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BACKGROUND: The use of high-frequency oscillatory ventilation (HFOV) is backed by sound

physiologic rationale, but clinical data on the elective use of HFOV have been largely disappoint-

ing. Nonetheless, HFOV is still occasionally used as a rescue mode in patients with severe hypox-

emia. The evidence that supports this practice is sparse. METHODS: This was a retrospective

single-center analysis that involved subjects admitted to the medical ICU at Cleveland Clinic,

Cleveland, Ohio. We included all adult patients (ages > 18 y) who received rescue HFOV

between January 1, 2010, and December 31, 2018, and analyzed their clinical outcomes.

RESULTS: A total of 48 subjects were included in the analysis. The most common primary diagno-

sis was pneumonia (n 5 33 [68.8%]), followed by aspiration (n 5 6 [12.5%]) and diffuse alveolar

hemorrhage (n 5 2 [4.2%]). Switching to HFOV improved oxygenation but also increased vasopres-

sor requirements at 3 h. The mortality rate of the study population was 92% (44/48).

CONCLUSIONS: Our study did not support utilization of HFOV as a “last-ditch” rescue mea-

sure in subjects with respiratory failure. The delayed timing of HFOV initiation and its detri-

mental hemodynamic effects are among the potential reasons for the high mortality rate. Key
words: HFOV; mechanical ventilation; ARDS; respiratory failure; VILI; rescue therapy. [Respir Care
0;0(0):1–�. © 0 Daedalus Enterprises]

Introduction

Mortality associated with ARDS remains high.1 The

focus of current therapeutic strategies is to sustain life and

maintain gas exchange while minimizing ventilator-

induced lung injury. For decades, the rationale for the use

of high-frequency oscillatory ventilation (HFOV) has been

driven by its ability to provide positive-pressure ventilation

in a manner that minimizes known causes of ventilator-

induced lung injury while providing relatively high mean

airway pressures.2 The majority of the clinical investiga-

tions on HFOV have explored the role of HFOV in early

ARDS. Two large multi-center, randomized controlled tri-

als, OSCAR3 and OSCILLATE,4 were performed to

explore the role of early application of HFOV in moderate-

to-severe ARDS; although the former trial showed no dif-

ference in mortality compared with conventional ventila-

tion, the latter trial was stopped early due to a higher risk of

mortality with the use of HFOV. These trials, along with

other meta-analyses, quelled any enthusiasm toward the

routine early application of this modality in ARDS.5

HFOV has also been used as a rescue therapy for patients

in severe respiratory failure in whom conventional mechani-

cal ventilation has reached its limit to provide gas exchange.6

Various reports have highlighted this application and have

recommended or even reinforced the persistent consideration

of HFOV in the rescue armamentarium.7-9 In a similar vein,

a post hoc analysis of HFOV clinical trials by Meade et al10

also showed a trend toward improved mortality with HFOV

in subjects with severe ARDS PaO2
/FIO2

# 100 mm Hg).
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Nonetheless, robust clinical evidence that explored the role

of HFOV as a rescue therapy in acute respiratory failure is

lacking. Specifically, no randomized trials or observational

studies have investigated clinical outcomes when HFOV

was used as a rescue modality. The objective of this study

was to evaluate the clinical outcomes of subjects with acute

respiratory failure in whom HFOV was started as a rescue

intervention at a major academic medical center.

Methods

This was a retrospective single-center analysis that

involved patients admitted to the medical ICU at Cleveland

Clinic, Cleveland, Ohio. We included all adult patients

(ages > 18 y) who received rescue HFOV between January

1, 2010, and December 31, 2018. Rescue HFOV was

defined as the application of HFOV (Sensormedics 3100B,

Yorba Linda, CA) when conventional ventilation was

unable to provide safe ventilation or gas exchange in the

setting of severe hypoxemic respiratory failure. The exclu-

sion criterion was any patient who received HFOV in pedi-

atric or neonatal ICUs. The decision to initiate HFOV was

made by the treating intensivist. Respiratory therapists

trained on application of HFOV were present 24 h a day

and followed an explicit protocol (Appendix 1 [see the

supplementary materials at http://www.rcjournal.com]).

Adherence to the protocol was not assessed. The study was

approved by the institutional review board.

Data were obtained from the electronic medical records.

The following data points were extracted and analyzed: base-

line characteristics, in-hospital mortality, ventilator settings,

hemodynamic parameters, gas exchange data, and use of

other rescue therapies. Baseline characteristics included

demographics and primary admission diagnosis. We calcu-

lated the Charlson comorbidity index,11 the APACHE

(Acute Physiology and Chronic Health Evaluation) III

score,12 and SOFA (Sequential Organ Failure Assessment)

score.13 Reasons to initiate or terminate HFOV were noted.

Ventilator and gas exchange data were recorded immediately

before and after the initiation of HFOV. Hemodynamic data

were recorded at the time of initiation of HFOV and, subse-

quently, at 3 h, 12 h, and 24 h. Vasopressor doses were con-

verted into norepinephrine equivalent doses to facilitate

comparison.14

Statistical analysis was performed by using the SAS 9.4

for Linux (SAS Institute, Cary, North Carolina). The subject

information collected was summarized as mean 6 SD and

median (25th percentile, 75th percentile) for continuous vari-

ables, and as counts and percentages for all categorical varia-

bles. The study group was divided into 2 groups (alive,

dead). The Kruskal-Wallis test was performed to compare

non-normally distributed continuous variables. For categori-

cal variables, the Fisher exact test was conducted when one

or more of the cells had an expected frequency of#5. A lin-

ear mixed-effects model was performed to analyze the effect

of HFOV initiation on hemodynamics over time (3 h, 12 h,

and 24 h). The Wilcoxon signed-rank test was used to

compare clinical variables before and after HFOV. The

Spearman correlation was performed to analyze associations.

The level of statistical significance was set at P < .05

(2-tailed).

Results

A total of 48 subjects were included in the analysis; their

baseline characteristics are presented in Table 1. Of the 48

subjects, 45 (94%) had ARDS and 93% of these (42/45)

met the criteria for severe ARDS; the remaining 3 subjects

had moderate ARDS with bronchopleural fistula. The most

common primary diagnosis was pneumonia (n ¼ 33

[68.8%]), followed by aspiration (n ¼ 6 [12.5%]) and dif-

fuse alveolar hemorrhage (n ¼ 2 [4.2%]). One subject each

had the diagnosis of acute interstitial pneumonia, acute

lung transplantation rejection, exacerbation of COPD, and

extrapulmonary ARDS secondary to septic shock. Other

therapies for ARDS were used to a varying extent, both

before and after initiation of HFOV. Neuromuscular block-

ers were administered in 75% (n ¼ 36), inhaled pulmonary

vasodilators in 58% (n¼ 28), and prone positioning in 13%

(n ¼ 6) of the subjects. The average time spent on conven-

tional ventilation before initiation of HFOV was 6.836 6.3

d (range, <1 to 27 d). A graphic representation of the time

on pre-HFOV conventional ventilation and on HFOV is

presented in Figure 1.

The ventilator settings before and after switching to

HFOV are summarized in Table 2. The most common

mode of conventional ventilation was pressure control con-

tinuous mandatory ventilation with set-point targeting

QUICK LOOK

Current knowledge

Utilization of high-frequency oscillatory ventilation as

an elective mode in respiratory failure in adults is gen-

erally not recommended based on currently available

data. However, its role as a rescue mode remains

unclear.

What this paper contributes to our knowledge

In our retrospective analysis, the use of high-frequency

oscillatory ventilation as a rescue therapy was associ-

ated with high mortality and was significantly higher

when compared with other rescue therapies. These

findings bring into question the utility of high-fre-

quency oscillatory ventilation in this setting.
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(70% [n ¼ 34]).15 The remainder were on volume control

continuous mandatory ventilation with set-point targeting

(23% [n ¼ 11]) or pressure control intermittent mandatory

ventilation with set-point targeting for mandatory and spon-

taneous breaths, specifically, airway pressure-release

ventilation (6.4% [n ¼ 3]). The average tidal volume on

conventional ventilation was 7.6 mL/kg ideal body weight.

The tidal volume delivered was <6 mL/kg ideal body

weight in 14.6% of the subjects (7/48) and >8 mL/kg ideal

body weight in 31.3% of the subjects (15/48).

Switching from conventional ventilation to HFOV led to a

significant increase in mean airway pressure by 8.46 5.2 cm

H2O. The mean airway pressure in conventional ventilation

was significantly different to the HFOV (23.1 6 6.7 cm vs

31.5 6 6.2 cm H2O; P < 0.001). The change to HFOV

increased the PaO2
/FIO2

(D PaO2
/FIO2

¼ 13.8 6 40.6 mm Hg;

P ¼ .004) and of the PaCO2
(D PaCO2

¼ 9.0 6 22.1 mm Hg;

P ¼ .01) (Table 3). The change in PaCO2
with HFOV showed

a positive correlation with the frequency setting of HFOV

(P ¼ .039) as well as the pre-HFOV minute ventilation (P ¼
.01), and showed no correlation with the amplitude setting.

At the time of initiating HFOV, 63% of the subjects were

on vasopressors, the average norepinephrine equivalent

dose of the group was 0.31 6 0.41 mg/kg/min. After transi-

tion to HFOV, 71% of the subjects were on vasopressors at

3 h, 70% at 12 h, and 67% at 24 h. Transitioning to HFOV

showed an increase in vasopressor requirement, which was

statistically significant at 3 h but not at 12 h and 24 h.

Compared with baseline, the average norepinephrine equiv-

alent dose increased by 0.13 6 0.44 mg/kg/min (n ¼ 41;

P ¼ .002) at 3 h, 0.10 6 0.41 mg/kg/min (n ¼ 29; P ¼
0.19) at 12 h, and 0.056 0.24 mg/kg/min (n¼ 27; P ¼ .30)

at 24 h (Fig. 2). There was also an increase in the average

lactate level at 24 h (1.26 2.9; P¼ .004).

The average time on HFOV was 72.6 6 62.6 h. The

most common reason for termination of HFOV was death,

followed by worsened hypercapnia and worsened

Table 1. Baseline Characteristics of the Subjects at the Time of

HFOV Initiation

Variable Result

Subjects, N 48

Age, y 49.06 13.7

Women, n (%) 27 (56.2)

Replacement therapy, n (%) 11 (22.9)

Charlson index 2.2 6 2.3

APACHE-III score 85.66 34.1

SOFA score 8.8 6 4.4

Oxygenation index 35.76 16.9

Time on conventional ventilation before HFOV, d 7.0 6 6.3

Primary diagnosis, n (%)

Pneumonia 33 (66.8)

Aspiration 6 (12.5)

Diffuse alveolar hemorrhage 2 (4.2)

Septic shock 1 (2.1)

Lung transplantation rejection 1 (2.1)

COPD exacerbation 1 (2.1)

Acute interstitial pneumonia 1 (2.1)

Bronchopleural fistula 3 (6.3)

Values are expressed as mean 6 SD, unless otherwise stated.

HFOV ¼ high-frequency oscillatory ventilation

APACHE-III ¼ Acute Physiology and Chronic Health Evaluation III

SOFA ¼ Sequential Organ Failure Assessment
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Fig. 1. Graphic representation of the time spent on conventional ventilation and high-frequency oscillatory ventilation (HFOV) in all the subjects.
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hemodynamics. Notably, in 2 subjects, HFOV was termi-

nated due to device malfunction. Five subjects were sub-

sequently switched back to conventional ventilation due

to improvement in gas exchange. Of the 44 subjects who

died, 73% (n ¼ 32) were transitioned to comfort care

before their death. 2 of 48 subjects were deemed suitable

candidates for venovenous extracorporeal membrane oxy-

genation. Both of these subjects died, one after 12 d and one

after 14 d, from circulatory shock and refractory hypoxemia,

respectively. The major cause of death was circulatory shock

(54.7% [n¼ 29]), followed by refractory hypoxemia (35.8%

[n ¼ 19]). The mortality rate of the study population was

92% (44/48). Among the 4 subjects who survived, 2 had

severe pulmonary ARDS from pneumonia, one had diffuse

alveolar hemorrhage, and the fourth subject had moderate

ARDS with bronchopleural fistula. All 4 survivors were

alive 1 year after hospital discharge.

Discussion

The present study showed that the use of HFOV as a res-

cue modality was rare and sporadic, averaging �6 per year,

and was associated with a high mortality rate (92%). We

showed that HFOV was generally chosen as a last-ditch

effort in patients in extremis. Initiation of HFOV was asso-

ciated with a higher rate of hemodynamic instability, as

witnessed by an increase in vasopressor requirements at 3 h

as well as an increase in lactate levels at 24 h. Use of

HFOV led to an improvement in oxygenation but worsened

hypercapnia and did not change the overall trajectory or

course of the disease in these subjects.

The mortality rate noted in our study group was signifi-

cantly higher than the mortality rate observed in subjects

treated with other rescue therapies. For instance, in the

ECMO to Rescue Lung Injury in Severe ARDS (EOLIA)

trial,16 in which rescue venovenous extracorporeal mem-

brane oxygenation in severe ARDS was studied, the mortal-

ity rate was 35% (44/124) in the venovenous extracorporeal

membrane oxygenation arm. Similarly, in the Conventional

Table 2. Ventilator Settings for Both Conventional and HFOV Modes

Conventional Ventilator Settings (pre-HFOV) Result

Mode, %

PC-CMV 70.8

VC-CMV 22.9

PC-IMV (APRV) 6.3

FIO2
% 93.36 14.6

Tidal volume, mL/kg ideal body weight 7.0 6 2.7

Minute ventilation, L/min 12.16 4.3

Mean airway pressure, cm H2O 23.16 6.7

PEEP, cm H2O 13.46 5.6

Peak inspiratory pressure, cm H2O 35.36 8.5

Initial HFOV Settings

FIO2
% 0.956 0.14

Frequency, Hz 5.9 6 1.06

Amplitude, cm H2O 85.16 17.5

Mean airway pressure, cm H2O 31.56 6.2

Values are expressed as mean 6 SD, unless otherwise stated.

HFOV ¼ high frequency oscillatory ventilation

PC ¼ pressure control

CMV ¼ continuous mandatory ventilation

VC ¼ volume control

IMV ¼ intermittent mandatory ventilation

APRV ¼ airway pressure-release ventilation

Table 3. Gas Exchange Data Before CMV and After Switching to

HFOV

Parameter Conventional HFOV

pH 7.27 6 0.14 7.186 .14

PaO2
, mm Hg 69.3 6 25.1 87.76 42.2

PaO2
/FIO2

, mm Hg 80.3 6 52.2 96.96 52.6

PaCO2
, mm Hg 53.4 6 14.5 62.96 17.2

Values are expressed as mean 6 SD.

CMV ¼ conventional mechanical ventilation

HFOV ¼ high frequency oscillatory ventilation
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Fig. 2. Trends of vasopressor requirements expressed as norepinephrine equivalent dose after initiation of high-frequency oscillatory ventilation
(HFOV).
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ventilation or ECMO for Severe Adult Respiratory failure

(CESAR) trial,17 the subjects allocated to consideration of

extracorporeal membrane oxygenation had a 6-month mor-

tality of 37% (33/90). The evaluation of our case series

leads to many questions with regard to the way we apply

rescue strategies. The high mortality is in contrast to histori-

cal reports and experience from other centers, but these

results need to be assessed in the context of the use of

HFOV as a last ditch effort. The delayed initiation of

HFOV in patients with severe disease highlights the tend-

ency to use this modality only after exhausting all avenues

with conventional ventilation, a path that may leave

patients in more precarious situations than if rescue thera-

pies were triggered earlier. Also, in recent years, HFOV

was used in patients who were not considered candidates

for extracorporeal life support (ECLS) or as a bridge to

goals-of-care discussions. A high number of patients were

transitioned to comfort care soon after HFOV initiation.

We also have to evaluate the logistics of the use of an

intervention that is rarely used. Even with explicit protocols

and annual training, the application of HFOV requires clini-

cal expertise that comes from consistent and repetitive ex-

posure.18 This is the case in neonatology, in which practice

has been common and in which clinical outcomes in HFOV

have been favorable, especially in patients with hypoxemic

respiratory failure.19 Of the average 150–200 cases of

severe ARDS admitted to our ICU, only 6 patients/year

were started on HFOV. Even though respiratory therapists

receive annual training to maintain competency and many

of the clinical providers had experience with the device,

this limited exposure is perhaps not enough to justify using

this modality in a modern ICU. Also, the HFOV runs were

short and in extreme circumstances, which limits the expo-

sure and building of experience.

Despite this limited exposure, analysis of the the post-

HFOV gas exchange measurements suggests appropriate

initial settings and use. There was improvement in the

PaO2
/FIO2

and an anticipated modest increase in PaCO2
. The

increase in PaCO2
positively correlated with the frequency

setting of HFOV, as expected. The D PaCO2
also showed a

positive correlation with the pre-HFOV minute ventilation

requirement, which can be reflective of a higher physio-

logic dead space. Notably, despite initial improvement in

oxygenation, refractory hypoxemia was the primary cause

of death in 35.8% of the cases.

We found that HFOV initiation was associated with early

hemodynamic deterioration, as indicated by a significant

increase in vasopressor requirements at 3 h. This may have

been due to the 36% increase in mean airway pressures on

HFOV. Although the rise in the vasopressor dosage > 3 h

was blunted, lactate levels at 24 h were found to be higher.

Furthermore, circulatory shock was recognized as the most

common primary cause of death in our study population.

Undesirable hemodynamic effects of HFOV are likely to be

more evident in patients who are in extremis. Concerns about

the hemodynamic consequences of HFOV have been cited to

explain the negative results in the OSCILLATE trial.4 In a

study of 16 subjects, use of a higher mean airway pressure

with HFOV led to an increase in the incidence of right ven-

tricular failure, as assessed with echocardiography.20

The current results raise serious doubts about the role of

HFOV in general. We do believe HFOV, as a mode, has

features that can allow adequate ventilation of patients in

very specific conditions. The capacity of HFOV to increase

mean airway pressures and maintain ventilation with small

tidal volumes is unparalleled. It is possible that newer

approaches in applying HFOV or protocols that focus on not

only gas exchange but also on hemodynamics and respiratory

mechanics could potentially still work. However, the current

technology is old and lacks safety features and the ability to

support spontaneous breathing, the clinician exposure is lim-

ited, and the right timelines and clinical scenarios to consider

HFOV as a rescue modality are not defined. Furthermore,

other rescue strategies, such as prone positioning and ECLS,

have become more prevalent.21 All these considerations leave

HFOV as a poor choice in a 21st century ICU.

To our knowledge, this was the largest case series of a

real-world experience with rescue HFOV. Our study also

had several limitations. It was a retrospective study, lacked

a control group, and was in a low-exposure center. Several

variables (eg, detailed pulmonary mechanics, recruitment

maneuvers, and fluid resuscitation) could not be abstracted

from the records, which would have given a better picture

of the severity of illness. It is possible that the results in

higher-use centers with specific protocols might be differ-

ent or better, to our knowledge, no such report is available.

The study population was heterogeneous, and there was no

enforcement or evaluation of adherence to the protocol for

the utilization of HFOV. Although vasopressor requirement

is an important hemodynamic parameter, cardiac output

measurement and echocardiographic assessment of the

right heart would have detected the hemodynamic effects

of HFOV with higher precision.

Conclusions

Our findings bring into question the role of HFOV as a

rescue therapy in acute respiratory failure. Further reports

from other centers may help define the timing of initiation,

patient selection, and management of the hemodynamic

consequences. The high mortality rate demonstrated with

rescue HFOV makes it a less-desirable option, especially in

the current times when the prevalence and feasibility of

ECLS is increasing. When conventional mechanical venti-

lation is unable to provide sufficient gas exchange, early

consideration for ECLS or transport to an ECLS center, if

not available locally, may be better alternatives to rescue

HFOV. If patients are not appropriate candidates for ECLS,
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then efforts should be focused on optimizing conventional

ventilation and addressing goals of care.
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