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Introduction: Circadian variation of in-hospital acute cardiogenic pulmonary oedema (CPE) with the highest oc-
currence in the early morning has been reported repeatedly. However, no study evaluating circadian variation of
CPE in the field has been published. Therefore, we decided to evaluate the circadian variation of CPE in the Central
Bohemian Region of the Czech Republic in the patients treated by regional emergency medical service (EMS) and
analyse its association with baseline blood pressure in the field.
Methods: We extracted all dispatches to CPE cases from EMS database for the period from 1.11.2008 to 30.6.2014
and analysed for circadian variation. We identified the patients presenting with CPE coupled with arterial hyper-
tension (systolic blood pressure >140 mm Hg) and hypotension (systolic blood pressure <90 mm Hg) and com-
pared the subgroups (both subgroups include 2744 subjects).
Results: In 4747 episodes of CPE, maximal occurrence was detected in the ninth hour in the morning,
representing 7.7% of all CPE episodes (p < 0.05). While CPE with hypertension (2463 subjects) reached maximal
occurrence also in the ninth hour (7.4% of all cases, p < 0.05), CPE with hypotension (281 patients) was most fre-
quent in the fourteenth hour (8.6% of all cases, p < 0.05).
Conclusion: The highest occurrence of CPE was observed in the ninth hour in the morning in our study. Moreover,
differences in circadian variation between CPE with hypertension and hypotension were identified. Knowledge
of these patterns may have an impact on the logistic of prehospital emergency care and on preventive measures
in the patients who have previously undergone CPE.

© 2016 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.
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1. Introduction operation of emergency medical services and also for implementation

of chronotherapeutic approach to the management of the diseases.

Cardiogenic pulmonary oedema (CPE) is a common indication for
dispatch of emergency medical services. Pattern of circadian variation
of CPE episodes has been published by several epidemiological studies
[1-3]. Most of them described the peak incidence in the morning,
other identified it during night hours [2-9]. However, the studies
analysed especially the population of CPE patients in hospitals or emer-
gency departments, which can be burdened by error of selection. There
has not been presented any study that would address circadian varia-
tion of CPE and its clinical subgroups in prehospital emergency care.
Recognition of regular variations of occurrence of cardiovascular
emergencies in time may be of major importance for optimising the
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Therefore, we decided to evaluate the circadian variation of CPE in the
Central Bohemian Region of the Czech Republic in the patients treated
by regional emergency medical service and analyse its association
with baseline blood pressure in the field.

2. Materials and methods

Emergency medical service of the Central Bohemian Region is the
exclusive provider of primary prehospital emergency care in the Central
Bohemian Region, Czech Republic. The region includes both the rural
and urban population, in total of 1315299 inhabitants on a total area
of 11015 km?. A computer search of patients with dyspnoea between
1.10.2008 and 30.6.2014 was conducted. Only those with CPE were en-
tered in the study. Each patient was managed by a physician in the field.
Criteria for considering the patient having CPE were leading complaint

0953-6205/© 2016 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.
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of shortness of breath, presence of bilateral pulmonary rales on the
prehospital physical examination, and the absence of another explana-
tion of the clinical setting. The criteria were evaluated by two investiga-
tors independently. The results of their analysis were compared with
the diagnosis established by the physician in the field. In case of full
accordance to the diagnosis of CPE, the patients were selected for the
analysis. In the case that both investigators and the physician in the
field excluded pulmonary oedema, the patient was not included. If
there was a partial mismatch, the case was carefully re-evaluated in-
cluding personal consultation with the EMS physician and in-hospital
documentation.

We analysed the occurrence of episodes of CPE in 24 hours during
the defined period. The 1st hour has been the period from 00:00:01 to
01:00:00, the 24t" hour has been the period from 23:00:01 to
24:00:00. The time of the occurrence was defined as time of received
call to dispatch centre. While for circaseptan variation analysis, the
same collection period as for circadian was used, for circannual varia-
tion, only patients from 01.01.2009 to 31.12.2013 were included.

According to the first measured systolic blood pressure (SBP) in the
field, we assigned the patients into two groups for further analysis: CPE
with hypertension (SBP >140 mm Hg, CPEj,ye,) and CPE with hypoten-
sion (SBP <90 mm Hg, CPEyyyp,,) and compared occurrence of CPE events
in the groups within 24 hours. While CPE cases with normotension
(SBP 290 and <140 mm Hg) represent a grey zone for emergent
distinguishing the causes of CPE in the field, this subgroup was not un-
dertaken to further analysis. Initial blood pressure measurement was
taken once, using oscillometric automatic sphygmomanometer validat-
ed according to standardised protocol and checked periodically through
calibration. Repeated initial measurement was performed only by indi-
vidual clinical needs in some cases.

2.1. Statistical analysis

For analytic purposes, mean values 4 SD or percentages were calcu-
lated as necessary. Differences between groups were compared using
the ¥ test, and statistical significance was calculated by the Fischer
exact test for alternative variables. Statistical significance for continuous
variables was determined by the paired Student t-test. Comparison of
subgroups according to systolic blood pressure was performed by
ANOVA analysis. Data were analysed using Microsoft Excel 2007
(Microsoft, Redmond, WA, USA) and JMP 3.2 statistical software (SAS

Table 1
Baseline characteristics of CPE patients.
VARIABLE All CPE CPEhyper CPEnypo p
episodes episodes episodes

Number of the cases (n) 4747 2463 281

Age (years, mean 4+ SD) 7504105 7524103 7344+ 11.1 0.006

Men/women (%) 49/51 49/51 47/53 >0.050

Diabetes mellitus (n/%) 1424/30.0  726/29.5 83/29.5 >0.050

COPD/asthma bronchiale (n/%) 513/10.8 263/10.7 31/11.0 >0.050

Number of STEMI patients (n/%) 222/4.7 74/3.0 51/18.1 <0.001

Initial heart rhythm
Sinus rhythm (n/%) 2668/56.2 1379/56.0  158/56.2 >0.050
Atrial fibrillation (n/%) 1239/26.1  643/26.1 74/26.3 >0.050
(c:lt/k},/e)r rhythm/not known 840/17.7 441179  49/175 >0.050

Systolic arterial blood pressure 148 + 39 178 4 25 8149 20,001
(mm Hg, mean + SD)

Diastolic arterial blood pressure 84422 97 4 16 464 19 20,001
(mm Hg, mean + SD)

Mean arterial blood pressure 105 4 26 124417 57412 20,001
(mm Hg, mean + SD)

Heart rate (beats/min., 99427 101424 97431 0010
mean =+ SD)

SpO; (%, mean =+ SD) 85+ 13 85+ 11 80+ 17 <0.001

Breath rate (breaths/min., 2446 2446 2347 0.009

mean =+ SD)
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Fig. 1. Circadian variation of CPE episodes in all patients. CPE, cardiogenic pulmonary
oedema.

Institute, Cary, NC, USA). A p value of <0.05 was considered statistically
significant.

3. Results

For the period from 1.10.2008 to 30.6.2014, a total of 15000 EMS dis-
patches for dyspnoea was identified, 4747 were classified as CPE. This
group was the subject of further analysis. Table 1 provides baseline clin-
ical characteristics of the patients. As much as 51.9% CPE episodes were
classified as CPEjyper, 5.9% as CPEpyp,, and 40.3 % were accompanied by
normotension. In 89 patients, values of blood pressure were not
available.

Fig. 1 shows circadian variation of all episodes of CPE during defined
period. There is increase of occurrence in the period from the 8th to the
11th hour with a peak in the 9th hour (p < 0.05). Analysis of circadian
variation in each year separately reflected the same pattern with the
maximal incidence in the 9th hour.

Fig. 2 demonstrates circadian variation of CPE episodes in the
CPEpyper and CPEpyy,, groups. While the former followed the pattern
with the peak occurrence in the 9th hour, CPEy;,, group exhibited an in-
crease in incidence during the period from the 8th to 14th hour with the
peak in the 14th hour.

Breath rate, heart rate, presence of atrial fibrillation, diabetes
mellitus, chronic pulmonary obstructive disease, and peripheral oxygen
saturation had no significant impact on circadian variation of CPE. In the
subgroup of the patients presenting with CPEyyp, due to ST segment el-
evation myocardial infarction (STEMI), the peak incidence was ob-
served in the 11th hour (23.5 %, p = 0.010).

Circaseptan variation of CPE episodes shows Fig. 3. In unselected
group of CPE patients and in the CPEyyper group the peak incidence
was on Monday, while minimal occurrence on Thursday (p < 0.05).
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Fig. 2. Circadian variation of CPE episodes in patients presenting with hypertension and
hypotension. CPE, cardiogenic pulmonary oedema
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Fig. 3. Circaseptan variation of CPE episodes in all patients, in the group of CPE patients
with hypertension and with hypotension. CPE, cardiogenic pulmonary oedema.

CPEnypo patients presented with maximal occurrence on Saturday and
minimal on Thursday (p = 0.081). Circannual occurrence variation of
all CPE episodes and CPEpyper group episodes culminated in May and de-
clined in December (p < 0.05) (Fig. 4). Biphasic pattern was observed in
the group CPEjpyp0, With significant amplitude (p = 0.009).

4. Discussion

The main finding of the present study is that there is a significant cir-
cadian variation of prehospital occurrence of cardiogenic pulmonary oe-
dema treated by emergency medical service with the peak in the 9th
hour in the morning. Clinical setting of CPEj,yper was associated with dif-
ferent circadian pattern than CPEpypo.

Circadian variation of physiological functions in time is a natural
characteristic of living organisms. Therefore, it is not a surprise that
the incidence of acute cardiovascular events such as stroke, acute aortic
syndrome, acute coronary syndromes, sudden cardiac death, pulmo-
nary embolism, and cardiogenic pulmonary oedema has been shown
to be closely related to 24-hour variation [2,10-13]. Buff et al. examined
154 consecutive episodes of CPE treated in community hospital to as-
sess potential cyclic pattern of its onset. They found a rhythmicity
with maximal occurrence between 06:00 and 11:59 a.m. [2]. Kitzis
et al. analysed 460 in-hospital patients admitted for CPE not associated
with acute myocardial infarction. They found similar pattern of its onset
as Buff et al., accompanied by a second peak incidence late in the eve-
ning. Moreover, they described significantly more admissions for CPE
in the period from December to May [8]. Manfredini et al. collected
1321 CPE episodes in emergency department of teaching hospital.
Unlike previous authors, they observed rhythmicity with peak inci-
dence at night. This night-time preference was independent of all

13 5 ™k CPE with hypertension =@®=CPE with hypotension =S=All CPE episodes
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Fig. 4. Circannual variation of CPE episodes in all patients, in the group of CPE patients with
hypertension and with hypotension. CPE, cardiogenic pulmonary oedema.

demographic features or clinical causes [9]. However, the studies in-
cluded in-hospital patients or patients in emergency department. Po-
tentially, pattern of circadian variation of CPE occurrence may differ in
these populations from out-of-hospital patients, while it can be influ-
enced by different and selected spectrum of in-hospital and emergency
department patients, different daily program of in-hospital patients in-
cluding diet, intensity of physical activity, different timing of drug use
and by in-hospital management itself, by way of organising of emergen-
cy department and also by catchment area of emergency department. In
out-of-hospital patients, there may be variable delay from the onset of
symptoms to EMS arrival, but it covers unselected population in
predefined geographical region and in health care system of the Czech
Republic, this ensures that almost all out-of-hospital patients with CPE
were included, since only few patients are looking for a different kind
of assistance. However, our results confirm the previous in-hospital ob-
servations of peak occurrence of CPE episodes in the morning [2,8]. The
new finding is that patients with CPE associated with hypertension ex-
hibited a different circadian pattern from CPE patients with hypoten-
sion. These two groups represent two pathophysiologically and
clinically different manifestations of acute heart failure, often requiring
different management. Patients who develop CPE},ye, usually present
with preserved left ventricular systolic function. Diastolic left ventricu-
lar dysfunction and hypertension are mainly involved in the develop-
ment of the disease. The main therapeutic target is to decrease
elevated blood pressure [14,15]. On the contrary, clinical setting of
CPEnypo is usually associated with severe left ventricular systolic dys-
function and/or with severe valvular disease. The patients are at risk
of developing cardiogenic shock and require complex therapy including
inotropic and ventilatory support, early coronary revascularization, and
mechanical circulatory support, if indicated [16,17]. The CPE patients
with normotension represent a grey zone of causes and therapeutic
goals. Therefore, this group of the patients was not the subject of our
subgroup analysis.

According to current knowledge, circadian variation of CPE occur-
rence is probably related to circadian pattern of blood pressure and car-
diovascular functions in general [18-20]. In healthy individuals, blood
pressure declines to lowest levels during night-time sleep, rises with
morning awakening, and attains increased during the daytime. Night-
time blood pressure is lower by 10-20% than daytime. This profile is
called dipping pattern. Moreover, there are two daytime peaks of
blood pressure around 9 a.m. and 7 p.m. [20-22]. Major determinants
of circadian blood pressure regulation are neuroendocrine mechanisms.
It is influenced by central and peripheral regulatory circuits including
nucleus supraopticus, a wide variety of hormones and neurotransmit-
ters and oscillation of sympathetic and vagal tone [20,23]. In patients
with hypertension, dipping pattern can be impaired and patients may
be classified as extreme dippers (diurnal/nocturnal blood pressure
ratio >20%), non-dippers (diurnal/nocturnal ratio <10%), and risers
(ratio <0%, indicating nocturnal blood pressure above the diurnal
mean) [20,22]. The last two profiles are associated with significantly in-
creased risk of cardiovascular events [24]. Irrespective of these profiles,
intensity of morning blood pressure increase (morning surge) may have
also an impact on cardiovascular prognosis. It has been shown that ex-
cessive morning surge is associated with increased risk of ischemic
stroke and acute myocardial infarction [10,11,25,26]. It is likely that
this mechanism is crucial in development of CPEpyper and therefore,
why CPEjpyper €pisodes in our study followed blood pressure profile.

We can only speculate why CPEyyy,, profile exhibit different circadi-
an variation of occurrence than CPEpyper. Clinical setting of CPEjyp, is a
syndrome with various causes. When the cause of CPE is acute myocar-
dial infarction, it may be assumed that the circadian variation will copy
variation of acute myocardial infarction. It has been reliably demon-
strated that the frequency of AMI onset during the 24 hours is highest
during the initial hours of diurnal activity, between 6 a.m. and noon
[10]. We can also assume that the CPEyyp, does not arise in a very
early phase of acute myocardial infarction, but with some delay. This
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may be a potential explanation for the finding in our study that maximal
occurrence of CPE;yyp, in the setting of acute myocardial infarction was
the 11th hour of the day. The patients presenting with CPEpyp,, without
ongoing acute myocardial infarction are mostly patients with acute de-
compensation of congestive heart failure. One of the etiological factors
of deterioration may be increased physical exertion, which occurs dur-
ing daytime hours and which may cause that maximal incidence was
observed between the 8th to the 14th hour in our study. There are
also limited data, that in congestive heart failure patients, up to 78% of
them are presented as non-dippers or risers [27,28]. During 4 years of
follow-up of 118 congestive heart failure patients, Shin et al. showed
that non-dipper and riser profile were independent predictors of
death or hospitalization due to heart failure exacerbation (OR 1.65,
95% CI 1.08-2.50 and OR 2.72, 95% CI 2.29-3.13, respectively) [28].
Thus, pathological pattern of circadian variation of blood pressure may
induce cyclic occurrence of CPEyyp, episodes, similarly to CPEjyper
events.

We believe that a setting of different clinical types of CPE in the con-
text of their specific circadian variation may affect the management of
the patients. Chronotherapy is the approach of administration-time-de-
pendent therapy according to a schedule that corresponds to circadian
or other rhythmic cycles in order to maximise effectiveness and mini-
mise side effects of the therapy. It is used in depression, bipolar disorder,
hypercholesterolemia, hypertension, and recently, in cancer [29]. It is
based on the evidence-based idea that timing of the medication is the
other useful dimension of therapy reflecting an observation that a med-
ication given in some defined biological time may be therapeutic and
safe, but less effective and/or less tolerated at another time, even
when administered in the same dose. This property has been observed
in many drugs as a molecule-specific effect or class-specific effect, for
example, angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers, simvastatin, proton pump inhibitors, etc. [30]. Although
there has not been published any clinical study evaluating specific chro-
notherapy in patients with different types of CPE, chronotherapy of car-
diovascular diseases, especially of arterial hypertension and coronary
artery disease has been evaluated in a growing number of prospective
studies. However, there has not been found clear evidence of superiority
of this approach in affecting prognosis of the patients. Therefore, it is not
addressed in the recent guidelines and careful individual selection of
candidates for antihypertensive chronotherapy is required [19,31,32].
Nevertheless, the patients in the risk of CPE, especially those with hy-
pertension accompanied with left ventricular diastolic dysfunction,
non-dipper/riser profile, excessive morning surge, and particularly the
patients who have a history of CPE, may become the target population
for chronotherapy, although knowing that further research is needed.
Ambulatory blood pressure monitoring may identify the pattern of cir-
cadian blood pressure variation and therapy can be tailored to modify
blood pressure profile to dipper type. This can be easily achieved by
moving antihypertensive medications from morning to bedtime admin-
istration. The next potential target for chronotherapeutic approach may
be the level of physical activity. Structured exercise training and regular
physical activity are recommended for the patients with heart failure. It
has been demonstrated that it improves exercise capacity, health-relat-
ed quality of life, and may reduce mortality and hospitalization rate in
patients with mild-to-moderate chronic heart failure, if indications
and contraindications are respected [33]. On the other side, we can
speculate that in the patients on the edge of indications and contraindi-
cations emphasis may be given to reduce excessive physical activity
during the period of the highest probability of CPE occurrence. It should
be avoided in unstable and decompensated patients.

Even if we identified significant circaseptan and circannual variation,
it is not possible to conclude from our results whether it is biologically
and clinically relevant finding or random epiphenomenon.

The major limitation of presented study is that it is a retrospective
and not a prospective survey with all general limitations. Another limi-
tation lies in the selection of the patients with CPE. It was based on the

prehospital clinical assessment. However, careful retrospective step-
wise reevaluation of each event was performed to exclude all cases in
which the cause of shortness of breath was other than CPE or the
cause was unclear, to maximise homogeneity of the selected patients.
The third limitation is the mode of initial blood pressure measurement
for distribution of the patients into the groups according to blood
pressure. Following the guidelines, blood pressure measurement should
be performed in the sitting position after 3-5 minutes of rest and at least
two blood pressure measurements spaced 1-2 minutes apart should be
taken [31]. This approach is not carried out routinely in the emergency
clinical setting in the field with limited human and material resources,
while it can be associated with unintentional delay in administering ap-
propriate therapy. Blood pressure was measured only once during ini-
tial investigation of the patients in our study. In most patients, blood
pressure measurements were repeated during the prehospital manage-
ment, but only for monitoring the effectiveness of treatment. It might
influence accurate reliability of the findings; nevertheless, we are con-
vinced that one initial measurement performed by proper technique
and interpreted within the context of the clinical setting of cardiovascu-
lar emergency is sufficient for the analysis presented in our study.

Finally, the patients who died of the CPE before contacting EMS were
not included. However, the latter is the common limitation of epidemi-
ological studies.

In conclusion, we identified significant circadian variation of the
prehospital occurrence of cardiogenic pulmonary oedema treated by
emergency medical service with the peak of occurrence in the 9th
hour in the morning. While cases of CPEyyper copied this pattern, epi-
sodes of CPEj,yp, reflected different profile with prolonged rise of inci-
dence in the daytime with the peak in the 14th hour. Identification of
prehospital circadian variation pattern of the occurrence of CPE or
other cardiovascular emergencies is of great importance by our opinion.
Besides allowing a more detailed insight into the pathophysiology,
chronotherapeutic approach may address the large population of the
patients with arterial hypertension and congestive heart failure.
Optimising of long-term therapy with regard to the period of highest
risk of deterioration may reduce the risk of recurrence of acute presen-
tation of the disease. Moreover, extensive chronobiological analysis of
the whole panel of the most common types of emergencies in a partic-
ular region can help optimise the operation of emergency medical ser-
vices in terms of improving preparedness and allocation of staff in the
field and in the dispatch center. Further studies focusing on these issues
in prospective manner are warranted.
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