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Abstract

Aims Non-invasive positive pressure ventilation rapidly improves the symptoms of acute heart failure (AHF). A portion of
patients, however, are forced to be intubated even though intubation is associated with serious complications, and hypercap-
nia is often observed in AHF requiring intubation. The purpose of this study is to examine the clinical profile and management
of hypercapnia in AHF patients.

Methods and results We examined the arterial blood gas analysis in 193 consecutive AHF patients (73 ± 12 years, 61% men)
at admission. Many patients (n = 129, 66.8%) had already been treated with oxygen by the ambulance staff. Hypercapnia
(PaCO2 at admission >45mmHg) and hypocapnia (PaCO2< 35mmHg) were observed in 33.7% and 32.6%, respectively.
Whereas 16 (24.6%) hypercapnic patients were intubated, there were only one (1.5%) normocapnic and no hypocapnic pa-
tients intubated. Patients with hypercapnia are more likely to be in the New York Heart Association Class IV (96.9% vs.
78.9%, P< 0.001), to have acute onset within 6 h (50.8% vs. 25.0%, P< 0.001), and to have radiographic pulmonary oedema
(84.6% vs. 57.8%, P< 0.001) than those with hypo-normocapnia. Hypercapnia was more frequent in patients with acute car-
diogenic pulmonary oedema than in those with acute decompensated heart failure (51.9% vs. 23.6%, P< 0.001). At discharge,
hypercapnia was observed in 17.8% of patients who were hypercapnic at admission.

Conclusion Hypercapnia emerged in AHF acutely and transiently, was associated with immediate airway intervention, and was
possibly involved in the pathophysiology of acute pulmonary oedema. Patients with acute onset dyspnoea should have their
respiratory status carefully managed. These pathophysiological findings are expected to be utilized in treating or preventing AHF.
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Introduction

Acute heart failure (AHF) is a common cause of hospitaliza-
tion in older patients with a high mortality rate.1 Non-
invasive positive pressure ventilation (NPPV) rapidly improves
the symptoms of AHF including acute cardiogenic pulmonary
oedema (APE) than oxygen alone.2–4 A portion of patients,
however, is forced to be intubated due to unconsciousness
or other reasons, even though intubation is associated with
serious complications.5 Hypercapnia is often observed in
AHF requiring intubation and is considered to be associated
with severe respiratory distress. However, the prevalence,

clinical background, and roles in emergent airway manage-
ment of hypercapnia are uncertain because blood gas data
in unselected consecutive AHF patients have been lacking.
Therefore, the purpose of this study is to examine the clinical
profile and management of hypercapnia in AHF patients.

Methods

Study patients

From September 2011 to February 2013, 287 patients with AHF
and without concomitant ST elevation acute myocardial
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infarction (AMI) were consecutively admitted to Yokohama City
UniversityMedical Centre. AHFwas defined by the Framingham
criteria with the variables on admission.6 Patients with a re-
duced ejection fraction and a preserved ejection fraction were
included. We prospectively enrolled 197 patients who provided
written consent and subsequently assessed arterial blood gases
(ABG) in all. For unconscious patients on admission, informed
consent was obtained after the recovery of consciousness. We
analysed the data of 193 patients after excluding those with
sampling error (n=4). The European Society of Cardiology defi-
nitions were used to classify APE and acute decompensated
heart failure (ADHF).7,8 APE was defined as the acute onset of
dyspnoea within the preceding 6h and radiographic alveolar
oedema.9 The allocation of airway intervention was left to the
discretion of the doctor in accordance with established
guidelines.10,11 The study was approved by the ethics review
committee of our institution, and signed informed consent
was obtained from each patient before participation. This study
was registered with the UMIN protocol registration system with
the identification number UMIN000010161.

Measurement

Data regarding patient medical history, symptoms, and treat-
ments were collected for each patient. Night-time admission
was defined as admission from 8 PM to 9 AM. Radiographic
alveolar oedema was defined as ill-defined semi-confluent
shadows present in any part of the lung.12 ABG, haematology,
and biochemistry tests were obtained upon admission. Hyper-
capnia and hypocapnia were defined as PaCO2> 45mmHg
and PaCO2< 35mmHg, respectively.13 Those with hypercap-
nia on admission underwent the second assessment of ABG
at discharge. Underlying diseases were diagnosed at discharge
according to the American College of Cardiology/American
Heart Association clinical data standards.14 The estimated
glomerular filtration rate was calculated by the modified for-
mula described in the Modification of Diet in Renal Disease
study, which was conducted by the Japanese Society of
Nephrology.15 Echocardiography was performed with standard
parasternal and apical views in the emergency department.

Statistical analysis

The data are presented as the means ± standard deviation, as
well as medians with inter-quartile ranges and frequencies.
The unpaired Student’s t-test and the Mann–Whitney U test
were used to compare two groups as appropriate. Differences
in categorical variables were analysed by the chi-square test.
Univariate and multivariate forward logistic regression analyses
were used to assess the association between clinical character-
istics and the mode of airway intervention (NPPV, intubation,
and NPPV or intubation). The odds ratio (OR) and 95% confi-
dence interval (CI) for NPPV, intubation, and NPPV/ intubation

were calculated. Multivariate analyses included age, gender,
body mass index, clinical background (i.e. coronary artery dis-
ease, hypertension, valvular heart disease, atrial fibrillation,
prior hospitalization for heart failure, diabetes mellitus, and
pack-years of smoking), pulse oximeter saturation with
oxygen, radiographic alveolar oedema, left ventricular ejection
fraction on echocardiography, serum creatinine, and the
presence of hypercapnia using stepwise selection of covariates.
The Hosmer–Lemeshow statistic was applied to assess model
calibration. The significance level to include and exclude in
the model was set to 0.05 and 0.10, respectively. Two-tailed P
values of less than 0.05 were considered to indicate statistically
significant differences. The analyses were performed using SPSS
17.0 J for Windows (SPSS Inc., Tokyo, Japan).

Results

Characteristics of participants

Of the 193 patients, ADHF presented with a frequency of 65.8%,
APE 26.9%, cardiogenic shock 1.6%, hypertensive heart failure
3.6%, right ventricular failure 1.6%, and high output heart
failure 0.5%. Table 1 presents the characteristics of participants.
Mean age was 73±12years, and 36.6% had prior hospitaliza-
tion for heart failure. Mean ejection fraction on admission
was 38±16%, 64.2% were patients with reduced ejection frac-
tion (<45%), and 35.7% were those with preserved ejection
fraction (≥45%). Sixty-seven per cent of patients had already
been treated with oxygen by ambulance staff, and an additional
7% was treated immediately after arriving at the hospital, in
which ABG was then assessed under oxygen supplementation
in 74% of patients. In-hospital mortality was 3.1%.

Blood gas and airway management

Average pH, PaO2, PaCO2, HCO3� were 7.33 ± 0.16, 141
± 113mmHg, 47.0 ± 23.9mmHg, and 22.1 ± 4.0mEq/L, respec-
tively. Hypercapnia, hypocapnia, and normocapnia were
observed in 33.7%, 32.6%, and 33.7% of patients, respectively.
PaCO2 was 52.1 ± 27.0mmHg in patients who had been
treated with oxygen and 36.3 ± 9.2mmHg in those without
oxygen (P< 0.001). Logistic regression analysis revealed that
hypercapnia but not hypocapnia was a significant predictor
of NPPV [univariate OR with 95% CI of hypercapnia vs.
hypo-normocapnia; 10.63 (5.10–22.22), P< 0.001, and OR
of hypocapnia vs. normo-hypercapnia; 0.08 (0.02–0.27),
P< 0.001] and NPPV/intubation [OR of hypercapnia; 25.64
(11.63–55.56), P< 0.001, and OR of hypocapnia; 0.05
(0.02–0.17), P< 0.001, Table 2]. Whereas 16 (24.6%) hyper-
capnic patients were intubated, there were only one
normocapnic and no hypocapnic patients intubated. There-
fore, ORs for intubation were not assessed both in univariate
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and multivariate analyses. After multivariate adjustment,
hypercapnia was still a significant predictor of NPPV and
NPPV/intubation (Table 3). These models were reliable
(P = 0.99 for NPPV and P = 0.34 for NPPV or intubation by the
Hosmer–Lemeshow test). The incidence of immediate airway
management in hypercapnic, normocapnic, and hypocapnic
patients is also shown in Figure 1.

The difference between patients with hypercapnia
and hypo-normocapnia

The difference of characteristics between those with hyper-
capnia and hypo-normocapnia can be observed in Table 1.
Baseline characteristics, including age, sex, hypertension, dia-
betes, ejection fraction, ischaemic aetiology, smoking status,

Table 1 Characteristics of the overall cohort and in patients with hypercapnia and hypo-normocapnia

Overall cohort Hypercapnia Hypo-normocapnia

Characteristics n=193 n=65 n=128 P

Mean age, years 73 (12) 74 (9) 73 (13) 0.63
Sex, male, % 60.6 58.5 61.7 0.76
Body mass index, kg/m2 23.7 (4.8) 23.3 (4.6) 23.9 (4.9) 0.42

Background
Coronary artery disease, % 60.1 64.6 57.8 0.44
Hypertension, % 75.1 80.0 72.7 0.29
Valvular heart disease, % 29.5 24.6 32.0 0.32
Atrial fibrillation, % 30.6 21.5 35.2 0.07
Prior hospitalization for heart failure, % 36.6 37.5 36.2 0.87
Diabetes mellitus, % 43.5 49.2 40.6 0.28
Current smoker, % 29.6 37.1 26.0 0.13
Pack-years of smoking 30 (37) 28 (29) 31 (41) 0.62

Medications prior to admission
Loop diuretic, % 39.2 39.7 38.9 >0.99
Spironolactone, % 17.5 19.0 16.7 0.69
ACE inhibitor or ARB, % 45.5 42.9 46.8 0.64
Beta blocker, % 34.0 37.1 32.5 0.62
Digoxin, % 10.5 4.7 13.5 0.08

Night-time admission (8 PM–9 AM), % 48.7 66.2 39.8 <0.001
Admission by ambulance, % 70.2 89.2 60.3 <0.001
Acute onset within 6 h, % 33.7 50.8 25.0 <0.001
Shock, % 1.6 4.6 0.0 0.04
NYHA Class IV, % 85.0 96.9 78.9 <0.001
Disturbance of consciousness, % 25.9 55.7 11.3 <0.001
Systolic blood pressure, mmHg 167 (41) 188 (43) 156 (36) <0.001
Diastolic blood pressure, mmHg 94 (29) 105 (30) 89 (27) <0.001
Heart rate, beats/min 110 (27) 116 (27) 108 (27) 0.03
Respiratory rate, times/min (n=130) 27 (7) 28 (8) 26 (7) 0.19
Pulse oximeter saturation with oxygen, % 94 (7) 92 (10) 95 (6) 0.01
Oxygen supplementation, % 66.8 84.4 57.9 <0.001

Radiographic alveolar oedema, % 66.8 84.6 57.8 <0.001

Echocardiography
Left ventricular ejection fraction, (%) 38 (16) 40 (17) 37 (16) 0.28
Moderate/severe mitral regurgitation, % 53.9 46.2 57.8 0.13

Laboratory findings
Haemoglobin, g/dL 12.4 (2.3) 12.5 (2.2) 12.4 (2.4) 0.97
Serum creatinine, mg/dL 1.59 (1.74) 1.55 (1.57) 1.61 (1.82) 0.81
Estimated GFR, mL/min/1.72m2 48 (23) 49 (26) 47 (22) 0.54
B-type natriuretic peptide, pg/mL* 849 (480–1495) 913 (590–1604) 745 (427–1429) 0.12

In-hospital management
NPPV or intubation, % 34.7 78.5 12.5 <0.001
NPPV, % 27.5 58.5 11.7 <0.001
Intubation, % 8.8 24.6 0.8 <0.001

Pulmonary artery catheter, % 4.7 6.2 3.9 0.49
Coronary angiography, % 35.2 36.9 34.4 0.75
Percutaneous coronary intervention, % 9.4 9.2 9.4 >0.99
Coronary artery bypass grafting, % 5.7 6.2 5.5 >0.99

Intra-aortic balloon pump, % 1.0 1.5 0.8 >0.99

Length of hospital stay, days* 17 (10–26) 18 (12–28) 17 (9–26) 0.25

ACE, angiotensin converting enzymes; ARB, angiotensin 2 receptor blockers; NYHA, New York Heart Association; GFR, glomerular filtration
rate; NPPV, non-invasive positive pressure ventilation.
*Median (inter-quartile range).
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and prior medications, were comparable between those with
hypercapnia and hypo-normocapnia. However, patients with
hypercapnia were more likely to be in the New York Heart
Association (NYHA) Class IV (96.9% vs. 78.9%, P< 0.001), to

have acute onset within 6 h (50.8% vs. 25.0%, P< 0.001),
and to have radiographic pulmonary oedema (84.6% vs.
57.8%, P< 0.001) than were those with hypo-normocapnia,
suggesting stronger and more acute pulmonary congestion

Table 2 Univariate logistic regression analyses of possible factors associated for NPPV, intubation, and NPPV or intubation

For NPPV For intubation For NPPV or intubation

Variable
Univariate

OR 95% CI P
Univariate

OR 95% CI P
Univariate

OR 95% CI P

Age, per 5 years 0.99 0.87–1.13 0.88 0.93 0.76–1.14 0.48 0.98 0.87–1.11 0.77
Sex, male 0.80 0.42–1.51 0.48 1.21 0.43–3.42 0.72 0.94 0.52–1.73 0.85
Body mass index, per kg/m2 1.02 0.96–1.09 0.53 0.94 0.84–1.06 0.34 1.00 0.93–1.06 0.88

Background
Coronary artery disease 0.98 0.53–1.94 0.96 0.60 0.20–1.78 0.36 0.85 0.46–1.56 0.60
Hypertension 1.18 0.56–2.50 0.66 2.65 0.58–12.05 0.21 1.40 0.69–2.84 0.35
Valvular heart disease 0.46 0.21–1.00 0.049 0.99 0.33–2.96 0.99 0.45 0.22–0.91 0.03
Atrial fibrillation 0.50 0.24–1.06 0.07 0.68 0.21–2.17 0.52 0.48 0.24–0.95 0.04
Prior hospitalization for heart
failure

1.24 0.65–2.39 0.51 1.23 0.45–3.40 0.69 1.20 0.65–2.21 0.57

Diabetes mellitus 1.36 0.72–2.57 0.34 1.97 0.72–5.41 0.19 1.57 0.86–2.85 0.14
Current smoker 0.95 0.47–1.92 0.88 0.85 0.26–2.80 0.79 0.90 0.46–1.74 0.75
Pack-years of smoking, per
10 pack-years

0.96 0.88–1.06 0.43 0.95 0.81–1.13 0.59 0.96 0.88–1.05 0.39

Medications prior to admission
Loop diuretic 1.00 0.52–1.94 0.99 0.83 0.30–2.36 0.73 0.96 0.52–1.77 0.89
Spironolactone 1.02 0.44–2.37 0.97 0.61 0.13–2.79 0.52 0.80 0.36–1.80 0.59
ACE inhibitor or ARB 0.98 0.51–1.87 0.95 0.63 0.22–1.77 0.38 0.86 0.47–1.58 0.63
Beta blocker 1.36 0.70–2.66 0.36 0.79 0.27–2.35 0.67 1.22 0.65–2.28 0.54
Digoxin 0.87 0.30–2.53 0.80 — 0.60 0.21–1.72 0.34

Night-time admission (8 PM–9 AM) 4.31 2.14–8.66 <0.001 2.75 0.93–8.14 0.07 4.90 2.55–9.40 <0.001
Admission by ambulance 10.71 3.18–36.08 <0.001 — 16.46 4.90–55.25 <0.001
Acute onset within 6 h 2.49 1.30–4.79 <0.01 2.41 0.88–6.58 0.09 3.16 1.69–5.91 <0.001
Shock — — —

NYHA Class IV — — —

Disturbance of consciousness 5.12 2.50–10.44 <0.001 30.68 6.69–140.83 <0.001 14.36 6.47–31.87 <0.001
Systolic blood pressure, per
10mmHg

1.10 1.01–1.18 0.02 1.13 1.00–1.27 0.049 1.13 1.05–1.22 <0.01

Diastolic blood pressure, per
10mmHg

1.08 0.97–1.20 0.18 1.11 0.94–1.30 0.21 1.10 0.99–1.22 0.07

Heart rate, per 10 beats/min 1.17 1.04–1.32 <0.01 1.21 1.01–1.45 0.04 1.20 1.07–1.35 <0.01
Respiratory rate, per times/min 1.07 1.01–1.13 0.01 1.06 0.99–1.15 0.11 1.09 1.03–1.15 <0.01
Pulse oximeter saturation with
oxygen, per %

0.97 0.93–1.01 0.10 0.92 0.88–0.97 <0.01 0.94 0.90–0.98 <0.01

Oxygen supplementation 9.27 3.17–27.12 <0.001 8.30 1.07–64.38 0.04 10.72 4.03–28.50 <0.001
Radiographic alveolar oedema 12.82 3.83–43.48 <0.001 8.93 1.16–66.67 0.04 14.29 4.90–41.67 <0.001

Echocardiography
Left ventricular ejection fraction,
per 5%

0.96 0.87–1.06 0.45 0.86 0.72–1.04 0.11 1.00 0.85–1.03 0.18

Moderate/severe mitral
regurgitation

1.29 0.68–2.45 0.43 0.57 0.21–1.57 0.27 0.90 0.50–1.64 0.74

Laboratory findings

Haemoglobin, per g/dL 0.96 0.84–1.10 0.57 1.09 0.88–1.35 0.42 1.00 0.88–1.14 0.97
Serum creatinine, per mg/dL 1.03 0.87–1.23 0.72 1.13 0.91–1.40 0.28 1.09 0.92–1.28 0.32
Estimated GFR, per mL/min/1.72m2 0.95 0.83–1.10 0.50 0.93 0.74–1.16 0.51 0.94 0.82–1.07 0.32
Ln [BNP (pg/mL)], per 1 1.34 0.90–2.01 0.15 1.71 0.88–3.34 0.12 1.51 1.03–2.22 0.04

Arterial blood gas
pH, per 0.1 0.48 0.37–0.62 <0.001 0.29 0.18–0.47 <0.001 0.11 0.05–0.21 <0.001
PaO2, per 10mmHg 1.08 1.05–1.12 <0.001 1.03 0.99–1.06 0.15 1.11 1.06–1.15 <0.001
PaCO2, per 5mmHg 1.24 1.13–1.36 <0.001 1.30 1.17–1.46 <0.001 2.03 1.61–2.56 <0.001
Hypercapnia 10.63 5.10–22.22 <0.001 41.47 5.35–321.23 <0.001 25.64 11.63–55.56 <0.001
Hypocapnia 0.08 0.02–0.27 <0.001 — 0.05 0.02–0.17 <0.001
HCO3

�, per mEq/L 1.00 0.99–1.02 0.90 0.88 0.79–0.99 0.03 1.00 0.98–1.01 0.70

OR, odds ratio; CI, confidence interval; ACE, angiotensin converting enzymes; ARB, angiotensin 2 receptor blockers; BNP, B-type natriuretic
peptide; NYHA, New York Heart Association; GFR, glomerular filtration rate; NPPV, non-invasive positive pressure ventilation.
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in hypercapnic patients (Figure 2). Disturbances of con-
sciousness (DOC) were also more frequently observed in
hypercapnic patients than those with hypo-normocapnia
(55.7% vs. 11.3%, P< 0.001, Figure 2). In-hospital mortality
was comparable between those with hypercapnia and
hypo-normocapnia (3.1% vs. 3.1%, P> 0.99). We could assess
the second ABG at discharge in 45 of 65 patients who were
initially hypercapnic on admission. At discharge, hypercapnia
and hypocapnia were observed in eight (17.8%) and 11
(24.4%) patients, respectively.

The difference between acute cardiogenic
pulmonary oedema and acute decompensated
heart failure

We compared the value of ABG between patients with APE and
ADHF. The pH was lower (7.26 ±0.15 vs. 7.38 ±0.12, P< 0.001),
PaCO2 was higher (55.4±25.1 vs. 41.4 ±19.0mmHg, P< 0.001),
and PaO2 was higher (175±143 vs. 129±100mmHg, P=0.02) in
APE than ADHF. The HCO3� was comparable between the two
groups (21.8 ±4.0 vs. 22.4 ±3.9mEq/L, P=0.32). Patients with

APE were more frequently hypercapnic than were those with
ADHF (51.9% vs. 23.6%, P< 0.001).

Discussion

The present study demonstrated that hypercapnia was fre-
quently observed in AHF, as were hypo- and normocapnia.
Hypercapnia but not hypocapnia was a strong predictor of
immediate airway intervention. Patients with hypercapnia had
stronger and more acute pulmonary congestion, as indicated
by higher presence of the NYHA Class IV, acute onset within
6 h, and radiographic pulmonary oedema, than those with
hypo-normocapnia. A large majority of patients who had been
initially hypercapnic on admission became hypo-normocapnic
during hospitalization. Patients with APE were more frequently
hypercapnic in comparison with ADHF patients.

To the best of our knowledge, the prevalence of hypercapnia in
an unselected AHF population including APE has never been
reported. Miñana et al. retrospectively investigated arterial blood
gas in 588 patients with ADHF, but they excluded 258 APE
patients.16 These researchers also did not show an indication of

Table 3 Multivariate logistic regression analyses of possible factors associated for NPPV and NPPV or intubation

For NPPV For NPPV or intubation

Variable
Multivariate

OR 95% CI P
Multivariate

OR 95% CI P

Age, per 5 years Not selected Not selected
Sex, male Not selected Not selected
Body mass index, per kg/m2 Not selected Not selected
Coronary artery disease Not selected Not selected
Hypertension Not selected Not selected
Valvular heart disease Not selected Not selected
Atrial fibrillation Not selected Not selected
Prior hospitalization for heart failure Not selected Not selected
Diabetes mellitus Not selected Not selected
Pack-years of smoking, per 10 pack-years Not selected Not selected
Pulse oximeter saturation with oxygen, per % Not selected Not selected
Radiographic alveolar oedema 13.68 3.05–61.41 <0.01 18.51 4.52–75.76 <0.001
Left ventricular ejection fraction, per 5% Not selected 0.83 0.72–0.97 0.02
Serum creatinine, per mg/dL Not selected Not selected
Hypercapnia 7.90 3.53–17.71 <0.001 29.63 10.59–82.86 <0.001

NPPV, non-invasive positive pressure ventilation.

Figure 1 The incidence of immediate airway management in hypercapnic, normocapnic, and hypocapnic patients. The incidence of NPPV, intuba-
tion, and NPPV/intubation was higher in hypercapnic patients. NPPV, non-invasive positive pressure ventilation.
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ABG andmight have assessed only thosewhowere considered to
need ABG. In these authors’ cohort, 9.2% of patients had hyper-
capnia (defined as PaCO2 at admission >50mmHg), which was
even fewer than in our population [i.e. 23.6% in non-APE (ADHF)
patients], partially due to the difference in the definition of
hypercapnia. In the present study, hypercapnia but not
hypocapnia was a strong predictor of immediate airway interven-
tion. Regarding intubation, our finding was expected because
recent guidelines recommend endotracheal intubation if such
symptoms as worsening hypoxemia, failing respiratory effort,
and increasing confusion are present.10,11 In previous studies of
APE, hypercapnia is not a constant finding, as several investiga-
tors have reported higher,17,18 and others reported normal,19,20

PaCO2 levels, although none of these studies directly compared
APE and non-APE. Hypocapnia in APE was also noted as a nega-
tive prognostic factor in a report by Valopour.13 However, Masip
insisted that hypocapnia might be either due to tachypnea in
response to hypoxemia in non-severe cases or compensation
for metabolic acidosis, and its clinical significance is not
homogeneous among patients.21 In the present study,
hypocapnic patients were much less frequently treated by
NPPV/intubation than were hypercapnic patients.

Mechanisms underlying hypercapnia and
disturbance of consciousness

Although DOC was associated with hypercapnia in the pres-
ent study, it is not simple to determine the mechanisms

underlying hypercapnia and DOC in AHF because both hyper-
capnia and DOC could be both the cause and the result. These
two factors could constitute a vicious cycle. As triggers to
DOC, preceding hypoxia or cardiogenic shock might be possi-
ble. Other reasons for DOC (i.e. dysglycaemia, uraemia, elec-
trolytes abnormality, sepsis, and stroke) could not be
completely excluded but deemed less likely in the setting of
AHF. In the present study, hypoxia was more frequently
observed in hypercapnic patients. Cardiogenic shock was too
rare to be estimated as a main reason for DOC. On the other
hand, as triggers to hypercapnia, alveolar hypoventilation
might be possible. Reduced dilution capacity might not be a
typical cause of hypercapnia because carbon dioxide can be
diluted much faster than oxygen. As a result, hypocapnia,
rather than hypercapnia, was reported to coexist frequently
in those with lung injury.22,23 As reasons for alveolar
hypoventilation, airway obstruction and obesity-associated
hypoventilation could be considered. In our study, there was
no difference in smoking status and body mass index between
those with and without hypercapnia, and hypercapnia was not
observed at discharge in most initially hypercapnic patients.
These results did not support the presence of airway obstruc-
tion by underlying pulmonary disease or obesity-associated
hypoventilation and were in accordance with previous re-
ports.24,25 On the contrary, hypercapnic patients were more
likely to be in NYHA Class IV, to have acute onset within 6 h,
and to have radiographic pulmonary oedema than were those
with hypo-normocapnia in our cohort. Respiratory muscle fa-
tigue due to increased airway pressure, especially in acute
heaviness of the lung, rather than long-lasting dyspnoea,
could trigger hypoventilation, although all of these explana-
tions are nothing more than speculations. The airway obstruc-
tion by bronchial oedema also could lead to respiratory
muscle fatigue.26 Valipour also advocated that hypercapnia
in the absence of chronic obstructive pulmonary disease
(COPD) is a consequence of respiratory muscle fatigue.13 Al-
though respiratory rates were comparable between the two
groups, this finding might indicate relatively insufficient respi-
ratory response in those with hypercapnia, who should have a
much higher respiratory rate. Those who have fallen in hyper-
capnia with DOC would not be able to recover without the
help of immediate airway intervention, and a portion of these
patients might have lapsed into sudden death before arriving
at the hospital. Takahashi reported that longer pre-hospital
transportation time was associated with higher mortality in
AHF.27 As such patients might be under-represented in clinical
research and even not be diagnosed as AHF, the present study
may have clinical significance by characterising AHF patients
with hypercapnia. Patients who had been treated by oxygen
had significantly higher PaCO2 levels than those without oxy-
gen. Although oxygen supplementation is less likely to be a
cause of hypercapnia because a reduction in ventilation asso-
ciated with removal of a hypoxic stimulus was observed in
COPD patients but not typically in AHF patients,28 we cannot

Figure 2 The differences in clinical findings at admission between pa-
tients with hypercapnia and hypo-normocapnia. The patients with hy-
percapnia are more likely to be in NYHA Class IV, to have acute onset
within 6 h, and to have radiographic pulmonary oedema than those
with hypo-normocapnia. Disturbance of consciousness was also more
frequently observed in hypercapnic patients than those with hypo-
normocapnia. NYHA, New York Heart Association.
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exclude the influence of oxygen supplementation on PaCO2 at
admission.

Limitations

There are several limitations in the present study that warrant
discussion. First, as we did not analyse outcome data after dis-
charge, and only six deaths were observed during hospitaliza-
tion, the impact of APE on short- and long-term prognosis
should be addressed in future studies. For the same reason,
we could not answer the question of whether the presence
or absence of hypercapnia might guide respiratory manage-
ment. Another limitation was the uncertainty in the definition
of APE, which was discussed in detail by our previous study.29

According to a recent review, APE represented 3% of all types
of clinical presentations of AHFS,1,30 which was less than the
incidence (i.e. 26.9%) in the present study and considerably
less than previous research, such as that of Parissis (37%).7

The distinction between APE and ADHF, as well as APE and hy-
pertensive heart failure, is not clear and has no clear cutoffs.
Therefore, the significance of combined analyses for APE and
ADHF in the present study may be unclear. Given that AMI
represents 30% of APE and hypercapnia was an independent
predictor of intubation in APE,24 exclusion of ST elevation
AMI in the present study is also a limitation. Because of the
very small number of intubated patients under some of char-
acteristics listed in Table 2, the univariate OR and CI were too
high to be interpreted practically, and we could not analyse
the multivariate analysis for intubation. The lack of data about
the diagnosis of COPD as clinical background is also a large

limitation to discuss hypercapnia, although we used the data
of pack-years of smoking instead.

In summary, hypercapnia emerged in AHF acutely and tran-
siently, was associated with immediate airway intervention,
and was possibly involved in the pathophysiology of APE.
Patients with acute onset dyspnoea should have their respira-
tory status carefully managed. These pathophysiological
findings may be beneficial in understanding how to treat or
prevent AHF.
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