summarizes
the information related to case reports of reverse
resuscitation, while Table 3 contains the critical appraisal
of case reports.

Fourteen studies reported 15 cases of reverse
resuscitation with ROSC by manual cardiac compressions
in the posterior region or defibrillation. One study
did not report cardiac compressions performed in
the prone position, but describes the application of
early defibrillation after cardiac arrest in monomorphic
ventricular tachycardia, resulting in immediate ROSC."?
The reports ranged from children under one-year-old to
adults aged over 80 years.

Most of the studies identified cases of cardiores-
piratory arrest in hemodynamically stable (surgical)
patients and not as a result of clinical degeneration and
multiple organ failure in critically ill patients. Only one

study reported a patient in intensive care.?°
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The prevalent cardiac arrest rhythm was asystole,?%-2°

followed by pulseless electrical activity (PEA)2%%7

29,30

ventricular fibrillation (VF), eand pulseless ventricular

tachycardia (PVT)."”? Two cases did not specify the

t.1731 Among the studies that

mechanism of cardiac arres
reported the occurrence of shockable rhythms (VF/PVT),

one described the non-use of defibrillation.??
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all patients. Among the fifteen cases reported, three
patients died in less than 30 days.?"3%3" The remaining
articles describe the clinical evolution of patients with
no neurological complications secondary to cardiac
arrest. No adverse events due to resuscitation in the
prone position were reported. A critical evaluation of the
case reports shows that most studies provided detailed

Return of spontaneous circulation was achieved in information.
c
2 Studies identified
R (n=26)
=
=
€
)
3
Grey literature (n = 3)
c
2
: '
Q
@ » :
Initial screening Exclusions in initial
. _ — )
Title and abstract (n = 29) screening (n=14)
2
= Second screening Exclusions in the second
e : : ———» i =
o Articles read in full (n = 15) screening (n = 1)
K Describes resuscitation in a
w prone position but with open
compressions
c
3
] Studies included in the
e qualitative synthesis (n = 14)

Figure 1 - Flowchart of study identification, assessment, exclusion, and inclusion.

Discussion

Effective external cardiac compressions and early
defibrillation are the gold standard of care for cardiac
arrest.3? The typical approach for ventral decubitus
cardiac arrest is to return the patient to a supine position
as soon as possible and follow standard resuscitation
measures. Although resuscitation is easier in dorsal
decubitus, the postural change wastes valuable time
and shifting a critically ill patient from prone to supine
during an emergency may result in adverse situations,

Dalmedico MM et al.

contributing to a worse prognosis.”*3 The effectiveness
of reverse CPR is related to the greater force generated
by external cardiac compression in the prone position,
since the costovertebral joints are stiffer and favor the
transfer of the compression force. This results in more
effective direct cardiac compression, thereby providing
better hemodynamic effects. The prone position also
allows greater airway permeability, enhancing perfusion
and oxygenation.®" Reverse CPR generates greater
venous return and higher coronary perfusion pressure

when compared to the supine position.>*3°
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Table 1 - Narrative summary: general study data

Authors/Year Country Title Journal
Al. Harbi et al. (2020)%¢ Saudi Arabia Prone cardiopulmonary resuscitation in elderly under- Saudi J Anaesth
going posterior spinal fusion with laminectomy

Burki et al. (2017)3" Pakistan CPRin prone position during neurosurgery Anaesth Pain & Intensive Care

Kaur et al. (2016)2 India Cardiac arrest in prone position: When da | make my Anesth Analg
patient supine?

Chauhan et al. (2016)%2 India Asystole during lumbar discectomy: a case report J Clin Anesth

Gomes et al. (2012)%7 Brazil Cardiopulmonary resuscitation in the prone position Open J Anesthesiol

Dooney (2010)%° Australia Prone CPR for transient asystole during lumbosacral Anaesth Intensive Care
spinal surgery

Haffner et al. (2010)"? Germany Successful cardiopulmonary resuscitation in prone Anaesthesist

Brown et al. (2001)"?

Miranda et al. (2001)%°
Dequin et al. (1996)?°

Kelleher et al. (’I‘:)S’S)z4

Tobias et al. (1 994)%5

Loewenthal et al. 1993

Sun et al. (1992)%7

)28

United Kingdom

United Kingdom

France

United Kingdom

United States

France

Taiwan

position

Cardiac arrest during surgery and ventilation in the pro-
ne position: a case report and systematic review

Successful defibrillation in the prone position

Cardiopulmonary resuscitation in the prone position:
Kouwenhoven revisited

Cardiac arrest and resuscitation of a 6-month-old
achondroplastic baby undergoing neurosurgery in the
prone position

Cardiopulmonary resuscitation in the prone position

Efficacy of external cardiac massage in a patient in the
prone position

Successful cardiopulmonary resuscitation of two pa-
tients in the prone position using reversed precordial
compression

Resuscitation

Br J Anaesth.

Intensive Care Med

Anaesthesia

J Pediatr Surg

Ann Fr Anesth Reanim

Anesthesiology

Table 2 - Narrative overview: clinical study data

Reference Gender Age Indication for Defibrillation Return of Rhythm Duration
the prone spontaneous (min)
position circulation
Al. Harbi et al .26 Male 80 years Posterior spinal No Yes Pulseless Unspecified
fusion with electrical
laminectomy activity
Burki et al.3! Female 6 years Tumor excision No Yes Unspecified 20 minutes
Kaur et al.2’ Female 14 years Correction of No Yes Asystole 4 minutes
spinal deformity
Chauhan et al.22 Male 49 years Lumbar No Yes Asystole Between
discectomy 15 and 20
seconds
Gomes et al.2? Female 77 years Tumor excision No Yes Pulseless 2 minutes
electrical
activity
Dooney?® Male 43 years Lumbar No Yes Asystole Unspecified
discectomy
Haffner et al.!? Male 81 years Emergency No Yes Unspecified 5 minutes
craniotomy after
cerebellar
hemorrhage
Brown et al.'? Female 60 years Thoracic spine Shock appli- Yes Pulseless Unspecified
decompression cation (200 ventricular
Joules) tachycardia
Miranda et al.3° Female 39years  Thoracic vertebral ~ Shock appli- Yes Ventricular Unspecified
tumor resection cation (200 fibrillation
Joules)
Dequin et al.20 Female 48 years Acute Respiratory No Yes Asystole 5 minutes
Distress
Syndrome
Kelleher et al.24 Female 6 months Craniectomy No Yes Asystole 2 episodes: 7
and 4 minutes
Tobias et al.2® Male 12 years  Spinal arthrodesis No Yes Asystole 7 minutes
Loewenthal et al.28 Female 53 years Tumor excision No Yes Pulseless 3 minutes
electrical
activity
Sun et al.2? Female 14 years Craniectomy No Yes Pulseless 5 minutes
(Case 1) electrical
activity
Sun et al.2? Male 34 years Decompressive No Yes Ventricular 6 minutes
(Case 2) laminectomy of fibrillation

cervical spine

Dalmedico MM et al.
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Table 3 - JBI Critical Appraisal evaluation
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Reference Demographic  Clinical Clinical Diagnostic  Intervention  Post-interven- Adverse Lessons
characteristics  history  condition tests /Treatment  tion conditions events learned
Al. Harbi et al.2¢ Yes Yes Yes Yes Unclear Yes No Yes
Burki et al.3’ Yes Yes Yes Yes Yes Yes Yes Yes
Kaur et al.2" Yes Unclear Unclear No Unclear Unclear Unclear No
Chauhan et al.?2 Yes Yes Yes Yes Unclear Yes Yes Yes
Gomes et al.?’ Yes Yes Yes Yes Yes Yes Yes Yes
Dooney?? Yes Yes Yes Yes Unclear Yes Yes Yes
Haffner et al.’? Yes Yes Yes Yes Yes Yes Yes Yes
Brown et al.? Yes No Yes Yes Yes Yes Yes No
Miranda et al.3° Yes Yes Yes Yes Yes Yes Yes Yes
Dequin et al.?° Yes No Yes Yes Unclear Yes Yes Yes
Kelleher et al.24 Yes Yes Yes Yes Yes Yes Yes Yes
Tobias et al.2® Yes Yes Yes Yes Yes Yes Yes Yes
Loewenthal et al.2® Yes Yes Yes Yes Yes Yes Yes Yes
Sun et al.2? Yes Yes Yes Yes Unclear Yes Yes Yes

Note: JBI = Joanna Briggs Institute Reviewer.

In regard to the appropriate region to apply
resuscitation compressions in the prone position, one
study showed that the cross-sectional area of the left
ventricle is located at most 0 to 2 vertebral segments
below the inferior angle of the scapula, meaning
that compression in this location may produce better
results.”™ A number of methods can be used to perform
chest compressions in the prone position, including
placing the hands on the scapulae and the thoracic
spine, with or without counterpressure on the sternum.'?
Counterpressure, where the closed fist is positioned
between the sternum and the bedside, can optimize
resuscitation maneuvers.?® Sternal counterpressure
can increase the effectiveness of chest compressions.
The same compression rate (100-120/min) and depth
(5-6 cm) as conventional chest compression should be
used.3¢

In young children, compressions are performed
using the fingers of one hand on the thoracic spine.?* In
the neurosurgical approach, where the surgical wound
and/or instruments prevent access the patient to apply
compressions, the surgeon can perform a posterior left
thoracotomy and direct cardiac compression.®’

Dalmedico MM et al.

Another key aspect of conducting CPR is the
application of defibrillation in the event of VF or PVT
rhythms. For patients in the prone position in cardiac
arrest by VF/PVT, defibrillation must be performed in this
position because changing decubitus wastes time and
reduces the likelihood of successful defibrillation.?3038
To apply electrical therapy in the prone position, one of
the defibrillator pads is placed in the left fifth intercostal
space atthe mid-axillary line, while the otheris positioned
between the tip of the right scapula and the spine.®”
Another technique involves placing one electrode at the
left lower sternal border and the other posteriorly below
the scapula.®04!

The probability of successful defibrillation and
survival after hospital discharge is directly related to the
time between the onset of ventricular fibrillation and
administration of the first shock.*? A simulation study
reported 22 seconds for applying the first defibrillation
in prone patients, compared with an average of 108 + 61
seconds when the patient was mobilized in the supine
position before defibrillation.*®

Wei et al.3® compared the effectiveness of supine
and prone cardiac compressions in 11 patients who had
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suffered cardiopulmonary collapse. The mean systolic
blood pressure obtained was 79.4 (£ 20.3) mm/Hg,
while diastolic pressure was 16.7 (£ 10.3) mm/Hg for
prone resuscitation. On the other hand, precordial com-
pressions resulted in a mean systolic arterial pressure of
55.4 (x 20.3) mm/Hg and diastolic pressure of 13.0 (=
6.7) mm/Hg, demonstrating that reverse resuscitation
enables adequate circulatory support.

In a similar study, patients who suffered cardiac
arrest without ROSC after 30 minutes of conventional
resuscitation received an additional 15 minutes of
reverse resuscitation.” Systolic blood pressure increased
significantly, from 48 mm/Hg during standard resusci-
tation to 72 mm/Hg during reverse resuscitation (23 + 14
mm/Hg). The results were also higher for mean arterial
pressure (14 = 11 mm/Hg) and diastolic arterial pressure
(10 = 12 mm/Hg). However, despite the increase in
pressures, no patient experienced ROSC.’

In a clinical simulation with a Laerdal Resusci Anne
mannequin, a study conducted with thirty-six nurses
showed that appropriate training in reverse CPR,
considering the performance of compressions with
adequate depth, produced favorable results and
adequate hemodynamic and ventilatory effects.**

Ad(ditionally, capnography (ETCO,) is recommended
to determine the effectiveness of chest compressions
and CPR duration and confirm the correct position
of the orotracheal tube.** Invasive blood pressure
and continuous ETCO, monitoring may be helpful to
determine if compressions in the prone position are
generating adequate perfusion, which may indicate the
ideal moment to place the patient in dorsal decubitus.3?

Another relevant aspect concerns training profes-
sionals to use reverse CPR algorithms.***” Familiarizing
the teams with the technical aspects of applying
compressions and defibrillation to the patient in the
prone position may contribute to better compliance

rates.>2248

Conclusion

Despite limited evidence to support clinical decision-
making, reverse CPR may be a feasible alternative in
exceptional circumstances when the time required and
technical complexity of moving to supine could cause
delays, interruption of advanced life support or risks to
the healthcare team.

Dalmedico MM et al.
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It is important to note that early high-quality chest
compressions and immediate defibrillation are critical
to patient survival and neurologic outcomes. These
measures can be readily implemented with the patient
in ventral decubitus. It is essential for teams caring
for surgical or intensive care patients to be trained
to recognize cardiac arrest in the prone position and
immediately initiate reverse resuscitation.

Given the relevance of the issue, further research with
an appropriate design and greater methodological rigor
(adequate power and sample size) is needed to provide
evidence for developing clinical protocols to guide care in
situations requiring CPR in the prone position. The Critical
Appraisal Checklist for Case Reports is recommended for
standardizing case reports on reverse CPR.
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