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Background: Patients admitted to the intensive care unit (ICU) with acute respiratory failure 

(ARF) due to COPD have high mortality and morbidity. Acidosis has several harmful effects on 

hemodynamics and metabolism, and the current knowledge regarding the relationship between 

respiratory acidosis severity on the short- and long-term survival of COPD patients is limited. We 

hypothesized that COPD patients with severe acidosis would have a poorer short- and long-term 

prognosis compared with COPD patients with mild-to-moderate acidosis.

Patients and methods: This retrospective observational cohort study was conducted in a 

level III respiratory ICU of a tertiary teaching hospital for chest diseases between December 1, 

2013, and December 30, 2014. Subject characteristics, comorbidities, ICU parameters, duration 

of mechanical ventilation, length of ICU stay, ICU mortality, use of domiciliary noninvasive 

mechanical ventilation (NIMV) and long-term oxygen therapy (LTOT), and short- and long-

term mortality were recorded. Patients were grouped according to their arterial blood gas 

(ABG) values during ICU admission: severe acidotic (pH#7.20) and mild-to-moderate acidotic 

(pH 7.21–7.35). These groups were compared with the recorded data. The mortality predictors 

were analyzed by logistic regression test in the ICU and the Cox regression test for long-term 

mortality predictors.

Results: During the study period, a total of 312 COPD patients admitted to the ICU with ARF, 

69 (72.5% male) in the severe acidosis group and 243 (79% male) in the mild-to-moderate 

acidosis group, were enrolled. Group demographics, comorbidities, duration of mechanical 

ventilation, and length of ICU stay were similar in the two groups. The severe acidosis group 

had a significantly higher rate of NIMV failure (60.7% vs 40%) in the ICU. Mild-to-moderate 

acidotic COPD patients using LTOT had longer survival after ICU discharge than those with-

out LTOT. On the other hand, severely acidotic COPD patients without LTOT showed shorter 

survival than those with LTOT. Kaplan–Meier cumulative survival analysis showed that the 

28-day and 1-, 2-, and 3-year mortality rates were 12.2%, 36.2%, 52.6%, 63.3%, respectively 

(p=0.09). The Cox regression analyses showed that older age, PaO
2
/FiO

2
 ,300 mmHg, and 

body mass index #20 kg/m2 was associated with mortality of all patients after 3 years.

Conclusion: Severely acidotic COPD patients had a poorer short- and long-term prognosis 

compared with mild-to-moderate acidotic COPD patients if acute and chronic hypoxemia was 

predominant.

Keywords: COPD, long term oxygen therapy, non-invasive mechanical ventilation, mortality, 

acute respiratory failure

Introduction
Patients with acute exacerbation of COPD and who require admission to the intensive 

care unit (ICU) have high mortality and morbidity. Severe acidosis (pH#7.20) causes 
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myocardial depression, arrhythmias, a decrease in peripheral 

vascular resistance, weakness of respiratory muscle, and 

an increase in pro-inflammatory cytokines, apoptosis, and 

cachexia.1 The severity of acidosis has been shown to be 

associated with a poor prognosis in patients with hypercapnic 

COPD exacerbation.2,3

Noninvasive mechanical ventilation (NIMV), as a com-

plement to optimal medical treatment, is the gold standard 

for the treatment of mild-to-moderate hypercapnic acute 

respiratory failure (ARF) in patients with COPD.4 However, 

in the case of severely acidotic ARF, NIMV failure rate is 

high, and it requires invasive mechanical ventilation (IMV) 

and is associated with increased morbidity and mortality.5 

Comorbidities in COPD patients, such as diabetes mellitus, 

arrhythmias, cachexia, hypertension, and especially renal 

diseases, adversely affect prognosis.6–10

COPD patients with severe hypercapnic respiratory 

acidosis are known to have higher rates of ICU mortality; 

however, data on short- and long-term mortality rates fol-

lowing ICU discharge are limited.

We hypothesized that severely acidotic COPD patients 

(pH#7.20) discharged from the ICU have poorer survival in 

both the short and long term compared with mild-to-moderate 

acidotic COPD patients (pH.7.20) due to organ dysfunc-

tion in the ICU. The primary objective of this study was to 

demonstrate differences between the severe acidotic respira-

tory failure group and the non-severe acidosis group in the 

hospital and with respect to short- and long-term survival of 

the patients after discharge. The secondary objective was to 

define the risk factors for predictors of long-term mortality 

in the study groups.

Patients and methods
This retrospective observational cohort study was conducted 

in a level III respiratory ICU of a tertiary teaching hospital 

for chest diseases from December 1, 2013, to December 30, 

2014. As it is a teaching hospital for chest diseases, most 

patients treated in the ICU are COPD patients with ARF. 

The study was conducted in full accordance with local Good 

Clinical Practice guidelines and current legislations, while 

patients’ signed informed consent was not obtained due to 

the retrospective nature of the study, and permission was 

obtained from the local ethics committee of Sureyyapasa 

Chest Disease and Thoracic Surgery Research Hospital 

(23.11.207/005) who waived the need for patient consent to 

review their medical files. The study was according to the 

Declaration of Helsinki. As informed consent from patients 

to review their medical records was not obtained, patients’ 

data were de-identified.

Patients
During the study period, patients previously diagnosed with 

COPD by a pulmonary specialist and who were admitted to 

the ICU with ARF, either due to exacerbation of COPD or 

pneumonia, were included. The COPD diagnosis was estab-

lished according to the international guidelines by a physician 

who evaluated airflow obstruction on spirometry, forced 

expiratory volume in 1 s (FEV
1
) of 70% predicted or less, 

and an FEV
1
 and forced vital capacity (FVC) ratio of 70% 

or less.4 Patients were stratified into two groups according 

to their arterial blood gas (ABG) pH values on the first day 

of admission to the ICU (severe acidosis group, pH#7.20; 

mild-to-moderate acidosis group, pH$7.21, ,7.35). Patient 

enrollment criteria and stratification are summarized in a 

flowchart (Figure 1).

Definitions
“ARF” was defined as partial arterial oxygen pressure 

(PaO
2
),60 mmHg on room air or PaO

2
 over the fraction of 

inspired oxygen (PaO
2
/FiO

2
),300, partial carbon dioxide 

pressure (PaCO
2
)$45 mmHg, and pH#7.35.11,12

Organ dysfunction was assessed using the sequential 

organ failure assessment (SOFA) score and the multiple 

organ dysfunction criteria of systemic inflammatory response 

syndrome (SIRS) which was defined in sepsis guidelines.13,14 

For respiratory organ dysfunction, PaO
2
/FiO

2
 was used; a 

PaO
2
/FiO

2
 of ,300 indicated respiratory organ dysfunction. 

A serum creatinine of .2.0  mg/dL indicated renal organ 

dysfunction; a serum platelet count of ,100,000 µL defined 

hematological organ dysfunction; unresponsiveness to fluid 

resuscitation and requiring inotropic agents to sustain mean 

arterial blood pressure (MAP) over 70 mmHg was defined as 

hemodynamic instability; and a Glasgow Coma Scale (GCS) 

of ,11 was accepted as neurological organ dysfunction.

Exacerbation of COPD was defined as an acute change 

in respiratory symptoms of the patient beyond normal vari-

ability and resulting in a change in therapy.4 The presence 

of all the Anthonisen et al’s15 criteria, namely worsening of 

dyspnea, increased volume of pulmonary secretions, and 

increased purulence of respiratory secretions, defined as 

infectious pattern. Standard treatment for COPD exacerba-

tion, including bronchodilators, systemic corticosteroids, 

and appropriate antibiotics, was given to all patients with 

COPD exacerbations.4

Pneumonia was defined as the presence of infiltration 

on a chest radiograph with an acute illness associated with 

a new cough, with or without sputum, pleuritic chest pain, 

dyspnea, fever or hypothermia, and altered breath sounds on 

auscultation or leukocytosis.16
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Recorded data
The data were collected electronically from the hospital data-

base and patients’ files. Patient demographics, comorbidities, 

acute physiology and chronic health evaluation (APACHE) 

II scores,17 smoking history, causes of exacerbation, ABGs, 

biochemistry, complete blood count (CBC), C-reactive 

protein (CRP) values, and use of IMV and NIMV were 

recorded. ICU mortality, 28-day mortality, and long-term 

mortality (36 months) were recorded from the government 

electronic mortality declaration system (www.obs.gov.tr).

Mechanical ventilation
Management of mechanical ventilation during the ICU stay 

was initiated based on a decision by the staff physician. 

Initially, NIMV was performed on all COPD patients with 

hypercapnic respiratory failure, unless contraindicated.12 

NIMV was applied with ICU mechanical ventilators via a 

double-tube circuit with a full-face mask, intermittently for 

1–3 hours, in the mode of pressure assist–control. If NIMV 

application was believed to be failing, IMV was applied in 

the pressure assist–control ventilation (PCV) mode and the 

ICU sedation protocol was applied.18,19 Invasively ventilated 

patients were extubated if treatment was considered to be 

successful after a 30-minute T-tube trial.

Follow-up
After ICU discharge, domiciliary NIMV was prescribed to 

COPD patients according to international guidelines. The cri-

teria for long-term domiciliary NIMV were daytime hypercap-

nia with a PaCO
2
 of $55 mmHg or a PaCO

2
 of 50–54 mmHg 

and during the $2 hours of nocturnal sleep oximetry if a 

decrease in oxygen saturation (SpO
2
) of 88% for $5 minutes 

was dectected. Long-term oxygen therapy (LTOT) was pre-

scribed if the PaO
2
 was ,55 mmHg or SaO

2
 was #88% in 

room air at the time of discharge from the ICU. It was also 

prescribed in clinically stable cases (PaO
2
 55–60 mmHg) if, 

after 3 weeks from discharge, there was evidence of pulmo-

nary hypertension and peripheral edema or polycythemia 

(hematocrit .55%).4 Appropriate medical therapy accord-

ing to the Global Initiative for Chronic Obstructive Lung 

Diseases (GOLD) criteria was provided to all COPD patients 

at the time of discharge.4 Patients prescribed domiciliary 

NIMV and LTOT were followed up in the ICU outpatient 

clinic at 2–3-month intervals after discharge and evaluated 

for the efficiency of treatment and NIMV adherence.

Statistical analyses
Statistical analyses were performed using the portable 

SPSS version 20 (IBM Corporation, Armonk, NY, USA). 

Figure 1 Flowchart of patient enrollment.
Abbreviations: ABG, arterial blood gas; ARF, acute respiratory failure; CBC, complete blood count; CRP, C-reactive protein; ICU, intensive care unit.
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Continuous variables are presented as mean ± SD if normally 

distributed, and the Student’s t-test was used for group 

comparisons. If the continuous variables were distributed 

non-normally, they are presented as the median with inter-

quartile range (25%–75%), and the study groups were 

compared using the Mann–Whitney U-test. The Pearson 

chi-squared test was used for dichotomous variables. We 

used the Pearson chi-square test for categorical variables 

(dichotomous variables). For ICU mortality risk factor 

analysis, the logistic regression test was used according to 

parameters included in the model. Kaplan–Meier survival 

curves were performed for patients with/without LTOT and 

further stratified according to the presence of severe and non-

severe acidosis. The Cox regression test was used to analyze 

long-term mortality risk factors and hazard ratios (HRs) with 

a 95% CI. A p-value of ,0.05 was considered statistically 

significant.

Results
During the study period, 998 patients were admitted to the 

ICU and 387 (38.8%) COPD patients were enrolled in the 

study. Details of the excluded patients are shown in Figure 1. 

Among the 387 COPD patients, 312 eligible patients were 

included: 69 (22.1%) in the severe acidosis group and 243 

(77.9%) in the mild-to-moderate acidosis group. All patients 

were followed up for at least 3 years after ICU discharge. 

Cumulative mortality of patients after ICU discharge was 

as follows: 28-day and 1-, 2-, 3-year mortality was 12.2% 

(n=32), 36.2% (n=95), 52.6% (n=138), 63.3% (n=166), 

respectively.

Table 1 summarizes the demographics of the groups as 

well as the long-term home device usage and comorbidities. 

Both groups had similar age, gender dispersion, and smoking 

history, including biomass exposure. LTOT use was sig-

nificantly higher in the mild-to-moderate acidosis group. 

Severely acidotic patients had a statistically higher rate of 

chronic renal failure (Table 1).

Among patients with chronic renal diseases (n=6), four 

of them were in the severe acidosis group and none of them 

required renal dialysis. Of the patients who required dialysis 

(n=6), only one had chronic renal failure.

Table 2 summarizes ICU data including the reasons for 

ICU admission, laboratory values on the first day in the 

ICU, ABG values on the day of ICU admission, length of 

Table 1 Demographic characteristics and comorbidities of the study groups

Characteristics Severe 
acidosis group 
(N=69)

Mild-to-moderate 
acidosis group 
(N=243)

p-value

Age, years, mean (±SD) 69±9 68±10 0.47
Gender, male, n (%) 50 (72.5) 192 (79) 0.25
BMI, kg/m2, mean (±SD) 23±6 24±6 0.025
No smoke exposure, n (%) 10 (14.5) 36 (14.9) 0.55
Active cigarette smoker, n (%) 19 (27.5) 60 (24.8)
Ex-smoker, n (%) 40 (58) 146 (60)
Pack-years, mean (±SD) 51±32 50±33 0.73
Biomass exposure, n (%) 8 (11.9) 21 (8.9) 0.45
Long-term home device use before ICU

LTOT, n (%) 32 (47.8) 165 (68.5) 0.002
Long-term domiciliary ventilation, n (%) 17 (25.4) 97 (40.2) 0.56

Comorbid diseases
Diabetes mellitus, n (%) 17 (24.6) 47 (19.3) 0.33
Hypertension, n (%) 33 (47) 102 (41.9) 0.40
Congestive heart failure, n (%) 20 (28.9) 76 (31.2) 0.71
Ischemic heart disease, n (%) 18 (26) 39 (16) 0.057
Arrhythmia, n (%) 8 (11.6) 32 (13.2) 0.73
Chronic renal diseases, n (%) 4 (5.7) 3 (1.2) 0.024
Benign prostatic hyperplasia, n (%) 9 (13) 30 (12.3) 0.87
Chronic neurological disease, n (%) 9 (13.1) 22 (9.05) 0.32
Obstructive sleep apnea, n (%) 3 (4.3) 16 (6.5) 0.49
Depressive disorders, n (%) 7 (10.1) 28 (11.5) 0.74
Dementia, n (%) 6 (8.6) 14 (5.7) 0.33
Malignancy other than lungs, n (%) 1 (1.4) 6 (2.4) 0.61

Notes: Severe acidosis group: pH#7.20; acidotic group: pH 7.21–7.34.
Abbreviations: BMI, body mass index; ICU, intensive care unit; LTOT, long-term oxygen therapy.
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ICU stay, and mortality. Reasons for ICU admission were 

similar in both groups. The severely acidotic patients had 

a higher leukocyte count and significantly higher serum 

creatinine levels (although clinically nonsignificant) than 

the mild-to-moderate acidosis group. ABG values (except 

oxygenation) were significantly worse in the severe acidosis 

group, and this group had significantly higher APACHE II 

levels, but both the length of ICU stay and mortality were 

similar in both groups.

The application of mechanical ventilation and the 

outcome in both groups are shown in Figure 2. NIMV 

failure rate was significantly higher in the severe acidosis 

group compared with the mild-to-moderate acidosis group 

(60.7% and 40%, respectively, p,0.001). Compared with 

the mild-to-moderate acidosis group, NIMV failure patients 

had a lower mortality rate in the severe acidosis group (9.6% 

and 37.9%, respectively). In the present study a difference 

between the mortality of the two groups which were treated 

with IMV initially was found; the severe acidosis group had 

a lower mortality (9%) compared with the mild-to-moderate 

acidosis group (36.3%). The reasons for death in the mild-

to-moderate acidosis group with NIMV failure were as fol-

lows: 22 patients had severe sepsis and septic shock; four 

patients had myocardial infarction (due to coronary artery 

disease and severe sepsis), five patients had end-stage COPD, 

and one patient had a massive pulmonary embolism. Septic 

shock was the main reason for death in the acidotic group 

with NIMV failure.

Table 3 summarizes ABG values on the day of ICU 

discharge, short- and long-term mortality rates, and the use 

of long-term domiciliary NIMV and LTOT and mortality 

rates for 28 days and 1, 2, and 3 years. Both groups had 

similar pH values on the day of ICU discharge. PaCO
2
 was 

significantly higher in the acidotic group. The prescription 

Table 2 ICU data of the study groups

Severe 
acidosis group 
(N=69)

Mild-to-moderate 
acidosis group 
(N=243)

p-value

Reasons for ICU admission, n (%)
Pneumonia 27 (39.1) 84 (34.6) 0.72
Infection of LRT 28 (40.6) 115 (47.3)
Pulmonary embolism 0 (0) 1 (0.4)
Right heart failure 8 (11.6) 18 (7.4)
Other reasons 6 (8.7) 23 (9.5)

Laboratory values on the admission to the ICU
Leukocyte count, 109 L, median (IQR) 13.6 (10.5–17.8) 10.5 (8.2–14.6) 0.001
Hemoglobin, g/dL, median (IQR) 13 (11–14) 13 (11–14) 0.36
Hematocrit, % (±SD) 38±6 39±7 0.30
Platelet count, 109 L, median (IQR) 246 (198–325) 243 (179–306) 0.18
Blood urea nitrogen, mg/dL (±SD) 86±16 88±12 0.50
Serum creatinine, mg/dL, median (IQR) 0.91 (0.76–1.4) 0.81 (0.66–1.12) 0.007
CRP (mg/dL), median (IQR) 47 (13–124) 37 (13–96) 0.52

ABG values on the admission to the ICU
pH (±SD) 7.15±0.07 7.29±0.06 0.001

PaCO2, mmHg (±SD) 87±26 72±17 0.001
PaO2/FiO2, median (IQR) 169 (117–272) 175 (133–227) 0.67
HCO3, mmol (±SD) 29±8 33±8 0.001
BE, median (IQR) 2 (-4 to 5) 7 (3–12) 0.001

PaO2/FiO2 ratio,150, n (%) 29 (42) 87 (35) 0.001
Septic shock, n (%) 25 (36) 72 (29) 0.30
Two organ failures, n (%) 39 (56.5) 103 (42.4) 0.037
GCS (mean) 11.8±4.2 14.0±2.3 0.001
APACHE II score on admission, median (IQR) 25 (20–31) 19 (16–24) 0.001
APACHE II predicted mortality (±SD) 53.6±23.8 36.7±18.7 0.001
ICU mortality, N (%) 9 (13.0) 40 (16.5) 0.49
Length of ICU stay, days, median (IQR) 7 (5–10) 6 (4–9) 0.07

Notes: Severe acidosis group: pH#7.20; acidotic group: pH 7.21–7.34.
Abbreviations: ABG, arterial blood gas; APACHE, acute physiology and chronic health evaluation; BE, base excess; CRP, C-reactive protein; FiO2, fraction of inspired 
oxygen; GCS, Glasgow Coma Scale; ICU, intensive care unit; IQR, interquartile range; LRT, lower respiratory tract infection; PaCO2, partial carbon dioxide pressure; PaO2, 
partial arterial oxygen pressure.
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of domiciliary NIMV devices was significantly higher in the 

mild-to-moderate acidosis group.

Figure 3 shows the Kaplan–Meier cumulative survival 

curves for the severely acidotic and mild-to-moderate aci-

dotic COPD patients after ICU discharge. Both groups had 

similar survival rates. The reasons for long-term mortality 

were not recorded due to the absence of electronic data.

Table 4 summarizes the comparison of survivors and 

non-survivors of COPD patients with ARF in the ICU. 

The main differences in non-survivors were older age, less 

number of domiciliary NIMV usage, and higher rates of 

smoking history and with much more severe ICU data.

Table 5 summarizes the logistic regression analysis of 

patients’ data according to the included parameters in the 

model.

Table 6 summarizes the Cox regression analysis for 

long-term mortality predictors in COPD patients after ICU 

discharge. Cox regression analysis showed the HR of 28-day, 

1-, 2-, 3-year mortality in all patients after ICU discharge. 

The presence of older age and PaO
2
/FiO

2
 of ,300 mmHg 

were found to be significant short- and long-term mortality 

risk factors, respectively, and by the 28th day the mortality 

Figure 2 The treatment of COPD patients with ARF in the ICU in the severe and mild-to-moderate acidosis groups.
Notes: (A) Patient group with severe acidosis admitted to the ICU due to ARF, who were followed up with oxygen and medical therapy. (B) Patient group with severe 
acidosis admitted to the ICU due to ARF, who were extubated during the follow-up with oxygen and medical therapy. (C) Patient group with severe acidosis admitted to the 
ICU due to ARF, who were applied NIMV. (D) Patient group with severe acidosis admitted to the ICU due to ARF, who were extubated because of NIMV failure. (E) Patient 
group with severe acidosis admitted to the ICU due to ARF, who were extubated at the time of ICU admission. (A′) Patient group with mild-to-moderate acidosis admitted 
to the ICU due to ARF, who were followed up with oxygen and medical therapy. (B′) Patient group with mild-to-moderate acidosis admitted to the ICU due to ARF, who 
were extubated during the follow-up with oxygen and medical therapy. (C′) Patient group with mild-to-moderate acidosis admitted to the ICU due to ARF, who were 
applied NIMV. (D′) Patient group with mild-to-moderate acidosis admitted to the ICU due to ARF, who were extubated because of NIMV failure. (E′) Patient group with  
mild-to-moderate acidosis admitted to the ICU due to ARF, who were extubated at the time of ICU admission. The significance of comparison of mortality was as follows: 
A–A′ p.0.053, B–B′ p,0.001, C–C′ p,0.001, D–D′ p,0.010, and E–E′ p,0.038.
Abbreviations: ARF, acute respiratory failure; ICU, intensive care unit; IMV, invasive mechanical ventilation; NIMV, noninvasive mechanical ventilation.
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NIMV

Only medical NIMV failure
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D′

B′

Respiratory treatment of COPD patients with ARF in the ICU

Table 3 Data of the study groups on the day of ICU discharge 
and follow-up period

Severe 
acidosis 
group 
(N=61)

Mild-to-
moderate 
acidosis group 
(N=201)

p-value

ABG values on the day of ICU discharge
pH (±SD) 7.41±0.04 7.40±0.04 0.10

PaCO2, mmHg (±SD) 50±10 59±34 0.001

PaO2/FiO2 (±SD) 288±95 272±111 0.27

HCO3, mmol (±SD) 33±9 34±5 0.49

History of long-term device use on the day of ICU admission
Domiciliary LTOT, n (%) 24 (39.3) 144 (72.4) ,0.001

Domiciliary NIMV, n (%) 15 (24.6) 90 (45.2) 0.005
Long-term device use when discharged from ICU

Domiciliary LTOT, n (%) 43 (70.5) 177 (88.1) ,0.001

Domiciliary NIMV, n (%) 33 (54.1) 154 (76.6) ,0.001

Mortality rates, n (%)
28th day 13.1 (8) 11.9 (24) 0.81
First year 27.9 (17) 38.8 (123) 0.12
Second year 54.1 (33) 52.2 (105) 0.80
Third year 62.3 (38) 63.7 (128) 0.84

Abbreviations: ABG, arterial blood gas; FiO2, fraction of inspired oxygen; ICU, 
intensive care unit; LTOT, long-term oxygen therapy; NIMV, noninvasive mechanical 
ventilation; PaCO2, partial carbon dioxide pressure; PaO2, partial arterial oxygen 
pressure.
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had also affected intropic use in the ICU and presence of 

severe acidosis. The presence of pH#7.20 had significant 

high-risk mortality in the 28-day and 1-year follow-up 

period. Age, body mass index (BMI)#20 kg/m2, and PaO
2
/

FiO
2
,300 were found to be significant high-risk predictors 

of mortality at 2–3 years.

Kaplan–Meier survival curves showed similar long-

term survival in COPD patients with/without LTOT use 

(p=0.26; Figure 4A). Further, sub-Kaplan–Meier analysis 

was performed for those patients who had severe and mild-to-

moderate acidosis during ICU stay with/without LTOT after 

ICU discharge. Mild-to-moderate acidotic COPD patients 

using LTOT had longer survival after ICU discharge than 

those without LTOT in the Kaplan–Meier survival curves 

(Figure 4B). On the other hand, severely acidotic COPD 

patients with LTOT showed shorter survival than those 

without LTOT (Figure 4C).

Discussion
The main finding of this study was that the overall mortality 

was similar in both groups. However, COPD patients with 

acute-on-chronic hypoxemic respiratory failure using LTOT, 

with severe acidosis (pH#7.20), in the ICU showed shorter 

survival time at the 3-year follow-up than mild-to-moderate 

acidotic COPD patients (pH.7.20 and ,7.35) who did not 

use LTOT after ICU discharge (Figure 4A–C). Kaplan–Meier 

cumulative survival analysis showed that the 28-day, and 1-, 

2-, and 3-year mortality was 12.2%, 36.2%, 52.6%, 63.3%, 

Figure 3 Survival functions of COPD with severe and mild-to-moderate acidosis.

Table 4 The comparison of survivors and non-survivors in 
COPD patients with ARF in the ICU

Variables Survivor Non-survivor p-value

Number 262 69 –
Gender, male, n (%) 78 (204) 76 (38) 0.77
Age, years 68 (61–75) 77 (72–81) ,0.001

BMI#20 kg/m2, n (%) 62 (25) 14 (29) 0.54

LTOT use, n (%) 169 (65) 30 (60) 0.50
Domiciliary NIMV use, n (%) 106 (40) 11 (22) ,0.001

Smoking history
Current smoker 77 (30) 2 (4) ,0.001
Ex-smoker 145 (56) 41 (82)
Nonsmoker 39 (15) 7 (14)

pH#7.20 61 (23) 8 (16) 0.26

Comorbid diseases, n (%)
Hypertension 110 (42) 24 (48) 0.44
Diabetes 56 (21) 8 (16) 0.39
Congestive heart failure 74 (28) 22 (44) 0.027
Chronic renal failure 5 (2) 2 (4) 0.36
Coronary heart diseases 47 (18) 9 (18) 0.99
Arrhythmia 31 (12) 9 (18) 0.23

ICU data
PaO2/FiO2,300 97 (38) 19 (38) 0.94

IMV, n (%) 102 (39) 45 (90) ,0.001

NIMV, n (%) 239 (91) 44 (88) 0.47
Septic shock, n (%) 78 (30) 45 (90) ,0.001

Two organ failures, n (%) 12 (5) 28 (56) ,0.001

Resistant pathogen, n (%) 26 (10) 22 (44) ,0.001

Use of two antibiotics, n (%) 127 (49) 38 (76) ,0.001

Use of three antibiotics, n (%) 12 (5) 17 (34) ,0.001

Antifungal use, n (%) 13 (5) 11 (22) ,0.001

Length of ICU stay, days 6 (4–8) 9 (5–15) 0.001

Abbreviations: ARF, acute respiratory failure; BMI, body mass index; ICU, 
intensive care unit; IMV, invasive mechanical ventilation; LTOT, long-term oxygen 
therapy; NIMV, noninvasive mechanical ventilation; PaO2/FiO2, partial arterial oxygen 
pressure to fractional inspired oxygen.

Table 5 ICU mortality risk factors for COPD with ARF

Variables Odds 
ratio

CI p-value

Lower Upper

Application of IMV in the ICU 0.03 5.42 36.75 ,0.001
Age, for each year 1.17 1.10 1.25 ,0.001
pH#7.20 0.17 0.05 0.56 0.003
Presence of resistant pathogen 5.88 1.61 21.38 0.007
Presence of two organ failures 6.07 1.50 24.61 0.012
Chronic renal failure 22.58 1.99 256.84 0.012
Application of NIMV in the ICU 0.24 0.06 1.00 0.049
Coronary arterial diseases 0.45 0.13 1.51 0.20
BMI#20 kg/m2 0.56 0.19 1.65 0.29
PaO2/FiO2,300 1.95 0.52 7.31 0.33
ICU days, per each day 0.98 0.91 1.06 0.62
Presence of sepsis 1.60 0.11 22.37 0.73
Platelet counts,100,000 cell counts/L 0.72 0.10 5.10 0.74

Abbreviations: ARF, acute respiratory failure; BMI, body mass index; ICU, intensive 
care unit; IMV, invasive mechanical ventilation; NIMV, noninvasive mechanical 
ventilation; PaO2/FiO2, partial arterial oxygen pressure to fractional inspired oxygen.
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respectively. Mortality predictors in the short and long term 

were the presence of PaO
2
/FiO

2
,300, BMI,21 kg/m2, and 

being an older patient in the study population after ICU dis-

charge. However, mortality was higher in the severe acidosis 

group at day 28 and at 1-year follow-up period.

Acute ICU setting
Studies show that when renal failure occurs in COPD 

patients, the compensatory role of the kidney in respira-

tory acidosis may be less effective with reduced titratable 

acidity production and with a consequent smaller increase 

in serum bicarbonate and more severe acidosis.6,8 In the 

current study, patients with chronic renal failure were ,5% 

in each group. During the ICU stay, there was a significantly 

higher percentage of acute renal failure (serum creati-

nine .2 mg/dL), due to severe sepsis, in the severe acidosis 

group than in the mild-to-moderate acidosis group (5% 

vs 13%); however, the requirement for dialysis was only 

observed in the acidotic group (n=6).

One could make the assumption that COPD patients admit-

ted to hospital with severe acidotic respiratory failure would 

comprise a higher percentage of patients undergoing LTOT. 

However, in the current study, very severely acidotic COPD 

patients had a significantly lower rate of LTOT usage. This 

may be explained by a number of reasons; First, those patients 

using LTOT are followed closely and may be more aware of 

their symptoms and severity; Second, the flow of oxygen may 

prevent hypoventilation, and this could prevent severe hyper-

capnia; Third, severe acidosis could be a reason for severe sep-

sis. Previous studies have shown that the requirement for ICU 

in COPD patients with ARF was due to infectious origins.20,21 

In the current study, nearly one-third of both groups had infec-

tious reasons for ARF, independent of the severity of acidosis. 

However, blood leukocyte counts and APACHE II scores were 

significantly higher in the severely acidotic patients.

In the past decade, Confalonieri et al5 presented a chart of 

failure risk for NIMV in patients with COPD and showed that 

a pH of ,7.25, a GCS of ,11, a respiratory rate higher than 

30/minute, and an APACHE II score higher than 29 have a 

predicted NIMV failure risk greater than 70%. The same study 

showed that after a 2-hour NIMV application, having a pH that 

was persistently lower than 7.25 increased the risk of NIMV 

failure to .90%. In the current study, although we investigated 

lower pH in terms of risk for mortality, the majority of patients 

had initial NIMV, and even in the severe acidosis group, NIMV 

failure rate was less than one-third. During the past decade, 

increased NIMV familiarity and more experienced staff have 

resulted in NIMV being applied more safely in the ICU. Very 

recently, Masa et al22 studied 969 patients (COPD; 540, obesity 

hypoventilation syndrome; 189, acute cardiogenic pulmonary 

edema; 240) with ARF requiring NIMV in the ICU, and for the 

evaluation of NIMV success, patients were grouped according 

to pH ,7.25 value. They found that NIMV could be success-

fully applied to patients with ARF and with different diseases 

even when the pH was ,7.25 in the ICU (COPD 93%).22 In the 

current study, the groups were stratified relative to pH 7.20, and 

NIMV success was achieved in nearly one-third of the severe 

acidosis group vs two-thirds of the mild-to-moderate acidosis 

group (Figure 2). In a meta-analysis that included 14 studies 

and evaluated 979 hospitalized COPD patients, the intubation 

rate ranged from 9% to 56% in COPD patients with initial 

NIMV treatment (mean intubation rate was 35%). The rela-

tive risk of mortality was 13%–100%, and with an average 

of nearly 45%.23 Mortality as a result of COPD exacerbation 

with ARF requiring the ICU depended on the need for IMV 

(average mortality 45%). In the current study, NIMV failure 

rates in the severe and mild-to-moderate acidosis groups had a 

similar range to that presented in this meta-analysis; however, 

ICU mortality rates for both groups were less than average 

Table 6 Cox regression analysis for short- and long-term 
mortality predictors in COPD patients after ICU discharge

HR 95% CI p-value

Lower 
limit

Upper 
limit

28th day 
Age, years 1.14 1.08 1.22 0.000
Intropic use in the ICU 3.31 1.28 8.60 0.014
PaO2/FiO2,300 2.32 1.01 5.34 0.047
pH#7.20 0.31 0.10 1.04 0.058

First year
Age, years 1.07 1.04 1.10 ,0.001
pH#7.20 0.52 0.28 0.95 0.034
PaO2/FiO2,300 1.59 1.02 2.48 0.040
BMI#20 kg/m2 1.72 1.02 2.91 0.044

Second year
Age, years 1.06 1.03 1.08 ,0.000
BMI#20 kg/m2 1.74 1.11 2.73 0.015
PaO2/FiO2,300 1.46 1.01 2.11 0.047

Third year
Age, years 1.06 1.03 1.08 ,0.001
BMI#20 kg/m2 1.56 1.03 2.34 0.034
PaO2/FiO2,300 1.41 1.01 1.97 0.047

Notes: Cox regression model included the following: age, study group (pH,7.21, 
BMI,21  kg/m2, PaO2/FiO2,300), male gender, comorbidities (diabetes mellitus, 
hypertension, chronic renal failure disease, coronary artery disease, congestive 
heart failure, days stay in the ICU, presence of septic shock, presence of resistant 
pathogen, use of domiciliary device [LTOT, NIMV]); only statistically significant 
(p,0.05) parameters are shown in the regression analysis.
Abbreviations: BMI, body mass index; HR, hazard ratio; ICU, intensive care 
unit; LTOT, long-term oxygen therapy; NIMV, noninvasive mechanical ventilation; 
PaO2/FiO2, partial arterial oxygen pressure to fractional inspired oxygen.
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according to the meta analysis. Furthermore, the mortality rates 

were nearly a half and one-quarter of the predicted mortality 

rates according to APACHE II scores in the mild-to-moderate 

and severe acidosis groups, respectively (Figure 2). Very 

recently, European Respiratory Society/American Thoracic 

Society published the clinical practice guidelines for NIMV 

due to ARF.24 This guideline stated that COPD patients with 

a pH between 7.25 and 7.35 and without metabolic acidosis 

can manage with NIMV, and the response to NIMV should 

be followed closely (1–4 hours).24

Figure 4 Survival functions of discharged COPD patients in long term follow-up according to severity of acidosis and LTOT use.
Notes: (A) Survival functions of COPD after discharge from hospital. (B) Survival functions of COPD patients with pH.7.20 group. (C) Survival functions of COPD patients 
in the pH,7.20 group.
Abbreviation: LTOT, long-term oxygen therapy.
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Short- and long-term follow-up
In the current study in the short term (28-day), survival analy-

sis showed that in older patients the intropic therapy due to 

septic shock together with PaO
2
/FiO

2
,300 had an increased 

risk of mortality. However, severely acidotic patients’ sur-

vival rate was higher, nearly 70% compared to the mild-to-

moderate acidotic COPD patients in the ICU. In the study, 

our findings about survival rate in the severe acidosis group 

did not correlate with our hypothesis. These short term find-

ings can be explained as the usage of inotropic medication 

for severe respiratory failure due to hypoxemia were much 

more important for short term survival after discharge from 

ICU in COPD patients. Meanwhile, severely acidotic patients 

due to hypercapnic respiratory failure without intropic 

requirement can be treated by mechanical ventilation in the 

ICU, and those patients who were discharged from the ICU 

did not have any further risk of short and 1-year follow-up 

period mortality.

The current study demonstrated that severe acidosis did 

not affect long-term survival (Figure 3). Khilnani et al25 

studied 1-year survival of COPD patients with severe acidosis 

after ICU admission (median pH was 7.25, minimum 6.87, 

maximum 7.44). They found similar pH values in both the 

survivors and non-survivors during the follow-up period. 

They defined the risk factors for long-term survival as fol-

lows: admission APACHE II score, 13.5, and after 24 hours, 

of serum albumin, 3.05 g/dL. They demonstrated that PaCO
2
 

and HCO
3
 values did not affect mortality risk factors.

In the current study, a significantly higher number of 

moderate acidotic patients used LTOT after ICU discharge 

than severely acidotic patients. It can be assumed that, in 

the severe acidosis group since the acidosis depends on 

the severity of sepsis, the previous stable clinical condition 

was observed after ICU discharge. Besides, depending on 

the severity of the existing COPD, patients were discharged 

with LTOT in the mild-to-moderate acidosis group. In 

addition, also our long-term survival analysis performed 

by Cox regression analysis showed that ICU hypoxemia 

(PaO
2
/FiO

2
,300), elderly patients, and lean COPD patients 

(BMI,21 kg/m2) were factors which decreased long-term 

survival. The objective of this study was to clarify the dam-

age of severe acidosis in tissue and to further establish the 

negative effect of severe acidosis on long-term survival. We 

also showed that severely acidotic patients with a require-

ment for LTOT had significantly shorter survival times after 

ICU discharge than those without a requirement for LTOT. 

This may be explained by the tissue damage due to severe aci-

dosis that does not respond to oxygen treatment (Figure 4B). 

If the acidosis is not very severe, tissue damage may be 

reversible and may respond to the LTOT, leading to increased 

long-term survival (Figure 4C). Recently, the Long-Term 

Oxygen Treatment Trial (LOTT) research group published 

a study in which the supplemental oxygen group of patients 

with COPD was prescribed 24-hour oxygen, if their resting 

SpO
2
 was 89%–93% and they were given oxygen only during 

sleep and exercise, if they desaturated during exercise. The 

protocol specified that patients in the supplemental oxygen 

group continued the use of supplemental oxygen regardless 

of any increase in the SpO
2
 level and that patients in the 

non-supplemental oxygen group avoided the use of supple-

mental oxygen unless they exhibited severe resting desatura-

tion (SpO
2
#88%) or severe exercise-induced desaturation 

(SpO
2
,80% for $1 minute). If either of these conditions 

developed, oxygen was prescribed, and the oxygen require-

ment was reassessed after 30 days.26 In the current study, 

COPD patients with chronic respiratory failure had more 

severe resting desaturation than the LOTT research group 

patients. Patients in the LOTT research group with similar 

desaturation levels were prescribed oxygen.

In the current study, due to analysis, no significant differ-

ence was determined in domiciliary NIMV  both for 1 month 

and 1 year survival (Table 6). Long-term NIMV usage may 

prolong survival, although the quality-of-life improvement 

was questionable according to the international guidelines.4

BMI is a component of BODE (body mass index, air flow 

obstruction, Dyspmea, exercise) score, and long-term survival 

was decreased if BMI,21  kg/m2.10 In the current study, 

BMI,21 kg/m2 showed decreased long-term survival in the 

1–3-year follow-up period; except at day 28.

Limitations
There were some limitations in the current study. First, it 

was performed at a single center, although the sample size 

was sufficient to indicate the clinical implications for COPD 

patients. Second, it was a retrospective study, although all 

patient data were recorded each day by the same ICU team. 

Third, the spirometry data were not recorded because of 

the absence of an electronic database; however, all COPD 

diagnoses were made by pulmonary specialists within a 

teaching hospital for chest diseases and with the help of 

spirometry values.

Conclusion
The primary finding of this study was that the overall mor-

tality was similar in both groups. However, COPD patients 

with severe acidosis who were admitted to the ICU and using 
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LTOT after ICU discharge had significantly shorter survival 

time. COPD patients with chronic hypoxemia and exposure 

to severe acidosis in the ICU do not benefit from LTOT after 

ICU discharge compared with COPD patients who had severe 

acidosis not requiring LTOT.

This can be explained by the presence of severe acidosis, 

which causes further harmful effects on hemodynamics and 

metabolism in hypoxemic patients with COPD. Although 

the current study showed that severe acidotic and mild-to-

moderate acidotic COPD patients had similar long-term 

survival, the presence of intropic use during the ICU stay 

and having acute hypoxemia in the ICU (PaO
2
/FiO

2
,300) 

increased short-term mortality nearly two to three times. Our 

findings indicate that half of COPD patients can survive for 

1 year and one-third of COPD patients can survive for 3 years 

after ICU discharge following acute exacerbation. To further 

increase these short survival rates, physicians should closely 

followup patients who are prescribed LTOT with severe 

acidosis and intropic requirement in the ICU. To increase 

long-term survival after ICU discharge, physicians should 

also evaluate elder and lean COPD patients carefully.
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