CLINICAL REVIEWS

Diastolic Heart Failure: A Review and Primary Care
Perspective

Sean Haney, MD, Denise Sur, MD, and Zijian Xu, MD, PhD

Previously the subject of much debate, there is now consensus that diastolic heart failure (DHF) repre-
sents a distinct form of heart failure. Epidemiologic data indicate that DHF is common. Indeed, there is
evidence that, among elderly persons, DHF is more common than systolic heart failure (SHF). Like SHF,
DHF is associated with significant morbidity, mortality, and cost; however, few clinical trials focusing on
isolated DHF have been completed. Much of the treatment of DHF is based on current concepts of the
pathophysiology of DHF, small clinical studies, and experience gained from treating patients with SHF.
The diagnosis of DHF is clinical; data supporting the establishment of a diagnosis of DHF are limited.

Differences exist in prognosis and treatment between diastolic and systolic heart failure. This article
reviews diastolic heart failure with emphasis on evidence-based management, aimed at primary care
physicians who routinely provide care to patients with DHF. (J Am Board Fam Pract 2005;18:189-98.)

In addition to being a major cause of morbidity and
mortality, congestive heart failure (CHF) is a lead-
ing cause of hospitalization of elderly persons in the
United States and is estimated to cost up to $40
billion per year.! Clinical trials regarding CHF
have been overwhelmingly directed toward patients
with systolic heart failure (SHF) (ie, heart failure
[HF] syndrome associated with a reduced left ven-
tricle ejection fraction [LVEF]). HF syndrome,
however, may also occur in patients with preserved
LVEF but with abnormalities in left ventricular
diastolic function. Such a heart failure (HF) syn-
drome (ie, diastolic heart failure [DHF]) is now
widely accepted among cardiologists as represent-
ing a distinct form of HF.

DHEF is caused by left ventricular diastolic dys-
function (DD), leading to increased resistance to
left ventricular filling and eventually resulting in
HF syndrome. Certain conditions such as ischemia,
left ventricular hypertrophy, hypertension, and
aortic stenosis predispose to DD.?* Impaired ven-

Submitted, revised, 26 January 2005.

From the Department of Family Medicine, Division of
Sports Medicine, Kaiser Permanente, Los Angeles, Califor-
nia (SH), and Department of Family Medicine (DS) and
Division of Cardiology, Department of Medicine (ZX),
David Geffen School of Medicine at UCLA, Santa Monica,
California. Address correspondence to Dr. Sean Haney, De-
partment of Family Medicine, Division of Sports Medicine,
Kaiser Permanente, 4950 Sunset Boulevard, Los Angeles,
CA 90027 (e-mail: sean.x.haney@kp.org).

tricular relaxation and increased ventricular stiff-
ness are mechanisms by which these conditions
lead to DD and subsequently to DHF.*** DD it-
self, without clinical evidence of HF, has been as-
sociated with increased all-cause mortality and in-
creased risk of developing CHF.” Thus, DD may
be viewed as a precursor of DHF. DD is universally
present in patients with significant left ventricular
systolic dysfunction.®

The symptoms of CHF may be identical
whether failure is secondary to systolic or diastolic
dysfunction.” There are, however, differences in
the prognosis, characteristics of the patients, patho-
physiology, and treatment between the 2 condi-
tions.

There have been multiple randomized con-
trolled trials (RCTs) for the treatment of SHF in
the recent years. Such trials have helped to establish
evidence-based treatment guidelines and have led
to improved outcomes for patients with SHF. Cur-
rent management of DHF, however, is based
largely on pathophysiological principles, clinical
experience, and small clinical studies. RCTs de-
signed to specifically address DHF are under way,
and one such RCT has recently been completed.®
As our understanding of the DHF improves and
additional RCT's are completed, treatment of DHF
will continue to evolve. Because most patients with
DHEF are first encountered by primary care physi-
cians, it is important for them to appreciate DHF as
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a condition that is distinct from SHF, that has
significant morbidity and mortality, and that re-

quires a different management strategy compared
with SHF.

Epidemiology

Studies indicate that 30% to 55% of patients with
CHEF have preserved systolic function, defined as
LVEF of 45% or greater.”"* In a large population-
based study, 8% of persons older than 65 years
were found to have HF, and 55% of the patients
with HF were noted to have normal LVEF.'® The
same study found patients with DHF to be twice as
likely to have diabetes mellitus as asymptomatic
control subjects.’® In addition, patients with DHF
are more likely to be older and female and to have
a history of hypertension.”'%*

Morbidity and Mortality
Similar reductions in quality of life, as measured on
standard HF indices, have been noted for patients
with DHF and SHF."® Patients with DHF or SHF
have significantly decreased peak exercise perfor-
mance compared with healthy control subjects. Ex-
ercise performance, as measured by lactate levels, is
also markedly decreased in both DHF and SHF
patients compared with healthy control subjects.”
Furthermore, for patients hospitalized with clinical
evidence of CHF, readmission rates for patients
with an LVEF greater than 50% are similar to
those with LVEF less than 50%.'¢

DHEF is associated with significant annual mor-
tality, but the mortality may be less than that with
SHF. The Veterans Administration Cooperative
Study, a study of hospitalized CHF patients, found
that CHF patients with preserved EF had an annual
mortality of 8%; those with a reduced EF had a
19% annual mortality.'” Analysis of Framingham
data also demonstrated a significant difference in
mortality between patients with DHF and SHF;
there was an annual mortality for DHF of 8.7%
versus 3.0% for age-matched control subjects, and
for SHF 18.9% versus 4.1% for age-matched con-
trol subjects.'” Furthermore, this community-
based study found that 51% of CHF patients had
preserved EF.'? Results from the United Kingdom
Heart Failure Evaluation and Assessment of Risk
Trial (UK-HEART) study indicate a 5-year mor-
tality of 25.2% for DHF versus 41.5% for SHF."!
In contrast, a study of newly diagnosed CHF in

Olmsted County found no difference in mortality
between those with preserved and reduced EF.’
The discrepancy between these studies may be the
result of older age at diagnosis in the Olmsted
county study, where 49% of newly diagnosed CHF
subjects were more than 80 years old.’

Pathophysiology
Diastole starts with isovolemic relaxation, which is
an energy-dependent process, followed by rapid
ventricular filling, and finally atrial contraction.
Factors affecting either phase may contribute to
DD. Impairment of diastolic filling as a result of
DD leads to elevated pulmonary pressures and ul-
timately pulmonary congestion or edema, which
gives rise to the clinical symptoms and signs of
diastolic heart failure. DD may develop from fac-
tors either intrinsic or extrinsic to the left ventri-
cle.? Intrinsic factors causing DD occur primarily
as one of 2 mechanisms: (1) impaired relaxation; (2)
increased stiffness.” Extrinsic factors, such as peri-
cardial restriction, may also cause DD.'®
Ventricular diastolic relaxation, an energy-de-
pendent process, may be impaired by decreased
energy availability or by changes in calcium ho-
meostasis.”'® ATP is required for actin-myosin
crossbridge dissociation and the reuptake of cal-
cium into the sarcoplasmic reticulum.” Conditions
associated with decreased ATP availability, such as
ischemia, increased diastolic calcium concentra-
tion, or a delay in the decline of diastolic calcium
concentration, may impair relaxation.>'®!? Re-
moval of calcium from the cytosol may be delayed
by decreased activity of sarcoplasmic reticulum cal-
cium ATPase (SERCA) or an increased level of
activity of phospholamban (a SERCA inhibitory
protein).'®'? Decreased SERCA and increased phos-
pholamban may occur with ventricular hypertrophy
secondary to hypertension or aortic sclerosis.””
Ventricular hypertrophy may increase ventricu-
lar stiffness and thereby impair diastolic function.””?
Ventricular stiffness increases when wall thickness
relative to chamber size increases.” This type of
hypertrophy, also known as concentric hypertro-
phy, is often secondary to hypertension or aortic
stenosis.” Disproportionate growth of the nonmyo-
cardial extracellular matrix, secondary to the afore-
mentioned conditions, leads to left ventricular stiff-
ness. The hypertrophied heart fails to completely
relax, leading to increased left ventricular filling
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pressures.”! Ventricular hypertrophy secondary to
exercise training results in proportional growth of
muscular and nonmuscular elements and is not
associated with diastolic abnormalities.*?

Activation of the renin-angiotensin-aldosterone
system is a key in the development myocardial
fibrosis and stiffness. Besides stimulating vasocon-
striction and salt and water retention, angiotensin
IT stimulates increased collagen deposition.”* Aldo-
sterone, a mineralocorticoid, stimulates collagen
deposition and sodium retention.”> Changes in the
extracellular matrix, particularly in fibrillar colla-
gen, a key component of the extracellular matrix,
contribute to ventricular hypertrophy and with it
DD.'® Inhibition of renin-angiotensin-aldosterone
system has been demonstrated to reduce myocar-
dial stiffness and to lead to regression of myocardial
fibrosis.>*? Hypertension, diabetes mellitus, coro-
nary artery disease, aortic stenosis, and cardiomy-
opathy are common conditions that predispose to
the development of DD.**-%6

B-Type Natriuretic Peptide

B-type natriuretic peptide (BNP), a cardiac neuro-
hormone released by the ventricles in response to
volume expansion and pressure overload, has re-
cently emerged as a marker for HF.?” BNP is ele-
vated in DHF as well as SHF; mean BNP levels are
20 times greater in patients with DHF than in
matched control subjects.'* BNP is more markedly
elevated in SHF.'* Among persons with DD, BNP
is highest among those with a restrictive filling
pattern; as such, it correlates with Doppler indices
of DD.?” Several studies report the use of BNP in
the diagnosis of DHF and SHF in the primary care,
urgent care, and emergency department set-
tings.”®*’ There is, however, overlap in BNP levels
between persons with healthy cardiac function and
those with DHF."> There are insufficient data to
make a recommendation regarding the utility of
BNP in DHF.

Diagnosis of DHF

The diagnosis of DHF is primarily clinical. The
American College of Cardiology and American
Heart Association Practice Guidelines reflect this:
“In practice, the diagnosis of DHF is generally
based on the finding of typical symptoms and signs
of HF in a patient who is shown to have a normal
left ventricular ejection fraction and no valvular

abnormalities on echocardiography.”® However,
evidence of left ventricular DD may be obtained by
heart catheterization or echocardiography. Cathe-
terization may demonstrate elevated left ventricular
diastolic pressures with normal ventricular volumes
and systolic function consistent with DD. Although
catheterization is the standard for diagnosing DD,
it is expensive and invasive. Echo-Doppler assess-
ment of transmitral velocities is a convenient and
effective way of assessing diastolic function (Fig-
ures 1 to 4).

Measurement of diastolic function is complex
and dependent on loading conditions of the heart.
Multiple parameters may be measured. Two such
parameters are transmitral velocity and decelera-
tion time. Blood flow across the mitral valve occurs
in 2 phases: an early transmitral flow (E wave) and
a late flow with atrial contraction (A wave). The
relative contribution of each is expressed as a ratio
(E/A). An E/A ratio less than 0.75 or greater than
1.5 indicates DD. DD may be present with an E/A
ratio between 0.75 and 1.5 if other parameters,
such as the deceleration time, are abnormal. Pat-
terns of diastolic function are schematically illus-
trated in Figure 1. As relaxation is impaired and
ventricular pressure falls more slowly, DD develops
(Figures 1 and 3). As a result, the E wave decreases
and the ratio is less than 0.75. As DD progressively
worsens, a pattern that appears normal, or a pseu-
do-normal pattern, may develop (Figure 1). This

Normal Diastolic Function Mild Diastolic Dysfunction

DT

0.75<E/A< 1.5 E/A<0.75
DT > 140 ms DT > 230
(Age > 40)

Moderate Diastolic Dysfunction
(Pseudonormal)

Severe Diastolic Dysfunction
(Restrictive)

0.75<E/A<1.5 E/A>1.5
DT> 140 ms DT < 160 ms
Additional Parameter (Age > 40)

required for diagnosis

Figure 1. Diastolic parameters.

http://www.jabfp.org

Diastolic Heart Failure: A Review and Primary Care Perspective 191

‘yBuAdod Ag paosioid 1senb Ag 520z Aen 2 uo /Biowygel mmw/:dny woiy papeojumod "G00z AeIAl 9 UO 68T € 8T Wiqel/ZZTE 0T Se paysiignd 1s.1y :10eld WeH preog wy ¢


http://www.jabfm.org/

# NORMAL DIASTOLIC FUNCTION
I UCLA - Santa Monica Cardiology

PW Depth= 82mm
PW Gate= 5.0mm

I 45dB 4 -/+1/1/2
PW Gain= -5dB

08 Sep 03

7:52:01 am
3V2¢-S 30sec
H40MHz  160mm
UCLA Echo
General /V

Store in progress|
HR= 62bpm
Sweep=100mm/s

Figure 2. Normal diastolic function. Doppler recordings of normal transmitral filling velocities. An E/A wave ratio
between 0.75 and 1.5 and deceleration time (DT) greater than 140 milliseconds is characteristic of a normal

filling pattern.

pseudo-normal pattern is characterized by abnor-
mally high pressures and other abnormal Doppler
parameters. Finally, with reduced chamber compli-
ance and severe DD, a restrictive pattern develops
(Figures 1 and 4).

There have been attempts to standardize the
diagnostic criteria for DHF. The European Society
of Cardiology proposed criteria for DHF based on

% DIASTOLIC DYSFUNCTION
I UCLA - Santa Monica Cardiology

45dB 3 +/+1/1/1
PW Depth= 72mm
PW Gate= 5.0mm

| PW Gain=-10dB

diastolic values obtained via cardiac catheterization
or echocardiography.’’ Some of these measures,
however, are not routinely obtained, and their in-
terpretation is complex, which may limit their use-
fulness. Another study found that an objective mea-
sure of diastolic function may not be necessary to
establish a diagnosis of DHF. In a prospective study
of patients with EF =50% who met the Framing-

H4.0MHz
UCLA Echo
General /V

HR= 74bpm
Sweep=100mm/s

Figure 3. Mild diastolic dysfunction. Doppler recordings of transmitral filling velocities indicating inpaired
relaxation. In this pattern, the E/A wave ratio is less than 0.75 and deceleration time (DT) is greater than 230

milliseconds.
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Figure 4. Restrictive pattern. Doppler recordings of transmitral filling velocities in a restrictive filling pattern. An
E/A wave ratio greater than 1.5 and deceleration time (DT) less than 160 milliseconds indicates restrictive filling

pattern.

ham criteria for CHF and who underwent cathe-
terization and Doppler-Echo, all subjects were
found to have either elevated catheterization pres-
sures or diastolic abnormalities on Doppler.*? This
study, however, was nonblinded and required only
a single abnormal diastolic parameter to confirm a
DHEF diagnosis. Because the data regarding estab-
lishing a diagnosis of DHF are limited, the diag-
nosis is primarily clinical.

Principles of Treatment

Until mechanism-targeted treatment becomes
available, the current strategy for the management
of DHF focuses on symptom relief and modifica-
tion of underlying causes of DHF (Table 1). The
clinical symptoms of DHF are caused primarily by
elevated left ventricular diastolic pressures, result-
ing in pulmonary and systemic congestion or
edema. Relief of pulmonary or systemic congestion
may be achieved by reducing total systemic volume
and, more importantly, enhancing left ventricular
diastolic filling. Although both nonpharmacologi-
cal (fluid and salt restriction) and pharmacological
(diuretics or nitrates) means may be helpful in re-
ducing total systemic volume (Strength of Recom-
mendation Taxonomy [SORT] level A), targeting
treatment of a variety of underlying cardiac condi-
tions is also indicated.’® Hypertension and isch-
emia, both of which significantly impair diastolic

function should be treated immediately (SORT
level C).*® Loss of atrioventricular synchrony, as
occurs in atrial flutter and fibrillation, which may
further reduce diastolic filling and trigger DHF,
may require immediate correction. Tachycardia,
which increases myocardial oxygen demand and
simultaneously decreases coronary perfusion, is
poorly tolerated in patients with DD and may ex-
acerbate DHF (SORT level C).** Targeting under-
lying causes of DHF, such as coronary heart dis-
ease, valve conditions, and hypertension, is vital for
optimal management. Exercise has been shown to
reduce symptoms in patients with DHF.** Al-
though data regarding outcomes do not currently
exist, exercise initiated as part of a cardiac rehabil-
itation program may prove to be an important part
of a multidisciplinary approach in the treatment of
patients with DHF. It is important to note that for
primary care physicians, hypertension is the most
common underlying cause of DD; therefore, ag-
gressive management of hypertension is essential in
the prevention and management of DD and DHF
(SORT level C).

Specific Drugs

Most drugs used in treating SHF are also useful in
the treatment of DHF; however, with the exception
of the Candesartan in Heart failure Assessment of
Reduction in Mortality and Morbidity (CHARM)

http://www.jabfp.org

Diastolic Heart Failure: A Review and Primary Care Perspective 193

‘yBuAdod Ag paosioid 1senb Ag 520z Aen 2 uo /Biowygel mmw/:dny woiy papeojumod "G00z AeIAl 9 UO 68T € 8T Wiqel/ZZTE 0T Se paysiignd 1s.1y :10eld WeH preog wy ¢


http://www.jabfm.org/

Table 1. Principles of Management of Diastolic Heart
Failure*

Goal Therapy

Reduction of congestion  Salt restriction

Less than 2 g daily
Diuretics

Thiazides and loop diuretics
ACEIs

Enalapril

Lisinopril
ARBs

Candesartan

Losartan

Maintenance of rate B-blockers
control Atenolol, metoprolol
Calcium channel blockers
Diltiazem, verapamil
Conversion of atrial fibrillation
Atrioventricular pacing

Optimal management of Antihypertensive agents
hypertension B-blockers
Calcium channel blockers
Diuretics
ACEFIs
ARBs
Spironolactone

Prevention and treatment B-blockers
of myocardial ischemia  Atenolol, metoprolol

Calcium channel blockers
Diltiazem, verapamil

Nitrates
Isosorbide dinitrate
Isosorbide mononitrate

Revascularization
Percutaneous transluminal

coronary angioplasty, coronary

artery bypass surgery

*This information is based on the authors’ experience and a
review of the literature regarding diastolic heart failure (DHF).
It should be emphasized that the literature is incomplete. With
the exception of the CHARM study, no randomized controlled
trial (RCT) has specifically evaluated the efficacy of a specific
agent in the treatment of DHF. Most studies were designed to
evaluate a drug in the treatment of systolic heart failure (SHF)
and were not specifically designed to assess their efficacy in
DHEF patients. These studies and an understanding of the patho-
physiology of DHF form the basis of current discussion of
therapy in the cardiology literature.

ACE]I, angiotensin-converting enzyme inhibitor; ARB, angio-
tensin receptor blocker; B-blocker, B-adrenergic receptor
blocker.

study, a lower level of evidence, including under-
standing of the pathophysiology of DHF, support
their use. In addition, there are significant differ-
ences in the dosage and duration of these drugs
between SHF and DHF. Table 2 highlights the
differences in treatment between SHF and DHF.
Data support the use of angiotensin-converting
enzyme inhibitors (ACEIs) and angiotensin recep-
tor blockers (ARBs) for the treatment of DHF. As
in the treatment of SHF, initial therapy should

begin with an ACEI when indicated. In patients
with SHF, ACEIs have been shown to decrease
mortality and hospital admissions and to improve
exercise tolerance and quality of life (SORT level
B).>**¢ ACEIs have been shown to decrease LV
hypertrophy and increase LV relaxation.””*® In-
deed, in a study of elderly patients with New York
Heart Association class III HF with EF of greater
than 50%, enalapril significantly improved diastolic
filling, exercise tolerance, LV hypertrophy LVEF,
and HF functional class (SORT level 2).> Lisino-
pril was shown in a small but extensive clinical
study incorporating echocardiography and left
heart catheterization with endomyocardial biopsy
to lead to regression of myocardial fibrosis, accom-
panied by improvement of diastolic parameters.’*
The efficacy of ACEIs may be attributable in part
to their interference with the neuroendocrine system.

The data to support the use of ARBs in DHF
include a number of clinical studies. In the Losar-
tan Intervention for Endpoint Reduction in Hyper-
tension (LIFE) study, losartan-based hypertensive
treatment was associated with regression of LV
mass and improved diastolic filling parameters.*
Losartan has been shown to dampen the hyperten-
sive response, improve exercise tolerance, and im-
prove quality of life in patients with DD (SORT
level 2).*! In the recent and only completed RCT's
so far that specifically address HF patients with
preserved LVEF (=40%), the CHARM-Preserve
trial, candesartan was associated with a 29% rela-
tive risk reduction in CHF admissions (SORT level
1).® Candesartan treatment, however, did not result
in reduced mortality. Nevertheless, the findings of
the CHARM-Preserve trial support the use of
ARBs in the treatment of DHF.

B-Adrenergic receptor blockers (B-blockers) are
frequently used for the treatment of DHF. In the-
ory, B-blockers may be expected to improve out-
comes for patients with DHF by a number of
mechanisms: slowing heart rate (thereby allowing
increasing left ventricular filling time and reducing
myocardial oxygen demand), improving hyperten-
sion, regression of left ventricular hypertrophy, and
direct inhibition of renin release (SORT level C).*
B-Blockers have been shown to improve diastolic
parameters in patients with SHF.** There are sig-
nificant differences in the use of B-blockers in
DHEF and SHF. In SHF, B-blockers are started at
very small doses and progressively titrated over
weeks or months, as tolerated, to fixed doses. In
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Table 2. Similarities and Differences in Agents Used for the Treatment of Diastolic and Systolic Heart Failure

Similarities

Differences

B-Blockers

Calcium channel
blockers

® Used to treat HTN
® May be used to rate control patients with
atrial fibrillation or flutter

® May be used to treat HTN

® Used to modify left ventricular remodeling to
prolong survival in SHF

® Titrated slowly to specific dose in SHF

® In DHF, used to decrease heart rate and
prolong diastole to reduce symptoms

® DHF titrated more rapidly to response than
in SHF

® Generally avoided in treating SHF

® Shown to improve diastolic parameters and
exercise tolerance

® Particularly useful in setting of atrial
fibrillation

Diuretics ® Symptom reduction through volume reduction ® Patients with SHF more likely to require
in acute and chronic settings higher doses and long-term therapy
® May be used to treat HTN ® Patients with DHF more likely to tolerate
weaning
® Judicious use in DHF as patients may be
preload-dependent
Nitrates ® Used to treat patients with ischemic heart
disease
® Contribute to volume reduction
ACEIs ® May be used to treat HTN ® Ample data to support use in SHF although
® Associated with LV regression and relatively few studies in patients with DHF
experimental data suggest improved
myocardial relaxation
ARBs ® May be used to treat hypertension ® Few trials in patients with DHF
® Associated with LV regression and
experimental data suggest improved
myocardial relaxation
Spironolactone ® Aldosterone, which promotes fluid retention, ® Shown to improve symptoms, decrease risk of
myocardial, and vascular fibrosis is blocked. death, and hospitalization in SHF
May have benefit in both DHF and SHF
treatment
Digoxin* ® Beneficial for rate control in patients with ® Used to improve ejection fraction in patients

atrial fibrillation or flutter

with SHF

® May increase intracellular calcium
concentration, which may impair diastolic
relaxation

* Digoxin use is controversial in the treatment of DHF.

B-blocker, B-adrenergic receptor blocker; ACEI angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; HTN,
hypertension; SHF, systolic heart failure; DHF, diastolic heart failure; LV, left ventricle.

DHEF, B-blockers are usually titrated much more
rapidly to moderate or high doses.

Although the use of calcium channel blockers
(CCBs) in SHF is generally avoided, CCBs are
potentially useful in the treatment of DHEF.
Through their antihypertensive effect and afterload
reduction, CCBs may lead to regression of LV
hypertrophy and improvement of passive filling.
The negative chronotropic effect of the nondihy-
dropyridine CCBs may enhance diastolic filling by
prolonging diastole. They are particularly useful in
patients with atrial flutter or atrial fibrillation with
rapid ventricular response. Verapamil and nifedi-
pine have been shown to improve diastolic param-

eters.>® In addition, verapamil has been shown to
improve symptoms and exercise capacity in patients
with hypertrophic cardiomyopathy, a condition
characterized by DD,** and to improve exercise
capacity, peak LV filling, and heart failure scores in
patients with DHF.* Because there is a lack of
evidence of mortality benefit in SHF, CCBs should
be considered a second line agent for DHF. Non-
dihydropyridine CCBs (verapamil and diltiazem)
are the agents of choice. Dihydropyridine agents
(nifedipine), which may cause reflexive tachycardia,
may be used for treating conditions such as hyper-
tension or angina but should not be used for the
treatment of DHF itself.
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Diuretics may be useful in the treatment of
DHEF because LV filling pressures are commonly
increased in DHF. Diuretics reduce total blood
volume, resulting in a reduction of LV diastolic
volume and pressures (SORT level A). Patients
with DHF, however, may be preload-dependent;
ie, they require higher ventricular filling pressures
to generate low-normal to normal cardiac output.**
One study reports a 10% reduction in cardiac out-
put after preload-reducing therapy in DHF.* In
the case of acute pulmonary congestion, vigorous
diuresis may be required, although not nearly to
the same extent as in SHF. Because patients require
higher ventricular pressures to maintain cardiac
output, over diuresis may impair ventricular filling,
decreasing cardiac output. Long-term use of di-
uretics in DHF, unlike SHF, is often unnecessary.
Withdrawal of furosemide in patients with DHF
without overt pulmonary congestion was shown, in
a small placebo-controlled study, to lead to im-
provement of blood pressure homeostasis without
increasing HF symptoms (SORT level 2).* Di-
uretics are useful agents in treating hypertension,
which is a common trigger for exacerbation of
DHF (SORT level A). Compared with SHF, DHF
patients require lower doses of diuretics and may
tolerate their withdrawal.

Although digoxin has historically been a main-
stay in the treatment of SHF, there are little data to
support it; in theory, there are reasons against its
use in DHF. In patients with preserved EF, digoxin
may, in theory, be detrimental by increasing con-
tractility and oxygen consumption. In addition,
digoxin hinders intracellular calcium clearance in
diastole, which may impair diastolic relaxation.
Digoxin may play an important role in controlling
the ventricular rate in patients with atrial fibrilla-
tion or flutter, especially when combined with
CCB:s or B-blockers.

Finally, aldosterone inhibitors may play a role in
the treatment of DHF. Because aldosterone stim-
ulates collagen deposition and cardiac fibrosis,
blocking aldosterone may contribute to improved
cardiac function. The Randomized Aldactone Eval-
uation Study demonstrated decreased mortality
among patients with severe SHF.*’ In patients with
hypertension and diastolic dysfunction, canrenone
(the main active metabolite of spironolactone) was
shown to improve diastolic parameters not ac-
counted for by changes in blood pressure or left

ventricular mass.’®

Conclusion

DHEF is common and may account for more than
50% of HF cases among the elderly.”"? As with
SHF, DHF is associated with significant morbidity
and mortality. There are differences in the patho-
genesis, prognosis, and treatment of DHF and
SHEF. The diagnosis of DHF is clinical; data sup-
porting diagnostic criteria are lacking. Current
clinical management is based on symptom relief
and modification of underlying cardiac conditions.
Maintenance of euvolemia, rate control of atrial
fibrillation, and management of hypertension are
key elements of this. Evidence from large scale
RCT's has been scarce, but several clinical trials are
under way. As more RCTs in patients with DHF
are completed, treatment will further evolve. It is
therefore important for primary care physicians to
recognize the difference between DHF and SHF
and modify their approach to treatment of patients
with DHF as indicated.

We thank Andrew Lee and Drs. Anurag Relan and Carol Stew-
art for assistance with the manuscript.
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