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LETTER

The harm of high-frequency oscillatory 
ventilation (HFOV) in ARDS is not related to a 
high baseline risk of acute cor pulmonale or 
short-term changes in hemodynamics
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Dear Editor,

The acute respiratory distress syndrome (ARDS) may 
encompass sub-populations that respond differently to 
treatments [1]. High-frequency oscillatory ventilation 
(HFOV) related harm may be due to ventilator-induced 
lung injury (VILI) or hemodynamic instability explained 
by right ventricle (RV) failure that is present at baseline 
or that develops after HFOV is started [2]. Our objective 
was to evaluate whether the baseline risk of RV failure 
modified the effect of HFOV on mortality among ARDS 
patients and whether the effect of HFOV was mediated 
by short-term changes in hemodynamics.

We performed a secondary analysis of an individual 
patient data meta-analysis (IPDMA) [3] of four trials of 
HFOV vs. conventional ventilation in adults with ARDS. 
Because of limited availability of data regarding physi-
ologic changes after randomization, the causal mediation 
analysis of hemodynamic change included data only from 
the OSCILLATE trial [4].

The main exposure was HFOV, and the primary out-
come was all-cause 30-day mortality. The hypothesized 
effect modifier (risk of RV failure) was defined by the 
acute cor pulmonale (ACP) score measured at baseline 
(pre-randomization) [5]. The hypothesized mediator was 

change in hemodynamics at 2  h post-randomization, 
defined as any decrease in either systolic or diastolic 
blood pressure or any increase in vasopressor dose.

To estimate the effect of HFOV across ACP risk cat-
egories, we used generalized estimating equations with 
hospital-level clustering, with covariates selected a priori 
based on a directed acyclic graph and including the inter-
action term between HFOV and ACP score ≥ 2. We then 
performed a causal mediation analysis to determine if the 
detrimental effect of HFOV on mortality was mediated 
by change in hemodynamics (see Online appendix). All 
reported p values are two-sided, with p < 0.05 interpreted 
as statistically significant. Analyses were performed in 
STATA v.14.2.

Baseline patient characteristics are shown in the Online 
appendix. For each point increase in the ACP score, there 
was a 23% increase in the odds of hemodynamic wors-
ening [odds ratio (OR) 1.23, 95% confidence interval (CI) 
1.02–1.47]. Patients with ACP score ≥ 2 at baseline were 
more likely to die (OR 1.79, 95% CI 1.26–2.53, Table 1). 
However, the effect of HFOV was not modified by the 
high ACP score (interaction p = 0.18). Our results are 
reported across subgroups defined by  PaO2/FiO2 ratio.

In the OSCILLATE trial (n = 548), the increased mor-
tality among patients receiving HFOV was not mediated 
by 2 h hemodynamic changes (proportion mediated: 
1.1%, 95% CI 0.0–13.4, p = 0.56, Table  1). These results 
were consistent using alternative definitions of hemody-
namic change (cardiac output and MAP).
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Our study shows that the baseline risk of RV failure 
among patients with ARDS does not modify the effect 
of HFOV on 30-day mortality. Furthermore, the effect 
of HFOV is not mediated by immediate hemodynamic 
changes. However, patients with a higher baseline ACP 
risk score are at increased risk of death, a finding likely 
explained by illness severity. Limitations of the study 
include lack of echocardiographic definition of RV failure 
at baseline and after randomization (see Online appen-
dix). Further studies should evaluate specific subgroups 
of patients with very severe ARDS that may benefit from 
this treatment strategy.
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Table 1 Modification of effect on 30-day mortality by baseline risk of right ventricle failure and mediation by hemody-
namic changes after randomization among adult patients with ARDS in HFOV trials

ARDS acute respiratory distress syndrome, CI confidence interval, HFOV high-frequency oscillatory ventilation, OR odds ratio, RR risk ratio, RV right ventricle, PaO2/FiO2 
arterial oxygen partial pressure to fractional inspired oxygen ratio, NIE natural indirect effect, TE total effect, CDE controlled direct effect, m mediator, APACHE II Acute 
Physiology and Chronic Health Evaluation II
a Based on a multivariable generalized estimating equation with a logit link, a binomial distribution, clustering at the hospital level and including: age,  age2, gender, 
RV score, HFO treatment allocation, APACHE II, APACHE  II2, tidal volume, trial,  PaO2/FiO2, the interaction between  PaO2/FiO2 and HFOV, and duration of mechanical 
ventilation prior to randomization. The interaction term between HFOV and RV score as a binary covariate was not statistically significant (p = 0.18)
b The acute cor pulmonale (ACP) score includes pneumonia as a cause of ARDS, driving pressure ≥ 18 cmH2O, arterial oxygen partial pressure to fractional inspired 
oxygen  (PaO2/FiO2) ratio < 150 mmHg, and arterial carbon dioxide partial pressure ≥ 48 mmHg
c Threshold taken from Meade et.al (Fig. 1, reference 4) and is the value of PaO2/FiO2 where the estimated odds ratio of death for HFOV changes to ≤ 1
d Hemodynamic change was assessed 2 h post-randomization and defined by any increased dose of vasopressor or any decrease in either systolic or diastolic blood 
pressure. The natural direct effect (NDE) expresses how much the outcome of 30-day mortality would change in HFOV vs. conventional mechanical ventilation if the 
mediator of hemodynamic change were kept at the level it would have taken under conventional ventilation. The natural indirect effect (NIE) expresses how much the 
outcome would change if the exposure were set to HFOV and the mediator were changed from the level it would take under conventional ventilation to the level it 
would take under HFOV. The total effect (TE) is the overall change in outcome from conventional ventilation to HFOV groups and is the sum of NDE and NIE
e Models for the outcome were fitted using log-link and bootstrapping-based confidence intervals. Models for the mediator were fitted with a logit link and a 
binomial distribution. Models allow for mediator-exposure interaction. All models assume no exposure-mediator, exposure-outcome and mediator-outcome 
confounding
f Proportion mediated (NIE/TE): 1.1% (0.0–13.4) and proportion eliminated [(TE − CDE(m = 0))/TE)]: 6.8% (0.0–26.4). Confidence intervals for proportion mediated and 
eliminated are truncated at 0%

Effect modification Adjusted OR (95% CI)a p value

 Acute cor pulmonale  scoreb ≥ 2 1.79 (1.26–2.53) < 0.01

 HFOV treatment

  Overall 1.23 (0.96–1.57)    0.10

  Subgroup  analysisc

   Patients with  PaO2/FiO2 < 100 0.94 (0.66–1.35)    0.75

   Patients with  PaO2/FiO2 ≥ 100 1.48 (1.12–1.94) < 0.01

Causal mediation by hemodynamic  changed Adjusted RR (95% CI)e p value

 Natural direct effect 1.35 (1.12–1.68) 0.03

 Natural indirect effect 1.00 (0.99–1.03)f 0.81
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