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Lung injury prediction score as a predictor of acute respiratory dis-
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Abstract

Background: Acute respiratory distress syn-
drome (ARDS) is a clinical syndrome character-
ized by acute hypoxemia and bilateral infiltrates
in the lung after a triggered injury. A major
obstacle in ARDS prevention is the identifica-
tion of patients at risk of ARDS. The goal of this
study was to assess the validity of lung injury
prediction score (LIPS) as a predictor of ARDS
in the intensive care unit (ICU).

Patients and methods: This is a retrospective
observational study conducted in the ICU of
Sanglah General Hospital (Bali, Indonesia) in
2019 with 451 subjects were eligible after a sys-
tematic random sampling method. Receiver op-

Key words: LIPS, ARDS, validity, prediction, ICU.

Introduction

Acute respiratory distress syndrome (ARDS) is a
clinical syndrome characterized by acute hypox-
emia and bilateral infiltrates in the lung after a
triggered injury. The main characteristic of this
syndrome is an increase in pulmonary capillary
permeability. Damage to the capillary endothelium
and alveoli epithelium cause the accumulation of
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erating characteristics (ROC) analysis was used
to assess the ability of LIPS to predict ARDS
and determine the best cutoff point for LIPS in
predicting ARDS.

Results: The area under ROC curve (AUC) val-
ue was 0.86 (95% CI 0.81-0.91). The best cutoff
point was at LIPS >5 (sensitivity 85.71%, speci-
ficity 80.77%). From a cross tabulation calcula-
tion, we obtained a relative risk of 18.6 (95% CI
7.4-46.77). A logistic regression analysis ob-
tained an odds ratio of 1.71 (95% CI 1.45-2.03).
Conclusion: LIPS is valid for predicting the in-
cidence of ARDS in ICU patients. It can be used
as a screening tool to identify those with a high
risk of developing ARDS.

protein-rich fluids into the alveoli. This triggers
cytokine release, causing diffuse alveoli damage.
(1) This syndrome is a form of pulmonary edema
without cardiogenic causes that can be induced by
pulmonary or systemic inflammation. (2,3)

Since described by Ashbaugh in 1967, ARDS has
been known as a serious clinical problem through-
out the world with high economic burdens, mor-
bidity, and mortality. (4,5) The incidence of ARDS
varies from 1.5 cases per 100,000 to 79 cases per
100,000 population. (5) The Large Observational
Study to Understand the Global Impact of Severe
Acute Respiratory Failure (LUNGSAFE) study in
2014 reported that the incidence of ARDS in the
intensive care unit (ICU) was 10.4% of the total
patients treated in ICU, and 23.4% of patients re-
quiring mechanical ventilation. (6)

A major obstacle in ARDS prevention is the identi-
fication of patients at risk of ARDS. (7,8) Trillo-
Alvarez designed an acute lung injury prediction
scoring system, namely lung injury prediction
score (LIPS), to identify patients at risk of devel-
oping acute lung injury (ALI). (8,9) This scoring
system has been reviewed in several studies to i-
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dentify patients at risk of ARDS in the emergency
department and is relatively acceptable as a good
prediction method. (7,9,10) Other studies also sup-
port the validity of LIPS as a predictor of ARDS
and a predictor of death in critically surgical pa-
tients. (11)

Soto, et al (12) assessed the use of LIPS for the
prediction of patients at risk of ARDS in the treat-
ment room. This study showed that LIPS was less
convincing, with an area under the ROC curve
(AUC) of 0.7. LIPS >4 had a sensitivity of 90%, a
specificity of 31%, a positive predictive value
(PPV) of 17%, and a negative predictive value
(NPV) of 95%. This study was designed to assess
the validity of LIPS as a predictor of ARDS in the
ICU.

Patients and methods

This was a retrospective observational study con-
ducted in the ICU of Sanglah General Hospital
(Bali, Indonesia) in 2019. Inclusion criteria include
patients of 18-65 years old who were treated in the
ICU of Sanglah General Hospital in 2018. Exclu-
sion criteria include incomplete data in the medical
records, those who were diagnosed with ARDS or
pulmonary illnesses upon ICU admission, cardiac
pathologies, history of bone marrow transplanta-
tion, severe burns, drug overdose, and history of
lung transplantation and embolectomy.

This study used systematic random sampling to
achieve the minimum sample size based on the
standard sample size formula. In eligible subjects,
LIPS variables and other factors were assessed on
the day of ICU admission. The medical record was
used to assess if the patient developed ARDS
based on the Berlin criteria. The study protocol
was approved by the institutional review boards of
the Faculty of Medicine, Udayana University and
Sanglah General Hospital to ensure that this study
was performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki. All subjects provided their informed con-
sent prior to their inclusion in the study.

Data were analyzed using SPSS 24.0 software. De-
scriptive analysis was used to describe the charac-
teristics of the subject. Variables with a numerical
data scale were presented in the form of a mean
and standard deviation. Data in categorical scale
were presented in proportions. Receiver operating
characteristics (ROC) analysis was used to assess
the ability of LIPS to predict ARDS and deter-
mined the best cutoff point for LIPS in predicting
ARDS. A p value <0.05 was considered signifi-
cant.
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Results

Out of 1,227 patients who were admitted to ICU in
2018, we collected the data of 451 subjects to be
included in this study. From these, 241 (53.4%)
were male subjects, and 210 (46.6%) were female.
The mean age of the subjects was 43.92+13.46
years, as presented in Table 1.

The LIPS was assessed on the first day of treat-
ment in ICU. The medical record was used to ob-
tain the data to assess the incidence of ARDS
based on Berlin criteria. In the LIPS, the lowest
score was zero and the highest was 11.5 (Table 2).
Amongst the LIPS components, the three most fre-
quently occurring components were oxygen inspi-
ration fractions (FiO2) of >0.35 in 343 subjects
(76.05%), hypoalbuminemia in 197 subjects
(43.68%), and acidosis in 73 subjects (16.19%).

To assess the validity of LIPS as a predictor of
ARDS, an analysis was performed using the ROC
curve. From the analysis using this curve, an area
under the ROC curve (AUC) value was 0.86 (95%
CI 0.81-0.91). This score had an AUC value in the
range of 0.80 to 0.90, which meant it was included
in both categories as a diagnostic tool. Based on
the analysis, the best cutoff point was at LIPS>5
(sensitivity 85.71%, specificity 80.77%, PPV
27.3%, and NPV 98.5%). Subjects were then
grouped into two groups based on LIPS: LIPS<5
and LIPS>5 (Table 3). From a cross tabulation
calculation, we obtained a relative risk of 18.6
(95% CI 7.4-46.77). This meant patients with
LIPS>5 had an ARDS risk of 18.6 times higher
than patients with LIPS<5. Based on ARDS fre-
quency data for each LIPS, a logistic regression
analysis was performed and we obtained an OR of
1.71 (95% CI 1.45-2.03). This showed that each
increase in LIPS was associated with an increase in
ARDS incidence of 1.7 times.

Discussion

The subjects in this study was never planned to
undergo a LIPS assessment. However, because this
scoring system was easily done using routine
available clinical data, this score could be applied
without significant difficulty. This is consistent
with one of the advantages of the LIPS. (7)

In this study, we obtained varied LIPS from 0 to
11.5. The mean LIPS was 3.4. The three most fre-
quent LIPS components present were oxygen in-
spirational fractions (FiO2) >0.35, hypoalbu-
minemia, and acidosis. Based on the LIPS compo-
nent, subjects with peripheral saturation <95%
amounted to 0.67%, but oxygen consumption of
more than 0.35 reached 76.05%. This can illustrate
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the use of excessive oxygen therapy in ICU.

We obtained an AUC value of 0.86 (95% CI 0.81-
0.91). This shows that the LIPS is a good diagnos-
tic tool to predict the incidence of ARDS. Based on
the ROC analysis, it is known that the best cutoff
point LIPS was >5. When compared with the re-
sults of previous studies, this study is in accord-
ance with the research of Trillo-Alvares, et al (9)
who reported that LIPS distinguished well from
ICU patients who developed ALI (AUC 0.84, 95%
CI 0.80-0.89). In the prospective cohort, LIPS per-
formed almost similar (AUC 0.84, 95% CI 0.77-
0.91).

Gajic, et al (7) concluded that LIPS was able to
distinguish patients with ALI (AUC 0.80, 95% CI
0.76-0.83). They also reported that the positive
likelihood ratios and negative likelihood ratios val-
ues for the occurrence of ALI were 3.1 (95% CI
2.9-3.4) and 0.4 (95% CI 0.3-0.5), with a sensitivi-
ty of 0.69 (0.64-0.74) and specificity 0.78 (0.77-
0.79).

Another cohort study by Levitt, et al (13) found
that LIPS had an AUC of 0.82 (95% CI 0.76-0.88).
A score of more than four has a sensitivity of 97%,
a specificity of 37%, a positive predictive value of
33%, and a negative predictive value of 97%. An-
other study obtained LIPS having an AUC of 0.883
(95% CI1 0.78-0.98). A LIPS of >3.5 predicted ALI
with a sensitivity of 73% and specificity of 95%.
(14)

Soto, et al (12) reported that the LIPS could be
used to predict ARDS and had an AUC of 0.7. A
LIPS of four or more had a PPV of 17%, sensitivi-
ty of 90%, specificity of 31%, and associated with
a fourfold increase in the incidence of ARDS (OR
4.17, 95% CI 2.26-7.72; AUC=0.60, 95% CI 0.57-
0.63).

Bauman, et al (11) study in postoperative ICU pa-
tients obtained an AUC of 0.79 (95% CI 0.74-0.84)
with a cutoff point of LIPS 7 to predict ARDS. Xu,
et al (15) reported that they obtained LIPS value of
5.25 with AUC 0.704 (95% CI 0.618-0.789), sensi-
tivity 62%, specificity 68%, PPV 0.4375, and NPV

138

0.8191. Xie, et al (16) reported that in ICU pa-
tients, they found that the predictive value of LIPS
was also low with an AUC of 0.77(95% CI 0.73-
0.81). Using 4 as the cutoff point of LIPS, the sen-
sitivity and specificity were 0.72 and 0.59, with
PPV and NPV of 0.37 and 0.87, respectively.
These varied results may be influenced by geo-
graphical or demographic factors. As we observed,
research carried out in the United States yields a
similar AUC value, an average of 0.8. Different
results were obtained in a study by Soto, et al (12)
who received an AUC of 0.7. Two other studies in
China produced an average AUC value of 0.74.
(15,16)

Logistic regression analysis with the incidence of
ARDS on various LIPS showed an OR of 1.7 (95%
CI 1.45-2.03). This shows that each increase in
LIPS is associated with an increase in the inci-
dence of ARDS by 1.7 times. This is supported by
the results of previous studies by two other studies.
Bauman, et al (11) found that with every increase
in LIPS there was an increase in ARDS tendency
(OR 1.5, 95%C, 1.34-1.67). Soto, et al (12) report-
ed that LIPS were associated with an increased
tendency for ARDS to occur (OR 1.31, 95% CI
1.21-1.42).

The major limitation of this study was that the sub-
jects of our study were heterogenous ICU-admitted
patients. Other limitation includes the retrospective
nature of this study. Future studies with a larger
number and more homogenous subjects are needed
in order to understand its exact role in predicting
ARDS.

Conclusion

LIPS is valid for predicting the incidence of ARDS
with AUC of 0.86 in ICU patients. The best cutoff
point is >5 with sensitivity 85.71% and specificity
80.77%. It can be used as a screening tool to iden-
tify those with high risk of developing ARDS.
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Table 1. Subjects’ characteristics

Variables n=451

Age (years), mean+SD 43.92 (12.46)

Sex

- Male, n (%) 241 (53.44)

- Female, n (%) 210 (46.56)

Patient group

- Surgical, n (%) 396 (87.8)

- Non surgical, n (%) 55(12.2)

Legend: SD:=standard deviation.

Table 2. Variables observed

Variables, n (%) n=451 Developed ARDS Not developed ARDS
LIPS, mean+SD 3.442.23 6+1.49 3.17+2.14
Shock 57 (12.64) 10 47
Aspiration 912 6 3
Sepsis 20 (4.43) 5 15
Pneumonia 29 (6.43) 11 18
Emergency surgery 31 (6.87) 4 26
- Orthopedic spine surgery 26 (5.67) 1 25
- Acute abdominal surgery 31 (6.87) 4 27
- Cardiac surgery 0 0 0

- Aortic vascular surgery 0 0 0
Traumatic brain injury 62 (13.75) |9 53
Smoke inhalation 0 0 0
Near drowning 0 0 0
Lung contusion 11 (2.44) 5 6
Multiple fractures 13 (2.88) 3 10
Alcohol abuse 0 0 0
Obesity 36 (7.98) 3 33
Hypoalbuminemia 197 (43.68) |19 178
Chemotherapy 22 (4.88) 1 21
Oxygen fraction given >0.35 343 (76.05) |35 308
Tachypnea 8 (1.77) 1 7
Peripheral oxygen saturation <95% |3 (0.67) 1 2
Acidosis 73 (16.19) 17 56
Diabetes mellitus in sepsis 6 (1.33) 3 3

Legend: LIPS=lung injury prediction score; SD=standard deviation; ARDS=acute respiratory distress syn-

drome.
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Table 3. Cross tabulation between LIPS and ARDS

LIPS ARDS, n (%) Total, n
No Yes

<5 336 (98.53%) |5 (1.47%) 341

>5 80 (72.73%) 30 (27.27%) 110

Total 416 35 451

Legend: LIPS=lung injury prediction score; ARDS=acute respiratory distress syndrome.

Figure 1. ROC curve: LIPS as a predictor of ARDS
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Legend: ROC=receiver operating characteristics; LIPS=lung injury prediction score; ARDS=acute respirato-
ry distress syndrome.
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