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Abstract: Background and Objectives: Data on the prognosis of hypercapnic respiratory failure
(HRF) are limited, despite existing studies focusing on its causes and association with mortality. This
study aimed to evaluate prognostic factors influencing long-term survival in patients with HRF due
to chronic obstructive pulmonary disease (COPD) and to assess the effectiveness of the Age-adjusted
Dyspnea, Eosinopenia, Consolidation, Acidemia and Atrial Fibrillation (A-DECAF) score. Materials
and Methods: This retrospective study included patients admitted to the intensive care unit from the
emergency department with HRF between April 2022-November 2023. Demographic data,
comorbidities, laboratory results, and treatment protocols were recorded. A-DECAF scores were
calculated, and survival was analyzed using Kaplan-Meier and ROC analysis. Results: Among 357
patients, 24.4% died within one year of discharge. Deceased patients had significantly higher mean
ages (p<0.001) and higher APACHE-II, DECAF and A-DECAF scores (p<0.001). ROC analysis showed
that A-DECAF had the highest sensitivity (93.1%) and accuracy (AUC=0.813) for predicting survival.
Kaplan-Meier analysis indicated that higher A-DECAF scores were associated with reduced survival
rates. Conclusion: The A-DECAF score is an effective tool for predicting long-term survival in COPD
patients with HRF, particularly aiding clinical decisions in elderly populations. Further research is
needed to validate its use in diverse patient groups.
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1. Introduction

Hypercapnic respiratory failure (HRF) is a type of respiratory failure characterized by an
increase in arterial carbon dioxide pressure (pCO2>45 mmHg) [1]. HRF developing during acute
exacerbations of chronic obstructive pulmonary disease (COPD) is a significant clinical condition
associated with severe morbidity and mortality [2]. Due to its frequent requirement for invasive or
non-invasive mechanical ventilation, HRF is one of the major reasons for admission to intensive care
units (ICUs) [3]. Although numerous studies in the current literature focus on HRF-related mortality
and the effects of non-invasive mechanical ventilation, data on the long-term prognosis of these
patients remain limited. In particular, the fact that existing scoring systems are typically designed to
evaluate short-term outcomes creates a significant gap in this area. There is a critical need to develop
new scoring systems that include factors such as age, comorbidity burden, and their impact on long-
term survival to enhance clinical decision-making processes.

In this context, the DECAF (Dyspnea, Eosinopenia, Consolidation, Acidemia and Atrial
Fibrillation) score, which is widely used to predict mortality in acute exacerbations of COPD (AE-
COPD) [4], has not been adequately investigated for its effectiveness in predicting long-term
prognosis. The DECAF score does not include age, an important prognostic factor, which poses
significant limitations in estimating long-term survival, particularly in elderly patient populations.
Many studies have emphasized that age is not only a risk factor for mortality but also a key
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determinant of long-term prognosis [5]. The Age-Adjusted DECAF (A-DECAF) score was developed
to improve the accuracy of survival predictions by incorporating age as a variable. It was designed
to evaluate long-term survival predictions in patients who develop HRF due to COPD.

2. Materials and Methods

This study was conducted retrospectively between April 2022 and November 2023 on patients
diagnosed with HRF in the pulmonary diseases intensive care unit of our hospital. The study was
initiated with the approval of the Clinical Research Ethics Committee of Ankara Atatiirk Sanatorium
Training and Research Hospital (approval number: 187, dated 25.12.2024) and was carried out in
accordance with the ethical principles outlined in the Declaration of Helsinki.

The medical treatment of the patients was planned based on national and international
guidelines. Invasive or non-invasive mechanical ventilation methods were utilized for the treatment
of HRF. Non-invasive mechanical ventilation (NIMV) was mostly applied using an oronasal mask.
Tidal volumes were calculated based on the patients' estimated ideal body weight. Patients were
continuously monitored, and oxygen support was adjusted to maintain arterial oxygen saturation
within the range of 90-92%. The response to treatment was evaluated based on vital signs, such as
respiratory rate, blood pressure, and heart rate, as well as arterial blood gas (ABG) parameters.
Arterial blood gas results obtained at the time of ICU admission and prior to discharge were also
recorded.

As part of the study, the demographic and clinical characteristics of the patients, such as age,
gender, comorbidities, and medications, were thoroughly evaluated. Additionally, blood tests
conducted within the first 24 hours of ICU admission, ABG results obtained at discharge, and applied
treatment protocols were examined. The primary outcome of the study was defined as the time from
the date of HRF diagnosis to the date of death. The relationship between the obtained parameters
and one-year post-discharge survival was comprehensively analyzed.

2.1. Patient Selection

This study was planned to include patients diagnosed with hypercapnic respiratory failure
(pCO2>45 mmHg) during the specified period. Figure 1 shows a flowchart detailing the patients
included in and excluded from this study.

Total patients included in
the study n=558

Missing No Total patients Need for NIMV No 101
> . —P
data n=458 during follow-up Patients Excluded
Yes [ ves
v v
100 Patients Total analyzed
Excluded patients n=357

Figure 1. Flowchart of patients included in and excluded from this study.

2.1.1. Inclusion Criteria

e DPatients diagnosed with HRF in the emergency department and subsequently monitored in the
intensive care unit.
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2.1.2. Exclusion Criteria

e Patients who did not consent to participate in the study

e Patients with HRF caused by procedures requiring general anesthesia and/or sedation
e Patients with HRF attributed to cardiac causes

e Patients with HRF resulting from interstitial lung disease

e Patients with HRF due to neuromuscular diseases

e Patients with HRF related to obstructive sleep apnea syndrome

e Patients who no longer required NIMV during follow-up

e DPatients with a length of stay less than one day

e Patients who died during the ICU follow-up period

e Patients with incomplete data

2.1.3. Follow-Up Period

The follow-up period for the primary outcome was set at 1 year. Participants were monitored
from the date of their initial HRF diagnosis until the date of death or December 1, 2024, whichever
came first.

2.2. Calculation of the DECAF Score

The DECATF score is based on the assessment of five key clinical parameters, each represented
by a specific point value:
Dyspnea: Assessed using British Medical Research Council (mMRC) dyspnea scale.
Eosinopenia: A point is added if the blood eosinophil level is below 0.05x10°%/L.
Presence of Consolidation: A risk factor identified through clinical or radiological findings.
Acidosis: A pH <7.30 on arterial blood gas analysis is considered a high-risk factor and is scored.
Atrial Fibrillation: The presence of atrial fibrillation is evaluated as an additional risk factor and
scored.

G LN

The scores from each parameter were summed to calculate the total DECAF score. Based on the
total score, patients were categorized into the following risk groups:
e Low risk: 0-1 points
e Moderate risk: 2 points
e High risk: 23 points

2.3. Calculation of the A-DECAF Score

The A-DECAF score was developed by incorporating age as a factor into the original DECAF
score. While the five core parameters of the DECAF score were preserved, age was added as an
additional variable. In this modified system, 1 point is added to the score if the patient’s age is 265
years. With the integration of the age factor, the total A-DECAF score ranges from 0 to 6.

2.4. Statistical Analysis

The data collected in the study were analyzed using appropriate statistical methods to evaluate
factors affecting survival. The normality of continuous variables was assessed using the Kolmogorov-
Smirnov test. For variables with a normal distribution, the results were presented as mean + standard
deviation (Mean+SD), whereas for non-normally distributed variables, they were expressed as
median (interquartile range). Categorical variables were reported as frequency and percentage (%).

For comparisons between groups, the Independent Samples t-test or Mann-Whitney U test was
used for continuous variables, while the Chi-square test or Fisher’s Exact Test was applied for
categorical variables. Survival analyses were conducted using the Kaplan-Meier method, and
differences between groups were evaluated with the log-rank test. To assess the performance of
APACHE-II, DECAF, and A-DECAF scores in predicting survival, Receiver Operating Characteristic
(ROC) analysis was performed. The analysis provided values for the Area Under the Curve (AUC),
cut-off points, sensitivity, specificity, positive predictive value (PPV), negative predictive value
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(NPV), and positive/negative likelihood ratios (LR+/LR-). A significance level of p<0.05 was
considered for all analyses, and statistical evaluations were performed using SPSS version 27.0.

3. Results

Initially, 558 patients were included in the study. However, 100 patients were excluded due to
incomplete data. Additionally, 101 patients who no longer required NIMV during the follow-up
period were also excluded. Consequently, the analyses were conducted on 357 patients. It was
observed that 24.4% of the patients died within one year after discharge.

The results of the comparative analysis based on the survival status of the patients are presented
in Table 1. The mean age of deceased patients was statistically significantly higher compared to
surviving patients (p<0.001). When evaluated in terms of scoring systems, the APACHE-II, DECAF,
and A-DECAF scores of deceased patients were also found to be significantly higher
(p<0.001;p<0.001;p<0.001).

Table 1. Characteristics of Patients Based on Survival Status.

Characteristics Deceased Patients Surviving Patients p-Value
(N=87) (24.4%) (N=270) (75.6%)
Age, years (Mean+SD) 73.21+10.92 67.41+11.15 <0.001
Male Gender 60 (69%) 166 (61.5%) 0.208
Comorbidities

Emphysema 20 (23.8%) 96 (37.2%) 0.024
Lung Cancer 15 (17.2%) 7 (2.6%) <0.001
Hypertension 56 (64.4%) 136 (50.4%) 0.023
Coronary Artery Disease 23 (26.4%) 41 (15.2%) 0.017
Atrial Fibrillation 19 (21.8%) 29 (10.7%) 0.008
APACHE-II Score 2345 19+4 <0.001
Need for Invasive Mechanical Ventilation 21 (24.7%) 28 (10.5%) <0.001
DECAF Score 4.02+0.80 2.91+0.82 <0.001
A-DECAF Score 4.80+0.92 3.47+1.05 <0.001

The comparison of laboratory findings from blood tests based on the survival status of the
patients is presented in Table 2. According to arterial blood gas analysis, pH levels were found to be
lower in deceased patients (p<0.001), while pCO2 levels were statistically significantly higher in
deceased patients (p=0.003).

Table 2. Evaluation of Patients' Initial Blood Test Results.

All Patients Deceased Patients Surviving Patients

Laboratory (N=357) (N=87) (N=270) p-

Findings Median (Interquartile Median (Interquartile Median (Interquartile Value
Range (25-75)) Range (25-75)) Range (25-75))
BIO.Od Urea 50 (33-72) 56 (38-89) 47 (31-66) 0.001
Nitrogen

Creatinine 1 (0.80-1.28) 1 (0.79-1.35) 1 (0.80-1.26) 0.940
pH 7.31 (7.24-7.38) 7.29 (7.22-7.33) 7.33 (7.25-7.39) <0.001
pCO2 72 (65-86) 77 (68-88) 71 (64-84) 0.003

The performance of the A-DECAF, DECAF, and APACHE-II scores in predicting patient
survival was evaluated using ROC analysis (Figure 2). According to the ROC curve analysis, the A-
DECAF score demonstrated the best performance in survival prediction, offering higher sensitivity
and specificity compared to the other scores.
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Figure 2. ROC Analysis of A-DECAF, DECAF, and APACHE-II Scores in Predicting Patient Survival.

In the long-term survival analysis, age and the DECAF score were statistically shown to be
significant prognostic factors for survival. To create a more effective prognostic model by combining
these two strong variables, the A-DECAF score was developed. By integrating the individual effects
of age and the DECAF score, the goal was to achieve greater accuracy in predicting long-term
survival.

The performance of APACHE-II, DECAF, and A-DECAF scores in predicting survival was
compared using ROC analysis and is presented in Table 3. It was observed that the DECAF
(AUC=0.816) and A-DECAF (AUC=0.813) scores provided higher accuracy compared to the
APACHE-II score (AUC=0.699). The A-DECAF score demonstrated the highest sensitivity (93.1%) in
determining survival.

Table 3. ROC Analysis Results for APACHE-II, DECAF and A-DECAF Scores in Predicting Survival.

95% Confidence Cut-Off Sensitivity Specificity PPV NPV

Variable AUC LR+ LR- p-Value

Interval Value (%) (%) (%) (%)
APACHE-II 0.699 0.629-0.768 20.50 63.2 715 41.7 85.8 222 051 <0.001
DSF::S;:F 0.816 0.766-0.865 3.50 73.6 78.9 529 903 3.48 0.34 <0.001
A_gf)feAF 0.813 0.765-0.861 3.50 93.1 52.2 38.6 959 1.95 0.13 <0.001

The impact of the A-DECAF score on survival is illustrated in Figure 3 using Kaplan-Meier
survival analysis. This analysis demonstrates that survival rates significantly decrease as the A-
DECAF score increases. Patients with low scores had longer survival durations and higher survival
rates, whereas those with high scores (particularly 5 and 6) showed a rapid decline in survival rates
in the early period.
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Figure 3. Kaplan-Meier Survival Analysis Based on A-DECAF Score.

4. Discussion

This study aimed to evaluate prognostic factors affecting long-term survival in patients with
HRF due to COPD who were followed in the ICU and to analyze the effectiveness of a new scoring
system, the A-DECAF score. The findings of the study indicate that age, comorbidities, pH, pCO2,
the need for invasive mechanical ventilation (IMV), APACHE-II, and DECAF scores have significant
impacts on survival. Notably, the A-DECAF score stood out with the highest discriminatory power
in survival prediction based on ROC analysis results. This suggests that the A-DECAF score, which
combines the individual effects of age and the DECAF score, can serve as a more effective prognostic
tool in clinical practice. The Kaplan-Meier analysis supports this finding, revealing that patients with
lower A-DECAF scores have higher survival rates, while survival rates significantly decrease as the
score increases. While this study highlights the prognostic power of the A-DECAF score, it also
underscores the need for its validation in different patient populations and larger samples. Such
validation studies could contribute to the acceptance of the A-DECAF score as a universal prognostic
tool.

In recent years, advancements in critical care medicine have enabled not only the management
of acute treatment processes but also the evaluation of long-term outcomes [6]. In this context, post-
ICU survival has emerged as a key metric for analyzing the long-term outcomes of chronic and critical
illnesses [7]. Although numerous studies in the literature focus on HRF-related mortality and the
effects of NIMV applications, data on the long-term prognosis of this patient group remain limited.
A recent study that thoroughly examined the underlying causes of HRF and their impact on survival
reported a one-year survival rate of 81% [8]. The same study emphasized that the underlying causes
of HRF could significantly affect survival; patients with diagnoses such as neuromuscular diseases
and congestive heart failure had the worst prognosis, whereas patients with HRF caused by factors
such as opioid use showed the best outcomes. In our study, the one-year survival rate was calculated
to be 75.6%. In our study, exclusion of etiological factors such as opioid use, which has a good
prognosis and may cause HRF, may have contributed to the lower rate.

The aging population poses significant challenges for healthcare systems [9]. This is reflected in
the increasing admission rates of elderly patients to hospitals and ICUs [10]. In a study conducted by
Guillon et al. on patients aged >80 years, a significant increase in mortality was reported in this
population following ICU admission [11]. Similarly, in a study by Barisich et al. examining overall
survival after ICU discharge, age was highlighted as an independent risk factor [12]. In our study,
age was also identified as a significant prognostic factor for long-term survival. This finding is
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associated with the negative impact of aging-related comorbidities and reduced physical reserves on
the progression of critical illnesses, leading to lower survival rates. Therefore, age should be
considered in clinical decision-making processes, and more tailored treatment and follow-up
strategies should be developed for elderly individuals.

Comorbidities are known to have a significant impact on clinical course, complications, and
patient outcomes in the ICU [13]. In a large, multicenter observational study by Simpson et al., the
effects of chronic conditions on ICU processes and long-term survival were clearly demonstrated [14].
In our study, comorbidities were also found to have a significant impact on long-term survival.
Cardiovascular diseases such as atrial fibrillation and lung cancer were identified at higher rates in
deceased patients. This finding suggests that comorbidities not only negatively affect the clinical
course of the illness but also limit physical reserves in critical situations, thereby reducing survival
rates. Our study underscores the importance of effective management of chronic diseases and
highlights the need for closer monitoring of patients with comorbidities.

The DECAF score was developed to predict disease severity and in-hospital mortality in AE-
COPD [15]. Patients with high DECAF scores may have increased ICU requirements and require
closer monitoring [16]. A recent study also indicated its association with readmissions within 90 days
[17]. Furthermore, a study conducted on AE-COPD patients monitored in the ICU demonstrated the
superiority of the DECAF score over other scoring systems in predicting mortality [18]. Considering
this information, in this study, long-term survival was evaluated in patients followed up in the ICU
with DECAF, AE-COPD and HRF. The findings showed that the DECAF score outperformed other
scoring systems in predicting long-term survival in patients with AE-COPD. The DECAF score stands
out as a reliable tool in determining not only short-term but also long-term prognosis, as it includes
basic clinical parameters affecting mortality and survival. The ROC analysis performed in this study
supported the accuracy of the DECAF score in predicting long-term survival and demonstrated that
it provides higher prognostic accuracy compared to other commonly used systems. Additionally, the
A-DECAF score, developed by incorporating the significant effect of age on prognosis, further
enhanced the performance of the DECAF score. According to the analysis results, the A-DECAF score
demonstrated the best performance in long-term survival prediction, achieving the highest
sensitivity. Kaplan-Meier survival analysis clearly illustrated the impact of the A-DECAF score on
survival rates, showing significantly lower survival rates in patients with high scores. These findings
highlight that the A-DECAF score offers a significant advantage in clinical decision-making processes
by improving prognostic accuracy, particularly in elderly patients.

The success of the A-DECAF score in predicting long-term survival stems from its ability to
provide a more comprehensive assessment by incorporating age into the prognostic model. In elderly
patients, the burden of comorbidities and diminished physiological reserves increases the risk of
mortality during critical illness. Our study demonstrates that the A-DECAF score is a powerful tool
for predicting survival rates, particularly in older patient populations. Additionally, it is believed that
this scoring system could facilitate personalized approaches in patient management. However,
further investigation into the validity of the A-DECAF score in different patient populations, along
with comparative analyses with other scoring systems in larger-scale studies, is essential to
strengthen its utility in clinical practice. Such studies could contribute not only to AE-COPD but also
to the development of more effective treatment and monitoring strategies for patient groups
experiencing HRF due to various underlying causes.

5. Limitations

Our study has some limitations. The retrospective design may pose challenges in ensuring the
completeness of the data. Additionally, the fact that the research was conducted at a single center is
a significant factor limiting the generalizability of the findings. The exclusion of factors associated
with a favorable prognosis, such as opioid use, restricted the ability to fully evaluate their impact on
survival rates. Furthermore, the lack of a detailed analysis regarding the severity of the included
comorbidities made it difficult to fully assess their impact on long-term survival.
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6. Conclusions

This study evaluated the prognostic factors affecting long-term survival in patients who
developed HRF due to COPD. The findings revealed that age, comorbidities, pH, pCO,, and the need
for invasive mechanical ventilation significantly impact survival. The A-DECAF score, developed by
incorporating age into the DECAF score, demonstrated superior performance among existing scoring
systems by offering high sensitivity and accuracy in predicting long-term survival. The A-DECAF
score emerges as an effective tool to guide clinical decision-making processes, particularly in elderly
patients. While these results provide valuable insights for clinical practice, they also highlight the
need for validating the A-DECAF score in different patient populations and larger cohorts.
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