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ABSTRACT

Background: Secondary analyses of randomized controlled trials found that driving pressure
(DP) < 14 cm H,O may be associated with improved clinical outcomes in acute respiratory
distress syndrome (ARDS) patients. Therefore, the aim of this study was to evaluate the effect of
DP-guided ventilation compared to conventional protective lung ventilation (PLV) on clinical
outcomes in ARDS patients.

Methods: In this prospective, controlled trial, 110 patients with ARDS were randomly assigned
according to ventilatory strategy into conventional PLV group and DP-guided ventilation
group (by maintaining DP value < 14 cm H,0). Clinical outcomes were incidence of mortality
at 28™ day (primary outcome), PaO,/FiO,, static compliance (Cyay), Organ(s) dysfunction,
mechanical ventilation (MV) duration, and length of ICU stay.

Results: Incidence of mortality at 2gth day was reduced in DP-guided ventilation group
compared to PLV group (20% vs. 5.45%); the hazard ratio was 0.26)95% Cl: 0.09 to 0.73). The
Pa0,/FiO,, C 4ot and MV-free days were higher in in DP-guided ventilation group compared to
PLV group. Organ dysfunction, duration of MV and length of ICU stay were significantly lower
DP-guided ventilation group compared to PLV group.

Conclusions: In patients with ARDS, DP-guided ventilation showed improved survival, Cs,c and
oxygenation and lower incidence of organ dysfunction, duration of MV and length of ICU stay
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compared to PLV.

1. Introduction

Protective lung strategy using tidal volume (4-6 ml/kg
of predicted body weight (PBW)), FiO, guided PEEP,
and plateau pressure < 30 cm H,O in patients with
ARDS improves survival [1]. The optimum value of PEEP
reflects the balance between lung recruitment, hyper-
inflation, and/or hemodynamic dysfunction [2]. The
use of conventional protective lung ventilation (PLV)
is associated with improved oxygenation and survival
in acute respiratory distress syndrome (ARDS)
patients [3,4].

To date, mortality is still high despite the use of PLV
strategy, which may reflect the imbalance between
tidal volume, manipulation of PEEP, lung recruitment,
and hyperinflation, as shown in clinical trials. Also,
there are conflicting responses for manipulating PEEP
and tidal volume during PLV strategy [5-7].

Calculating tidal volume to PBW does not consider
the heterogeneous pathology of the lung in ARDS with
different respiratory system compliance [8]. Driving
pressure (DP) is the ratio of tidal volume to C . It
can be calculated simply at the bedside as plateau
pressure minus PEEP [9]. Amato et al. have shown in
their secondary analyses that DP was the primary

variable that should be optimized during mechanical
ventilation (MV) in ARDS patients and associated
improved survival [10].

Our trial suggested that keeping DP < 14 cm H,0 in
patients with ARDS may improve the clinical outcomes
of the patients due to decrease ventilator induced lung
injury. Therefore, the aim of this study was to evaluate
the impact of DP-guided ventilation strategy com-
pared to conventional PLV on clinical outcomes in
ARDS patients. The primary outcome was the inci-
dence of mortality at the 28" day. Secondary out-
comes included oxygenation, lung compliance,
organ(s) dysfunction, MV duration, and length of ICU-
stay.

2. Methods

This prospective randomized controlled parallel study
was conducted at Surgical Intensive Care Unit (SICU) of
Tanta University Hospital, Egypt, after it had been
approved by the institutional ethical committee
(approval code 32,422/06/18) and registered at Pan
African  Clinical Trials Registry (ID number;
PACTR201807132391075). Informed written consent
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was obtained from the relatives of the patients. All
collected data were used for this research only. The
study was open labelled as blindness of the study
wasn't accessible. The study was done from
August 2018 to January 2020.

Criteria of study inclusion were as follows: Patients
aged > 18 years old of both sexes, under MV and
fulfilling Berlin definition of ARDS [11] as indicated by
acute onset within one week, P/F ratio < 300 mmHg
with PEEP of =5 cm H,O0, Bilateral lung opacities shown
by chest X-ray or lung sonography consistent with
pulmonary edema and exclusion of fluid overload
and cardiac failure in the absence of a definite cause
of ARDS.

Pregnant females and patients with unstable hemo-
dynamic parameter (MAP less than 65 mmHg or any
dose of vasopressor and/or inotropic support), pneu-
mothorax, or organ(s) dysfunction (other than lung
dysfunction) by sequential organ failure assessment
(SOFA) score at the time of allocation were excluded.

Closed envelopes were used for randomization of
patients based on choice of PEEP and ventilation strat-
egy into conventional PLV group (control group) and
DP-guided ventilation group. Randomization and
enrollment were done by a doctor who didn't partici-
pate in the study.

2.1. Initiation of mechanical ventilation

All patients were kept in a semi-recumbent posi-
tion and were managed by protective lung strat-
egy using volume-controlled (VC) mode. Tidal
volume was set at 6 mL/kg, based on PBW.
Plateau pressure (Ppa) was kept < 30 cmH,
O throughout the study by TV reduction in 1 ml/
kg steps to levels down to 4 mil/kg. Accepted
oxygenation levels (SpO, 88-95% or PaO,
60-80 mmHg) maintained by setting of FiO, initi-
ally at 0.4 and then titrated if target oxygenation
was not met. PEEP was set initially at 5 cmH,0,
while the ventilator rate was set to keep
adequate minute ventilation (7 to 9 L/min) and
arterial pH >7.25-7.44. The inspiratory to expira-
tory ratio (I/E ratio) was set initially at 1:2.
Sedation was given to all patients by continuous
infusion of midazolam (0.1 mg/kg/h), and muscle
relaxation with a bolus injection of 3 mg cis-
atracurium on demand during titration of PEEP
that was adjusted during the morning shift accord-
ing to the allocated group once daily. The choice
of PEEP was guided by the ARDS network [3] as in
Table 1 in group | while the choice of PEEP was set

to keep DP < 14 cm H,0 in group Il through
manipulating PEEP value that was increased by
2 cm H,O increments to achieve the target value
of DP provided that maintaining stable hemody-
namics of patients. If the target DP was not met,
tidal volume was decreased by 1 ml/kg steps as
low as 4 ml/kg PBW.

All patients were managed according to ventilation
strategy in each group until fulfilling weaning criteria
and by the same protocol of weaning, as per unit
protocol.

2.2. Collection of data and measurements

For each patient, the following data were collected:
28" day mortality (the primary outcome), P/F ratio, C
stav Organ/s dysfunction by SOFA score, hemody-
namics (mean arterial pressure and heart rate), baro-
trauma, duration of MV, weaning categories (simple,
difficult or prolonged weaning), MV free days (without
assisted breathing after successful extubation) at 28t
day, organ(s) dysfunction free days at 28" day, and
length of ICU stay. Patients were followed up for
28 days.

2.3. Statistical methods

2.3.1. Sample size

The calculation of sample size using the Epi-Info
software statistical package (version 2002) created
by World Health Organization (WHO) and Center for
Disease Control (CDC) and Prevention, Atlanta,
Georgia, USA. The number of patients in the sample
size was calculated at N = 55 in each group as
a result of 95% confidence interval (Cl), power of
the study 80%, group: group ratio is (1: 1) and the
primary outcome in the control group (incidence of
mortality at 28" day) is 32%, while in the study
group is 10%.

2.3.2. Statistical analysis

Statistical analysis was done using SPSS v25 (IBM
Inc. Chicago, USA). Shapiro-Wilks test was used for
checking of normality of data. Quantitative data
with normal distribution were expressed as mean
and standard deviation (mean = SD) and were
compared by unpaired t-test. Quantitative data
with abnormal distribution were expressed as med-
ian and interquartile ranges (IQR) and were com-
pared using the Mann-Whitney test between both
groups. Qualitative data were expressed as fre-
quency and percentage (%) and compared using

Table 1. FiO, (%) and PEEP (cmH,0) combinations according to ARDS network [3].

FiO, (%) 30 40 40 50 50 60

70 70 70 80 90 90 90 100

PEEP (cmH,0) 5 5 8 8 10 10

10 12 14 14 14 16 18

20-24




Chi-square or Fisher Exact test. Kaplan-Meier curve
with log-rank test was used to compare survival of
patients at 28" day in the two studied groups.
A two-tailed P value < 0.05 represented statistical
significance.

3. Results

In this research, 147 patients were assessed for elig-
ibility; 32 patients did not fulfill the criteria of inclusion,
while 5 relatives refused to participate in the study. The
remaining 110 patients were allocated randomly into
two groups (55 patients in each of them) (Figure 1).
Regarding patients’ characteristics (age, sex, and
weight), causes, and severity of ARDS, there were no
significant differences between both groups (P
values = 0.396, 0.872, 0.095, 0.925, and 0.608 respec-
tively) (Table 2).
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Incidence of mortality at 28" day was reduced in
DP-guided ventilation group compared to control
group (20% vs. 5.45%); the hazard ratio was lower in
DP-guided ventilation group (0.26 times; 95% Cl: 0.09
to 0.73). Length of ICU stay, duration of MV, number of
patients who developed organ dysfunction, and the
number of patients who showed hemodynamic
instability (MAP < 65 mmHg), in DP-guided ventilation
group were significantly lower as compared to control
group (P value = 0.004, 0.023, 0.010, and 0.041, respec-
tively) (Table 3). PaO,/FiO, and C 4, were significantly
better in DP-guided ventilation group compared to
control group (Figures 2, 3).

MV free days at 28™ day, free days of organ/s dys-
function at 28" day, and patients with successful
weaning in DP-guided ventilation group were signifi-
cantly higher in comparison to control group (P value
<0.001, 0.045 and 0.004, respectively), (Table 3). The

Enroliment

Assessed for eligibility (n= 147)

Excluded (n= 37)
+ Not meeting criteria (n=32)

A4

+ Relatives declined to participate (n= 5)

Randomized (n= 110)

v

l Allocation

l

Group | (Protective lung ventilation)
(n = 55)

Group Il (Driving pressure-guided
ventilation) (n = 55)

55 patients were included in the follow-up
(No patients dropped out)

l Follow-Up

v

55 patients were included in the follow-up
(No patients dropped out)

1 Analysis

55 patients were included in the analysis
(No excluded cases)

Figure 1. CONSORT flowchart of the study groups.

Table 2. Patients’ characteristics, causes and severity of ARDS.

1

55 patients were included in the analysis
(No excluded cases)

PLV group
(n = 55) DP-guided ventilation group (n = 55) P value
Age (years) 4291 + 12.96 4091 + 11.62 0.396
Sex Male 33 (60%) 29 (52.7%) 0.872
Female 22 (40%) 26 (47.3%)
Weight (Kg) 69.95 + 7.46 7218 + 6.44 0.095
Causes of ARDS Pneumonia 26 (47.3%) 27 (49.1%) 0.925
Sepsis 17 (30.9%) 15 (27.3%)
Aspiration 5(9.1%) 4 (7.3%)
Lung contusions 4 (7.3%) 4 (7.3%)
TRALI 3 (5.5%) 4 (7.3%)
Near drowning 0 (0%) 1(1.8%)
Severity of ARDS Mild 20 (36.4%) 25 (45.5%) 0.608
Moderate 22 (40.0%) 18 (32.7%)
Severe 13 (23.6%) 12 (21.8%)

Data presented as mean + SD or number (percent), TRALI: Transfusion related acute lung injury
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Table 3. Clinical outcomes in the two studied groups.

PLV group
(n = 55) DP-guided ventilation group (n = 55) P value
28™ day mortality 11 (20%) 3 (5.45%) 0.042*
Weaning Simple 8 (14.55%) 19 (34.55%) 0.004*
categories Difficult 6 (10.91%) 13 (23.64%)
Prolonged 30 (54.55%) 20 (36.36%)
No weaning (Died) 11 (20%) 3 (5.45%)
ICU stay (days) 17 (10-21) 13 (10-16) 0.004*
Duration of mechanical ventilation (days) 11 (7-16) 10 (6-13) 0.023*
Mechanical ventilation free days 13 (8.5-19) 18 (15-22) <0.001*
Adverse Barotrauma 2 (3.6%) 3 (5.5%) 1
events Hemodynamic instability 17 (30.9%) 8 (14.5%) 0.041*
(MAP <65 mmHg)
Organ/s dysfunction 15 (27.3%) 4 (7.3%) 0.010%
Organ/s dysfunction free days 28 (5.5-28) 28 (28-28) 0.045*

Data presented as mean + SD, median (IQR) or number (%), ICU: Intensive care unit, MAP: Mean arterial blood pressure. *significant as P value < 0.05

rate and duration of survival were significantly higher
in DP-guided ventilation group compared with contol

group (Figure 4).

4. Discussion

In the present study, the incidence of mortality at 28"
day and organ/s dysfunction were reduced in DP-
guided ventilation strategy. Also, DP-guided ventila-
tion improved oxygenation, lung compliance, and
weaning outcomes. Furthermore, it reduced the length
of ICU stay and MV duration. DP 14 cm H,0 was the
variable associated with improved hospital survival in
ARDS patients, as reported by Amato et al. [10] and
Laffey et al. [12]. Amato et al., in a retrospective analysis
of data from several RCTs, concluded that DP was
a better mortality predictor than Cg, or tidal volume.
They explained the benefit of DP ventilator variable to
the optimization of MV in ARDS patients by adopting
ventilation to the aerated lung units only. Laffey and
his colleagues, in the Lung Safe study, found that DP <
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14 cmH,0 was associated with better survival out-
comes in patients with moderate to severe ARDS.

Moreover, the results of this study came in agree-
ment with those of other researches [13,14]. Kassis
et al. [15] reported improved 28" day mortality,
improved oxygenation, and respiratory system compli-
ance with ventilator strategy leading to decreased DP.
Guerin et al. [16] said that DP was a risk parameter of
mortality, along with Pg.: and C ¢,e. They noticed that
patients with lower DP values have better survival out-
comes (decreased 90" day mortality) with a significant
decreased in SOFA score among survivors compared to
those with higher values of DP.

The beneficial effects of DP-guided ventilation com-
pared to PLV in patients with ARDS can be explained
by the heterogeneous distribution of lung pathology
in ARDS [17]. The non-aerated units of the lung are
responsible for the reduction in C 4, [18], which
reflects the end-expiratory lung volume. In turn, the
tidal volume/end-expiratory lung volume ratio repre-
sents lung strain. Therefore, this ratio, also called DP,
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Figure 4. Kaplan Meier curve of survival analysis in both groups.

can be considered a substitute for lung strain. Use of
tidal volume according to PBW in PLV strategy exposes
the lungs to the forces of cyclic stretch and inflation
that release inflammatory mediators to the systemic
circulation, which in turn have a negative impact on
organ/s function. On the other hand, in DP-guided
ventilation, manipulation of tidal volume tailored to
the size of the aerated lung, which prevents cyclic or
dynamic strain of the lung [19].

Serpa Neto et al. [20] performed a meta-analysis
study, which included nine studies of patients with
refractory hypoxemia receiving ECMO. They found
that a significant decrease of tidal volume and DP

was accompanied by ECMO initiation, which resulted
in improved oxygenation. They concluded that DP was
the only independent ventilator parameter that was
associated with mortality during ECMO. Also, they
found that lower values of DP were associated with
better survival outcomes. Aoyama et al. [21], in another
meta-analysis, concluded that higher DP value was
associated with lower survival outcomes during MV
of ARDS patients.

Considering P/F and C 4., DP-guided ventilation
improved both of them compared to PLV. These find-
ings are in the same context as Estenssoro et al. [22],
De Jong et al. [23], and Kacmark et al. [24].
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In disagreement with this study, Villar et al. [25]
stated that Pp,. was better than DP in predicting
hospital mortality. They found that in a secondary
analysis of observational studies, including patients
with moderate to severe ARDS managed with PLV
strategy, comparing the effect of Py, versus DP on
the prediction of mortality. They found that there
were insignificant differences between both groups
regarding oxygenation, C i, and organ dysfunction.
This disagreement can be explained by the higher
cut-off value of DP (19 cmH,0) in Villar et al. study.
Cavalcanti et al. [26] studied the effect of PLV strategy
versus lung recruitment with titrated PEEP. They con-
cluded that the use of PLV with tidal volume 4-6 ml/
kg improved survival with reduction of the duration
of MV and ICU stay compared with lung recruitment
using titrated PEEP, despite the low value of DP at the
7™ day in the lung recruitment group. This disagree-
ment may be explained by potential alveolar disten-
tion in the lung recruitment group.

Limitations: a) It was not a multi-center trial b) The
study was non-blind c¢) The majority of ARDS cases
were mild to moderate.

5. Conclusions

In patients with ARDS, DP-guided ventilation showed
improved survival, Csoy and oxygenation and lower
incidence of organ dysfunction, duration of MV and
length of ICU stay compared to PLV.
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