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Background: Acute respiratory distress syndrome (ARDS) remains a life-threatening disease. Many patients with ARDS do not recover
fully, and progress to terminal lung fibrosis. Angiotensin-converting enzyme (ACE) inhibitor is known to modulate the neurohormonal
system to reduce inflammation and to prevent tissue fibrosis. However, the role of ACE inhibitor in the lungs is not well understood.
We therefore conducted this study to elucidate the effect of renin-angiotensin system (RAS) blockage on the prognosis of patients
with ARDS.
Methods: We analyzed medical records of patients who were admitted to the medical intensive care unit (ICU) at a tertiary care hospital from January 2005 to December 2010. ARDS was determined using the Berlin definition. The primary outcome was the mortality
rate of ICU. Survival analysis was performed after adjustment using propensity score matching.
Results: A total of 182 patients were included in the study. Thirty-seven patients (20.3%) took ACE inhibitor or angiotensin receptor
blocker (ARB) during ICU admission, and 145 (79.7%) did not; both groups showed similar severity scores. In the ICU, mortality was
45.9% in the RAS inhibitor group and 58.6% in the non-RAS inhibitor group (P = 0.166). The RAS inhibitor group required a longer duration of mechanical ventilation (29.5 vs. 19.5, P = 0.013) and longer ICU stay (32.1 vs. 20.2 days, P < 0.001). In survival analysis, the RAS
inhibitor group showed better survival rates than the non-RAS group (P < 0.001).
Conclusions: ACE inhibitor or ARB may have beneficial effect on ARDS patients.
Key Words: acute respiratory distress syndrome; angiotensin-converting enzyme inhibitors; angiotensin receptor antagonists; mortality; renin-angiotensin system.

Introduction
Acute respiratory distress syndrome (ARDS) is a refractory hypoxemic respiratory failure with bilateral lung infiltrates, in the absence of left atrial hypertension or evidence of volume overload [1,2].
The ARDS is associated with high mortality rates, which vary widely from 30% to 70% in several reports [3,4]. Although the annual ARDS mortality rates have shown improvement in several studies [5,6], ARDS remains a life-threatening disease with high mortality.
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One of major pathophysiologic mechanisms in the early phase of ARDS is known to be endothelial injury and
alveolar epithelial damage from proinflammatory cascade

Materials and Methods

[7] , leading to the process of proliferation and fibrosis [8].

1) Patients population
We retrospectively reviewed the medical records and

Inflammatory biomarkers such as tumor necrosis factor-

radiographs of patients admitted to the medical intensive

alpha, interleukin 6, platelet activating factor are known

care unit (MICU) at a tertiary care hospital for mechani-

to involve in ARDS pathogenesis [9-11]. In the advanced

cal ventilation support between January 2005 and De-

stage, activated alveolar fibrocytes, fibroblasts and myo-

cember 2010. Eligibility criteria were that patients were:

fibroblasts may drive fibroproliferation, although the pro-

(1) over 20 years of age, and (2) fulfilled the Berlin defi-

cess remains unclear [12]. These inflammatory cytokines

nition: acute onset within 1 week of a known clinical in-

and increased pulmonary fibrosis predict unfavorable

sult or new or worsening respiratory symptoms; bilateral

outcome and higher mortality [13,14]. Therefore, the

opacities not fully explained by effusions, lobar/lung col-

anti-inflammatory therapy or prevention of pulmonary

lapse, or nodules; respiratory failure not fully explained

fibrosis in ARDS could be targets of therapy to improve

by cardiac failure or fluid overload; arterial hypoxemia

survival.

with PaO2/FiO2 lower than 300 (positive end-expiratory

Angiotensin II exerts proinflammatory responses

pressure [PEEP] or continuous positive airway pressure,

through activating nuclear factor-κB in monocytes [15].
The renin-angiotensin system (RAS) inhibitors, such

≥5 cmH2O) [25]. We excluded patients who were not
intubated within 24 hours of ICU transfer or did not stay

as angiotensin-converting enzyme (ACE) inhibitor or

in the ICU for more than 48 hours following admission.

angiotensin receptor blocker (ARB) reduces nuclear

Patients who were intubated and transferred from outside

factor-κB activation and lipopolysaccharide induced lung

were also excluded.

neutrophil recruitment [15-17]. Rats with acute lung injury showed lower lung injury score or alveolar collagen
deposit when treated with captopril and they suggested

2) Study design and data collection
Patients were classified into two groups according to

inhibition of ACE could offer protective effects on acute

whether or not they took ACE inhibitor/ARB after ICU

lung injury [18-21]. The mechanism is supposed that

admission (RAS inhibitor group and non-RAS inhibi-

captopril attenuates lung fibrosis by abrogating apoptosis

tor group, respectively). The study was approved by the

in lung epithelial cells.

institutional review board and ethics committee (No.

ACE inhibitor is also well known to have a protective
effect against fibrosis and remodeling, notably in the liv-

H-1206-090-414). No consent from the participants was
needed.

er, kidneys and heart [22-24]. However, there was little

Demographic data (age, gender), risk factors for ARDS

evidence that ACE inhibitor played a protective role in

and etiology of ARDS were evaluated. We also calculat-

human ARDS.

ed the PaO2/FiO2 ratio, Sequential Organ Failure Assess-

We hypothesized that ACE inhibitor could provide

ment (SOFA) score (at admission, 48 hours and 96 hours

beneficial effects for ARDS patients by protecting them

after admission) and Acute Physiology and Chronic

from prolonged inflammation and fibrosis. Therefore, we

Health Evaluation (APACHE) II score (within 24 hours

conducted this study to determine whether there is a dif-

after admission). Medication histories were reviewed to

ference in clinical outcomes including mortality rates in

find the patients who took ACE inhibitor or ARB after

ARDS patients according to the use of ACE inhibitor or

ICU admission, and to collect data about the generic

ARB.

name, dose and duration of medication.
The primary outcome was ICU mortality, and secondhttps://doi.org/10.4266/kjccm.2016.00976
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Table 1. Baseline characteristics
Unmatched cohort
Variable

Non-RAS inhibitor
group (n = 145)

RAS inhibitor group
(n = 37)

Propensity matched cohort
P-value

Non-RAS inhibitor
group (n = 34)

RAS inhibitor group
(n = 34)

P-value

Age (yr)

63.3 ± 13.7

67.4 ± 13.5

0.104

70.1 ± 13.7

68.1 ± 12.2

0.514

Male sex

106 (73.1)

28 (75.7)

0.751

27 (79.4)

25 (73.5)

0.567

Hypertension

34 (23.5)

20 (54.1)

<0.001

14 (41.2)

15 (44.1)

0.806

Diabetes

39 (26.9)

13 (35.1)

0.322

10 (29.4)

13 (38.2)

0.442

Coronary artery disease

11 (7.6)

5 (13.5)

0.256

5 (14.7)

5 (14.7)

1.000

9 (6.2)

2 (5.4)

0.855

1 (2.9)

2 (5.9)

0.555

Tuberculosis

25 (17.2)

4 (10.8)

0.340

7 (20.6)

4 (11.8)

0.323

Chronic liver disease

17 (11.7)

2 (5.4)

0.262

1 (2.9)

2 (5.9)

0.555

Chronic kidney disease

8 (5.5)

12 (32.4)

<0.001

8 (23.5)

11 (32.4)

0.417

Cerebral vascular accident

7 (4.8)

4 (10.8)

0.173

4 (11.8)

3 (8.8)

0.690

Malignancy

92 (63.5)

12 (35.3)

0.003

10 (29.4)

12 (35.3)

0.604

Pulmonary

17 (18.5)

3 (25.0)

0.590

3 (30.0)

3 (25.0)

0.793

Extrapulmonary

75 (81.5)

9 (75)

-

7 (70.0)

9 (75.0)

-

Direct

127 (87.6)

33 (89.2)

30 (88.2)

30 (88.2)

Indirect

18 (12.4)

4 (10.8)

4 (11.8)

4 (11.8)

7 (4.8)

3 (8.6)

0

3 (8.8)

Moderate

70 (47.6)

13 (37.1)

12 (35.3)

12 (35.3)

Severe

70 (47.6)

19 (54.3)

22 (64.7)

22 (64.7)

Comorbidity

COPD

Injury mechanism

0.789

ARDS severity
Mild

1.000

0.431

0.200

PF ratio
Initial

112.2 ± 45.4

103.1 ± 51.7

0.297

93.9 ± 33.4

103.0 ± 53.6

0.407

24 hr after admission

144.5 ± 73.0

144.9 ± 69.9

0.974

133.4 ± 68.2

149.2 ± 71.1

0.353

72 hr after admission

173.1 ± 90.9

187.8 ± 113.6

0.408

150.1 ± 81.8

193.8 ± 116.1

0.081

Discharge day

141.5 ± 114.3

164.6 ± 124.2

0.282

132.9 ± 113.4

173.3 ± 125.8

0.168

31.5 ± 6.2

30.3 ± 5.2

0.316

29.5 ± 6.8

30.2 ± 5.0

0.612

Initial

11.1 ± 2.9

10.8 ± 2.5

0.542

10.1 ± 2.7

10.6 ± 2.5

0.462

48 hr after admission

10.9 ± 3.8

9.5 ± 2.5

0.031

11.1 ± 4.1

9.4 ± 2.3

0.051

96 hr after admission

10.2 ± 3.8

9.3 ± 2.8

0.190

10.1 ± 3.9

9.1 ± 2.7

0.246

6.9 ± 2.6

6.9 ± 2.6

0.681

7.6 ± 2.9

6.7 ± 2.6

0.184

Pressure above PEEP (cmH2O)

18.9 ± 4.7

18.8 ± 4.2

0.845

18.8 ± 4.2

18.4 ± 3.9

0.639

FiO2

0.71 ± 0.21

0.71 ± 0.19

0.928

0.75 ± 0.19

0.71 ± 0.20

0.351

Tidal volume (ml/kg)

7.4 ± 1.9

7.5 ± 1.9

0.774

7.3 ± 2.0

7.5 ± 1.9

0.612

Minute volume (L)

9.8 ± 2.9

9.5 ± 3.0

0.603

8.8 ± 2.8

9.5 ± 3.1

0.382

APACHE II score
SOFA score

Mechanical ventilation
PEEP (cmH2O)

Steroid

89 (61.4)

21 (56.8)

0.608

14 (41.2)

19 (55.9)

0.225

CRRT

34 (23.5)

7 (18.9)

0.556

7 (20.6)

6 (17.7)

0.758

NO gas

56 (38.6)

17 (46.0)

0.417

13 (38.2)

15 (44.1)

0.622

131 (90.3)

29 (78.4)

0.046

30 (88.2)

26 (76.5)

0.203

Inotropics

Values are presented as mean ± standard deviation or number (%).
RAS: renin-angiotensin system; COPD: chronic obstructive pulmonary disease; ARDS: acute respiratory distress syndrome; PF: PaO2/FiO2; APACHE: Acute Physiology
and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; PEEP: positive end-expiratory pressure; CRRT: continuous renal replacement therapy.
https://doi.org/10.4266/kjccm.2016.00976
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ary outcomes we measured by length of stay in ICU, ICU

analyses were performed using Stata version 13.0 (Stata

readmission rate, reintubation rate, radiologic improve-

Corp., College Station, TX, USA). A P-value <0.05 was

ment (decreased consolidation or infiltrates on chest ra-

considered to indicate a significant difference.

diography at ICU discharge compared to ICU admission)
weaning failure rate (rate of reintubation within 48 hours
after extubation) and 28- and 90-day in-hospital mortality.

Results
We reviewed the records of 3,309 patients admitted to

3) Statistical analysis
Quantitative variables are expressed as mean ± standard deviation, and qualitative variables are expressed

the ICU between January 2005 and December 2010. Of

as numbers and percentages. Differences between in-

analysis. After the propensity score matching, 34 patients

dependent groups were assessed by paired t-tests for

in each group were analyzed (Figure 1).

the 294 patients who satisfied the inclusion criteria, 112
patients were excluded, leaving 182 patients for the final

quantitative data and chi-square tests for qualitative

Of the 182 patients, 134 (74%) were male and the mean

variables. We used propensity score matching to reduce

age was 64.1 ± 13.7 years. Thirty-seven patients received

the bias caused by confounding variables. The propen-

ACE inhibitor and ARB during their ICU stay. Table 1

sity score covariates included age, gender, preexisting

presents the patients’ demographic characteristics and

disease (hypertension, diabetes, coronary artery disease,

history of underlying disease. History of hypertension

chronic obstructive pulmonary disease, tuberculosis,

and chronic kidney disease were significantly higher in

chronic liver disease, chronic kidney disease, and malig-

the RAS inhibitor group. Though history of malignancy

nancy) and clinical disease severity scores (SOFA score

was higher in patients in the non-RAS inhibitor group,

and APACHE II score). Patients with similar propensity

patients with lung cancer were higher in RAS inhibitor

scores in each group were matched with 1 to 1 ratio. Out-

group. (P = 0.590) No difference in the proportion of di-

comes were compared in both unmatched and matched

rect lung injury was observed between the two groups.

cohort. In the ICU and hospital, mortalities were esti-

Eighty-nine patients (48.9%) were classified as severe

mated with the Kaplan-Meier analysis and log-rank test

ARDS according to the Berlin definition. Proportion of

using propensity score matching analysis. All statistical

patients with severe ARDS was higher in the RAS inhibi-

Table 2. Cause of ICU admission
Cause

Total (n = 182)

Non-RAS inhibitor group (n = 145)

RAS inhibitor group (n = 37)

Pulmonary
Pneumonia

136 (74.7)

112 (76.2)

24 (68.6)

Hemorrhage

10 (5.5)

6 (4.1)

4 (11.4)

4 (2.8)

3 (2.0)

2 (5.7)

11 (6.0)

10 (6.8)

1 (2.9)

Exacerbation of ILD
Extrapulmonary
Bacteremia
Postoperative

5 (2.75)

2 (1.4)

3 (8.6)

Transfusion related

4 (2.2)

4 (2.2)

0

Drug related

2 (1.1)

2 (1.4)

0

Radiation related

1 (0.6)

1 (0.7)

0

Unknown

8 (4.4)

7 (4.8)

1 (2.9)

Values are presented as number (%).
ICU: intensive care unit; RAS: renin-angiotensin system; ILD: interstitial lung disease.
https://doi.org/10.4266/kjccm.2016.00976
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tor group (54.3%) than non-RAS inhibitor group (47.6%)

hours), SOFA score (initial, 48 hours, 96 hours), and

without statistical significance (P = 0.431). Proportions

APACHE II score and found no differences between the

of patients with mild ARDS were 4.8% and 8.6%, those

two groups.

with moderate ARDS were 47.6% and 37.1% in non-RAS
inhibitor group and RAS inhibitor group, respectively.
We analyzed the PaO2/FiO2 ratio (initial, 24 hours, 72

The average PEEP levels were about 6.9 cmH2O in
both groups (P = 0.681). Tidal volumes were also similar,
those values were 7.4 ± 1.9 ml/kg and 7.5 ± 1.9 ml/kg,

3,309 Patients who admitted to ICU at SNUH
between January 2005–December 2010
3,015 Did not have ARDS

294 Were eligible
112 Were excluded
59 Were not intubated within 24 hours of icu transfer
45 Did have icu stays less than 48 hours
8 Were transferred from outside hospitals
182 Were finally analyzed

Figure 1. Enrollment and analysis
of patients. ICU: intensive care unit;
SNUH: Seoul National University
Hospital; ARDS: acute respiratory
distress syndrome.

Table 3. Primary and secondary outcomes according to study group
Unmatched cohort
Variable

Propensity matched cohort

Non-RAS inhibitor
group (n = 145)

RAS inhibitor
group (n = 37)

P-value

19.5 ± 21.9

29.5 ± 20.8

0.013

16.4 ± 8.6

69 (47.6)

22 (59.5)

0.197

17 (50.0)

4 (2.8)

2 (5.4)

0.421

2 (5.9)

ICU day

20.2 ± 15.7

32.1 ± 21.7

<0.001

19.9 ± 10.9

33.6 ± 23.1

0.003

Hospital day

58.0 ± 90.1

89.8 ± 111.2

0.070

43.8 ± 31.2

94.7 ± 114.7

0.015

Duration of mechanical ventilation (d)
Radiologic improvement
ICU readmission

Non-RAS inhibitor
group (n = 34)

RAS inhibitor
group (n = 34)

P-value

30.2 ± 21.5

<0.001

21 (61.8)

0.329

4 (11.8)

0.393

ICU-free day, 28 days

5.2 ± 8.1

4.8 ± 7.7

0.822

5.1 ± 7.6

4.9 ± 7.8

0.962

ICU-free day, 90 days

29.4 ± 36.4

34.2 ± 33.8

0.481

32.4 ± 37.3

35.2 ± 33.8

0.747

Hospital-free day, 90 days

16.2 ± 25.9

14.2 ± 24.9

0.685

16.6 ± 25.3

14.6 ± 25.2

0.749

Ventilator-free day, 28 days

6.4 ± 8.9

6.1 ± 8.9

0.898

7.1 ± 8.9

6.3 ± 8.9

0.737

In ICU mortality

85 (58.6)

17 (46.0)

0.166

19 (55.9)

14 (41.2)

0.225

In hospital mortality

95 (65.5)

21 (56.8)

0.322

20 (58.8)

18 (52.9)

0.625

At day 28

51 (35.2)

7 (18.9)

0.058

10 (29.4)

3 (8.8)

0.031

At day 90

82 (56.6)

16 (43.2)

0.147

18 (52.9)

13 (38.2)

0.223

Tracheostomy

41 (28.3)

17 (46.0)

0.040

12 (35.3)

16 (47.1)

0.324

8 (5.5)

7 (18.9)

0.008

2 (5.9)

7 (20.6)

0.074

25 (17.2)

7 (18.9)

0.735

6 (17.7)

6 (17.7)

1.000

Mortality

Change to portable BiPAP
Reintubation

Values are presented as mean ± standard deviation or number (%).
RAS: renin-angiotensin system; ICU: intensive care unit; BiPAP: bilevel positive airway pressure.
https://doi.org/10.4266/kjccm.2016.00976

Joohae Kim, et al. ACE Inhibitor in ARDS 159

respectively in non-RAS inhibitor group and RAS in-

both groups (P = 0.822). ICU-free day at 90 days was

hibitor group (P = 0.774). We constructed the propensity

longer in RAS inhibitor group (mean, 34.2 days) than

score matched cohort, which consisted of 34 patients in

non-RAS inhibitor group (mean, 29.4 days; P = 0.481).

each group. Demographic characteristics, comorbidities

There was also no significant difference in hospital-free

and mechanical ventilator parameters were similar be-

day at 90 days and ventilator-free day at 28 days, be-

tween two groups in the propensity score matched cohort.

tween two groups.

About 60% of the patients in the RAS inhibitor group

The Kaplan-Meier estimate of survival showed a higher

had taken ACE inhibitor or ARB within 1 month before

mortality rate in non-RAS inhibitor patients (P < 0.001)

MICU admission (Table 2). In the RAS inhibitor group,

(Figure 2). Survival analysis after adjustment for propen-

10 patients had been given ACE inhibitor and 27 patients

sity score showed similar results in each group (P = 0.002).

were given ARB.
For the patients receiving ACE inhibitor/ARB, ICU
mortality was 45.9% (17 of 37 patients), which was lower
than the 58.9% mortality rate of patients without medica-

Discussion

tion, though not significantly (P = 0.166) (Table 3). In-

Although many studies have been conducted to estab-

hospital mortality was also higher in the non-RAS inhibi-

lish pharmacologic management of patients with ARDS,

tor group and the day 28 mortality in non-RAS inhibitor

there is no proven pharmacologic therapy to improve the

group was almost twice as high without statistical sig-

survival and prognosis of ARDS patients [26]. Clinical

nificance (18.9% vs. 35.2%, P = 0.058). In the propensity

trials using well-known anti-inflammatory agents, in-

score matched cohort, in hospital mortality at day 28 was

cluding corticosteroids, 3-hydroxy-3-methylglutaryl-co-

also higher in non-RAS inhibitor group (29.4%) than

enzyme-reductase inhibitors, heparins and aspirin, have

RAS inhibitor group (8.8%, P = 0.031). However, other

not demonstrated clear clinical benefits in ARDS [27-30].

parameters of outcome including in hospital mortality at

Interestingly, several studies conducted to support anti-

day 90 showed no significant differences between two

inflammatory effect of ACE inhibitor in vascular disease

groups.

[31-33] and also showed protective effect against pneu-

ICU-free day at 28 days were about 5 days, similar in

monia [34,35]. In addition, some animal models have
revealed that administration of ACE inhibitor or ARB in-

1.00

hibits fibrosis in the kidneys, heart and liver [36-39]. We

Proportion of survived patients (%)

P < 0.001

therefore tried to evaluate the effect of anti-inflammatory
and antifibrotic properties of ACE inhibitor and ARB on

0.75

outcomes in patients with ARDS.
In this study, radiologic improvement was more fre-

0.50

quently detected in the RAS inhibitor group, although

with ACE inhibitor/ARB

this difference was not significant. The mean PaO2/FiO2
ratio on admission was lower in the RAS inhibitor group

0.25

than in the non-RAS inhibitor group (103.1 ± 51.7 vs.
112.2 ± 45.4, P = 0.297). However, the ratio increased

without ACE inhibitor/ARB
0

20

40

60

80

100

Days since ICU admission

Figure 2. Kaplan-Meier survival analysis. ACE: angiotensinconverting enzyme; ARB: angiotensin receptor blocker; ICU:
intensive care unit.

over time than non-RAS inhibitor group (187.8 ± 113.6
vs. 173.1 ± 90.9, P = 0.408). Clinical improvement in the
late phase in regards to chest radiology and oxygenation,
might reflect lower degrees in pulmonary sequelae in-
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cluding fibrosis in RAS inhibitor group.

vital sign changes, to evaluate volume status. Records

An interesting finding was that the ACE inhibitor group

of physical examination and assessment by medical at-

showed greater ICU stay duration and length of mechani-

tendance were also reviewed to exclude other diseases.

cal ventilation. Previous studies that conducted survival

Second, ACE inhibitors or ARB administered to patients

analysis suggested that surviving patients stayed longer

did not have uniform component or dosage. However,

in the ICU [31,40,41]. This could explain the differences

for the treatment of hypertension, ACE inhibitor and

between the two groups. Considering that no differences

ARB showed similar efficacy in lowering blood pressure

in ICU-free day or ventilator-free day, longer duration of

[46,47]. Though the mechanisms of action between ACE

ICU or mechanical ventilation could not be affirmed as

inhibitor and ARB are different, there was no relevant

poor clinical outcome.

difference in clinical outcomes for renal protection [48].

More patients in the RAS inhibitor group were trans-

Further researches are needed to compare efficacy in

ferred to general wards, supported by portable bi-level

anti-inflammatory effect. Third, the sample size was rela-

positive airway pressure ventilators (18.9% vs. 5.5%, P =

tively small, and a considerable number of patients had

0.008). Considering the similar results in terms of PaO2/

many comorbidities. These confounding factors might

FiO2 ratio and radiologic improvement on discharge,

have influenced the outcome [49].

higher dependence on the bi-level positive airway pres-

In conclusion, in this study we found that ACE inhibi-

sure ventilator might be mainly caused by muscle weak-

tor or ARB may have beneficial effect on ARDS patients.

ness [42].

We need large prospective clinical study to validate this

The mortality rates, both in the ICU and in the hospital,

finding.

were not different in both groups. The overall mortality
rate was high compared to other cohorts, which estimated mortality rates ranged from 28% to 58% [31,43,44].
It might reflect high disease severity considering high
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APACHE II score and high proportion of cancer patients
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in our study [45]. Among the patients who died, the du-

Sang-Min Lee
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ration of ICU stay was longer (P = 0.001) in the RAS inhibitor group than in the non-RAS inhibitor group, which
might explain the lower 28-day mortality rates. Survival
analysis showed significantly better survival rates in the
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