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BACKGROUND: ARDS in patients with coronavirus disease 2019 (COVID-19) is characterized
by microcirculatory alterations in the pulmonary vascular bed, which could increase dead-space
ventilation more than in non-COVID-19 ARDS. We aimed to establish if dead-space ventilation
is different in patients with COVID-19 ARDS when compared with patients with non-COVID-19
ARDS. METHODS: A total of 187 subjects with COVID-19 ARDS and 178 subjects with non-
COVID-19 ARDS who were undergoing invasive mechanical ventilation were included in the
study. The association between the ARDS types and dead-space ventilation, compliance of the re-
spiratory system, subjects’ characteristics, organ failures, and mechanical ventilation was eval-
uated by using data collected in the first 24 h of mechanical ventilation. RESULTS: Corrected
minute ventilation (Vg), a dead-space ventilation surrogate, was higher in the subjects with
COVID-19 ARDS versus in those with non-COVID-19 ARDS (median [interquartile range] 12.6
[10.2-15.8] L/min vs 9.4 [7.5-11.6] L/min; P < .001). Increased corrected Vi was independently
associated with COVID-19 ARDS (odds ratio 1.24, 95% CI 1.07-1.47; P = .007). The best com-
pliance of the respiratory system, obtained after testing different PEEPs, was similar between
the subjects with COVID-19 ARDS and the subjects with non-COVID-19 ARDS (mean *= SD 38
+ 11 mL/cm H,0 vs 37 = 11 mL/cm H,0, respectively; P = .61). The subjects with COVID-19
ARDS received higher median (interquartile range) PEEP (12 [10-14] cm H,0 vs 8 [5-9] ¢cm
H,0; P < .001) and lower median (interquartile range) tidal volume (5.8 [5.5-6.3] mL/kg vs 6.6
[6.1-7.3] mL/kg; P < .001) than the subjects with non-COVID-19 ARDS, being these differences
maintained at multivariable analysis. In the multivariable analysis, the subjects with COVID-19
ARDS showed a lower risk of anamnestic arterial hypertension (odds ratio 0.18, 95% CI 0.07-0.45;
P < .001) and lower neurologic sequential organ failure assessment score (odds ratio 0.16, 95% CI
0.09-0.27; P < .001) than the subjects with non-COVID-19 ARDS. CONCLUSIONS: Indirect meas-
urements of dead space were higher in subjects with COVID-19 ARDS compared with subjects
with non-COVID-19 ARDS. The best compliance of the respiratory system was similar in both
ARDS forms provided that different PEEPs were applied. A wide range of compliance is present
in every ARDS type; therefore, the setting of mechanical ventilation should be individualized
patient by patient and not based on the etiology of ARDS. Key words: Dead space; compliance;
positive end expiratory pressure; acute respiratory distress syndrome; severe acute respiratory syn-
drome coronavirus-2. [Respir Care 2021;66(9):1406-1415. © 2021 Daedalus Enterprises]

Introduction system.' Despite ARDS being a pivotal clinical presenta-

tion in patients with severe coronavirus disease 2019

ARDS was originally described as a syndromic pattern (COVID-19), the appropriateness of defining criteria of
that was the final common pathway of different diseases. ARDS for patients with COVID-19 pneumonia was
Their shared features were severe hypoxemia refractory to debated due to the high value of respiratory system compli-
oxygen therapy and low compliance of the respiratory ance reported by some investigators.>® A high ratio of dead
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space (Vp) to tidal volume (Vt) (Vp/Vr) is perhaps more
relevant than compliance in characterizing ARDS, being
Vp/Vr, the pathophysiologic measurement with the stron-
ger association with outcome in subjects with ARDS.*®
Patients with COVID-19 present with typical abnormalities
of the pulmonary circulation, such as small pulmonary ves-
sel microangiopathy with thrombosis and hemorrhage com-
pared with other forms of ARDS, including other viral lung
infections.”!!

The microthrombotic lesions in pulmonary circula-
tion could further worsen Vp ventilation in patients
with COVID-19 ARDS when compared with patients
with ARDS from other diseases. Recently, the associa-
tion between Vp ventilation and mortality has also
been confirmed in patients with COVID-19 ARDS'%;
nonetheless, the hypothesis that Vp ventilation is
higher in patients with ARDS from COVID-19 than in
patients with ARDS due to other diseases needs to be
confirmed. The aim of our study was to establish if Vp
ventilation was different in ARDS secondary to
COVID-19 when compared with ARDS from other dis-
eases. We also aimed to identify if any differences
between COVID-19 ARDS and non-COVID-19 ARDS
in terms of compliance of the respiratory system, sub-
ject characteristics, organ failures, and mechanical
ventilation variables were present.

Methods

This retrospective cohort study with prospectively
collected data was performed at the Poliambulanza
Foundation Hospital of Brescia in Lombardy, Italy. The
referral ethics committee (Comitato Etico di Brescia)
approved the study (NP4209). All consecutive adult
patients (ie, =18 y old) admitted to the ICU from
January 1, 2015, to May 31, 2020, with a diagnosis of
ARDS (according to the Berlin definition criteria'?)

Drs Bertelli, Fusina, Prezioso, Cavallo, Nencini, Crisci, Tansini, Mari,
Hoxha, Lombardi, and Natalini are affiliated with the Department of
Anesthesia and Intensive Care, Fondazione Poliambulanza Hospital,
Brescia, Italy. Drs Prezioso, Cavallo, Nencini, Crisci, and Mari are
affiliated with the Department of Anesthesiology and Intensive Care
Medicine, Catholic University of The Sacred Heart, Rome, Italy. Dr
Tansini is affiliated with the Department of Anesthesia and Intensive
Care, University of Insubria, Varese, Lombardia, Italy.

The authors have disclosed no conflicts of interest.

Supplementary material related to this paper is available at http://www.
rcjournal.com.

Correspondence: Federica Fusina MD, Department of Anesthesia,
Intensive Care and Pain Medicine, via Bissolati, 57, Brescia, 25124,
Italy. E-mail:f.fusina@gmail.com.

DOI: 10.4187/respcare.08786

RESPIRATORY CARE ® SEPTEMBER 2021 VoL 66 No 9

QUICK LOOK

Current knowledge

ARDS in patients with coronavirus disease 2019
(COVID-19) is characterized by microcirculatory
alterations in the pulmonary vascular bed. These
alterations could cause an increase in dead-space
ventilation in patients with COVID-19 ARDS when
compared with patients with non-COVID ARDS.

What this paper contributes to our knowledge

Higher dead-space ventilation was the distinguish-
ing pathophysiologic characteristic of ARDS in the
subjects with COVID-19 compared with non-
COVID ARDS. The same wide range of compli-
ance seems to be present in every ARDS type;
therefore, the setting of mechanical ventilation
should be individualized, and not based on the eti-
ology of ARDS.

were screened by using the electronic clinical database.
Patients were excluded from the analysis if (a) the crite-
ria for ARDS diagnosis were not fulfilled or (b) they did
not undergo invasive mechanical ventilation.

Two groups of subjects were created: (1) subjects with
ARDS attributable to severe acute respiratory syndrome co-
ronavirus-2 (SARS-CoV-2) infection (COVID-19 ARDS);
subjects were included in this group if respiratory symp-
toms started after February 18, 2020 (the day of the first
reported case of SARS-CoV 2 infection in Italy) and they
had a positive real-time polymerase chain reaction test
result for SARS-CoV-2 on biologic samples; and (2) sub-
jects with ARDS without SARS-CoV 2 infection (non-
COVID-19 ARDS). Subjects were included in this second
group if their ICU admission occurred before February 18
2020. A real-time polymerase chain reaction test for
SARS-CoV-2 was not performed before this date. Patients
with an ARDS diagnosis made after February 18, 2020, but
with negative real-time polymerase chain reaction test
results for SARS-CoV-2 were excluded from the analysis
due to the uncertainty of the cause of the ARDS.

Demographic, clinical, and laboratory data, and out-
comes were extracted from the electronic medical chart of
the enrolled subjects. All measurements were taken from
data collected during the first 24 h of invasive mechanical
ventilation and the worst values (ie, the value farther from
the normal range) after the setting of the best PEEP (see
protocol of mechanical ventilation section) were used for
the analyses. No measurements taken with the subjects in
prone positioning were used for the analyses. All estimates
of Vp ventilation had been taken while the subjects were in
a steady-state condition.
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Protocol of Mechanical Ventilation

Mechanical ventilation was applied according to our
institutional ventilation protocol, which has been in use
since 2012. A starting V-+ of 6 mL/kg of ideal body weight'*
is set, and the PEEP associated with the lowest driving pres-
sure (best PEEP) is chosen. This is the PEEP that guaran-
tees the highest compliance. PEEP is progressively
increased by 2 cm H,O at a time, starting from a low value
(0-4 cm H,0). For each PEEP, airway inspiratory plateau
pressure (Pplat) is measured with an end-inspiratory hold
maneuver, and total PEEP is measured as the Pplat after an
end-expiratory hold maneuver. Driving pressure (the pres-
sure needed to inflate the V) is defined as Pplat — total
PEEP. In the case of >1 PEEP associated with the same
(lowest) driving pressure, the lowest PEEP is preferred if
the oxygenation goal can be obtained with a Fjo, < 0.65.

VT is progressively reduced (down to a minimum of 4
mL/kg) in the case of the impossibility to maintain a driv-
ing pressure of <15 cm H,O or if an upward concavity of
the airway pressure is observed during volume control, con-
stant flow inflation (which suggests a stress index > 1'9).
Breathing frequency is set to obtain, when possible, a pH in
the range of 7.30-7.40. However, a frequency >30 breaths/
min is strongly discouraged. Hypercapnia and respiratory
acidosis are tolerated to keep the driving pressure < 15 cm
H,0 and the frequency < 30 breaths/min in the absence of
hypotension refractory to vasopressor agents, low cardiac
output with severe acute cor pulmonale, acute myocardial in-
farction, and/or intracranial pressure > 20 mm Hg. Also, Fo,
is set with Sy, 90-95% and/or P,o, > 60-80 mm Hg as a
target. During the period of low Vt protective ventilation
neuromuscular blocking agents were used if patient-ventilator
asynchronies were detected. The subjects usually were main-
tained in a semirecumbent position (20°-30°) and prone posi-
tion was performed in the subjects with P,o,/Fio, < 150 mm
Hg, alternating 16 h of pronation with 6 h in the supine/semi-
recumbent position (up to 30° trunk elevation). A heat-and-
moisture exchanger (Dar Adult-Pediatric Electrostatic Filter
Small, Covidien, Mansfield, Massachusetts) was used in all
the subjects from the beginning of invasive mechanical venti-
lation to the beginning of weaning.

Measurements and Calculations

The Sequential Organ Failure Assessment (SOFA)'® score
during the first 24 h and the Simplified Acute Physiology
Score (SAPS) II'” were calculated. Compliance of the respi-
ratory system was the ratio between V- and driving pressure.
The main estimate of Vp ventilation was performed with
corrected Vi.!>'® Corrected Vg was calculated as (Vg X
Paco,)/40 mm Hg, where 40 mm Hg is considered the physi-
ologic value of P,co,. Vp was also estimated with the venti-
latory ratio and calculated Vp/Vr. The ventilatory ratio was
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calculated as (corrected Vi X Paco,)/(ideal body weight x
100 mL/kg x 37.5 mm Hg), where 37.5 mm Hg is assumed
to be the P,co, during the ideal Vg.'" Calculated Vp/Vy was
obtained from the Harris-Benedict formula for the resting
energy expenditure and Weir estimate of the carbon dioxide
production.”

The net V1 of instrumental V, was calculated as the dif-
ference between Vr and instrumental Vp. Instrumental Vp
was calculated as the sum of the internal volume of
the heat-and-moisture exchanger (51 mL), of the catheter
mount (Covidien Dar Catheter Mount with CO, Sampling
Port; 22 mL) and of the endotracheal tube (ranging from 14
to 17 mL, depending on the size).?' Corrected Vg, Vp/Vr,
and ventilatory ratio were also calculated by using net V¢
of instrumental Vp, instead of V.

Study Outcomes

The primary study end point was to assess if Vp, ventila-
tion (mainly assessed with corrected Vi) was higher in the
subjects with COVID-19 ARDS compared with those with
non-COVID-19 ARDS when adjusted for other variables.
The secondary outcome was to compare respiratory system
compliance, subject characteristics, organ failures, and me-
chanical ventilation variables in the subjects with COVID-
19 ARDS and those with non-COVID-19 ARDS.

Statistical Analysis

We planned to analyze the independent association
between Vp, ventilation (as estimated by corrected Vi) and
the type of ARDS (COVID-19 ARDS or non-COVID-19
ARDS). We a priori decided to assess the following varia-
bles as possible covariates: compliance of the respiratory
system, age, sex, body mass index, history of diabetes mel-
litus, history of arterial hypertension, and organ dysfunc-
tions as assessed by the 6 fields of the SOFA score, PEEP,
Vr/kg of ideal body weight, breathing frequency, airway
Pplat, driving pressure. P,o, /Fio, and P,co, were excluded
from multivariable analysis because they were already
included in respiratory SOFA score and corrected Vg calcu-
lation, respectively.

We estimated that 170 subjects with COVID-19 ARDS
were needed to include all a priori planned explanatory var-
iables in the logistic regression analysis, that is, 10 events
for each predictor variable.?? Variables were described with
mean * SD or median and interquartile range, as appropri-
ate, whereas factor variables were described as count (%).
A comparison of variables between the COVID-19 ARDS
and the non-COVID-19 ARDS cohorts was performed with
the ¢ test for numeric normally distributed variables,
Wilcoxon-Mann-Whitney test for ordinal and numerical
not-normally distributed variables, and the Fisher exact test
for nominal variables. The explanatory variables were
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included in the multivariable model if they reached statisti-
cal significance at the bivariate analysis (P < .05). Residual
multicollinearity in the regression models was assessed by
using the variance inflation factor. Variables with a var-
iance inflation factor > 5 were removed one by one from
the model, beginning from the covariate with the highest
variance inflation factor.

The association between Vp and COVID-19 ARDS was
reassessed by substituting the corrected Vg with Vp/Vy and
the ventilatory ratio. The analysis was also repeated, substi-
tuting respiratory SOFA with continuous P,0, /Fio,. A sen-
sitivity analysis was conducted by using the Vg
measurement with the exclusion of instrumental V. We
compared Vp, estimates (corrected Vg, ventilatory ratio,
estimated Vp/Vr) between COVID-19 ARDS and ARDS
due to confirmed bacterial pneumonia (47 subjects), ARDS
due to pneumonia without bacterial evidence on microbio-
logic examination (62 subjects), ARDS from trauma or ab-
dominal disease (43 subjects), and ARDS from causes
different from all of the above (26 subjects). The associa-
tion between Vp estimates and the cause of ARDS
(COVID-19, confirmed bacterial pneumonia, pneumonia
without bacterial evidence on microbiologic examination,
trauma or abdominal disease, other causes) was conducted
with linear models by using COVID-19 ARDS as the refer-
ence level. P < .05 was considered significant. Statistical
analyses were performed with R 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria).

Results

We included in the study 187 subjects with COVID-19
ARDS and 178 subjects with non-COVID-19 ARDS
(the flow diagram is shown in Fig. 1). COVID-19
ARDS and non-COVID-19 ARDS differed for most of
the analyzed variables, as shown in Table 1. Male sex
was more frequent in the subjects with COVID-19
ARDS, who were also younger and had a higher body
mass index than did the subjects with non-COVID-19
ARDS. A history of diabetes mellitus and arterial
hypertension was less frequent in the subjects with
COVID-19 ARDS than in those with non-COVID-19
ARDS. At ICU admission, respiratory failure was the
only organ dysfunction that was more severe in the sub-
jects with COVID-19 ARDS, whereas cardiovascular,
neurologic, and coagulative SOFA scores were worse in
the subjects with non-COVID-19 ARDS.

Despite the lower number of organ dysfunctions, mortal-
ity was higher in the subjects with COVID-19 ARDS when
compared with the subjects with non-COVID-19 ARDS.
All estimates of Vp, (corrected Vg, Vp/Vr, ventilatory ratio)
were higher in the subjects with COVID-19 ARDS than in
the subjects with non-COVID-19 ARDS (Table 2). The
density distribution of corrected Vg in the subjects with
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Fig. 1. Flow chart. NIV = noninvasive ventilation.

COVID-19 ARDS and the subjects with non-COVID-19
ARDS is shown in Figure 2. Results did not vary when sub-
stituting respiratory SOFA with continuous P,o, /Fio, (see
the supplementary materials at http://www.rcjournal.com).

Mechanical ventilation was differently set in the subjects
with COVID-19 ARDS and those with non-COVID-19
ARDS (Table 2): the subjects with COVID-19 ARDS had a
lower Vr, higher breathing frequency, higher PEEP (Fig. 3)
and higher Fjo, than did the subjects with non-COVID-19
ARDS. With this different setting, compliance was similar
in both groups (Fig. 4), as well as driving pressure and
P,0,/Fo,. Applied PEEP did not correlate with either body
mass index or with corrected Vg (Figs. 5 and 6).
Multivariable analysis (Table 3) showed that increased cor-
rected Vg was independently associated with COVID-19
ARDS. The association between Vp ventilation and
COVID-19 was maintained when assessed by other indirect
methods, such as the estimated Vp/Vt and the ventilatory
ratio: odds ratio 1.06, 95% CI 1.01-1.12 (P = .02) and odds
ratio 3.22, 95% CI 1.29-8.73 (P = .02) for Vp/Vr and ven-
tilatory ratio, respectively. With the protocol of mechani-
cal ventilation used in our subjects, lower VT and higher
PEEP were independently associated with COVID-19
ARDS. When weighted for other variables, the subjects
with COVID-19 ARDS had a lower risk of anamnestic ar-
terial hypertension and neurologic dysfunction at ICU
admission than did the subjects with non-COVID-19
ARDS.

Corrected Vg, Vp/Vr, and the ventilatory ratio, when
calculated by using net Vr of the instrumental Vp, instead
of Vr, were lower than the ones calculated with Vy and
remained higher in the subjects with COVID-19 ARDS
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Table 1.  Subject Characteristics and Outcomes

COVID-19 ARDS (n = 187) Non—-COVID-19 ARDS (n = 178) P

Male, n (%) 146 (78) 115 (65) .005
Age, median (IQR) y 67 (60-71) 71 (62-79) .001
Body mass index, median (IQR) kg/m? 28 (25-31) 25 (22-29) <.001
Arterial hypertension, n (%) 41 (21.9) 107 (60.1) <.001
Diabetes mellitus, n (%) 23 (12.3) 43 (24.2) .004
SOFA scores, median (IQR)

Respiratory 4.0 (3.04.0) 3.0 (3.04.0) <.001

Coagulation 0 (0-0) 0. (0.-1.0) <.001

Liver 0 (0-0) 0 (0-0.8) 51

Cardiovascular 1.0 (1.0-4.0) 3.0 (1.0-4.0) .007

Neurologic 0 (0-0) 2.0 (0-2.0) <.001

Renal 0 (0-1.0) 0 (0-1.0) 38
SAPS 11, median (IQR) 37 (32-44) 48 (40-55) <.001
ICU mortality, n (%) 94 (51.4) 64 (36.0) .004
Hospital mortality, n (%) 96 (51.3) 70 (39.3) .027

COVID-19 = coronavirus disease 2019

IQR = interquartile range

SOFA = Sequential Organ Failure Assessment
SAPS = Simplified Acute Physiology Score

Table 2.  Mechanical Ventilation and Respiratory Physiology Characteristics

COVID-19 ARDS (n = 187) Non-COVID-19 ARDS (n = 178) P

Corrected Vg, median (IQR) L/min 12.6 (10.2-15.8) 9.4 (7.5-11.6) <.001
Vp/Vt, median (IQR) 0.68 (0.59-0.74) 0.62 (0.52-0.70) <.001
Ventilatory ratio, median (IQR) 2.02 (1.62-2.58) 1.62 (1.28-2.02) <.001
Vr per kg of ideal body weight, median (IQR) mL/kg 5.8 (5.5-6.3) 6.6 (6.1-7.3) <.001
Breathing frequency, mean = SD breaths/min 23 *+3 21 %5 <.001
PEEP, median (IQR) cm H,O 12 (10-14) 8 (5-9) <.001
Plateau pressure, mean = SD cm H,O 20 =4 23+ 4 <.001
Fjo,, mean * SD 0.66 = 0.17 0.61 = 0.19 .003
Driving pressure, mean = SD ¢cm H,O 11*3 12*3 .10

Compliance, mean = SD mL/cm H,O 38 £ 11 37 =11 61

P,0,/Fio,, median (IQR) 131 (104-157) 134 (97-184) 43

pH, mean = SD 7.28 =0.11 7.34 = 0.14 <.001
Paco,, mean = SD mm Hg 58 £ 15 46 £ 12 <.001

COVID-19 ARDS = subjects with ARDS secondary to severe acute respiratory syndrome coronavirus-2 infection
non—-COVID-19 ARDS = subjects with ARDS not secondary to severe acute respiratory syndrome coronavirus-2 infection

Vi = minute ventilation

IQR = interquartile range

Vp/Vt = physiologic dead space fraction
Vp = dead space

Vr = tidal volume

than in the subjects with non-COVID-19 ARDS. The sen-
sitivity analysis when using net Vr of the instrumental Vp
confirmed the results of the primary analysis. The cor-
rected Vg was higher in the subjects with COVID-19
ARDS than in the subjects with ARDS from all other
causes (confirmed bacterial pneumonia, pneumonia with-
out bacterial evidence on microbiologic examination,
trauma or abdominal disease, causes different from all the
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above). This is also true for the ventilatory ratio and esti-
mated Vp/Vr (see the supplementary materials at http://
www.rcjournal.com).

Discussion

Our findings showed that higher V, ventilation is the
distinguishing pathophysiologic characteristic of COVID-
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Fig. 2. Density distribution of corrected minute ventilation (Vg) in subjects with coronavirus disease 2019 (COVID-19) ARDS and non-COVID-19

ARDS.

0.15

M Non-COVID-19 ARDS
[ COVID-19 ARDS

10 15 20
PEEP (cm H;0)

Fig. 3. Density distribution of PEEP in the subjects with coronavirus disease 2019 (COVID-19) ARDS and the subjects with non-COVID-19

ARDS.

19 ARDS compared with non-COVID-19 ARDS. This is
true even when comparing Vp estimates between the sub-
jects with COVID-19 ARDS and the subgroups of non-
COVID-19 ARDS with different etiologies. However,
the best compliance of the respiratory system was similar
between the 2 kinds of ARDS assessed in the study. The
increase of Vp ventilation in COVID-19 was consistent
with the peculiar alterations in lung parenchyma found in
this disease. Along with the presence of alveolar infil-
trates, COVID-19 ARDS is characterized by a unique
pattern of increased thrombosis in small pulmonary ves-
sels.*!"** This is the pathophysiologic basis for the
increased Vp ventilation, as supported by the parallel
increase of D-dimer concentration and the ventilatory
ratio.”
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The corrected Vg, ventilatory ratio, and estimated Vp/Vt
include P,co, instead of alveolar carbon dioxide partial
pressure Paco,) (ie, on the Enghoff modification of the Vp
equation proposed by Bohr) and, therefore, are sensitive to
intrapulmonary shunt, diffusion impairment, and alveolar
ventilation-perfusion ratio heterogeneity.”* The ability to
encompass in itself all the processes that impair lung func-
tion makes the corrected Vg, ventilatory ratio, and Vp/Vr
reliable tools for severity stratification and outcome predic-
tion in patients with ARDS.*® The corrected Vg has the
main advantage of being simpler to calculate at the bedside
than the ventilatory ratio and Vp/Vt. We are confident that
our results on Vp ventilation can be generalizable to other
patients with ARDS because the ventilatory ratio shown in
our article is similar to what was previously observed. In
particular, the observed average ventilatory ratio in subjects
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Fig. 5. Relationship between PEEP and body mass index (BMI).

with non-COVID-19 ARDS was in the range of 1.47-
1.9 and, in subjects with COVID-19 hypercapnic, it
ranged from 2.08 to 2.1.°%*

The Vp, ventilation is strongly affected by the instrumen-
tal Vp, mainly during protective ventilation.?' Instrumental
Vp was similar between our subjects with non-COVID-19
ARDS and those with COVID-19 ARDS because the same
heat-and-moisture exchanger model has been in use in our
ICU for the past 20 years, and our mechanical ventilation
protocol recommends its use from the beginning of invasive
mechanical ventilation to the start of weaning. Therefore,
the association between Vp ventilation estimates and non-
COVID-19 ARDS/COVID-19 ARDS condition should not
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be affected by instrumental Vp. The corrected Vg, Vp/Vr,
and ventilatory ratio calculated with net Vr of the instru-
mental Vp were ~20% lower than the ones obtained when
using V. The calculations with net Vr of the instrumental
Vp could be useful to better evaluate our data and to com-
pare them with data obtained in other settings, where differ-
ent instrumental Vp might be present.

The average compliance in patients with non-COVID-19
ARDS has been estimated to be 38 mL/cm H,0,%° but a
wide distribution has been reported."* Previous studies in
subjects with COVID-19 reported a wide range of values of
compliance, ranging from 29 to 49 mL/cm H,0.”*”*° The
mean = SD compliance of the respiratory system reported
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DEAD SPACE VENTILATION IN COVID-19 ARDS

in our subjects with COVID-19 ARDS and in those with
non-COVID-19 ARDS was similar: 38 £ 11 mL/H,O ver-
sus 37 = 12 mL/H,0, respectively (Table 2 and Fig. 4) and
did not differ from what was previously reported.”?”%’
Different phenotypes of ARDS with low and high compli-
ance have been advocated® but analysis of our data con-
firmed that they characterize all ARDS types and do not
represent a specific feature of COVID-19.

It should be considered that, in clinical studies, compli-
ance is usually calculated when applying PEEP, it, nonethe-
less, is well known that, in patients with ARDS, this value

Table 3.  Multivariable Analysis: Variables Independently Associated
With COVID-19 ARDS

is often higher than compliance without PEEP.**3?
Compliance related to the aerated lung is the so-called start-
ing compliance, which is measured without PEEP.*?
Therefore, if compliance is measured with PEEP, then
compliance should not be considered as a marker of sever-
ity of the pulmonary disease but as an effect of PEEP on
the mechanical properties of the respiratory system. This is
particularly true when PEEP is applied to minimize driving
pressure and hence to optimize compliance.*® Therefore,
analysis of our data supported the idea that optimized com-
pliance is similar in COVID-19 ARDS and non-COVID-19
ARDS, and, from this point of view, PEEP and not compli-
ance could be considered as an index of the reduction of
functional residual capacity and aerated volume.

PEEP set to reduce driving pressure was not correlated

Variable Adjusted OR (95% CI) P to body mass index (Fig. 5), which suggested that the role
Corrected V., L/min 1.24 (1.07-1.47) 007 of PEEP was not simply tq counteract the effects of qbe-
Age,y 0.98 (0.95-1.02) 3 sity on respiratory mechanics and gas exchange function.
Body mass index, ke/m? 1.10 (1.00-1.22) 064 Moreover,.the lack of a relationship between PEEP and
Respiratory SOFA 1.43 (0.78-2.72) 26 corrected Vg supports the idea that our approach to PEEP
Coagulation SOFA 0.73 (0.41-1.26) 27 titration should not be associated with an increase in Vp if
Cardiovascular SOFA 0.86 (0.65-1.13) 28 high PEEP values are required (Fig. 6). Our findings
Neurologic SOFA 0.16 (0.09-0.27) <.001 showed that some variables frequently associated with
Sex, r'“ale . 0.67 (0.23-1.90) 45 COVID-19 ARDS, and sometimes presented as character-
gm;nal hyp?e"mn ?;i (g'i_g'g) <'2(1)1 istic of this disease (eg, male sex, arterial hypertension,
Vla ete; mt; Ill;u;[ Lk 048 E0-2770-81; 000 and diabetes mellitus**~*) have the same or a lower risk to
T per kg o , mL/kg . .27-0. . . .
Breathing frequency, breaths/min  0.99 (0.85-1.15) 88 be detected in COVID-19 ARDS compared with non-
PEEP, cm H,0 1.48 (1.27-1.77) <.001 COVID-19 ARDS. o _
The present study had 3 main limitations. First, the
COVID-19 = coronavirus disease 2019 results of the analysis deserve further confirmation because
Vg = minute ventilation . . .
SOFA = Sequential Organ Failure Assessment of the retrospective design of the study, despite the data
Vi = tidal volume being prospectively collected. Second, this was a single-
IBM = ideal body weight .
center study, so the results are related to the context in
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Fig. 6. Relationship between corrected minute ventilation (Vg) and PEEP.
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which data were collected. Our analysis could have low
relevance for ICUs with different ventilatory strategies.
Third, the matching of matching subjects with COVID-19
ARDS and subjects with non-COVID-19 ARDS could be
troublesome. We chose to match the 2 cohorts by the need
for invasive mechanical ventilation. This approach left a
substantial heterogeneity between the groups, and the inde-
pendent association with the main outcome (Vp, ventilation)
was assessed with a multivariable analysis to account for
known confounders. It has been shown that multivariable
analysis gives results that are similar to propensity score
stratification.***

For these reasons, we are confident that our analysis can
reliably support the main study finding that V, ventilation
was higher in the subjects with COVID-19 ARDS than in
the subjects with non-COVID-19 ARDS, which also has a
strong pathophysiologic basis on the ventilation-perfusion
ratio derangement due to microvascular pulmonary throm-
bosis peculiar to COVID-19. In addition, our results are not
applicable to patients with ARDS who did not need inva-
sive mechanical ventilation, who were excluded from the
analysis. However, it can also be possible that some
patients with mild ARDS were excluded from the analysis
because they are often not diagnosed as having ARDS in
the medical record.'® This bias toward only the most severe
forms of ARDS is supported by the 39% mortality observed
in our non-COVID-19 ARDS population.

Conclusions

Indirect measurements of VD were higher in the subjects
with COVID-19 ARDS compared with the subjects with
non-COVID-19 ARDS. The best compliance of the respira-
tory system was similar in both ARDS forms provided that
different PEEPs were applied. The same wide range of
compliance seems to be present in every ARDS type; there-
fore, the setting of mechanical ventilation should be indi-
vidualized, patient by patient, and not based on the etiology
of ARDS.
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