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ABSTRACT

Pressure-regulated volume control (PRVC) is a mode of ventilation in which the ventilator attempts to achieve set tidal volume at lowest possible airway pressure.
This mode of ventilation is being commonly used as the initial mode of ventilation in many intensive care units. We describe two cases where this adaptive mode of

ventilation became maladaptive leading to patient-ventilator dyssynchrony.

1. Introduction

The two most common_modes in the world are volume control (VC)
and pressure control (PC). VC is flow controlled, and a|guar, 1
and minute ventilation Elred, but in scenarios
esired is /less, than flow |delj patient-ventilator as
sues. PG has a s inspiratory pressure: the neural desire of flow can be
synchronized toeﬂelivered flow given the flow variability. These tradi-
tional modes have a set-point targeting scheme, in other words: what
the clinician sets, the [ventilator will deliver| [1]. Ventilator modes are
becoming increasingly sophisticated, and settings are previously re-
quiring input and adjustment by the clinician are now becoming au-
tomated. mssu.re Regulated Volume Control (PRVC) is an example of

anm targeting scheme, in the sense that there is the %
targeting of inspiraj with the aim of delivering the desire

minute ventilation/ti e [2]. In an Adaptive targeting scheme,
the ventilator uses a fei method on a breath-to-br basis, to
continuously adjust the pressure deliver i

et. PRVC theoreti vides t
igalong i the* inute 3]. Given the
constant feedback and ja Mﬁrgetmg, there is often anwﬁon
that PRVC is a set it and forget it type of mode, but asynchronies can

ensue. We provide two cases where the Adaptive mode became mala-
daptive.

2. Case 1

A 42-year-old woman with a history of intravenous drug abuse and
reactive airway disease was transferred to our hospital after a cardiac
arrest. She had been found down in the field and was given naloxone by
emergency medical services (EMS), but on the route to the outside fa-
cility's emergency department, she became bradycardic and
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subsequently lost pulses. She underwent advanced cardiopulmonary
life support (ACLS) and achieved return of spontaneous circulation after
an unknown period of downtime. She was then intubated and trans-
ferred to our hospital for further care.

At our hospital, the patient was placed on the ventilator, using
PRVC with a set tidal volume of 350 cc (6 cc/kg of ideal body weight
(IBW)) and a rate of 15 breaths per minute. The patient was -

m at a rate of aths per minute and was trying to pull ti
of more than 700 cc (>12 cc/Tg of IBW) (Fig. 1). As a result,

vo.
the%tivelltargeting scheme of ﬂ’\VC lowered the delivered pressure
to reach the lower tidal volume set.

We investigated the cause of her high minute ventilation. The ar-
terial blood gas obtained on the above settings showed a pH of 7.08,
pCO2 of 54 mmHg, PaO2 of 193 mmHg, with an HCO3 of 15 mmol/L.
The mixed metabolic and respiratory acidosis primarily |drove the pa-
tient's high respiratory /drivel The patient was diaphoretic with ster-
nocleidomastoid contraction and_intercostal retractions noted, even-
tually |changed to PC of Hg over PEEP with noted improved
patient comfort and synchrony. - -

3. Case 2

A 49-year-old man with no past medical history presented to our
hospital with an intra-parenchymal hemorrhagic stroke. He was in-
tubated for airway protection and was placed on the ventilator using
PRVC with a set tidal volume of 400 cc (6 cc/kg of IBW). The patient
was noted to be taking higher than set ti and his pressure-
time curve on_the ventilator showed negative inspiratory deflections,
indicating a fhigh respiratory |drive and significant inspiratory efforts
(Fig. 2). As the patient was on H\VC, the Adaptive %scheme

the W# mes and subsequently /decreased the in-
splratory‘pr 3ol

essure, auto-peep was also noted, which also contributed to
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Fig. 1. The pressures on the pressure-time curve were minimal due to the larger
tidal volumes that patient was pulling.

MAQUET

Fig. 2. Negative pressure-time curve related to patient inspiratory efforts
leading to high tidal volumes and auto-peep (seen on flow-time and flow-vo-
lume curves).

the poor patient-ventilator interactions. We |switched to pressure con-
trol which improve‘patientiynchrony. The cause for a high respiratory
drive was unclear, metabolic, pain and anxiety did[not appear to|cause;
we hypothesized a central etiology in the setting of possible anoxic
brain injury.

4. Discussion

This adaptive mode of ventilation targets
inspiratory pressures|to achieve|the set tidallvolume. Adaptiye targeting
scheme in PRVC is a great asset in our ventilator toolbox. Inm cases,
PRVC can deliver the desired tidal/volume|at the lowestE)r using
the Adaptive targeting scheme as a feedback method. T eWof the
adaptive mode is that when there is aw in respirator;%ic_s
in_the form of resistance or mrnpliance, the pressure will adjust to
deliver the |desired tidal volume. However, there have been many oc-
casions in our ICU when we have noticed that the Adaptive targeting
scheme becomes ive and can lead to harm in our patients.

One potertial rony for PRVC is the clinical scenario where

an increased|desire of flow occurs (pain, anxiety, acidosis, etc.), and the
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{Pmusci [Pmusc] {Pmusci

- time

Pvent only Pmusc + Pvent

Fig. 3. Pressure Control in a passive and active patient.

targeting scheme will continue to reduc pressure to
minimal levels, theoretically significantly|increasing work| of breathing
[4,5]. We can better understand the physiology of_this_asynchrony
through the lens of the equation of motion| [6]. The m_%a_
m to_the respiratory system is equal to the pressure needed to
overcome Elastic (E) and Resistive(R) components. The Elastic and re-
sistive pressures are, nal to the Volume(V) and Flow (V*) re-

spectively. The ﬁ)ﬁ ssure can be divided into the pressure applied
by the [ventilator| (Pvent) and by the patient (Pmusc).

Total pressure applied = Pvent + Pmusc = ExV + RxV*

In our ventilator illustrations (Figs. 3-5) we demonstrate PC, VC,
PRVC in a patient that is initially passive where Pvent is applying all the
pressure, but as the p. tient*comes active, will also ibute
to the overall pressurelapplied! In Fig. 5, the tidallvolume isﬁthan
set by the clinician. Therefore the P component will be reduced, but
to Main the |desired flow, the Pmusc component will continue to
increase.

We describe two cases where patients exhibited a (high| respiratory
#and were placed on PRVC as an initial mode. In both cases flow

emanded by the patient was higher than the |set tidal volume. In our
cases, the total pressurﬁivere above PEEP was consistently below
five mmHg. During a [hig respiratory%state, the will be

%on a breath to breath basis,mﬂﬁﬁﬂ
tidal vo unPnusc wi%&ant y increase. A |high and variable
respiratory drive leads tov: levels of this can cause a cycle
where the patient becomes increasingly dyssynchronous with the ven-
tilator. Patient-ventilator dyssynchrony is an essential but often un-
recognized issue; it is associated with poor patient outcomes, such as

patient discomfort and prolonged mechanical ventilation [7,8].

5. Conclusion

PRVC is “typically” a set it and forgets it type of mode, which can be
dangerous. i should be the initial mode

subsequent increased Pmusec, contributing to an overall increase in
work of breathing. We recommend that PRVC should be set in patients

Qi\\ \)r.C ?i‘\ uc,c

P | vi“"f"l.c.:

ume

Pvent only Pmusc + Pvent

Fig. 4.Volume Control in a passive and active patient.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.rmcr.2019.03.001.

Pmusc + Pvent

Fig. 5. -in a passive and-patient.
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