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ABSTRACT

As per current guidelines, whenever an advanced airway is in place during cardiopulmonary resuscitation, positive pressure ventilation should
be provided without pausing for chest compression. Positive pressure ventilation can be provided through bag-valve resuscitator (BV) or
mechanical ventilator (MV), which was found to be equally efficacious. In a busy emergency department, with less trained personnel use of MV
is advantageous over BV in terms of reducing human errors and relieving the airway manager to focus on other resuscitation tasks. Currently,
there are no guidelines specific to MV settings in cardiac arrest. We present a concept of“six-dial ventilator strategy during CPR"that encompasses
the evidence-based settings appropriate during chest compression. We suggest use of volume control ventilation with the following settings:
(1) positive end-expiratory pressure of 0 cm of water (to allow venous return), (2) tidal volume of 8 mL/kg with fraction of inspired oxygen at

100% (for adequate oxygenation), (3) respiratory rate of 10 per minute (for adequate ventilation), (4) maximum peak inspiratory pressure or P,

max

alarm of 60 cm of water (to allow tidal volume delivery during chest compression), (5) switching OFF trigger (to avoid trigger by chest recoil),
and (6) inspiratory to expiratory time ratio of 1:5 (to provide adequate inspiratory time of 1 second).
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Dear editor

In cardiac arrest, restoring circulation with chest compressions
and, if appropriate, attempted defibrillation are the priority to
restart the heart. The current guidelines recommend that the
attempt to secure the airway may be deferred until the patient
fails to respond to initial cardiopulmonary resuscitation and
defibrillation attempts or demonstrates return of spontaneous
circulation (ROSC)."? Moreover, there is inadequate evidence
to define the optimal timing of advanced airway placement in
relation to other interventions during resuscitation from cardiac
arrest.? But in cases where cardiopulmonary resuscitation (CPR) is
prolonged for more than few minutes, or hypoxia is the cause of
arrest, it is necessary to ensure adequate oxygen delivery to the
tissues. Hence, management of airway and ventilation during CPR
are important pillars for successful resuscitation. It includes basic
airway management such as bag-mask ventilation and advanced
airway management such as supraglottic airways and endotracheal
intubation."? Whenever an advanced airway is inserted during CPR,
continuous compressions with positive-pressure ventilation (PPV)
should be delivered without pausing chest compressions.™

Positive-pressure ventilation can be provided through an
advanced airway by bag-valve resuscitator (BV) or mechanical
ventilator (MV). Both methods of ventilation were found to
be equally effective in terms of blood gas measurements in a
prospective interventional study of 122 cardiac arrest patients.” In
high-volume emergency departments (ED) with a smaller number
of trained personnel, use of MV offers advantage over BV. It allows
the airway manager to focus on other tasks during CPR such as chest
compression, defibrillation, searching the cause of cardiac arrest,
and so on.® Weiss et al. had showed that healthcare professionals
were able to accomplish more tasks, document more completely,
and provide better patient care with the use of the MV in patients
undergoing CPR with an advanced airway compared to that of
BV.S It also eliminates human error by providing a set ventilation
parameters.’
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Currently, there are no evidence-based guidelines regarding
the appropriate MV strategy in CPR.? In the following section, we
present a concept of “Six-dial” MV strategy during CPR, which
we use frequently in our ED. “Six-dial” strategy encompasses
the MV settings apt for CPR, which is in accordance with the
current available evidences and guidelines (Fig. 1). Moreover,
this strategy can be easily adopted in patients with IHCA who
are already on MV.

Mobpe—VorLume ConNTROL VENTILATION
(VCV Mobk)

Dial—1: Positive End-expiratory Pressure = 0 cm
of Water

Positive end-expiratory pressure (PEEP) improves oxygenation
by recruitment of collapsed alveolar spaces, thus reducing
intrapulmonary shunting.® However, an increase in alveolar volume
is associated with higher intrathoracic pressures and impairment of
venous return during CPR in animals.>'® The effect of PEEP during
PPV in patients undergoing CPR is unknown. In a single-centered,
nonrandomized study of 298 hospital cardiac arrest patients,
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Fig. 1: Mechanical ventilator strategy in cardiopulmonary resuscitation. PEEP, positive end-expiratory pressure; TV, tidal volume; FiO,, fraction of

inspired oxygen; P,

those ventilated with 5 cm H,O PEEP had significantly higher
ROSC compared to patients without PEEP (48.2% vs 22.2%, p value
< 0.001). But this result lacked a multivariate analysis of other
covariates influencing ROSC."" Therefore, we suggest a zero PEEP
during CPR so that it will not impede the venous return in chest
recoil phase of CPR, although more evidence from human studies
are needed to support this.

Dial—2: Tidal Volume = 8 mL/kg and Fraction of
Inspired Oxygen = 100%
The current guidelines recommend a tidal volume of approximately
600 mL for adults for ventilation during cardiac arrest.? Hence, it
is suggested that a tidal volume of 8 mL/kg should be provided so
as to minimize the CPR-induced ventilation-perfusion mismatch.!?
Only 1 observational study of 145 of hospital cardiac arrest
patients evaluated arterial oxygen saturation (PaO,) measured
during CPRand cardiac arrest outcomes. The higher ranges of partial
pressure of oxygen in arterial blood during CPR were associated
with an increase in hospital admission rates.!* Therefore, it is
recommended to use highest available fraction of inspired oxygen
(in MV = 100%)."?

Dial—3: Respiratory Rate = 10 per Minute
Hyperventilation during CPR can increase the mean intrathoracic
pressure reducing venous return to the heart, increase lung volume
and pulmonary vascular resistance, reduce cardiac output, and
decrease coronary perfusion pressure and aortic blood pressure.'*!®
But hyperventilation is very common during CPR." A reduced
ventilation rate could be sufficient to maintain a normal ventilation
to perfusion ratio during CPR, as the cardiac output generated by
chest compressions is only 10-15% of normal.'® Based on these
studies, a systematic review recommended a ventilation rate of
10 per minute during adult CPR with a tracheal tube (very weak
recommendation based on very low-quality evidence)."

Dial—4: Maximum Peak Inspiratory Pressure (P
Alarm) = 60 cm of Water

During CPR with advanced airway in place, ventilation is provided
asynchronous to chest compression.! Often, it will happen that
inspiratory breath of MV may coincide with compression phase
of CPR. Compression phase of CPR increases the intrathoracic
pressure, which may rise above the set peak inspiratory pressure
(Prmaxs Which is usually set at 35-45 cm of water), limiting the MV to
provide inspiratory breath. Hence, itis advisable to increase the P, .,
alarm to 60 cm of water.” Increasing the P,,, should caution the
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maximum peak inspiratory pressure alarm; |:E ratio, inspiratory to expiratory ratio; T;
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provider about risk of barotrauma; hence, titration of P,
be done on individual patient basis.”® Maximum allowable P
80 cm of water.”

Dial—5: Ventilator Trigger = OFF

The trigger sensitivity should allow the patient to trigger the
ventilator easily. A trigger sensitivity that is too sensitive may cause
a breath to be delivered in response to chest recoil, which may lead
toinduce hyperventilation and deteriorating gas exchange during
CPR. A porcine study showed that there were significantly lower
minute ventilation volume and mean airway pressure and higher
aortic blood pressure, coronary perfusion pressure, and end-tidal
carbon dioxide observed in the ventilation periods with a turned-
off triggering setting compared to those with pressure or flow-
triggering (p value < 0.05)."° Hence, a turned-off patient triggering
is suggested for MV during CPR. If the option of stopping the trigger
is notavailable in the ventilator, pressure trigger of —20 cm of water
should be used.””

Dial—6: Adequate Inspiratory Time = 1 Second

Per current recommendations, delivering each breath by bag-valve
should be of 1 second duration."? As the respiratory rate is set at
10 per minute, to comply with the recommendations, inspiratory
to expiratory time (I:E) ratio should be 1:5 or fraction of inspiration
duration from total breath duration should be 16 to 17%.

LimiTATIONS OF “SiX-DIAL” STRATEGY

Although MV has some advantage over BV, it is important to keep
in mind about the complications associated with MV such as
barotrauma. Lack of adequate mechanical ventilators in ED, lack of
expertise to use it, and unavailability of robust human studies are
hinderances to use the proposed “Six-dial strategy.”

Once ROSC is achieved, it is imperative to change the
ventilatory settings from “Six-dial” to post-ROSC ventilation
strategy. The current guidelines for post-ROSC care recommend
using low tidal volume ventilation (6-8 mL/kg ideal body weight)
with titrated levels of PEEP and aiming for normocapnia."?° Other
parameters such as trigger, P, alarm, and L:E ratio should be
reverted to default setting and adjusted according to patient’s
requirements.
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