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OBJECTIVES: Acute respiratory distress syndrome is underrecognized in the 
ICU, but it remains uncertain if acute respiratory distress syndrome recognition 
affects evidence-based acute respiratory distress syndrome care in the modern 
era. We sought to determine the rate of clinician-recognized acute respiratory 
distress syndrome in an academic medical ICU and understand how clinician-
recognized-acute respiratory distress syndrome affects clinical care and patient-
centered outcomes.

DESIGN: Observational cohort study.

SETTING: Single medical ICU at an academic tertiary-care hospital.

PATIENTS: Nine hundred seventy-seven critically ill adults (381 with expert-adju-
dicated acute respiratory distress syndrome) enrolled from 2006 to 2015.

INTERVENTIONS: Clinician-recognized-acute respiratory distress syndrome 
was identified using an electronic keyword search of clinical notes in the elec-
tronic health record. We assessed the classification performance of clinician-
recognized acute respiratory distress syndrome for identifying expert-adjudicated 
acute respiratory distress syndrome. We also compared differences in ventilator 
settings, diuretic prescriptions, and cumulative fluid balance between clinician-
recognized acute respiratory distress syndrome and unrecognized acute respira-
tory distress syndrome.

MEASUREMENTS AND MAIN RESULTS: Overall, clinician-recognized-
acute respiratory distress syndrome had a sensitivity of 47.5%, specificity 
91.1%, positive predictive value 77.4%, and negative predictive value 73.1% for 
expert-adjudicated acute respiratory distress syndrome. Among the 381 expert-
adjudicated acute respiratory distress syndrome cases, we did not observe 
any differences in ventilator tidal volumes between clinician-recognized-acute 
respiratory distress syndrome and unrecognized acute respiratory distress syn-
drome, but clinician-recognized-acute respiratory distress syndrome patients 
had a more negative cumulative fluid balance (mean difference, –781 mL; 95% 
CI, [–1,846 to +283]) and were more likely to receive diuretics (49.3% vs 
35.7%, p = 0.02). There were no differences in mortality, ICU length of stay, or 
ventilator-free days.

CONCLUSIONS: Acute respiratory distress syndrome recognition was low in 
this single-center study. Although acute respiratory distress syndrome recognition 
was not associated with lower ventilator volumes, it was associated with differ-
ences in behaviors related to fluid management. These findings have implications 
for the design of future studies promoting evidence-based acute respiratory dis-
tress syndrome interventions in the ICU.
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care units/statistics and numerical data; positive-pressure respiration; respiratory 
distress syndrome; water-electrolyte balance
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The acute respiratory distress syndrome (ARDS) 
is an inflammatory lung disorder character-
ized by disruption of the alveolar epithelial 

barrier and development of noncardiogenic pulmo-
nary edema, leading to hypoxemic respiratory failure 
(1). Although ARDS is common in the ICU and car-
ries a high mortality risk (1–5), it remains underdi-
agnosed and undertreated even after the consensus 
definition of ARDS was revised to the current Berlin  
definition (1, 4, 6–11).

Recognition of ARDS is poor in clinical practice  
(4, 8, 9, 11), and deviation from recommended man-
agement of ARDS is common (12–15). Thus, there 
is substantial interest in developing decision support 
tools to increase ARDS recognition (16–19). The utility 
of an ARDS recognition tool depends on the premise 
that increased recognition would change clinician 
behaviors, but the impact of ARDS recognition on evi-
dence-based ARDS management practices remains un-
certain (4, 11, 20). A recent single-center study found 
that recognized ARDS patients had a higher proba-
bility of receiving lower tidal volumes (11), whereas 
a large multinational study reported no difference in 
ventilator tidal volumes among recognized or unrec-
ognized (UR) ARDS patients (4). Additionally, the 
impact of ARDS recognition on other evidence-based 
practices remains unknown.

In this study, we sought to quantify ARDS recogni-
tion in a well-phenotyped longitudinal cohort of adult 
medical ICU (MICU) patients at a tertiary academic 
medical center and determine whether ARDS recogni-
tion was associated with provision of evidenced-based 
ARDS care or affected clinical outcomes.

MATERIALS AND METHODS

Study Population

We analyzed patients enrolled in the Validating Acute 
Lung Injury biomarkers for Diagnosis (VALID) study, 
a prospective observational cohort of critically ill 
adults at risk for ARDS (21), admitted to our MICU 
from January 2006 to August 2015. All patients were 
enrolled on the morning of the second ICU day. 
Other inclusion criteria, enrollment and consent pro-
cedures for VALID have been previously described 
(21). We excluded patients under 18 years old, died 
or were discharged from the ICU within 48 hours 
of admission, expected to transfer out of the ICU on 

the day of enrollment, admitted to another hospital 
for greater than or equal to 3 days, or experienced 
a cardiopulmonary arrest prior to enrollment. The 
Vanderbilt Institutional Review Board (IRB; Nashville, 
TN) reviewed and approved the study protocol (IRB 
#051065). Study personnel obtained informed consent 
from patients or a surrogate decision maker when-
ever possible, and the IRB approved a waiver of in-
formed consent when no surrogate decision maker 
was available.

ARDS Case Definition

Two expert physician investigators manually reviewed 
clinical records and chest radiographs to determine 
adjudicated ARDS status (21). Any patient with 
expert-adjudicated ARDS during the first 4 ICU days 
was considered an ARDS case. As the study period 
overlapped with an update to the consensus definition 
of ARDS, for patients enrolled prior to June 2012, we 
used the American-European Consensus Conference 
(AECC) definition (22), and for patients enrolled after 
June 2012, we used the Berlin definition (1). Controls 
were patients who never had expert-adjudicated ARDS 
during the first 4 ICU days. We excluded patients who 
were not mechanically ventilated but met all other cri-
teria for ARDS (Fig. 1) to better homogenize patients 
identified by the two definitions, allow uniform assess-
ment of ventilation practices, and maintain consist-
ency with a prior ARDS recognition study (4).

Clinician-Recognized ARDS

Clinician-recognized ARDS (CR-ARDS) was deter-
mined by systematically searching the admission his-
tories, daily progress notes, and discharge summaries 
using an electronic keyword search function available 
in our internally developed electronic health record 
(EHR) (23, 24). The keyword phrases indicating ARDS 
was identified by clinicians included “acute lung injury,” 
“acute respiratory distress syndrome,” “ALI,” and “ARDS.” 
Study personnel performing the electronic search were 
blinded to the expert-adjudicated ARDS classifications. 
We manually reviewed all positive keyword matches to 
exclude negations and confirm suspicion or certainty of 
the clinicians’ ARDS diagnosis. UR-ARDS was defined 
as expert-adjudicated ARDS without any keywords in 
the notes. The accuracy of this EHR-based search algo-
rithm has been previously reported (25).
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Data Collection

As previously described, trained study nurses col-
lected demographic, historical, laboratory, and phys-
iologic data from ICU admission through ICU day 
4 (21). Ventilator tidal volumes and pressures were 

obtained from respiratory 
flow sheets. Predicted body 
weight was calculated from 
the respiratory manage-
ment in acute lung injury/
ARDS Trial equations using 
the mode of each patient’s 
height measurements (5). 
Diuretic doses were col-
lected from the EHR med-
ication administration 
record and converted into 
IV furosemide equivalents 
(Supplementary Table 1, 
http://links.lww.com/CCX/
A687). Fluid administra-
tion, urine output, and cen-
tral venous pressure (CVP) 
were collected from the 
EHR nursing flow sheets.

Outcomes and 
Statistical Analysis

The study analyses are out-
lined in Figure  1. We first 
assessed the classification 
performance of CR-ARDS 
among all patients in the 
primary study population. 
We estimated sensitivity, 
specificity, positive predic-
tive value (PPV), negative 
predictive value (NPV), and 
Cohen kappa of CR-ARDS 
for identifying expert-
adjudicated ARDS. We also 
compared classification 
performance of CR-ARDS 
among patients with mild 
(Pao2:Fio2 greater than or 
equal to 201), moderate 
(Pao2:Fio2 101–200), or se-

vere (Pao2:Fio2 less than or equal to 100) oxygenation 
impairment, and between patients admitted prior to or 
after publication of the Berlin definition (Supplementary 
Methods, http://links.lww.com/CCX/A687).

We then assessed the association of CR-ARDS with 
ventilator and fluid management practices among 

Figure 1. Flow diagram of study population and analyses. Patients were excluded from the acute 
respiratory distress syndrome (ARDS) recognition analysis if they met the American-European 
Consensus Conference (AECC) ARDS definition but did not receive mechanical ventilation  
(n = 38) to allow a more homogeneous analysis of clinician-recognition of ARDS (CR-ARDS) 
across time and different ARDS definitions (AECC and Berlin). In the analysis of CR-ARDS 
on ventilator management, we excluded patients without ARDS (n = 596). Finally, in the fluid 
management analyses, we excluded patients who received either continuous bladder irrigation  
(n = 3) or renal replacement therapy (n = 77) while in the ICU. Further details and rationale are 
provided in the Supplementary Methods (http://links.lww.com/CCX/A687).

http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
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patients with expert-adjudicated ARDS (Fig.  1). 
Outcomes included daily set tidal volume, set positive 
end-expiratory pressure (PEEP), cumulative fluid bal-
ance, diuretic prescriptions, and CVP. We examined 
the association between CR-ARDS and cumulative 
fluid balance using a multivariable linear mixed-effects 
regression model to account for repeat observations 
over each patient’s ICU stay and used a directed acyclic 
graph to identify relevant clinical confounders for in-
clusion in the regression model (Supplementary Fig. 
1 and Supplementary Table 2, http://links.lww.com/
CCX/A687) (26). Further details are provided in the 
Supplementary Methods (http://links.lww.com/CCX/
A687). We focused our analyses on days when expert-
adjudicated ARDS status was assessed (ICU days 1–4) 
and report results for longer periods when such out-
come data were available.

Continuous variables are presented as mean and 
sd or median and interquartile range, categorical 
variables as frequency and proportion, and differ-
ences between groups as mean difference and 95% 
CIs. We assessed groupwise differences using the 
Mann-Whitney U test for continuous outcomes and 
Pearson chi-square test for categorical outcomes. A 
two-sided p value of less than 0.05 was considered 

statistically significant. No adjustments were made 
for multiple comparisons as all analyses were consid-
ered exploratory. Statistical analyses were performed 
using R version 3.3.0 (R Foundation for Statistical 
Computing, Vienna, Austria), and data visualiza-
tion using the Python packages “Plotly” (Montreal, 
Quebec, Canada) (27) and “seaborn” (28). Code is 
available upon request. The reporting of this study 
conforms to the STROBE statement (http://links.
lww.com/CCX/A688).

RESULTS

Study Population

We identified 1,015 critically ill adults enrolled in 
VALID from the MICU between January 2006 and 
August 2015. We excluded 38 patients (3.7%) who met 
AECC criteria but were not mechanically ventilated 
leaving 977 patients for the primary study popula-
tion, of which 381 had ARDS by expert adjudication 
(39.0%) (Fig. 1). Characteristics of expert-adjudicated 
ARDS patients are shown in Table 1 and for the entire 
study population in Supplementary Table 3 (http://
links.lww.com/CCX/A687).

TABLE 1. 
Patient Characteristics of Acute Respiratory Distress Syndrome Population

Characteristic

Clinician-Recognized  
ARDS  

(n = 181)

Unrecognized 
ARDS  

(n = 200) pa

Demographics

  Age (yr) 51 (36–62) 56 (46–68) <0.001

  Gender (female) 107 (59.1) 85 (42.5) 0.001

  Race (Caucasian) 162 (89.5) 163 (81.5) 0.05

Comorbid medical disease

  Pulmonary 34 (21.1) 39 (22.9) 0.86

  Diabetes 45 (24.9) 67 (33.5) 0.07

  Immunodeficiency 60 (33.1) 58 (29.0) 0.38

  Congestive heart failure 14 (7.7) 28 (14.0) 0.05

  Chronic kidney disease 22 (12.2) 50 (25.0) 0.001

  Maintenance hemodialysis 1 (0.6) 15 (7.5) <0.001

  Chronic liver disease 24 (13.2) 30 (15.0) 0.63

  Solid tumor malignancy 19 (11.8) 28 (16.5) 0.30

  Hematological malignancy 29 (18.0) 17 (10.0) 0.02

(Continued)

http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A688
http://links.lww.com/CCX/A688
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
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ICU admission characteristicsb

  Source of admissionc

    Emergency department 50 (27.9) 72 (36.5) 0.13d

    Hospital ward 66 (36.9) 70 (35.5)

    Transfer from another hospital 58 (32.4) 51 (25.9)

    Operating room 5 (2.8) 2 (1.0)

    Other 0 (0.0) 2 (1.0)

  ARDS risk factore

    Extrapulmonary sepsis 66 (36.5) 62 (31.2) 0.14d

    Pneumonia 69 (38.1) 57 (28.6)

    Aspiration 32 (17.7) 59 (29.6)

    Multiple transfusions 3 (1.7) 6 (3.0)

    Otherf 11 (6.1) 15 (7.5)

  Severe sepsis 157 (86.7) 156 (78.0) 0.03

  Shock 123 (68.0) 141 (70.5) 0.59

  Renal replacement therapy in ICU 35 (19.3) 42 (21.0) 0.69

  Acute Physiology and Chronic Health Evaluation II score 30 (25–36) 30 (24–36) 0.99

Respiratory characteristicsb

  Respiratory rate (breaths/min) 33 (28–39) 29 (25–35) < 0.001

  Lowest Pao2/FiO2
g 100 (68–158) 152 (104–223) < 0.001

  Static complianceh (mL/cm H2O) 25.0 (16.7–34.9) 24.9 (18.9–35.8) 0.56

Clinical outcomes

  ICU length of stay (d) 8 (5–13) 7 (4–12) 0.13

  Ventilator-free days 16 (0–23) 14 (1–24) 0.38

  Inhospital mortality 66 (36.5) 67 (33.5) 0.67

ARDS = acute respiratory distress syndrome.
Continuous data presented as median (25th–75th percentile). Categorical data are presented as number and percentage (%).
aStatistical testing performed using Pearson χ2 test for categorical variables unless otherwise noted and Mann-Whitney U test for ordinal 
and continuous variables.
bValues for day of study enrollment (ICU day 1).
cSource of ICU admission available for 376 patients (179 clinician-recognized [CR]-ARDS, 197 unrecognized [UR]-ARDS).
dStatistical testing by two-tailed Fisher exact test.
eARDS risk factor available for 380 patients (181 CR-ARDS, 199 UR-ARDS).
f“Other” category includes pancreatitis (one CR-ARDS, one UR-ARDS), severe trauma (one CR-ARDS, one UR-ARDS), drug overdose 
(one CR-ARDS, two UR-ARDS), no identifiable risk factor (one CR-ARDS, one UR-ARDS), and other rare risk factors (seven CR-ARDS, 
10 UR-ARDS) including tumor lysis syndrome, sickle cell crisis, pulmonary graft-vs-host disease, eosinophilic pneumonia, alveolar hem-
orrhage, and acute pulmonary drug toxicity.
gPao2/Fio2 ratio available in 267 patients (137 CR-ARDS, 129 UR-ARDS).
hStatic compliance of respiratory system available for 293 patients (139 CR-ARDS, 154 UR-ARDS).

TABLE 1. (Continued). 
Patient Characteristics of Acute Respiratory Distress Syndrome Population

Characteristic 

Clinician-Recognized  
ARDS  

(n = 181)

Unrecognized 
ARDS  

(n = 200) pa
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Classification Performance of CR-ARDS

In the primary study population (381 with ARDS, 
596 without ARDS), CR-ARDS had a sensitivity of 
47.5%, specificity 91.1%, PPV 77.4%, and NPV 73.1% 
(Table  2). Recognition increased with more severe 
oxygenation impairment, with highest sensitivity 
in patients with Pao2:Fio2 less than or equal to 100 
(70.0%, p < 0.001, Supplementary Table 4, http://
links.lww.com/CCX/A687). For patients enrolled 
after publication of the Berlin definition, CR-ARDS 
had modestly lower sensitivity (41.2% vs 49.2%,  
p = 0.21) and substantially lower PPV (60.0% vs 
82.7%, p < 0.001) compared with those enrolled be-
fore the Berlin definition (Supplementary Table 5, 
http://links.lww.com/CCX/A687).

Clinical Features Associated With CR-ARDS

Among the 381 patients with expert-adjudicated 
ARDS, treating clinicians documented CR-ARDS 
in 181 (47.5%), whereas 200 ARDS cases (52.5%) 
went UR. Baseline variables most strongly associ-
ated with CR-ARDS (vs UR-ARDS) included younger 
age, female gender, absence of chronic kidney di-
sease (CKD), more severe oxygenation impairment, 
increased respiratory rate, and severe sepsis at admis-
sion (Table 1). We did not observe any differences be-
tween the groups in ARDS risk factors, source of ICU 
admission, or presence of shock. Static compliance 

of the respiratory system was also not different be-
tween the groups. There was no difference in timing 
of ARDS onset between CR-ARDS and UR-ARDS  
(p = 0.93), and greater than 90% of patients met ARDS 
criteria on ICU day 1 or 2 (Supplementary Table 6 
and Supplementary Fig. 2, http://links.lww.com/
CCX/A687). Patients with CR-ARDS also had similar 
inhospital mortality, ICU length of stay, and ventila-
tor-free days compared with UR-ARDS (Table 1).

Ventilator Management

Set tidal volumes were not different between 
CR-ARDS and UR-ARDS. The mean (±sd) tidal 
volume on ICU day 1 was 6.60 (±1.10) mL/kg for 
CR-ARDS and 6.40 (±0.90) mL/kg for UR-ARDS 
(Supplementary Table 7, http://links.lww.com/
CCX/A687). We observed a small difference in mean 
daily PEEP between the groups: CR-ARDS patients 
received approximately 2 cm H2O higher PEEP dur-
ing the first 2 ICU days and approximately 1 cm H2O 
higher PEEP thereafter (Supplementary Table 8, 
http://links.lww.com/CCX/A687).

Fluid Balance, Diuretic Usage, and Central 
Venous Pressure

Among 301 ARDS patients eligible for the fluid man-
agement analysis (Fig. 1, and Supplementary Methods, 
http://links.lww.com/CCX/A687), CR-ARDS had 

TABLE 2. 
Classification Performance of Clinician-Recognized Acute Respiratory Distress Syndrome

Group Patientsa

Sensitivity 
(%)

Specificity  
(%)

Positive  
Predictive  
Value (%)

Negative 
Predictive 
Value (%)

Cohen 
Kappa

All patients 977 (381) 47.5 91.1 77.4 73.1 0.42

Lowest Pao2/FiO2
b

  Pao2:Fio2 ≤ 100 165 (100) 70.0 81.5 85.4 63.9 0.49

  Pao2:Fio2 101–200 273 (112) 45.5 86.4 75.0 63.9 0.33

  Pao2:Fio2 ≥ 201 233 (55) 30.9 96.1 70.8 81.8 0.34

Acute respiratory distress  
  syndrome diagnostic era

  American-European Consensus  
  Conference (before June 2012)

714 (301) 49.2 92.5 82.7 71.4 0.44

  Berlin (after June 2012) 263 (80) 41.2 88.0 60.0 77.4 0.32

aTotal number of patients (number with acute respiratory distress syndrome [ARDS]).
bPao2:Fio2 ratio was available for 671 patients (267 with ARDS).

http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
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progressively lower cumulative fluid balance than 
UR-ARDS after ICU day 2 (Fig. 2; and Supplementary 
Table 9, http://links.lww.com/CCX/A687). The mean 
difference in cumulative fluid balance between the 
groups on ICU day 4 was –862 mL (95% CI, [–2,131  
to +408], p = 0.28), with even greater differences 
by ICU day 7 (–1737 mL [–3,403 to –69], p = 0.04) 

(Fig. 2; and Supplementary 
Table 9, http://links.lww.
com/CCX/A687). This 
difference was predom-
inantly driven by signifi-
cantly higher fluid output 
among CR-ARDS starting 
on ICU day 3, whereas 
fluid intake remained 
similar between the 
groups (Supplementary 
Fig. 3, http://links.lww.
com/CCX/A687). When 
controlling for clinical 
confounders, multivari-
able mixed-effects re-
gression demonstrated 
a modest effect of 
CR-ARDS on cumulative 
fluid balance (–781 mL 
[–1,846 to +283 mL])  
(Table 3). This was smaller 

than the effect of hemodynamic instability, but compa-
rable with having underlying congestive heart failure 
or CKD (Table  3). Additionally, more CR-ARDS 
patients received at least one loop diuretic over the 
first 4 ICU days (42.4% vs 30.5%, p = 0.04) and the 
first 7 days (49.3% vs 35.7%, p = 0.02). Cumulative 
doses of diuretics administered in the ICU also tended 

Figure 2. Cumulative net fluid balance by study day. Cumulative net fluid balance over the first 7 
ICU days. Dots represent group means by day and error bars represent 95% CIs for the group 
means. Statistical comparisons between the groups were performed using the Mann-Whitney 
U test. ARDS = acute respiratory distress syndrome, CR-ARDS = clinician-recognized ARDS, 
UR-ARDS = unrecognized ARDS.

TABLE 3. 
Regression Analysis of Cumulative Net Fluid Balance

Regression Variable
Effect  

Estimate (mL) se (95% CIs) p

Unadjusted analysis

  Study observation day +297 32 (+234 to +360) <0.001

  Clinician-recognized ARDS +525 536 (–525 to +1,574) 0.33

Adjusted analysis

  Study observation day +297 32 (+234 to +360) <0.001

  Presence of shock at admission +2,133 559 (+1,053 to +3,229) <0.001

  Oxygenation impairmenta +424 359 (–279 to +1,128) 0.24

  Presence of congestive heart failure or chronic kidney disease –1,010 652 (–2,289 to +268) 0.12

  Clinician-recognized ARDS –781 543 (–1,846 to +283) 0.15

ARDS = acute respiratory distress syndrome.
aOxygenation impairment was categorized into four ordinal groups using the lowest Pao2:Fio2 and/or Spo2:Fio2 ratio during the first 4 
ICU days: severe ARDS (Pao2:Fio2 ≤ 100), moderate ARDS (Pao2:Fio2 ≥ 101 and ≤ 200), mild ARDS (Pao2:Fio2 ≥ 201 and ≤ 300), or 
ARDS met by Spo2:Fio2 criteria only (lowest Pao2:Fio2 > 300, but lowest Spo2:Fio2 ≤ 315 while Spo2 > 96%) (29).

http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
http://links.lww.com/CCX/A687
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to be higher for CR-ARDS starting on ICU day 2 
(Supplementary Table 10, http://links.lww.com/CCX/
A687). Lowest CVP did not differ between groups on 
any day (Supplementary Table 11, http://links.lww.
com/CCX/A687), but these comparisons were limited 
by smaller samples sizes as many patients did not have 
central venous catheters.

DISCUSSION

This study confirms that ARDS is underrecognized 
in our MICU, with over half of expert-adjudicated 
ARDS cases not recognized as such by treating clini-
cians. Similar to previous reports, ARDS recognition 
by clinicians was more common for younger patients 
and those with more severe respiratory impairment 
(4, 7, 8). ARDS recognition was lower for patients 
enrolled after publication of the Berlin definition, but 
the smaller sample size in this subgroup precludes any 
firm conclusions as to whether clinicians were less able 
to identify ARDS under the Berlin framework.

CR-ARDS was not associated with lower tidal vol-
umes in our study. These observations contrast those of 
Schwede et al (11), who reported lower tidal volumes 
for CR-ARDS in a single-center cohort of 141 ARDS 
patients but support the findings of the multinational 
LUNG-SAFE study, which found no difference in daily 
tidal volumes between CR-ARDS and UR-ARDS among 
2,377 ARDS patients in 459 ICUs (4). Mean tidal vol-
umes were lower in our study population (UR-ARDS: 
6.4 cc/kg, CR-ARDS: 6.6 cc/kg) than both Schwede et 
al (11) (UR-ARDS: 7.8 cc/kg, CR-ARDS: 6.9 cc/kg) and 
LUNG-SAFE (UR-ARDS: 7.7 cc/kg, CR-ARDS: 7.5 cc/
kg). Our MICU routinely implements a respiratory 
therapist-driven protocol favoring lower tidal volumes 
and plateau pressures (tidal volume less than 8 cc/kg 
and plateau pressure less than 30 cm H2O) for essen-
tially all ventilated patients regardless of diagnosis (B 
Lloyd, RRT-ACCS, oral communication, April 2020), so 
it is possible that the protocolized approach to ventilator 
tidal volume settings overcame any possible effect of 
ARDS recognition on tidal volume selection. Also sim-
ilar to LUNG-SAFE, patients with CR-ARDS received 
consistently higher PEEP on each ICU day (4), which 
likely reflected the more severe oxygenation impair-
ment in the CR-ARDS group.

Cumulative fluid balance was modestly lower 
among CR-ARDS compared with UR-ARDS. This was 

driven nearly entirely by increased fluid output among 
CR-ARDS patients starting on ICU day 3, which aligns 
with the increased administration of loop diuretics to 
this group starting the day prior. Furthermore, when 
controlling for other clinical factors that could inde-
pendently affect fluid balance, ARDS recognition had 
an effect comparable with that of having a medical diag-
nosis such as CHF and CKD, which are associated with 
chronic volume overload and diuretic use. Although we 
did not examine individual medical records to capture 
why clinicians diuresed CR-ARDS more frequently 
than UR-ARDS, it is reasonable to infer from these data 
that ARDS recognition may prompt clinicians to target 
a more conservative fluid balance through increased di-
uretic administration. Notably, both groups still had a 
mean cumulative fluid balance of over 3 L positive by 
ICU day 4, which is substantially more positive than the 
fluid balance observed in both the conservative arm of 
the Fluids and Catheter Treatment Trial (FACTT) Study 
(30) and the “FACTT Lite” protocol used by subsequent 
NHLBI ARDS Network trials (31). These findings are 
similar to Seitz et al (32) who also reported that volume 
overload was common during ARDS and occurred 
within 24–72 hours, suggesting that overall adherence 
to conservative fluid management is low in routine 
clinical practice even at academic tertiary-care centers 
and even when ARDS is appropriately recognized.

Our findings do raise questions about the impor-
tance of ARDS recognition in current clinical practice, 
particularly as ventilator tidal volumes—a key metric 
of the quality of ARDS management—were similar be-
tween CR-ARDS and UR-ARDS, as were rates of inhos-
pital mortality and ICU length of stay. Clinicians may 
have relied upon ventilator protocols or incorporated 
other clinical information (such as static compliance 
of the respiratory system) that resulted in selection of 
similar tidal volume irrespective of ARDS recognition. 
Notably, the CR-ARDS group had a less positive fluid 
balance and a numerically higher number of ventilator-
free days (VFDs), but the difference in VFDs did not 
reach statistical significance. As our study had fewer 
patients and the difference in fluid balance between 
CR-ARDS and UR-ARDS (1,737 mL at ICU day 7)  
was substantially less than the separation achieved in 
the FACTT trial (greater than 7,000 mL at ICU day 7), 
we were likely underpowered to determine if ARDS 
recognition would translate to earlier liberation from 
mechanical ventilation.
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With the increased use of EHR data for decision 
support (19, 33, 34) and to facilitate research (35, 36),  
there is increasing interest in identifying ARDS patients 
using the EHR (17, 25, 34, 36). Our findings suggest that 
clinical note text alone may not reliably identify even the 
most severe ARDS cases. Clinicians and researchers in-
terested in identifying ARDS patients from the EHR will 
need to consider additional data features to achieve sat-
isfactory classification performance. Our findings also 
highlight the importance of selecting appropriate out-
comes and evaluation methods when designing support 
systems to improve processes and outcomes in ARDS 
(37). Changing ventilation practices may not be an op-
timal intervention for an ARDS recognition support tool, 
as clinicians can safely implement lower tidal volumes re-
gardless of a patient’s ARDS status using a protocolized 
approach (38–40). In contrast, fluid management could 
be a more appropriate process outcome for future stud-
ies aimed at improving ARDS recognition. Alternatively, 
fluid management during mechanical ventilation for any 
cause of acute respiratory failure could be amenable to a 
protocolized, diagnosis-independent approach. However, 
as many clinicians perceive that fluid balance strongly 
interacts with blood pressure and renal function (41, 42), 
more data may be required to demonstrate that conser-
vative fluid management is safe, beneficial, and practical 
outside of the context of ARDS. A small pilot trial of pro-
tocolized fluid management in 30 patients with sepsis in 
our MICU was unable to achieve a prespecified target of 
at least 500-mL difference between the protocolized care 
and usual care groups (43), illustrating that implementing 
a fluid management protocol can face substantial chal-
lenges even in a highly motivated academic ICU.

This study has several limitations. First, this obser-
vational study was performed at a single MICU within 
a single center. Despite this, our findings were con-
sistent with other studies reporting poor ARDS rec-
ognition among ICU clinicians. Second, our definition 
of CR-ARDS relied upon EHR-based text searches of 
clinical documents. Although documentation may not 
capture the full range of the clinician’s thought process, 
we feel that documentation of an ARDS diagnosis in 
a clinical note strongly indicates that ARDS was sus-
pected by the treating clinician. Other studies have 
used investigator review of the medical record to de-
termine CR-ARDS (7, 8), whereas LUNG-SAFE pro-
spectively used a provider questionnaire once a patient 
developed hypoxemic respiratory failure (4). Although 

our methodology may be less sensitive, questionnaires 
can induce response bias by prompting clinicians to 
consider a diagnosis that they would not have consid-
ered otherwise (44). We also did not consider other 
EHR data elements such as diagnostic billing codes, 
but the accuracy of billing codes for identifying ARDS 
patients is also poor (45). We did not examine how 
clinician-specific factors such as experience or train-
ing level influenced CR-ARDS. Dozens of critical care 
faculty and over 100 trainees rotate through our MICU 
every year, so assessing clinician-specific factors was 
impractical. Expert-adjudicated ARDS status was only 
available for the first 4 ICU days, but since greater than 
90% of ARDS patients in our study met criteria before 
ICU day 3, the number of patients with later-onset 
ARDS is likely low. Finally, we did not examine the as-
sociation of CR-ARDS with rescue therapies such as 
inhaled pulmonary vasodilators, prone positioning, or 
venovenous extracorporeal membrane oxygenation, 
which other studies have reported (4). These rescue 
therapies were infrequently used in our MICU during 
the study period; therefore, our study was underpow-
ered for these outcomes.

CONCLUSIONS

In a cohort of adult MICU patients, ARDS recognition 
was low, with clinicians documenting ARDS in less 
than half of expert-adjudicated ARDS cases. Clinicians 
were more likely to recognize ARDS in younger 
patients and those with more severe respiratory im-
pairment. CR-ARDS was not associated with differ-
ences in ventilator tidal volumes, nor was it associated 
with mortality, ICU length of stay, or ventilator-free 
days. However, CR-ARDS was associated with more 
negative fluid balance and greater use of loop diuret-
ics compared with patients with UR-ARDS. Thus, 
improved ARDS recognition could still be useful for 
implementing evidence-based interventions that are 
not as easily amenable to diagnosis-independent pro-
tocolization, such as fluid management. These findings 
have implications for design of future decision support 
systems and EHR-based ARDS studies.
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