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Abstract

Background: There is a limited data examining the practice of using the airway pressure release ventilation mode for
patients with acute respiratory distress syndrome among respiratory therapists.

Objectives: To evaluate the current practice and barriers when using airway pressure release ventilation mode in the
management of patients with acute respiratory distress syndrome.

Methods: A cross-sectional online survey was disseminated between November 2022 and April 2023 to respiratory
therapists in Saudi Arabia. Descriptive statistics were used to analyze the respondents’ characteristics.

Results: Overall, 802 respiratory therapists (male: 59.60%) completed the survey. Five hundred nineteen (64.71%) did
not receive training on airway pressure release ventilation mode. Moreover, 325 (40.52%) and 391 (48.75%) did not know
if airway pressure release ventilation was used at their hospitals and if the mode was managed via protocol with acute
respiratory distress syndrome patients. Of the participants, 276 (34.41%) reported that plateau pressure should be used as a
target when setting P-high initially, while 427 (53.24%) believed that the initial P-low should be equal to 0cmH,O. Moreover,
468 (58.36%) believed that the initial T-high should be between 4 and 6, while 548 (68.33%) believed the initial T-low should
be a set time (between 0.4 and 0.8) seconds. The most appropriate intervention to improve ventilation and oxygenation was
to increase the P-high, which was reported by 370 (46.14%) and 326 (40.65%) respiratory therapists, respectively. Inadequate
training was the most common barrier (678, 84.54%) to airway pressure release ventilation implementation.

Conclusion: Airway pressure release ventilation management varies between respiratory therapists which may be due to
inadequate training and the absence of protocols.
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Introduction

Airway pressure release ventilation (APRV) is a technique of
ventilation that falls under the category of intermittent man-
datory ventilation, and it is known for its safety and effec-
tiveness.!> The APRV mode is a ventilation strategy that
utilizes continuous positive airway pressure (CPAP) while
using an inverse ratio of inspiratory to expiratory time. This
mode enables patients to engage in spontancous breathing,
irrespective of the ventilator cycle, hence, enhancing their
comfort.? It is aimed to enhance oxygenation and accomplish
lung recruitment while simultancously managing safe peak
inspiratory pressure in patients with acute respiratory dis-
tress syndrome (ARDS) and acute lung injury.* Several stud-
ies have shown significant enhancements in gas exchange
and arterial oxygenation while using the APRV mode in
comparison to other ventilator modes among patients with
ARDS.>7 Significantly, the use of the APRV mode has
shown a resultant reduction in both hospitalization duration
and ventilator dependency in adult patients with COVID-19
who need mechanical ventilation.®

Although the APRV mode is often used as a therapeutic
intervention for patients with ARDS in several intensive care
units (ICUs) globally, the specific parameters for this mode
may vary in nomenclature; however, the underlying princi-
ples remain comparable to those of other traditional modes.>’
The settings for APRV include P-high, T-high, P-low, and
T-low. It is crucial for healthcare providers using this mode
to possess knowledge about the underlying justifications and
distinctions associated with these various settings on
mechanical ventilators. The term “P-high” refers to the ele-
vated level of CPAP that is set for an extended duration,
known as “T-high.” This therapeutic approach aims to opti-
mize lung capacity and facilitate the recruitment of alveoli.
The term “P-low” refers to the setting of a low level of CPAP
for a brief duration known as “T-low.” More importantly, the
predominant portion of carbon dioxide elimination occurs at
this specific pressure level. The principal objective of this
mode is to ensure sufficient oxygenation while facilitating
lung recruitment without causing excessive lung expansion
during the high-pressure phase (P-high). Additionally, it
aims to provide adequate ventilation during the low-pressure
phase (P-low) to prevent air from getting trapped in the
lung.*!% In contrast, the time-controlled adaptive ventila-
tion approach modifies traditional APRV settings by dynam-
ically adjusting T-low and T-high according to the patient’s
lung physiology. This adaptation enhances lung protection
by minimizing VILI, thereby reducing the morbidity and
mortality associated with ARDS.!!12

We have previously assessed the current practice of using
the APRV mode among physicians and nurses working the
critical care units.'> However, there is a limited data examin-
ing the practice of using the APRV mode for those with
ARDS among respiratory therapists (RTs).'>!* Hence, this
research was aimed to evaluate the current practice of the
APRYV mode in the management of patients with ARDS from
the prospective of RTs. Additionally, this study aimed to
identify the obstacles preventing RTs from using this ventila-
tory mode with ARDS patients in the critical care units.

Materials and methods

Study design and instrument

In this cross-sectional study, the questionnaire was adapted
from previous literature by experts in the fields of respiratory
therapy, ICU medicine, and pulmonary medicine, all of
whom possess prior experience with the APRV mode.!%13:15:16
The questionnaire consisted of 23 items divided into 3 sec-
tions: demographics, knowledge, and the clinical practice of
the APRV mode and barriers to its implementation. The
choices in the second section of the questionnaire were
derived from available references and strategies for using
and operating the APRV mode.!%!31¢ A pilot test was con-
ducted with a sample of 10 RTs to assess the clarity and rel-
evance of the survey questions.

Data collection and sampling

The survey instrument was made accessible and dissemi-
nated on the SurveyMonkey platform between November
2022 and April 2023. Invitations to RTs were sent via profes-
sional organizations established on social media platforms,
as well as the Saudi Society for Respiratory Care. This study
used a convenience sample technique, with the primary
focus being on RTs in Saudi Arabia. At the start of the ques-
tionnaire, the researchers provided a clear explanation of the
need of obtaining the participants’ agreement, along with
pertinent details about the study itself. Additionally, contact
information was made available to participants for any fur-
ther inquiries or concerns. Prior to initiating the survey,
informed consent was obtained through the following state-
ment: “By answering the first question, you consent to par-
ticipate in this research study and authorize the use of your
anonymized data for research purposes.” To minimize redun-
dancy and recurrent feedback, participants could only com-
plete the survey link once. The anticipated duration for
completing the survey was 10 min.
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Data analysis

We gathered and transferred the data to an Excel file. Next,
the main author verified data initially, and then a second
author was available for cross-verification to reduce the like-
lihood of errors during data entry. The Statistical Package for
the Social Sciences (SPSS) version 29 was used to perform
the statistical analysis. Descriptive statistics were used to ana-
lyze the respondents’ characteristics which were presented as
frequency and percentages. We used Chi-square to compare
groups. p=<0.05 was considered statistically significant.

Ethical approval

Ethical approval was obtained from bioethical committee at
Jazan University (44/04/364) prior to the start of the study.

Results

Demographic data of study participants

Overall, 802 RTs of whom 478 (59.60%) were males, com-
pleted the online survey. Most of the respondents came from
the Central Region (308: 38.40%), followed by the Western
Region (229: 28.55%). Of the participants, 716 (89.28%)
held a bachelor’s degree and 462 (57.61%) had 1-5years of
clinical experience. Almost all of the participants worked in
critical care areas (764: 95.26%) and had a mean (standard
deviation) of 3 =2 number of ARDS patients care per shift.
Surprisingly, 446 (55.71%) had not used the APRV mode
before and 519 (64.71%) had not received training on it.
Moreover, 325 (40.52%) and 391 (48.75%) did not know if
APRYV was used at their hospitals and if the APRV mode was
managed using a protocol with ARDS patients. The full
details about the demographic data of the study participants
are in Table 1.

The current practice of using APRV mode with
ARDS patients

When APRV mode is initiated with ARDS patients, 276
(34.41%) of RTs observed that the P-high should be equal to
the plateau pressure on a conventional ventilator, while 427
(53.24%) observed that the P-low should be equal to
0cmH,0. Moreover, 468 (58.36%) believed that the T-high
should be between 4 and 65, while 548 (68.33%) believed
the T-low should be a set time (between 0.4 and 0.8) seconds
(see Table 2).

The majority of RTs (680: 84.79%) reported that the max-
imum tidal volume should be between 4 and 6 ml/kg, while
478 (59.60%) observed that the maximum P-high should be
35c¢cmH,O (Table 2). The most appropriate intervention to
improve ventilation and oxygenation in ARDS patients was
to increase the P-high was reported by 370 (46.14%) and 326
(40.65%) RTs, respectively. Figures 1 and 2 have the full
details of interventions ranked by RTs.

During weaning process of ARDS patients on APRV
mode, 242 (30.17%) RTs stated that the P-high should gradu-
ally be decreased to a target of 15cmH,O. More than half of
RTs (447, 55.74%) stated that T-high should gradually
increase to a target of 10s. Last, when the patient is stable,
628 (78.30%) reported that the criteria to switch the patient
to CPAP would be: FiO, <0.4, P-high <10cmH,0, and
T-high =105 (see Table 2).

Common barriers to not using APRV mode with
ARDS patients

RTs reported several barriers. The majority of RTs reported
that inadequate training (678: 84.54%), followed by the
absence of protocols (369: 46.01%) and lack of scientific evi-
dence (244: 30.42%) were the most common barriers. Other
reported barriers included the existence of alternative respira-
tory management for ARDS patients and not being the pre-
ferred option by the managing physician (see Figure 3).

Discussion

To the best of our knowledge, only limited studies have eval-
uated the perception and prevalence of using the APRV
mode among RTs in Saudi Arabia.!”"!° Therefore, this is the
first study to assess the current practice of RTs in Saudi
Arabia and the barriers to utilizing APRV in patients with
ARDS. Overall, our findings revealed inconsistent responses
regarding the initial settings and the criteria for weaning and
discontinuation of the APRV. However, there was modest
consensus concerning the management of APRV parameters
to maximize ventilation and oxygenation.

Over the past three decades, the APRV mode has become a
significant rescue strategy for ventilating patients with ARDS
and hypoxemia who are refractory to conventional mechani-
cal ventilation (CMV).2?° Since it contributes extensively to
promoting spontaneous breathing, patient-ventilator syn-
chrony, stabilizing hemodynamic status, and optimizing gas
exchange.>?! Nevertheless, the assessment of APRVs clinical
efficacy has been hampered in clinical trials due to inconsist-
ency in the APRYV settings.?>?* Current evidence has identified
the lack of a standardized approach that is widely used for
setting the APRV mode in clinical practice.?* Similarly, rele-
vant studies of RTs in Saudi Arabia have revealed moderate
levels of APRV knowledge, with significant variations in
adopting and managing APRV parameters due to a lack of pro-
tocol and training programs, which are hindering proper initia-
tion and manipulation of these settings.!”!® Accordingly, our
findings have revealed that utilization of the APRV mode is
very limited in 28% of the respondents’ hospitals and, as a
result, only about 44% of the RTs have ever used the APRV
mode because it is not available in their institutions.
Additionally, almost 73% of the participants managed APRV
settings based on their clinical experience without following
an existing protocol. Furthermore, 65% of the participants had
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Table I. Demographic data of study participants (n=802).

Demographics

Frequency (%) or M = SD

Gender, n (%)
Male
Female
Geographical location, n (%)
Central region
Western region
Southern region
Eastern region
Northern region
Academic qualification, n (%)
Associate degree
Bachelor’s degree
Postgraduate degree
Years of clinical experience, n (%)
<lyear
|-5years
6—10years
>|0years
Usual clinical practice area, n (%)
Critical care areas (ICU, CCU, SICU, etc.)
Noncritical areas (medical ward, surgical ward, etc.)
Emergency room (ER)
Number of ARDS patients care for per shift
Used APRYV, n (%)
Yes
No
Received training on APRYV, n (%)
Yes
No
Utilization of APRV in your hospital, n (%)
Yes
No
| don’t know
APRYV managed via protocol, n (%)
Yes
No
| don’t know

478 (59.60)
324 (40.40)

308 (38.40)

229 (28.55)

219 (27.31)
34 (4.24)
12 (1.50)

24 (2.99)
716 (89.28)
62 (7.73)

160 (19.95)

462 (57.61)

142 (17.71)
38 (4.74)

764 (95.26)
309 (38.53)
34| (42.52)
3+2

356 (44.39)
446 (55.61)

283 (35.29)
519 (64.71)

226 (28.18)
251 (31.30)
325 (40.52)

215 (26.81)
196 (24.44)
391 (48.75)

ICU: intensive care unit; CCU: coronary care unit; SICU: surgical intensive care unit; ARDS: acute respiratory distress syndrome; APRV: airway pressure

release ventilation; SD: standard deviation.

never received training on the application of the APRV mode.
This can lead to significant differences in initiating and man-
aging APRV parameters. Inappropriate settings of the four
parameters (P-high, P-low, T-high, and T-low) may have
adverse consequences for the patient’s health. Therefore,
healthcare practitioners must adhere to validated guidelines to
optimize clinical outcomes and minimize health risks.!%
According to our study analysis, it was found that 34% of
the respondents thought that P-high should be equivalent to
the P-plat on CMV. A subsequent study revealed analogous
findings, with approximately 48% of their participants stat-
ing that the P-high should be set similarly to the P-plat on the
CMV.'® These results are supported by the APRV protocols,

which indicated that a P-high setting should be equal to the
P-plat, typically <30cmH,0.'""* Importantly, a greater
P-high may be warranted in morbidly obese patients with
poor lung compliance.?

Over half (53%) of our respondents pointed out that P-low
should be initiated at 0 cmH, O, which is aligned with the APRV
guidelines.'®* Miller et al. showed identical outcomes, only
with a higher proportion among their participants (78%).!® This
significant variation can be explained by the limited size of their
study sample, which involved only 100 participants compared
to the 802 RTs in our study. Previous literature has shown that
P-low is set at 0cmH,O, which is compatible with lung dynam-
ics since the T-low time will ensure that the lungs are not fully
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Table 2. Current practice of using APRV mode with ARDS patients.

Initial APRYV settings Frequency (%)
Initial P-high setting, n (%)
At 25cmH,O 194 (24.19)
Equal to the plateau pressure on a conventional ventilator 276 (34.41)
Equal to the mean airway pressure on a conventional ventilator 86 (10.72)
2-5cmH,O above mean airway pressure on conventional ventilator 183 (22.82)
To achieve a tidal volume of 6 ml/kg/pbw (predicted body weight) 63 (7.86)
Initial P-low setting, n (%)
0cmH,O 427 (53.24)
2-5cmH,0 160 (19.95)
Match to PEEP from a conventional ventilator 117 (14.59)
Variable depending upon oxygenation 98 (12.22)
Initial T-high setting, n (%)
2-3s 189 (23.57)
4-6s 468 (58.36)
Per desired minute ventilation and respiratory rate 96 (11.97)
Per [:E ratio 49 (6.11)
Initial T-low setting, n (%)
Set time (i.e., 0.4-0.8s) 548 (68.33)
Per desired I:E ratio 134 (16.71)
When expiratory flow equals 25%—49% peak expiratory flow 80 (9.98)
When expiratory flow equals 50%—75% peak expiratory flow 40 (4.99)

APRV management
The maximum allowed Vt, n (%)

4-6ml/kg 680 (84.79)
7-8ml/kg 59 (7.36)
9—-10ml/kg 24 (2.99)
>10ml/kg 24 (2.99)
No limit 15 (1.87)
The maximum allowed P-high, n (%)
30cmH,O 102 (12.72)
35cmH,0 478 (59.60)
40cmH,O 195 (24.31)
No maximum 27 (3.37)
Utilization of pressure support with APRYV, n (%)
Yes 646 (80.55)
No 156 (19.45)

Weaning and discontinuation
Criteria to wean P-high, n (%)

Reduce P-high gradually in attempt to reach a target of 20cmH,O 143 (17.83)
Reduce P-high gradually in attempt to reach a target of 15cmH,O 242 (30.17)
Reduce P-high gradually in attempt to reach a target of 10cmH,O 234 (29.18)
Reduce P-high gradually in attempt to reach a target of 5cmH,O 183 (22.82)
Criteria to wean T-high, n (%)
Increase T-high gradually in attempt to reach a target of 7s 150 (18.70)
Increase T-high gradually in attempt to reach a target of 10s 447 (55.74)
Increase T-high gradually in attempt to reach a target of I5s 170 (21.20)
Increase T-high gradually in attempt to reach a target of 20s 35 (4.36)
Criteria to switch clinically stable ARDS patient to CPAP, n (%)
FiO, <40% 82 (10.22)
P-high <10cmH,O 54 (6.73)
T-high =105 38 (4.74)
All criteria mentioned (FiO, <40%, P-high <10cmH,O, and T-high =105) 628 (78.30)

APRV: airway pressure release ventilation; ARDS: acute respiratory distress syndrome; PEEP: positive end-expiratory pressure; Vt: tidal volume; CPAP:
continuous positive airway pressure; |:E: inspiratory to expiratory.

deflated and thus generate “auto-positive end-expiratory pres- have pointed out that setting P-low at 5cmH,O may contribute
sure PEEP,” preventing the intrathoracic pressure from being to reduced driving pressure and the risk of atelectrauma, but this
equal to atmospheric pressure.?!?%?7 Recent recommendations s still undecided.?
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Increase P-high 46.13%

Decrease P-low 18.08%

Increase T-low 14.71%
Decrease T-high 8.98%

Add or increase pressure support 6.48%

Adjust sedation 5.61%

0% 20% 40% 60% 80% 100%

Figure |. Percentage of the participants’ most appropriate
intervention to improve ventilation in ARDS patients while using
APRY mode.

APRV: airway pressure release ventilation; ARDS: acute respiratory
distress syndrome.

Increase P-high 40.65%

Increase FiO2 26.18%

Increase T-high 24.56%

Adjust sedation 3.87%
Decrease T-low 3.24%
Increase P-low 1.50%
0% 20% 40% 60% 80% 100%

Figure 2. Percentage of the participants’ most appropriate
intervention to improve oxygenation in ARDS patients while
using APRV mode.

APRV: airway pressure release ventilation; ARDS: acute respiratory
distress syndrome.

Inadequate training 84.54%

Absence of protocols 46.01%

Lack of scientific evidence 41.27%
Lack of resources 36.41%

Lack of confidence 33.17%

High work overload 30.42%

Others 1.00%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 3. The most common barriers to not using the APRV
mode reported by RTs.

APRV: airway pressure release ventilation; RT: respiratory therapist.

Published guidelines recommend the onset of T-high
between 4 and 65.!%% These guidelines were followed by 58%
of our study respondents, which is similar to the findings of
Miller et al., where 65% of their participants were committed
to the recommended time.'® Conceptually, an extended T-high
is thought to favorably promote alveolar recruitment since it
offers adequate time for lung units to be inflated, thereby
improving gas exchange.? Prolonged inflation periods of lung
units during the T-high have been found to significantly pro-
mote spontaneous breathing, improve ventilation-perfusion
matching, and reduce peak airway pressure.?3

Interestingly, our study outcomes found that 68% of our
respondents stated that T-low should be set between 0.4 and
0.8s. The T-low setting can be the most challenging of the
four basic variables as it must be adequate to avoid cyclic
lung collapse and allow alveolar ventilation. Therefore, pub-
lished APRV protocols recommend the use of expiratory
flow analysis to determine the effective time of T-low.!®?* In
comparison, Miller et al. reported that only 37% of their par-
ticipants adhered to the guidelines, while 39% used an arbi-
trary set time.'® Indeed, Habashi pointed out that the T-low
should be carefully adjusted to achieve expiratory flow ter-
mination at 75% of peak expiration.'> As such, previous lit-
erature has demonstrated that an appropriate setting of the
T-low maintains optimal end-expiratory volume, stabilizes
alveoli and, hence, prevents lung derecruitment.?6-!
Therefore, APRV is considered a rescue mode and a life-
saving approach in patients with ARDS.

Management and titration of the APRV mode are distinc-
tive since its ventilation settings are very different from those
of conventional modes. Nonetheless, a significant majority
(85%) of our participants were highly experienced in manip-
ulating APRV settings targeting 4-6 ml/kg of Vt during the
release phase. In contrast, Miller et al. observed significant
deviations in their study responses, with 38% claiming that
Vt should be between 6 and 8 ml/kg and 36% claiming that
there was no upper limit to maximum Vt during the release
phase.'® It is acknowledged that the resultant tidal volume
can be extremely unpredictable and challenging to indepen-
dently manage in a ventilated patient in the APRV mode as a
result of the spontaneous inspiratory effort.> Nevertheless,
the tidal volume should be consistent with a lung protection
strategy targeting 4 and 6 ml/kg to reduce the risk of lung
injury. It is indirectly processed by the T-low; when tidal vol-
ume is insufficient (<4 ml/kg), expiratory time is prolonged,
and vice versa.”® Additionally, almost 60% of our respond-
ents indicated that the maximum P-high should be 35 ¢cmH, O,
which is a higher proportion compared to the findings of rel-
evant study, where only 45% reported similar results.'® It is
strongly suggested to limit the P-high within the range of
30-35cmH,O to reduce peak alveolar pressure, lung overd-
istension, and the risk of ventilator-induced lung injury
(VILI). 232

Several intervention techniques can be applied to enhance
ventilation and oxygenation in patients with ARDS. Among
these strategies, increasing the P-high was the most reported
maneuver by 46% and 41% of RTs, respectively. Previous
studies have demonstrated that prolonged P-high acts on an
“open lung” approach as it positively contributes to alveolar
recruitment and thus improves oxygenation status.?® Likewise,
it is evident that raising P-high, T-high, or both concomitantly
could significantly treat hypoxemia and hypercapnia, given
that it will increase the mean airway pressure, resulting in a
greater oxygenation status, and will improve alveolar ventila-
tion by optimizing release lung volumes.”® In addition,
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respiratory acidosis can be relieved by intermittent release
periods at P-low, which enhances alveolar ventilation and
facilitate CO, clearance.?'?* Meanwhile, Modrykamien et al.
have pointed out that the T-high should be reduced by 0.5—1s
in cases of severe hypercapnia.'”

Regarding the weaning process of the APRV mode, our
study results found that 30% of the RTs indicated that the
P-high should be gradually decreased until it reaches
15ecmH,0, and 56% of the RTs pointed out that the T-high
should be gradually elevated to 10s. In agreement with this, it
is widely recommended to wean the P-high by 2cmH,O every
2-6h until reaching 15cmH,O and increase the T-high by
1-2s until it reaches 105.'%?° Concerning the discontinuation
criteria of the APRV mode, our findings demonstrated that
78% of the RTs observed that the criteria to switch the ARDS
patient to CPAP would be having an FiO, <0.4, a P-high
=<10cmH,0, and a T-high =10s. Our findings are in parallel
with previously published ARDS protocols, which have indi-
cated similar weaning parameters and suggested switching the
stable patient to the CPAP mode with positive end-expiratory
pressure (PEEP) equal to a P-high and pressure support of
5cmH, O to minimize lung tissue derecruitment.?>2°

The clinical application of the APRV mode in a patient
with ARDS can be hampered by certain barriers. Concerning
this, our respondents claimed that inadequate training, the
absence of protocols, and a lack of scientific evidence have
been the most challenging obstacles to utilizing the APRV
mode in the clinical setting. These findings have demon-
strated that the APRV mode is not widely used as an initial
mode, being classified as an alternative mode resorted to in
refractory cases. In line with this, earlier studies have indi-
cated that the main challenge of not applying APRV to
patients with ARDS is the lack of clinical trials.?* These bar-
riers can be overcome through holding workshops and devel-
oping evidence-based guidelines to raise the knowledge and
self-confidence of healthcare providers in adopting the
APRYV mode. In addition, clinical trials may be conducted to
investigate the mechanism and benefits of this mode.

Strengths and limitations

This study is valuable since it is the first study to assess the
current practice of RTs in Saudi Arabia and the barriers to
utilizing APRV in patients with ARDS. Another strength of
this study is the recruitment of a widely representative sam-
ple involving target populations from various regions in an
attempt to generalize the results across the country. However,
there are also certain limitations. The cross-sectional design
of the study did not identify the cause and effect of inade-
quate APRV knowledge. Additionally, using a self-reported
survey may provide subjective data, which can introduce
recall bias. Furthermore, the inability to determine a precise
response rate, as the survey was distributed through interme-
diaries, namely RT directors and the Saudi Society for
Respiratory Care, and we did not have access to the total

number of surveys disseminated. Therefore, additional stud-
ies are recommended to investigate the mechanism of the
APRV mode and to develop guidelines that maximize the
RTs’ understanding of APRV in Saudi Arabia.

Conclusion

Only modest consensus for the management of APRV set-
tings was detected among RTs, indicating a lack of compre-
hension of the APRV mechanism. Inadequate training, the
absence of protocols, and a lack of scientific evidence have
been the most challenging obstacles to utilizing the APRV
mode in the clinical setting. Additional studies are strongly
recommended to investigate the mechanism of the APRV
mode and establish evidence-based guidelines that maximize
Saudi Arabian RTs’ understanding of APRV.
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