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We aimed to investigate the efficacy of four severity-of-disease scoring systems in predicting the 28-day survival rate among patients
with acute exacerbation of chronic obstructive pulmonary disease (AECOPD) requiring emergency care. Clinical data of patients
with AECOPD who required emergency care were recorded over 2 years. APACHE II, SAPS II, SOFA, and MEDS scores were
calculated from severity-of-disease indicators recorded at admission and compared between patients who died within 28 days of
admission (death group; 46 patients) and those who did not (survival group; 336 patients). Compared to the survival group, the
death group had a significantly higher GCS score, frequency of comorbidities including hypertension and heart failure, and age
(𝑃 < 0.05 for all). With all four systems, scores of age, gender, renal inadequacy, hypertension, coronary heart disease, heart failure,
arrhythmia, anemia, fracture leading to bedridden status, tumor, and the GCS were significantly higher in the death group than the
survival group.Theprediction efficacy of theAPACHE II and SAPS II scores was 88.4%.The survival rates did not differ significantly
between APACHE II and SAPS II (𝑃 = 1.519). Our results may guide triage for early identification of critically ill patients with
AECOPD in the emergency department.

1. Introduction

Early identification of patients at high risk for severe disease
or death enables clinicians to promptly initiate aggressive
treatment and thereby save lives. Many severity-of-disease
scoring systems have been developed to allow doctors to
quickly and simply identify patients requiring urgent care.
These systems use clinical data typically recorded at admis-
sion, like heart rate, blood data, and temperature, and the
scores yielded by these systems have prognostic value.

Acute Physiology and Chronic Health Evaluation
(APACHE) II is the most commonly used severity-of-disease
assessment system. It comprehensively reflects the disease

severity in critically ill patients and can predict patient
survival, prognosis, and hospitalization and medical costs, to
some extent. Although APACHE II is designed for intensive
care unit (ICU) patients and is mostly used for prognostic
evaluation of such patients, it is increasingly being used
for emergency department patients and has been proven
to yield excellent results for clinical prediction of sepsis in
these patients [1–4]. Recently, it has also gained popularity
for prognostic evaluation of systemic diseases [5]. Dynamic
trends of the APACHE II score reflect disease evolution,
enable timely clinical interventions, and guide amendments
in healthcare plans. However, this system is very complex
and has not been proven to correctly reflect the severity of
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disease in different affected organs in the case of multiorgan
disease. Additionally, it has low specificity, does not yield
exact quantitative assessments, and is not uniform or
standardizable [6]. On the other hand, the Simplified Acute
Physiology Score (SAPS) II system is simpler as it combines
the basic components of the APACHE scoring system with
logistic regression analysis. Recent reports show that the
SAPS II system can be used to evaluate the condition of
critically ill patients and predict mortality.

In 1996, Vincent et al. proposed the Sepsis-Related Organ
Failure Assessment (SOFA) system, which aims to contin-
uously reflect the dynamic development of multiorgan dys-
function syndrome, from mild to severe [7]. The SOFA score
may reflect the degree of organ dysfunction in patients with
severe disease and reportedly shows good correlation with
prognosis [8]. Although it was developed in relation to sepsis,
the system’s scope of application extends far beyond septic
shock. It has demonstrated value for assessing multiorgan
dysfunction syndrome induced by noninfectious causes, for
example, stem cell transplantation or burns [9]. Similarly,
the mortality in emergency department sepsis (MEDS) score
proposed by Shapiro et al. [10] is mostly used to assess the
risk of mortality in patients with sepsis in the emergency
department. The MEDS system is advantageous because it
includes few parameters and yields a fixed value; additionally,
its assessment of 28-day survival rate in patients at risk of
infection in the emergency room is very accurate [10, 11]. It
predicts this rate in patients with suspected infection, sepsis,
and severe sepsis and is useful for 1-year mortality assessment
in patients with suspected infection in the emergency room
[11–13].

With its high prevalence, morbidity, and mortality,
chronic obstructive pulmonary disease (COPD) imposes an
increasing economic and social burden worldwide. Acute
exacerbation is an important factor related to the mortality
associated with COPD, and it causes intractable problems
for clinical treatment. A study showed that over the course
of a year, about 57% COPD patients required emergency
treatment and 13% COPD patients required over 6 visits to
the emergency department [14]. It is known that critically ill
patients in the emergency department have a high mortality
rate [15], and a study reported that acute exacerbation of
COPD (AECOPD) accounted for 22.14% (441 cases) of 1992
such patients.

To our knowledge, no previous study has been conducted
to identify the ideal system to triage patients with AECOPD
requiring emergency care. Thus, the present study aimed to
examine the efficacy of the four abovementioned severity-of-
disease scoring systems in predicting the 28-day survival rate
in patients with AECOPD. Our findings may guide special
rescue strategies in order to prevent early mortality among
such patients in the emergency department.

2. Materials and Methods

2.1. Study Site and Patient Recruitment. We prospectively
analyzed patients with AECOPD who were admitted to
the intensive care unit of the emergency department of
Xuanwu Hospital, the Capital Medical University, between

October 2012 and 2014. We included (1) all patients who
met the diagnostic criteria for COPD [16] and (2) those with
AECOPD (3) who were in a critical condition and needed
emergency diagnosis and intensive care treatment [16]. The
exclusion criteria were (1) bronchial asthma, community-
acquired pneumonia, bronchiectasis or interstitial lung dis-
ease, and other respiratory system diseases; (2) grave ill-
ness not requiring emergency intensive care treatment; (3)
incomplete information; (4) and refusal to participate or
nonprovision of signed informed consent. This study was
approved by the ethics committee of Xuanwu Hospital, and
all clinical investigations have been conducted according to
the principles expressed in the Declaration of Helsinki. All
participants provided signed informed consent. The patient
records/information was anonymized and deidentified prior
to analysis (Figure 1).

2.2. Collection of Blood Samples and Patient Data. The start-
ing point of patient follow-up was the point of admission for
emergency intensive care, and the end point was 28 days after
admission. The 28-day survival rate represents the number
of patients who were alive at the end point. Similarly, the
starting point of observation was the AECOPD event, and
the end point was death within 28 days (all-cause mortality).
For follow-up of patients who left the hospital, a specialist
contacted them on the telephone at the end point. Patient
data, including name, gender, age, height, weight, body
mass index, Glasgow coma scale (GCS) score, and medical
history, were recorded in detail. Before any intervention was
performed, vital signs were recorded, and routine blood
examination, including clotting function, blood gas analysis,
and biochemical parameters, was conducted; additionally, C-
reactive protein levels were determined.The four severity-of-
disease indicators were calculated at 24 h after admission to
the hospital, that is, APACHE II, SAPS II, SOFA, and MEDS
scores.

2.3. Statistical Analysis. Demographic and clinical character-
istics are presented asmean± SD for continuous variables and
as frequencies for categorical variables. Continuous variables
were compared using t-tests or the Mann-Whitney U test,
and categorical variables were compared using 𝜒2 tests or the
Fisher exact test. Patients were divided into the death and
survival groups depending on their outcomes at 28 days after
admission to the intensive care unit of the emergency depart-
ment. Student’s t-tests and analysis of covariance were used
to compare the four severity-of-disease indicators among
groups. Multivariate logistic regression was used to compare
parameters between the death and survival groups, including
variables that differed significantly between the groups at
the baseline and the scores of the four severity-of-disease
indicators. Confounders were included in the multivariate
logistic regression using the backward stepwise method if the
𝑃 value was equal to or less than 0.05.

To avoid overlap in the same regression model, which
could result in collinearity between the variables, logistic
regression models including each scoring method and base-
line variables were established, and variables were selected
using the backward stepwise regression method.
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Figure 1: Flow chart of inclusion and recruitment workup (APACHE II: Acute Physiology and Chronic Health Evaluation; SAPS II: the
Simplified Acute Physiology Score II; SOFA: Sepsis-Related Organ Failure Assessment; MEDS: mortality in emergency department sepsis).

Receiver operating characteristic (ROC) curves were
drawn using the outcomes to indicate significant differences
in the four severity-of-disease indicators between groups.
Further, the area under the ROC curve (AUC) was compared
among the scoring methods. All significance tests were two-
sided, and 𝑃 values < 0.05 were considered statistically
significant. Analyses were conducted using SPSS statistical
software version 20.0 (SPSS Inc., Chicago, Illinois, USA).

3. Results

3.1. Clinical Data of Patients with AECOPD in the Survival
andDeathGroups. A total of 426 patients withAECOPDmet
the criteria for receiving emergency intensive care. However,
44 patients were lost to follow-up (follow-up rate = 89.7%),
and 382 patients were finally included in the study. Forty-six
patients (26 men and 20 women; average age, 77.43 ± 10.96

years; age range, 46–90 years) were included in the death
group: 39 died during hospitalization, while 7 died after
leaving the hospital (all within 28 days of emergency hospi-
talization for AECOPD), and the mortality rate was 12.04%.
The survival group comprised 336 patients (214 men and
122 women; average age, 62.80 ± 14.16 years; range, 36–94
years). Table 1 shows a comparison of clinical data between
the survival and death groups. Compared to patients in the
survival group, those in the death group had a significantly
higher GCS score and frequency of comorbidities including
hypertension, coronary heart disease, heart failure, arrhyth-
mia, anemia, fracture leading to bedridden status, and tumor
and were older (𝑃 < 0.05 for all).

3.2. Comparison of Severity-of-Disease Indicators between
the Survival and Death Groups of Patients with AECOPD.
Univariate analysis show that, compared to the survival
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Table 2: Comparison of severity-of-disease indicators between the survival and death groups of patients with AECOPD.

𝑁 APACHE II score SAPS II score SOFA score MEDS score
Survival group 336 12.8 ± 3.2 24.0 ± 6.7 6.9 ± 4.4 1.77 ± 1.64
Death group 46 19.7 ± 5.2 37.0 ± 10.4 8.9 ± 5.8 3.52 ± 2.97
𝑃 value# <0.001 <0.001 0.055 0.011
𝑃 value∗ <0.001 <0.001 0.028 <0.001
#
𝑃 value for t-tests; ∗𝑃 value for analysis of covariance model including age, gender, renal inadequacy, hypertension, coronary heart disease, heart failure,
arrhythmia, anemia, fracture leading to bedridden status, tumor, and GCS score.

group, the death group showed significantly higher APACHE
II (𝑃 < 0.001), SAPS II (𝑃 < 0.001), and MEDS scores
(𝑃 = 0.011). However, no significant differences were found
in the SOFA score between the groups (𝑃 = 0.055). Analysis
of covariance including age, gender, renal inadequacy, hyper-
tension, coronary heart disease, heart failure, arrhythmia,
anemia, fracture leading to bedridden status, tumor, and
GCS scores showed significantly higher scores in the death
group compared to the survival group for the four severity-
of-disease indicators. Additionally, they were all significantly
different between the groups (Table 2).

3.3. Logistic Regression Analysis of Severity-of-Disease Scoring
Systems for Predicting 28-Day Survival Rate. Table 3 shows
the results of logistic regression analysis of the four severity-
of-disease scoring systems. Models I and II showed that the
APACHE II and SAPS II scores, with AUCs of 89.9% and
86.2%, respectively, significantly influence 28-day survival
(𝑃 < 0.001 for both). In other words, both APACHE II and
SAPS II scores had individual predictive value for 28-day
survival in patients with AECOPD. Model IV also showed
that the APACHE II (𝑃 < 0.001) and SAPS II scores (𝑃 <
0.001) had similar predictive power for 28-day survival, with
a mean AUC of 88.4%.

3.4. Use of ROC Curves for Predicting 28-Day Survival Rate of
Patients with AECOPD. The AUCs of Model I and Model II
were 0.899 ± 0.030 (95% CI, 0.856–0.942) and 0.862 ± 0.043
(95% CI, 0.811–0.912), respectively, and these values showed
a significant difference (𝑃 < 0.001). The best threshold
value of the APACHE II score for predicting prognosis was
17 points, and its sensitivity and specificity were 69.6% and
91.7%, respectively. For patients with AECOPD requiring
emergency critical care, those with APACHE II scores ≥ 17
showed a 28-day survival rate of 56.76%. In terms of the SAPS
II score, the best threshold value for predicting prognosis
was 32 points, and its sensitivity and specificity were 83.9%
and 91.1%, respectively. For patients with SAPS II scores ≥ 32
points, the 28-day survival rate was 52.78%. Thus, although
the AUC of Model II was lower than that of Model I, the
ability of these indexes to predict the 28-day survival rate
was similar and showed no significant difference (𝑃 = 1.519)
(Figure 2, Table 4).

4. Discussion

Emergency departments care for a large number of patients
on a daily basis. Clinical manifestations greatly influence the

Model I
Model II
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Figure 2: ROC curves of APACHE II and SAPS II scores predicting
the 28-day survival rate.

assessment of critically ill patients, and patients are mostly
assessed on the basis of doctors’ subjective knowledge and
experience. Doctors often pay more attention to apparently
severe conditions and may easily overlook patients whose
clinical manifestations are mild at first but rapidly deteriorate
to alarming severity. Therefore, a systematic and scientific
approach for patient examination is essential in order to
ensure timely and appropriate treatment for critically ill
patientswith atypical clinicalmanifestations. AECOPDposes
a major challenge for emergency doctors in China given
the high incidence and mortality rate of this condition and
the fact that most critically ill patients with AECOPD in
China seek treatment in the emergency department. Despite
this, most studies conducted to date regarding the prognosis
of patients with AECOPD have been conducted in the
respiratory department or respiratory ICU [17, 18]. To our
knowledge, the present study is the first to analyze the
early prognosis of patients with AECOPD in the emergency
department.

Our results showed that, compared to the patients in
the survival group, those in the death group had a signif-
icantly higher GCS score and frequency of comorbidities
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Table 3: Logistic regression analysis of the four severity-of-disease scoring methods.

Variable 𝑃 value Adjusted OR 95% CI of adjusted OR AUC
Lower Upper

Model I

APACHE II <0.001 1.526 1.298 1.795

0.899Age 0.046 1.071 1.001 1.146
Coronary heart disease 0.001 11.420 2.779 46.938

Heart failure <0.001 16.666 4.293 64.708

Model II
SAPS II <0.001 1.315 1.195 1.446

0.862Coronary heart disease <0.001 20.018 4.913 98.664
Heart failure <0.001 13.408 3.566 50.417

Model III

AGE 0.031 1.067 1.006 1.132

0.661
Hypertension 0.008 12.810 1.954 83.999
Heart failure <0.001 19.187 5.302 69.432

Fracture keeping in bed 0.040 11.796 1.126 123.588
GCS scores <0.001 0.656 0.498 0.865

Model IV

GCS scores <0.001 0.562 0.434 0.737

0.703AGE 0.031 1.067 1.006 1.132
Heart failure <0.001 57.591 9.286 359.653

Tumor 0.017 17.304 2.548 >999

Model V

APACHE II <0.001 1.316 1.195 1.447

0.884SAPS II <0.001 1.305 1.186 1.435
Coronary heart disease <0.001 22.018 4.913 98.664

Heart failure <0.001 13.408 3.566 50.417
Model I included age, gender, renal inadequacy, hypertension, coronary heart disease, heart failure, arrhythmia, anemia, fracture leading to bedridden status,
tumor, and GCS and APACHE II scores; Model II included age, gender, renal inadequacy, hypertension, coronary heart disease, heart failure, arrhythmia,
anemia, fracture leading to bedridden status, tumor, and GCS and SAPS II scores; Model III included age, gender, renal inadequacy, hypertension, coronary
heart disease, heart failure, arrhythmia, anemia, fracture leading to bedridden status, tumor, and GCS and SOFA scores; Model IV included age, gender, renal
inadequacy, hypertension, coronary heart disease, heart failure, arrhythmia, anemia, fracture leading to bedridden status, tumor, and GCS and MEDS scores;
Model V included age, gender, renal inadequacy, hypertension, coronary heart disease, heart failure, arrhythmia, anemia, fracture leading to bedridden status,
tumor, GCS and APACHE II scores, and SAPS II; AUC, area under ROC curve; OR, odds ratios; CI, confidence interval.

Table 4: Comparison of the ROC areas of the APACHE II and
SAPS II scores and their ability to predict the 28-day survival rate
in patients with AECOPD requiring emergency critical care.

AUC SE 95% CI
𝑍 statistics 𝑃 value

Lower Upper
Model I 0.899 0.030 0.856 0.942

−0.706 1.519
Model II 0.862 0.043 0.811 0.912
Model I included APACHE II scores, age, coronary heart disease, and heart
failure; Model II included SAPS II, coronary heart disease, and heart failure;
CI, confidence interval; SAPS, Simplified Acute Physiology Score; APACHE,
Acute Physiology andChronicHealth Evaluation II; SE, standard error,AUC,
area under the receiver operating characteristic curve.

including hypertension, coronary heart disease, heart failure,
arrhythmia, anemia, fracture leading to bedridden status,
and tumor and were older (𝑃 < 0.05 for all). Thus, these
factors seem to be important predictors of the 28-day survival
rate among patients with AECOPD who seek emergency
intensive care. Further, compared to the survival group, the
death group had significantly higher APACHE II, SAPS II,
SOFA, and MEDS scores. These findings confirmed that
four scores are useful for prognosis prediction in critically
ill patients with AECOPD in the emergency department
and are consistent with those of previous studies [2, 19].

As confirmed in our study as well, most previous studies
showed that the APACHE II and SAPS II scoring systems
have similar capabilities for assessing disease severity and
prognosis in ICU patients [20–24]. However, some studies
found that SAPS II is superior to APACHE II [25], while
others reported the opposite [26]. We believe that these
reported differences in the systems are unlikely to reflect
actual differences in prognostic ability; rather, they could
stem from differences in candidate groups tested. A recent
systematic review noted that, for ICU patients at admission,
the SOFA score was equally effective for mortality prediction
as the SAPS II score but was slightly inferior to the APACHE
II/III score. Contrary to our findings, it also found that the
sequential SOFA score is as effective as other model scores
and that a combination of various models can significantly
improve mortality prediction [19]. The survival of critically
ill patients is closely related to the presence of multiple organ
damage, and systematic monitoring of the SOFA score allows
identification of patients with organ damage and provides
real-time feedback on the effects of treatment. It is also the
only system that can reflect the degree of organ damage.
However, the clinical features of patients with AECOPD vary
greatly and differ from those of critically ill patients with
multiple organ failure. Therefore, the SOFA score is unable
to reflect the severity of AECOPD in the early stage and is
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not suitable for assessment of early prognosis in patients with
AECOPD.

Binary logistic regression analysis of the 28-day survival
rate in the present study showed that the APACHE II and
SAPS II scores significantly predict mortality (𝑃 < 0.05). The
AUC of the APACHE II score was 0.899, while that of the
SAPS II score was 0.862.

Additionally, the 28-day survival rate of critically ill
patientswithAPACHE II scores≥ 17 pointswas 56.76%,while
that of patients with SAPS II scores ≥ 32 points was 52.78%.
Thus, these two methods showed similarly good ability for
predicting prognosis in critically ill patients with AECOPD
in the emergency department.

Our study has some limitations: it included patients from
a single center, and the sample size was small. Nonetheless, on
the basis of our findings, we concluded that both APACHE
II and SAPS II systems are useful for triage of patients with
AECOPD who seek emergency care. Patients with AECOPD
who have APACHE II scores ≥ 17 or SAPS II scores ≥
32 points have a high mortality risk and should receive
urgent attention. If possible, they should receive care in the
respiratory ICU. Additionally, we believe that their survival
rate may improve if their antibiotic therapy is adjusted
to account for bacterial resistance, their fluid balance and
nutrition are constantly monitored, any complications and
comorbidities are identified and treated, and indications for
mechanical ventilation are carefully observed.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Zhihong Feng andTaoWang contributed equally to the study.

Acknowledgments

This study was supported by projects of the Basic-Clinical
Research Cooperation Issues of Capital Medical University
(no. 17JL90).

References

[1] A. E. Jones, M. T. Fitch, and J. A. Kline, “Operational perfor-
mance of validated physiologic scoring systems for predicting
in-hospital mortality among critically ill emergency depart-
ment patients,” Critical Care Medicine, vol. 33, no. 5, pp. 974–
978, 2005.

[2] M. A. Tehewy, M. E. Houssinie, N. A. E. Ezz, M. Abdelkhalik,
and S. E. Damaty, “Developing severity adjusted quality mea-
sures for intensive care units,” International Journal of Health
Care Quality Assurance, vol. 23, no. 3, pp. 277–286, 2010.

[3] D. V. Friedericksen, L. Van derMerwe, T. L. Hattingh, D. G. Nel,
and M. R. Moosa, “Acute renal failure in the medical ICU still
predictive of highmortality,” South AfricanMedical Journal, vol.
99, pp. 873–875, 2009.

[4] K. J. Eagye, D. P. Nicolau, and J. L. Kuti, “Impact of superin-
fection on hospital length of stay and costs in patients with

Ventilator-associated pneumonia,” Seminars in Respiratory and
Critical Care Medicine, vol. 30, no. 1, pp. 116–123, 2009.

[5] H. Hassanian-Moghaddam, H. Amiri, N. Zamani, M. Rahimi,
S. Shadnia, and M. Taherkhani, “QT dispersion and prognos-
tication of the outcome in acute cardiotoxicities: a comparison
with SAPS II and APACHE II scoring systems,” Cardiovascular
Toxicology, vol. 14, no. 2, pp. 129–133, 2014.

[6] B. J. Reeder and M. T. Wilson, “Hemoglobin and myoglobin
associated oxidative stress: from molecular mechanisms to
disease states,” Current Medicinal Chemistry, vol. 12, no. 23, pp.
2741–2751, 2005.

[7] J.-L. Vincent, R. Moreno, J. Takala et al., “The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ
dysfunction/failure,” Intensive Care Medicine, vol. 22, no. 7, pp.
707–710, 1996.
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