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ABSTRACT

Purpose: To establish a model to predict the risk of acute
respiratory distress syndrome (ARDS) after cardiac surgery.

Methods: Data were collected on 132 ARDS patients,
who received valvular or coronary artery bypass grafting sur-
gery from January 2009 to December 2019. We developed
the prediction model by multivariable logistic regression.
Then, we used the coefficients for developing a nomogram
that predicts ARDS occurrence. Internal validation was per-
formed using resampling techniques to evaluate and optimize
the model.

Results: All variables fit into the model, including albumin
level before surgery (odds ratio [OR]: 0.96; 95% confidence
interval [CI]: 0.92, 0.99; P = .01), cardiopulmonary bypass
time (OR: 1.01; 95% CI: 1.00, 1.02; P = .02), APACHE II
after surgery (OR: 1.21; 95% CI: 1.13, 1.29; P < .001), and
history of diabetes (OR: 2.31; 95% CI: 1.88, 3.87; P < .001);
these were considered to build the nomogram. The score dis-
tinguished ARDS patients from non-ARDS patients with an
AUC of 0.785 (95% CI: 0.740, 0.830) and was well calibrated
(Hosmer-Lemeshow P = .53).

Conclusions: Our developed model predicted ARDS in
patients undergoing cardiac surgery and may serve as a tool for
identifying patients at high risk for ARDS after cardiac surgery.

INTRODUCTION

Acute respiratory distress syndrome (ARDS) seriously
affects the prognosis of patients undergoing cardiac sur-
gery, and it is associated with a mortality rate as high as 40%
[Milot 2001; K. S. 2011; Kogan 2014]. Despite several years
of research, effective treatments for ARDS still are relatively
limited, and they include lung protective mechanical ventila-
tion, fluid management, glucocorticoid administration, and
other organ function maintenance measures [Forel 2012;
Emir 2015; Grissom 2015]. Therefore, current research on
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ARDS is focused on early detection and effective measures to
prevent its occurrence and improve the prognosis of patients
[Rubenfeld 2015]. The incidence and mortality of ARDS can
be reduced by identifying the risk factors and establishing a
lung injury prediction score (LIPS), allowing us to identify
early high-risk patients with ARDS and take preventive mea-
sures before ARDS occurrence [Beitler 2014]. Thus far, there
are only a few studies on the establishment of LIPS. The out-
come of cardiac surgery significantly depends on the type of
operation, operation process, blood transfusion during the
operation, and postoperative factors, all of which can influ-
ence ARDS occurrence. To the best of our knowledge, no
LIPS is specifically used to predict the occurrence of ARDS
after cardiac surgery. Our study aimed at identifying high-risk
ARDS patients early to assist clinicians in decision-making
and take early preventive measures.

METHODS

Study population: Data from the department of cardiac
surgery of our hospital were obtained for all patients who
received valvular or coronary artery bypass grafting (CABG)
surgery between 2009 and 2019. The research coordinators
screened all patients for ARDS defined similarly to the Berlin
Definition of ARDS [ARDS Definition Task Force 2012].
Chest radiography results were reviewed by two physicians.
Any disagreement was resolved after discussion with a third
physician for arbitration. All physicians underwent a consen-
sus training session on the radiologic criteria for ARDS. All
were blinded to the clinical status of the patients and the pres-
ence of other ARDS criteria. Data collected for each patient
are shown in the next section. Patients with missing data
were excluded from the analysis. Overall, 132 patients were
included in the ARDS group. We selected all patients with
the same sex and age who received valvular or CABG surgery
in the same year to match each ARDS patient. We randomly
selected five patients from all these candidates using a random
number table in the same year. As a result, 660 patients were
enrolled into the contrast group. Before enrolling into the
study, approval of the local ethics committee was obtained
(No. 20141103), and the study protocol was registered on
www.Clinical Trial.gov (Clinical Trial.gov IDNCT02759770).

Measurement variables: Variables were chosen based on
a previous literature review of risk factors for ARDS and
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Table 1. Baseline patients’ characteristics and univariable

analysis predicting ARDS

ARDS group Contrast group P
N 132 660
Age (years) 62.56 + 12.65 61.02 + 11.74 74
BMI 24.21 + 3.67 24.59 +3.26 233
HGB before, g/L 125.22 +23.50 133.73 £21.00  <.001
ALB before, g/L 37.98 + 7.37 40.70 + 6.22 <.001
EuroSCORE 3.46 £ 1.74 2.65+1.70 479
Operation time, hrs 5.11+1.80 4.20 + 1.09 <.001
CPB time, min 99.50 (0.00-170.00)  0.00 (0.00-84.25) <.001
Artery clamping time, 0.00
i v camping 5750 000-10675) o0 ngy <001
Blood loss, ml 800.00 600.00 <.001
(500.00-1000.00)  (400.00-800.00)
Transfusion red blood 600.00 400.00 <001
cell, ml (300.00-800.00) (200.00-600.00)
Transfusion plasma, ml 0.00 (0.00-400.00)  0.00 (0.00-0.00) <.001
Transfusion platelet, ml 0.00 (0.00-0.00)  0.00 (0.00-0.00) .448
APACHE Il 18.92 + 4.53 16.17 + 3.00 <.001
Gender - - 459
Male 84 (63.64%) 442 (66.97%)
Female 48 (36.36%) 218 (33.03%)
Smoking - - .013
No 82 (62.12%) 481 (72.88%)
Yes 50 (37.88%) 179 (27.12%)
History of hypertension - - .823
No 72 (54.55%) 367 (55.61%)
Yes 60 (45.45%) 293 (44.39%)
History of cardiac ) i 055
surgery
No 126 (95.45%) 648 (98.18%)
Yes 6 (4.55%) 12 (1.82%)
History of diabetes - - .002
No 93 (70.45%) 543 (82.27%)
Yes 39 (29.55%) 17 (17.73%)
History of COPD - - <.001
No 124 (93.94%) 651 (98.64%)
Yes 8 (6.06%) 9 (1.36%)
History of AMI - - 37
No 91 (68.94%) 496 (75.15%)
Yes 41 (31.06%) 164 (24.85%)
Operation position - - <.001

Valve or CABG
Valve + CABG
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104 (78.79%)
28 (21.21%)

633 (95.91%)
27 (4.09%)

Table 2. Multivariable analysis predicting ARDS

Statistics OR (95%Cl) P

HGB before, g/L 132.31 + 21.66 0.99 (0.98, 1.00)  .1889
ALB before, g/L 40.25 + 6.50 0.96 (0.92,0.99) .0082
Operation time, hours 4.36 + 1.28 1.05 (0.83, 1.31)  .6930
) ) 0.00 (0.00-
CPB time, min 1.01 (1.00, 1.02)  .0221
100.00)
Artery clamping time,
) 0.00 (0.00-62.00) 0.99 (0.98, 1.01)  .3628
min
600.00
Blood loss, ml 1.00 (1.00, 1.00)  .1378
(400.00-862.50)
Transfusi | 400.
ransfusion red blood 00.00 1.00 (1.00, 1.00) 0003
cell, ml (200.00-600.00)
) 0.00
Transfusion plasma, ml 1.00 (1.00, 1.00)  .6032
(0.00-200.00)
APACHE Il 16.63 + 3.46 1.21 (113, 1.29)  <.0001
Smoking - - 1035
No 563 (71.09%) 1.0
Yes 229 (28.91%) 1.51 (0.92, 2.48)
History of diabetes - - .0015
No 636 (80.30%) 1.0
Yes 156 (19.70%) 2.31 (1.88, 3.87)
History of COPD - - 3372
No 775 (97.85%) 1.0
Yes 17 (2.15%) 1.83 (0.53, 6.24)
Operation position - - .5992
Valve or CABG 737 (93.06%) 1.0

Valve + CABG 55 (6.94%) 1.51 (0.65, 3.48)

additional risk factors for acute lung injury, due to other
causes. Preoperative, operative, and postoperative variables
were collected. Preoperative factors included age, sex, smok-
ing status (whether the patient smoked during the recent one
year or not), body mass index (BMI), history of acute myocar-
dial infarction (AMI), cardiac surgery, hypertension, diabetes,
chronic obstructive pulmonary disease (COPD), and levels
of albumin (ALB) and hemoglobin (HGB) before surgery
and EuroSCORE [Nashef 1999]. Operative factors included
operation position, operation time, cardiopulmonary bypass
(CPB) time, aortic clamping time, blood loss, and transfu-
sion. Postoperative factors included the Acute Physiology and
Chronic Health Evaluation II (APACHE II) score (calculated
at the time of first day after surgery) and incubation time.
Statistical analysis: Categorical variables are reported
as frequencies and proportions and continuous variables as
mean (standard deviation) or median (interquartile range
[IQR]). Unadjusted associations between the covariates and
primary outcome were evaluated using %’ tests for categori-
cal data, the t test for normally distributed variables, and the
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Figure 1. Nomogram for the prediction of acute respiratory distress syn-
drome (ARDS) after cardiac surgery, based on a multivariable model.
Instructions: The patient’s APACHE Il points are located on the cor-
responding axis, and a straight line is drawn downward to the points
axis to determine the number of points accumulated for the APACHE I
score toward the probability of ARDS. This process is repeated for each
variable, and the total number of points for all predictors is located on
the points axis. A straight line is then drawn upward to determine the
probability of ARDS in the patient.

Kruskal-Wallis test for nonparametric variables. Significant
variables selected from the previous step were included in
multivariable logistic regression and were then used to con-
struct the model. Finally, we developed the prediction model
using the entire data set. Internal validation of the model
was performed using resampling (bootstrapping = 500) tech-
niques to evaluate the performance and optimize the devel-
oped model. To assess the discriminatory power of our model,
the area under the receiver-operating characteristic curve
(AUCQ) of the prediction scale was determined. The threshold
score providing the best combination of sensitivity and speci-
ficity was determined by AUC analysis. Model calibration was
assessed by using the Hosmer-Lemeshow test.

Statistical analyses were performed with the statistical
software package R (http://www.R-project.org, The R foun-
dation) and EmpowerStats (http://www.empowerstats.com,
X&Y solutions, Inc., Boston, MA, USA). A two-sided signifi-
cance level of 0.05 was used to evaluate statistical significance.

RESULTS

Baseline characteristics of the patients and univariable
analysis predicting ARDS: Descriptive characteristics for the
overall population are listed in Table 1. HGB and ALB levels
before surgery in the ARDS group were lower than those in
the contrast group. Operation time, CPB time, and artery
clamping time were longer in the ARDS group than the con-
trast group. Both the amount of blood loss and transfusion red
blood cell and plasma were much higher in the ARDS group
than the contrast group. APACHE II score after surgery in
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Figure 2. Receiver operating characteristic curves for acute respiratory
distress syndrome (ARDS) development.

the ARDS group was higher than that in the contrast group.
There were more smokers in the ARDS group than the con-
trast group, and more ARDS patients had a history of diabetes
and COPD. More patients in the ARDS group (21%) had a
combined surgery than the contrast group (4%).

Multi-variable analysis predicting ARDS: The role of
HGB, ALB, operation time, CPB time, artery clamping time,
blood loss, transfusion red blood cell, transfusion plasma,
APACHE II score, smoking status, history of diabetes and
COPD, and operation position were subjected to mult-
variable analysis (Table 2). Covariates were then excluded,
according to their statistical significance. Eventually, ALB
level before surgery, history of diabetes, CPB time, and
APACHE II score were the candidate variables. We used the
most parsimonious model based on the statistically significant
effect of the variables included.

Sensitivity analyses: Coefficients from the multivariable
analysis were utilized to build a nomogram for predicting
significant ARDS (Figure 1). Discrimination of the ARDS
score was evaluated by analysis of the AUC, which was found
to be 0.785 (95% confidence interval: 0.76-0.84) (Figure 2).
The prediction model also was well calibrated (Hosmer—

Lemeshow P = .53).

ARDS is a form of noncardiogenic pulmonary edema, due
to alveolar injury secondary to inflammation, that is mani-
fested clinically by the acute onset of bilateral infiltrates (vis-
ible on chest radiograph) and arterial hypoxemia [ARDS
Definition Task Force 2012; Sweeney 2016]. Aspiration,
sepsis, trauma, shock, and infection are common causes of
ARDS. Since cardiac surgery also is associated with these
phenomena, there is also a high risk of ARDS after cardiac
surgery. Indeed so, ARDS has been reported in 0.4-2.5%
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cases after cardiac surgery, and it is associated with a mor-
tality of 15-68.4% [Milot 2001; Michalopoulos 2006; Kogan
2014]. Postoperative ARDS is associated with an increase in
in-hospital mortality and duration of stay in intensive care
and hospital [Dowdy 2006; Wilcox 2010].

Several studies have been conducted to identify the risk
factors of ARDS after its definition in 1973. These include
previous cardiac surgery [Milot 2001; Kogan 2014], diabetes
mellitus [Kor 2011; Tamayo 2012], COPD [Kaul 1998; Kor
2011], gastroesophageal reflux disease [Kor 2011], recent ciga-
rette smoking [Kogan 2014], complex cardiac surgery [Kogan
2014] and transfusion [Vlaar 2011; Kogan 2014], blood loss
[Tamayo 2012] during surgery, and increased CPB time
[Christenson 1996; Tamayo 2012]. We could collect informa-
tion on all these factors in our study except gastroesophageal
reflux disease, since there were only four (0.51%) patients
admitted, according to their medical records. Moreover, we
also found evidence of preoperative nutritional status, includ-
ing ALB and HGB levels, as risk factors from our data collec-
tion. Since EuroSCORE is one of the most widely used sys-
tems for assessing early mortality in cardiac surgical patients,
it was included into our variables. Among the many inten-
sive care unit (ICU) scoring systems, APACHE II is the most
commonly used severity-of-disease scoring system in ICUs
worldwide [Salluh 2014]. We added APACHE 1II score to our
prediction model to evaluate the patient’s state after surgery.

"To the best of our knowledge, several prediction models
have been created for the risk of ARDS/acute lung injury
[Wilcox 2010; Trillo-Alvarez 2011; Elie-Turenne 2012].
Alvarez et al performed research on adult ICU patients, and
their model was externally validated using another cohort
population (AUC 0.840). A second study included patients
admitted to the emergency department, similar to the previ-
ous study, and the model used in this study was used to evalu-
ate the risk of ARDS (AUC 0.797). Kor et al carried out a
study that included patients who underwent cardiac surgery
and other high-risk operations, including vascular surgery
and thoracic surgery, and their prediction model outper-
formed the original score (AUC 0.840). Nevertheless, opera-
tive and postoperative factors were not analyzed. CABG and
valve surgery are the most common procedures performed for
cardiac surgery. These two types of surgery were included in
our study to reduce patient selection bias. To the best of our
knowledge, ours is the first nomogram to evaluate the risk
of ARDS after cardiac surgery and is more concise than the
above-mentioned ones. Our model included four variables:
diabetes, ALB level before surgery, CPB time, and APACHE
IT score. Thus, our model evaluated the development of
ARDS considering preoperative, intraoperative, and postop-
erative factors with the AUC as 0.785; it also was well cali-
brated (Hosmer-Lemeshow P =.53).

Previous retrospective studies have shown conflicting
results, regarding ARDS development in patients with dia-
betes. Some studies showed that patients with diabetes had
a decreased incidence of ARDS [Moss 2000; Gong 2005;
Honiden 2009]. Diabetes may have a potential immunomod-
ulatory effect. However, insulin therapy in diabetes patients
could also act as a confounding factor because the protective
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effect seen in diabetes patients could also be because of the
insulin therapy those patients were receiving [Honiden
2009]. Preclinical studies have demonstrated the protective
benefits of insulin therapy in lung injury secondary to trauma
[Donnelly 2007] and when used to maintain euglycemia in
ARDS secondary to endotoxemia [Chen 2006]. In contrast,
some studies, including ours, reported that diabetes is asso-
ciated with the development of ARDS [Tamayo 2012; Kor
2011]. Boyle et al. [Boyle 2018] carried out a global, mul-
ticenter, prospective, observational study to clarify the asso-
ciation between diabetes and ARDS recently. Their results
showed no association between diabetes and outcomes of
ARDS. Their study included inhalational injury, pulmonary
contusion, pulmonary vasculitis, and drowning, alongside gas-
tric aspiration and pneumonia, as direct risk factors. Surgical
factors, especially cardiac surgery, were not included, which
may explain the difference in results to some extent between
their study and ours. The association between diabetes and
ARDS among cardiac surgery patients needs to be confirmed
by larger-scale multicenter studies and basic research.

Low ALB level may indicate a poor nutritional status of
patients. Hypoproteinemia also affects the patient's colloidal
osmotic pressure, promotes pulmonary edema, and affects the
patient's oxygenation capacity. Moreover, a study showed that
low ALB level is a predictor for ARDS after abdominal sur-
gery [Bingzheng 2019]. Our research confirmed this result.

Increased CPB time during surgery was a risk factor for
ARDS, which was confirmed in another study [Tamayo 2012].
"Two hypotheses can be proposed regarding the mechanism of
CPB causing ARDS. One is ischemia of the lung during CPB.
Ischemia-reperfusion of the lungs stimulates an inflammatory
response, thereby damaging the lungs [Schlensak 2001; Kogan
2014]. The other hypothesis is related to systemic inflamma-
tory response syndrome (SIRS) [Davies 1997]. When blood
contacts the extracorporeal circulation device and prot-
amine neutralizes heparin, they activate the SIRS pathway
[Warltier 2002], which leads to the swelling of lung epithe-
lial cells, leaking of protein into the lung interstitium, and
increase in hydrolase level, which eventually leads to alveolar
consolidation [Edmunds 1995].

The limitation of our study is the use of internal validation,
which was performed using resampling techniques to evalu-
ate the performance of and to optimize the developed model.
Internal validation has less power than external validation
using a prospective population. As a result, additional pro-
spective studies are required to further evaluate our model.

We used a nomogram to predict the risk of ARDS among
cardiac surgery patients, including diabetes, ALB level before
surgery, CPB time, and APACHE II score. We can use the
above variables of cardiac surgery patients to evaluate their
risk of ARDS, and then we can take preventive measures early
and pay more attention to patients with these risk factors. Our
prediction model is more concise than other methods, with-
out any loss in predictive power, since other models needed
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to separately calculate the score, according to the variable
and then obtain the total score to evaluate the risk of ARDS.
However, our prediction model simply uses a nomogram,
which is more convenient and accurate.
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