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Abstract

Mechanical ventilation in prone position is an
alternative strategy for patients with acute respiratory
discomfort syndrome (ARDS) to improve oxygenation
in situations when traditional ventilation modalities
have failed. However, due to the significant increase
in ARDS cases during the SARS-CoV-2 pandemic
and the experimental therapeutic use of potentially
arrhythmogenic drugs, cardiopulmonary resuscitation
in this unusual position could be needed. Therefore,
we will review the available scientific evidence of
cardiopulmonary resuscitation in prone position.

Relevance

The current Coronavirus Disease 2019 (COVID-19)
pandemic resulting from SARS-CoV-2 infection requires
the highest level of medical response from health care
services worldwide. Pneumonia is the most common
comorbid condition, with acute respiratory discomfort
syndrome (ARDS) as the main complication. Current
studies have demonstrated that 20 to 41% of patients with
COVID-19 develop ARDS, and 12.3% of these patients
require mechanical ventilation."? For patients where
predefined ventilation parameters are not met and patients
with refractory hypoxemia, prone-position ventilation
(PPV) has been suggested as a valuable alternative.3*

PPV alters the mechanical and physiological structure
of the gaseous exchange, creating a more homogenous
ventilation system, decreasing ventral alveolar extension,
and diminishing dorsal alveolar collapse.® This can
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effectively reduce the difference between transpulmonary
dorsal and ventral pressures. In addition, PPV reduces
pulmonary compression and improves corporeal
perfusion.®” Prone ventilation should be initiated in the
first 36 hours of mechanical ventilation and ideally be
maintained for 12 to 16 hours.*

During this period of treatment, the patient may become
vulnerable to emergency situations, with cardiac arrest
as the diagnosis with the worst prognosis. Moreover,
the current use of experimental drugs may increase the
occurrence of malignant arrhythmia. The combination of
hydroxychloroquine and azithromycin predisposes to QT
interval prolongation on electrocardiogram.? This could
consequently increase the potential risk for dangerous
ventricular arrhythmias, requiring specific technical
knowledge in the performance of synchronized electric
cardioversion or cardiac defibrillation while the patient is in
prone position. Additionally, an assistance team with little
experience in cardiopulmonary resuscitation while in prone
position represents a particularly challenging complication,
especially considering the adoption of respiratory isolation
and use of personal protective equipment.

Objective

To review the scientific evidence related about prone
cardiopulmonary resuscitation.

Background

First described by Dr. McNeil in 1989,° the first case of
cardiopulmonary resuscitation (CPR) in prone position
claimed success in practice by Dr. Sun and colleagues in
1992.1° While still not adopted as a routine practice, this
technique meets the prerequisite ideas of resuscitation,
guaranteeing adequate ventilation associated with thoracic
compressions, requiring only simple training.
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Several small studies have shown that dorsal compressions
cause an increase in arterial pressure in comparison to
conventional compressions. A pilot study in which six
patients received 15 minutes of CPR in conventional position,
followed by 15 minutes of CPR in prone position, resulted
in a systolic arterial pressure increase from 48 mmHg to
72 mmHg with prone-position CPR." A separate study
compared the levels of systolic and diastolic arterial pressure
(SAP, DAP) with invasive monitoring in 11 cadavers and
found higher levels of SAP and DAP in patients who
received CPR in prone position (79+20 / 17+10 mmHg in the
experimental prone group, compared to 55+20/13+7 mmHg
in the conventional group, p =0.028).12

Mazer et al.! suggested a possible explanation for the
increased efficiency of prone-position CPR." According
to their study, external cardiac compressions in prone
positions generate a greater force due to the costovertebral
articulations and their increased rigidity. This allows greater
variation in intra-thoracic pressure and more effective
direct cardiac compression, providing better circulatory
effects. Moreover, the prone position provides high level of
patency in airways, and the increased intra-thoracic pressure
variation favors lung ventilation.

The American Heart Association included CPR in prone
position in their recommendations for advanced treatment
in life support in 2010."® These recommendations are
applied to patients unable to move spontaneously, making
the shifting to the supine position impossible, especially
patients who underwent dorsal surgical procedures with
vascular resection, neurosurgeries, or treatments to the
spinal vertebrae.'*"* These recommendations have remained
unchanged in modern revisions since 2015.%

Cardiac compressions

Prone-position CPR can be performed with one or two
hands and with or without external counterpressure.?* For
thoracic compressions, place the hypothenar region of the hand
above the patient’s thoracic vertebrae, and the other hand over
the first, lacing them together. A study by Kwon and colleagues
used computerized tomographic images to demonstrate that
the best position for thoracic compressions lies 0-2 vertebral
segments below the inferior angle of the scapula (T8-T9).
Typically, this region provides more direct access to the larger
left ventricle in the transversal area (Figure 1).2*

Prone-position CPR should be similar to conventional
CPR with compressions between 5 and 6 cm, with
frequency between 100 to 120 compressions per minute,

l

TonNan

Figure 1 - Illustration of thoracic compression hand position.
The horizontal line demonstrates the topography between
spaces T8 and T9.

allowing the thorax to return to the original position.
A capnography allows for an effective measurement of the
exhaled CO, to evaluate the effectiveness of the treatment.
In 2001, Brown et al.,* published the first systematic review
article about prone-position CPR. The authors identified 22
intubated patients who received prone-position CPR, 10 of
whom received hospital discharge following treatment.”

Defibrillation

Defibrillation in prone position is another important
aspect in prone-position CPR. It can be performed in
the posterolateral-prone-position (one of the blades is
positioned in the middle axillary line on the left, at the
fifth intercostal space and the other blade is positioned in
the distal portion of the scapula on the right) or bilateral
axillary.?*” (Figures 2 and 3)

Conclusion

Cardiopulmonary resuscitation in prone position proves
to be a viable alternative in situations where itis not possible
to return the patient to the traditional supine position, since
it provides immediate initiation of chest compressions,
reduces the risk of displacement of tubes and catheters,
and contamination of the health professionals involved in
patients’ care.
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Figure 2 — Illustration of scapular positioning

Figure 3 — Illustration of biaxial positioning
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