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in patients with early acute respiratory distress
syndrome significantly affects outcomes
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Abstract

Background: Driving pressure (AP) is an important factor that predicts mortality in acute respiratory distress syn-
drome (ARDS). We test the hypothesis that serial changes in daily AP rather than Day 1 AP would better predict
outcomes of patients with ARDS.

Methods: This retrospective cohort study enrolled patients admitted to five intensive care units (ICUs) at a medical
center in Taiwan between March 2009 and January 2018 who met the criteria for ARDS and received the lung-protec-
tive ventilation strategy. AP was recorded daily for 3 consecutive days after the diagnosis of ARDS, and its correlation
with 60-day survival was analyzed.

Results: A total of 224 patients were enrolled in the final analysis. The overall ICU and 60-day survival rates were
52.7% and 47.3%, respectively. AP on Days 1, 2, and 3 was significantly lower in the survival group than in the nonsur-
vival group (13.8£34 vs. 148+3.7,p=0.0322, 14£3.2vs. 15+ 3.5,p=0.0194, 13.6 £ 3.2 vs. 15.1 3.4, p=0.0014,
respectively). The patients were divided into four groups according to the daily changes in AP, namely, the low AP
group (Day 1 AP <14 cmH,0 and Day 3 AP < 14 cmH,0), decrement group (Day 1 AP > 14 cmH,O and Day 3 AP < 14
cmH,0), high AP group (Day 1 AP > 14 cmH,0 and Day 3 AP > 14 cmH,0), and increment group (Day 1 AP < 14
c¢mH,0 and Day 3 AP > 14 cmH,0). The 60-day survival significantly differed among the four groups (log-rank test,
p=0.0271). Compared with the low AP group, patients in the decrement group did not have lower 60-day survival
(adjusted hazard ratio 0.72; 95% confidence interval [CI] 0.31-1.68; p=0.4448), while patients in the increment group
had significantly lower 60-day survival (adjusted hazard ratio 1.96; 95% Cl 1.11-3.44; p=0.0198).

Conclusions: Daily AP remains an important predicting factor for survival in patients with ARDS. Serial changes in
daily AP might be more informative than a single Day 1 AP value in predicting survival of patients with ARDS.
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Background
Acute respiratory distress syndrome (ARDS) is a severe
disease with a high mortality rate (range 35-45%) [1].
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respiratory failure, and they require mechanical ventila-
tion [4].

Several therapeutic strategies that may assist in the
treatment of ARDS have been proposed, such as the
lung-protective ventilation strategy, lung recruitment
maneuvers, prone positions, and extracorporeal mem-
brane oxygenation (ECMO) [5]. Several large randomized
clinical studies have confirmed that the lung-protective
strategy is still the mainstream treatment for ARDS [4—
7]; however, no lung physiological parameter can pre-
dict mortality. Driving pressure (AP), proposed in 2015
[8], is a simple calculation formula that can reflect the
true pressure condition of the lung due to pathological
changes and ventilator settings. Several experiments have
confirmed that lung stress and transpulmonary pressure
have a positive correlation with AP [9, 10]. Other stud-
ies have pointed out that the use of dynamic AP to pre-
dict mortality in patients with ARDS using ECMO yields
similar results [11].

However, extensive clinical experience has shown that
patients with ARDS often have hemodynamic instabil-
ity on the 1st day of diagnosis. These patients are usually
administered fluid challenge, vasopressors, sedatives, or
even muscle relaxants to maintain their hemodynam-
ics [12, 13], all of which affect oxygenation and ventila-
tor settings. In previous studies, AP was only assessed
on the 1st day of diagnosis of ARDS to predict mortality
[8, 11, 14, 15]. No study has reported on the correlation
between serial changes in AP and the survival of patients
with ARDS. Therefore, we assumed that rather than just
monitoring Day 1 AP, the assessment of serial changes in
daily AP would better predict the outcomes of patients
with ARDS.

Methods

This single-center, retrospective cohort study was entirely
conducted in five intensive care units (ICUs) of Chi Mei
Medical Center, Liouying, Taiwan, with a total of 62
adult ICU beds. The study was approved by the Institu-
tional Review Board for Human Research (Chi-Mei IRB
No. 10604-1.04), and the need to obtain informed con-
sent was waived owing to the retrospective nature of the
study.

Study population

We analyzed patients with ARDS who received intuba-
tion and the lung-protective ventilation strategy between
March 2009 and January 2018. ARDS was defined and
categorized based on the Berlin definition: mild (arte-
rial partial pressure of oxygen to fraction of inspired
oxygen (PaO,/FiO, ratio) 201-300 mmHg), moderate
(PaO,/FiO, ratio 101-200 mmHg), and severe (PaO,/
FiO, ratio <100 mmHg). Day 1, Day 2 and Day 3 was
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defined as the 1st day, 2nd day and 3rd day after diag-
nosed ARDS, that the above criteria were satisfied [1].
Patients aged<20 years, patients who were pregnant,
patients who had received the lung-protective ventila-
tion strategy within 3 days of the diagnosis of ARDS,
patients with incomplete mechanical ventilation param-
eters, and patients with missing arterial blood gas data
for more than two occasions were excluded from the
study. All patients were sedated and ventilated with the
volume-controlled mode and a tidal volume (Vt) setting
of 6-8 mL per kg of ideal body weight (IBW) throughout
the study protocol.

Physiological measurements and outcomes

From patient charts, patient data were collected and ana-
lyzed, including age, sex, IBW, underlying disease, and
Acute Physiology and Chronic Health Evaluation II score.
The first arterial blood gas was recorded after the diag-
nosis of ARDS and before the use of the lung-protective
strategy on Days 1, 2, and 3. Ventilator settings included
Vt, respiratory rate, positive end-expiratory pressure
(PEEP), FiO,, plateau pressure (Pplateau), lung compli-
ance, and AP (Pplateau—PEEP). Pplateau was calcu-
lated as an inspiratory pause of 0.5-1 s by a respiratory
therapist. All ventilator parameters were recorded before
obtaining daily arterial blood gas, and data with large
fluctuations, such as after suction, bronchoscopy, or any
transfer, were avoided. Information on the dates of ICU
admission, diagnosis, and death was also recorded to
calculate the length of hospital and ICU stays. Informa-
tion regarding the use of other rescue treatments, such as
lung recruitment maneuver, prone positions, and ECMO,
was also recorded.

The primary outcome was the association of ventila-
tion parameters collected during the first 3 days after
an ARDS diagnosis with assisted ventilation and 60-day
survival.

Statistical analyses

Continuous variables are presented as the mean =+ stand-
ard deviation, and categorical variables are presented as
frequencies (percentages). Student’s ¢ test or the Mann—
Whitney U test was used to compare the differences in
the distributions of continuous variables between sur-
vivors and nonsurvivors. Pearson’s chi-square test or
Fisher’s exact test was used to compare the differences in
the distributions of categorical variables between survi-
vors and nonsurvivors. The possible risk factors for ICU
mortality at 60 days were estimated using a Cox propor-
tional hazards regression model. Kaplan—Meier analysis
was used to draw cumulative survival curves, and the log-
rank test was used to compare the differences. A p value
of <0.05 was considered statistically significant, and all
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analyses were performed using the statistical software
SPSS, version 20.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 330 patients diagnosed with ARDS were
admitted to our ICUs and received mechanical ventila-
tion during the study period. Figure 1 shows the study
flowchart. A total of 224 patients were finally analyzed,
and the overall ICU survival rate was 52.7%. The clinical
characteristics and demographic data of the patients are
presented in Table 1. Among the 224 enrolled patients,
209 (93.3%) were classified as having moderate to severe
ARDS, 90 (40.2%) received a lung recruitment maneuver,
6 (2.7%) were treated in the prone position, and 8 (3.5%)
received ECMO support. Between the 106 nonsurvivors
and 118 survivors, the nonsurvivors had a significantly
lower ARDS Day 3 PaO,/FiO, ratio (173.6 vs. 200.4;
p=0.009) and a shorter length of hospital stay (16.7 vs.
37 days; p <0.001) than the survivors; however, no signifi-
cant difference in age, sex, disease severity, comorbidities,
ARDS etiology, ARDS category, treatment strategy, or
Day 1 and Day 2 PaO,/FiO, ratios was observed between
the two groups.

We compared the 60-day survival between survi-
vors and nonsurvivors to evaluate the associations
between static compliance, Pplateau, and AP. On Day
1, survivors and nonsurvivors significantly differed in
static compliance (33.2+10.1 vs. 29.9+ 11, p=0.0204),
Pplateau (26.3+3.9 vs. 27.94+4.3, p=0.0033), and AP
(13.8+3.4 vs. 14.8+3.7, p=0.0322). On Day 2 & Day
3, survivors had higher static compliance (32.1+8.7
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vs. 28.6+9, p=0.003; 33.1+94 vs. 28.6+10.5,
p=0.0008, respectively), lower Pplateaus (26.043.9 vs.
27.7%+4.1, p=0.0032; 25.0+4.2 vs. 27.7%+4.5, p<0.001,
respectively), and lower APs (14.0£3.2 vs. 15.0%+3.5,
p=0.0194; 13.6+3.2 vs. 15.1+3.4, p=0.0014, respec-
tively) than nonsurvivors (Fig. 2).

To evaluate the serial changes in AP during early
ARDS, patients were divided into four groups according
to serial changes in AP, namely, the low AP group (Day
1 AP<14 ¢cmH,O and Day 3 AP<14 c¢cmH,0), decre-
ment group (Day 1 AP>14 ¢mH,O and Day 3 AP<14
c¢mH,0), high AP group (Day 1 AP > 14 cmH,O and Day
3 AP>14 cmH,0), and increment group (Day 1 AP <14
c¢cmH,0 and Day 3 AP>14 c¢cmH,0). The 60-day sur-
vival significantly differed among the four groups (log-
rank test, p=0.0271) (Fig. 3). Compared with the low
AP group, no significant differences in 60-day survival
were observed in the decrement group (adjusted hazard
ratio [aHR] 0.72; 95% confidence interval [CI] 0.31-1.68;
p=0.4448) and the high AP group (aHR 1.02; 95% CI
0.51-2.05; p=0.9475). However, patients in the incre-
ment group had significantly lower 60-day survival (aHR
1.96; 95% CI 1.11-3.44; p=0.0198) (Table 2).

Discussion

To the best of our knowledge, this is the first observa-
tional study to reveal the effects of maintaining low AP in
early ARDS and its significant association with improved
60-day survival. The main findings of the present study
were as follows: (1) in the increment group, for patients
whose AP could not be maintained at<14 c¢cmH,O in

N=330

Excluded:

N=21, expired within 72h

N=19, not performed lung-protective ventilation strategy
N=55, incomplete ventilator parameters

N=7, started weaning ventilator within 72hrs

N=4, missing ABG data

Enrolled N=224

¢ Volume-controlled mode

* All patients were sedated and under ventilator support

* Tidal volume setting 6-8ml/kg ideal body weight
* PEEP setting by ARDS network FiO,/PEEP table

I

}

Survivors N=118 (52.7%) |

‘ Nonsurvivors N=106 (47.3%)

of inspired oxygen

Fig. 1 Flowchart of the study. ABG arterial blood gas; ARDS acute respiratory distress syndrome; PEEP positive end-expiratory pressure; FiO, fraction
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Table 1 Baseline characteristics of patient with ARDS
Parameter All patients N=224 SurvivalN=118 Non-survival =106 p value
Age, mean=+SD 67 654+17 688+ 14.7 0.114
Male 160 83 77 0.703
ARDS etiologies, N (%)
Pneumonia 168 (75) 90 (76.3) 78 (73.6) 0.643
Sepsis 21(9.3) 11(9.3) 10 (9.4) 0422
Other causes 35(15.6) 17 (14.4) 18(17) 0.596
Disease severity
APACHE Il score 23271 22+68 245+£73 0.09
Comorbidities, N (%)
Diabetes mellitus 90 (40.2) 51(43.2) 39 (36.8) 0327
Chronic heart disease 24.(10.7) 11(9.3) 13(12.3) 0477
Chronic pulmonary disease 34(15.2) 17 (14.4) 17 (16) 0.734
Chronic liver disease 36 (16.1) 15(12.7) 21(19.8) 0.149
Chronic renal disease 28(12.5) 13(11) 15(14.2) 0.149
Malignancy 51(22.8) 23 (19.5) 28 (26.4) 0.149
ARDS category, N' (%)
Mild 14 (6.3) 8(6.8) 6(5.7) 0.776
Moderate 150 (67) 81 (68.6) 69 (65)
Severe 59(26.3) 29 (24.6) 30(28.3)
Rescue treatment, N (%)
Recruitment maneuver 90 (40.2) 51432) 39 (36.8) 0.327
Prone position (2.7) 1(0.8 5(4.7) 0.073
ECMO 8(3.5) 325 5(4.7) 0.381
Duration, mean 4 SD
Length of ICU 141+75 149+69 131+£8 0.069
Length of in-hospital 2744223 374245 16.7£126 <0.001
Arterial blood gas, mean 4+ SD
Day 1
PaO,/FiO, ratio 151.7£61.7 15824687 14444£519 0.096
PaCOzT 3954+106 387498 403+£115 027
Day 2
PaO,/FiO, ratio 1733+£67.3 180.8+£73.6 164.8+£586 0.075
PaCoO, 40.1£33.2 419+£451 382+74 0403
Day 3
PaO,/FiO, ratio 1879+76.7 2004+£78.6 17364722 0.009
PaCO, 375+77 36.8+7.7 382+£76 0.189
Ventilator parameters, mean 4 SD
Day 1
Vit (ml/kg IBW) 7440.89 75408 73£09 0.0701
PEEP (cmH,0) 128£26 125+£24 13.1+28 0.0864
Day 2
Vit (mL/kg IBW) 73£1.1 74+£09 71+£12 0.0965
PEEP (cmH,0) 124£25 121£24 127£25 0.0929
Day 3
Vt (ml/kg IBW) 73£1 74408 72£1.1 0.1421
PEEP (cmH,0) 1243 114+27 126432 0.0019

Parameter data are presented as mean =+ standard deviation

ARDS acute respiratory distress syndrome; APACHE acute physiologic and chronic health evaluation; ECMO extra-corporeal membrane oxygenation; PaO, arterial
partial pressure of oxygen; FiO, fraction of inspired oxygen; PaCO, arterial partial pressure of carbon dioxide; IBW ideal body weight; V't tidal volume; PEEP positive

end-expiratory pressure

T Data available in 223 patients
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Fig. 2 Plateau pressure (A), static compliance (B), and driving pressure (AP) (C) in all patients, survivors, and nonsurvivors on Day1, Day2, Day3.
*p<0.05

the early phase of ARDS, the mortality rate was signifi-
cantly higher than that in the low AP group and (2) If AP
could be controlled below 14 ¢cmH,O in patients with
early ARDS, even though the AP on Day 1 was high, the
60-day mortality was similar to that observed in the low
AP group.

In 1998, Amato et al. reported on the lung-protective
ventilation strategy for ARDS, and thereafter, many
studies have proven that this strategy can improve the
survival of patients with ARDS. In the same study,
AP was first reported in patients with ARDS [7]. In
a secondary analysis study of multiple independent

variables, decreases in AP were strongly associated with
the increased survival of patients with ARDS [8]. Several
studies that have focused on the use of AP to predict the
mortality of patients with ARDS have revealed similar
results [4, 11, 15, 16]. AP during mechanical ventilation
is significantly related to stress forces in the lung. Chi-
umello et al. suggested that lung stress is associated with
AP, which, based on the different levels of PEEP, can help
detect overstress of the lung. This study found that the
optimal cut-off point for AP was 15 cmH,0O when the
lung stress reached 24—26 cmH,0O. The study also con-
firmed that tidal volume has a very low correlation with
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0.25 1 Day1 <14 and Day3 <14 (Low AP group)
Day1 214 and Day3 <14 (Decrement group)
Log-rank test: p=0.0271 Day1 214 and Day3 214 (High AP group)
Day1 <14 and Day3 214 (Increment group)
0.00 4
0 20 40 60
Days after ARDS diagnosis
Fig. 3 Kaplan—-Meier probability of survival from the day of ARDS
diagnosis to Day 60. Patients are stratified in for subgroups according
to the levels of driving pressure (AP) on Day 1 & Day 3

lung stress [9]. Baedorf Kassis et al. used an esophageal
balloon to confirm the close correlation between the res-
piratory system and transpulmonary AP [10]. High AP
during controlled or pressure support ventilation is asso-
ciated with worse long-term outcomes regarding pulmo-
nary function and structure, even in patients who receive
the lung-protective ventilation strategy [17, 18]. Baedorf
Kassis et al. suggested that ventilation strategies that lead
to decreased respiration and transpulmonary AP at 24 h
could be associated with improved patient survival [10].
Therefore, AP might be a useful treatment target during
mechanical ventilation in patients with early ARDS [17,
18]. Pereira Romano et al. performed a pilot study that
aimed to achieve a AP <10 cmH,O in patients with early
ARDS and proved that a driving pressure-limited strategy
is feasible to achieve this goal [19]. Therefore, in patients
with ARDS, a ventilator setting that maintains a Vt of
6 mL/kg IBW, plateau pressure <30 cmH,O, and AP<15
c¢cmH,0 is recommended [20]. The findings of our pre-
sent study were consistent with those of previous stud-
ies, in that increases in AP were strongly associated with
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increased mortality and adjusting ventilatory parameters
to reduce AP may have a role in improving the outcomes
of patients with early ARDS.

In patients with moderate to severe ARDS, a AP<14
c¢cmH,0 may reflect improved lung compliance or an
appropriate Vt/PEEP setting [4, 21]. Therefore, it is
important to maintain a lower AP level, and continuous
monitoring of AP, as opposed to monitoring only on Day
1, is recommended. In this study, we continuously moni-
tored the serial changes in AP and found that 60-day sur-
vival significantly differed among the four patient groups.
According to our study, failure to maintain the AP of
patients with ARDS at a lower level for the first few days
could lead to significantly higher mortality. Thus, the Day
1 AP level alone is insufficient to predict the outcomes of
patients with ARDS.

This study has several limitations. First, this was a ret-
rospective observational study performed in a single hos-
pital center. Because of the retrospective nature of the
study, some factors that might have affected survival, e.g.,
use of corticosteroids, appropriate antibiotic treatment,
microbiology and superinfections, could not be counted.
Second, the data regarding ventilator parameters, includ-
ing AP, were not protocolized. Therefore, measurement
bias cannot be ruled out. Third, we did not directly meas-
ure transpulmonary AP, which could better reflect lung
parenchymal stress. Finally, the clinicians attempted dif-
ferent methods to reduce high AP, and the clinical rel-
evance of each method was not evaluated or stratified.
Further large-scale prospective studies are warranted
to confirm the applicability of our findings in clinical
practice.

Conclusions

Driving pressure remains an important factor that pre-
dicts the survival of patients with ARDS. Continuous
monitoring of AP, as opposed to monitoring only on

Table 2 Cox regression analysis of driving pressure (AP) associated with 60-day mortality in ARDS patients

Patient groups Crude HR p value Adjusted* HR (95% Cl) p value
(95% CI)

Day1< 14 and Day3< 14 1.00 (ref) 1.00 (ref.)

(low AP)

Day1 > 14 and Day3< 14 1.07 (0.53-2.13) 0.8584 0.72 (0.31-1.68) 0.4448

(Decrement)

[Day1> 14 and Day3 > 14 1.59 (1.02-2.48) 0.0425 1.02 (0.51-2.05) 0.9475

(High AP)

Day1 < 14 and Day3 > 14 (Increment) 2.10(1.21-3.64) 0.0081 1.96 (1.11-3.44) 0.0198

AP driving pressure; ARDS acute respiratory distress syndrome; HR hazard ratio; Cl confidence interval

*Adjusted by age, gender, Day 1 driving pressure, Day 1 compliance and Acute Physiology and Chronic Health Evaluation (APACHE) Il score
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Day 1, is recommended. Low AP should be maintained
throughout early ARDS to improve patient survival.

Abbreviations

ARDS: Acute respiratory distress syndrome; ICU: Intensive care unit; ECMO:
Extra-corporeal membrane oxygenation; AP: Driving pressure; Vt: Tidal volume;
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hazard ratio.
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