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Take-home message: The presence of
DAD in ARDS patients defines a specific
clinical-pathological entity, which means
that the knowledge sourced from ARDS
studies which do not take histology into
account should be considered very
cautiously as they include different entities
(only half of ARDS patients present DAD).
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Abstract Objective: To demon-
strate that among patients with acute
respiratory distress syndrome
(ARDS), the presence of diffuse
alveolar damage (DAD) at histologi-
cal examination, as compared to its
absence, defines a specific subpheno-
type. Methods: We studied 149
patients who died in our ICU with the
clinical diagnosis of ARDS according
to the Berlin Definition (BD) and who
had autopsy examination. We com-
pared the change over time of
different clinical variables in patients
with (n = 49) and without (n = 100)
DAD. A predictive model for the
presence of DAD was developed and
validated in an independent cohort of
57 patients with ARDS and post-
mortem examination (21 of them with
DAD). Results: Patients with DAD,
as compared to patients without
DAD, had a lower PaO,/FiO; ratio
and dynamic respiratory system
compliance, and a higher SOFA score
and INR, and were more likely to die
of hypoxemia and less likely to die of
shock. In multivariate analysis, vari-
ables associated with DAD [odds
ratio, 95 % confidence interval (CI)]
were PaO,/FiO, ratio [0.988
(0.981-0.995)], dynamic respiratory
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system compliance [0.937
(0.892-0.984)] and age [0.972
(0.946-0.999)]. Areas under the ROC
curve (95 % CI) for the classification
of DAD using the regression model or
the BD were, respectively, 0.74
(0.65-0.82) and 0.64 (0.55-0.72)

(p = 0.03). In the validation cohort,
the areas under the ROC curve for the

diagnosis of DAD were 0.73
(0.56-0.90) and 0.67 (0.54-0.81) for
the regression model and the BD,
respectively. Conclusions: The
presence of DAD appears to define a
specific subphenotype in patients with
ARDS. Targeting patients with DAD
within the population of patients with
the clinical diagnosis of ARDS might

be appropriate to find effective ther-
apies for this condition.

Keywords Adult respiratory distress
syndrome - Diffuse alveolar damage -
Subphenotype - Histology - Autopsy -
Hyaline membranes

Introduction

The acute respiratory distress syndrome (ARDS) is a
common syndrome in critical care [1], associated with
increased use of resources and a high mortality rate,
greater than 50 % [2]. Diffuse alveolar damage
(DAD), characterized by lung edema, inflammation,
hyaline membranes and alveolar hemorrhage is con-
sidered to be the pathologic hallmark of ARDS [3-7].
However, DAD is present in only about half of the
patients diagnosed clinically as having ARDS [3, 8-
18].

Pathological findings other than DAD in patients with
ARDS include conditions such as pneumonia, alveolar
hemorrhage, cardiogenic pulmonary edema, pulmonary
embolism, metastatic malignancies, pulmonary lym-
phoma, eosinophilic pneumonia, fibrosis, bronchiolitis
obliterans, organizing pneumonia or drug reactions [8, 16,
19]. These conditions are not likely to share the same
pathogenesis, pathophysiology, and pharmacologic
treatment.

Indeed, the failure of investigators to find biomarkers
or effective pharmacologic treatments of ARDS [20, 21]
may be due, in part, to the fact that the syndrome
includes a heterogeneous group of pathological diag-
noses [22, 23]. Thus, it has been proposed that the
identification of homogeneous populations of patients
within the clinical diagnosis of ARDS may have impli-
cations for the design of clinical trials and the discovery
of diagnostic and prognostic biomarkers [18]. For
instance, the prediction of the subset of patients with
clinical criteria for ARDS that have DAD may allow the
inclusion of more homogeneous population of patients in
therapeutic studies, thus increasing the probability of
finding effective therapies.

However, it is unknown whether the presence of
DAD at histological examination defines a specific
subgroup of patients within ARDS. We hypothesized in
the present study that, in patients with the clinical
diagnosis of ARDS, the clinical characteristics and
clinical course differ in patients with DAD and in
patients without DAD.

Patients and methods

Patients

For the derivation cohort, we included in the present study
all patients who died in the ICU of our institution from
2000 to 2012. For the validation cohort, we included
patients dying in our institution in 2013 and 2014, as well
as patients from two other institutions (Universidad del
Bosque, Bogota, Colombia, and Federal University of
Juiz de Fora, Brasil) recruited since 2005. All patients had
the clinical diagnosis of ARDS at the time of death and
had autopsy examination. Exclusion criteria were: ICU
length of stay less than 12 h; clinical diagnosis of heart
failure; clinical diagnosis of pulmonary fibrosis; patients
never intubated; organ donors; patients with legally
mandated autopsies; and patients with missing data. As
the relationship between clinical and histological findings
may be lost as the time from diagnosis to death increases,
we also excluded patients in whom death occurred more
than 14 days after the diagnosis of ARDS.

All charts were retrospectively reviewed to determine
whether patients met the clinical criteria for the diagnosis
of ARDS at the moment of their demise. The diagnosis of
ARDS was established by consensus of three intensivists
(F.F., A.T. and P.C.) and discrepancies were resolved by
assessment of other two intensivists (J.LA.L. and A.E.).
The diagnosis of ARDS was made according to the Berlin
definition (BD) [24].

Study day O was the first day the patient met the cri-
teria for the diagnosis of ARDS, considering the worst gas
exchange that day and the worst chest X-ray taken
within 24 h. Demographic and clinical variables from
day O to death were recorded. SAPS II was calculated at
ICU admission and also at day 0, using the worst values
[25]. Peak inspiratory pressure (PIP), positive end-expi-
ratory pressure (PEEP) and tidal volume (Vr) at
0800 hours each day were registered. Dynamic compli-
ance of the respiratory system (Cpyyn) Was calculated as
V1/(PIP — PEEP).

Patients were considered to have a pulmonary risk
factor for ARDS if they had the diagnosis of pneumonia,
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aspiration of gastric contents, inhalation injury or lung
contusion, and an extra-pulmonary risk factor for ARDS
if they had the diagnosis of non-pulmonary sepsis or
septic shock, multiple blood transfusion or pancreatitis.

The cause of death was determined according to the
following criteria: refractory shock, if systolic blood
pressure was <90 mm Hg during the 6 h prior to death;
refractory hypoxemia, if oxygen saturation was persis-
tently below 85 % during the 6 h prior to death; refractory
shock and hypoxemia if the two causes as defined coex-
isted; and other causes of death.

Informed consent to perform the autopsy and to use
tissue samples for research or teaching purposes was
always requested from patients’ relatives. Patients from
2000to 2010 belong to a database previously used [3, 8, 15].
New not yet available information required for the present
analysis was retrieved from those patients charts as well as
for patients admitted after 2010 (IRB evaluation 12/14).

Pathological criteria for the diagnosis of DAD

Postmortem study was performed within 12 h of death.
After removal from the thorax, the lungs were inflated with
10 % formalin to a pressure of 35 cm H,0 and fixed en bloc
with 10 % formalin. After fixation, the lungs were cut into
3-cm-thick slices. We took samples for microscopic anal-
ysis from each pulmonary lobe and additional samples from
areas with macroscopic injuries. Two pathologists (A.B.B.
and J.M.R.), blind as to the clinical diagnosis, indepen-
dently analyzed each sample and discrepancies were
resolved by consensus. As in previous studies [3, 8, 11, 13—
15], criteria for the diagnosis of DAD included the presence
of hyaline membranes plus at least one of the following:
intra-alveolar edema, alveolar type II cell proliferation
covering the denuded alveolocapillary membrane, inter-
stitial proliferation of fibroblasts and myofibroblasts, or
organizing interstitial fibrosis. The presence of hyaline
membranes was qualitatively assessed (present or absent).
Pneumonia without DAD required the presence of intense
neutrophilic infiltration in the interstitium and in the intra-
alveolar spaces, particularly around terminal bronchioles,
and no hyaline membranes in any of the lung sections.
Patients with DAD and pneumonia were included in the
DAD group, as previously practised [3, 8, 15].

Statistical analysis

In patients with the clinical diagnosis of ARDS, we com-
pared clinical and demographic variables present at day 0
between patients with DAD and patients without DAD,
using the chi-square test and the Wilcoxon rank-sum test for
proportions and quantitative data, respectively. The change
over time of different clinical and laboratory variables was
compared between the group with DAD and the group

without DAD. The change over time of variables was
modeled using locally weighted scatterplot smoothing
(LOWESS) which is a non-parametric regression method
that combines multiple regression models in a k-nearest-
neighbor-based meta-model with the aim of modeling
complex processes for which no theoretical models exists.
This method provides an estimated mean of variables over
time for each group without a measurement of the dispersion
of the data. Generalized estimating equations (GEE) were
used to compare the time course of variables over time in the
different groups. GEE is robust enough to deal with modest
departures from normality, as was the case of our data.

As most patients died in the first days after ARDS
diagnosis, and fewer variables were available for analysis
at later points in time, we chose to analyze only variables
from day O to day 7 of ARDS diagnosis.

The clinical profile of patients with bilateral pneu-
monia without DAD may resemble that of patients with
DAD. Thus, we compared patients with the histological
diagnosis of pneumonia with patients with DAD, both by
univariate analysis (by the chi-square test and the Wil-
coxon rank sum test, for proportions and quantitative data,
respectively) of variables present at day 0, and by
LOWESS modeling of the time course of physiological
variables and GEE analysis.

A predictive model of DAD was built in patients with
the clinical diagnosis of ARDS. We used predictive
multivariate logistic regression analysis. The maximal
model contained all variables associated to the diagnosis
of DAD on day 0 with a p value <0.10 in univariate
analysis. The strength of the association was measured as
the odds ratio (OR) and the 95 % confidence interval (CI).
The area under the receiver operating characteristic curve
(AURC) was used to measure the accuracy to predict
DAD. The AURC for the predictive model and for the BD
were compared by the DeLong test. The model was val-
idated in a second cohort of patients dying with the
diagnosis of ARDS (n = 21 with DAD; n = 36 without
DAD), by calculating the AURC of the derived model to
predict the presence of DAD in these patients.

Data were expressed as median and interquartile
range. A p value <0.05 was considered statistically sig-
nificant. All analyses were performed in the R package.

Results

Clinical features

We screened the clinical records of 434 patients who died
in our ICU from 2000 to 2012 and received autopsy
examination (Fig. S1). Of them, 149 met clinical criteria
for the diagnosis of ARDS at the time of death and were
diagnosed within 14 days prior to death. Histological
changes in the 149 patients with ARDS were: DAD in 49,
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Table 1 Demographic and selected physiological variables at time of ARDS diagnosis in patients with and without DAD at autopsy

All patients DAD Non-DAD p

(n = 149) (n = 49) (n = 100)
Demographic variables
Age, median (IQR), years 67 (57-78) 64 (55-73) 70 (62-79) <0.01
Male (n, %) 101 (67.8) 30 (61.2) 71 (71.0) 0.31
SAPSII at ICU admission, median (IQR) 58 (45-71) 55(41-70) 59 (46-76) 0.36
SAPSII at ARDS diagnosis, median (IQR) 66 (54-77) 66 (52-76) 66 (55.78) 0.51
Duration of mechanical ventilation, median (IQR), days 4 (2-10) 5(2-12) 3 (1-10) 0.08
Length of ICU stay, median (IQR), days 4 (2-10) 6 (3-11) 3 (1-10) 0.10
Length of hospital stay, median (IQR), days 9 (3-17) 10 (5-18) 8 (2-16) 0.10
Time from ICU admission to ARDS diagnosis (IQR), days 0 (0-3) 0 (0-3) 0 (0-3) 0.96
Severity of ARDS at day 0 (n, %)
Mild 38 (25.5) 5(10.2) 33 (33.0) 0.01
Moderate 75 (50.3) 25 (51.0) 50 (50.0)
Severe 36 (24.2) 19 (38.8) 17 (17.0)
Respiratory variables at day O
PaO,/FiO,, median (IQR) 152 (105-203) 110 (87-161) 172 (123-214) <0.01
Tidal volume (ml), median (IQR) 550 (500-600) 560 (520-600) 550 (500-600) 0.20
Peak airway pressure (cmH,0), median (IQR) 30 (25-38) 34 (30-42) 29 (23-35) <0.01
PEEP (cmH,0), median (IQR) 5 (5-8) 5 (5-10) 5 (5-6) 0.46
Difference peak airway pressure—PEEP 24 (18-31) 28 (21-36) 21 (17-29) 0.01

(cmH,0), median (IQR)
Dynamic respiratory system compliance 23 (17-32) 20 (16-28) 26 (18-34) <0.01
(ml/cmH,0), median (IQR)

Cause of death (n, %)
Hypoxemia 17 (11.4) 12 (24.5) 5(5.0) <0.01
Hypoxemia and shock 21 (14.1) 9 (18.4) 12 (12.0)
Shock 69 (46.3) 14 (28.6) 55 (55.0)
Withdrawal/withholding life support 8(54) 2 4.1 6 (6.0)
Miscellaneous 34 (22.8) 12 (24.5) 22 (22.0)

IQR interquartile range, /CU intensive care unit, SAPS Simplified Acute Physiologic Score, PEEP positive end-expiratory pressure

pneumonia in 45, not identified histological lesion in 23,
cancer in 8, alveolar hemorrhage in 7, pulmonary embo-
lism in 9, fibrosis in 3 and other diagnoses in 5.

Most patients died within the first days after the
clinical diagnosis of ARDS (Fig. 1). Most common risk
factors included shock, extra-pulmonary sepsis and
pneumonia (Table S1). All patients were receiving
PEEP >5 cm H,0 when diagnosed of ARDS.

Patients with DAD were younger and presented a
significantly higher proportion of chronic alcohol abuse
than patients without DAD (Table 1; Table S1). There

was a trend (p = 0.05) to a lower proportion of patients
with extra-pulmonary sepsis in patients with DAD as
compared to patients without DAD.

The relative proportion of patients with DAD
increased according to ARDS severity at day 0 [5 of 38
(13.2 %), 25 of 75 (33.3 %) and 19 of 36 (52.8 %), for
mild, moderate and severe ARDS, respectively]. Patients
with DAD did not have ARDS for a longer period of time
than patients without DAD (Table 1).

In the comparison of patients with histological pneu-
monia without DAD and patients with DAD, patients with
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Fig. 2 Time course of respiratory variables in patients with (green)
and without (blue) DAD. PaO,/FiO, ratio between arterial partial
pressure of oxygen and inspiratory oxygen fraction, PIP peak
inspiratory airway pressure, PEEP positive end expiratory pressure,

DAD were also younger and DAD was associated with a
greater ARDS severity (Tables S2, S3).

Physiological variables at day 0

At the time of the diagnosis of ARDS, PaO,/FiO, ratio,
PIP, the difference between PIP and PEEP, and Cpyy
differed between patients with DAD and patients without
DAD, whereas variables related with organ failure did not
(Table 1; Table S1).

Similar findings emerged in the comparison between
patients with pneumonia and patients with DAD.
Specifically, at the time of the diagnosis of ARDS, PaO,/
FiO, ratio, PIP, and the difference between PIP and PEEP
differed in patients with DAD and patients with pneu-
monia (Tables S2, S3).

Physiological variables from the day O to day 7

During the ICU stay, PIP, the difference between PIP and
PEEP, Cpyn, and total SOFA score differed in patients

Days

T T T T T T T T T
Days

Cpyn dynamic compliance of the respiratory system (ml/cmH,0).
*p < 0.05 for the effect of time; Tp < 0.05 for the effect of group
(DAD vs. non-DAD); 'p < 0.05 for the interaction time x group

with DAD versus patients without DAD (p < 0.05 for the
comparison DAD versus non-DAD) (Figs. 2, 3). The time
course (interaction effect of time x group) of PaO,/FiO,
ratio, PEEP and INR was different in patients without
DAD as compared to patients with DAD.

Likewise, patients with pneumonia differed from
patients with DAD in their PaO,/FiO, ratio, PIP, differ-
ence between PIP and PEEP, and SOFA score (p < 0.05
for the comparison DAD versus pneumonia without
DAD). The time course (interaction effect of time x -
group) of PIP, Cpyy and INR was also different between
patients with DAD and patients with pneumonia (Fig. 4;
Fig. S2).

Other features

Causes of death were different in patients with and
without DAD (Table 1). Patients with DAD were about
five times as likely to die of hypoxemia than patients
without DAD, whereas patients without DAD were about
twice as likely to die of shock than patients with DAD.
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Fig. 3 Time course of non-respiratory variables in patients with
(green) and without (blue) DAD. SOFA sequential organ failure
assessment, INR international normalized ratio, CRP C-reactive

The same pattern (not reaching statistical significance)
was observed in patients with DAD as compared to
patients with pneumonia (Table S2).

Drugs received prior to hospital admission
(Tables S1, S3) or during their ICU course (Tables S4,
S5), and tidal volumes prescribed during the ICU course
(Fig. 1; Fig. S2) did not differ between the different
groups.

Predictive model for DAD

The maximal multivariate model included the following
variables present at the time of the clinical diagnosis of
ARDS: age, diagnosis of clinical pneumonia, extra-pul-
monary sepsis, alcohol abuse, PaO,/FiO, ratio, Cpyn and
serum creatinine concentration on day 0. The final
regression model included (OR, and 95 % CI and p value)
the PaO,/FiO, ratio [0.988 (0.981-0.995), p < 0.01],
Cpyn [0.937 (0.892-0.984, p < 0.01] and age [0.972
(0.946-0.999), p < 0.01]. Characteristics of this model
(95 % CI) were: sensitivity 0.45 (0.31-0.59); specificity
0.82 (0.74-0.90); positive predictive value 0.55

protein. *p < 0.05 for the effect of time; p < 0.05 for the effect of
group (DAD vs. non-DAD); '”p < 0.05 for the interaction
time x group

(0.40-0.70); negative predictive value 0.75 (0.67-0.83);
positive likelihood ratio 2.49 (1.48-4.20) and negative
likelihood ratio 0.67 (0.51-0.88).

The AURC (95 % CI) for the prediction of DAD was
significantly greater for the regression model than for the
Berlin Definition [0.74 (0.65-0.82) vs. 0.64 (0.55-0.72)],
respectively (p = 0.03) (Fig. 5). In the validation cohort
(n = 21 with DAD, n = 36 without DAD) the area under
the ROC curve was 0.73 (0.56 — 0.90) for the logistic
regression model and 0.67 (0.54-0.81) for the BD
(Fig. 5).

Representative histological findings in 2 cases of DAD
are shown in Fig. S3.

Discussion

We report for the first time in ARDS non-survivors dif-
ferent clinical characteristics depending on the underlying
histology. These findings provide support to the concept
that the presence of DAD defines a specific subphenotype
within patients with the clinical diagnosis of ARDS.
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The present results, showing differences also when
patients with DAD were compared to patients with
pneumonia (without DAD), at least in fatal cases, do not
support the proposal that morphological changes other
than DAD (e.g., pneumonia) can be included as the his-
tological correlate of ARDS [18]. The results of previous
studies on risk factors, pathogenesis, biomarkers and
treatments of ARDS should be interpreted with caution
considering that different clinical entities were almost
certainly included in these studies.

Of note, the only effective therapies for ARDS are lung
protective ventilation strategies such as lower volume and
pressures ventilation, prone ventilation, and cisatracurium,
the latter presumably for additional lung protection [26—
28]. It is possible that these interventions may be effective
for patients with many types of acute lung injury in addition
to DAD. However, no pharmacological therapy has been
proven to be of benefit for ARDS [20, 21]. If such therapy
targeting DAD per se is to succeed, enrichment strategies
are needed by the identification of patients with specific
clinico-pathological manifestations.

Cpyn dynamic compliance of the respiratory system (ml/cmH,0),
SOFA sequential organ failure assessment. *p < 0.05 for the effect

of time; Tp < 0.05 for the effect of group (DAD vs. non-DAD);
Yp < 0.05 for the interaction time x group

The concept that ARDS contains different subpheno-
types is further supported by a recent study by Calfee et al.
[29]. Using latent class analysis and two large cohorts of
ARDS patients, [28, 30] several variables were found to
identify two distinct subphenotypes. Our study differs in
that we sought to determine whether patients with a pre-
specified variable (i.e., the presence of DAD at histological
examination) have a particular clinical subphenotype.
Notwithstanding the different methodology, we also found
differences in age, PaO,/FiO, ratio and airway pressure
between the two clinical subphenotypes identified.

Our results are very much in line with two recent
studies in patients with ARDS undergoing open lung
biopsy (OLB) [16, 17]. Guerin et al. [16] reported, in a
selected population of 83 patients with ARDS undergoing
OLB because of non-resolving ARDS, that patients with
DAD had a lower PaO,/FiO; ratio, higher airway plateau
pressure and (non-significantly) higher mortality rate.
Similarly, Kao et al. [17] found in 101 ARDS patients
undergoing OLB that DAD was associated in multivariate
analysis with a higher mortality rate.
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Fig. 5 Receiver operating characteristic (ROC) curve of the Berlin
definition classification (green) and the predictive model (blue) for
the presence of DAD at histological examination in patients with
the clinical diagnosis of ARDS in the derivation (lefthand graph)

The clinical profile of DAD herein reported is defined
by limited clinical variables (age, respiratory system
compliance, PaO,/FiO, ratio). Variables used to compare
different groups vary over time and it is hard to use them
to differentiate different groups of patients. Even in the
context of this difficulty, studies using this approach (i.e.,
measuring certain physiological variables at particular
points in time) have been useful to characterize differ-
ences between groups of patients [3, 8, 15-17, 29].
Despite these limitations and the constraints imposed by
the current design, which precludes the use of other more
sophisticated variables, we found significant differences
in some variables, probably revealing different patho-
genesis of DAD as the underlying histological finding of
ARDS versus other pathological findings, seemingly
including pneumonia. We propose that our results, in
combination with the results of other studies [16, 17],
suggest that /ARDS associated with DAD defines a
specific subphenotype distinct from ARDS associated
with_other pathological findings. Nevertheless, despite the
strength of the present analysis and the significance of the
differences found in age, gas exchange and mechanical
properties of the respiratory system, it has to be
acknowledged that the prediction model is of limited
clinical usefulness for the detection of patients with DAD.
Of particular interest, given the finding of higher airway
pressures in patients with DAD as compared to patients
without DAD [16], is the speculation of mechanical
ventilation as a contributing cause for DAD.

Itis possible that our model, built to predict the presence
of DAD, is not more accurate for this prediction than the
BD, the currently used method for the diagnosis of ARDS.
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and validation (righthand graph) cohorts. The areas under the ROC
curve in the derivation cohort were significantly different
(p = 0.03). Values indicate area under the ROC curve and the
95 % confidence interval

Thus, we compared our model with the BD as to their
accuracy to predict the presence of DAD. The analysis
showed a low AURC for the BD, as is expected since the
BD is not meant to predict DAD. The AURC for our model
was also low, but significantly higher than that for the BD,
suggesting that additional diagnostic tools are needed for
the identification of DAD in patients. The model predictive
of DAD was validated in an independent cohort of ARDS
patients. Management details in the derivation cohort, both
prior to and after the diagnosis of ARDS, did not differ in
patients with and without DAD. Unfortunately, manage-
ment details in the validation cohort are lacking.

Asin previous studies, we used a retrospective approach
for patient identification [3, 8, 15]. This may have led to
over-diagnosis of ARDS, as there is evidence that ARDS
may be unrecognized clinically [31]. The inclusion of only
those clinically recognized, and probably the more severe
cases and therefore more likely to have DAD, might likely
have exaggerated the differences reported here.

This study has several limitations. First, we studied only
autopsy cases, and therefore the reported findings may only
reflect the extreme of the disease severity spectrum and
may only apply to non-survivors. Second, while all x-rays
met the BD definition, we did not examine more nuanced
interpretations given concern for reliability [32]. Third, it
can be argued that the differences found between patients
with and without DAD solely reflect differences in severity
or in the duration of the time course of the disease, and that
both entities (ARDS with DAD and ARDS without DAD)
are not really different but the same condition. The lack of
differences in the/SAPSII score or in the SOFA score at the
time of ARDS diagnosis argues against a different clinical
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severity as a potential explanation for the differences
observed in patients with and without DAD. In addition,
the comparable length of ICU stay before the clinical
diagnosis of ARDS does not support that patients with and
without DAD have different disease duration before death.
Fourth, our autopsy design precludes the use of mortality as
one of the outcome measures to assess predictive validity.
Fifth, the lack of information on plateau pressure impedes
the correct calculation of static compliance which is, rather
than peak airway pressure (which depends on inspiratory
air flow and on airway resistance) and its related variable
dynamic compliance, the variable of interest to relate to the
development of DAD. This and the paucity of information
to calculate tidal volume according to ideal body weight
are limitations shared by other studies [3, 8] that need to be
pointed out. Sixth, the sample size limits other interesting
group comparisons, such as the comparison between
patients with DAD (without pneumonia), patients with
pneumonia (without DAD) and patients with both DAD
and pneumonia. However, we propose that the main
question of the present study (are there clinical differences
in patients with ARDS if the histological examination
shows DAD versus other findings?) is directly answered by
the current design.

Some of the strengths of this study include the rela-
tively large sample size, the inclusion of only patients

with the clinical diagnosis of ARDS at the time of death,
the inclusion of patients within 14 days of initial diag-
nosis (to strengthen the hypothesis of a potential
relationship between the clinical and the histological
findings), and rigorous pathology methods.

In conclusion, patients with ARDS and DAD at post-
mortem have a different clinical phenotype than patients
with ARDS and other histologic findings without DAD.
Our findings suggest that, within the broader population
of patients that fulfill ARDS criteria, a subgroup that is
more likely to have DAD can be identified. This patient
subset may fit into a distinct clinico-pathological entity,
but additional studies in ARDS survivors, prospectively
collecting a much broader dataset, would be needed to
confirm this contention.
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