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1. INTRODUCTION
1.1. Definition, classification

A

cute cardiogenic pulmonary edema
(ACPE) represents a severe form of
acute heart failure which is defined
by an increase of pulmonary
capillary wedge pressure (PCWP)
over 18 mmHg. Although ACPE is a frequent
clinical syndrome, the exact mechanisms by
which it appears and its precipitating factors
sometimes remain obscure. Regarding its
causes, ACPE has been classified into valvular
(in patients with significant mitral and/or aortic
mitral disease) and non-valvular ACPE (in
patients without significant mitral and/or aortic
mitral disease). Non-valvular ACPE can further
be classified into ACPE associated with systolic
left ventricular dysfunction (defined as a left
ventricular ejection fraction, LVEF < 45%) and
ACPE with preserved LVEF (defined as a LVEF
≥ 45%) (Figure 1).
In this article we will discuss the current
perspectives regarding the possible mechanisms

involved in the appearance of ACPE with preserved
LVEF. This form of ACPE is the subject of certain
hypothesis on debate in the literature. 

FIGURE 1. Classification of acute cardiogenic
pulmonary edema.
Note: LVEF, left ventricular ejection fraction.
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1.2. Basic physiology

alveolar epithelium and franc pulmonary edema. The increase of the hydrostatic intravascular
pressure defines ACPE and is not encountered
in acute non-cardiogenic pulmonary edema. In
the latter, pulmonary edema is primarily a
consequence of the increased permeability of
the alveolar-capillary membrane (defined as the
endothelial capillary, the alveolar endothelial
and the interstitium in-between). This leads to
an increase of the filtration coefficient (Kf) of
the membrane and a decrease of the protein
reflection coefficient (σr) with an increase of the
transudate rate (Qiv-int) from the vessel to the
interstitium (Figure 2). The result is exudation
of fluid in the pulmonary interstitium and
alveoli, but with normal hydrostatic pressure.
In clinical practice, a decrease of oncotic
pressure (e.g. severe hypoalbuminemia) is never
severe enough to produce ACPE.
In ACPE, the increase of PCWP is a direct
consequence of the increase of the end-diastolic
LV pressures. Left atrium (LA) empties during
LV diastole and during this time the pressures
in the LA and LV are at their lowest values. Thus,
the increase of PCWP above normal values is a
diastolic pathological process. 

T

he fluid balance between intravascular and
extravascular spaces at capillary level is
governed by the Frank-Starling law (Figure 2).
The intravascular and extravascular spaces are
separated by the endothelial barrier. This
barrier is characterized by an intrinsic resistance
to water filtration (defined by the filtration
coefficient, Kf ) and the property of reflecting
electrical negatively charged proteins (defined
by the protein reflection coefficient, σr). According to Frank-Starling law the main forces acting
on the barrier between the intravascular and
extravascular space are the hydrostatic pressure
and the oncotic pressure. Hydrostatic pressure
pushes water out of the space where it is
measured. Oncotic pressure is a direct cause of
the presence of electrically negative charged
proteins (mainly albumin); it has the opposite
effect as the hydrostatic pressure, keeping water
in the space where it is measured.
In the pulmonary capillary vascular bed, an
increase of hydrostatic intravascular pressure
(measured as PCWP) leads to increased extravasations of fluid in the pulmonary interstitial
space, through the endothelial barrier. If the
increase is large enough (if it overcomes lymphatic drainage), this first step is followed by fluid
extravasation in pulmonary alveoli, through the

2. THE CONCEPT OF HEART FAILURE
WITH PRESERVED LEFT VENTRICULAR
FUNCTION
2.1. Definitions of systolic and diastolic
heart failure

H

FIGURE 2. Frank-Starling law.
The net transudate rate from the vessel to the interstitium (Qivint) is the difference between the net hydrostatic pressures and
the oncotic pressures (given primarily by albumin) encountered
in these spaces. These pressures have opposite effects: hydrostatic
pressure tends to push water outside the vessel, while oncotic
pressure tends to keep water inside the vessel. The difference of
the hydrostatic pressures between the vessel and the interstitium
(Pintravascular – Pinterstitial) is corrected for a specific constant
of filtration of the alveolar-capillary membrane (Kf). The difference
of the oncotic pressures between the vessel and the interstitium
(Πintravascular – Πinterstitial) is also corrected with a specific
constant of protein reflection (σr).

eart failure (HF) with preserved LVEF (i.e.
LVEF > 50%) is encountered in 40% to
50% of the total cases of heart failure (1-6).
The same percentages are encountered in ACPE
(7,8).
LVEF is a marker of systolic LV function
because it measures the ratio between enddiastolic LV volume minus end-systolic LV
volume and end-diastolic LV volume (Figure 3).
Systolic HF (SHF) is defined as clinical HF
associated with decreased LVEF (generally
defined as LVEF < 45%). In HF, dyspnea is a
sign of pulmonary congestion and hence, a sign
of increased PCWP and LV end-diastolic
pressures. Thus, dyspnea is a sign of diastolic
LV dysfunction regardless of the LV systolic
function. However, signs and symptoms of heart
failure can appear in the absence of overt
systolic dysfunction as defined by the LVEF. The
cardiac origin of these symptoms is proved by
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FIGURE 3. The formula for computing left ventricular ejection fraction and the
corresponding echocardiography image.
Note: ESD, end-diastolic left ventricular volume; ESD, end-systolic left ventricular volume

the presence of high levels of brain natriuretic
peptide (BNP), diagnostic for HF (15-18). BNP
is a useful clinical marker when the clinician is
faced with the differential diagnosis of causes
of dyspnea: an increased value indicates HF
regardless of the LVEF.
HF in the presence of normal LVEF is called
diastolic HF (DHF). The term DHF is frequently
used in cardiology; and its existence is almost
axiomatic today, although some investigators are
not so convinced (1, 2, 4, 5, 9, 10, 12-14). It is
very surprising how few data are known and
proven about the causes of DHF. ACPE is an
acute, extreme form of DHF.
At present, 3 hypotheses exists regarding
SHF and DHF: 1. they are separate pathological
entities; 2. they are consequent stages of
evolution of the same disease, with diastolic HF
preceding systolic HF, and 3. they represent the
same pathological process in which both systolic
and diastolic dysfunction coexist but manifest
themselves in different proportion depending
on the stage of evolution of HF. 

2.2. Pure diastolic heart failure

I

t has been suggested that DHF is a particular
and specific form of HF with different characteristics from SHF: in DHF LV dysfunction happens
only during diastole. The concepts of this theory
are best summarized in an excellent review
recently published by Zile and Brutsaert (11,
11a). Recently, in a study on 47 patients, Zile
58
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also proved that HF with preserved LVEF is
associated, as expected, with increased enddiastolic LV pressures and LV diastolic relaxation
dysfunction (20). This study proposed the
hypothesis that ACPE with preserved LVEF is a
consequence of decreased LV compliance,
which, at little volume increase (e.g. increased
sodium intake) leads to large pressure increase
and consequent ACPE. The study of Zile (20) is
extremely important as it clearly proves that
chronic HF with preserved LVEF has increased
end-diastolic LV pressures, rigid LV and LV
relaxation dysfunction. However, this study
does not prove that acute HF with preserved
LVEF has the same main mechanism and, as
we will show, it does not report anything about
the longitudinal LV systolic function during
ACPE. This hypothesis relies mainly on the
assumption that systolic LV dysfunction can be
excluded when LVEF is normal. However, it has
been proven that normal LVEF is not a reliable
marker of systolic function mainly because of
the way LVEF is computed (15, 16, 22-25). The
myocardial fibers of the LV are predominantly
disposed in two directions: longitudinal (the
subendocardial fibers) and radial (the subepicardial fibers) (Figure 4). Systolic LV function is
a consequence of the contraction of both the
radial and the longitudinal myocardial fibers.
However, it has been proven that because of
the way it is calculated, LVEF largely underestimates the longitudinal function of the LV
(15,16). In other words, LVEF is predominantly
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a marker of LV radial systolic function, and not
of the LV longitudinal systolic function. 
2.3. Diastolic and systolic dysfunctions –
part of a continuum

T

he fact that LVEF does not necessarily
represent the complete absence of systolic
dysfunction led to the hypothesis that diastolic heart
failure is part of the continuum that begins with
diastolic LV dysfunction associated with systolic
longitudinal dysfunction, progresses to overt
systolic LV dysfunction with depressed LVEF and
culminates with refractory systolic HF. An
important editorial which supports this hypothesis
has recently been published by Burkhoff et al (21).
This theory suggests that LV diastolic dysfunction
represents in fact LV systolic dysfunction of the
subendocardial longitudinal myocardial fibers, and
that, in reality, pure diastolic dysfunction, without
longitudinal systolic dysfunction is very rare if
nonexistent (15,16,21,23-25). It has been proven
that longitudinal systolic function provides 30 to
40% of the LV stroke volume (15,16).
In this concept, diastolic relaxation is
regarded mainly as a passive process opposite
to longitudinal systolic contraction (15,16). The
LV is compressed like a spring during systole
and relaxes passively during diastole. By affecting
longitudinal systolic contraction, the opposite
diastolic relaxation is also affected (the spring
reversal to the original position is affected
because the whole spring is defective) (Figure
5). As a consequence, it seems that diastolic and
systolic dysfunction represents only different
stages of evolution of the same pathological
condition, heart failure (15,16,23,26). In fact,
diastolic HF (HF with preserved LVEF) has the
same prognosis as systolic HF (HF with decreased
LVEF) (1,3-5,27,28) again suggesting that they
are only different stages of the same disease.
Moreover, diastolic dysfunction is rare in patients
that do not have diabetes, hypertension, obesity
or ischemic heart disease, even if they are elderly
– risk factors that are common with the
development of systolic heart failure (6). 

FIGURE 4. Left ventricular (LV) longitudinal and radial
systolic function. The subendocardial myocardial fibers are
disposed longitudinally, from the base of the LV towards the
apex. They provide the longitudinal systolic function which is
responsible for 30% to 40% of the LV stroke volume.
Subendocardial, longitudinal fibers are most sensible to
ischemia. Radial myocardial fibers are disposed
subepicardially. They are responsible for the radial systolic
function, which is the main function depicted by LV ejection
fraction as computed by echocardiography.

2.4. Coexistence of systolic and diastolic
HF with different clinical expression at
different stages of the evolution of HF.

I

n summary, it seems that HF always consists
of both forms of LV dysfunction, systolic and
diastolic, but in different proportions in respect
to the stage of evolution of HF. In other words,
it appears that there is no pure systolic, nor

FIGURE 5. Diastolic relaxation represented as a passive
relaxation of the longitudinal compression of the LV during
systole (through the longitudinal systolic function).
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pure diastolic HF. The two different manifestations of HF (systolic and diastolic HF) seem to
represent different stages of evolution of the
same pathologic process. In HF with preserved
LVEF, there is an important LV relaxation dysfunction with increased end-diastolic LV
pressures, decreased LV compliance and nondilated LV (20), LV longitudinal systolic
dysfunction (of the subendocardial myocardial
fibers) (15,16) but maintained LV radial systolic
function (hence, normal LVEF). As the disease
progresses, LV radial systolic function becomes
affected, with progressive deterioration of global
LV systolic function and decreased LVEF, with
eventually dilated LV (hence, a more compliant
LV) – those phenomena are present in systolic
HF. In this stage of evolution diastolic dysfunction
does not disappear, but persists (29), being
responsible for increased end-diastolic LV
pressures, pulmonary congestion and dyspnea
of cardiac origin.
However, the majority of the studies included
patients with chronic HF. When the studies
included patients with acute HF, these patients
were investigated after acute HF has been
compensated, or, if the patients were evaluated
during the acute episode the studies relied on
the false premise that normal LVEF excludes
systolic HF (8). As a consequence, the exact
role o each type of cardiac dysfunction in ACPE
remains unknown. 

3. MECHANISMS AND CAUSES OF
ACUTE CARDIOGENIC PULMONARY
EDEMA WITH PRESERVED EJECTION
FRACTION

T

hree main mechanisms have been cited as
a cause of ACPE with preserved LVEF:
1. acute systolic dysfunction;
2. diastolic dysfunction (including systolic
longitudinal dysfunction) and
3. dynamic mitral regurgitation. Another
theoretical mechanism, a decrease of left
heart stroke volume below right heart
stroke volume has not been studied in
clinical trials.
ACPE with preserved LVEF is predominantly
associated with:
1. severe hypertension,
2. myocardial ischemia and
3. renal artery stenosis.
These 3 entities have frequently been cited as
the causes and aggravating factors of ACPE. They
act through the previously mentioned mechanisms.
60
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3.1. Acute systolic and diastolic LV
dysfunction in ACPE

I

n a landmark study, Gandhi et al. (8)
measured LV systolic function by LVEF, and
the conclusion was that there is no aggravated
systolic dysfunction during ACPE with preserved
LVEF. However, this conclusion relies LVEF. This
study proves the fact that LVEF during ACPE,
and LVEF after ACPE are identical in ACPE with
preserved LVEF. However, because LVEF is not
a perfect marker for LV systolic dysfunction,
there can be LV longitudinal dysfunction during
ACPE. The effect of the potential 30 to 40% of
the stroke-volume that are lost during LV
longitudinal dysfunction in the pathogenesis of
ACPE is unknown. In conclusion, the exact
grade of LV acute systolic dysfunction during
ACPE is not known. 
3.2. Dynamic mitral regurgitation

D

ynamic mitral regurgitation can precipitate
ACPE (7, 41, 42). However, a recent study
denied the existence of dynamic mitral
regurgitation in ACPE with preserved LVEF (8).
The principal limitation of this study is the
subjective assessment of the severity of mitral
regurgitation (by Color Doppler). Another study
suggested the presence of aggravated mitral
regurgitation (up to two times) in ACPE with
preserved LVEF (7). This study quantitatively
evaluated the increase of the severity of mitral
regurgitation after physical effort in patients
recovering after ACPE, as compared with the
lack of aggravation after physical effort in
patients without a history of ACPE. This is also
the main limitation of the study. The patients
were not evaluated during ACPE, but
afterwards, during treadmill test. This is indirect
proof that increased mitral regurgitation during
physical effort can lead to ACPE. This study does
not bring data on the causes of ACPE unrelated
to physical effort. An old study, that included
patients with ACPE with both preserved and
depressed LVEF, showed that almost 2/3 of
them had moderate or severe mitral regurgitation (41). The cause of acute mitral regurgitation appeared to be myocardial ischemia (40%
of the patients had myocardial infarction), but
this was not definitively proven. However,
hypertensive crisis, frequently encountered
during ACPE, leads to increased LV to left atrium
systolic gradient and hence increased mitral
regurgitation on Color Doppler, although the
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regurgitant orifice area remains constant. In other
words, aggravated mitral regurgitation during ACPE
can be a consequence of hypertensive crisis and
not a direct cause of ACPE. However, its appearance can have a role in aggravating ACPE. 
3.3. The difference between the left and the
right heart stroke volumes

T

here is only a very limited number of studies
that evaluated the role of right ventricle (RV)
in the pathogenesis of left heart failure, and none
of these studies have evaluated the possible
involvement of RV in the pathogenesis of ACPE
(44, 45). Theoretically, ACPE can not take place
if the RV stroke volume is not higher than LV
stroke volume, because the increase of PCWP
would not take place. This fact can be intuited
from the relative protection against ACPE that
appears in organic pulmonary arterial hypertension (as in severe mitral stenosis or right heart
failure in biventricular Dilated Cardiomyopathy).
Therefore, theoretically, during ACPE, LV dysfunction is more severe that the eventual RV dysfunction, leading to a smaller increase of LV stroke
volume as compared with RV stroke volume. Thus,
instantaneous RV stroke volume should be higher
than instantaneous LV stroke volume, leading to
increased PCWP and ACPE. 

by aggravating subendocardial ischemia through
increased LV wall stress (34, 35). 
3.5. Myocardial ischemia

A

cute myocardial ischemia has been cited
as a cause of non-valvular ACPE. Besides
acute coronary syndromes and acute myocardial infaction, where the presence of myocardial ischemia is without doubt, an important
group of patients develop ACPE without an
apparent precipitating factor, with preserved
LVEF, negative myocardial necrosis markers, no
angina and non-specific ECG changes. In the
lack of proof for other causes, myocardial
ischemia is frequently believed to be involved.
In ACPE with preserved LVEF the ECG displays
negative T waves in anterior precordial leads
without ST changes, with subsequent regression
(43) in the presence of normal coronary arteries.
We illustrate such an example in Figure 6. The

3.4. Hypertensive crisis

A

rterial hypertension > 160mmHg (systolic)
is encountered in almost 85% of patients
with ACPE (30, 31) and it is the rule in ACPE
with preserved LVEF. Arterial pressure (AP) is a
resultant of cardiac debit (CD) and peripheral
vascular resistance (PVR). PVR is increased in
ACPE due to vasoconstriction of the accompanying adrenergic syndrome. To maintain AP,
CD has to be maintained. CD is the product of
stroke-volume and heart rate. The maintenance
of an efficient DC is the characteristic of ACPE
with preserved LVEF, and this is the reason why
it almost invariably is associated with
hypertension. The lack of hypertension in ACPE
suggests severe systolic LV dysfunction. This
suggests that hypertension is an accompanying
phenomenon of ACPE and not the predisposing
factor (32). In fact, the incidence of preexisting
severe hypertension in ACPE is not very high. A
normal fundoscopic exam formally excludes
severe preexisting hypertension or present
hypertensive emergency as the cause of ACPE
(33). However, hypertensive crisis associated
with ACPE can aggravate LV systolic dysfunction

FIGURE 6. ECG changes acute cardiogenic
pulmonary edema with preserved left
ventricular ejection fraction (LVEF):
negative T waves in anterior leads that
disappeared after remittance of pulmonary
edema. A case of a 38 year old male with
new diagnosed diabetes, no angina and
normal epicardial coronary arteries at
angiography. LVEF, measured after
remittance of pulmonary edema was
normal.
Courtesy of Dr. Darabont RO, MD, PhD,
Department of Cardiology, University Hospital of
Bucharest.
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causes of the ECG changes are unknown.
Coronary X syndrome (microvascular angina,
angina with normal coronary arteries) can
present ECG changes that are typical of ischemia
in the absence of epicardial artery stenosis. The
role of this disease in the development of ACPE
is unknown. However, microvascular angina
predominantly affects the subendocardium,
which can lead to LV longitudinal systolic
dysfunction. The subendocardial myocardium
is also very sensitive to ischemia induced by
increased wall stress which appears in
hypertensive crisis. These mechanisms might
have a role in ACPE.
Even if significant epicardial coronary artery
disease is present, there are cases where ACPE
appears despite successful myocardial
revascularization (31). 
3.6. Critical renal artery stenosis

R

enal artery stenosis was first described as a
rare cause of severe, brisk ACPE in 1988
(36) (also known as “flash” pulmonary edema).
It is estimated that 41% of patients with bilateral
renal artery stenosis, and 12% of patients with
unilateral renal artery stenosis will develop ACPE
(37, 46). There are no prospective studies that
have evaluated this association; the literature
consists only of case reports and small series
(19, 36, 38-40, 46). The cause-and-effect
relation between critical artery stenosis and
ACPE was made upon the disappearance of
ACPE after interventional treatment of renal
artery stenosis (36, 40). In this association, ACPE
is characteristically associated with preserved

62

LVEF and severe hypertension. These patients
frequently have coronary artery disease,
potentially severe (36); however, there are
reports where ACPE appeared on structurally
normal hearts and normal coronary arteries
(40). There are also reports of patients with
severe renal artery stenosis and renal failure
where pulsus alternans appeared as a sign of
severe LV dysfunction in the presence of normal
LVEF (19). The mechanism of ACPE in renal
artery stenosis is unknown. Hypertension and
myocardial ischemia might play a role. It is also
unknown how many patients with ACPE
without apparent cause have significant renal
artery stenosis. 

4. CONCLUSION

I

n conclusion, ACPE represents a syndrome of acute heart
failure characterized by increased PCWP and pulmonary
edema. About 50% of ACPE have preserved LVEF. The
mechanisms and precipitating factors are still largely in debate.
The presence of acute LV longitudinal systolic dysfunction
associated with diastolic dysfunction is very likely; however,
it has not been proven conclusively. This mechanism can be
precipitated by hypertension crisis and myocardial ischemia
(including microvascular angina). Hypertension also aggravates
mitral regurgitation which further increases pulmonary
capillary pressure and pulmonary edema. The role of the
right ventricle in ACPE is unknown. Renal artery stenosis is
responsible for an unknown number of cases of ACPE with
preserved LVEF. The exact mechanism of this association is
unknown, although hypertension and volume overload can
be involved. 

Mædica A Journal of Clinical Medicine, Volume 2 No.1 2007

ACUTE CARDIOGENIC PULMONARY EDEMA – AN IMPORTANT CLINICAL ENTITY WITH MECHANISMS ON DEBATE

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

11a.

12.

Badano LP, Albanese MC, De
Biaggio P et al – Prevalence, clinical
characteristics, quality of life, and
prognosis of patients with congestive
heart failure and isolated left
ventricular diastolic dysfunction. J
Am Soc Echocardiogr 2004; 17:253261
Dauterman KW, Massie BM,
Gheorghiade M – Heart failure
associated with preserved systolic
function: a common and costly
clinical entity. Am Heart J 1998;
135:S310-S319
Gottdiener JS, Arnold AM,
Aurigemma GP et al – Predictors
of congestive heart failure in the
elderly: the Cardiovascular Health
study. J Am Coll Cardiol 2000;
35:1628-1637
Vasan RS, Benjamin EJ, Levy D –
Prevalence, clinical features and
prognosis of DHF: an epidemiologic
perspective. J Am Coll Cardiol 1995;
26:1565–1574
Vasan RS, Larson MG, Benjamin
EJ et al – Congestive heart failure in
subjects with normal versus reduced
left ventricular ejection fraction:
prevalence and mortality in a
population-based cohort. J Am Coll
Cardiol 1999; 33:1948–1955
Fischer M, Baessler A, Hense HW
et al – Prevalence of left ventricular
diastolic dysfunction in the
community. Results from a doppler
echocardiographic-based survey of a
population sample. Eur Heart J 2003;
24:320-328
Pierard LA, Lancellotti P – The role
of ischemic mitral regurgitation in
the pathogenesis of acute pulmonary
edema. N Engl J Med 2004;
351:1627-1634
Gandhi SK, Powers JC, Nomeir
AM et al – The pathogenesis of
acute pulmonary edema associated
with hypertension. N Engl J Med
2001; 344:17-22
Angeja BG, Grossman W –
Evaluation and management of
diastolic heart failure. Circulation
2003; 107:659-663
Vasan RS, Levy D – Defining
diastolic heart failure: a call for
standardized diagnostic criteria.
Circulation 2000; 101:2118-2121
Zile MR, Brutsaert DL – New
Concepts in diastolic dysfunction
and diastolic heart failure. Circulation
2002; 105:1387-1393
Zile MR, Brutsaert DL – New
Concepts in diastolic dysfunction
and diastolic heart failure. Circulation
2002; 105:1503-1508
Vasan RS, Benjamin EJ – Diastolic
heart failure – no time to relax. N
Engl J Med 2001; 344:56-58

13. Grossman W – Defining diastolic
dysfunction. Circulation 2000;
101:2020-2021
14. Gaasch WH, Zile MR – Left
ventricular diastolic dysfunction and
diastolic heart failure. Annu Rev Med
2004; 55:373-394
15. Vinereanu D, Nicolaides E,
Tweddel AC et al – “Pure”
diastolic dysfunction is associated
with long-axis systolic dysfunction.
Implications for the diagnosis and
classification of heart failure. Eur J
Heart Fail 2005; 7:820-828
16. Vinereanu D, Lim PO, Frenneaux
MP et al– Reduced myocardial
velocities of left ventricular long-axis
contraction identify both systolic and
diastolic heart failure-a comparison
with brain natriuretic peptide. Eur J
Heart Fail 2005; 7:512-519
17. Thomas MD, Fox KF, Wood DA et
al – Echocardiographic features and
brain natriuretic peptides in patients
presenting with heart failure and
preserved systolic function. Heart
2006; 92:603-608
18. Logeart D, Saudubray C, Beyne P
et al – Comparative value of
Doppler echocardiography and Btype natriuretic peptide assay in the
etiologic diagnosis of acute dyspnea.
J Am Coll Cardiol 2002; 40:1794-1800
19. Kwan T, Feit A, Alam M,
Mandawat MK et al – Pulsus
alternans in diastolic left ventricular
dysfunction. Angiology 1997;
48:1079-1085
20. Zile MR, Baicu CF, Gaasch WH –
Diastolic heart failure –
abnormalities in active relaxation
and passive stiffness of the left
ventricle. N Engl J Med 2004;
350:1953-1959
21. Burkhoff D, Maurer MS, Packer M
– Heart failure with a normal
ejection fraction. Is it really a
disorder of diastolic dysfunction?
Circulation 2003; 107:656-658
22. Lubien E, DeMaria A,
Krishnaswamy P et al – Utility of
B-natriuretic peptide in detecting
diastolic dysfunction: comparison
with Doppler velocity recordings.
Circulation 2002; 105:595-601
23. Yu CM, Lin H, Yang H et al –
Progression of systolic abnormalities
in patients with “isolated” diastolic
heart failure and diastolic
dysfunction. Circulation 2002;
105:1195-1201
24. Yip G, Wang M, Zhang Y et al –
Left ventricular long axis function in
diastolic heart failure is reduced in
both diastole and systole: time for a
redefinition? Heart 2002; 87:121-125
25. Petrie MC, Caruana L, Berry C et al
– “Diastolic heart failure” or heart

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

failure caused by subtle left
ventricular systolic dysfunction?
Heart 2002; 87:29-31
Rame JE, Ramilo M, Spencer N et
al – Development of a depressed left
ventricular ejection fraction in
patients with left ventricular
hypertrophy and a normal ejection
fraction. Am J Cardiol 2004; 93:234237
Moller JE, Brendorp B, Ottesen M
et al – Bucindolol Evaluation in
Acute Myocardial Infarction Trail
Group. Congestive heart failure with
preserved left ventricular systolic
function after acute myocardial
infarction: clinical and prognostic
implications. Eur J Heart Fail 2003;
5:811-819
Senni M, Redfield MM – Heart
failure with preserved systolic
function. A different natural history?
J Am Coll Cardiol 2001; 38:1277-1282
Yotti R, Bermejo J, Antoranz et al –
A noninvasive method of assessing
impared diastolic suction in patients
with dilated cardiomyopathy.
Circulation 2005; 112:2921-2929
Little WC – Hypertensive
pulmonary edema is due to diastolic
dysfunction. Eur Heart J 2001;
22:1961-1964
Kramer K, Kirkman P, Kitzman D
et al – Flash pulmonary edema:
association with revascularization
and reoccurrence despite coronary
revascularization. Am Heart J 2000;
140:451-455
Givertz MM, Colucci WS,
Braunwald E – Acute Pulmonary
Edema, In ‘Braunwald’s heart
disease: a textbook of cardiovascular
medicine”, 7th edition, Elsevier
Saunders, 2005
Phillips RA, Greenblatt J, Krakoff
LR – Hypertensive emergencies:
diagnosis and management. Prog
Cardiovasc Dis 2002; 45:33-48
Galderisi M, Cicala S, Caso P et al
– Coronary flow reserve and
myocardial diastolic dysfunction in
arterial hypertension. Am J Cardiol
2002; 90:860-864
Senior R, Janardhanan R, Jeetley P
et al – Myocardial contrast
echocardiography for distinguishing
ischemic from nonischemic firstonset acute heart failure. Insights
into the mechanism of acute heart
failure. Circulation 2005; 112:15871593
Pickering TG, Herman L, Devereux
RB et al – Recurrent pulmonary
oedema in hypertension due to
bilateral renal artery stenosis:
treatment by angioplasty or surgical
intervention. Lancet 1988; 2:551-552

Mædica A Journal of Clinical Medicine, Volume 2 No.1 2007

63

ACUTE CARDIOGENIC PULMONARY EDEMA – AN IMPORTANT CLINICAL ENTITY WITH MECHANISMS ON DEBATE
37. Bloch MJ, Trost DW, Pickering TG
et al – Prevention of recurrent
pulmonary edema in patients with
bilateral renovascular disease
through renal artery stent placement.
Am J Hypertens 1999; 12:1-7
38. Missouris CG, Buckenham T,
Vallance PJ et al – Renal artery
stenosis masquerading as congestive
heart failure. Lancet 1993; 341:15211522
39. Planken IIL, Rietveld AP – Rapid
onset pulmonary edema (flash
edema) in renal artery stenosis. Neth
J Med 1998; 52:116-119
40. Shah SMA, Scoble JE – “Flash
pulmonary oedema” – a diagnosis
for both the cardiologist and the
nephrologist? Nephrol Dial Transplant
2001; 16:1311-1313

64

41. Stone GW, Griffin B, Shah PK, et
al – Prevalence of unsuspected
mitral regurgitation and left
ventricular diastolic dysfunction in
patients with coronary artery disease
and acute pulmonary edema
associated with normal or depressed
left ventricular systolic function. Am
J Cardiol 1991; 67:37-41
42. Levine RA – Dynamic mitral
regurgitation—more than meets the
eye. N Engl J Med 2004; 351:16811684
43. Littmann L – Large T wave
inversion and QT prolongation
associated with pulmonary edema: a
report of nine cases. J Am Coll Cardiol
1999; 34:1106-1110
44. Cicala S, Galderisi M, Caso P et al
– Right ventricular diastolic

Mædica A Journal of Clinical Medicine, Volume 2 No.1 2007

dysfunction in arterial systemic
hypertension: analysis by pulsed
tissue Doppler. Eur J Echocardiogr
2002; 3:135-142
45. La Vecchia L, Zanolla L, Varotto L
et al – Reduced right ventricular
ejection fraction as a marker for
idiopathic dilated cardiomyopathy
compared with ischemic left
ventricular dysfunction. Am Heart J
2001; 142:181-189
46. Darabont RO – The value of
Doppler ultrasound in the diagnosis
of renal artery stenosis. PhD
Diploma. University of Medicine and
Pharmacy “Carol Davila”,
Bucharest, 2005, p130,131,139-141

