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or “normotensive-hypotensive” HF. These classifications 
are helpful for HF treatment and provide prognostic infor-
mation.

Several studies have previously reported the association 
between the admission time and the clinical features of 
AHF.3–5 AHF hospitalization is more frequent at night 
than during the day, and AHF patients admitted at night 
are more likely to have high blood pressure and pulmonary 
edema. This means that night-time AHF can be character-
ized as vascular HF. In contrast, AHF patients hospitalized 
during the day are more likely to have normotensive-
hypotensive HF (cardiac failure).

An inverse relationship has been described between the 
blood pressure on admission and the prognosis of AHF.6,7 
The difference in patient characteristics according to the 
admission time, including the long-term prognosis, in 
Asian populations, however, is still unclear. We therefore 

A cute heart failure (AHF) occurs in various clinical 
settings. The Nohria-Stevenson classification and 
clinical scenario (CS) algorithm are widely recog-

nized as pathophysiological classifications of AHF.1,2 The 
Nohria-Stevenson classification divides AHF into 4 subsets 
based on the presence of clinical symptoms of congestion 
and hypoperfusion.1 The CS categorizes AHF into 5 subsets 
based on systolic blood pressure (SBP) for the initial 
management of AHF in the emergency department.2 CS-1 
is defined as high SBP. Most patients in this subset develop 
AHF abruptly and present with pulmonary edema rather 
than systemic volume overload. This type of heart failure 
(HF) is regarded as “vascular” failure or “hypertensive” 
HF. CS-2 and CS-3 are characterized as normal or low 
blood pressure. Symptoms of the patients in these subsets 
develop gradually over days and include significant systemic 
congestion. This type of HF is regarded as “cardiac” failure 
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Background: The features of sleep-associated acute heart failure (AHF) patients admitted at midnight or early morning (M/E) are 
unclear.

Methods and Results: Of 1,268 AHF patients screened, 932 were analyzed, and divided into 2 groups by admission time (M/E 
group, 23:00–06:59, n=399; daytime group, 07:00–22:59, n=533). Those in the M/E group were further divided by the presence 
of a prodrome: with (n=176; prodrome group) or without (n=223; sudden onset group). The median time from symptom onset 
to hospitalization was significantly shorter in the M/E group (98 min; range, 65–170 min) than in the daytime group (123 min; range, 
68–246 min). The 365-day HF event rate in the M/E group was significantly lower than that of the daytime group. On multivariate 
logistic regression modeling the M/E group was independently associated with a better outcome than the daytime group (OR, 0.673; 
95% CI: 0.500–0.905). In the M/E group, the 365-day HF event rate was significantly lower in the prodrome group than in the sudden 
onset group. On multivariate logistic regression modeling, inclusion in the prodrome group was independently associated with a 
better outcome (OR, 0.544; 95% CI: 0.338–0.877).

Conclusions: AHF patients admitted during sleeping hours were not sicker than those admitted during the daytime. The absence 
of a prodrome, however, might be associated with future repeated HF events.
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potassium, glucose, liver function and complete blood 
count; class I, level C) and echocardiography (class I, level 
C).9 Furthermore, all of the included patients were given 
diuretics or vasodilators for the treatment of AHF. The 
treating physician in the emergency department diagnosed 
AHF based on these criteria ≤30 min after admission and 
included the patient in the present study by filling out a 
form. All of the patients had a New York Heart Association 
(NYHA) functional class of either III or IV.

The patients who met any of the following criteria were 
admitted to the ICU: (1) requiring high-projectile oxygen 
inhalation (including mechanical support) to treat orthopnea; 
(2) requiring inotrope or mechanical support due to low 
blood pressure; and (3) requiring diuretics to improve 
general or lung edema. Patients with HF caused by acute 
coronary syndrome were excluded from the study. The 
treatment strategy was chosen by each physician.

Procedure
First, the patients were divided into 2 groups according to 
admission time. Patients who attended the hospital between 
23:00 hours and 06:59 hours were assigned to the midnight/
early morning group (M/E group, n=399), and those who 
attended between 07:00 hours and 22:59 hours were 
assigned to the daytime group (daytime group, n=533; 
Figures 1,2A). We evaluated the features of AHF associated 
with sleep in the present study. We defined M/E admissions 
based on the average bedtime of Japanese people >50 years 
of age (around 22:00–around 06:00 hours).

Second, the patients in the M/E group were further 
divided into 2 groups according to the presence of a 
prodrome: with a prodrome (n=176; prodrome group) or 
without a prodrome (n=223; sudden onset group). Pro-
drome was defined as the presence of dyspnea on exertion 
or at rest and paroxysmal nocturnal dyspnea before the 
occurrence of presenting symptoms directly associated 

assessed the association between AHF during sleep and 
prognosis. Furthermore, although prehospital conditions 
including the time interval from symptom onset to hospi-
talization have been reported,8 the presence of a prodrome 
has never been evaluated in AHF patients. We therefore 
focused on the presence of a prodrome because we hypoth-
esized that patients with sudden onset would be easily 
decompensated by slight volume retention. This means 
that HF patients with sudden onset would have an insuf-
ficient cardiac reserve, which might result in future repeated 
HF events. Thus, the present study also assessed these 
prehospital conditions and the HF events of AHF patients 
admitted at midnight or in the early morning.

Methods
Subjects
A total of 1,268 patients with AHF admitted to the intensive 
care unit (ICU) of Nippon Medical School, Chiba 
Hokusoh Hospital, between March 2001 and July 2017 
were enrolled in this study. Patients with HF caused by 
ST-T-elevated acute myocardial infarction were excluded 
from the study. In addition, 336 patients who were admitted 
from other hospitals or the general ward of the present 
hospital were excluded. Only AHF patients admitted from 
their homes were enrolled in the present study. A total of 
932 AHF patients who were admitted from their homes to 
hospital were ultimately enrolled in this study (Figure 1).

AHF was defined as either new-onset HF or decompen-
sation of chronic HF with symptoms sufficient to warrant 
hospitalization. Based on the 2016 ESC guidelines for the 
diagnosis of AHF, we diagnosed AHF on the measurement 
of plasma natriuretic peptide (i.e., B-type natriuretic peptide 
[BNP] ≥100 pg/mL; class I, level A), 12-lead electrocardio-
gram (class I, level C), laboratory measurements (i.e., 
troponins, blood urea nitrogen [BUN], creatinine, sodium, 

Figure 1.  Subject selection at the Nippon Medical School Chiba Hokusoh Hospital intensive care unit between March 2001 and 
July 2017.
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BNP, C-reactive protein [CRP] and other variables) and 
medication during ICU admission. LVEF was calculated 
using the Teicholz method or Sympson’s method on 
admission (Sonos 5500, Hewlett Packard, Palo Alto, CA, 
USA; or Vivid I, GE Yokogawa Medical, Tokyo, Japan).

The onset-to-hospitalization time was defined as the 
time interval from symptom onset to hospitalization. The 
distribution of onset-to-hospitalization care is shown in 
Figure 2B. The patients whose symptom onset time could 
not be determined due to gradual worsening were defined 
as “gradually worsening” in the present study. These 
findings were also compared between groups.

with visiting the emergency room. Sudden-onset AHF was 
categorized as AHF without prodrome.

We compared patient characteristics between the groups, 
including age, gender, presence of de novo or recurrent 
HF, etiology of HF, risk factors for atherosclerosis (diabetes 
mellitus, hypertension and dyslipidemia), vital signs on 
admission (SBP and heart rate), left ventricular ejection 
fraction (LVEF) on echocardiography on admission, 
presence of orthopnea, presence of chronic kidney disease 
(CKD), respiratory management (endotracheal intubation 
[ETI] and/or non-invasive positive pressure ventilation 
[NPPV]), arterial blood gas data on admission, laboratory 
data on admission (BUN, total bilirubin, hemoglobin, 

Figure 2.  Distribution of acute heart failure (AHF) patients according to (A) time of admission and (B) onset-to-hospitalization time. 
M/E group, midnight/early morning group (patients who admitted between 23:00 and 06:59 hours); daytime group, patients who 
visited between 07:00 and 22:59 hours.
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who were followed up at other institutes, prognosis was 
determined via telephone contact. The prognostic value in 
terms of the 365-day HF events was evaluated using a 
multivariate logistic regression model; and Kaplan-Meier 
curve analysis with significant differences calculated using 
the log-rank test was performed.

Prognosis
Short-term prognosis was evaluated as the duration of 
admission (duration of ICU stay and hospital stay) and 
in-hospital mortality, and long-term prognosis was evalu-
ated as HF events, including all-cause death and re-
admission for HF in ≤365 days. The patients were clinically 
followed up at a routine outpatient clinic. For the patients 

Table 1. Patient Characteristics vs. Admission Time

Total  
(n=932)

Day-time group 
(n=533)

M/E group  
(n=399) P-value†

Characteristics

  Age (years) 75 (66–81)　　　 75 (66–82)　　　 74 (66–80)　　　 0.145

  Type (new onset) 585 (62.8) 335 (62.9) 250 (62.7) 1.000

  Gender (male) 618 (66.3) 348 (65.3) 270 (67.7) 0.484

  Etiology (ischemia) 394 (42.3) 213 (40.0) 181 (45.4) 0.108

Risk factors of atherosclerosis

  Hypertension (yes) 720 (77.3) 399 (74.9) 321 (80.5) 0.048

  Diabetes mellitus (yes) 422 (45.3) 238 (42.8) 194 (48.6) 0.084

  Dyslipidemia (yes) 466 (50.0) 262 (49.2) 204 (51.1) 0.596

Vital signs and status

  SBP (mmHg) 167 (140–192)　 161 (134–186)　 175 (150–200)　 <0.001　
  Heart rate (beats/min) 114 (96–132)　　　 111 (92–130)　　　 120 (100–134)　 <0.001　
  LVEF (%) 36 (26–49)　　　 36 (26–49)　　　 36 (25–48)　　　 0.934

  Orthopnea (yes) 805 (86.4) 441 (82.7) 364 (91.2) <0.001　
  CKD (yes) 501 (53.8) 289 (54.2) 212 (53.1) 0.791

Respiratory management

  ETI (yes) 213 (22.9) 125 (23.5)   88 (22.1) 0.637

  NPPV (yes) 493 (52.9) 263 (49.3) 230 (57.6) 0.014

Arterial blood gas

  pH 7.29 (7.17–7.39) 7.31 (7.19–7.40) 7.27 (7.15–7.35) <0.001　
  PCO2 (mmHg) 47 (36–61)　　　 45 (35–57)　　　 49 (40–65)　　　 <0.001　
  PO2 (mmHg) 92 (66–140)　 93 (67–142)　 90 (66–135)　 0.352

  HCO3− (mmol/L) 21.6 (19.2–23.9) 21.5 (19.3–24.1) 21.7 (19.0–23.8) 0.548

  SaO2 (%) 95 (89–98)　　　 96 (91–98)　　　 95 (88–98)　　　 0.010

  Lactate (mmol/L) 2.1 (1.2–4.1)　　 2.0 (1.2–4.0)　　 2.1 (1.2–4.3)　　 0.847

Laboratory data

  Total bilirubin (mg/dL) 0.5 (0.4–0.8)　　 0.6 (0.4–0.8)　　 0.5 (0.4–0.7)　　 <0.001　
  BUN (mg/dL) 23.9 (18.0–35.2) 25.3 (18.3–36.3) 22.3 (17.7–32.5) 0.064

  Creatinine (mg/dL) 1.18 (0.90–1.80) 1.21 (0.93–1.81) 1.15 (0.85–1.77) 0.236

  Sodium (mmol/L) 140 (138–142)　 140 (137–142)　 140 (138–142)　 0.018

  Potassium (mmol/L) 4.3 (3.9–4.7)　　 4.4 (4.0–4.8)　　 4.1 (3.8–4.6)　　 <0.001　
  Uric acid (mg/dL) 6.7 (5.4–8.0)　　 6.8 (5.5–7.9)　　 6.7 (5.3–8.0)　　 0.429

  Hemoglobin (g/dL) 12.5 (10.7–14.3) 12.4 (10.6–14.2) 12.7 (10.9–14.5) 0.058

  CRP (mg/dL) 0.47 (0.16–1.47) 0.53 (0.19–1.74) 0.38 (0.13–1.08) 0.001

Medication in ICU

  Furosemide (yes) 860 (92.3) 501 (94.0) 359 (90.0) 0.026

  Nitroglycerin (yes) 653 (70.1) 341 (64.0) 312 (78.2) <0.001　
  Nicorandil (yes) 118 (12.7)   65 (12.2)   53 (13.3) 0.620

  Carperitide (yes) 462 (49.6) 279 (52.3) 183 (45.9) 0.055

  Dopamine (yes) 173 (18.6)   99 (18.6)   74 (18.5) 1.000

  Dobutamine (yes) 165 (17.7) 107 (20.1)   58 (14.5) 0.030

  ACEI/ARB (yes) 381 (40.9) 204 (38.3) 177 (44.4) 0.069

  β-blocker (yes) 250 (26.8) 146 (27.4) 104 (26.1) 0.709

  Spironolactone (yes) 349 (37.5) 193 (36.2) 156 (39.1) 0.375

Data given as median (IQR) or n (%). †Mann-Whitney U-test or χ2 test. ACEI, angiotensin-converting enzyme inhibitor; 
ARB, angiotensin II receptor blocker; BUN, blood urea nitrogen; CKD, chronic kidney disease; CRP, C-reactive 
protein; ETI, endotracheal intubation; ICU, intensive care unit; LVEF, left ventricular ejection fraction; M/E, midnight/
early morning; NPPV, non-invasive positive pressure ventilation; SBP, systolic blood pressure.



Circulation Reports Vol.1, February 2019

65AHF During Sleep

(between 23:00 and 06:59 hours [7 h]), and the remaining 
patients (n=533, 57.2%) attended in the daytime (between 
7:00 and 22:59 hours [17 h]; Figure 2A). The SBP and heart 
rate in the M/E group were significantly higher than in the 
daytime group. In the M/E group, orthopnea was more 
frequent, pH was significantly decreased, and CO2 was 
significantly increased compared with the daytime group. 
As a result, mechanical respiratory support, especially the 
use of NPPV, was needed significantly more often in the 
M/E group than in the daytime group. Regarding labora-
tory findings, serum total bilirubin and CRP were signifi-
cantly lower in the M/E group than in the daytime group 
(Table 1). Furthermore, in the M/E group, the use of 
nitroglycerin was significantly more frequent and that of 
dobutamine significantly less frequent than in the daytime 
group (Table 1).

Onset Type and Prognosis
The distribution of the time interval from symptom onset 
to hospitalization in the AHF patients admitted from 
home is described in Figure 2B. In all AHF patients, 
admission was achieved in ≤2 h after symptom onset in 437 
patients (47.9%) and >2 h after symptom onset in 369 
patients (40.5%). There were 106 patients with unknown 
onset (i.e., gradually worsening patients; 11.6%; Figure 2B). 
The median time interval from symptom onset to hospital-
ization was significantly shorter in the M/E group (98 min; 
range, 65–170 min) than in the daytime group (123 min; 
range, 68–246 min; P<0.001). Furthermore, gradually 
worsening patients were significantly less frequent in the 
M/E group (n=16, 4.0%) than in the daytime group (n=90, 
16.9%; P<0.001), and those without a prodrome were 
significantly more frequent in the M/E group (n=223, 
55.9%) than in the daytime group (n=252, 47.3%; P=0.015; 
Table 2).

Regarding the short-term prognosis, the length of ICU 
hospitalization was significantly shorter, and the rate of 
in-hospital mortality tended to be lower in the M/E group 
(n=20, 5.0%) than in the daytime group (n=44, 8.3%; 
P=0.066; Table 2). The Kaplan-Meier curves regarding the 
admission time are shown in Figure 3. The AHF patients 
who presented at midnight or in the early morning had 
significantly fewer HF events in 365 days than those who 
presented during the daytime (Figure 3A). On multivariate 
logistic regression modeling, midnight or early-morning 
AHF was independently associated with a better 365-day 
HF event rate (OR, 0.673; 95% CI: 0.500–0.905; P=0.009; 
Table 3).

Statistical Analysis
All data were statistically analyzed using SPSS 22.0 (SPSS 
Japan Institute, Tokyo, Japan). All numerical data are 
expressed as median (range) or median (IQR), depending 
on normality. Normality was assessed using the Shapiro-
Wilk W test. The Mann-Whitney U-test and Kruskal-Wallis 
test were used for comparisons between 2 or 3 groups. The 
chi-squared test was used to compare proportions. P<0.05 
was considered to indicate statistical significance.

A multivariate logistic regression analysis was performed 
to determine the odds ratio (OR) for the 365-day HF 
events with the daytime and sudden onset groups used for 
reference. All clinically relevant factors affecting the HF 
events, including SBP (per 10-mmHg increase), total bili-
rubin (per 1.0-mmol/L increase), sodium (per 1.0-mmol/L 
increase), CRP (per 1.0-mg/dL increase), hemoglobin (per 
1.0-mg/dL increase) and LVEF (per 1% increase), were 
selected for inclusion in the multivariate logistic regression 
hazard model associated with the 365-day HF events in 
each patient cohort. The multivariate logistic regression 
hazard model was developed by backward stepwise selec-
tion. The cumulative survival rates in each of the 2 groups 
were analyzed using Kaplan-Meier curves, and the log-rank 
test was used to calculate the statistical significance of the 
differences.

Ethics Review Board
The research ethics committee of Nippon Medical School, 
Chiba Hokusoh Hospital approved the study protocol. 
Regarding informed consent, we presented the content 
of the present study on a poster displayed at the institute 
as well as on the homepage, where it could be seen easily 
by everyone in accordance with the advice of the ethics 
committee.

Results
Patient Characteristics
The AHF patient cohort consisted of 618 male patients 
(66.3%; median age, 75 years). A total of 585 patients 
(62.8%) had new-onset HF, 394 (42.3%) had ischemic heart 
disease, and 538 (57.7%) had non-ischemic heart disease, 
including cardiomyopathy (n=109), hypertensive heart 
disease (n=168), valvular disease (n=209) and others 
(n=52). Most patients had orthopnea on admission 
(86.4%). Median LVEF on admission was 36.0% (Table 1).

The majority of patients (n=399, 42.8%) visited the 
emergency room at midnight or in the early morning 

Table 2. Type of Onset, Short-Term Outcome and Admission Time

Total  
(n=932)

Day-time group 
(n=533)

M/E group  
(n=399) P-value†

Type of onset

  Gradual worsening (yes) 106 (11.4)   90 (16.9) 16 (4.0) <0.001　
  Sudden onset (without prodrome) 475 (49.0) 252 (47.3) 223 (55.9) 0.015 

  Onset to admission time (min) 110 (66–210) 123 (68–246)   98 (65–170) 0.001 

Short-term outcome

  ICU hospitalization (days) 4 (3–6)　　 4 (3–6)　　 4 (3–6)　　 0.001 

  Total hospitalization (days) 26 (16–42) 27 (17–42) 24 (16–41) 0.261 

  In-hospital mortality (yes) 64 (6.9) 44 (8.3) 20 (5.0) 0.066 

Data given as median (IQR) or n (%). †Kruskal-Wallis test or χ2 test. ICU, intensive care unit; M/E, midnight/early 
morning.
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significantly more frequent in the sudden onset group than 
in the prodrome group (Table 4). In addition, the median 
time interval from symptom onset to hospitalization was 
significantly shorter in the sudden onset group (88 min; 
range, 59–169 min) than in the prodrome group (115 min; 

Prodrome in AHF M/E Group Patients
Most patient characteristics did not differ markedly 
between the prodrome group and the sudden onset group 
in the AHF M/E group patients. The major finding is that 
SBP was significantly higher and the use of nitroglycerin 

Figure 3.  Kaplan-Meier cumulative heart failure (HF) event curves according to (A) admission time (daytime, 7:00–22:59 hours); 
M/E, midnight/early morning (23:00–6:59 hours), and (B) presence of prodrome in M/E acute HF patients.

Table 3. Indicators of 365-Day HF Events

Univariate Multivariate  

OR 95% CI P-value OR 95% CI P-value  

All patients  

  M/E AHF 0.619 0.465–0.824 0.001 0.673 0.500–0.905 0.009  

  Laboratory data  

    SBP (per 10-mmHg increase) 0.938 0.911–0.965 <0.001　 0.959 0.925–0.995 0.027  

    Creatinine (per 0.1-mg/dL increase) 1.012 1.005–1.018 <0.001　 1.011 1.003–1.019 0.005  

    Total bilirubin (per 1-mg/dL increase) 1.041 0.916–1.183 0.537  

    Sodium (per 1.0-mmol/L increase) 0.954 0.931–0.979 <0.001　 0.969 0.937–1.002 0.062  

    CRP (per 1-mg/dL increase) 1.010 0.992–1.029 0.279 1.056 1.006–1.109 0.028  

    Hemoglobin (per 1.0-mg/dL increase) 0.998 0.985–1.012 0.772  

    LVEF (per 10% increase) 0.931 0.866–1.000 0.051  

M/E AHF patients  

  With a prodrome 0.601 0.379–0.953 0.030 0.544 0.338–0.877 0.012  

  Laboratory data  

    SBP (per 10-mmHg increase) 0.951 0.899–1.005 0.076  

    Creatinine (per 0.1-mg/dL increase) 1.005 0.996–1.015 0.278  

    Total bilirubin (per 1-mg/dL increase) 1.106 0.896–1.366 0.349  

    Sodium (per 1.0-mmol/L increase) 0.919 0.864–0.976 0.006 0.922 0.870–0.977 0.006  

    CRP (per 1-mg/dL increase) 1.080 0.987–1.181 0.093 1.086 0.989–1.194 0.085  

    Hemoglobin (per 1.0-mg/dL increase) 1.006 0.993–1.020 0.368  

    LVEF (per 10% increase) 0.900 0.786–1.031 0.900 0.889 0.774–1.020 0.094  

 AHF, acute heart failure; HF, heart failure. Other abbreviations as in Table 1.
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with a better 365-day HF event rate (OR, 0.544; 95% CI: 
0.338–0.877; P=0.012; Table 3).

Discussion
In the present study, the M/E group AHF patients had 
better outcomes than the daytime group. The absence of a 
prodrome, however, was associated with a risk of future 
repeated HF events in the M/E group. An association 

range, 71–175 min; P=0.019; Table 5).
The short-term prognosis, including the ICU hospital-

ization, total hospitalization and in-hospital mortality, 
were not markedly different between the prodrome group 
and the sudden onset group, but the prognosis including 
the 365-day HF event rate was significantly poorer in the 
sudden onset group than in the prodrome group (Figure 3B). 
On multivariate logistic regression modeling, having a 
prodrome in the M/E group was independently associated 

Table 4. M/E AHF Patient Characteristics vs. Presence of Prodrome

Prodrome group  
(n=176)

Sudden-onset group 
(n=223) P-value†

Characteristics

  Age (years) 72 (66–79)　　　 75 (67–81)　　　 0.123

  Type (new onset) 116 (65.9) 134 (60.1) 0.252

  Gender (male) 120 (68.2) 150 (67.3) 0.914

  Etiology (ischemia)   80 (45.5) 101 (45.3) 1.000

Risk factors of atherosclerosis

  Hypertension (yes) 141 (80.1) 180 (80.7) 0.899

  Diabetes mellitus (yes)   83 (47.2) 111 (49.8) 0.615

  Dyslipidemia (yes)   86 (48.9) 118 (52.9) 0.480

Vital signs and status

  SBP (mmHg) 170 (147–200)　 180 (154–204)　 0.030

  Heart rate (beats/min) 120 (100–132)　 119 (102–136)　 0.443

  LVEF (%) 36 (25–48)　　　 37 (26–50)　　　 0.240

  Orthopnea (yes) 158 (89.8) 206 (92.4) 0.378

  CKD (yes)   88 (50.0) 124 (55.6) 0.269

Respiratory management

  ETI (yes)   32 (18.2)   56 (25.1) 0.114

  NPPV (yes) 104 (59.1) 126 (56.5) 0.612

Arterial blood gas

  pH 7.29 (7.17–7.36) 7.26 (7.13–7.35) 0.299

  PCO2 (mmHg) 48 (39–63)　　　 51 (40–66)　　　 0.194

  PO2 (mmHg) 88 (69–132)　 92 (65–141)　 0.866

  HCO3− (mmol/L) 21.7 (18.8–23.7) 21.7 (19.2–23.9) 0.584

  SaO2 (%) 95 (88–98)　　　 94 (88–98)　　　 0.950

  Lactate (mmol/L) 1.8 (1.1–3.7)　　 2.5 (1.3–4.8)　　 0.119

Laboratory data

  Total bilirubin (mg/dL) 0.5 (0.4–0.7)　　 0.5 (0.4–0.6)　　 0.381

  BUN (mg/dL) 22.3 (18.0–34.8) 22.4 (17.3–31.7) 0.608

  Creatinine (mg/dL) 1.09 (0.83–1.76) 1.20 (0.89–1.78) 0.304

  Sodium (mmol/L) 140 (138–142)　 140 (138–142)　 0.387

  Potassium (mmol/L) 4.2 (3.8–4.6)　　 4.1 (3.8–4.6)　　 0.328

  Uric acid (mg/dL) 6.7 (5.4–8.0)　　 6.7 (5.2–7.9)　　 0.862

  Hemoglobin (g/dL) 12.9 (11.6–14.5) 12.4 (10.6–14.5) 0.245

  CRP (mg/dL) 0.48 (0.13–1.11) 0.33 (0.12–1.04) 0.336

Medication in ICU

  Furosemide (yes) 158 (89.8) 201 (90.1) 1.000

  Nitroglycerin (yes) 129 (73.3) 183 (82.1) 0.038

  Nicorandil (yes)   25 (14.2)   28 (12.6) 0.658

  Carperitide (yes)   84 (47.7)   99 (44.4) 0.544

  Dopamine (yes)   30 (17.0)   44 (19.7) 0.519

  Dobutamine (yes)   28 (15.9)   30 (13.5) 0.568

  ACEI/ARB (yes)   79 (44.9)   98 (43.9) 0.919

  β-blocker (yes)   38 (21.6)   66 (29.6) 0.085

  Spironolactone (yes)   81 (46.0)   75 (33.6) 0.013

Data given as median (IQR) or n (%). †Mann-Whitney U-test or χ2 test. SaO2, arterial oxygen saturation. Other 
abbreviations as in Tables 1,3.
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studies,3,4 the time definition was different. In the present 
study, patients who visited the emergency department 
between 23:00 and 06:59 hours were assigned to the M/E 
group, and those who visited between 07:00 and 22:59 
hours were assigned to the daytime group. Previous reports 
have all used different definitions of daytime and night-time 
HF.3,4 For example, Minami et al divided patients into 2 
groups using 09:00 and 18:00 hours,4 and in our previous 
report, we divided patients into 2 groups using 08:00 and 
20:00 hours.3 The present study defined night-time HF 
admission (M/E) as that occurring between 23:00 and 
07:00 hours in order to focus on AHF occurring in asso-
ciation with sleep. Although the mechanisms underlying 
why most pulmonary edema cases occurred at night remain 
unclear, a study exploring the chronobiology of acute 
pulmonary edema suggested the potential impact of lying 
flat with a subsequent increased venous return as a potential 
precipitant in at-risk individuals.16 Sleep-associated AHF 
might be due more to a transient volume shift than fluid 
retention, and these patients can easily and rapidly recover 
with the use of NPPV, a vasodilator and a small amount 
of furosemide. Indeed, NPPV and vasodilators, including 
nitroglycerin, are used more frequently in cases of M/E 
AHF for the treatment of vascular failure than in daytime 
AHF.

Some pathophysiological mechanisms regarding HF 
during sleep (i.e., sleep apnea, volume central shift, and 
abnormal circadian blood pressure rhythm) have been 
suggested.17,18 The pathophysiological mechanism of the 
onset of AHF during sleep, however, is unknown; further-
more, it is also difficult to identify the reason for the better 
outcome of the M/E AHF. The transient elevation of blood 
pressure caused by an abnormal circadian blood pressure 
rhythm might be an important mechanism underlying the 
onset of AHF during sleep.18 The sudden catecholamine 
surge induced by the symptom of dyspnea might be 1 
reason for the elevation in blood pressure. Further studies 
will be required to clarify the mechanism underlying the 
onset of AHF during sleep.

In the clinical approach, the importance of the initial 
management before and/or after visiting the emergency 
department has been suggested.9,19,20 If the majority of 
sleep-associated AHF patients appear to have an acute 
onset, then the earlier initiation of therapy (i.e., NPPV and 
vasodilator) could be beneficial. These facts may explain 
the short-term admission to the ICU and the better prog-
nosis of M/E AHF patients compared with daytime 
admissions.

Importance of Prodrome in M/E Patients
The relationship between the presence of a prodrome and 

between the clinical characteristics and admission time in 
AHF has been demonstrated in several studies;3–5,10 the 
long-term prognosis of AHF according to admission time, 
however, has been described only in 1 previous study.5 
Furthermore, there have been no reports on AHF patients 
admitted from midnight to early morning. In addition, this 
is the first study to suggest an association between admission 
time and the presence of a prodrome in AHF patients.

Daytime and M/E Groups: Difference in Prognosis
In the past decade, 2 primary phenotypes of AHF have 
been proposed. Acute decompensated cardiac failure was 
defined as the deterioration of cardiac performance over 
days to weeks leading to decompensation, while acute 
vascular failure was defined as acute hypertension and 
increased vascular stiffness.11 Cotter et al also reported that 
the concept of acute vascular failure is characterized by a 
transient volume shift from the peripheral veins to the 
pulmonary circulation with slight fluid accumulation. They 
described it as “fluid redistribution”. The mechanisms 
underlying the fluid overload in some AHF patients might 
be related to redistribution rather than simple accumulation. 
In contrast, the pathophysiological basis of acute decom-
pensated cardiac failure might be simple fluid retention 
(accumulation).12 In the concept of the CS algorithm, CS-1 
is defined as high SBP, regarded as vascular failure or 
hypertensive HF, while CS-2 and CS-3 are characterized 
as the development of symptoms gradually over days, 
regarded as cardiac failure or normotensive-hypotensive 
HF.2

In the present study, the time interval from symptom 
onset to hospitalization was significantly shorter, and the 
patients with a prodrome were significantly less frequent in 
the M/E group than in the daytime group. These clinical 
findings suggest that M/E AHF was more likely to be rapid 
onset than that noted during the day. Based on their 
examination of the Tokyo cardiac care unit network emer-
gency medical service database, Shiraishi et al suggested 
that early-onset patients had a high SBP or pulmonary 
congestion, which was categorized as vascular failure.8 
Patients with vascular failure cannot tolerate their abrupt 
symptoms for long and thus present to the emergency 
department immediately. CO2 retention and respiratory 
acidosis are caused by alveolar and pulmonary venous 
congestion.13,14 The pathophysiological feature of vascular 
failure is pulmonary edema, which occurs more often at 
night than during the day.15 The present findings also 
support the notion that urgent hospitalization with vascular 
failure (acute pulmonary edema) due to transient volume 
shift is more likely to occur at night than during the day.

Although the present results resemble those from previous 

Table 5. Type of Onset, Short-Term Outcome and Prodrome

Prodrome group  
(n=179)

Sudden-Onset group 
(n=225) P-value

Type of onset

  Onset to admission time (min) 115 (71–175)   88 (59–169) 0.019

Short-term outcome

  ICU hospitalization (days) 4 (3–6)　　 4 (3–5)　　 0.171

  Total hospitalization (days) 25 (17–44) 24 (15–41) 0.196

  In-hospital mortality (yes) 9 (5.1)　　　 11 (4.9)　　　　　 1.000

Data given as median (IQR) or n (%). †Kruskal-Wallis test or χ2 test. ICU, intensive care unit.
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terms of the 365-day HF events was evaluated using a 
multivariate logistic regression model. This model required 
complete follow-up for 365 days. In the present study, 77 
patients (8.3%) were not followed for a full 365 days. 
These patients were therefore excluded from the multi-
variate logistic model.

Conclusions
The AHF patients admitted during sleeping hours did not 
include sicker patients than those admitted during the 
daytime because they were mainly categorized as having 
vascular AHF caused by central volume shift. The absence 
of a prodrome, however, which can easily become decom-
pensated with slight volume accumulation, might be asso-
ciated with future repeated HF events, even in M/E AHF 
patients.
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