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OBSERVATIONAL STUDY

Some Patients Are More Equal Than
Others: Variation in Ventilator Settings for
Coronavirus Disease 2019 Acute Respiratory

Distress Syndrome

OBIJECTIVES: As coronavirus disease 2019 is a novel disease, treatment strate-
gies continue to be debated. This provides the intensive care community with a
unique opportunity as the population of coronavirus disease 2019 patients requir-
ing invasive mechanical ventilation is relatively homogeneous compared with other
ICU populations. We hypothesize that the novelty of coronavirus disease 2019
and the uncertainty over its similarity with noncoronavirus disease 2019 acute
respiratory distress syndrome resulted in substantial practice variation between
hospitals during the first and second waves of coronavirus disease 2019 patients.

DESIGN: Multicenter retrospective cohort study.

SETTING: Twenty-five hospitals in the Netherlands from February 2020 to July
2020, and 14 hospitals from August 2020 to December 2020.

PATIENTS: One thousand two hundred ninety-four critically ill intubated adult
ICU patients with coronavirus disease 2019 were selected from the Dutch Data
Warehouse. Patients intubated for less than 24 hours, transferred patients, and
patients still admitted at the time of data extraction were excluded.

MEASUREMENTS AND MAIN RESULTS: We aimed to estimate between-
ICU practice variation in selected ventilation parameters (positive end-expiratory
pressure, Fio,, set respiratory rate, tidal volume, minute volume, and percentage
of time spent in a prone position) on days 1, 2, 3, and 7 of intubation, adjusted for
patient characteristics as well as severity of iliness based on Pao,/Fio, ratio, pH,
ventilatory ratio, and dynamic respiratory system compliance during controlled
ventilation. Using multilevel linear mixed-effects modeling, we found significant
(p < 0.001) variation between ICUs in all ventilation parameters on days 1, 2, 3,
and 7 of intubation for both waves.

CONCLUSIONS: This is the first study to clearly demonstrate significant prac-
tice variation between ICUs related to mechanical ventilation parameters that
are under direct control by intensivists. Their effect on clinical outcomes for
both coronavirus disease 2019 and other critically ill mechanically ventilated
patients could have widespread implications for the practice of intensive care
medicine and should be investigated further by causal inference models and
clinical trials.

KEY WORDS: acute respiratory distress syndrome; clinical practice variation;
coronavirus disease 2019; mechanical ventilation

s coronavirus disease 2019 (COVID-19) is a novel disease, treatment

strategies continue to be debated (1, 2). Although this may be somehow

unsettling, it also provides the intensive care community with a unique
opportunity.
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The population of COVID-19 patients requiring invasive mechanical venti-
lation is relatively homogeneous compared with other ICU populations, such
as those with unselected acute respiratory distress syndrome (ARDS). We
hypothesized that the novelty of COVID-19 and the uncertainty over its simi-
larity with non-COVID ARDS (3) resulted in substantial practice variation be-
tween hospitals allowing for an analysis of differences in mechanical ventilation
strategies between ICUs. We also hypothesized that this practice variation was
larger in the first wave of critically ill COVID patients than later in the pan-
demic (the second wave). Persisting practice variation might identify poten-
tially modifiable factors to improve treatment of COVID-19 patients and help
define the research agenda for improving the practice of mechanical ventilation
in general.

Forty-seven ICUs initiated the Dutch Data Warehouse (DDW), a large-scale
ICU data sharing collaboration (4). The DDW now contains over 400 million
data points on more than 2,000 critically ill COVID-19 patients in 25 hospitals
in the Netherlands and allows for detailed analyses on routinely collected clin-
ical data.

The objective of this study was to use the high-resolution longitudinal data
from the DDW to quantify the magnitude of variation in ventilation practices
between ICUs and show variation in ventilation practice in the first and second
waves of COVID-19 patients as well as differences between the two waves.

MATERIALS AND METHODS

The Medical Ethics Review Committee at Amsterdam University Medical
Centers, location VU University Medical Center waived the need for pa-
tient informed consent and approved of an opt-out procedure for the collec-
tion of COVID-19 patient data during the COVID-19 crisis under approval
number 2020.156. This report adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology reporting guidelines (5).

To explore potential practice variation, we selected all COVID-19-positive
intubated ICU patients admitted during the first and second COVID-19 waves
but excluded patients still admitted during data extraction, patients intubated
for less than 24 hours, and patients transferred between hospitals, in order to
isolate the influence of individual hospitals and exclude COVID-19 patients
intubated for non-ARDS reasons. (Supplementary Fig. 1, http://links.lww.
com/CCX/A815) The cutoft dates for the two waves were determined by visual
inspection (Supplementary Fig. 2, http://links.lww.com/CCX/A815), where
the end of wave 1 was set based on a plateau in monthly patient counts. The first
wave was, therefore, defined as from February 2020 to July 2020 and the second
wave as from August 2020 to December 2020. The first and second waves were
split and analyzed separately. Additionally, as this variance may change over
time, a separate analysis was performed on a subset of hospitals that delivered
data in both waves.

Using multilevel linear mixed-effects modeling, we calculated the between-
ICU variability for parameters related to mechanical ventilation that are directly
influenced by intensivists: positive end-expiratory pressure (PEEP), Fio,, tidal
volume, set respiratory rate, minute volume, and the percentage of time per day in
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Observational Study

prone position. These variables were sampled per hour,
forward-filled up to 8 hours, and averaged as 24-hour
means on days 1, 2, 3, 7, and 14 of intubation, starting
from the moment of intubation.

The primary outcome was the intraclass correlation
coeflicient (ICC), representing the proportion of var-
iance attributable to systematic differences between
ICUs after adjusting for covariates that may influence
ventilator settings directly or indirectly. The ICC was
calculated as the variance of the ICU random effect
divided by the total (ICU + residual) variance. For
better clinical interpretation, practice variation was
also expressed on the scales of the respective variables
(e.g., cm H,O for PEEP) as the 95% prediction interval
of the ICU random effect.

To adjust for case-mix differences as possible driv-
ers of between-ICU practice variation, the follow-
ing covariates were included: age, gender, body mass
index, comorbidities at time of ICU admission as static
covariates, as well as Pao,/F10, ratio, pH, ventilatory
ratio, and dynamic respiratory system compliance dur-
ing controlled ventilation at the respective time-points
(see Supplementary Table 1, http://links.Ilww.com/
CCX/A815). The academic status of the hospital was
included as a static covariate for an exploratory anal-
ysis in the Supplementary Material (http://links.lww.
com/CCX/A815). Comorbidities were grouped based
on similarity or used separately. The dynamic respira-
tory system compliance of the first 3 hours of each day
was used to best reflect the status of the lung before
treatment changes over the next 24 hours.

Missing covariates were imputed through multiple
imputation by chained equations using predictive mean
matching resulting in five imputed datasets for each
outcome. A prediction matrix for covariates was cre-
ated by selecting relevant predictors through stepwise
selection by Akaike information criterion based on a
generalized linear model for binary variables or linear
models for continuous variables. Missing observations
of dependent (ventilation) variables were not imputed.

A multilevel model was used to account for sam-
pling populations of both patients and hospitals. Linear
mixed-effects models were fitted with hospitals as the
second level, and linear models were fitted without
hospitals as a restricted model. The average log-like-
lihood ratio across the imputed datasets was used for
calculating the D2 statistic and p value to indicate the
influence of grouping per hospital.

Critical Care Explorations

Coeflicients were averaged and pooled over the
repeated analyses. Parameters and standard errors
were aggregated across the imputed datasets, and the
resulting variance was used to calculate the ICC. After
adjusting for covariates, the ICC indicates the propor-
tion of variance explained by the grouping structure
and thus attributable to the hospitals. Software pack-
ages and libraries used are listed in Supplementary
Table 2 (http://links.lww.com/CCX/A815).

RESULTS

Data were available for 1,294 patients. A total of 807
patients were admitted to 25 participating ICUs be-
tween February and July 2020, with a median number
of patients per ICU of 29 (interquartile range [IQR],
25-38) (Supplementary Fig. 3, http://links.lww.com/
CCX/A815). In the second wave, 487 patients were
admitted to 14 ICUs between August and December
2020, with a median number of patients per ICU of
36.5 (IQR, 25.25-44.75) (Supplementary Fig. 4,
http://links.lww.com/CCX/A815). Potential ad hoc
ICUs within hospitals were regarded as one single unit
per hospital.

The baseline patient demographics, comorbidities,
and severity of illness indicators were comparable over
both the duration of the admissions and across the two
waves. ICU mortality was 30.5% in the first wave and
30.2% in the second wave. (Supplementary Tables 3-5,
http://links.lww.com/CCX/A815) 'The proportion
of patients originating from academic hospitals was
increased for the second wave for which we performed
an exploratory analysis (Supplementary Figs. 5 and 6,
http://links.lww.com/CCX/A815.) Data availability for
covariates and outcome parameters are reported in the
Online Supplement and Supplementary Tables 6-8,
(http://links.lww.com/CCX/A815).

The adjusted between-ICU variance in ventilation
variables during wave 1 is shown in Figure 1. After cor-
recting for patient factors, significant (p < 0.001) practice
variation was found in all ventilation variables on days 1,
2, 3, and 7 of intubation. Hospital unconditional means
after adjusting for covariates are shown in Figure 2 and
illustrate the spread of average ventilator treatment strat-
egies at their respective scales. Average values per pa-
rameter per analysis day are reported in Supplementary
Table 9 (http://links.Ilww.com/CCX/A815). A de-
tailed description of the mixed-effects model including

www.ccejournal.org 3
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Figure 1. Between-ICU practice variation in ventilator settings
during wave 1. Heatmap of practice variation expressed as the
intraclass correlation coefficient (ICC). The ICC is the fraction

of residual between-patient variability (after adjustment for
covariates) that is attributable to between-ICU differences. For
example, more than 35% of between-patient variability in set
respiratory rate on day 1 is attributable to systematic differences
between hospitals. IBW = ideal body weight, PEEP = positive
end-expiratory pressure.

variance, ICC, patient counts, and statistical significance
is available in Supplementary Table 10 (http://links.Iww.
com/CCX/A815).

The heat map of the comparison of the first wave
versus the second wave is shown in Figure 3. For this
comparison, only hospitals delivering data in both waves
were included. Practice variation during wave 2 remained
comparable with wave 1 for the same selection of hospi-
tals except for the variance in PEEP and time spent in
prone position, which was decreased in the second wave.

DISCUSSION

In this study of mechanically ventilated COVID-19
patients admitted to 25 different Dutch ICUs, we
found substantial variation in ventilation practices
after adjusting for patient baseline and respiratory
system characteristics. This practice variation differs
between ventilator settings and evolves over admission
time. The variation was comparable for the same selec-
tion of hospitals across the first two waves of COVID
patients, except for PEEP and time spent in prone po-
sition, indicating that hospitals selectively changed to a
more uniform approach for their respective ventilation
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Figure 2. Practice variation expressed on the scales of the
ventilator settings. Individual data points are the hospital
unconditional means after adjusting for covariates. The interval
bounds are model-based estimates of the 2.6 and 97.5 percentiles
of the random effects, which represent the between-ICU variability
in mean ventilator setting after adjusting for covariates and
discounting random variance. The number of included patients is
shown for each variable for each time point. PEEP = positive end-
expiratory pressure.

strategies during 2020. Statistically significant prac-
tice variation remained for all parameters except tidal
volume, minute volume, and time spent in prone posi-
tion at the seventh day of intubation.

The data points in Figure 2 are unconditional means
and, thus, denote ventilation settings in a patient that
is average with respect to all adjustment variables. For
such “average” patients, the mean set respiratory rate
on day 1 varied between 18/min in one ICU to 26/min
in another ICU—a relative difference of 44%. The rel-
ative difference between the average applied PEEP in
different ICUs was 45% on day 1 and even more on
day 7. There was extreme variation in the average per-
centage of time per patient-day in a prone position,
which ranged from an average of nearly 0% in some
ICUs to more than 50% in others.
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that shows evolvement over the dura-
tion of the pandemic.

Furthermore, the studied hospi-
tals show an average tidal volume per
kg-predicted body weight between
6.5 and 7.5mL/kg, whereas the inter-
national Large observational study
to UNderstand the Global impact of
Severe Acute respiratory Failure study
showed actual clinical practice to use
an average tidal volume of 7.5mL/kg
in ARDS patients (8). Deviation from
a strict tidal volume of 6 mL/kg could
potentially be made to prioritize op-
timization of other clinical aspects
although we included the common
influencing factors for these decisions.

This study comes with limitations.
First, the estimated practice variation
may still be influenced by unmeasured
confounders, although we believe the
most important determinants of ven-
tilation choices are included in the
model. Second, routinely collected
data were used necessitating impu-
tation strategies and resulted in the
omission of analysis day 14 when com-
paring wave 1 with wave 2. Third, data

ICC 1 40
0.35
0.30
0.25

10.20
-0.15
-0.10
-0.05

-0.00

Figure 3. Between-ICU practice variation in ventilator settings for hospitals in both
waves. Heatmap comparing practice variation expressed as the intraclass correlation
coefficient (ICC) for hospitals having delivered data in both wave 1 and wave 2.
IBW = ideal body weight, PEEP = positive end-expiratory pressure.

Practice variation may be due to suboptimal adher-
ence to best practice standards or, importantly, due to
fundamental uncertainty surrounding the optimal ven-
tilation choices. In the latter case, the observed practice
variation constitutes equipoise (6): patients are treated
differently depending on where they are admitted, with
possibly important consequences for outcomes. This
should provide a major impetus for further research
into the respective domains of uncertainty. The results
from this study can be used to identify such domains.

Practice variation has recently been described in
non-COVID ARDS, showing variance in tidal volume
and ventilation pressures (7). We have now shown
practice variation is still clearly demonstrable in a rel-
atively homogenous underlying disease mechanism

Critical Care Explorations

to analyze variance between different
ICUs in the same hospital or between
individual intensivists were lacking.
Finally, due to highly variable re-
porting of the inspiratory/expiratory ratio and detailed
ventilator modes, these parameters could not be inter-
preted and were, therefore, excluded from analysis.

CONCLUSIONS

This is the first study to clearly demonstrate signifi-
cant practice variation between ICUs related to me-
chanical ventilation parameters that are under direct
control by intensivists. The magnitude of practice
variation decreased between the first and second
COVID-19 waves for some ventilation parameters,
indicating that ventilation practices within hospitals
do change within a year in light of new information.
However, significant variation still remains. The effect

www.ccejournal.org 5



Dam et al

of practice variation on clinical outcomes for both
COVID-19 and other critically ill mechanically venti-
lated patients could have widespread implications for
the practice of intensive care medicine and should be
investigated further by causal inference models and
clinical trials.
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