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Diastolic heart failure is an underestimated pathology with a high risk of acute decompensation

during the perioperative period. This article reviews the epidemiology, risk factors, pathophysiology,

and treatment of diastolic heart failure. Although frequently underestimated, diastolic heart failure

is a common pathology. Diastolic heart failure involves heart failure with preserved left ventricular

(LV) function, and LV diastolic dysfunction may account for acute heart failure occurring in critical

care situations. Hypertensive crisis, sepsis, and myocardial ischaemia are frequently associated with

acute diastolic heart failure. Symptomatic treatment focuses on the reduction in pulmonary conges-

tion and the improvement in LV filling. Specific treatment is actually lacking, but encouraging data

are emerging concerning the use of renin–angiotensin–aldosterone axis blockers, nitric oxide

donors, or, very recently, new agents specifically targeting actin–myosin cross-bridges.
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Left ventricular (LV) diastolic dysfunction refers to

abnormalities of diastolic distensibility, filling, or relaxation,

regardless of whether LV ejection fraction (LVEF) is

normal or abnormal and whether the patient is symptomatic

or not.8 If signs and symptoms of congestive heart failure

(effort intolerance, dyspnoea, and pulmonary oedema)

develop in a patient with normal or near normal systolic

function, it is appropriate to classify this situation as dia-

stolic heart failure. Chronic diastolic heart failure and

decompensated diastolic heart failure are common entities,

but their frequency is widely underestimated.

Underestimation of diastolic heart failure might be related in

part to the difficulties in obtaining the criteria defined by

AHA-ACC guidelines,52 requiring objective evidence using

echocardiography. In addition, the poor sensitivity and

specificity of echocardiography to recognize diastolic heart

failure may aggravate this underestimation. There is increas-

ing evidence that clinicians should differentiate systolic

from diastolic heart failure since pathophysiology and man-

agement may differ greatly between the two entities.110

Since patients with diastolic heart failure are at high

risk of decompensation in the perioperative period or

during an ICU stay,84 anaesthetists should be familiar with

the pathophysiology of diastolic heart failure.

Epidemiology of diastolic heart failure

Between 30% and 50% of patients with chronic heart

failure have preserved LVEF.14 73 81 110 Two recent cohorts

of patients hospitalized with decompensated heart failure

showed that 35% had a preserved LVEF,66 and that patients

with preserved LVEF were 2–4 yr older than those with

impaired ejection fraction and were mainly women

(�70%). Diastolic heart failure represents ,15% of chronic

heart failure in patients younger than 50 yr, and the pro-

portion raises to 33% in 50–70 yr olds and to 70% in those

aged .70 yr.120 This prevalence in elderly subjects is

related to alterations in the cardiovascular system frequently

associated with ageing, namely, coronary artery disease,

systemic hypertension, hypertrophic, and infiltrative cardio-

myopathies that cause structural changes of the LV leading

to chronic deterioration of LV diastolic properties.3

Diastolic heart failure is a condition that greatly affects

patient outcome. Several authors have shown that the read-

mission rate and mortality rate were high in diastolic heart

failure patients and might be similar to those observed in

systolic heart failure.14 55 93 Recent studies reported that

16–30% of patients with diastolic heart failure had to be

readmitted within 6 months after hospital discharge for
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chronic heart failure symptoms, a figure that is comparable

with the 22% observed in patients with impaired

LVEF.2 95 120 Mortality rates in diastolic heart failure

patients at 1 and 3 yr seem slightly lower than or compar-

able with those in systolic heart failure.2 14 18 118

Pathophysiology of LV diastolic dysfunction

LV diastolic dysfunction can be defined as the inability of

the LV chamber to fill up at low atrial pressures. This dys-

function can result either from an impairment in LV com-

pliance (passive mechanism) or from an alteration in LV

relaxation (active process). Relaxation is usually the first

to alter in LV diastolic dysfunction and relaxation abnorm-

alities can occur abruptly, especially in the context of

anaesthesia or critical care.

Physiology and pathophysiology of LV relaxation

Zile and Brutsaert120 defined relaxation as ‘the time period

during which the myocardium loses its ability to generate

force and shorten and returns to an unstressed length and

force’. From a mechanical point of view, the transition

between systole and diastole was described as the time of

aortic valve closure. However, the transition between con-

traction and relaxation corresponds to the dissociation of

actin–myosin cross-bridges that begins during the early

phase of LV ejection, before aortic valve closure.40

The dissociation of actin–myosin cross-bridges follows the

lowering of the intracellular calcium concentration (Fig. 1).

The transfer of calcium from the cytosole into the sarco-

plasmic reticulum requires energy. Phosphorylation of

phospholamban that is needed to activate the ATPase-

induced calcium sequestration into the sarcoplasmic

reticulum, sodium/calcium exchanger-induced extrusion of

calcium from the cytoplasm, release of calcium from tro-

ponin C, detachment of the actin–myosin cross-bridges,

and return of the sarcomere to its resting length are all

energy-consuming processes. Thus, alterations leading to

diastolic dysfunction may involve phenomena that occur not

only during ‘classic’ diastole, but also earlier in the cardiac

cycle, at the time when intracellular calcium falls.

Functional factors are likely to occur during the peri-

operative period or in the ICU. Affecting LV relaxation,

they may precipitate latent LV diastolic dysfunction.

Myocyte energy imbalance

Since relaxation is an energy-consuming process, it is

adversely affected by myocardial ischaemia. Ischaemia

precludes optimal calcium exchanges between the cytosole

and sarcoplasmic reticulum, and is rapidly associated with

impairment in LV relaxation.100 Sepsis is also likely to

alter myocytes energetic balance and, thus, to alter LV

relaxation.85

Contraction–relaxation coupling

As described earlier, relaxation begins early during

systole40 98 indicating that relaxation and contraction are

Fig 1 Calcium-induced calcium release in cardiac myocytes. After electrical stimulation, calcium influx through the calcium channels (Ica) stimulates

ryanodin receptors (RyR) to release more calcium from the sarcoplasmic reticulum (SR) into the cytosol. Calcium concentration falls (i) by reuptake in the

SR via phospholamban (PLB) stimulation and (ii) by calcium efflux by Naþ/Ca2þ exchange (NCX). The inset summarizes the time course: action potential

precedes calcium influx and the peak of myocyte contraction is seen while intracellular calcium concentration falls. From Bers and Despa12 with permission.
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intimately coupled. As a consequence, LV relaxation is

greatly affected by the lack of homogeneity in LV contrac-

tion. Both LV segmental coordination and atrio-ventricular

synchronization are essential to guarantee an efficient

relaxation.13 34 The loss of atrial contraction associated

with atrial fibrillation not only alters LV filling but also

results in a slowing of myocardial relaxation.

Several other factors known to alter contractile function,

including changes in afterload and the use of inotropes,

markedly affect relaxation. However, the effect of preload

variations on relaxation is not clear.

Impact of afterload conditions on relaxation

Afterload dependency

In failing hearts, an increase in afterload induces a delay

in the onset of relaxation and an increase in the time-

constant of isovolumetric relaxation (t, ms).16 34 42 The

afterload-dependence of t has also been shown to be

influenced by the inotropic state. Facing an increased

afterload, beta-adrenoreceptor agonists help to keep t

constant, whereas antagonists (beta-blockers) markedly

increased it.15

To describe better the relationship between load, con-

tractility, and relaxation, the concept of relative load was

defined experimentally as the ratio of peak systolic LV

pressure to peak isovolumetric pressure.38 40 58 The higher

the relative load, the lower the contractile reserve

(Fig. 2A). The contractile reserve quantifies the percentage

force developed by the LV with respect to its maximum

value. The consequences on relaxation of an elevation in

LV afterload can range from a moderate acceleration to a

marked deceleration, depending on the relative load. Up to

a relative load of around 80%, the diastolic decline in LV

pressure accelerates, but above this, LV pressure decline

decelerates. Acceleration of the LV pressure decrease in

response to a load elevation is observed in the normal

heart, whereas slowing of the LV pressure decline is

associated with impaired cardiac function.31 This intro-

duced the concept of afterload reserve which relates to

the capacity of the normal LV to respond to elevation of

afterload without changes in LV end-systolic volume and

LV pressure decline.38 39 58 Ventricles with altered con-

tractile function consistently show a decreased ‘afterload

reserve’.21 22 24 27 31 In such ventricles, even a small after-

load elevation will cause a marked deterioration in LV

relaxation and increase LV systolic and diastolic volumes.

An alternative concept: end-systolic volume dependency

Chemla and colleagues17 recently proposed an alternative

approach based on the suggestion that, at constant heart

rate, relaxation might depend more on LV end-systolic

volume than on afterload, namely LV systolic pressure.

Indeed, recoiling forces are generated when the LV con-

tracts below its equilibrium volume (usually slightly

higher than LV end-systolic volume) and therefore

recoiling forces act during early diastole. Thus, since a

healthy heart is able to respond to increased afterload

without any change in its LV end-systolic volume, relax-

ation remains unaffected. However, in failing dilated ven-

tricles, LV end-systolic volume might exceed the

equilibrium volume, which deprives the LV of recoiling

forces and impairs the rate of isovolumetric relaxation.

Impact of preload conditions

Myocardial relaxation was initially considered not to be

affected by preload conditions.35 However, it has been

suggested that marked preload variation can modify actin–

myosin cross-bridge kinetics.41 Indeed, in a patient with

LV diastolic dysfunction, a leg elevation manoeuvre can

result in a substantial increase in end-diastolic pressure

(Fig. 2B). This case report suggests that LV diastolic dys-

function can be undetected in normo- or hypovolaemic

patient. In contrast, any excess in fluid can induce a dra-

matic increase in LV end-diastolic pressure (LVEDP).

Thus, preload reserve is reduced in patients with altered

LV diastolic properties.

Analysis of diastole by cardiac catheterization

Diastolic heart failure is characterized by an elevated

LVEDP (16–26 mm Hg) in 92% of patients,108 121 whereas

control patients had an average of 10 mm Hg. Using

micromanometer catheters, it is possible to acquire high-

fidelity instantaneous LV pressure curves. Such tools are

used to plot pressure/volume loops and to assess the rate of

LV pressure decline (dP/dtmin) and the time constant of

isovolumetric relaxation (t).

Pressure/volume loops

Systolic and diastolic functions are best described using

the LV pressure/volume relationship, represented graphi-

cally as P/V loops (Fig. 3). In animals, a series of

pressure/volume loops can be measured at baseline and

after changes in preload (by inferior vena cava occlusion).

The latter allow measurements of preload-independent

variables as the end-systolic pressure/volume relationship

and end-diastolic pressure/volume relationship.

In humans, pressure/volume tracings are usually per-

formed only at baseline. In one study,56 pressure/volume

loops were performed at baseline and during a sustained

handgrip manoeuvre (Fig. 4).

Using this mechanical approach, diastole begins at the

closure of the aortic valve and lasts until the closure of the

mitral valve. Diastole can be divided into two phases.

The first corresponds to the LV pressure decline at con-

stant volume, isovolumetric relaxation, which lasts from

closure of the aortic valve to opening of the mitral valve.

The second, auxotonic relaxation, corresponds to LV

chamber filling and lasts until the closure of the mitral

valve. LV filling mainly depends on the pressure gradient

between the left atrium (LA) and LV, which is mainly
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influenced by passive chamber properties (compliance),

active relaxation, and, at end-diastole, by atrial contraction.

Thus, impairment of LV compliance (decreased LA–LV

pressure gradient), or the loss of atrial contraction, directly

impair diastolic filling. Structural modifications (i.e. myo-

cardial hypertrophy, fibrosis) mainly affect the passive,

late phase of diastole and are more likely to develop

chronically, whereas functional factors (i.e. ischaemia,

sepsis) adversely affect active relaxation during early dia-

stole. In LV diastolic dysfunction, the diastolic portion of

the pressure/volume loop (compliance curve) is shifted to

the left and upward (Fig. 3). Consequently, for a given LV

end-diastolic volume (LVEDV), LVEDP is increased and

may result in pulmonary congestion.

Systolic dysfunction also affects the pressure/volume

loop: the end-systolic pressure/volume slope is shifted

Fig 2 (A) Effect of afterload. Each panel displays two superimposed heartbeats, control (solid line), and isovolumetric (dotted line). The isovolumetric

heartbeat was experimentally obtained in dogs by occluding the ascending aorta during diastole. Relative load is defined as the ratio of baseline to

isovolumetric systolic LV pressure (LVP) expressed as a percentage. Top, isovolumetric pressure elevation is limited (32 mm Hg) and relative load is

79%. Bottom, isovolumetric pressure elevation is fair (56 mm Hg) and relative load is 68%. Relative load is the main determinant of load dependence

of LVP fall. This dependence is related to the timing of the transition from contraction to relaxation. This transition occurs when 81% to 84% of peak

isovolumetric pressure is reached, or the equivalent timing during early ejection. The transition occurs precisely at the time indicated by a vertical line

in both panels. From Gillebert and colleagues40 with permission. (B) Effect of preload. On the upper part, LV (solid lines) and LA (dotted lines)

pressure tracings in a cardiac surgical patient at baseline and after leg elevation; on the lower part, amplification of the diastolic phase. In baseline

conditions, LV filling is already impaired. With leg elevation, diastolic failure develops with further slowing of the myocardial relaxation and a marked

increase in LVEDP, exceeding the left atrial pressure (LAP) resulting in an impaired filling of the LV during diastole.
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downward and to the right, indicating a reduction in con-

tractility, whereas end-systolic and end-diastolic LV

volumes are increased, which may also lead to upstream

congestion. Patients with heart failure can have combined

systolic and diastolic dysfunction. In such cases, modest

increases in LVEDV may result in large increases in

LVEDP. Kawaguchi and colleagues56 recently demon-

strated that, in patients admitted with heart failure but with

preserved LVEF, the diastolic portion of the pressure/

volume loops, although apparently normal at rest, altered

on exertion. Indeed, manoeuvres such as sustained iso-

metric handgrip markedly impaired LV diastolic proper-

ties, increased LVEDP, and could reveal diastolic heart

failure (Fig. 4).

Pressure decline analysis

In diastolic heart failure patients, LV pressure decline

analysis reveals a significant increase in the time constant

of isovolumetric relaxation, t.108 121

A recent multicentre, prospective study, using cardiac

catheterization and echocardiography to assess LV dia-

stolic properties in 47 patients with diastolic heart failure

and 10 normal controls,119 demonstrated that insight into

the respective roles of active relaxation and compliance

could be gained using a detailed analysis of the LV dia-

stolic pressure curve. The following measurements are of

particular interest:

(i) t, the time constant of the isovolumetric relaxation;

(ii) Pmin, LV minimal pressure after the opening of the

mitral valve;

(iii) PPre-A, LV pressure just before atrial contraction;

(iv) LVEDP, LV end-diastolic pressure, just after atrial

contraction.

This study showed that in patients with diastolic heart

failure, in contrast to the control subjects, isovolumetric

relaxation was incomplete at the time of Pmin. Thus, t was

prolonged and Pmin increased, resulting in a positive corre-

lation between t and Pmin. Incomplete relaxation

accounted for 7 (1) mm Hg of the measured increase in

Pmin. In these patients, LV compliance was also signifi-

cantly altered with an increase in LVEDP, despite a

reduced LVEDV.

Assessment of LV diastolic function in
clinical practice

There are differences between heart failure with reduced

and preserved ejection fraction with regards to symptoms,

physical examination, echocardiographic and ECG

abnormalities, and X-ray findings (Table 1).

Echocardiography

The combination of several ultrasound modalitieses is

useful in the assessment of diastolic function in patients

with possible diastolic heart failure. These modalities

include: 2-D echo, pulsed-wave Doppler, M-mode colour

Doppler, and tissue Doppler imaging. In the presence of

acute pulmonary oedema, echocardiography is suggestive

of diastolic heart failure, if preserved LV systolic function

is associated with indirect signs of elevated LA pressure.

Fig 3 Pressure/volume loop. The solid line represents a normal heart.

The dotted line represents an isolated LV diastolic dysfunction. In patients

with diastolic heart failure, the main alteration in the P/V loop is a shift

in the end-diastolic pressure/volume relationship (EDPVR), whereas the

end-systolic pressure/volume relationship (ESPVR) remains unaltered.

AVO, aortic valve opening; AVC, aortic valve closure; MVO, mitral valve

opening; MVC, mitral valve closure; LVEDP: left ventricular end-diastolic

pressure.

Fig 4 Decompensation of LV diastolic dysfunction during exertion.

Pressure/volume relationship before (dotted line) and after (dark solid

line) sustained isometric handgrip in a patient with chronic class II

NYHA heart failure admitted for rapid-onset pulmonary oedema and

LVEF .50%. Handgrip was used to assess LV diastolic properties in

response to increase systolic blood pressure and LV afterload. In a patient

with normal LV diastolic function, relaxation and filling are unaltered by

increased LV afterload. Handgrip-induced upward shift of the PV loop

induced a parallel increase in the filling curve strongly suggesting that the

LV wall is stiff without relaxation reserve. From Kawaguchi and

colleagues,56 with permission.
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LV systolic function can be assessed by 2-D echo and

global performance estimated qualitatively (‘eye-balling’)

and, if possible, quantitatively (measurement of ejection

fraction). These measurements should be performed as

soon as possible after the onset of symptoms, as a low

ejection fraction can return to normal within 24–48 h after

treatment of decompensated heart failure. Ejection fraction

values ranging between 0.4 and 0.5 are not strictly

‘normal’, but cannot explain per se the occurrence of

acute pulmonary oedema. Therefore, the criterion gener-

ally required to define ‘preserved LVEF’ is a value .0.5.

However, Petrie and colleagues82 showed that ‘heart

failure with preserved LVEF’ could be associated with

subtle LV systolic dysfunction, yet recognizable using new

measures of LV systolic function (measurement of LV sys-

tolic atrio-ventricular plane displacement). Another study,9

however, concluded that even if ‘subtle abnormalities in

regional systolic function’ might exist in diastolic heart

failure, they are ‘unlikely to be responsible for clinical

signs of heart failure’.

LA pressure cannot be directly measured using echocar-

diography. Pulsed-wave Doppler measures the velocity of

blood at a precise location: the Doppler ‘window’. This

velocity is proportional to the pressure gradient. Thus, if

the Doppler window is placed at the tip of the mitral

valve, the diastolic flow velocity profile will reflect the

pressure gradient between the LA and the LV.4 The mitral

blood flow is composed of an E (early) wave for passive

diastolic filling followed by an A (auricular) wave for

atrial systole. Mitral blood flow profile is affected by LV

relaxation, LV compliance, and LA pressure. Normal dia-

stole is characterized by a predominant E wave (peak and

area under the curve), implying that most of the LV filling

is occurring during the early phase of diastole. Mitral

blood flow abnormalities are of three types:

(i) in mild diastolic dysfunction, only relaxation is

impaired and atrial contraction contributes relatively

more to ventricular filling; thus, peak of A wave

.peak of E wave, with prolonged E wave decelera-

tion time (usually .240 ms);

(ii) in moderate diastolic dysfunction, relaxation is

impaired, LV compliance is decreased, and atrial

pressure increased; a pseudo-normal pattern with a

predominant E wave is observed, but the E wave

deceleration time is shortened;

(iii) in severe diastolic dysfunction, LV compliance is

extremely low; a restrictive pattern is observed with a

high peak E wave velocity, usually more than twice

the peak A wave velocity.

However, Zile and colleagues reported a lack of sensitivity

of the mitral blood flow analysis for the diagnosis of dia-

stolic heart failure. In their study,121 the E/A ratio was

abnormal in only 48% of the patients presenting signs of

heart failure with a normal ejection fraction. The E wave

deceleration time was found to be more sensitive (abnor-

mal in 64% of the patients).

If the Doppler window is located within a pulmonary

vein, the flow velocity will reflect the pressure gradient

between the vein and the LA throughout the cardiac cycle.

A markedly increased LA pressure (.18 mm Hg) will

generate characteristic alterations in the velocity profiles.

Pulmonary vein flow is composed of two waves, one

systolic and one diastolic. The elevation of the LA

pressure impairs atrial filling, and the pulmonary vein

diastolic wave becomes predominant. Nevertheless, pul-

monary vein flow abnormalities cannot discriminate

between systolic and diastolic heart failure.

Tissue Doppler Imaging directly measures myocardial

velocity and allows wall movements to be directly

analysed.28 Tissue Doppler has been validated for the

evaluation of cardiac function.43 67 101 107 The myocardial

portion commonly studied is above the mitral annulus.

Three waveforms are visualized: peak systolic wave, early

diastolic wave (Ea), and end-diastolic wave related to atrial

contraction. Systolic velocities have been shown to be good

predictors of contraction.46 The Ea wave97 is relatively inde-

pendent of loading conditions and is therefore used to

assess LV relaxation.28 A cut-off of 8 cm s21 for Ea

measurement is now widely accepted as a sign of diastolic

dysfunction. The E (early mitral inflow velocity)/Ea ratio is

considered a useful indicator of LV filling pressures.70 71

Although influenced by LVEF, E/Ea measurement per-

formed on the lateral mitral annulus can reliably be used to

evaluate filling pressures in patients presenting with a pre-

served ejection fraction.90 More recently, the delay from

onset of Ea to onset of E has been shown to correlate

strongly with invasively acquired relaxation indices.89

None of these Doppler indices is 100% sensitive or

specific and a combination of indices is usually required to

ascertain high LA pressure.

Natriuretic peptides

Brain natriuretic peptide (BNP) is recognized as a specific

marker of heart failure in patients presenting with acute

dyspnoea.69 Maisel and colleagues62 measured BNP in

1586 patients presenting with acute dyspnoea. Of the 452

patients with a final diagnosis of heart failure, 165

Table 1 Characteristics of heart failure with preserved or reduced LVEF

Altered ejection fraction Preserved ejection fraction

Dyspnoea Chronic Transient mainly

Heart rate Increased Increased

Mitral regurgitation Present Rare

S3/S4 gallop S3.S4 S4 mainly

Rales Present Present

Peripheral oedema Present Rare

Cardiomegaly Constant Inconstant

LV dilatation Nearly constant Absent

ECG abnormal Constant Inconstant

BNP Markedly increased Often mildly increased
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(36.5%) had preserved LV function on echocardiography,

whereas 287 (63.5%) had systolic dysfunction. Patients

with non-systolic heart failure had significantly lower BNP

concentrations than those with systolic heart failure (413

vs 821 pg ml21, P,0.001). When comparing patients with

acute diastolic dysfunction with those with non-

cardiogenic dyspnoea, a BNP concentration �100 pg ml2 1

had a sensitivity of 86%, a negative predictive value of

96%, and an accuracy of 75% for detecting abnormal dia-

stolic dysfunction.63 Mildly elevated values of BNP may

not differentiate between systolic and diastolic heart

failure and BNP may be normal in some cases of acute

hypertensive pulmonary oedema in patients with preserved

LV systolic function.60

Diastolic heart failure in clinical practice

Many factors including uncontrolled hypertension, atrial

fibrillation, myocardial ischaemia, anaemia, renal insuffi-

ciency, and non-compliance with treatment may precipitate

overt systolic and diastolic heart failure.106 However,

uncontrolled hypertension is involved in more than 50%

of the cases of acute (decompensated) diastolic heart

failure.36 118 Anaesthetists may have to deal with acute

decompensated diastolic heart failure during the periopera-

tive period, in the ICU or in the emergency department.

Perioperative setting

The perioperative period carries a risk of decompensation

of chronic diastolic heart failure or induction of acute dia-

stolic dysfunction. Therefore, it is important to identify

high-risk patients and situations and drugs likely to

adversely affect LV diastolic function and be able to

prevent and treat acute decompensations.

Preoperative screening should focus on the detection of:

(i) history of diastolic heart failure or structural factors

potentially associated with an impaired LV diastolic

function: LV hypertrophy (except in young athletes)

and atrial arrhythmia affecting LV ‘active filling’;

(ii) factors carrying a higher risk of diastolic heart

failure: female, age more than 70 yr old, history of

untreated hypertension, ischaemic heart disease, or

diabetes mellitus;

(iii) clinical signs of heart failure, especially dyspnoea on

exertion;

(iv) specific measures from echocardiography: LV hyper-

trophy, impairment of diastolic function, preserved

LVEF.

Different guidelines have been published in order to

clarify the definition and the diagnosis of diastolic heart

failure.52 87 111 Vasan and Levy111 produced pragmatic cri-

teria that are widely used in the cardiology. They separated

the diagnostic procedure into three sequential steps: (1)

diagnosis of heart failure, (2) preserved systolic LV

function (LVEF .0.5), and (3) documentation of LV dia-

stolic dysfunction if feasible (Table 2).

Zile and colleagues121 prospectivly compared cardiac

catheterization and echocardiography in patients suspected

of diastolic heart failure (heart failure symptoms and LVEF

.0.5) and concluded that ‘objective measurement of LV

diastolic function is useful to confirm rather than establish

the diagnosis of diastolic heart failure. The diagnosis of

diastolic heart failure can be made without measurement of

parameters that reflect LV diastolic function’.121

On the basis of this, and using the criteria proposed by

Vasan and Levy,111 a specific algorithm can be proposed

for the preoperative risk stratification of LV diastolic func-

tion impairment (Fig. 5). Particular attention should be

paid in patients with potential LV diastolic dysfunction to

avoid a further deterioration of diastolic function,

especially hypovolaemia, tachycardia, and rhythms other

than sinus. For elective surgery, patients with definite dia-

stolic heart failure group would benefit from a cardiologist

opinion and their treatment checked to optimize diastolic

function before surgery.

Perioperative period

During the perioperative period, haemodynamic changes

and anaesthetic agents can adversely affect LV diastolic

function.

Table 2 Definition of definite, probable, and possible DHF.111 SAP, systolic

arterial pressure; DAP, diastolic arterial pressure; BP, blood pressure

Diagnosis Criteria

Clinical Echocardiography

Definite Clinical evidence of heart

failure

Preserved LVEF within 72 h

of the heart failure

eventsþdocumented diastolic

dysfunction

Probable Clinical evidence of heart

failure

Preserved LVEF within 72 h

of the heart failure events but

no documentation of diastolic

dysfunction

Possible Clinical evidence of heart

failure

Preserved LVEF but not at the

time of the heart failure events

without documentation of

diastolic dysfunction

Upgrade from

possible to

probable diastolic

heart failure

SAP .160 mm Hg or

DAP .100 mm Hg during

the episode of heart failure,

which may include the

following:

Concentric LV hypertrophy

without wall-motion

abnormalities

tachyarrhythmia

precipitation of event by

the infusion of a small

amount of i.v. fluid

clinical improvement in

response to therapy

directed at the cause of

diastolic dysfunction

(such as lowering BP,

reducing heart rate, or

restoring the atrial booster

mechanism)
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Haemodynamic changes affecting diastolic time, such

as arrhythmia and myocardial ischaemia, are likely to

decompensate further pre-existing diastolic dysfunction.

Tachycardia shortens diastole and is likely to impair LV

filling. Rhythm disturbances can be precipitated by hypo-

or hyper-kalaemia, anaemia, or hypovolaemia. Treatment

with beta-blockers or non-dihydropyridine calcium-

channels blockers has been proposed to prevent tachycar-

dia and improve LV filling.6 94

Myocardial ischaemia or acute increases in cardiac

loading (volume loading or changes in position) (Fig. 2B)

may result in a significant slowing of myocardial relax-

ation. Myocardial ischaemia may also induce rhythm

disturbances that will further aggravate LV diastolic dys-

function. Thus, prevention of ischaemic episodes should

remain a major objective for anaesthetists dealing with

suspected diastolic heart failure. Beta-blockers still remain

the best drug to achieve a safe reduction in myocardial

oxygen consumption. Indeed, perioperative use of beta-

blockers has been shown to reduce overall mortality due to

cardiac events.64 113 Whether this strategy is still appli-

cable to diastolic heart failure remains to be determined.

Finally, the use of regional or general anaesthesia is still

debated, but no study has found benefit of one technique

over the other.

The effect of anaesthetic agents on LV diastolic proper-

ties has been extensively studied for volatile agents, but

less for i.v. agents (Table 3). The volatile agents, sevoflur-

ane and desflurane, as well as opioids and muscle relax-

ants do not appear to affect LV diastolic properties.

In high-risk diastolic heart failure patients, anaesthetists

should pay particular attention to the choice of monitor-

ing and to avoiding acute perioperative changes in load

conditions, heart rate, and myocardial oxygen balance.

Fig 5 Algorithm for preoperative risk stratification of patients with suspected diastolic heart failure.
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There are no good clinical data on the action of anaes-

thetic drugs in LV diastolic dysfunction.

Recovery room, ICU, and emergency room

Hypertensive crisis

Gandhi and colleagues36 compared the echocardiographic

findings on admission and after 2–3 days of treatment in

patients presenting with acute pulmonary oedema as a con-

sequence of severe arterial hypertension. Although transi-

ent LV systolic dysfunction due to the hypertensive crisis

was expected, no difference in LVEF and regional wall

motion was found between the acute episode and after 24

and 72 h of treatment. Around 50% of the patients

admitted with an acute pulmonary oedema had preserved

ejection fraction and 89% of the patients who had a pre-

served ejection fraction after treatment also had no sign of

systolic dysfunction during the acute episode. Similarly, in

patients with an impaired ejection fraction, no differences

were found within the first 72 h, suggesting that acute dia-

stolic failure might also be the major mechanism of

decompensation in patients with baseline systolic dysfunc-

tion. Acute diastolic dysfunction during hypertensive crisis

remains poorly understood. In diastolic heart failure at

rest, it is understandable that a small increase in LVEDV

will lead to a marked elevation in LVEDP. However, this

is less clear in patients without diastolic dysfunction at

rest. It has been proposed that a hypertensive crisis leads

to a marked increase in coronary perfusion pressure and

thus in coronary turgor.114 Nevertheless, it is unlikely that

an increase in coronary blood volume can cause a signifi-

cant increase in wall thickness.

Myocardial ischaemia

Myocardial ischaemia is one of the main mechanisms of

LV diastolic dysfunction in the early postoperative period,

and several factors, including pain-induced sympathetic

activation (tachycardia, hypertension), shivering, anaemia,

hypovolaemia, and hypoxia, may alter myocardial oxygen

balance.

In a rabbit model,80 the early and late haemodynamic con-

sequences of a circumflex artery ligation were analysed by

echocardiography and Doppler. One hour after experimental

infarct, the rabbits exhibited a significant alteration of the

LV filling pattern; decrease in E and A waves, A wave rever-

sal velocities and increase in the mean pulmonary venous

systolic-to-diastolic ratio. Three weeks after coronary lig-

ation, the rabbits still exhibited significant abnormalities in

filling pattern. Stugaard and colleagues100 assessed LV dia-

stolic function in 20 patients during coronary angioplasty

and in eight anaesthetized dogs during experimental coron-

ary occlusion. Diastolic function was explored using

M-mode Doppler, which determines the time difference

between the peak velocity in the apical region and in the

mitral tip. The authors reported a significant increase in time

difference in both patients and dogs, and the time difference

evolution correlated significantly with the variation in the

time constant of isovolumetric relaxation. Pacing tachycar-

dia, volume loading, and vena cava restriction did not sig-

nificantly alter the time difference.

Nitric oxide (NO) metabolism seems to play a controver-

sial role in acute diastolic dysfunction following episodes

of ischaemia–reperfusion. A beneficial role for NO has

been suggested since pre-treatment with cGMP donors or

with NO donors protects myocytes from relaxation failure

in experimental models of hypoxia-reoxygenation.30 92

However, excessive NO production during reperfusion

appears to alter diastolic function due to an excess of

peroxynitrite formation.115

Sepsis

Increasing evidence suggests that both systolic and dia-

stolic functions are affected in severe sepsis and septic

shock.85 We recently showed, using pressure/volume

tracings in anaesthetized endotoxaemic rabbits, that LV

diastolic properties are altered; prolonged relaxation,

decreased LV compliance leading to increased end-

diastolic pressure.

In a transmitral Doppler analysis of 13 patients in septic

shock,54 10 in sepsis without shock, and 33 controls

patients with septic shock and sepsis without shock had a

Table 3 Effects of volatile and i.v. anaesthetic agents on diastolic function.

Experimental models were either animal models29 44 51 65 68 72 75 76 96 109 116

or cellular models. 45 47 – 49 59 88 112 Human models were either healthy33 74 or

patients with underlying cardiac impairment10 20 23 26 50

LV relaxation LV compliance

Enflurane Decrease116

Experimental

model

Impairment51 116

Human No data

Halothane

Experimental

model

Impairment29 47 48 51 75 112 No change,44 109

decrease68 75 116

Human No change,33 impairment50

Isoflurane

Experimental

model

No change,48 49 112

impairment51 75
No change75 116

Human No change,74 impairment50

Sevoflurane

Experimental

model

No change48 49 No change116

Human No change,10 20 23 33

impairment26

Nitrous oxide

Experimental

model

Impairment65

Decrease65

Propofol

Experimental

model

No significant change,33 59 72 96

impairment88 Decrease76

Human Impairment,10 23 20 no change37

Ketamine

Experimental

model

Impairment76 Decrease76

Midazolam

Human No change37

Morphine

Experimental

model

No change68
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significantly altered LV filling pattern in comparison with

controls. More recently, in a study of systolic and diastolic

function using transoesophageal echocardiography and

pulmonary artery catheters in 25 consecutive patients in

septic shock,83 8 of the 25 patients had no regional wall

motion abnormality and a normal LV filling pattern (trans-

mitral E/A waves ratio .1; pulmonary veins systolic/dia-

stolic waves ratio .1); 11 had evidence of abnormal left

auricular filling (systolic/diastolic waves ratio ,1) but

with a preserved systolic function and E/A waves ratio.

According to the investigators, transmitral flow in this

group could be considered as ‘pseudo-normalized’.

Finally, 6 of the 25 patients exhibited both systolic and

diastolic dysfunctions. The authors concluded ‘cardiac

effects of septic shock can be expressed in various

degrees, ranging from a normal pattern, through diastolic

dysfunction up to both poor LV systolic and diastolic func-

tions resulting in combined cardiogenic-septic shock’.

Mechanisms of sepsis-induced systolic and diastolic dys-

functions are complex and described elsewhere.85 Delayed

relaxation and impaired compliance are likely to be related

to nitration of contractile proteins rather than alterations in

calcium homeostasis. We and others showed that calcium

influx is unaltered in papillary muscle and cardiac myo-

cytes from endotoxaemic or septic animals.102 – 104

Increased free radical production, especially peroxynitrite

overproduction, seems to play a major role in the nitration

and therefore the deterioration of protein function in septic

patients.57 86 In the myocardium of patients who died of

septic shock, contractile proteins such as myosine appear

to be specifically nitrated by peroxynitrite.86

The effects of the three most commonly used inotropes

(dobutamine, enoximone, and levosimendan) were recently

studied in normal and endotoxaemic rabbits (personal

data). Together with the improvement in the indexes of

LV systolic function, the inotropes generally improved

relaxation or LV compliance in normal rabbits. In endo-

toxaemic rabbits, however, only levosimendan improved

both relaxation and LV compliance. The effects of two

vasopressors, norepinephrine and vasopressin, were also

studied in endotoxaemic rabbits,32 and for a similar

increase in systolic blood pressure (15%), norepinephrine

induced no change in the index of LV systolic function

dP/dtmax nor in cardiac output whereas vasopressin

induced marked deterioration in these measurements. The

effect of inotropes and vasopressors on LV diastolic func-

tion in septic patients requires further investigation.

Management of diastolic heart failure

Initial management of acute decompensated

diastolic heart failure

The management of acute decompensated diastolic heart

failure is based on a reduction in pulmonary congestion

and a correction of the precipitating factors, such as a

hypertensive crisis, myocardial ischaemia, acute rhythm

disturbances, and sepsis. Specific treatment of precipitating

factors should always be considered: vasodilators for

hypertensive crisis, coronary revascularization, restoration

of sinus rhythm, and haemodynamic optimization in septic

shock.

A hypertensive crisis can be managed by i.v. calcium-

antagonists such as nicardipine or nitrendipine (sublingual

nifedipine is not recommended). High-dose nitrates i.v.

can decrease both preload and afterload. Sodium nitroprus-

side can also produce balanced vasodilatation, but may

result in severe unloading or hypotension in these non-

dilated ventricles. Angiotensin converting enzyme inhibi-

tors are not useful in the acute phase because of their

slower onset of action. Beta-adrenergic blockers or diltia-

zem may be used in acute heart failure related to rapid

atrial fibrillation or severe myocardial ischaemia.

Pulmonary congestion can be reduced by controlling

blood volume or improving LV filling. Because of the

steepness of the LV diastolic pressure/volume relation-

ship, a small decrease in LVEDV can lead to a marked

decrease in LVEDP. The reduction in the blood volume

can be achieved either by nitrates or by diuretics, in

order to reduce venous return and decrease LVEDV.

Nevertheless, diuretics should be carefully considered in

the context of acute hypertensive crisis, as blood volume

is often already decreased by chronic hypertension or the

long-term use of diuretics. As contractile function is pre-

served, the role of sympathomimetic inotropes is limited.

Digoxin is useful only to slow the heart rate in rapid

atrial fibrillation.

Continuous positive airway pressure seems to be effec-

tive in the treatment of diastolic dysfunction.11

Future treatments for acute diastolic heart failure

Future approaches will probably focus on the optimization

of LV relative load at the cardiac level and cardiac myo-

cytes calcium homeostasis at the cellular level.

As mentioned earlier, drugs that may decrease LV rela-

tive load are of interest. The decrease in the relative load

can be obtained either by decreasing cardiac load or by

improving systolic function, or by the combination of

both. Thus, levosimendan may be a candidate for acute

diastolic heart failure treatment as it combines a vasodila-

tor effect, by opening ATP-sensitive Kþ channels, and a

positive inotropic effect, by modulating the interaction

between troponin and calcium.105 Despite a ‘calcium sen-

sitizer’ effect that is expected to worsen diastolic proper-

ties of the heart, levosimendan has been recently shown to

improve LV diastolic properties.77 99

The effect of NO donors on LV diastolic function has

been studied in animals and humans.78 They have been

shown to induce an early relaxation and a decrease in basal

tone both related to a reduction in cardiac myofilament
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responsiveness to Ca2þ, within seconds of administration

in vitro. Similarly, intracoronary injections of the NO

donor, sodium nitroprusside, in normal hearts caused an

earlier onset of LV relaxation, a decline in LV minimum

and end-diastolic pressures, an increase in LVEDV, and a

down and rightward shift of the LV diastolic pressure/

volume relationship, within minutes of administration.79

These results are consistent with a direct NO-induced

improvement in diastolic function. A direct beneficial

effect of NO donors on diastolic dysfunction has not been

shown in patients in the acute/early phase of acute dia-

stolic heart failure. Of note, two other vasodilators, urapi-

dil and nicardipine, seem to have no effect on relative load

or directly on the diastolic properties of the LV.25 In

addition, another endogenous cardiovascular mediator,

endothelin, has no effects on diastolic properties in normal

or chronic heart failure patients.61

Long-term management of chronic LV

diastolic dysfunction

Myocardial remodelling over months or years is essential

to restore adequate LV filling conditions. Several

approaches have been proposed to control LV structural

abnormalities. Because the renin–angiotensin–aldosterone

system plays an important role in the development of dia-

stolic heart failure and particularly in myocardial remodel-

ling and fluid retention, angiotensin-converting enzyme

inhibitors, angiotensin receptors antagonists, and aldoster-

one antagonists have been proposed in the treatment of

diastolic heart failure.19 Spironolactone has recently been

shown to limit the evolution of cardiac muscle fibrosis.53 91

A study of enalapril on diastolic heart failure in elderly

patients with prior myocardial infarction7 reported a benefit

in terms of exercise capacity. The CHARM-preserved study

is a multicentre, randomized, double-blinded study compar-

ing in diastolic heart failure the effects of a selective

angiotensin-receptors blocker (candesartan) and placebo.117

This showed a significant reduction in hospitalization rate

after 36 months follow-up in the candesartan group.

Losartan has been shown to improve echocardiography and

exercise tolerance.5

Of note, cardiac resynchronization therapy affects LV

loading conditions and has recently been shown to

improve LV filling.1

Conclusion

Although frequently underestimated, diastolic heart failure

is a common pathology. Diastolic heart failure is recog-

nized as the mechanism involved in heart failure with a

preserved LV function, and LV diastolic dysfunction can

also account for acute heart failure occurring in critical

care situations. Hypertensive crisis, sepsis, and myocardial

ischaemia are frequently associated with acute diastolic

heart failure. Symptomatic treatment focuses on the

reduction in pulmonary congestion and the improvement

in LV filling. Specific treatment is actually lacking, but

encouraging data are emerging concerning the use of

renin–angiotensin–aldosterone axis blockers, NO donors

or very recently new agents specifically targeting actin–

myosin cross-bridges.
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Is a rethink of our approach to
hypertension necessary?

Introduction
The risks and management of hypertensive patients for
elective anaesthesia are often debated. There is a
perception that patients with untreated or ineffectively
treated hypertension are at risk, in particular for cardiac
and cerebrovascular events.

The change in internal to external diameter of the
vasculature results in an  altered vascular pressure-flow
relationship in the hypertensive patient. This gives rise to
the exaggerated hypertensive and hypotensive response
seen. The hypotensive tendency is aggravated by the
diastolic dysfunction often present. In addition,
autoregulation is right shifted, impacting on the lower limit
of autoregulation.

Treating patients for their hypertension requires months
to years to restore the autoregulation towards normal, even
though the blood pressure may have been be normalized.

Except for patients with significant end-organ
dysfunction (such as cardiac failure), application of our
knowledge of the pathophysiology of hypertension,
combined with skill, should allow the anaesthetist to
reconsider some of the current dogma in the management
of the hypertensive patient.

Anaesthetists have differing approaches to the patient
with hypertension scheduled for elective surgery. On many
occasions, this leads to surgery being cancelled because
the practitioner is of the opinion that the hypertension is
uncontrolled. In this paper, the position projected by the
authors, is that if the pathophysiology of hypertension is
clearly understood, the majority of hypertensive patients
can be accepted for anaesthesia, whether blood pressure
control is deemed adequate or not. Nonetheless, it is also
important that the anaesthetist appreciates the exceptions,
and the reasons for these exceptions.

It must be made clear at the outset that this paper is
written with the intent to provoke debate and discussion

on this topic.  Furthermore, the opinion stated in this article
does not question existing wisdom that long-term
advantages can be gained from the effective treatment of
chronic hypertension. The discussion that follows therefore
applies only to the perioperative period.

Anaesthetic problems associated with the
hypertensive patient
The hypertensive patient presents the anesthetist with
three main problems:
1. Episodes of hypertension;
2. Periods of hypotension;
3. Concerns regarding (pre-existing or consequent) end-

organ damage, especially the brain, heart, vasculature
and kidneys.

The first two are well known occurrences in patients
with hypertension subject to anesthesia and surgery. In
our view, understanding the pathophysiology should
enable the anaesthetist to prevent these problems. We
will also argue that concerns regarding end-organ
damage are speculative and or can be effectively
managed.

The essential pathophysiology of hypertension
Vascular pathophysiology and blood pressure lability
Changes occur both in:
• The structure of the peripheral arteries ;
• Intravascular blood volume.

These pathophysiological changes are of practical
significance as they are central to the understanding of
the variations in blood pressure that anaesthetist has to
deal with.

There are a number of well described changes that
occur in the large, medium and small arteries and
arterioles. Cumulatively this is referred to as medial
hypertrophy.1 Medial hypertrophy results in the normal
vascular lumen to wall ratio of 1:5.2 decreasing to 1.3 to
4.7 in the hypertensive patient.2

The importance of this smaller than normal lumen to
wall ratio was summarized in experimental work by
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Folkow.3,4 In his studies, controlled perfusion of the
vasculature of normotensive and hypertensive rats
resulted in the flow – pressure relationships depicted in
Figure 1. From the flow – pressure quotient, which is the
inverse of resistance, one can deduce from the graph that
normotensive rats have a lower vascular resistance when
compared to the hypertensive rat.
When Folkow subjected the vasculature to catecholamine
stimulation, (Figure 2), the threshold for a response was
the same in the normal and hypertensive rats. However,
once a response was obtained, the slope of the dose-
resistance relationship was steeper for the hypertensive
rats compared with the normotensive ones.3,5

The following conclusions can be drawn from these
experiments:
• The threshold for obtaining a pressure response

appears to be similar for the hypertensive and
normotensive rat. Therefore, the problem is not that
the vasculature of hypertensive rats is inherently more
sensitive to stimuli.

• However, the problem is that once a response is
obtained, the extent of this response is more
pronounced in the hypertensive compared with the
normotensive rats.

The interpretation of these results is that there is no
difference in autonomic control of the vasculature in
hypertensive and normotensive subjects. However, the
pathophysiological problem is that resistance to flow is
higher in hypertensive subjects because of the smaller
internal lumen of the vasculature. These conclusions
apply equally to hypertensive human subjects.5

Blood pressure changes in lieu of the vascular
changes
From the above results, Folkow and colleagues compiled
the instructive vascular response curves for both
normotensive and hypertensive subjects (Figure 3).3,4 The
authors used % shortening of the circumferential arterial
muscles and resistance on the x and y-axes respectively.
For the purpose of clinical applicability and clarity, the x
and y-axes may be relabeled “vasoconstriction” and
“blood pressure” respectively. These extrapolations are
justified because of the relationship between the
circumference of a vessel and its radius (circumference =
2πr) and the relationship between pressure, flow and
radius described in Pouseuille’s equation.6

Consider, on the one hand, what would happen if
vasoconstriction occurred and the vessel diameter in Fig
4 decreased from a1 to a2. The resulting increase in
blood pressure would be significantly greater in the
hypertensive patient, compared with the normotensive
one.

On the other hand, if the stress is removed, autonomic
mediated vasoconstriction will decrease and the internal
radius of the vessel will increase. For similar decreases in
vessel radius (from c1 to c2 on the y axis of Fig. 5), the
resultant fall in blood pressure is represented by
decreases from d1 to d2, and from e1 to e2, for the
normotensive and hypertensive patients respectively.
Figure 5 therefore illustrates that the extent of the fall in
blood pressure, after similar percentage increases in

Fig 1: Flow and pressure relationship in normo (N) and hypertensive (H) rat
vasculature. The resistance is higher in the H rat.

Fig 2: Response of the resistance to catecholamine stimulation. The threshold for
the normotensive (N) and hypertensive (H) are the same but the response
thereafter is clearly more in the H vasculature as compared to the N vasculature.

Fig. 3: Vessel diameter versus resistance (or blood pressure) in normotensive
(N) and hypertensive (H) rats. For any degree of constriction the blood pressure
in H will exceed the pressure in N.

Fig 4: For any particular increase in vasoconstriction (a1 to a2) , the resultant
increase in blood pressure will be significantly more in the H (c1 to c2)
compared to the normotensive (N) (form b1 to b2). This graph explains the
excessive pressor response seen in the uncontrolled hypertensive patient.
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vessel diameter, will be much greater in hypertensive
than normotensive patients.

On studying Figures 4 and 5, it is easy to appreciate both
the excessive hypertension following a vasoconstrictory
stimulus (for example laryngoscopy and intubation) and
also the exaggerated fall in pressure that follows even
small amounts of vasodilation (for example when the
appropriate anaesthetic level for surgery has been
achieved).

On studying Figures 4 and 5, it is also noteworthy that,
when the point of maximal vasodilatation is approached, the
Folkow relationships for both hypertensive and normotensive
patients approximate each other and are located on the less
steep part of the vessel radius - pressure curve. Therefore,
albeit the resting vessel resistance remains increased in
hypertensive patients, the percent blood pressure change
which occurs when the vessel diameter changes, is less
when the patient is operating on the left side of the Folkow
curve.

Another important pathophysiological principle is that
uncontrolled hypertensive patients have a contracted
intravascular blood volume.7,8 The effect of this will be
aggravated by the well documented diastolic dysfunction
often seen in the hypertensive patient.9 The single most
important defense against a fall in blood pressure, when the
stress stimulus is withdrawn, is the status of the
intravascular volume.

Hence, the hypertensive patient is not only penalized
by virtue of the vessel diameter dynamics, but preload,
the main physiological buffer protecting against
hypotension, is less efficient. Notwithstanding this
problem, the opinion has often been expressed that,
because a patient is hypertensive, fluid loading should be
on the conservative side. Such an approach (partially)
explains the subsequent hypotension the anaesthetist has
to deal with. In contrast, the aforementioned
pathophysiology suggests that a liberal fluid policy should
be applied, while simultaneously considering the cardiac
function of any particular patient. The vast majority of
hypertensive patients have normal or near normal cardiac
function and can cope with the required 10 – 15%
expansion of the blood volume. To effectively expand the
intravascular volume, consideration should be given to
using a colloid that is retained within the intravascular
space for a significant period of time.

Autoregulation
Autoregulation is defined as the “intrinsic tendency of an
organ or tissue to maintain constant blood flow despite
changes in arterial pressure”.10 The salient feature illustrated
in a characteristic normal autoregulation curve is that
between certain limits of blood pressure (marked by points a
and b in Figure 6), organ blood flow is constant. If blood
pressure decreases below point a, termed the lower limit for
autoregulation (LLA), or above point b, the upper limit for
autoregulation, flow becomes pressure dependant. Pressure
dependant flow has particular physiological implications for
the anaesthetist. To illustrate these implications, one can
apply the autoregulation concept to the brain. Normal brain
blood flow averages 50 ml/min/100g tissue. Below the lower
limit of autoregulation, brain blood flow progressively
decreases. When brain blood flow decreases to 20 - 25 ml/
100g/min, electrical activity of the brain ceases.11 Cessation
or a decrease of organ function with reductions in their blood
flow and nutrient supply is termed hibernation, a term more
often used in cardiac pathophysiology. Hibernation
represents a method whereby organs protect themselves
against low oxygen supply scenarios and does not
necessarily equate to tissue damage. Once nutrient flow is
improved, function will be restored. Only when blood flow
decreases to 6 - 15 ml/min/100g brain tissue, will membrane
dysfunction and neuronal death occur.

The important question that has to be addressed is what is
the mean arterial pressure (MAP) at which organ blood
flow decreases to potentially dangerous levels? Strangaard
and colleagues12 studied the effects of decreasing blood
pressure on cerebral blood flow in awake patients. The 3
groups they studied comprised normotensive (mean arterial
pressure [MAP] 98 ± 10 mm Hg), treated hypertensive
(MAP 116 ±18 mm Hg) and untreated hypertensive subjects
(MAP 145 ±17 mm Hg). The initial part of their study
comprised lowering blood pressure and noting the point
where flow becomes pressure dependant (LLA). Thereafter,
they continued lowering blood pressure to the level where
the patients demonstrated signs of cerebral ischaemia
(ischaemic threshold, IT).

A particularly instructive aspect of the Strangaard study is
that, if the LLA is described as a percentage of the pre-test
MAP, the LLA occurred at approximately 75% of the baseline
MAP. This study also demonstrated that a significant linear
relationship between the MAP and LLA (and IT) existed. The

Fig 5: If vasodilation occurs (from a1 to a2), the extent of the fall in pressure
will be from b1 to b2 for the normotensive (N) as compared to the greater fall
(from c1 to c2) in the hypertensive.

Fig 6: Autoregulation in the normotensive (N) and hypertensive (H) patient. The
H curve is right shifted and of significance is the lower limit for autoregulation
(LLA) which increases from a to c. The upper limit also increases from b to d.
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Strangaard study is valuable in that it provides the
anaesthetist with a rough guide as to how much reduction of
the awake preoperative blood pressure can be tolerated
intraoperatively. The important guideline that is created is
that a reduction of blood pressure in excess of 20% of
baseline should not be tolerated.

Albeit the above guideline is useful, cognizance should be
taken of the wide variation in LLA that occurs. Drummond13,
in a letter to the editor of Anesthesiology, pointed out that
mean LLA values range between 73 to 91 mm Hg in awake
normotensive patients; however LLA values for individuals
varied between 41 to 113 mm Hg. This wide variation in LLA
represents perhaps one of the limiting factors when dealing
with the concept of autoregulation i.e. the anaesthetist does
not know the exact limits for any particular patient.

In the hypertensive patient it has been confirmed that the
positions of the coronary and cerebral autoregulation curve
are shifted to the right.12,14

The problem that the anaesthetist is therefore presented
with is that the position of the LLA and slope of the pressure
dependant portion of the autoregulation is unknown for
individual patients. In other words, it is not known at what
blood pressure organ blood flow will decrease sufficiently to
result in tissue damage. Hence it is prudent that
anaesthetists elect not to approach the LLA too closely and
remain on the flow independent part of the autoregulation
curve.

Changes in pathophysiology with treatment
Rat studies indicate that antihypertensive drug therapy
effectively reduces blood pressure. However, from the
anaesthetist’s perspective, the reduction of blood pressure is
not the final aim of antihypertensive treatment. What is of
importance to the anaesthetist is preservation of organ blood
flow. It is therefore of some significance to note that only if
this therapy is effective in reducing blood pressure and is
administered for sufficient time, will remodeling of the
vasculature occur. Chronic antihypertensive treatment (over
an extensive period) represents a method of normalizing
autoregulation and lessening the risk of organ
underperfusion during anaesthesia.

Two studies are instructive in this regard. In the one study,
Hoffman15 subjected both spontaneous hypertensive (SHR)
and normotensive rats to antihypertensive therapy. In the
SHR group that was treated with antihypertensive drugs,
blood pressure was effectively reduced to that of the control
group after 2 weeks of therapy. At this point, they subjected
both the treated and untreated animals to hypotensive
episodes. There was no difference between cerebral blood
flow and oxygen consumption in the treated and untreated
SHR groups. The lesson learned from this study is that
normalization of blood pressure is not synonymous with
normalization of autoregulation.

It is also noteworthy that in the Hoffman study,
autoregulation was not restored by 10 weeks of
antihypertensive therapy. If it is considered that a single rat
month approximates 37 human months, and if we are
allowed the liberty of a direct extrapolation of these time
periods, it implies that blood pressure must be effectively
controlled for years in humans before the anesthetist can rely

on a normal autoregulation curve.
Another study16 demonstrated similar results to the

Hoffman study. In this study, a renal artery clip hypertensive
rat model was studied. After release of the clip, blood
pressure decreased to normal values within 1 week.
However, the exaggerated pressor response seen in
hypertensives only normalized 19 weeks after removal of the
clip.

This perspective presents anaesthesiologists with the
following dilemma. Even if the patient is on treatment for
hypertension, we cannot assume that autoregulation is
normalized until months or years have passed after the
therapy was initiated. Therefore, when we are presented
with patients that have hypertension who have relatively
recently started treatment, we do not know which
intraoperative blood pressure should be regarded as “safe” in
order to maintain organ blood flow?

Risk to organs
Long standing uncontrolled hypertension is a proven threat
to the brain, heart, vasculature, kidneys and eyes. However,
in the anaesthetist’s perioperative management, the two
organs that are paramount are the brain and heart. This does
not imply that the other organs can be managed with a
casual attitude, but that these two organs present a greater
potential to cause acute life threatening crises.

Cardiac risk
The question arises whether hypertension results in an
increased cardiovascular risk? It is interesting that the
Goldman cardiac risk index17,18, one of the earliest and best
known scoring systems developed to determine perioperative
cardiovascular risk, did not include hypertension as one of its
parameters. Furthermore, a large study published in 1990
also did not consider hypertension as an independent risk
factor in patient undergoing non-cardiac surgery.19 However,
Howell and colleagues20 did report an association between
the history of hypertension and perioperative cardiovascular
death. A meta-analysis could not confirm a significant
increase in the odds ratio for perioperative cardiac outcome
and hypertensive disease (OR 1.35 (1.17 – 1.56)).21

At a minimum there is significant doubt whether a clear
link has been established between hypertension and
perioperative cardiovascular risk with the proviso that certain
aspects of the cardiac risk be managed in an effective manner
as is explained below.

The earliest studies from the Oxford Group, lead by Prys-
Roberts22,23, warned that the untreated or ineffectively
treated hypertensive patient is at risk of both excessive
pressor response and myocardial ischaemia. They also
reported that, in these hypertensive patients, the
perioperative use of β adrenergic receptor blockers reduced
the incidence of myocardial ischaemia. In the non β-blocked
patients, the incidence of myocardial ischaemia was 38%
compared to 4% in those who received practolol. The Oxford
Group’s studies were conducted in a small group of patients,
but were reconfirmed in a larger and more recent study.24

Stone and colleagues24 (comparing oxprenolol, acebutolol and
labetolol with no treatment in hypertensives) showed that
use of β adrenergic blockers in the perioperative period,
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reduced the incidence of myocardial ischaemia to much the
same figures as reported in the earlier Prys Roberts study. On
closer inspection of the Stone data, it is evident that the peak
blood pressures recorded during intubation and extubation
were within reasonable clinical proximity of each other
(except for a group who received labetolol). The untreated
patients had mean blood pressures of 125±4 and 127±3
mmHg on intubation and extubation respectively. This
compares favorably with the 118±4 and 119±3 mmHg
recorded in the patients treated with oxprenolol. However,
more consistent differences in heart rate were observed in
the Stone study. Data demonstrated that the group who
received β adrenergic blockade had lower heart rates during
periods of stress compared with non-treated patients. It is
reasonable to suggest that the differences in the incidence of
myocardial ischaemia between the groups were most
probably the result of the slower heart rate associated with β
adrenergic blockade and not the insignificant differences in
blood pressure per se.

Why is it that the myocardial ischaemia seen during or
after laryngoscopy and intubation as well as other periods of
stress, appears to be related to increases in heart rate rather
than increases in blood pressure? The answers may lie, on
the one hand, with the observation that coronary blood flow
varies directly with the perfusion pressure in the presence of
a critical coronary artery stenosis.25 This means that small
increases in blood pressure will increase or maintain coronary
blood flow. On the other hand, the myocardial ischemia
associated with periods of stress is most likely the result of
an oxygen delivery problem associated with the decrease in
diastolic time that accompanies an increase in heart rate.26

According to this interpretation of the data, the main
cardiac risk for the hypertensive patient is an ischaemic
insult. This risk is more closely related to diastolic coronary
perfusion time and not the blood pressure. In the
hypertensive patient, provided that the pressor response is
not so great that it causes the left ventricle (LV) to fail, the
logical conclusion is that the major acute perioperative
cardiac risk (i.e. myocardial ischaemia) can be managed with
β adrenergic blockers. Therefore, the perceived cardiac risks
should not deter the anaesthetist from subjecting the
hypertensive patient to anaesthesia and surgery, whether
the hypertension is controlled or not.

In fact, the popular practice of using β blockers as an
adjuvant to reduce cardiovascular stress, acknowledges the
above logic. Vascular tone is the result of a balance between
β

2
 and α adrenergic stimuli. If the β

1
 and β

2
 receptors are

blocked with an appropriate drug, the alpha-receptors are
left, so to speak, relatively unopposed. This explains why in
many patients there may well be a further small increase in
blood pressure when α adrenergic blockers are initiated.
Hence, treatment of the expected hypertensive pressor
response with a β adrenergic blocker alone defies logic, but in
most instances, serendipitously brings the ischemic risk
under control by containing the heart rate.

There are 3 other caveats regarding the cardiovascular
system and anaesthesia in hypertensive patients.
1. Assidao and Donegan27 have shown that uncontrolled

preoperative hypertension is associated with an increased

risk for transient ischemic attacks (TIA) in patients
undergoing carotid endarterectomy. This represents one of
the few studies and scenarios in which the hypertensive
patient has unequivocally been shown to have an
increased perioperative risk.

2. It is important to appreciate that, if left ventricular (LV)
afterload is high enough to prevent the LV ejecting
effectively, the blood pressure requires effective treatment
before embarking on anaesthesia. This caveat especially
applies to patients with marginal or poor LV performance.

3. There is also the fear that the hypotensive episodes will
result in trespassing into the region below the LLM. This
hypotensive risk can be managed in the following ways:
a. Careful fluid preloading, taking cognizance of the 15-

200% intravascular fluid deficit,
b. The use of the synergistic relationship that exists for

example between opioids and anaesthesia agents. This
synergistic relationship applies to both the reduction in
the dose of induction agents needed to produce sleep,
as well as the reduction in the MAC of inhalation
agents.

c. Frequent measurements of blood pressure.
d. The availability of pressor agents to maintain blood

pressure if required.

In summary, there is no final and or convincing proof that
blood pressure per se represents the major risk in the
hypertensive patients when viewed from a cardiac
perspective. The real risk appears to be that of an increase in
heart rate and myocardial ischaemia; we have drugs that can
effectively manage this potential problem. Furthermore, the
caveats mentioned emphasize that the approach to the
hypertensive patient must be individualized and end-organ
function examined before a decision can be made whether or
not to accept the current blood pressure for the purpose of
anaesthesia.

The Brain
Another organ that is of great concern to the anaesthetist
when the topic of hypertension is discussed, is the brain. The
concern is that because perioperative blood pressure can
vary significantly in hypertensive patients, this may lead to
cerebral injury. Because of the position of the autoregulation
curve, hypotension would cause hypoperfusion of the brain,
whereas high blood pressures would rupture the vessels and
cause cerebral bleeding.28

Any brain injury (which was caused by excessive pressure
and flow variation during anaesthesia) is likely to be evident
shortly (hours rather than days) after surgery.

A review by Kam and Calcroft29 estimates the incidence of
perioperative stroke during general surgery at 0.2 – 0.7%.
Nonetheless, this incidence of perioperative stroke is
modified by several factors. Both Kam and Calcroft29 and
Wong30 emphasize that the incidence of stroke varies with
age. The risk of perioperative stroke in males is 0.38% for
subjects over 50, 0.5% over 70, 3.54% over 80 and 3.2% over
the age of 90. The stroke usually occurred well into the
postoperative period, happening on average on the 7th
postoperative day.

Moreover, a prior history of cerebrovascular pathology has
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been shown to be associated with a 10 fold increase in the
incidence of perioperative stroke.31

The association between hypertension and postoperative
stroke has been examined by a limited number of studies. A
study often referred to is that of Parikh and Cohen.32 This
retrospective study with matched controls studied 24641
patients and reported a perioperative stroke rate of 0.08%.
On close inspection of the paper, issues are raised which
belie the conclusions the authors made i.e. hypertension is a
risk for perioperative stroke. Firstly, 6 of their 20 patients that
suffered a stroke had atrial fibrillation (AF), a major risk factor
in itself for perioperative stroke. Secondly, one patient had an
episode of significant hypertension in the postoperative
period. A subsequent CT scan revealed the patient had
suffered a cerebral bleed. This begs the question as to
whether the bleed or the hypertension occurred first. Lastly,
if both the published stroke rate for the 67 year average age
in this study and also the atrial fibrillation group is taken into
account, it becomes clear that the conclusions of this study,
that hypertension is a risk for perioperative stroke, were
indeed speculative.

Data studying the association of perioperative stroke and
hypertension suffers from a problem with the definition of
what is meant by the term “perioperative”? It is the opinion
of the authors that if blood pressure fluctuations, be it hyper-
or hypotension, are indeed the cause for cerebral injury, it
should be present immediately or very soon after the
anaesthetic. We are critical of studies that employ, for
instance, a 30-day postoperative evaluation period as a
reflection of the effects of blood pressure fluctuations during
anesthesia on brain tissue. While it may be acceptable to
term this period “perioperative”, it is probably not acceptable
and speculative to attribute a stroke to blood pressure
variation occurring during the procedure.

It is relevant to this discussion that the data from a study
conducted by Hart and Hindman33 be considered. This study
showed that stroke was associated with hypotension that
occurred in the postoperative recovery period. There was no
association between stroke and intraoperative events and
this study emphasizes the necessity for close control of blood
pressure into the post operative period.

The role of AF is repeatedly stressed as one of the major
causes of postoperative stroke. The data from Hart and
Hindman32 reveals that in 42% of their cases, stroke was
cardiogenic in origin with AF being the most important single
factor.

Larsen34 found 9 postoperative strokes in 2463 surgical
patients. However, on close examination of this data, the
majority of the strokes occurred after the 5th postoperative
day. In addition, 3 patients had AF and only 4 had
hypertension. Of those 4 patients with hypertension, 2 had
AF. Furthermore, only two patients did not have other known
risk factors such as previous cerebral incidents and dementia.
If the 2 patients with AF in the hypertensive group are
discounted, only two patients who suffered a stroke
postoperatively (from day 5 onwards) had hypertension. Also,
it is reasonable to ask why the authors considered that stroke
on or after the 5th postoperative day was related to
anaesthesia. This interpretation gives a different perspective
of the data as presented by the authors.

In summary, studies looking at the association between
perioperative stroke and hypertension suffer from many
limitations, and are difficult to interpret. While logic
suggests that tight blood pressure control is to be
advocated perioperatively, at least one study disputes the
contention that intraoperative hemodynamic instability
increases perioperative stroke. Furthermore, there is clear
evidence that factors other than perioperative blood
pressure fluctuations such as AF, increasing age,
postoperative hypotension, uncontrolled hypertension in
patients scheduled for carotid endarterectomy, and prior
cerebrovascular incidents increase the risk of perioperative
stroke.

A time for change?
Decisions to accept hypertensive patients for elective
surgery are frequently non-scientific and based on “gut
feeling” driven opinions. The available guidelines also
reflect personal preference and the uncertainty.35 In
developing a new approach, the following should be
considered:
1. The anaesthetist must understand the pathophysiology

of the variation in blood pressure that is so often seen in
these patients. The initiation of antihypertensive
treatment will result in rapid reductions in blood
pressure. However, the anaesthetist may be misled to
accept the new lower pressure as a reference point. It
must be remembered that vascular remodeling is still
taking place and both the pressor response and
autoregulation are still that of the hypertensive patient.
It probably requires many months or even years of
effective treatment before it is reasonable to accept that
vascular remodeling has normalized. One must not be
misled by the dangerous practice of colleagues who
start treatment in their rooms and admit the patient one
week later with a normal blood pressure.

2. Our (extrapolated) knowledge about the change in the
autoregulation curve must be meticulously applied. This
means that variations of more than 20% in the
preoperative mean arterial pressure should not be
allowed.

3. Contingency plans should be made to measure, prevent
and treat hypotension by restoration of the intravascular
volume and use of α adrenergic agonists. Hypertensive
episodes can easily be managed firstly by ensuring a
proper surgical level of anaesthesia and secondly, with
the use of intravenous vasodilators.

4. It appears that the cardiac risk, is primarily that of
myocardial ischaemia. To a large extent, heart rate
control will contain this problem. However, it must also
be understood that β adrenergic blockers will not
contain the pressor response to stressful stimuli. As
mentioned, administration of an intravenous vasodilator
may be required to control pressure surges.

5. Literature seems to suggest an increased perioperative
risk of stroke in hypertensive subjects. However,
rigorous interrogation of the published data indicates
that the real risk of stroke appears to be a very
uncertain issue.
a. Nonetheless, cognizance must be taken of the fact
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that patients with prior cerebral incidents appear to
be at a higher risk of sustaining postoperative
cerebral events.

b. Furthermore, carotid artery surgery results in a
higher incidence of cerebral events in patients who
have elevated blood pressure preoperatively. In this
subgroup of patients, the available data suggests
that preoperative blood pressure control is indeed
wise.

6. The blood pressure that the anesthetist should accept
must be individualized. For instance, patients with a
raised blood pressure who is either in congestive heart
failure, or is scheduled for carotid endarterectomy, have
specific and understood reasons why the blood pressure
needs to be controlled before embarking on elective
surgery.

In the light of better knowledge of the pathophysiology,
appreciation of the above proviso’s, combined with
anaesthetic skills and the judicious use of the appropriate
drugs, the often quoted views on hypertension in the
perioperative period need to be reconsidered.
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The evidence for an association between hypertensive disease, elevated admission arterial pres-

sure, and perioperative cardiac outcome is reviewed. A systematic review and meta-analysis of

30 observational studies demonstrated an odds ratio for the association between hypertensive

disease and perioperative cardiac outcomes of 1.35 (1.17±1.56). This association is statistically

but not clinically signi®cant. There is little evidence for an association between admission arter-

ial pressures of less than 180 mm Hg systolic or 110 mm Hg diastolic and perioperative compli-

cations. The position is less clear in patients with admission arterial pressures above this level.

Such patients are more prone to perioperative ischaemia, arrhythmias, and cardiovascular labi-

lity, but there is no clear evidence that deferring anaesthesia and surgery in such patients

reduces perioperative risk. We recommend that anaesthesia and surgery should not be can-

celled on the grounds of elevated preoperative arterial pressure. The intraoperative arterial

pressure should be maintained within 20% of the best estimate of preoperative arterial pres-

sure, especially in patients with markedly elevated preoperative pressures. As a result, atten-

tion should be paid to the presence of target organ damage, such as coronary artery disease,

and this should be taken into account in preoperative risk evaluation. The anaesthetist should

be aware of the potential errors in arterial pressure measurements and the impact of white

coat hypertension on them. A number of measurements of arterial pressure, obtained by com-

petent staff (ideally nursing staff), may be required to obtain an estimate of the `true' preopera-

tive arterial pressure.

Br J Anaesth 2004; 92: 570±83
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The importance of hypertension

The association between elevated arterial pressure and

cardiovascular disease is unequivocally established and well

known to doctors and the general public. The risk of

cardiovascular events in the general population increases

steadily with increases in arterial pressure. The individuals

at greatest risk of suffering a cardiovascular event because

of hypertension are those with the highest arterial pressures.

However, mild to moderate hypertension is more common

than severe hypertension, and much of the population

burden of disease because of hypertension may be attributed

to moderate rather than severe hypertension. This is

illustrated in Figure 1, which documents the association

between systolic hypertension and deaths as a result of

coronary artery disease.74 The highest risk of death is seen

in patients with systolic arterial pressures of greater than

180 mm Hg. However, the greatest number of excess deaths

(calculated as the difference between the number of deaths

that would be expected from coronary artery disease on the

basis of the rate in the group with a systolic arterial pressure

of less than 110 mm Hg and the number of deaths actually

recorded) is seen in the largest group of subjects. That is,

those with systolic arterial pressures of between 140 and 149

mm Hg. Hence, medical guidelines for the treatment of

hypertension emphasize the treatment of mild to moderate

hypertension. The British Hypertension Society Guidelines

on the management of hypertension use a threshold of 140/

90 mm Hg for the initiation of treatment.63 This review will
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suggest that, while these guidelines are appropriate for the

medical management of hypertension, the cut-offs that they

use are overly demanding for the management of hyperten-

sion in the perioperative setting.

Historical background

Sprague ®rst identi®ed an association between hypertension

and perioperative cardiac risk in 1929. He described a series

of 75 hypertensive patients of whom one-third died in the

perioperative period; 12 of these had cardiovascular com-

plications.71

The introduction of antihypertensive drugs led to con-

cerns that patients on such drugs might be at increased risk

of perioperative cardiac lability. In 1966, Dingle recom-

mended that patients presenting for anaesthesia and surgery

should, if possible, undergo autonomic testing before their

operation. This would give some indication of their risk of

cardiac lability and whether or not their antihypertensive

therapy should be continued.14 These recommendations

were overtaken by the work of Prys-Roberts and colleagues,

who published a series of studies on the interaction between

hypertension and anaesthesia. The ®rst of these studies

examined a small group of 34 patients undergoing anaes-

thesia and elective surgery.62 Fifteen of the patients were

classi®ed as normotensive, although by current standards all

of their control patients would now be considered

hypertensive. The remainder of the patients were classi®ed

as treated or untreated hypertensives. By current standards,

these patients would probably be considered to have severe

hypertension as several were reported as having systolic

arterial pressures of 220±230 mm Hg. The patients under-

went intensive haemodynamic monitoring. The authors

reported that the untreated hypertensive patients had a

greater decrease in arterial pressure at induction of anaes-

thesia and that they were more prone to intraoperative

myocardial ischaemia. There were no adverse events

reported in either the control or hypertensive groups.

On the basis of these ®ndings the authors recommended

that, where possible, hypertensive patients should have

anaesthesia and surgery deferred to allow their hypertension

to be treated. This recommendation led to a major change in

anaesthetic practice, and to the modern perception that

where possible untreated hypertensives should not be

subjected to elective anaesthesia and surgery without ®rst

treating their arterial pressure. However, these recommen-

dations should be applied with some caution. The percep-

tion of what constitutes hypertension has changed

considerably since these studies were undertaken. Arterial

pressures that in the early 1970s would have been

considered acceptable are today consistent with levels of

hypertension where treatment is obligatory. As already

stated, all of the control patients in the study by Prys-

Roberts and colleagues would now be considered to be

hypertensive. The recommendations of Prys-Roberts and

colleagues therefore need to be reconsidered in the light of

the modern views of hypertension and its management.

The classi®cation of hypertension

It has been indicated above that raised arterial pressure is

associated with a continuum of risk, with greatest risk

associated with the highest arterial pressures. For the

purposes of analysis, discussion and treatment recommenda-

tions, it is necessary to grade and classify raised arterial

pressure in some way or another. This may be done implicitly

by de®ning treatment thresholds, as in the British

Hypertension Society guidelines, or explicitly, by dividing

arterial pressure into bands of increasingly severe hyperten-

sion, as in the classi®cation of the Sixth Joint National

Committee on the Detection, Evaluation and Treatment of

High Blood Pressure (JNC VI).35 However, it has been

pointed out that the differences between classi®cations can

have major implications for estimating the prevalence of

hypertension and the number of people in a population who

may require treatment. The World Hypertension Society/

International Society of Hypertension (WHO/ISH) guide-

lines set lower thresholds than those advocated by either the

British Hypertension Society or JNC VI. Acceptance of the

WHO/ISH thresholds results in 45% of the population as a

whole and 60% of the adult population being classi®ed as

hypertensive.51 It is important to remember the ultimate

goals in the treatment of hypertension. These are the

reduction of the risk of cardiovascular events for the

individual patient and in the population as a whole.

Hypertension is only one of a number of risk factors for

cardiovascular disease and a number of guidelines, includ-

ing those issued by the British Hypertension Society,

advocate treatment not on the basis of arterial pressure

alone but according to the overall estimate of cardiovascular

risk (Fig. 2).63

Fig 1 The effect of systolic pressure at entry to MRFIT (Multiple Risk

Factor Intervention Trial) on the relative risk of death because of

coronary artery disease. The number of excess deaths is calculated

relative to the number of deaths because of coronary artery disease that

would be expected from the death rate in the baseline group, that is those

patients with a systolic arterial pressure of less than 110 mm Hg.74

Hypertension and perioperative risk
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For the purposes of this review, the classi®cation of

hypertension described in JNC VI will be followed

(Table 1).35 This classi®cation is based solely on arterial

pressure readings and does not take into account other risk

factors, although the importance of taking these into account

when deciding on treatment is highlighted. It de®nes bands

for both systolic and diastolic pressure. Where a patient's

systolic and diastolic arterial pressures fall into two different

categories, the higher category is selected. It offers a graded

classi®cation with six bands of arterial pressure and

acknowledges that levels of arterial pressure above optimal

pressures of less than 120/80 mm Hg carry some increased

risk, while not leading us to classify a large proportion of the

population as hypertensive. The anaesthetist is often called

upon to take a view on whether or not a given level of

arterial pressure is clinically important. The JNC VI

classi®cation allows us to identify the place of an individual

patient's arterial pressure on a scale of increasing severity. It

does, however, have some limitations when applied to the

patient presenting for surgery. The most important is that the

classi®cation of hypertension is based on the average of two

or more readings of arterial pressure taken at two or more

visits after initial screening. However, in current British

Fig 2 The British Hypertension Society Guidelines. (CHD = Coronary Heart Disease.) (Reproduced with permission from reference 63.)

Table 1 The classi®cation of hypertension proposed by the Sixth National

Committee on the Detection, Evaluation and Treatment of High Blood

Pressure35

Category Systolic arterial pressure Diastolic arterial pressure
(mm Hg) (mm Hg)

Optimal <120 <80

Normal 120±129 80±84

High Normal 130±139 85±89

Hypertension

Stage 1 140±159 90±99

Stage 2 160±179 100±109

Stage 3 >180 >110

Howell et al.
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practice, it is uncommon for the anaesthetist to have the

bene®t of arterial pressure readings taken on a number of

recent occasions.

De®ning the questions

The perioperative management of hypertensive patients is a

complex issue that can be divided into a number of different

questions.

1. Is having a diagnosis of hypertension of itself

associated with increased perioperative risk, regardless of

the arterial pressure at the time of admission to hospital for

surgery?

2. Is elevated arterial pressure at the time of admission for

surgery associated with increased perioperative cardiac

risk?

3. What is the importance, if any, of poorly controlled

hypertension in the perioperative setting? Is there any

interaction between elevated admission arterial pressure and

being diagnosed with hypertensive disease previously such

that this increases perioperative risk?

4. Does the treatment of elevated admission arterial

pressure before surgery reduce perioperative cardiac risk?

For the purposes of this review the term `hypertensive

patient' refers to anyone who has been labelled a

hypertensive: that is, someone for whom interventions to

lower persistently raised arterial pressure would be appro-

priate, or someone who is already on treatment for

hypertension. Raised arterial pressure will be described as

such.

The core of this review will be an examination of the

available observational studies that address the ®rst three

questions and a discussion of the issues surrounding the

interpretation of these studies. Related issues including

arterial pressure measurement, white coat hypertension, the

use of ambulatory arterial pressure monitoring, and

perioperative arterial pressure lability will also be discussed.

Recommendations will be offered for the perioperative

management of hypertensive patients, although these are

based only on observational data. It should be stated at the

outset that the authors know of no randomized controlled

trial that addresses the ®nal question. The practice of

deferring elective surgery to allow poorly controlled arterial

pressure to be treated is solely based on the perception that

such elevated pressure is associated with increased

perioperative risk, and therefore reducing the arterial

pressure must be a good thing to do. There is no level one

evidence to support this approach.76

Hypertensive disease and anaesthesia

This section presents a meta-analysis of observational

studies examining the association between hypertension

and perioperative cardiac risk in patients undergoing non-

cardiac surgery. Papers were identi®ed as relevant to the

association between hypertension and perioperative

cardiovascular outcome if published between 1971 and the

end of 2001. The former date was chosen as the lower cut-

off year, because this was the year in which the paper

`Studies of anaesthesia in relation to hypertension. I.

Cardiovascular responses of treated and untreated patients'

was published.62 The MEDLINE database was interrogated

using the following combinations of search terms: {anaes-

thesia OR anesthesia} AND cardiac risk; {anaesthesia OR

anesthesia} AND cardiovascular risk; hypertension AND

postoperative complication AND adult NOT animal; hyper-

tension AND intraoperative complication AND adult NOT

animal; arterial pressure AND postoperative complication

AND adult NOT animal; arterial pressure AND intraopera-

tive complication AND adult NOT animal; preoperative risk

strati®cation.

All searches were limited to articles in English. The

abstracts of the papers identi®ed were scanned `on-line' to

identify relevant papers. The reference lists of those papers

that were identi®ed for inclusion in the meta-analysis were

also scanned to identify further relevant studies.

The papers identi®ed from these searches were read in

full. Those that included data concerning the association

between hypertensive disease and perioperative cardiovas-

cular complications were identi®ed. Reports were included

if they examined outcomes considered to be major

cardiovascular complications occurring up to 30 days after

anaesthesia and surgery. Major cardiovascular complica-

tions were considered to be cardiovascular death, myocar-

dial infarction, new or more severe angina, heart failure,

life-threatening arrhythmias, and cerebrovascular accident.

Several studies examined `minor' complications such as

perioperative bradycardia and tachycardia, and periopera-

tive hypotension and hypertension, and more serious

complications. Where it was impossible to separate infor-

mation on major complications from data on all complica-

tions, both major and minor, the study was excluded.

Studies that reported the association between hypertension

and perioperative myocardial ischaemia detected on Holter

monitoring but did not contain data on the association

between hypertension and clinically evident events were

excluded.

For a study to be included, it had to be possible to derive

from the report the crude odds ratio for the association

between hypertension and perioperative cardiovascular

complications, together with the variance of that odds

ratio. The ideal would have been to include the adjusted

odds ratios in which allowance had been made for the effect

of other confounding variables. In most instances, this was

not available.

A number of relevant studies were not primarily designed

to examine hypertension or other perioperative cardiovas-

cular risk factors, but were studies of diagnostic tests for

preoperative cardiovascular assessment or (in one case) of

the value of actively warming the patient during surgery.

We have included those studies where the report of the study
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included relevant data on the association between hyper-

tension and perioperative cardiovascular complications.

A number of studies examining stroke after carotid

endarterectomy have been excluded, as it is argued that

these studies examined a particular complication in an

exceptional population, and the ®ndings from such studies

may not generalize to patients undergoing other types of

surgery.

The main focus of this meta-analysis was the association

between hypertensive disease and perioperative complica-

tions, rather than any association between admission arterial

pressure and such complications. Consequently, studies that

de®ned hypertension solely in terms of the level of

admission arterial pressure were excluded. Studies were

included where the de®nition of hypertension was not given

in the report. For example, in the `Multi-Center Study of

General Anesthesia', the anaesthetist was asked to indicate

if the patient was hypertensive or not, but the de®nition of

hypertension used is not given.20

A total of 4691 citations were identi®ed from the

MEDLINE database. From these, 128 potentially relevant

studies were identi®ed from 126 reports. (The full list of 126

citations can be viewed in the version of this review

published on the British Journal of Anaesthesia website at

http://bja.oupjournals.org/.) For these 128 studies, the full

reports were obtained and read in detail. Ninety-eight

studies described in 97 reports were excluded from further

analysis.

In 80 studies, including the two studies described in a

single paper, an effect estimate for the association between

hypertension and cardiac complications was not given and

could not be derived from the publication. Three studies

were excluded because they appeared to include patients

who had been examined in another study already included in

the meta-analysis. In each case, only one of the pair of

papers concerned was included in the meta-analysis.39 41 58

In six of the excluded studies, hypertension was de®ned in

terms of the arterial pressure alone with no reference to

hypertensive disease. In two studies, hypertension was

de®ned as either an elevated admission arterial pressure or a

history of treatment with antihypertensive medications and

no indication was given of which patients fell into each

category. In three of the excluded studies, no distinction was

made between major cardiovascular complications such as

perioperative myocardial infarction and minor complica-

tions such as intraoperative bradycardia. One study was

excluded because preoperative coronary artery by-pass

grafting and perioperative cardiac complications were

Table 2 Studies included in the meta-analysis of hypertension and anaesthesia. Note that the odds ratios for the study by Sprung and colleagues72 and the

studies by Howell and colleagues33 34 were derived from paired data

Year First author Number of
patients

Number of hypertensive patients Number of normotensive patients Odds ratio
(95% CI)

With
complications

Without
complications

With
complications

Without
complications

1978 Steen75 587 17 164 19 387 2.1 (1.1±3.8)

1979 Riles67 683 10 339 6 328 1.6 (0.5±4.5)

1981 Von Knorring81 214 10 27 27 150 2.1 (0.9±4.7)

1983 Rao I64 364 9 121 2 232 8.6 (1.8±40.6)

1983 Rao II64 733 3 315 1 414 3.9 (0.4±38.1)

1986 Foster21 1600 66 432 119 983 1.3 (0.9±1.7)

1987 Larsen41 2609 18 443 50 2098 1.7 (1.0±3.0)

1989 Eagle16 200 18 106 12 64 0.9 (0.4±2.0)

1990 Lette44 60 4 21 5 30 1.1 (0.3±4.8)

1990 Shah69 688 25 325 16 323 1.6 (0.8±3.0)

1992 Lette43 360 12 171 22 155 0.5 (0.2±1.0)

1992 Pasternack54 385 11 197 8 169 1.2 (0.5±3.0)

1993 Ashton3 835 7 368 8 452 1.1 (0.4±3.0)

1993 Eichelberger18 75 3 53 2 17 0.5 (0.1±3.10)

1994 Poldermans58 131 4 49 11 67 0.5 (0.2±1.7)

1994 Baron5 457 50 168 36 203 1.7 (1.0±2.7)

1995 Gillespie26 213 17 128 5 63 1.7 (0.5±4.7)

1995 Koutelou40 106 4 51 1 50 3.9 (0.4±36.3)

1995 Ombrellaro53 266 25 176 13 52 0.6 (0.3±1.3)

1995 Sicari70 136 6 57 3 65 2.3 (0.6±9.5)

1996 Varma78 108 23 76 3 6 0.6 (0.1±2.6)

1996 Kontos39 87 5 48 9 25 0.3 (0.1±0.9)

1996 Stratmann77 140 7 74 4 55 1.3 (0.4±4.7)

1997 Frank22 300 11 199 1 89 4.9 (0.7±38.7)

1998 Badner4 323 13 169 5 136 2.1 (0.7±6.2)

1998 Howell34 230 54 31 61 84 2.4 (1.3±4.7)

1999 Howell33 146 16 19 57 54 1.3 (0.6±2.8)

1999 Heiba30 101 8 41 9 43 0.9 (0.3±2.6)

2000 Sprung72 214 86 84 21 23 1.1 (0.6±2.1)

2001 Boersma6 1320 23 560 22 715 1.3 (0.7±2.4)

Totals 13 671 565 5012 567 7532 1.3 (1.1±1.5)
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grouped together as one outcome. Separate information was

not given on the association between hypertension and

perioperative complications. One study included data on

676 operations in 617 patients. No information was given on

which patients underwent more than one procedure. It was

felt that using data from this study could lead to an

underestimate of the variance of the odds ratio for hyper-

tension and the study was excluded from the meta-analysis.

(The full list of excluded studies can be viewed in the

electronic version of this paper.)

Initially, it was planned to restrict this review and meta-

analysis to patients undergoing general anaesthesia. It

rapidly became clear that this was not practical. In those

papers containing useful data that also gave information

on the type of anaesthesia used a signi®cant proportion

of patients received regional or local anaesthe-

sia.3 5 26 53 64 67 69 75 78 81 Many papers, that did not indicate

the type of anaesthesia used, included patients some of

whom were likely to have been managed with local regional

anaesthesia, for example those undergoing carotid endarter-

ectomy or lower limb revascularization.

Thirty studies were included in the ®nal meta-analysis

(Table 2).3±6 16 18 21 22 26 30 33 34 39±41 43 44 53 54 58 64 67 69 70 72

75 77 78 81 These studies were published between 1978 and

2001 and include 12 995 patients. The analysis included two

separate studies by Rao and colleagues, both described in

the same paper.64 One was a retrospective study of 364

patients anaesthetized between June 1973 and June 1976,

and the other a prospective study of 733 patients

anaesthetized between July 1977 and June 1982.

A ®xed effects meta-analysis of the crude odds ratios

from these studies for the association between hypertension

and cardiovascular complications was performed using the

`meta' command of Stata v7.0. The Forrest plot of the data

is shown in Figure 3. The pooled odds ratio from this

analysis was 1.35 (1.17±1.56) P<0.001. However, the test

for heterogeneity also achieved statistical signi®cance

(Q=44.76, 29 df, P=0.031). (Heterogeneity represents the

extent or magnitude of differences in treatment or exposure

effects between different studies.)52 The source of this

heterogeneity was sought through a number of sensitivity

analyses grouping the data by year of study (for example

1978±1990 and 1991±2001), and by type of surgery. These

analyses yielded little impact on the odds ratio and there

remained considerable heterogeneity within the subgroups

studied. Thus, the odds ratio of 1.31, while statistically

signi®cant, is small and must be interpreted with consider-

able caution in this meta-analysis of heterogeneous

observational studies, with no correction for confounding.

In the context of a low perioperative event rate, this small

odds ratio probably represents a clinically insigni®cant

association between pre-existing hypertension and peri-

operative cardiac risk.

Pre-existing hypertension and target organ
damage

The association between hypertension and end or target

organ damage is well established. Hypertension is inextric-

ably linked to ischaemic heart disease and heart failure, to

Fig 3 Forrest plot for a meta-analysis of the risk of perioperative cardiovascular complications in hypertensive and normotensive patients. The x-axis

is on a logarithmic scale. The solid vertical line lies at unity, the dotted vertical line at the combined estimate. For each study, the point estimate of

the odds ratio is indicated by the box; the size of the box indicates the size of the study and the weight given to the study. The error bars indicate the

95% con®dence intervals for each point estimate.
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cerebrovascular disease and to renal impairment. Both the

British Hypertension Society Guidelines and the World

Health Organisation-International Society of Hypertension

Guidelines for the management of arterial hypertension

highlight the importance of co-existing disease and

cardiovascular risk factors in setting treatment thresh-

olds.12 63 In both sets of guidelines, the presence of target

organ damage and other cardiovascular risk factors lead to

lower treatment thresholds for raised arterial pressure.

Similar considerations apply in the perioperative setting.

Many reviews have highlighted the associations between

the sequelae of hypertension, such as heart failure and

ischaemic heart disease, and perioperative complica-

tions.9 15 The meta-analysis of observational studies de-

scribed above suggested an association between a diagnosis

of hypertension and increased perioperative cardiac risk.

However, the odds ratio was small and the conclusion must

be treated with some circumspection in the light of

heterogeneity of the studies examined. This is not to

dismiss the role of clinically evident target organ damage in

increasing perioperative risk. A recent study by Lee and

colleagues identi®ed ischaemic heart disease, heart failure,

and renal failure as risk factors for perioperative cardiac

complications.42 In assessing perioperative risk of major

cardiovascular complications, pre-existing hypertension per

se may be of limited importance, but this does not grant the

anaesthetist a licence to ignore the target organ damage

caused by hypertension. Such damage may carry signi®cant

risk and its importance should be assessed using guidelines

such as those referenced above.9 15

Admission arterial pressure and
perioperative cardiac risk

The best-designed study in this area is that of Goldman and

Caldera.27 This examined a sub-population of patients who

were studied in the production of the Goldman Risk Index.

Patients were divided into ®ve groups. These were:

normotensive patients, patients treated with diuretics,

treated hypertensives whose arterial pressure was con-

trolled, patients who were hypertensive despite treatment,

and untreated hypertensives. No signi®cant differences in

perioperative cardiac risk were found between the hyper-

tensive patients and the remaining groups. However,

although extremely well designed, this study lacked the

statistical power to either con®rm or refute an association

between hypertensive heart disease and perioperative car-

diac risk. Other studies, such as those by Cooperman,

Eerola, and Steen examined admission arterial pressure as

one of a number of variables that may contribute to

perioperative cardiac risk. However, these studies either

lacked the statistical power to effectively examine hyper-

tension as a risk factor, or gave only limited information on

the impact of hypertension in the ®nal report of the

study.13 17 75

None of the studies described above examined admission

arterial pressure as a continuous variable. All have taken a

speci®c cut-off for arterial pressure. The only studies of

which the authors are aware that have examined arterial

pressure as a continuous variable are those by Howell and

colleagues.33 34 The ®rst was a retrospective case controlled

study which examined patients who died of a cardiac cause

within 30 days of anaesthesia and elective surgery and a

matched controlled population who underwent the same

operations but who did not die.34 There were no signi®cant

differences between admission systolic and diastolic pres-

sures between the cases and the controls (Fig. 4). The second

was a similar study of emergency surgery; again there were

no signi®cant differences between the arterial pressures of

the cases and the controls, although in this case there was a

tendency for the survivors to have higher admission arterial

pressure than those patients who died.33 While both of these

studies suggest that there is no association between admis-

sion arterial pressure and perioperative cardiac risk, they are

both limited by the fact that most of the patients studied had

Stage 1 or Stage 2 hypertension. Few patients with Stage 3

hypertension were studied.

There is very little evidence on which to base the

perioperative management of patients who present for

surgery with admission arterial pressures consistent with

Stage 3 hypertension. Perhaps the best data come from the

original study by Prys-Roberts and colleagues.62 In this

Fig 4 Box and whisker plot of admission systolic and diastolic pressures

of cases and controls undergoing elective surgery. The boxes indicate the

median values and 25th and 75th centiles. The upper whisker is given by

the data point closest to (75th percentile+1.5 (interquartile range)). The

lower whisker is given by the data point closest to (25th percentile ± 1.5

(interquartile range)). The cases are patients who died of a cardiovascular

cause within 30 days of anaesthesia and surgery; the controls are patients

matched for type of surgery, age, and sex who did not die of a

cardiovascular cause in the perioperative period. There were no

signi®cant differences between the admission systolic or diastolic arterial

pressures of the cases and the controls. (Reproduced with permission

from reference 34.)
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study most, if not all, of the hypertensive patients had

arterial pressures consistent with Stage 3 hypertension. As

already discussed, this study demonstrated increased

cardiovascular lability and an increased risk of perioperative

myocardial ischaemia in patients with poorly controlled

hypertension. It was too small to determine if there was an

increased incidence of cardiac events in this population.

The evidence from medical studies suggests that patients

with Stage 3 hypertension are at signi®cantly increased risk

of target organ damage, whether or not this is clinically

evident. For example, Stamler and colleagues, and Liao and

colleagues demonstrated a steadily increasing incidence of

ECG abnormalities in this population.45 73 There is certainly

evidence to support a steadily increasing incidence of

postoperative myocardial ischaemia with increasing admis-

sion systolic arterial pressure.31 Many patients with admis-

sion arterial pressures consistent with Stage 3 hypertension

will have isolated systolic hypertension. There is evidence

from the Framingham population of signi®cantly increased

cardiovascular risk in this population. Recent analyses

suggest that systolic pressure and pulse pressure are more

reliable indicators of cardiovascular risk than diastolic

pressure.25 On the basis of these data, we suggest that it is

appropriate to defer anaesthesia and surgery where possible

in patients with admission arterial pressures consistent with

Stage 3 hypertension, especially if there is evidence of

target organ damage. However, it must be borne in mind

that this recommendation is made on the basis of evidence

of risk in medical patients rather than data on perioperative

risk. Studies of perioperative risk in patients with Stage 3

hypertension are required.

Isolated systolic hypertension

The steady increase in arterial pressure with age in the

Western population is well known. An analysis of data from

the Framingham population by Franklin and colleagues has

added detail to this picture.23 They describe a steady

increase in systolic arterial pressure starting in childhood

and continuing throughout adult life. In contrast, diastolic

pressure rises in early adult life and then stabilizes or

declines in the ®fth and sixth decade of life. There is a

steady rise in pulse pressure throughout adult life and the

rate of rise increases after the age of 50 yr. It is against this

background that the phenomenon of isolated systolic

hypertension has been recognized; that is the situation in

which the diastolic arterial pressure is normal, but the

systolic arterial pressure is elevated. As might be expected,

isolated systolic hypertension accounts for the majority of

hypertension in patients over 50 yr old. In the NHANES III

data, Franklin and colleagues found that 80% of the subjects

aged over 50 yr who had hypertension had isolated systolic

hypertension.24 As a corollary of this, pulse pressure had

been found to be strongly associated with cardiovascular

risk.25 The bene®ts of treating isolated systolic hypertension

are now clearly established.29

While the studies of hypertension undertaken by Prys-

Roberts and colleagues used the then standard de®nition of

hypertension of a diastolic arterial pressure of greater than

95 mm Hg, it is clear from their publications that many of

their patients had severe systolic hypertension.59±62 Most

later studies that have included an examination of the

association between admission arterial pressure and peri-

operative complications have focused on older patients: for

example, in the study by Cooperman and colleagues the

average age of the patients was 61 yr; in the study by Eerola

and colleagues, 69 of the 111 patients studied were over 60

yr old; and in the study of myocardial re-infarction by Steen

and colleagues, 361 of the 466 patients studied were aged 60

yr or over.13 17 75 It is likely that the majority of poorly

controlled hypertensives in these studies had isolated

systolic hypertension.

A recent study by Aronson and colleagues examined the

association between isolated systolic hypertension and

cardiovascular complications in patients undergoing cardiac

surgery and these data are worth rehearsing here. This was a

prospective study of over 2000 patients in 24 centres

undergoing elective cardiac surgery. Patients were classi®ed

as having normal preoperative arterial pressure, isolated

systolic hypertension (systolic arterial pressure greater than

140 mm Hg), diastolic hypertension (diastolic arterial

pressure greater than 90 mm Hg) or a combination of

these. After adjusting for other risk factors, isolated systolic

hypertension was associated with a small but statistically

signi®cant increase in the likelihood of perioperative

morbidity (odds ratio 1.3, 95% con®dence interval 1.1±

1.6).2 The mean systolic arterial pressure of the patients

with isolated systolic hypertension is not given, although as

the average age of the patients was 65 yr, it is tempting to

speculate that it was considerably greater than 140 mm Hg.

It is clear that many of the patients who present for

surgery and have arterial pressures consistent with Stage 3

hypertension will be elderly patients with isolated systolic

hypertension. There are few if any studies that explicitly

examine the impact of isolated systolic hypertension on

outcome from non-cardiac surgery and, as with Stage 3

hypertension, work in this area is required. However, the

®ndings of the study by Aronson and colleagues and the

work of Franklin and colleagues on the Framingham

population do little to reassure the anaesthetist.

White coat hypertension

So-called white coat hypertension is directly relevant to

anaesthetic practice. It is formally de®ned as a persistently

elevated clinic arterial pressure in combination with a

normal ambulatory arterial pressure.56 Various different

arterial pressure thresholds have been used to de®ne white

coat hypertension in different studies, leading to con¯icting

data as to the prognosis of this condition.36 Recently, criteria

have been agreed and are now widely accepted. These

de®ne white coat hypertension as an of®ce arterial pressure
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of 140/90 mm Hg or greater in the presence of an average

daytime reading of less than 135/85 mm Hg.50 56 Pickering

and colleagues highlight the dif®culties in comparing

different studies in this area, but suggest that the majority

of the data indicate a benign prognosis for white coat

hypertension.56 Kaplan identi®es four prospective studies of

the prognosis of hypertension that support this

view.36 38 55 65 80 The largest of these, by Verdecchia and

colleagues, followed up 1522 hypertensive subjects for 10

yr. Using a conservative de®nition of white coat hyperten-

sion, based on an ambulatory arterial pressure of less than

130/90 mm Hg, this study found the rate of cardiovascular

events in white coat hypertension (0.67/100 patient yr) to be

little different to that seen in normotensives.80 It should be

noted that when more liberal de®nitions of white coat

hypertension, with a higher ambulatory arterial pressure,

were used, the cardiovascular event rate in patients with

white coat hypertension was close to that of `true'

hypertensives. These data suggest that patients who present

for elective surgery with admission arterial pressures

consistent with Stage 3 hypertension that then settle to

levels consistent with normotension may be at less risk of

cardiovascular complications than patients with sustained

hypertension. However, extrapolating from data derived

from a long-term study conducted in the medical setting to

draw conclusions about patients undergoing surgery is a

leap, and any conclusions drawn have to be treated with

some caution.

The various guidelines on the management of hyperten-

sion all indicate that the arterial pressure should be measured

on a number of occasions over a period of weeks before the

diagnosis of hypertension is con®rmed. It is rare for the

anaesthetist to have this luxury and often a decision has to be

made on perioperative management on the basis of two or

three readings taken over a period of hours.

Both doctors and nurses may produce an initial elevation

in arterial pressure when they visit a patient, but the effect is

greater for doctors than for nurses. This is impressively

illustrated by data from Mancia and colleagues. They

studied 30 subjects who underwent a 24-h intra-arterial

recording after 5±7 days in hospital. During the intra-arterial

recording period the arterial pressure was additionally

measured at different times using a sphygmomanometer by

a male doctor and a female nurse, half of the subjects being

randomized to see the doctor ®rst, and the other half the

nurse. When the doctor took the ®rst reading, the arterial

pressure rose by an average of 22/14 mm Hg. The rises

when the ®rst arterial pressure was taken by a nurse were

only half as great. The arterial pressure usually returned to

near baseline after 10 min when the reading was taken by a

nurse, but this was not the case when the pressure was taken

by a doctor (Fig. 5).47 It is clear from their data that, in many

surgical patients, the admission arterial pressure will not

equate to the patient's usual arterial pressure. If a member of

the medical staff ®nds the patient's arterial pressure to be

elevated, this should be con®rmed by a nurse with

appropriate training.

Cardiovascular lability

Patients diagnosed as `hypertensive' have a reputation for

displaying increased cardiovascular lability during anaes-

thesia. There is certainly a pathophysiological basis for such

behaviour. Established hypertension is associated with an

increased systemic vascular resistance.36 The systemic

vasodilatation associated with anaesthesia might well be

expected to have profound effects on arterial pressure in

such patients. Prys-Roberts and colleagues, and Goldman

and Caldera both demonstrated that induction of anaesthesia

is associated with a decrease in arterial pressure to a similar

nadir in both hypertensive and normotensive patients.27 62

However, because hypertensive patients in these studies

generally had a higher pre-induction arterial pressure,

absolute decrease in arterial pressure in these patients was

greater. For many anaesthetists, however, cardiovascular

lability implies something more than the decrease in arterial

pressure seen at induction of anaesthesia. It suggests swings

in arterial pressure over a wide range of values, graphically

described by Longnecker as `Alpine Anesthesia'.46 Prys-

Fig 5 Comparison of systolic arterial pressure changes in 30 subjects (10

normotensive and 20 hypertensive) when subjects were visited by doctor

(solid line) and a nurse (dashed line) and three arterial pressure readings

taken with a sphygmomanometer at the 2nd, 5th, and 8th minute of the

visit. All arterial pressures values shown in the graph were obtained from

a transducer attached to an intra-arterial cannula. Values were recorded

by a mini-tape recorder and were not visible to the visiting doctor or

nurse. Baseline arterial pressures were obtained from the intra-arterial

cannula readings taken 4 min before the visit of the doctor or nurse. The

y-axis shows the peak deviation from this baseline arterial pressure and

the arterial pressures 5 and 10 min later. Values shown are mean (SEM).47

(Modi®ed with permission from reference 47.)
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Roberts and colleagues established that poorly controlled

hypertensive patients have a more vigorous cardiovascular

response to laryngoscopy and intubation than do normoten-

sives or well controlled hypertensives.61 Studies by

Charleson and colleagues documented swings in arterial

pressure in hypertensive and diabetic patients.7 8 However,

their work makes no comparison between hypertensive and

normotensive patients in respect to their cardiovascular

behaviour, and neither con®rms nor refutes the suggestion

that hypertensives are particularly prone to cardiovascular

instability. Chung and colleagues examined the association

between pre-existing medical conditions and adverse events

in 17 638 patients undergoing day-case surgery.11 They

identi®ed an association between pre-existing hypertension

and intraoperative cardiovascular events. No major compli-

cations, such as death or perioperative infarction, are

reported and the majority of these cardiovascular events

were episodes of hypertension, although there were also

instances of hypotension and arrhythmia. In the large

`Multicenter Study of General Anesthesia', it was noted that

hypertensive patients were more likely to require interven-

tions for perioperative hypertension.19 However, the de®n-

ition of hypertension used in this study was not given in the

report. Taken together, the weight of the evidence is that

patients with hypertension may be expected to suffer a

greater decrease in arterial pressure at induction of anaes-

thesia than normotensive patients, although the arterial

pressure probably decreases to a similar nadir in both patient

groups. The work of Prys-Roberts and colleagues supports a

more vigorous response to noxious stimuli in these patients.

The ®ndings of Chung and colleagues indicate that patients

with pre-existing hypertension frequently have high arterial

pressures during the intraoperative period.11

The clinical impact of wide variations in arterial pressure

is dif®cult to quantify, not least because most anaesthetists

would not be prepared to leave large changes in arterial

pressure untreated for more than a short period of time.

Charleson and colleagues reported that, within a high-risk

group of hypertensive patients and diabetic patients under-

going elective non-cardiac surgery, those with more than 1 h

of a decrease in mean arterial pressure of greater than/equal

to 20 mm Hg and those with less than 1 h of a decrease in

arterial pressure of greater than/equal to 20 mm Hg and

more than 15 min of an increase in arterial pressure of

greater than/equal to 20 mm Hg were at greatest risk of

complications.8 In so far as we can tell, the use of vasoactive

drugs was allowed in the perioperative period. One has to

ask if, in the patients who had wide excursions of arterial

pressure, a decision was made not to treat these changes in

arterial pressure or if the changes in arterial pressure were

refractory to treatment because of ongoing perioperative

cardiovascular complications. The association between

intraoperative myocardial ischaemia and haemodynamic

changes is certainly not clear-cut. In a study of 100 patients

who either had, or were at risk for, coronary artery disease,

intraoperative ischaemic episodes were preceded by acute

increases in arterial pressure in only 15% of episodes and by

acute decreases in only 8% of episodes.48 A recent paper by

Reich and colleagues has described an association between

intraoperative hypertension and tachycardia and adverse

outcome in protracted surgery.66 It was by no means clear,

however, that this was a causal association.

Perioperative management of patients with
hypertension or raised arterial pressure

The meta-analysis presented above suggests association

between a diagnosis of hypertension and increased peri-

operative cardiac risk. However, the odds ratio for the effect

of hypertension was small and the conclusion must be

treated with some circumspection in the light of hetero-

geneity of the studies examined. There is evidence from

many studies that conditions that may represent target organ

damage as a result of hypertension contribute to periopera-

tive cardiac risk. A study by Lee and colleagues identi®ed

ischaemic heart disease, heart failure, and renal failure as

risk factors for perioperative cardiac complications.42 It

would seem sensible to suggest that anaesthetists should pay

more heed to the presence of signi®cant target organ

damage than to a diagnosis of hypertension per se.

With regard to the management of surgical patients with

elevated admission arterial pressure, there are few substan-

tive guidelines over which patients should be cancelled to

allow treatment before surgery or the duration of such

treatment before proceeding with surgery. The American

Heart Association/American College of Cardiology (ACC/

AHA) guidelines comment that hypertension (Stages 1 and

2) is not an independent risk factor for perioperative

cardiovascular complications.15 However, they suggest that

Stage 3 hypertension (SAP >180 mm Hg and/or DAP >110

mm Hg) should be controlled before surgery.15 To quote the

guidelines:

`In many instances establishment of an effective treat-

ment regimen can be achieved over several days to weeks of

preoperative outpatient management. If surgery is more

urgent, rapid acting agents can be administered to allow

effective control in a matter of minutes or hours. Beta-

blockers appear to be particularly attractive agents.

Continuation of preoperative antihypertensive treatment

through the perioperative period is critical.'

The observational data presented in this review support

the recommendations for Stages 1 and 2 hypertension. The

AHA/ACC recommendations for Stage 3 hypertension are

not supported by substantial data relating exclusively to

patients with arterial pressures greater than 180/110 mm Hg.

The best perioperative management of these patients

remains unclear. The options available to the anaesthetist

are: to ignore the elevated arterial pressure and to continue

with anaesthesia and surgery; to institute acute treatment to

control the arterial pressure; or to defer surgery for a period

of weeks to allow the arterial pressure to be controlled.
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High arterial pressures are associated with high levels of

after load and cardiac work. This may predispose to

myocardial ischaemia and infarction, especially in the

presence of coronary artery disease and left ventricular

hypertrophy, and therefore simply ignoring markedly ele-

vated arterial pressure may not be appropriate. However,

there is evidence that very rapid control of arterial pressure

with drugs such as sublingual nifedipine is associated with

increased morbidity and mortality.79 Taken together, these

concerns pose the dilemma that markedly raised arterial

pressures and wide excursions of arterial pressure should be

avoided in the perioperative period, but that dramatic acute

reductions in arterial pressure may also be fraught with risk.

Observational data lend weight to these concerns. The

work of Charleson and colleagues suggests that excursions

in mean arterial pressure of greater than 20% in patients

with hypertension and or diabetes are associated with

perioperative complications.8 The work of Gould and

colleagues indicates that marked perioperative reductions

in arterial pressure may be associated with reduced

splanchnic blood ¯ow even in the `well ®lled' patient.28

The best course of action for the anaesthetist would seem to

be to defer surgery to allow the arterial pressure to be

treated. However, there are no trial data to suggest that this

strategy reduces perioperative risk and this advice takes no

account of the many issues and problems associated with

cancelling an operation within 24 h of surgery. Also, if

surgery is deferred to allow the arterial pressure to be

treated, it is unclear for how long treatment should be given

before the patient returns to have his or her operation.

Weksler and colleagues reported recently the results of a

clinical trial in which patients were brought to a waiting

room in the operating theatre suite, sedated with midazolam,

and had their diastolic pressures measured whilst awaiting

surgery.82 989 patients whose diastolic arterial pressure was

between 110 and 130 mm Hg immediately before surgery

were entered into the trial. 589 patients were randomized to

receive nifedipine 10 mg administered intranasally, while

400 patients were randomized to have their surgery

postponed. Those patients in whom surgery was deferred

remained in hospital until the diastolic arterial pressure was

below 110 mm Hg for at least 3 consecutive days. The

frequency of perioperative hypotension and hypertension

was similar in the two groups, as was the incidence of

tachyarrhythmias and bradyarrhythmias. There were no

neurological or cardiovascular complications in either

group. This study has a number of weaknesses. It was not

blinded, it ran over a 9-yr period, during which many other

aspects of patient management could have changed, and

systolic hypertension was not studied. However, it offers no

support for deferring anaesthesia and surgery to allow the

arterial pressure to be treated.

We suggest that, if the patient is considered ®t for surgery

in other respects, their operation should not be deferred

simply on account of an elevated admission arterial

pressure. If the arterial pressure is consistently elevated to

levels of 180 mm Hg systolic or greater or 110 mm Hg

diastolic or greater, surgery may proceed, but care should be

taken to ensure perioperative cardiovascular stability.

Invasive arterial pressure monitoring is indicated for

major procedures, and the arterial pressure should be

actively managed to prevent excursions of the mean arterial

pressure of greater than 20% from baseline. Monitoring

should continue into the postoperative period until it is clear

that the patient is cardiovascularly stable. It may be

appropriate to manage the patient in a high dependency

area in the immediate postoperative period. In those patients

in whom there is no contraindication, perioperative beta-

adrenergic block may be of value. These drugs are known to

reduce perioperative myocardial ischaemia and cardiovas-

cular complications in high-risk patients.49 57 They carry the

additional merit of not producing marked arterial pressure

reductions in normotensive subjects. It should be pointed

out that Boersma and colleagues have produced observa-

tional data that support the widespread use of perioperative

beta-adrenergic blockade, but that the available data from

randomized controlled trials only provide clear support for

their use in high-risk patients with demonstrable new wall

motion abnormalities on dobutamine stress echocardio-

graphy.6 32 Clinical trial data to support the use of

perioperative beta-adrenergic block in other patients with

cardiac disease are awaited. There may be a place for other

sympatholytic therapies such as alpha-2 agonists or thoracic

epidural block. The pharmacology and use of the alpha-2

agonists has been reviewed by Khan and colleagues.37 A

meta-analysis by Rogers and colleagues suggested that

neuroaxial block does offer protection from perioperative

myocardial injury.68 The validity of this ®nding has been

challenged and the current position remains unclear.1

Although Weksler and colleagues reported no problems

with intranasal nifedipine administered to 589 patients

immediately before surgery, we are unable to recommend

its use because of the concerns expressed by Varon and

colleagues.79 82

In making clinical judgements about perioperative man-

agement, white coat hypertension is an ever-present prob-

lem. If the preoperative arterial pressure is giving cause for

concern, several further readings should be obtained by

someone who is competent to do so. It seems indefensible to

defer planned surgery on the basis of a single arterial

pressure reading. In view of the vigorous alerting reaction

that can be produced by a visit from a doctor, readings

obtained by an experienced nurse may be invaluable. If at all

possible, the patient's family doctor should be contacted and

enquiry made about arterial pressure readings obtained in

the family practitioner's of®ce. It must be a source of

irritation for the patient and family doctor for surgery to be

deferred and the patient be sent back for treatment of their

arterial pressure when the they have been on carefully

monitored treatment for months or years and the arterial

pressure is known to be well controlled.
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Addendum

During the preparation of this review, there has been

published the Seventh Report of the Joint National

Committee on prevention, detection, evaluation and treat-

ment of high arterial pressure (2003). This recognizes that

the risk of cardiovascular disease begins at a pressure of

115/75 mm Hg and doubles with each increment of 20/10

mm Hg. Individuals with a systolic arterial pressure of 120±

139 mm Hg or diastolic arterial pressure of 80±89 mm Hg

should be considered as pre-hypertensive. The JNC VII

classi®es arterial pressure in adults as: normal: systolic

arterial pressure greater than 120 mm Hg and diastolic

arterial pressure less than 80 mm Hg; pre-hypertension:

systolic arterial pressure 120±139 mm Hg or diastolic

arterial pressure 80±89 mm Hg; Stage I hypertension:

systolic arterial pressure 140±159 mm Hg or diastolic

arterial pressure 90±99 mm Hg; Stage II hypertension:

systolic arterial pressure greater than 160 mm Hg or

diastolic arterial pressure greater than 100 mm Hg.

As in previous publications from the JNC, there are no

recommendations or guidelines for the perioperative care of

the hypertensive patient.10

Longer version of this paper

A longer version of this paper can be found in British

Journal of Anaesthesia on-line as supplementary data.
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Hypertensive Crises*
Challenges and Management

Paul E. Marik, MD, FCCP; and Joseph Varon, MD, FCCP

Hypertension affects > 65 million people in the United States and is one of the leading causes of
death. One to two percent of patients with hypertension have acute elevations of BP that require
urgent medical treatment. Depending on the degree of BP elevation and presence of end-organ
damage, severe hypertension can be defined as either a hypertensive emergency or a hyperten-
sive urgency. A hypertensive emergency is associated with acute end-organ damage and requires
immediate treatment with a titratable short-acting IV antihypertensive agent. Severe hyperten-
sion without acute end-organ damage is referred to as a hypertensive urgency and is usually
treated with oral antihypertensive agents. This article reviews definitions, current concepts,
common misconceptions, and pitfalls in the diagnosis and management of patients with acutely
elevated BP as well as special clinical situations in which BP must be controlled.

(CHEST 2007; 131:1949–1962)

Key words: aortic dissection; �-blockers; calcium-channel blockers; clevidipine; eclampsia; fenoldopam; hypertension;
hypertensive crises; hypertensive encephalopathy; labetalol; nicardipine; nitroprusside; pre-eclampsia; pregnancy

Abbreviations: ACE � angiotensin-converting enzyme; APH � acute postoperative hypertension; DBP � diastolic
BP; FDA � Food and Drug Administration; JNC � Joint National Committee; MAP � mean arterial pressure;
SBP � systolic BP

H ypertension is one of the most common chronic
medical conditions in the United States, affect-

ing close to 30% of the population � 20 years old.1
While chronic hypertension is an established risk
factor for cardiovascular, cerebrovascular, and renal
disease, acute elevations in BP can result in acute
end-organ damage with significant morbidity. Hy-
pertensive emergencies and hypertensive urgencies
(see definitions below) are commonly encountered
by a wide variety of clinicians. Prompt recognition,
evaluation, and appropriate treatment of these con-

ditions are crucial to prevent permanent end-organ
damage. This article reviews our current understand-
ing of hypertensive crises, the common misconcep-
tions and pitfalls in its diagnosis and management, as
well as pharmacotherapy and special situations that
clinicians may encounter.

Definitions

The classification and approach to hypertension
undergoes periodic review by the Joint National
Committee (JNC) on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pressure, with
the most recent report (JNC 7) having been released
in 2003 (Table 1).2 Although not specifically ad-
dressed in the JNC 7 report, patients with a systolic
BP (SBP) � 179 mm Hg or a diastolic BP (DBP)
� 109 mm Hg are usually considered to be having a
“hypertensive crisis.” The 1993 report3 of the JNC
proposed an operational classification of hyperten-
sive crisis as either “hypertensive emergencies” or
“hypertensive urgencies.” This classification remains
useful today. Severe elevations in BP were classified

*From the Department of Pulmonary and Critical Care (Dr.
Marik), Thomas Jefferson University, Philadelphia, PA; and
Department of Acute and Continuing Care (Dr. Varon), The
University of Texas Health Science Center at Houston, Houston,
TX.
The authors have no conflicts of interest to disclose.
Manuscript received October 11, 2006; revision accepted January
23, 2007.
Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians (www.chestjournal.
org/misc/reprints.shtml).
Correspondence to: Paul E. Marik, MD, FCCP, 834 Walnut St,
Suite 650, Philadelphia, PA 19107; e-mail: paul.marik@
jefferson.edu
DOI: 10.1378/chest.06-2490

CHEST Postgraduate Education Corner
CONTEMPORARY REVIEWS IN CRITICAL CARE MEDICINE

www.chestjournal.org CHEST / 131 / 6 / JUNE, 2007 1949



as hypertensive emergencies in the presence of acute
end-organ damage, or as hypertensive urgencies in
the absence of acute target-organ involvement. Dis-
tinguishing hypertensive urgencies from emergen-
cies is important in formulating a therapeutic plan.
Patients with hypertensive urgency should have their
BP reduced within 24 to 48 h, whereas patients with
hypertensive emergency should have their BP low-
ered immediately, although not to “normal” levels.
The term malignant hypertension has been used to
describe a syndrome characterized by elevated BP
accompanied by encephalopathy or acute nephrop-
athy.4 This term, however, has been removed from
National and International Blood Pressure Control
guidelines and is best referred to as a hypertensive
emergency.

Epidemiology

Hypertensive emergencies were first described by
Volhard and Fahr5 in 1914, who saw patients with
severe hypertension accompanied by signs of vascu-
lar injury to the heart, brain, retina, and kidney. This
syndrome had a rapidly fatal course, ending in heart
attack, renal failure, or stroke. It was not, however,
until 1939 when the first large study6 of the natural
history of hypertensive emergencies was published.
The results of this seminal article by Keith and
colleagues6 revealed that untreated hypertensive
emergencies had a 1-year mortality rate of 79%, with
a median survival of 10.5 months. Prior to the
introduction of antihypertensive medications, ap-
proximately 7% of hypertensive patients had a hy-
pertensive emergency.7 Currently, it is estimated
that 1 to 2% of patients with hypertension will have
a hypertensive emergency at some time in their
life.8,9

In the United States, hypertensive emergencies
continue to be quite common, and the epidemiology
of this disorder parallels the distribution of essential
hypertension, being higher among the elderly and
African Americans, with men being affected two
times more frequently than women.10,11 Despite the
development of increasingly effective antihyperten-
sive treatments over the past 4 decades, the inci-
dence of hypertensive emergencies has increased.12

The vast majority of patients presenting with a
hypertensive emergency to an emergency depart-
ment have a previous diagnosis of hypertension and
have been prescribed antihypertensive agents.10,13

However, in many of these patients BP control prior
to presentation was inadequate.13 The lack of a
primary care physician, as well as the failure to
adhere to prescribed antihypertensive regimens have
been associated with the development of a hyperten-
sive emergency.14,15 In some studies,15 � 50% of
patients presenting to an emergency department
with a hypertensive emergency were not adherent
with their antihypertensive medication regimen in
the preceding week. In both major metropolitan
areas and smaller communities, illicit drug use has
been reported14 to be a major risk factor for the
development of hypertensive emergency.

Pathophysiology

Acute severe hypertension can develop de novo or
can complicate underlying essential or secondary
hypertension. The factors leading to the severe and
rapid elevation of BP in patients with hypertensive
crises are poorly understood. The rapidity of onset
suggests a triggering factor superimposed on preex-
isting hypertension. Hypertensive crisis is thought to
be initiated by an abrupt increase in systemic vascu-
lar resistance likely related to humoral vasoconstric-
tors.16,17 The subsequent increase in BP generates
mechanical stress and endothelial injury leading to
increased permeability, activation of the coagulation
cascade and platelets, and deposition of fibrin. With
severe elevations of BP, endothelial injury and fi-
brinoid necrosis of the arterioles ensue.16,17 This
process results in ischemia and the release of addi-
tional vasoactive mediators generating a vicious cycle
of ongoing injury. The renin-angiotensin system is
often activated, leading to further vasoconstriction
and the production of proinflammatory cytokines
such as interleukin-6.18,19 The volume depletion that
results from pressure natriuresis further simulates
the release of vasoconstrictor substances from the
kidney. These collective mechanisms can culminate
in end-organ hypoperfusion, ischemia and dysfunc-
tion that manifests as a hypertensive emergency.

Clinical Presentation

Most patients have persistent BP elevation for
years before they manifest a hypertensive emer-
gency. The clinical manifestations of hypertensive
emergency are directly related to the particular
end-organ dysfunction that has occurred (Table 2).

Table 1—JNC 7 BP Categorization*

BP Class SBP, mm Hg DBP, mm Hg

Normal � 120 � 80
Prehypertension 121–139 80–89
Stage I 140–159 90–99
Stage II � 160 � 100

*From Chobanian et al.2
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The signs and symptoms therefore vary from patient
to patient. Zampaglione and colleagues20 reported
that the most frequent presenting signs in patients
with hypertensive emergencies were chest pain
(27%), dyspnea (22%), and neurologic deficits
(21%). No particular BP threshold has been associ-
ated with the development of a hypertensive emer-
gency. However, organ dysfunction is uncommon
with a DBP � 130 mm Hg (except in children and
pregnancy).21 The absolute level of BP may not be as
important as the rate of increase. For example, in
patients with long-standing hypertension, a SBP of
200 mm Hg or a DBP up to 150 mm Hg may be well
tolerated without the development of hypertensive
encephalopathy; whereas in children and pregnant
women, encephalopathy may develop with a DBP of
only 100 mm Hg.22

Initial Evaluation

Patients with hypertensive emergency usually
present for evaluation as a result of a new symptom
complex related to their elevated BP. Patient triage
and physician evaluation should proceed expedi-
tiously to prevent ongoing end-organ damage. A
focused medical history that includes the use of any
prescribed or over-the-counter medications should
be obtained. If the patient is known to have hyper-
tension, their hypertensive history, previous control,
current antihypertensive medications with dosing,
adherence with their medication regimen, and the
time from last dose are important facts to acquire
prior to initiating treatment. Inquiry into the use of
recreational drugs (amphetamines, cocaine, phen-
cyclidine) or monoamine oxidase inhibitors should
be made. Confirmation of the BP should be obtained
by a physician in both arms using an appropriate-size
BP cuff. The appropriate-size cuff is particularly
important because the use of a cuff too small for the
arm has been shown to artificially elevate BP read-
ings in obese patients.23,24

The physical examination should attempt to iden-
tify evidence of end-organ damage by assessing

pulses in all extremities, auscultating the lungs for
evidence of pulmonary edema, the heart for mur-
murs or gallops, the renal arteries for bruits, and
performing a focused neurologic and fundoscopic
examination. Headache and altered level of con-
sciousness are the usual manifestations of hyperten-
sive encephalopathy.25,26 Focal neurologic findings,
especially lateralizing signs, are uncommon in hyper-
tensive encephalopathy, being more suggestive of a
cerebrovascular accident. Subarachnoid hemorrhage
should be considered in patients with a sudden onset
of a severe headache. The ocular examination may
show evidence of advanced retinopathy with arterio-
lar changes, exudates, hemorrhages, or papilledema
assisting in the identification of hypertensive en-
cephalopathy. Cardiac evaluation should aim to iden-
tify angina or myocardial infarction with the focus on
clarifying any atypical symptoms such as dyspnea,
cough, or fatigue that may be overlooked.10,27 On the
basis of this evaluation, the clinician should be able
to distinguish between a hypertensive emergency or
an urgency and to formulate the subsequent plan for
further diagnostic tests and treatment.

If the clinical picture is consistent with aortic
dissection (severe chest pain, unequal pulses, wid-
ened mediastinum), a contrast CT scan or MRI of
the chest should be obtained promptly to rule out
aortic dissection. Although transesophageal echocar-
diography has excellent sensitivity and specificity for
aortic dissection, this study should not be performed
until adequate blood control has been achieved. In
patients presenting with pulmonary edema, it is
important to obtain an echocardiogram to distinguish
between diastolic dysfunction, transient systolic dys-
function, or mitral regurgitation.28 Many patients,
particularly the elderly, have a normal ejection frac-
tion, and in such patients heart failure is due to
isolated diastolic dysfunction.28 The management
these patients differs from those patients with pre-
dominant systolic dysfunction and those with tran-
sient mitral regurgitation (Table 3).

Initial Management of BP

The majority of patients in whom severe hyper-
tension (SBP � 160 mm Hg, DBP � 110 mm Hg) is
identified on initial evaluation will have no evidence
of end-organ damage and thus have a hypertensive
urgency. Since no acute end-organ damage is
present, these patients may present for evaluation of
another complaint, and the elevated BP may repre-
sent an acute recognition of chronic hypertension. In
these patients, utilizing oral medications to lower the
BP gradually over 24 to 48 h is the best approach to
management. Rapid reduction of BP may be associ-
ated with significant morbidity in hypertensive ur-

Table 2—Clinical Manifestation of Hypertensive
Emergencies*

Hypertensive encephalopathy
Acute aortic dissection
Acute myocardial infarction
Acute coronary syndrome
Pulmonary edema with respiratory failure
Severe pre-eclampsia, HELLP syndrome, eclampsia
Acute renal failure
Microangiopathic hemolytic anemia
APH

*HELLP � hemolysis, elevated liver enzymes, low platelets.
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gency due to a rightward shift in the pressure/flow
autoregulatory curve in critical arterial beds (cere-
bral, coronary, renal).29 Rapid correction of severely
elevated BP below the autoregulatory range of these
vascular beds can result in marked reduction in
perfusion causing ischemia and infarction. There-
fore, although the BP must be reduced in these
patients, it must be lowered in a slow and controlled
fashion to prevent organ hypoperfusion.

Altered autoregulation also occurs in patients with
hypertensive emergency, and since end-organ dam-
age is present already, rapid and excessive correction
of the BP can further reduce perfusion and propa-
gate further injury. Therefore, patients with a hyper-
tensive emergency are best managed with a contin-
uous infusion of a short-acting, titratable
antihypertensive agent. Due to unpredictable phar-
macodynamics, the sublingual and IM route should
be avoided. Patients with a hypertensive emergency
should be managed in an ICU with close monitoring.
For those patients with the most severe clinical
manifestations or with the most labile BP, intra-
arterial BP monitoring may be prudent. There are a
variety of rapid-acting IV agents that are available for
use in patients with hypertensive emergency, and the
agent of choice depends on which manifestation of
end-organ damage is present and the available mon-
itored setting (Table 3). Rapid-acting IV agents
should not be used outside of an ICUs monitored
setting to prevent precipitous falls of BP that may
have significant morbidity or mortality. The imme-
diate goal is to reduce DBP by 10 to 15% or to
approximately 110 mm Hg over a period of 30 to 60
min. In patients with aortic dissection, the BP should
be reduced rapidly (within 5 to 10 min), targeting a
SBP of � 120 mm Hg and mean arterial pressure
(MAP) � 80 mm Hg.30,31 Once there is stable BP
control with IV agents and end-organ damage has

ceased, oral therapy can be initiated as the IV agents
are slowly titrated down. An important consideration
prior to initiating IV therapy is to assess the patient’s
volume status. Due to pressure natriuresis, patients
with hypertensive emergencies may be volume de-
pleted, and restoration of intravascular volume with
IV saline solution will serve to restore organ perfu-
sion and prevent a precipitous fall in BP when
antihypertensive regimens are initiated.

Pharmacologic Agents Used in the
Treatment of Hypertensive Emergencies

A number of drugs are available for the manage-
ment of hypertensive emergency. The agent of
choice in any particular situation will depend on the
clinical presentation (Table 3). The preferred agents
include labetalol, esmolol, nicardipine, and fenoldo-
pam. Phentolamine and trimethaphan camsylate are
less commonly used today; however, they may be
useful in particular situations such as catecholamine-
induced hypertensive crises (ie, pheochromocy-
toma). Sodium nitroprusside may be used in patients
with acute pulmonary edema and/or severe left
ventricular dysfunction and in patients with aortic
dissection.32 Oral and sublingual nifedipine are po-
tentially dangerous in patients with hypertensive
emergencies and are not recommend. Clonidine and
angiotensin-converting enzyme (ACE) inhibitors are
long acting and poorly titratable; however, these
agents may be useful in the management of hyper-
tensive urgencies. ACE inhibitors are contraindi-
cated in pregnancy.33,34 Clevidipine is a relatively
new agent under investigation for the management
of postoperative hypertension and hypertensive
emergencies.35 At this time, clevidipine is not avail-
able in the United States for use outside of clinical

Table 3—Recommended Antihypertensive Agents for Hypertensive Crises

Conditions Preferred Antihypertensive Agents

Acute pulmonary edema/systolic
dysfunction

Nicardipine, fenoldopam, or nitroprusside in combination with nitroglycerin and a loop diuretic

Acute pulmonary edema/diastolic
dysfunction

Esmolol, metoprolol, labetalol, or verapamil in combination with low-dose nitroglycerin and a loop
diuretic

Acute myocardial ischemia Labetalol or esmolol in combination with nitroglycerin
Hypertensive encephalopathy Nicardipine, labetalol, or fenoldopam
Acute aortic dissection Labetalol or combination of nicardipine and esmolol or combination of nitroprusside with either

esmolol or IV metoprolol
Pre-eclampsia, eclampsia Labetalol or nicardipine
Acute renal failure/microangiopathic

anemia
Nicardipine or fenoldopam

Sympathetic crisis/cocaine overdose Verapamil, diltiazem, or nicardipine in combination with a benzodiazepine
APH Esmolol, nicardipine, or labetalol
Acute ischemic stroke/intracerebral

bleed
Nicardipine, labetalol, or fenoldopam
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trials. The recommended IV antihypertensive agents
are reviewed briefly below. Dosage and adverse
effects of commonly used parenteral antihyperten-
sive medications are listed in Table 4.

Labetalol

Labetalol is a combined selective �1-adrenergic
and nonselective �-adrenergic receptor blocker with
an �- to �-blocking ratio of 1:7.36 Labetalol is
metabolized by the liver to form an inactive glucuro-
nide conjugate.37 The hypotensive effect of labetalol
begins within 2 to 5 min after its IV administration,
reaching a peak at 5 to 15 min following administra-
tion, and lasting for about 2 to 4 h.37,38 Due to its
�-blocking effects, the heart rate is either main-
tained or slightly reduced. Unlike pure �-adrenergic
blocking agents that decrease cardiac output, labe-
talol maintains cardiac output.39 Labetalol reduces
the systemic vascular resistance without reducing
total peripheral blood flow. In addition, the cerebral,
renal, and coronary blood flow are maintained.39–42

This agent has been used in the setting of pregnancy-
induced hypertensive crisis because little placental
transfer occurs mainly due to the negligible lipid
solubility of the drug.39

Labetalol may be administered as loading dose of
20 mg, followed by repeated incremental doses of 20
to 80 mg at 10-min intervals until the desired BP is
achieved. Alternatively, after the initial loading dose,
an infusion commencing at 1 to 2 mg/min and
titrated up to until the desired hypotensive effect is
achieved is particularly effective. Bolus injections of
1 to 2 mg/kg have been reported to produce precip-
itous falls in BP and should therefore be avoided.43

Nicardipine

Nicardipine is a second-generation dihydropyri-
dine derivative calcium-channel blocker with high
vascular selectivity and strong cerebral and coronary
vasodilatory activity. The onset of action of IV nicar-
dipine is from 5 to 15 min, with a duration of action
of 4 to 6 h. IV nicardipine has been shown to reduce
both cardiac and cerebral ischemia.44 The nicardi-
pine dosage is independent of the patient’s weight,
with an initial infusion rate of 5 mg/h, increasing by
2.5 mg/h every 5 min to a maximum of 15 mg/h until
the desired BP reduction is achieved.21 A useful
therapeutic benefit of nicardipine is that the agent
has been demonstrated to increase both stroke vol-
ume and coronary blood flow with a favorable effect
on myocardial oxygen balance.44–48 This property is
useful in patients with coronary artery disease and
systolic heart failure.

Esmolol

Esmolol is an ultrashort-acting cardioselective,
�-adrenergic blocking agent.49–51 The onset of action
of this agent is within 60 s, with a duration of action
of 10 to 20 min.49–51 The metabolism of esmolol is
via rapid hydrolysis of ester linkages by RBC ester-
ases and is not dependant on renal or hepatic
function. Due to its pharmacokinetic properties,
some authors21 consider it an “ideal �-adrenergic
blocker” for use in critically ill patients. This agent is
available for IV use both as a bolus and as an
infusion. Esmolol is particularly useful in severe
postoperative hypertension.52–58 Esmolol is a suit-
able agent in situations in which cardiac output,
heart rate, and BP are increased. Typically, the drug

Table 4—Dosage and Adverse Effects of Commonly Used Parenteral Antihypertensive Medications

Agents Dosage Adverse Effects

Enalaprilat 1.25 mg over 5 min every 4 to 6 h, titrate by 1.25-mg
increments at 12- to 24-h intervals to maximum of
5 mg q6h

Variable response, potential hypotension in high renin
states, headache, dizziness

Esmolol 500 �g/kg loading dose over 1 min, infusion at 25 to 50 �g/
kg/min, increased by 25 �g/kg/min every 10 to 20 min to
maximum of 300 �g/kg/min

Nausea, flushing, first-degree heart block, infusion site pain

Fenoldopam 0.1 �g/kg/min initial dose, 0.05 to 0.1 �g/kg/min increments
to maximum of 1.6 �g/kg/min

Nausea, headache, flushing

Labetalol 20-mg initial bolus, 20- to 80-mg repeat boluses or start
infusion at 2 mg/min with maximum 24-h dose of 300 mg

Hypotension, dizziness, nausea/vomiting, paresthesias, scalp
tingling, bronchospasm

Nicardipine 5 mg/h, increase at 2.5 mg/h increments every 5 min to
maximum of 15 mg/h

Headache, dizziness, flushing, nausea, edema, tachycardia

Nitroglycerin 5 �g/min, titrated by 5 �g/min every 5 to 10 min to
maximum of 60 �g/min

Headache, dizziness, tachyphylaxis

Nitroprusside 0.5 �g/kg/min, increase to maximum of 2 �g/kg/min to
avoid toxicity

Thiocyanate and cyanide toxicity, headache,
nausea/vomiting, muscle spasm, flushing

Phentolamine 1- to 5-mg boluses, maximum 15-mg dose Flushing, tachycardia, dizziness, nausea/vomiting
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is administered as a 0.5 to 1 mg/kg loading dose over
1 min, followed by an infusion starting at 50 �g/kg/
min and increasing up to 300 �g/kg/min as neces-
sary.

Fenoldopam

Fenoldopam is unique among the parenteral BP
agents because it mediates peripheral vasodilation by
acting on peripheral dopamine-1 receptors.
Fenoldopam is rapidly and extensively metabolized
by conjugation in the liver, without participation of
cytochrome P-450 enzymes. The onset of action is
within 5 min, with the maximal response being
achieved by 15 min.59–61 The duration of action is
from 30 to 60 min, with the pressure gradually
returning to pretreatment values without rebound
once the infusion is stopped.59–61 No adverse effects
have been reported.59 An initial starting dose of 0.1
�g/kg/min is recommended. Fenoldopam improves
creatinine clearance, urine flow rates, and sodium
excretion in severely hypertensive patients with both
normal and impaired renal function.62–64 The use of
fenoldopam as a prophylactic agent to prevent con-
trast-induced nephropathy has been disappoint-
ing.65,66

Nitroprusside

Sodium nitroprusside is an arterial and venous
vasodilator that decreases both afterload and pre-
load.67,68 Nitroprusside decreases cerebral blood
flow while increasing intracranial pressure, effects
that are particularly disadvantageous in patients with
hypertensive encephalopathy or following a cerebro-
vascular accident.69–72 In patients with coronary
artery disease, a significant reduction in regional
blood flow (coronary steal) can occur.73 In a large
randomized, placebo-controlled trial,74 nitroprusside
was shown to increase mortality when infused in the
early hours after acute myocardial infarction (mor-
tality at 13 weeks, 24.2% vs 12.7%). Nitroprusside is
a very potent agent, with an onset of action of
seconds, a duration of action of 1 to 2 min, and a
plasma half-life of 3 to 4 min.67 Due to its potency,
rapidity of action, and the development of tachyphy-
laxis, we recommend intraarterial BP monitoring. In
addition, sodium nitroprusside requires special han-
dling to prevent its degradation by light. These
factors limit the use of this drug.15

Nitroprusside contains 44% cyanide by weight.75

Cyanide is released nonenzymatically from nitro-
prusside, the amount generated being dependent on
the dose of nitroprusside administered. Cyanide is
metabolized in the liver to thiocyanate.75 Thiosulfate
is required for this reaction.75,76 Thiocyanate is 100
times less toxic than cyanide. The thiocyanate gen-

erated is excreted largely through the kidneys. Cya-
nide removal therefore requires adequate liver func-
tion, adequate renal function, and adequate
bioavailability of thiosulfate. Nitroprusside may
therefore cause cytotoxicity due to the release of
cyanide with interference of cellular respiration.77,78

Cyanide toxicity has been documented to result in
“unexplained cardiac arrest,” coma, encephalopathy,
convulsions, and irreversible focal neurologic abnor-
malities.68,79 The current methods of monitoring for
cyanide toxicity are insensitive. Metabolic acidosis is
usually a preterminal event. In addition, a rise in
serum thiocyanate levels is a late event and not
directly related to cyanide toxicity. RBC cyanide
concentrations (although not widely available) may
be a more reliable method of monitoring for cyanide
toxicity.75 An RBC cyanide concentration � 40
nmol/mL results in detectable metabolic changes.
Levels � 200 nmol/L are associated with severe
clinical symptoms, and levels � 400 nmol/mL are
considered lethal.75 Data suggest that nitroprusside
infusion rates � 4 �g/kg/min, for as little as 2 to 3 h
may lead to cyanide levels in the toxic range.75 The
recommended doses of nitroprusside of up to 10
�g/kg/min results in cyanide formation at a far
greater rate than human beings can detoxify. Sodium
nitroprusside has also been demonstrated to cause
cytotoxicity through the release of nitric oxide, with
hydroxyl radical and peroxynitrite generation leading
to lipid peroxidation.77,80–82

Considering the potential for severe toxicity with
nitroprusside, this drug should only be used when
other IV antihypertensive agents are not available
and then only in specific clinical circumstances and
in patients with normal renal and hepatic function.68

The duration of treatment should be as short as
possible, and the infusion rate should not be � 2
�g/kg/min. An infusion of thiosulfate should be used
in patients receiving higher dosages (4 to 10 �g/kg/
min) of nitroprusside.76

Clevidipine

Clevidipine is third-generation dihydropyridine
calcium-channel blocker that has been developed for
use in clinical settings in which tight BP control is
crucial.83 Clevidipine is an ultrashort-acting selective
arteriolar vasodilator.84,85 Clevidipine acts by selec-
tively inhibiting the influx of extracellular calcium
through the L-type channel, relaxing smooth muscle
of small arteries, and reducing peripheral vascular
resistance.86 Similar to esmolol, it is rapidly metab-
olized by RBC esterases; thus, its metabolism is not
affected by renal or hepatic function. Clevidipine
reduces BP by a direct and selective effect on
arterioles, thereby reducing afterload without affect-
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ing cardiac filling pressures or causing reflex tachy-
cardia.35 Stroke volume and cardiac output usually
increase. Moreover, clevidipine has been shown to
protect against ischemia/reperfusion injury in an
animal model of myocardial ischemia and to main-
tain renal function and splanchnic blood flow.87–89

Several small trials90,91 have shown clevidipine to
be very effective in the control of postoperative
hypertension. Although no studies have investigated
the role of this drug in hypertensive emergencies, its
profile makes it a potentially ideal drug for this
indication. At this time, clevidipine is not available in
the United States for use outside of clinical trials.

Nifedipine, nitroglycerin, and hydralazine are not
recommended in the management of hypertensive
emergencies. The basis of these recommendations
are discussed below.

Nifedipine

Nifedipine has been widely used via oral or sub-
lingual administration in the management of hyper-
tensive emergencies, severe hypertension associated
with chronic renal failure, postoperative hyperten-
sion, and pregnancy-induced hypertension. Although
nifedipine has been administered via the sublingual
route, the drug is poorly soluble and is not absorbed
through the buccal mucosa. It is however rapidly
absorbed from the GI tract after the capsule is
broken/dissolved.92 This mode of administration has
not been approved by the US Food and Drug
Administration (FDA). A significant decrease in BP
is usually observed 5 to 10 min after nifedipine
administration, with a peak effect from 30 to 60 min,
and a duration of action of approximately 6 to 8 h.93

Sudden uncontrolled and severe reductions in BP
accompanying the administration of nifedipine may
precipitate cerebral, renal, and myocardial ischemic
events that have been associated with fatal out-
comes.94 Elderly hypertensive patients with under-
lying organ impairment and structural vascular dis-
ease are more vulnerable to the rapid and
uncontrolled reduction in arterial pressure. Given
the seriousness of the reported adverse events and
the lack of any clinical documentation attesting to a
benefit, the use of nifedipine capsules for hyperten-
sive emergencies and “pseudoemergencies” should
be abandoned. The Cardiorenal Advisory Committee
of the FDA has concluded that the practice of admin-
istering sublingual/oral nifedipine should be aban-
doned because this agent is not safe nor efficacious.95

Nitroglycerin, Hydralazine, and Diuretics

Nitroglycerin is a potent venodilator and only at
high doses affects arterial tone.96 It causes hypoten-

sion and reflex tachycardia, which are exacerbated by
the volume depletion characteristic of hypertensive
emergencies. Nitroglycerin reduces BP by reducing
preload and cardiac output; undesirable effects in
patients with compromised cerebral and renal per-
fusion. Low-dose administration (approximately 60
mg/min) may, however, be used as an adjunct to IV
antihypertensive therapy in patients with hyperten-
sive emergencies associated with acute coronary
syndromes or acute pulmonary edema.

Hydralazine is a direct-acting vasodilator. Follow-
ing IM or IV administration, there is an initial latent
period of 5 to 15 min followed by a progressive and
often precipitous fall in BP that can last up to
12 h.97,98 Although the circulating half-life of hydral-
azine is only approximately 3 h, the half-time of its
effect on BP is approximately 10 h.99,100 Because of
the prolonged and unpredictable antihypertensive
effects of hydralazine and the inability to effectively
titrate its hypotensive effect, it is best avoided in the
management of hypertensive crises.

Volume depletion is common in patients with
hypertensive emergencies, and the administration of
a diuretic together with a hypertensive agent can
lead to a precipitous drop in BP. Diuretics should be
avoided unless specifically indicated for volume
overload, as occurs in renal parenchymal disease or
coexisting pulmonary edema.

Special Conditions

Acute Aortic Dissection

Aortic dissection should be considered a likely
diagnostic possibility in patients presenting to the
emergency department with acute chest pain and
elevated BP. Left untreated, approximately three
fourths of patients with type A dissection (ascending
aorta) die within 2 weeks of an acute episode, but
with successful therapy the 5-year survival rate is
75%.30,101 Hence, timely recognition of this disease
entity coupled with urgent and appropriate manage-
ment is the key to a successful outcome in the
majority of these patients. It is important to recog-
nize that the propagation of the dissection is depen-
dent not only on the elevation of the BP itself but
also on the velocity of left ventricular ejec-
tion.30,31,101–103

A vasodilator alone is not ideal in the treatment of
acute aortic dissection because this can promote
reflex tachycardia, increase aortic ejection velocity,
and promote dissection propagation. The combina-
tion of a �-adrenergic antagonist and vasodilator is
the standard approach to treatment.30,31 Esmolol is
the �-adrenergic antagonist of choice with metopro-
lol as a suitable alternative.104,105 Although nitroprus-
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side has traditionally been used as the vasodilator of
choice, nicardipine or fenoldopam are less toxic,
equally effective alternatives.105,106 All patients with
aortic dissection require cardiovascular surgical con-
sultation to determine if surgical management is
necessary. Unless significant medical comorbidities
are present, surgery is indicated for all patients with
type A dissection.107,108 Patients with type B dissec-
tions and distal aortic dissections can be managed
with aggressive BP control because outcomes have
been shown to be the same with either medical or
surgical treatment unless complications such as leak,
rupture, or impaired flow to vital organs super-
vene.30,31,103

Cerebrovascular Accidents

The vast majority of patients with cerebral isch-
emia present with acutely elevated BP regardless of
the subtype of infarct or preexisting hyperten-
sion.109,110 The BP elevation decreases spontane-
ously over time. The elevated BP is not a manifes-
tation of a hypertensive emergency but rather a
protective physiologic response to maintain cerebral
perfusion pressure to the vascular territory affected
by ischemia. Lowering the BP in patients with
ischemic strokes may reduce cerebral blood flow,
which because of impaired autoregulation, may re-
sult in further ischemic injury. The common practice
of “normalizing” the BP following a cerebrovascular
accident is potentially dangerous. It should be noted
that the Intravenous Nimodipine West European
Trial for acute stroke was stopped because of in-
creased neurologic deterioration in the treatment
group, which the investigators111,112 attributed to the
effects of hypotension.

The American Stroke Association and the Euro-
pean Stroke Initiative guidelines113,114 recommend
withholding antihypertensive therapy for acute isch-
emic stroke unless there is planned thrombolysis,
evidence of concomitant noncerebral acute organ
damage, or if the BP is excessively high, arbitrarily
chosen as a SBP � 220 mm Hg or a DBP � 120 mm
Hg based on the upper limit of normal autoregula-
tion. In these patients, the aim is to reduce the
pressure by not more than 10 to 15% in the first 24 h.
Semplicini and colleagues115 demonstrated that a
high initial BP was associated with a better neuro-
logic outcome following an acute ischemic stroke.
These authors115 suggests that hypertension may be
protective during an acute ischemic stroke and that
lowering the BP may be potentially harmful. Indeed,
pharmacologic elevation of BP in patients with isch-
emic stroke is a promising investigational approach.
Small studies116–118 of patients treated with vaso-
pressors and plasma expanders have demonstrated

short-term neurologic improvement in 20 to 40% of
patients without any adverse effects. These protocols
generally call for raising the MAP by 20% or to 130
to 140 mm Hg while keeping the SBP � 200 mm
Hg. It is thought that patients with fluctuating
deficits, proximal large vessel stenosis or occlusion,
or large areas of MRI diffusion-perfusion mismatch
are most likely to respond to induced hypertension.
In patients receiving thrombolytic therapy, antihy-
pertensive therapy is required for SBP � 185 mm
Hg or DBP � 110 mm Hg, with a targeted SBP of
180 mm Hg and a DBP of 105 mm Hg.113,119,120 The
current American Heart Association guidelines119

recommend the use of labetalol or nicardipine if the
SBP is � 220 mm Hg or the DBP is from 121 to 140
mm Hg, and nitroprusside for a DBP � 140 mm Hg.
For the reasons outlined above, we believe nitro-
prusside to be a poor choice in patients with intra-
cranial pathology. The Acute Candesartan Cilexetil
Therapy in Stroke Survivors study121 demonstrated a
reduction in 12-month mortality and the number of
vascular events in patients with a SBP � 200 mm Hg
or a DBP � 110 mm Hg who were treated with an
angiotensin type 1 receptor blockade (candesartan
cilexetil) immediately after an ischemic stroke. The
mechanism(s) by which the angiotensin type 1 re-
ceptor blocker exerted its beneficial effects is un-
clear, as the BP profiles were nearly identical in the
treatment and placebo groups. Additional studies are
required to confirm the benefit of angiotensin type 1
receptor blockers in patients with ischemic stroke.

In patients with intracerebral hematomas, there is
almost always a rise in intracranial pressure with
reflex systemic hypertension. There is no evidence
that hypertension provokes further bleeding in pa-
tients with intracranial hemorrhage. However, a
precipitous fall in systemic BP will compromise
cerebral perfusion. The controlled lowering of the
BP is currently recommended only when the SBP is
� 200 mm Hg, the DBP is � 110 mm Hg, or the
MAP is � 130 mm Hg.122–124 A study125 has demon-
strated that the rapid decline of BP within the first
24 h after presentation of an intracranial hemorrhage
was associated with increased mortality; the rate of
decline in BP was independently associated with
increased mortality. Nicardipine has been demon-
strated to be an effective agent for the control of BP
in patients with intracerebral hemorrhage.126

Preeclampsia and Eclampsia

Hypertension is one of the most common medical
disorders affecting pregnancy. It complicates 12% of
pregnancies and is responsible for 18% of maternal
deaths in the United States.127 The presentation of a
patient with pregnancy-induced hypertension may
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range from a mild to a life-threatening disease
process.128 Initial therapy of preeclampsia includes
volume expansion, magnesium sulfate (MgSO4) for
seizure prophylaxis and BP control.129–131 Delivery is
the definitive treatment for preeclampsia and
eclampsia.

Magnesium sulfate is usually administered as a
loading dose of 4 to 6 g in 100 mL 5% dextrose in 1/4
normal saline solution over 15 to 20 min, followed by
a constant infusion of 1 to 2 g/h of MgSO4 depending
on urine output and deep tendon reflexes, which are
checked on an hourly basis. The next step in the
management of preeclampsia is to reduce the BP to
a safe range being diligent to avoid significant hypo-
tension. The objective of treating severe hyperten-
sion is to prevent intracerebral hemorrhage and
cardiac failure without compromising cerebral per-
fusion or jeopardizing uteroplacental blood flow,
which is already reduced in many women with
preeclampsia.128 Studies132–134 of women with mild
preeclampsia have shown no benefit to antihyperten-
sive therapy (labetalol or calcium-channel blockers)
and suggested that antihypertensive therapy may
increase the risk of intrauterine growth retardation.
Antihypertensive therapy is therefore administered
primarily to prevent complications in the mother.
The Working Group Report on High Blood Pressure
in Pregnancy135 recommends initiation of antihyper-
tensive therapy for a DBP � 105 mm Hg. Further-
more, most authorities and the current guidelines
from the American College of Obstetricians and
Gynecologists128,135–138 recommend keeping SBP
from 140 to 160 mm Hg and DBP from 90 to 105
mm Hg. This recommendation is supported by a
study139 that demonstrated that SBP � 160 mm Hg
was the most important factor associated with a
cerebrovascular accident in patients with severe
preeclampsia and eclampsia. This would suggest that
SBP from 155 to 160 mm Hg should be the primary
trigger to initiate antihypertensive therapy in a pa-
tient with severe preeclampsia or eclampsia.139,140 It
should be noted that patients with preeclampsia/
eclampsia may have a very labile BP; this fact
together with the narrow target BP range dictate that
these patients be closely monitored in an ICU,
preferably with an arterial catheter. Intracerebral
hemorrhage is a devastating complication in these
patients that can be avoided by scrupulous attention
to BP control.

No antihypertensive medication is specifically ap-
proved by the FDA for use in pregnant women.
Hydralazine has been recommended as the drug of
choice to treat severe preeclampsia and eclampsia
since the early 1970s.141 However, hydralazine has a
number of properties that make it unsuitable for this
indication. Its side effects (such as headache, nausea,

and vomiting) are common and mimic symptoms of
deteriorating preeclampsia. Most importantly, how-
ever, it has a delayed onset of action, an unpredict-
able hypotensive effect, and a prolonged duration of
action. These properties may result in a precipitous
hypotensive overshoot compromising both maternal
cerebral blood flow and uteroplacental blood flow.
Indeed, in a metaanalysis published by Magee and
colleagues,142 hydralazine was associated with an
increased risk of maternal hypotension that was
associated with an excess of cesarean sections, pla-
cental abruptions, and low Apgar scores. Based on
the available data, we suggest that hydralazine not be
used as first-line treatment of severe hypertension in
pregnancy. Similarly, sublingual or oral nifedipine
should be avoided in this setting. Our preference is
IV labetalol or nicardipine, which are easier to titrate
and have a more predictable dose response than
hydralazine. Both agents appear to be safe and
effective in hypertensive pregnant patients.143–149

Nitroprusside and ACE inhibitors are contraindi-
cated in pregnant patients.

Sympathetic Crises

The most commonly encountered sympathetic
crises are related to the recreational use of sympa-
thomimetic drugs such as cocaine, amphetamine, or
phencyclidine. Rarely, these crises may be seen with
pheochromocytoma, patients receiving a monoamine
oxidase inhibitor who ingest a tyramine-containing
food, or patients who abruptly stop antihypertensive
medications such as clonidine or �-adrenergic antag-
onists.

In the clinical situations characterized by sympa-
thetic overstimulation, �-adrenergic antagonists
should be avoided to prevent vascular �-receptor
antagonism resulting in unopposed �-adrenergic ac-
tivity and potential increase in BP. In fact, in co-
caine-induced hypertensive emergency, the use of
�-adrenergic blockade can increase coronary vaso-
constriction, fail to control heart rate, increase BP,
and decrease survival.150–152 Interestingly, although
labetalol is traditionally considered the ideal agent
due to its �- and �-adrenergic antagonism, experi-
mental studies153–157 do not support its use in this
clinical setting. BP control is best achieved with
nicardipine, fenoldopam, or verapamil in combina-
tion with a benzodiazepine.152,158,159 Phentolamine is
an alternative agent.160

Acute Postoperative Hypertension

Acute postoperative hypertension (APH) has been
defined as a significant elevation in BP during the
immediate postoperative period that may lead to
serious neurologic, cardiovascular, or surgical-site

www.chestjournal.org CHEST / 131 / 6 / JUNE, 2007 1957



complications and that requires urgent manage-
ment.161 Despite the widespread and long-standing
recognition of APH, there is no agreement in the
literature on a more precise quantitative defini-
tion.161–163 APH has an early onset, being observed
within 2 h after surgery in most cases and is typically
of short duration, with most patients requiring treat-
ment for � 6 h. Postoperative complications of APH
may include hemorrhagic stroke, cerebral ischemia,
encephalopathy, myocardial ischemia, myocardial in-
farction, cardiac arrhythmia, congestive cardiac fail-
ure with pulmonary edema, failure of vascular anas-
tomoses, and bleeding at the surgical site. Although
APH may occur following any major surgery, it is
most commonly associated with cardiothoracic, vas-
cular, head and neck, and neurosurgical procedures.
The pathophysiologic mechanism underlying APH is
uncertain and may vary with the surgical procedure
and other factors. However, the final common path-
way leading to hypertension appears to be activation
of the sympathetic nervous system, as evidenced by
elevated plasma catecholamine concentrations in
patients with APH.17 The primary hemodynamic
alteration observed in APH is an increase in afterload
with an increase in SBP and DBP with or without
tachycardia.

There is no consensus concerning the treatment
threshold for the management of noncardiac surgery
patients with APH. Treatment is frequently a bed-
side decision by the anesthesiologist or surgeon that
takes into consideration the baseline BP, concomi-
tant disease, and the perceived risk of complications.
In contrast, in cardiac surgery patients, treatment is
recommended for a BP � 140/90 or a MAP of at
least 105 mm Hg.161–163 Pain and anxiety are com-
mon contributors to BP elevations and should be
treated before administration of antihypertensive
therapy. Other potentially reversible causes of APH
include hypothermia with shivering, hypoxemia, hy-
percarbia, and bladder distension. Short-term ad-
ministration of a short-acting IV agent is recom-
mended when there is no identifiable treatable cause
of hypertension. Labetalol, esmolol, nicardipine, and
clevidipine have proven effective in the management
of APH.90,91,161,164–168

Conclusions

Patients with hypertensive emergencies require
the immediate reduction of the elevated BP to
prevent and arrest progressive end-organ damage.
The best clinical setting to achieve this BP control is
in the ICU, with the use of titratable IV hypotensive
agents. There are several antihypertensive agents
available including esmolol, nicardipine, labetalol,

and fenoldopam. While sodium nitroprusside is a
rapid-acting and potent antihypertensive agent, it
may be associated with significant toxicity and should
therefore be used in select circumstances at a dose
not to exceed 2 �g/kg/min. The appropriate thera-
peutic approach of each patient will depend on the
clinical presentation of the patient. Agents such as
nifedipine and hydralazine should be abandoned
because these agents are associated with significant
toxicities and/or side effect profile.
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Review Article

Perioperative Management of Chronic Heart Failure

Leanne Groban, MD*

John Butterworth, MD†

Heart failure (HF) is one of the few cardiac conditions that is increasing. Despite a
better understanding of how hormones and other signaling systems underlie the
pathophysiology, and despite improved outcomes from pharmacologic therapy, many
HF patients receive no effective treatment. Patients with HF commonly require medical
diagnosis and management in operating rooms and critical care units; thus anesthesi-
ologists are obliged to remain up-to-date both with advances in outpatient (chronic)
medical management and with inpatient treatments for acute exacerbations of HF.
Accordingly, we reviewed angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, �-adrenergic receptor blockers, and aldosterone antagonists because
these drugs prolong life and are included in current clinical practice guidelines for
treating patients with chronic HF. We also reviewed the implications of chronic HF for
patients undergoing surgery and anesthesia and discuss how best to provide intensive
treatment for acute exacerbations of symptoms, such as might be caused by excessive
intravascular volume, inappropriate drug “holidays,” or worsening of the underlying
cardiac disease.
(Anesth Analg 2006;103:557–75)

Chronic heart failure (HF), a clinical syndrome in
which abnormalities of ventricular function and neu-
rohormonal regulation lead to pulmonary venous
congestion, exercise intolerance, and decreased life
expectancy, remains the one major cardiovascular
(CV) disorder that has increased both in incidence and
prevalence in recent years (1). Chronic HF affects
nearly five million persons in the United States, where
roughly 550,000 new cases are diagnosed annually.
Currently, 1% of those 50–59 yr of age and 10% of
those older than 80 yr have HF (2). Thus HF is
primarily a disease of the elderly, and its prevalence
will likely increase two- to threefold over the next
decade as the median age of world populations in-
creases (3). The increasingly prolonged survival of
patients with various CV disorders that culminate in
left ventricular dysfunction (e.g., acute mortality after
myocardial infarction has declined) adds to the HF
epidemic. Treatment of HF costs the United States an
estimated $38 billion annually (4), and it contributes to

approximately 250,000 deaths per year (5). Given the
rapid evolution of standard therapy and the frequency
with which chronic HF patients present to the operat-
ing room and intensive care unit, anesthesiologists are
obliged to know contemporary “best practices” to
make appropriate diagnostic and treatment choices
and appropriate judgments about the need for cardiac
consultations.

We review the medical management of chronic HF,
focusing on the results of large-scale, randomized
clinical trials and on consensus guidelines published
by the American College of Cardiology (ACC), the
American Heart Association (AHA), the Heart Failure
Society of America, and the European Society of
Cardiology (6–8). These trials and guidelines empha-
size chronic HF associated with left ventricular sys-
tolic dysfunction; nevertheless, we will also discuss
HF with preserved systolic function (or diastolic HF).
We also review the management of acutely decom-
pensated HF. Finally, this review does not focus on
the acute HF that appears for the first time during or
after cardiac surgery, as the mechanisms and treat-
ments of this condition are quite different from
chronic HF.

HF CLASSIFICATION
The updated ACC/AHA guidelines for evaluating

and managing HF include a new, four-stage classifi-
cation system emphasizing the progression of the
disease(Fig. 1). The new guidelines include patients
with “preclinical” stages of HF with the hope of
slowing (and perhaps reversing) progression of dis-
ease. The staging system is meant to complement, not
replace, the widely used New York Heart Association
(NYHA) classification, which is organized according
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to severity of symptoms. The latter remains useful
because severity of symptoms has a robust correlation
with survival and quality of life (9). The ACC/AHA
classification system recognizes the progressive course
of HF and identifies those at risk, reinforcing the impor-
tance of neurohormonal antagonism in an attempt to
arrest disease progression.

HF may result from coronary artery disease, hyper-
tension, valvular heart disease, or any of a long list of
cardiomyopathies, in which progression of the under-
lying disease produces symptomatic or asymptomatic
left ventricular dysfunction (specifically, left ventricu-
lar systolic dysfunction for the purposes of this dis-
cussion). The neurohormonal responses to impaired
cardiac performance (sympathetic stimulation, salt and
water retention, and vasoconstriction) are initially
adaptive but over time become maladaptive, resulting
in pulmonary congestion and excessive afterload. The
end result is a vicious cycle of increased and inefficient
cardiac energy expenditure and worsened pump func-
tion and tissue perfusion. The renal and peripheral
circulatory consequences to the neurohormonal re-
sponses in HF provided the theoretical basis for
treatment with diuretics, vasodilators, and positive
inotropes (10,11).

Our understanding of treatment for patients with
chronic HF changed in the 1990s when clinical trials
showed that angiotensin-converting enzyme (ACE) in-
hibitors (12,13) and angiotensin receptor blockers (ARB)
(14,15), but not most other vasodilators (16), prolonged

survival. Similarly, certain �-adrenergic blockers, despite
negative inotropic effects, were found to improve mor-
bidity and mortality in adequately powered, random-
ized, clinical trials (17–19). More recently, small doses
of aldosterone antagonists added to conventional
therapy for HF have reduced mortality in patients
with severe HF (20,21). These accumulated outcome
results support evidence from basic investigations
showing that angiotensin II is a growth factor as well
as a vasoconstrictor and that antagonizing this media-
tor accomplishes more than mere hemodynamic im-
provement (22). Growth factor actions of angiotensin
II have been confirmed in models of inflammation,
cancer, metabolic syndrome, and atherosclerosis. In a
recent clinical study, increased angiotensin II receptor
density was associated with increased tumor angio-
genesis and poorer survival in patients with ovarian
cancer (23). Overall, these data have promoted a shift
in focus from renal and circulatory processes toward
cardiac remodeling as the underlying mechanism of
progression in HF (24). Although it is not entirely clear
how the hemodynamic and neurohormonal factors
interact to cause maladaptive cardiac remodeling
and progression to HF, there is evidence to suggest
that increased energy expenditure, increased wall
stress, altered calcium regulatory function of the
sarcoplasmic reticulum, altered cardiac gene expres-
sion, increased oxidative stress, myocyte necrosis,
and apoptosis are involved (25) (Fig. 2).

Figure 1. Reprinted with permission from Hunt SA et al. ACC/AHA Guidelines for the Evaluation and Management of
Chronic Heart Failure in the Adult: An Executive Summary. J Heart Lung Transplant 2003;21:189–203.
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With these underlying pathophysiologic concepts
in mind, we will review the major classes of drugs
that are used to treat HF, emphasizing those drugs
that improve survival in chronic HF. However, even
though the descriptions of each drug class are inde-
pendent, clinical management of real patients will
often require regimens that include multiple drugs.
This will become obvious in the descriptions of recent
clinical trials where “conventional therapy” will in-
clude 3 classes of drugs with the presence or absence
of the “newest” drug being the only variable under
study.

INHIBITORS OF THE RENIN-ANGIOTENSIN SYSTEM
ACE Inhibitors

Mechanism(s) of Action
ACE inhibitors inhibit the protease that cleaves the

decapeptide angiotensin-I to form the octapeptide
angiotensin-II. Because ACE also metabolizes brady-
kinin, ACE inhibitors increase circulating and tissue
concentrations of bradykinin, which is thought to
underlie the side effects of these drugs, including
cough and angioedema (Fig. 3). ACE inhibitors have
several useful actions in chronic HF. They are potent

vasodilators because they decrease concentrations of
angiotensin-II and norepinephrine and increase con-
centrations of bradykinin, nitric oxide (NO), and pros-
tacyclin (26). They reduce the secretion of aldosterone
and antidiuretic hormone, thereby reducing salt and
water reabsorption by the kidney, and they promote
binding of angiotensin-I to receptors on nerve termi-
nals, reducing norepinephrine release from sympa-
thetic nerves. Within tissue, ACE inhibitors limit the
production of angiotensin-II, attenuating angiotensin-
II-mediated ventricular and vascular remodeling.

Clinical Evidence
The abundant evidence supporting the benefits

from use of ACE inhibitors in chronic HF patients is
summarized in Table 1. Initially, ACE inhibitors were
evaluated for treatment of symptomatic HF (these
clinical trials went by the acronyms of SOLVD,
V-HeFT, and CONSENSUS). Patients with NYHA
Class II–IV HF treated with ACE inhibitors had 16% to
31% reduced risk of mortality. In later trials, ACE
inhibitors also improved outcome for asymptomatic
patients with left ventricular systolic dysfunction in the
following categories: patients with ejection fractions (EF)

Figure 2. Pathophysiology of chronic heart failure. Remodeling stimuli, such as wall stress from either pressure overload or
volume overload, contribute to neurohormonal activation, oxidative stress, and cytokine activation, which lead to a complex
series of local effects including myocyte loss and alterations in the cardiac extracellular matrix, intracellular calcium
regulation, and gene expression. In addition to the local events, systemic effects leading to LV dilation, myocyte hypertrophy,
and LV remodeling contribute to the progression of heart failure. IL, interleukin; LV, left ventricle, TNF, tumor necrosis factor;
SR sarcoplasmic reticulum; MHC, myosin heavy chain. Adapted with permission from Drexler H, Hasenfuss G. Physiology
of the normal and failing heart. In: Crawford MH, DiMarco JP, Paulus WJ, eds. Cardiology, 2nd ed. Philadelphia: Mosby
(Elsevier), 2004.
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�35% resulting from cardiomyopathy (27), patients
with EF �40% 2 wk after myocardial infarction (28),
and patients presenting within the first 24 h of myo-
cardial infarction regardless of EF (29). Results from
the Heart Outcomes Prevention Evaluation (HOPE)
study have further expanded the indications for ACE
inhibitors to include prevention of new onset HF in
asymptomatic, high-risk patients (30). In this trial of
patients with either diabetes or peripheral vascular
disease and an additional atherosclerotic risk factor
(but without HF or systolic dysfunction), ramipril
(10 mg/day) reduced the new occurrence of HF by
23% over a mean 4.5-yr treatment interval.

Together, these data expand the use of ACE inhibi-
tors as first-line preventive therapy for a broad spec-
trum of patients, including those with left ventricular
systolic dysfunction with or without symptoms (Class
B–D) and those high-risk patients with vascular dis-
ease and/or diabetes, in addition to patients with the
traditional risk factors for coronary artery disease
(Class A). Interestingly, retrospective data from the
SOLVD and V-HeFT (Vasodilator Heart Failure trials)
suggest that renin-angiotensin-aldosterone system
(RAAS) inhibition, particularly with ACE inhibitors,
may not be as effective in the African-American HF
patient as in Caucasians. In SOLVD, there was no
ethnic difference in the efficacy of enalapril for reduc-
ing mortality and preventing the development of HF,
but enalapril was more effective for Caucasians in
reducing hospitalizations. Moreover, in V-HeFT-II,
enalapril was more effective than the combination of
isosorbide dinitrate and hydralazine for Caucasians in
reducing mortality but not in African-Americans. Data
from the A-HeFT (African American Heart Failure
Trial) showed a survival benefit in African American
HF patients treated with BiDil (n � 518), a fixed-dose

combination of isosorbide dinitrate (60 up to 120 mg)
and hydralazine (112.5 up to 225 mg) in 3 divided
doses versus placebo (n � 532), added to standard
background RAS blockade (31).

Nevertheless, one should only cautiously initiate
ACE inhibitor therapy in patients with low initial
blood pressures (BP) (systolic blood pressures �80
mm Hg), marked renal dysfunction (serum creatinine
levels �3.0 mg/dL), serum potassium concentrations
�5.5 mMol/L, renal artery stenosis, or left ventricular
outflow tract obstruction. ACE inhibitors are contra-
indicated in patients who are pregnant, have a history
of porphyria, are in cardiogenic shock, or who have
had a severe reaction (e.g., angioedema or anuric renal
failure) to members of this drug class. As noted earlier
(Fig. 1 and Table 1), ACE inhibitors are administered
both to slow the progression of clinical HF through
ACE inhibitor-mediated vasodilatory action and to
inhibit the cellular mechanisms responsible for pro-
gression of HF.

Perioperative Implications
Anesthetic drugs, surgical procedures, patient po-

sitioning on the operating table, and blood loss influ-
ence the RAAS and the sympathetic nervous system
(SNS) (32). Controversy remains whether chronic ACE
inhibitor therapy should be continued or withdrawn
preoperatively. Patients treated with ACE-I are prone to
hypotension with induction and maintenance of general
anesthesia, most likely as a result of intravascular
volume deficits and the inability of angiotensin-II to
counterbalance the usual anesthetic effects on the SNS
(including increased venous pooling of blood, reduced
cardiac output, and reduced arterial BP) (33–35). Ryck-
waert and Colson (34) report a 22% incidence of severe
hypotension in patients who received ACE-I until the

Figure 3. Schematic of the renin-angiotensin-
aldosterone system and site of action of
angiotensin-converting enzyme (ACE) in-
hibitors (one slash), angiotensin receptor
blockers (dotted slash), and aldosterone re-
ceptor blockers (double slash). Adapted
with permission from McMurray JJV, Pfef-
fer MA, Swedberg K, Dzau VJ. Which in-
hibitor of the renin-angiotensin system
should be used in chronic heart failure and
acute myocardial infarction? Circulation
2004;110:3281–8.
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day of surgery. Instability of BP and heart rate after
induction of anesthesia was much the same in patients
receiving chronic ACE inhibitor therapy regardless of
whether there was left ventricular systolic dysfunc-
tion. There are multiple case reports about hypoten-
sion in patients treated with ACE inhibitors who are
also receiving general, spinal, epidural, or combined
general-epidural techniques (36), and it remains un-
clear whether any specific anesthetic technique is
more or less likely than others to show adverse
interactions in patients. Long-term ACE inhibitor
treatment does not exaggerate the BP decrease as-
sociated with spinal anesthesia, perhaps because

vasopressin and norepinephrine concentrations re-
main sufficient to compensate for the inhibited
RAAS (37). Although temporary withdrawal of ACE
inhibitors may prevent or attenuate intraoperative
hypotension and hypovolemia, the recovery of RAS
control on BP may be at the expense of impaired
regional circulation. Boldt et al. (38) showed, in 88
randomized cardiac surgical patients, that adminis-
tration of IV enalapril after anesthetic induction
until commencement of cardiopulmonary bypass
(CPB) resulted in lower levels of cardiac enzyme
release than clonidine, enoximone, or placebo. Periop-
erative ACE-I administration may also protect the

Table 1. Selected Clinical Trials of Angiotensin-Converting Enzyme Inhibitors in Heart Failure (HF)

Trial Drug Population Outcome
Heart Failure

SOLVD (treat)* Enalapril NYHA Class II–III (EF
�35%), Stage C

� Lower incidence of death
or hospitalization for HF in
enalapril group vs. placebo
(48% vs. 57%)

V-Heft II (153) Enalapril vs.
hydralazine/
isosorbide dinitrate

NYHA II–IV, EF �45%;
Stage C

� At 2 yr, there was a
decreased mortality with
enalapril vs. hydralazine/
isosorbide group (18% vs.
28.2%). Mortality benefit
from reduction in sudden
cardiac death.

CONSENSUS† Enalapril NYHA IV, Stage D � 31% decrease in mortality
with enalapril vs. placebo
� 50% decrease in
progressive HF death in
enalapril vs. placebo

Asymptomatic LV Dysfunction

SOLVD
(prevent)‡

Enalapril NYHA I, EF �35%, Stage B � At 37 months, combined
end-point of death or HF
was lower in enalapril group
compared with placebo (30%
vs. 39%). Fewer
hospitalizations for enalapril
group (21% vs. 25% for
placebo).

SAVE (28) Captopril Post-MI, EF �40%, Stage B � 22% reduction in
mortality with or without
HF
� 25% reduction in rate of
nonfatal MI

GISSI-3 Lisinopril, captopril Acute MI (with 36 h of
symptoms), Stage B

� 7% reduction in mortality
at 30 days vs. placebo

ISIS-4 (29)

Asymptomatic High-Risk

HOPE (30) Ramipril History of DM, PVD, and
coronary risk factors,
Stage A

� Significant reduction in
mortality, major vascular
events, and development of
HF. Incidence of HF 9% vs.
11.5% (placebo). Incidence of
MI, stroke, or CV-related
death 14% vs. 17.8% placebo.

Reprinted from Royster RL, Butterworth J, Groban L, Slaughter TF, Zvara DA. Cardiovascular pharmacology. In: Kaplan JA, ed., Cardiac Anesthesia, 5th ed. Philadelphia: WB Saunders (Elsevier),
In Press.
*Effect of enalapril on survival in patients with reduced left ventricular ejection fractions and congestive heart failure. The SOLVD Investigators. N Engl J Med 1991;325:293–302.
†Effects of enalapril on mortality in severe congestive heart failure. Results of the Cooperative North Scandinavian Enalapril Survival Study (CONSENSUS). N Engl J Med 1987;316:1429–35.
‡Effect of enalapril on mortality and the development of heart failure in asymptomatic patients with reduced left ventricular ejection fractions. The SOLVD Investigators. N Engl J Med
1992;327:685–91.
NYHA � New York Heart Association; EF � ejection fraction; MI � myocardial infarction; DM � diabetes mellitus; PVD � peripheral vascular disease; CV � cardiovascular.
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kidney. Aortocoronary bypass patients pretreated
with captopril starting 2 days before surgery had
better preserved renal plasma flow and glomerular
filtration rate during CPB compared with placebo-
treated patients (39). Moreover, patients undergoing
aortic-abdominal surgery pretreated with a single
dose of enalapril before anesthetic induction had a
smaller reduction in cardiac output and glomerular
filtration rate with aortic clamping and a significantly
greater creatinine clearance on the first postoperative
day compared with the placebo group (40). Whether
the organ-protective benefits of ACE inhibitors justify
their routine prophylactic administration to patients at
risk requires further study.

There is overwhelming evidence of the benefit of
RAS modulation in nonsurgical settings; however, the
evidence supporting continuing these medications un-
til the time of surgery is less complete and less
convincing (41–43). Nevertheless, although we recog-
nize the potential for hypotension on induction of
anesthesia in patients chronically treated with an ACE
inhibitor, on balance, we nevertheless suggest that
anesthesiologists continue the medication. Such brief
episodes of hypotension can usually be treated with
modest doses of sympathomimetics (e.g., ephedrine)
or � adrenergic agonists (e.g., phenylephrine) and
careful expansion of intravascular volume (39). In the
rare event of hypotension refractory to these interven-
tions either during noncardiac surgery or on weaning
from CPB during cardiac surgery (44,45), the pre-
sumed ACE-I-induced decrease in catecholamine re-
sponsiveness can be managed with either small bo-
luses (1–2 U) or an infusion of arginine vasopressin
(4–6 U/h) (46). In the case of severe systemic hypoten-
sion (presumed secondary to reduced renin secretion)
during spinal or epidural anesthesia, � adrenergic stimu-
lation with epinephrine (0.5–1 �g/min) may also be
considered (47). Certainly, the problem may often be
prevented by incremental administration of induction
drugs and/or by selecting drugs less likely to cause
hypotension (e.g., ketamine or etomidate).

Because amiodarone can increase the incidence of
hypotension when combined with ACE inhibitors in
anesthetized patients (48) and because ACE inhibitors
combined with aprotinin may lead to a greater pro-
pensity for renal insufficiency after CPB (49)—we
recognize that this may be a primary aprotinin effect
(50)—hypovolemia and hypotension may pose an
increased risk to these patients. If one chooses to
discontinue ACE inhibitors preoperatively (e.g., for an
asymptomatic HF patient without hypertension),
there is no risk of rebound or other circulatory com-
plications (51). The long-term benefits of ACE inhibi-
tor therapy (e.g., on ventricular remodeling) will likely
not be harmed by brief drug holidays. However, in
cardiac surgery, Pigott et al. (52) found no reduction in
the incidence of hypotension on induction of anesthe-
sia or in the need for vasoconstrictors after CPB when
ACE inhibitors were omitted before surgery.

ARBs
Mechanism of Action
Plasma concentrations of angiotensin-II and aldoste-

rone may increase during chronic ACE inhibitor therapy
because of accumulation of substrate (angiotensin I) or
because of increased production through non-ACE de-
pendent pathways such as chymase. Moreover, non-
ACE-generated angiotensin-II within the myocardium
contributes to left ventricular remodeling and HF
progression through AT1 receptor effects. Selective
AT1-blockers prevent angiotensin-II from directly
causing vasoconstriction, sodium retention, and re-
lease of norepinephrine (Fig. 3). They also delay or
prevent left ventricular hypertrophy and interstitial
fibrosis (53). Angiotensin type-2 receptors (AT-2) and
their actions, including NO release and vasodilation,
remain unaffected by AT-1 receptor blockade (Fig. 3).
The putative counter-regulatory role of AT-2 receptor
signaling in the heart (anti-growth and anti-fibrotic
effects) and other effects that inhibit cell proliferate or
promote apoptosis are of questionable clinical impor-
tance in the overall regulation of the RAS in HF (27).

Clinical Evidence
Outcome benefit from ARBs was first suggested in

the ELITE I trial, which showed, as a secondary
end-point, a significantly reduced risk of sudden
death with losartan (4.8%) compared with captopril
(8.7%) (54), despite there being no between-group
differences in the primary end-points: renal dysfunc-
tion or hypotension. The follow-up ELITE II trial
(Table 2) had greater statistical power than ELITE I,
but failed to confirm that losartan was superior to
captopril in reducing mortality in older patients with
HF (55). Moreover, in subgroup analyses, the ELITE II
trial patients receiving preexisting �-adrenergic block-
ers tended to have less favorable outcomes with
losartan, as opposed to captopril. Two more trials,
Valsartan in Heart Failure (Val-HeFT) and Candesar-
tan in Heart Failure Assessment in Reduction of
Mortality (CHARM), tested the hypothesis that ARBs
plus conventional therapy (including �-adrenergic
blockers, ACE inhibitors, and diuretics) for symptom-
atic HF would provide additional clinical benefit. The
Val-HeFT study supports the use of valsartan in
patients with chronic HF who are intolerant to ACE
inhibitors. However, among those patients who re-
ceived ACE inhibitors and �-adrenergic blockers (93%
of their patient population) there was a trend toward
an increased risk of death or hospitalization when
valsartan was added to standard treatment (14). On
the other hand, the CHARM-Added trial (56) showed
safety with regard to use of candesartan in combina-
tion with ACE inhibitors and �-adrenergic blockers
(15% relative risk reduction in CV-related mortality or
hospitalization). In patients intolerant to ACE (Alter-
native group), the relative risk reduction in mortality
or hospitalization was 23%. Patients with left ventric-
ular EF �40% not receiving ACE inhibition (Preserved
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group) showed no difference in CV mortality and only
a small reduction in HF hospitalizations (57,58). In the
CHARM-overall trial, candesartan use significantly
reduced both CV-related death and hospitalizations
(relative risk reduction for CV death was 16%) (15).

Taken together, these studies show that ARBs are
suitable alternatives to ACE inhibitors for the treat-
ment of patients with symptomatic HF when there are
side effects to ACE inhibitors (e.g., persistent cough-
ing, angioedema, hyperkalemia, or worsening renal
dysfunction) or persistent hypertension despite ACE
inhibitors and �-adrenergic blockers. The available
evidence is not convincing that patients with HF
benefit from the addition of ARBs to standard therapy
with ACE-I and �-adrenergic blockers.

Perioperative Implications
As is true with ACE inhibitors, patients chronically

treated with ARBs appear more prone to hypotension
with induction of anesthesia (51,59,60) and are, we
presume, also more likely to require vasoconstrictors
during and after separation from CPB (44) than pa-
tients receiving other antihypertensive drugs and,
perhaps, even compared with patients receiving ACE
inhibitors (61). Moreover, patients receiving ARBs are
less responsive to conventional vasopressors such as
ephedrine and phenylephrine (59), in part because of
an attenuated adrenergic responsiveness (62). Omis-
sion of the ARB on the day of surgery will not likely

improve CV stability because these drugs have a
prolonged duration of action (63,64); however, after a
drug-free interval of at least 24 h, patients will have
significantly fewer episodes of hypotension than those
who continue to receive their ARB therapy (65). Va-
sopressin and vasopressin analogs will treat intraop-
erative hypotension refractory to conventional drugs
in ARB-treated, anesthetized patients (46,66–68). Hy-
potension during anesthetic induction may be accom-
panied by bradycardia, particularly when vagotonic
drugs are used (e.g., sufentanil). Accordingly, we and
others advocate administering a prophylactic dose of
glycopyrrolate (0.2 mg) to elderly patients taking an
ARB on a chronic basis (69).

Aldosterone Receptor Antagonists
Mechanisms of Action
Aside from the “traditional” effects of mineralocor-

ticoid receptor blockade (natriuresis, diuresis, and
potassium retention) (70), beneficial nonrenal effects
of aldosterone antagonism include decreased myocar-
dial collagen formation (71), increased myocardial
norepinephrine uptake, and decreased circulating nor-
epinephrine levels (71), normalization of baroreceptor
function, increased heart rate variability (72), reduced
endothelial dysfunction, and increased basal vascular
NO bioactivity (Fig. 3) (73).

Table 2. Angiotensin Receptor Blocker Trial in Heart Failure (HF)

Trial Drug Population Outcome
ELITE II (55) Losartan 50 mg every day

Age �60 yr
• Losartan was not better than
captopril

NYHA II–IV • No difference in mortality
EF �40% • Losartan was better tolerated

• Losartan � beta blocker had worse
outcome

Val-HeFT (14) Valsartan 160 mg twice daily, or
placebo plus open label ACE-I
(93%) NYHA II–IV • No difference in all-cause mortality

EF �40%
• 13% significant difference in
combined morbidity/mortality
• HF hospital decrease 27%
• Most benefit observed in ACE-I
intolerant patients (7% of study
group) with 45% reduction in
combined primary end-points

CHARM Candesartan 32 mg every day vs.
placebo with or without open label
ACE-I NYHA II–IV

Added (56) EF �40% • 15% relative risk reduction in all-
cause mortality

Preserved (58) EF �40% • Mild reduction in HF-related
hospitalizations

Alternative (57) EF �40% • 23% relative risk reduction in HF-
related mortality or hospitalizations

Overall (15) ACE-I
intolerant

• Significant difference in all-cause
mortality

Reprinted from Royster RL, Butterworth J, Groban L, Slaughter TF, Zvara DA. Cardiovascular pharmacology. In: Kaplan JA, ed., Cardiac Anesthesia, 5th ed. Philadelphia: WB Saunders (Elsevier),
In Press.
ACE � angiotensin-converting enzyme; NYHA � New York Heart Association; EF � ejection fraction.
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Aldosterone receptor antagonists cause conservation
of potassium, and hyperkalemia is a long-recognized
complication (74–76).

Clinical Evidence
Two large clinical trials have demonstrated im-

proved outcomes with aldosterone receptor antago-
nists in chronic HF. The Randomized Aldactone
Evaluation Study (RALES) (20), including more than
1600 symptomatic HF (e.g., Stage C, NYHA 3–4)
patients, showed reduced mortality with spironolac-
tone (26 mg/day) in combination with standard
therapy (ACE inhibitor, loop diuretic, and in some
cases digoxin and/or �-adrenergic blocker). Regard-
less of age, gender, or HF etiology, the treatment
group experienced a 30% reduction in all-cause mor-
tality and in CV mortality compared with standard
therapy. Because �-adrenergic blockers were used
inconsistently in the RALES study (10%–20%), the
relative place of aldosterone antagonists in contempo-
rary management of HF remained unclear. Moreover,
in reports subsequent to the RALES study there was a
marked increase in hospital admissions and deaths
related to hyperkalemia associated with spironolac-
tone (74). Some of the concerns were addressed in the
Eplerenone Post-acute Myocardial Infarction Heart
Failure Efficacy and Survival Study (EPHESUS).
Eplerenone is a new aldosterone antagonist that lacks
some of spironolactone’s common side effects (most
notably gynecomastia) (77). The study was conducted
in more than 6600 patients with symptomatic HF 3 to
14 days post-myocardial infarction, and showed
that eplerenone (25 to 50 mg/daily), in combination
with ACE inhibitor, loop diuretic, and �-adrenergic
blocker, significantly reduced all cause mortality,
death from CV causes, and hospitalization for CV
events (21). Large-scale randomized controlled trials
in class A and B HF patients are lacking. Pilot data
show that aldosterone inhibition improves endothelial
function (73), exercise tolerance, and EF (78) and
attenuates collagen formation. Laboratory studies
have shown that even in the presence of ACE inhibi-
tors and AT-1 receptor blockade, activation of aldoste-
rone synthetase (“aldosterone escape”) in the heart
and vasculature leads to myocardial hypertrophy,
myocardial and vascular collagen production, endo-
thelial dysfunction, and increased sodium retention
(79,80). Laboratory and clinical data suggest that aldo-
sterone antagonists may provide organ protection
(71,81). Thus, we suspect that the indications for
aldosterone receptor blockers may be widened to
include patients with asymptomatic systolic left ven-
tricular dysfunction.

Perioperative Implications
Although we doubt that doses of aldosterone recep-

tor antagonists used for HF treatment contribute to
anesthetic-induced hypotension, there is no doubt that

these drugs may cause life-threatening hyperkalemia.
The risk of hyperkalemia is increased when aldoste-
rone antagonists are administered in combination
with other RAS blockers, preexisting renal insuffi-
ciency, diabetes, or anemia (74–76). Thus, intraopera-
tive measurement of serum potassium would seem
prudent when these conditions are present, particu-
larly in the event of red cell transfusion.

Beta-Adrenergic Receptor Antagonists
Mechanism of Action
In chronic HF, the beneficial effects of �-adrenergic

receptor blockade include improved systolic function
and myocardial energetics and reversal of pathologic
remodeling. A shift in substrate utilization from free
fatty acids to glucose (a more efficient fuel during
myocardial ischemia) may partly explain the im-
proved energetics and mechanics (82). �-blockade
also tends to offset the effects of neurohumoral
activation, a central feature of both chronic HF and of
major surgery with general anesthesia (83,84). Chronic
neurohumoral activation leads to adverse cardiac re-
modeling. Heart rate, a major determinant of myocar-
dial oxygen consumption, is reduced by �1-receptor
blockade.

Systolic dysfunction of individual myocytes is as-
sociated with up-regulation of gene expression for
natriuretic peptides and fetal-like �-myosin heavy chain
and increased expression of the cardiac sarcoplasmic-
endoplasmic reticulum calcium uptake pump (SERCA2)
and �-myosin heavy chain (the more efficient, faster,
adult isoform) (85). �-blockade reverses these changes in
gene expression and concurrently improves left ventric-
ular function (86).

�-adrenergic blockade may also limit the disturbed
excitation-contraction coupling and predisposition to
ventricular arrhythmias associated with HF. In animal
models of HF, the increases in L-type calcium currents
and in cytosolic calcium concentrations that occur in
response to �-adrenergic surges often result in ven-
tricular arrhythmias and sudden death (87). These
effects are likely the result of excess activation of
intracellular �-adrenergic mediated pathways via
cAMP and protein kinase A (PKA), ultimately leading
to an “excessive phosphorylation” state.

As noted earlier, the SNS is chronically activated in
the failing heart with reduced cardiac output. In this
setting, excitation-contraction coupling becomes
maladaptive because of “leaky” Ca2� from the sarco-
plasmic reticulum (SR) (Fig. 4). Protein kinase A (PKA)-
hyperphosphorylated RYR2 channels cause a diastolic
SR Ca2� leak that, together with reduced SERCA2-
mediated SR Ca2� uptake (resulting from PKA-
hyperphosphorylated phospholamban that inhibits
SERCA2a), depletes SR Ca2� and leads to contractile
dysfunction of cardiac muscle (88). This depletion of SR
Ca2� stores may explain, in part, the reduced contractil-
ity and the predisposition to ventricular arrhythmias of
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cardiac muscle in HF (89). Interestingly, studies in ani-
mal models of HF show that chronic �-blockade may
reverse the PKA hyperphosphorylated state and restore
normal structure and function of the RYR2 Ca2� release
channel (90). In studies after human cardiac transplan-
tation, �-adrenergic blockade restored RYR2 function,
phosphorylation, and levels of the binding proteins
toward baseline, improving ventricular compliance and
responses to �-adrenergic agonists (91). Besides normal-
izing the calcium leak, the benefit of �-adrenergic block-
ade in HF patients may also include a decrease in
calcium-dependent apoptosis and a metabolic effect pro-
moting improved work efficiency (92). In a dog model of
HF, �-adrenergic blockade also reduced myocyte apo-
ptosis (93). Thus, chronic �-adrenergic blockade reduces

the harmful effects of excessive SNS stimulation of the
heart and reverses left ventricular remodeling.

Clinical Evidence
For many years, �-adrenergic blockers were rarely

given to patients with HF because of the perceived
risk of decompensation from their negative inotropic
effects. However, data from both human and animal
studies have shown that �-adrenergic blockers im-
prove energetics and ventricular function and reverse
pathologic remodeling. Although these beneficial ef-
fects may take 3 mo or more to manifest, they have
translated into improved outcomes (reduced deaths
and hospitalizations) in patients with HF. This ap-
pears NOT to be a drug class effect, as not all
�-adrenergic blockers improve outcomes in HF. The

Figure 4. Effects of inotropic therapy on intracellular calcium handling in cardiac myocytes. Many sarcolemmal receptors
affect calcium handling in cardiac myocytes. Agonists through G proteins increase adenyl cyclase (AC) activity, which results
in cAMP production. This results in activation of protein kinase A (PKA), which leads to phosphorylation of L-type calcium
channels, phospholamban, and troponin I, ultimately leading to a greater release of calcium from the sarcoplasmic reticulum
(SR) and faster relaxation. Digoxin inhibits Na�/K� ATPase pump, which increases intracellular Na�. This results in increase
in intracellular Ca2� via Na�/Ca2� exchanger, which leads to enhanced Ca2� loading of SR and increase in Ca2� release.
Phosphodiesterase inhibitors (PDEI) block breakdown of cAMP, which increases its intracellular level and activates PKA.
Calcium sensitizers, e.g., levosimendan, increase sensitivity of myofilaments to Ca2�, enhancing myofilament activation for
any concentration of Ca2�. PDE � phosphodiesterase; PKC � protein kinase C. Reprinted with permission from Stevenson
LW. Clinical use of inotropic therapy for heart failure: looking backward or forward? Part I: Inotropic infusions during
hospitalization. Circulation 2003;108:367–72. (Fig. 1, page 369).
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available randomized trials show that metoprolol
CR/XL, bisoprolol, and carvedilol (in conjunction
with ACE inhibitors) reduce morbidity (hospitaliza-
tions) in symptomatic, Stage C and D (not in cardio-
genic shock) HF patients (NYHA II–IV class) (Table 3)
(18,19,94,95). Although �-adrenergic blocker therapy
is recommended for asymptomatic HF patients (Stage
A and B), there is no evidence from randomized trials
to support this apparently widespread practice (96). In
clinical trials, �-adrenergic blockers are initiated in
small doses and increased progressively as tolerated
by the patient. The goal in clinical management is to
administer the doses shown to be effective for pro-
longing life in clinical trials, not to decrease heart rate
by an arbitrary increment or to an arbitrary target
value.

�-adrenergic blockers are classified as being first-,
second-, or third-generation based on specific pharma-
cologic properties. First-generation drugs, such as
propranolol and timolol, block both �1 and �2 adre-
noreceptors, are considered nonselective, have no
ancillary properties, and are not recommended for HF
patients. Second-generation drugs, such as metopro-
lol, bisoprolol, and atenolol, are relatively specific for
the �1 adrenoreceptor subtype but lack additional
mechanisms of CV activity. Third-generation drugs,
such as bucindolol, carvedilol, and labetalol, block
both �1 and �2 adrenoreceptors and have vasodilatory
and other ancillary properties. Specifically, labetalol
and carvedilol produce vasodilation by �1 adrenore-
ceptor antagonism, whereas bucindolol produces mild
vasodilation through a cyclic guanosine monophos-
phate (cGMP)-mediated mechanism. Carvedilol in-
creases insulin sensitivity (97) and has antioxidant
effects (98) and an affinity for �3 adrenoreceptors
(99,100). �3 adrenoreceptors are up-regulated in HF, and
their activation is thought to decrease contractility
through a NO and cGMP-mediated pathway (101–104).
Although it is not clear whether these ancillary prop-
erties of the third-generation �-adrenergic blocker,
carvedilol, translate into better outcomes as compared
with second generation drugs, findings from the
Carvedilol or Metoprolol European Trial (COMET)

suggest that carvedilol may be more effective than
other �-adrenergic blockers. COMET compared carve-
dilol (25 mg twice daily) to metoprolol tartrate (50 mg
twice daily) in symptomatic patients with EF �35%
and demonstrated that carvedilol reduced the risk of
death relative to metoprolol (all-cause mortality risk
reduction: 17%; P � 0.0017 and CV death risk reduc-
tion: 20%; P � 0.00004) (105). The superiority of
carvedilol over metoprolol could reflect the impor-
tance of carvedilol’s ancillary effects, pharmacody-
namic (e.g., half-life) differences or other, as yet
unknown, differences (106). The COMET study did
NOT use the long-acting metoprolol CR-XL but
instead used “conventional” metoprolol. The BEST
trial showed that not all �-adrenergic blockers im-
prove outcome in HF. Bucindolol showed no benefit
compared to placebo (95). Whether the selective �1-
specific drugs bisoprolol and metoprolol CR/XL exert
similar clinical benefits to carvedilol remains unclear.
Nonetheless, based on the results of the COMET
study, carvedilol is preferred to conventional meto-
prolol, but not metoprolol CR/XL, for HF treatment.

Most guidelines now include long-term �-adrenergic
blockade for Stage B–D HF patients, except for patients
with continuing decompensation (e.g., requiring IV ino-
tropes or vasodilators), to limit disease progression and
reduce mortality (Fig. 1, Table 4). Despite concerns about
inhibition of hypoglycemic symptoms, �-adrenergic
blockers are advocated for diabetics with HF. There is
strong evidence that the benefits from triple therapy
including �-adrenergic blockers, ACE-I, and aldosterone
antagonists are additive (Fig. 5) (107).

Perioperative Implications
Although there is a lack of large clinical trials of

RAAS modulation in the perioperative period, such is
not the case for �-adrenergic blockers. Randomized
clinical trials show that these drugs should be given to
prevent ischemic events and arrhythmias in high-risk
cardiac patients with ischemia, arrhythmias, or hyper-
tension or a history of these conditions and to patients
with ischemia in perioperative testing submitted for
noncardiac surgery (particularly vascular surgery)

Table 3. Large-Scale Placebo-Controlled Mortality Trials of Beta Blockade in Heart Failure (HF)

Patients
(n)

Target
Dose (mg)

Effect on all cause

Trial Drug HF Severity Mortality Hospitalization
US Carvedilol (94) Carvedilol NYHA II–III 1094 6.25–50 bid 265% 227%
CIBIS-II (18) Bisoprolol EF �35; NYHA III–IV 2647 10 qd 234% 220%
MERIT-HF* Metoprolol CR/XL EF �40; NYHA II–IV 3991 200 qd 234% 218%
BEST (95) Bucindolol EF �35; NYHA III–IV 2708 50–100 bid NS 2 8%
COPERNICUS† Carvedilol EF �25; NYHA IV 2289 25 bid 235% 220%
Reprinted from Royster RL, Butterworth J, Groban L, Slaughter TF, Zvara DA. Cardiovascular pharmacology. In: Kaplan JA, ed., Cardiac Anesthesia, 5th ed. Philadelphia: WB Saunders (Elsevier),
2006:213–80.
*Effects of controlled-release metoprolol on total mortality, hospitalization, and well-being in patients with heart failure: the Metoprolol CR/XL Randomized Intervention Trial in congestive heart
failure (MERIT-HF). MERIT-HF Study Group. JAMA 2000;283:1295–302.
†Effect of carvedilol on the morbidity of patients with severe chronic heart failure; results of the carvedilol prospective randomized cumulative survival (COPERNICUS) study. Circulation
2002;106:2194–9.
NYHA � New York Heart Association; EF � ejection fraction.
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(108). Also, �-adrenergic blockers are indicated for
the treatment of perioperative hypertension, isch-
emia, and arrhythmias identified preoperatively
and previously untreated (108). Perioperative
�-adrenergic blocker therapy in high-risk patients is
underused (109). Nevertheless, whether �-adrenergic
blockers should be newly initiated before surgery
solely for management of HF remains highly specula-
tive. Withdrawal of �-adrenergic blocker therapy from
patients who have received it chronically may be
particularly dangerous (108). Recent data also suggest
that while initiating �-adrenergic blocker therapy may
be highly advantageous for some surgical patient
populations, it may be considerably less advantageous
(perhaps even deleterious) for other patient popula-
tions (110).

Adjunctive Drugs
In addition to ACE inhibitors and �-adrenergic

blockers, diuretics and digoxin are often prescribed
for patients with left ventricular systolic dysfunction
and symptomatic HF. Diuretics provide rapid symp-
tomatic relief of HF in the acute setting, and they
maximize the benefits from ACE-I and �-adrenergic
blockers, which are dependent on minimization of

excessive intravascular volume (16). Moreover, older
hypertensive patients who use diuretics in combina-
tion with �-adrenergic blockers have lower mean
pulse pressures as compared with those patients re-
ceiving �-adrenergic blockers alone (111). Widened
pulse pressure is an independent predictor of adverse
CV outcomes in older persons (112). Diuretics con-
tinue to have a role in the outpatient management of
HF in conjunction with ACE-I, �-adrenergic blockers,
and (in some cases) aldosterone antagonists even
though no randomized controlled trials have demon-
strated a survival benefit from diuretics in HF. Impor-
tantly, hospitalization or death from worsening HF
were significantly more frequent in HF patients re-
ceiving non-potassium-sparing diuretics than those
not receiving diuretics (relative risk � 1.31, 95%
confidence interval, 1.09–1.57) in a large post hoc
review of data from SOLVD (Studies of Left Ventric-
ular Dysfunction) patients (113).

Digoxin continues to be useful for patients with
HF and left ventricular systolic dysfunction who
remain symptomatic despite receiving ACE inhibi-
tor, �-adrenergic blocker, and diuretic. Digoxin is the
only positive inotropic drug that does not increase

Table 4. Diastolic Heart Failure Management

Goal Management Strategy Drugs/Recommended Doses
Reduce the congestive state Salt restriction �2 g of sodium/day

Diuretics (avoid reductions in CO) Furosemide, 10–120 mg
Hydrochlorothiazide, 12.5–25 mg

ACE inhibitors Enalapril, 2.5–40 mg
Lisinopril, 10–40 mg

Angiotensin II-receptor blockers Candesartan, 4–32 mg
Losartan, 25–100 mg

Target underlying cause
Control hypertension Antihypertensive drugs (�130/80) Beta blockers, ACE inhibitors,

AII receptor blockers
according to published
guidelines

Restore sinus rhythm Cardioversion of atrial fibrillation
AV-sequential pacing

Prevent tachycardia Beta-adrenergic blockers, calcium
channel blockers

Prevent/treat ischemia Morphine, nitrates, oxygen, aspirin
angioplasty or revascularization?

Atenolol, 12.5–100 mg;

Metoprolol 25–100 mg;
Diltiazem, 120–540 mg

Treat aortic stenosis Aortic valve replacement
Target underlying

mechanisms
(theoretical)

Promote regression of
hypertropy and prevent
myocardial fibrosis

Renin-angiotensin axis blockade Enalapril, 2.5–40 mg

Lisinopril, 10–40 mg
Captopril, 25–150 mg
Candesartan, 4–32 mg
Losartan, 50–100 mg
Spironolactone, 25–75 mg
Eplerenone, 25–50 mg

Reprinted from Royster RL, Butterworth J, Groban L, Slaughter TF, Zvara DA. Cardiovascular pharmacology. In: Kaplan JA, ed., Cardiac Anesthesia, 5th ed. Philadelphia: WB Saunders (Elsevier),
In Press.
CO � cardiac output; ACE � angiotensin-converting enzyme; AV � atrial-ventricular.
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mortality in chronic HF (Fig. 4). The Digitalis Investi-
gators Group (DIG) trial (114), enrolling more than
6500 patients with an average follow-up of 37 mo,
showed that digoxin reduced the incidence of HF
exacerbations but had no effect on survival. Patients
with mildly symptomatic chronic HF, who were
randomized to digoxin withdrawal (PROVED and
RADIANCE trials), had an increased likelihood of an
acute exacerbation compared with those who contin-
ued to receive digoxin (115,116). On the other hand,
doubling the dose of digoxin from 0.125 to 0.25 mg daily
provided no significant benefit in terms of exercise
tolerance or ventricular function, suggesting that doses
of digoxin should be kept small (117).

Perioperative Implications
Chronic treatment with diuretics can lead to hypo-

volemia and an imbalance of electrolytes, particularly
hypokalemia. These side effects are most common in
the elderly (118). Chronic diuretic therapy can lead to
hypotension and arrhythmias (119) during anesthesia.
However, chronic use of diuretics for the management
of HF has not been associated with perioperative CV
death (within 30 days of surgery) in emergency and
urgent surgical patients (120). In contrast, complica-
tions of digoxin therapy can be life-threatening and
often difficult to diagnose and treat, given digoxin’s
narrow therapeutic index. Aggravating conditions
that predispose to digoxin toxicity include hypomag-
nesemia, hypercalcemia, and hypokalemia, all of
which may occur during the perioperative period.
Treatment of digoxin toxicity, which often manifests
as nausea, arrhythmias, and visual symptoms consists
of correcting any underlying electrolyte imbalances,
administering antiarrhythmic drugs (most commonly
phenytoin), and in refractory cases, commercially pre-
pared antibodies to digoxin (e.g., digoxin-specific

Fab (Digibind; Glaxo-SmithKline, Research Triangle
Park, NC), a mixture of antidigoxin Fab fragments
prepared from sheep sera). Despite continuing con-
cerns about digoxin toxicity, perioperative discon-
tinuation of digoxin therapy remains controversial.
After adjustment for the confounding effect of HF,
Sear et al. (120) report that digoxin therapy was
associated with an increased cardiac risk in urgent and
emergent surgical patients. Given that rate and
rhythm control and positive inotropy can be achieved
with other drugs with shorter half-lives and less
toxicity, we tend to discontinue digoxin in elderly
surgical patients where age-related alterations in drug
distribution and excretion may make toxicity increas-
ingly likely (121).

PHARMACOLOGIC TREATMENT OF DIASTOLIC HF
Abnormal diastolic ventricular function is present

in nearly all patients with symptomatic HF (122). As
many as one in three patients presenting with clinical
signs of chronic HF have a normal or near-normal EF
(�40%). Although the prognosis of patients with
isolated diastolic HF is better than for those with
systolic HF (5%–8% versus 10%–15% annual mortal-
ity), the complication rate is the same (123). The 1-yr
readmission rate for patients with isolated diastolic
HF approaches 50% (124).

Large randomized trials have led to the treatment
guidelines for systolic HF; however, there are few com-
pleted randomized, double-blind, placebo-controlled,
multicenter trials performed in patients with diastolic
HF. The CHARM-Preserved Trial (58) data of 3023
patients indicate that treatment with the ARB cande-
sartan reduces hospitalization rates but does not alter
mortality in patients with diastolic HF. Findings from
the I-PRESERVE (Irbesartan in HF with preserved

Figure 5. Lives saved over 2 yr. Effect of triple therapy with an angiotensin-converting enzyme (ACE) inhibitor, �-adrenergic
blocker, and aldosterone antagonist. Based on SOLVD, MERIT, and EPHESUS (for NYHA II) and CONSENSUS�
COPERNICUS, and RALES (for NYHA III/IV). Reprinted with permission from Cleland JG, Coletta AP, Nikitin N, Louis A,
Clark A. Update of clinical trials from the American College of Cardiology 2003. EPHESUS, SPORTIF-III, ASCOT,
COMPANION, UK-PACE and T-wave alternans. Eur J Heart Fail 2003;5:391–8.
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systolic function) (125) trial of more than 4000 subjects
will likely provide conclusive data regarding the
primary end-point of death and the role of ARB
blockade in the management of diastolic HF. Data
from the Seniors trial (126) of nebivolol in 2128 HF
patients, of whom 752 had diastolic HF (EF defined as
�35%), suggest that �-adrenergic blockade is equally
beneficial in patients with diastolic as with systolic
HF. Preliminary findings from continuing studies
suggest that aldosterone antagonists may also im-
prove exercise tolerance and quality of life in patients
with diastolic HF (127,128). However, until validation
from adequately powered, randomized controlled tri-
als becomes available, the contemporary treatment of
chronic diastolic HF remains empiric (Table 4).

MANAGEMENT OF ACUTE EXACERBATIONS
OF CHRONIC HF

Patients with chronic HF may experience episodes
of acutely decompensated HF, heralded by the classic
symptoms of dyspnea or fatigue. These patients will
require all the standard medications as outlined in
previous sections (except for perhaps holding ACE-I
when systolic BP �80 mm Hg), and may also require
infusions of vasodilators or positive inotropic drugs
(129) (Table 5).

IV vasodilators have long been used to treat the
symptoms of low cardiac output in patients with
decompensated chronic HF. In general, vasodilators
reduce ventricular filling pressures and systemic vas-
cular resistance while increasing stroke volume and
cardiac output. Nitroglycerin is commonly used for

this purpose and has been studied in numerous clini-
cal trials (129). In addition, recombinant brain natri-
uretic peptide (BNP) has received regulatory approval
as a drug (nesiritide), indicated for patients with acute
HF and dyspnea. Nesiritide binds to A- and B-type
natriuretic peptide receptors on endothelial and vas-
cular smooth muscle cells. It produces venous and
arterial dilation, with subsequent reductions in pre-
load and afterload, through increasing cGMP. Nesirit-
ide does not increase heart rate, and has no effect on
cardiac inotropy. Nesiritide exerts diuretic and natri-
uretic effects and causes coronary vasodilation. It has
a rapid onset of action with a distribution half-life of 2
min and a terminal elimination half-life of 18 min.
Onset of the drug’s effects is later than would be
predicted based on its pharmacokinetic parameters.
For example, with an initial loading dose and mainte-
nance infusion, only 60% of the reduction in pulmo-
nary wedge pressure that will be measured at 3 h is
achieved 15 min after the bolus dose (130). Clinical
effects have also been observed to persist longer than
would be anticipated (based on drug levels) after the
drug is discontinued.

Nesiritide is metabolized by three mechanisms:
endocytotic internalization by its surface receptor,
hydrolysis by neutral endopeptidase, and renal excre-
tion (minor role) (131). When initiated in the periop-
erative setting (e.g., post-CPB), a starting infusion
dose of 0.005 �g � kg�1 � min�1, without a bolus, is
recommended to avoid hypotension in patients with
increased filling pressures and low systemic vascular
resistance (�800 dyne � s � cm�5) who might also be
receiving ACE-I and �-adrenergic blockers. Studies

Table 5. Management of Decompensated Heart Failure

Class Drugs Infusions Side Effects
Diuretics Furosemide 5–20 mg/h Hyponatremia, hypokalemia,

hypomagnesemia; predisposes
patients to toxicity of cardiac
glycosides

Bumetanide 2–5 mg slow infusion
Vasodilators Nitroglycerin 10–200 �g/min Hypotension, nausea, headaches,

tachycardia, tolerance

Nitroprusside 0.1–5 �g � kg�1 � min�1
Hypotension, nausea, headaches,

thiocyanate poisoning
Inotropes Dobutamine 2.5–15 �g � kg�1 � min�1

load, 50 �g/kg
(eliminate load if
systolic blood pressure
�100 mm Hg) 0.375–
0.75 �g � kg�1 � min�1

Tolerance (beta receptor down-
regulation) hypotension,
supraventricular and ventricular
tachyarrhythmias

Milrinone
Levosimendan* 12 �g/kg over 10 min

(load); 0.1 �g �
kg�1 � min�1

Dose-related increase in heart rate

Vasodilator/
Diuretic/
Natriuretic

Nesiritide 2 �g/kg load; 0.01
�g � kg�1 � min�1

0.005–0.03 �g �
kg�1 � min�1 (preferred
in perioperative setting)

Hypotension, nausea

*Used for treatment of acute, decompensated heart failure in Europe.
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have shown that nesiritide reduces symptoms of acute
decompensated HF similarly to nitroglycerin, includ-
ing a reduction of pulmonary artery pressure, without
development of acute tolerance (132). In early studies,
patients receiving nesiritide experienced fewer ad-
verse events than those receiving nitroglycerin (133).
Compared with dobutamine, nesiritide was associated
with fewer instances of ventricular tachycardia or
cardiac arrest (134). In the ADHERE registry (135) of
more than 65,000 episodes of acute decompensated
HF, treatment with either nesiritide or a vasodilator
was associated with a 0.59 odds ratio for mortality
compared with either milrinone or dobutamine. Re-
cent data, however, suggest that not only may nesirit-
ide not offer a compelling safety advantage, it may
also be associated with an increased incidence of
adverse side effects, including renal failure and mor-
tality, when administered to patients with acutely
decompensated chronic HF (136,137). These publica-
tions prompted the Food and Drug Administration to
convene an expert panel, which made several recom-
mendations, including that nesiritide be used only for
hospitalized patients with acute decompensated HF
and that the drug not be used to enhance diuresis or to
“protect” the kidneys (138).

Clinical trials showed that chronic treatment with
positive inotropes such as inamrinone and milrinone
led to increased mortality (139–141). Nevertheless,
positive inotropic drugs, principally dobutamine or
milrinone, have long been used to treat decompen-
sated HF (Fig. 4). There is a lack of data supporting
their discretionary administration (142), e.g., on a
monthly schedule to patients awaiting cardiac trans-
plantation to avoid the need for ventricular assist
devices. Levosimendan, a new cAMP-independent
positive inotrope, may prove to have no negative
outcome effects when used to treat acute decompen-
sation of chronic HF (143). Levosimendan acts by
increasing myocyte sensitivity to calcium via stabiliz-
ing the calcium-bound conformation of troponin C
(Fig. 5). Levosimendan also opens KATP channels in
vascular smooth muscle inducing vasodilation and in
cardiac muscle, where these channels may protect
against ischemia (144). When compared with dobut-
amine, levosimendan reduced 1-mo mortality (and
reduced mortality compared with placebo at 14 days
(145). Calcium sensitivity is increased during systole
without causing calcium overload during diastole.
This results in enhanced inotropic performance and
preserved diastolic performance.

When drug treatment proves unsuccessful, HF
patients may require invasive therapy, including
ventricular assist devices, resynchronization with
biventricular pacing, coronary bypass with or with-
out surgical remodeling, or even cardiac orthotopic
transplantation (146). These important modalities are
beyond the scope of this review.

Current Clinical Practice
Diagnosis
For most patients, the diagnosis of HF will have

been made long before they arrive for surgery or
intensive care. Current guidelines provide a helpful
framework by which primary care physicians and
cardiologists can make the appropriate diagnoses and
follow the disease process over time (6). On the other
hand, how does a perioperative physician determine
quickly, conveniently, and inexpensively whether a
dyspneic patient’s symptoms are the result of new or
worsening HF, lung disease, or a combination of the
two? Clearly the issue can be settled using the medical
history and physical examination, electrocardiogram,
echocardiogram, chest radiograph, and consultation
with either a pulmonary medicine specialist or cardi-
ologist. On the other hand, measurements of BNP in
blood are widely used to help triage patients present-
ing with acute dyspnea (147). Taken together with
physical examination and history, if the BNP is �100
pg/mL, then HF is highly unlikely; negative predictive
value, 90%, and if the BNP level is �500 pg/mL, then HF
is highly likely, positive predictive value is 90%. For BNP
levels of 100–500 pg/mL, one must consider whether the
baseline is increased as a result of advanced age, under-
lying stable left ventricular dysfunction, right ventricular
failure secondary to pulmonary hypertension or acute
pulmonary embolism (148,149).

Treatment
Current guidelines begin pharmacotherapy of HF

with primary prevention of left ventricular dysfunc-
tion (6,7) (Fig. 1). Because hypertension and coronary
artery disease are leading primary causes of left
ventricular dysfunction, adequate control of both
hypertension (according to the Joint National
Committee-7 guidelines) (150) and hypercholesterol-
emia has been endorsed after encouraging results in
prevention trials (151). ACE inhibitors, and possibly
�-adrenergic blockers, should be initiated in diabetic,
hypertensive, and hypercholesterolemia patients
(AHA/ACC, Stage A HF) who are at increased risk for
CV events, despite normal contractile function, to
reduce the onset of new HF (HOPE trial) (30). In
patients with asymptomatic left ventricular dysfunc-
tion (EF � 40%) (Stage B), treatment with ACE inhibi-
tors and �-adrenergic blockers can blunt the disease
progression. In the symptomatic HF patient (Stage C),
diuretics are titrated to relieve symptoms of pulmo-
nary congestion and peripheral edema and to re-
store a normal state of intravascular volume (152).
ACE inhibitors and �-adrenergic blockers are rec-
ommended to blunt disease progression. Although
digoxin has no effect on patient survival, it may be
considered in Stage C if the patient remains symptom-
atic despite adequate doses of ACE inhibitors and
diuretics. An alternative for patients (particularly
African-American patients) with systolic dysfunction
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and contraindications, intolerance, or unresponsive-
ness to ACE inhibitors or ARBs is isosorbide dinitrate
three times a day in combination with hydralazine
three times a day (153) or BiDil (fixed dose combina-
tion of isosorbide dinitrate and hydralazine hydro-
chloride (A-HeFT trial) (31). The use of an NO donor
(isosorbide) in HF heralds the new suggestion that
“NO balance” may be important in the pathophysiol-
ogy of HF (154).

In general, the primary treatment objectives for
Stages A–C HF are: 1) improved quality of life, 2)
reduced morbidity, and 3) reduced mortality. At this
time, the most important way to improve long-term
outcome is through inhibiting disease progression by
counteracting neurohormonal effects. Pharmacologic
therapy in patients with severe, decompensated HF
(Stage D) is based on hemodynamic status. Symptom-
atic treatment with diuretics, vasodilators, and, in pallia-
tive circumstances, IV inotropic infusions is added to
“standard” treatment. Finally, some of these patients
may require device therapies or surgical procedures,
such as cardiac transplants.

What is an anesthesiologist to do when faced with
a patient with Stage D or decompensated Stage C HF
who requires emergency surgery? If tracheal intuba-
tion and positive pressure ventilation are needed to
manage pulmonary edema, then there is little reason
to select a regional anesthesia technique. When fea-
sible (this will be rare because these patients often
cannot lie flat on the operating table), regional nerve
block techniques, rather than general anesthesia or
neuroaxial block techniques, may avoid intraoperative
crystalloid infusions. There is no evidence basis by
which to select either an induction or a maintenance
anesthetic drug in these patients. We have successfully
used most IV induction drugs in these patients (in-
cluding thiopental, propofol, ketamine, etomidate, mi-
dazolam, and diazepam) and have seen no obvious
reason to recommend any one of them over the others.
Similarly, while many authors advocate maintaining
anesthesia in these very sick patients using benzodi-
azepines and opioids, our usual practice is to maintain
anesthesia with inhaled anesthetics. We find intraop-
erative fluid and medical management considerably
more challenging than anesthetic choice in these pa-
tients. Accordingly, when HF patients must undergo
major surgery, we suggest invasive arterial BP moni-
toring and transesophageal echocardiography (TEE)
to help guide intraoperative decision-making. TEE is
especially useful in diagnosing whether hypotensive
episodes are the result of inadequate circulating blood
volume, worsening ventricular function, or arterial
vasodilation (155–157). Pulmonary artery catheters
have long been used in these patients for this purpose;
if TEE is not available, pulmonary artery catheters
may be a useful, if controversial, alternative (158).

Large volumes of blood, colloid, or crystalloid
should be used to treat hypotension in HF patients
only when there is a reasonable suspicion that true

hypovolemia is present. This advice may be even
more important for patients receiving spinal or epi-
dural anesthesia (in the latter case there seems to be an
even greater tendency to use IV fluid/colloid/blood
rather than vasoactive drugs to treat hypotension).
Patients receiving loop diuretics on an outpatient basis
may prove refractory to the usual IV doses of furo-
semide and continuous infusions of furosemide (20
mg/h) or nesiritide (0.005–0.01 �g � kg�1 � min�1)
may be needed. Finally, transfusion for perioperative
anemia in a hemodynamically stable patient with a
history of HF (e.g., stage C) must be approached with
greater caution than usual. It is easy to produce
intravascular volume overload in these patients (159).

When we consider our aging patient population in
which prolonged survival with hypertension and/or
coronary artery disease is expected and the better HF
treatment strategies now available to them, we con-
clude that anesthesiologists will encounter an increas-
ing number of patients with either a predisposition to
HF (stages A and B) or a history of HF (stages C and
D). Thus, knowledge of the evolving pharmacologic
strategies for the management of chronic HF is essen-
tial both for patient care and for our continued cred-
ibility as perioperative physicians.

APPENDIX
Abbreviations for Trials and Registries: ADHERE:

Acute Decompensated Heart Failure National Regis-
try, A-HeFT: African-American Heart Failure Trial,
ATLAS: Assessment of treatment with lisinopril and
survival, BEST: �-Blocker evaluation of survival
study, CHARM: Candesartan in heart failure assess-
ment in reduction of mortality, CIBIS: Cardiac insuf-
ficiency bisoprolol study, COMET: Carvedilol or
metoprolol European trial, CONSENSUS: Cooperative
North Scandinavian Enalapril Survival Study,
COPERNICUS: Carvedilol prospective randomized
cumulative survival, DIG: Digitalis Investigation
Group, ELITE: Evaluation of losartan in the elderly,
EPHESUS: Eplerenone post-MI heart failure efficacy
and survival study, GISSI: Gruppo Italiano per lo
Studio della Sopravvivenza nell’Infarto Miocardico
Investigators, HOPE: Heart outcomes prevention
evaluation, I-PRESERVE: Irbesartan in heart failure
with preserved systolic function, ISIS: International
study of infarct survival, MERIT-HF: Metoprolol
CR/XL randomized intervention trial in congestive
heart failure, PROVED: Prospective randomized
study of ventricular function and efficacy of digoxin,
RALES: Randomized aldactone evaluation study,
RADIANCE: Randomized assessment of digoxin or
inhibitors of the angiotensin-converting enzyme,
SAVE: Survival and ventricular enlargement, SOLVD:
Study of left ventricular dysfunction, US CARVE-
DILOL: United States carvedilol, V-Heft: Veteran’s
Administration Heart Failure Trial, Val-HeFT: Valsar-
tan in heart failure trial.
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Peripartum cardiomyopathy
Karen Sliwa, James Fett, Uri Elkayam

Peripartum cardiomyopathy (PPCM) is a disorder in which initial left ventricular systolic dysfunction and symptoms of 
heart failure occur between the late stages of pregnancy and the early postpartum period. It is common in some 
countries and rare in others. The causes and pathogenesis are poorly understood. Molecular markers of an infl ammatory 
process are found in most patients. Clinical presentation includes usual signs and symptoms of heart failure, and 
unusual presentations relating to thromboembolism. Clinicians should consider PPCM in any peripartum patient 
with unexplained disease. Conventional heart failure treatment includes use of diuretics, β blockers, and angiotensin-
converting enzyme inhibitors. Eff ective treatment reduces mortality rates and increases the number of women who 
fully recover left ventricular systolic function. Outcomes for subsequent pregnancy after PPCM are better in women 
who have fi rst fully recovered heart function. Areas for future research include immune system dysfunction, the role 
of viruses, non-conventional treatments such as immunosuppression, immunoadsorption, apheresis, antiviral 
treatment, suppression of proinfl ammatory cytokines, and strategies for control and prevention.

Peripartum cardiomyopathy (PPCM) is a disorder of 
unknown cause in which initial left ventricular systolic 
dysfunction and symptoms of heart failure occur between 
the last month of pregnancy and the fi rst 5 months 
postpartum.1,2 Elkayam and colleagues3 described an 
identical clinical condition that appeared earlier in 
pregnancy; these women (n=23) were diagnosed with 
“pregnancy-associated” cardiomyopathy at 17–36 weeks 
of gestation, and did not diff er clinically from women 
with the usual presentation of PPCM (n=100). Some 
reports of PPCM4–6 also include women who presented 
with fi rst heart failure in the sixth month postpartum. All 
these conditions might be part of the same clinical entity, 
with an expanded time interval for onset of heart failure.

An essential element in diagnosis of PPCM is the 
demonstration of left ventricular systolic dysfunction. 
Because echocardiography was not available at the time 
of Demakis’ original description of the condition,1 specifi c 
echocardiographic measures of left ventricular systolic 
dysfunction have been proposed as additional criteria.7 
These measures include an ejection fraction of less than 
45%, fractional shortening of less than 30%, or both, and 
end-diastolic dimension of greater than 2·7 cm/m² body 
surface-area. The need for echo cardiographic confi rmation 
of left ventricular systolic dysfunction often presents a 
diffi  culty in developing countries where the necessary 
technology is not available. However, even in settings of 
poverty, echocardiographic strategies have been shown to 
be possible and practical.8,9 

PPCM remains a diagnosis of exclusion. No additional 
specifi c criteria have been identifi ed to allow distinction 
between a peripartum patient with new onset heart 
failure and left ventricular systolic dysfunction as PPCM 
and another form of dilated cardiomyopathy. Therefore, 
all other causes of dilated cardiomyopathy with heart 
failure must be systematically excluded before accepting 
the designation of PPCM. Recent observations from 
Haiti10 suggest that a latent form of PPCM without clinical 
symptoms might exist. The investigators identifi ed four 
clinically normal postpartum women with asymptomatic 
systolic dysfunction on echocardiography, who sub-

sequently either developed clinically detectable dilated 
cardiomyopathy, or improved and completely recovered 
heart function.

Epidemiology 
Although it seems likely that women of reproductive age 
all over the world have some risk of developing PPCM, 
good data about incidence are unavailable because so few 
population-based registries exist. Recent reports suggest 
an estimated incidence of one case per 299 livebirths in 
Haiti,11 one case per 1000 livebirths in South Africa,12 
and one case per 2289 livebirths13 to one case per 
4000 livebirths in the USA.2 These more recent data from 
the USA suggest a higher incidence than reported in 
earlier studies.14,15 The reasons for this variation in 
incidence between countries remain unknown. 

Cases of PPCM that adhere to the stated diagnostic 
criteria probably represent a similar disease, despite 
geographical variation in contributing factors. The 
remarkable propensity for recovery of left ventricular 
function observed in the diverse locations provides 
further evidence for a similar disease process. It should 
not be surprising that varying genetic pools and diverse 
environmental factors play parts of varying importance 
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Search strategy and selection criteria

We aimed to summarise the results of a MEDLINE search 
(January, 1960, to January, 2006) on the current understanding 
of the epidemiology, aetiology, clinical profi le, and 
management of PPCM. We used the search terms “peripartum 
cardiomyopathy”, “postpartum cardiomyopathy”, “heart 
failure in pregnancy”, and “heart failure postpartum”. We also 
searched the reference lists of articles identifi ed by this strategy 
and selected those we judged relevant. Several review articles 
and book chapters were included because they provided 
comprehensive overviews. We identifi ed areas in which 
knowledge is defi cient and where molecular research eff orts 
should be directed in seeking to understand the basic 
pathogenesis of PPCM.
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in diff erent areas. However, cultural practices in some 
areas such as heavy intake of lake salt and body heating 
in clay beds, might precipitate pregnancy-associated 
heart failure that does not always fi t the diagnostic criteria 
for PPCM.16–20

Although not clearly delineated, suggested risk factors 
associated with PPCM have included age, gravidity or 
parity, African origin, toxaemia or hypertension of 
pregnancy, use of tocolytics, and twin pregnancy. The 
incidence of these presumed risk factors reported in the 
three largest series of patients with PPCM3,8,9,11,21 and in 
Demakis and colleague’s1,22 original report of the condition 
are shown in the table.

Although PPCM is thought to be more prevalent in the 
upper and lower extremes of childbearing age, and in 
older women of high parity,12,23 it is important to note that 
24–37% of cases may occur in young primigravid 
patients.1,3,9,11,12,21,22 The largest prospectively-identifi ed case 
series reports, from Haiti11 and South Africa,21 did not 
show a disproportionate role for older age, multiparity, 
and long-term use of tocolytic agents in the development 

of PPCM. The association with race might be confounded 
by the observed increased frequency of PPCM in women 
of lower socioeconomic status. 

Aetiology 
The cause and mechanism of pathogenesis of PPCM 
remain unknown, and many hypotheses have been 
proposed (fi gure 1).24–29 Early suggestions that nutritional 
disorders, such as defi ciencies in selenium and other 
micronutrients, might contribute could not be 
confi rmed in studies of Haitian patients with PPCM,27 

although unidentifi ed nutritional factors might exist.
Because of immune-system changes related to 

pregnancy, associations with autoimmune mechanisms 
and infl ammation have been studied since the 1970s. 
Melvin and colleagues30 proposed myocarditis as the 
cause for PPCM and reported a dense lymphocyte 
infi ltrate with variable amounts of myocyte oedema, 
necrosis, and fi brosis in right ventricular biopsy 
specimens. Treatment with prednisone and azathioprine 
resulted in clinical improvement and loss of infl ammatory 
infi ltrate on repeated biopsies in the three patients 
studied. Sanderson and colleagues,31 and subsequently 
Midei and colleagues,32 emphasised the association 
between myocarditis and development of PPCM. 
Although their fi ndings were intriguing, they failed to 
establish a causal link. Additionally, Rizeq and colleagues33 
found an infl ammatory component in less than 10% of 
biopsy samples from patients with PPCM, a proportion 
similar to that found in age-and-sex-matched patients 
with idiopathic dilated cardiomyopathy. A decade later, 
Felker and colleagues34 confi rmed that the absence or 
presence of infl ammation on endomyocardial biopsy 
tissue did not predict outcome in patients with PPCM. 

A viral trigger for the development of PPCM has been 
postulated and investigated in several studies. Bultmann 
and colleagues35 identifi ed viral genomic material in 
endomyocardial biopsy tissue from patients with PPCM; 
however, the same incidence and types of viral positivity 
were noted in controls. The fi ndings of Kuhl and 
colleagues25 in idiopathic dilated cardiomyopathy are 

 Haiti, 20058,11

(n=98)*
South Africa, 20059,21 
(n=100)*

USA, 20053 
(n=100)†

USA, 19711,22 
(n=27)‡

Age (years) 31·8 (8·1, 16–51) 31·6 (6·6, 18–45) 30·7 (6·4, 16–43) 14 patients >30, 13 patients <30

Gravidity 4·3 (1–10) 3 (1–7) 2·6 (1–10) 8 patients (29%) G1–2, 19 patients (71%) >G3

Primigravidas 24 (24·5%) 20 (20%) 37 (37%) 8 (29%)§

Hypertension/toxaemia 4 (4%) 2 (2%) 43 (43%) 6 (22%)

Use of tocolytics 0 9 (9%) 19 (19%) 0

African descent 98 (100%) 100 (100%) 19 (19%) 25 (93%)

Twin pregnancy 6 (6%) 6 (6%) 13 (13%) 2 (7%)

Mortality 15 (15·3%) 15 (15%) 9 (9%) 11 (40·7%)

For Haiti, South Africa, and USA (2005), data are mean (SD, range) for age and mean (range) for gravidity.*Single centre prospective study. †Multicentre retrospective study, 
including survey questionnaire. ‡Single centre retrospective study. §Report included gravida 1–2 together as a group.

Table: Comparison of potential risk factors and mortality rates in PPCM 

Activation of protective
cardiac myocyte
signalling pathways

Normal Normal

Normal
pregnancy

Pregnancy associated
hypertrophy

• Viral antigen persistence
• Stress activated cytokines
• Autoimmune responses
• Genetic factors
• Micronutrients
• Microchimerism
• Increased myocyte apoptosis
• Excessive prolactin production

PPCM

Irreversible
dysfunction

Figure 1: Proposed factors investigated contributing to the pathogenesis for PPCM
References for factors listed: protective signalling pathway,24 viral antigen persistence,25 stress-activated 
cytokines,9,20 autoimmunity,26 micronutrients,27 microchimerism,26 myocyte apoptosis,9,21,28 prolactin.24,29
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more convincing evidence for the role of virus as a trigger 
for cardiomyopathy. The investigators demonstrated the 
presence of viral genomic material in endomyocardial 
biopsy tissue, including enterovirus (coxsackievirus), 
parvovirus B19, adenovirus, and herpesvirus. They also 
showed that clinical improvement of left ventricular 
systolic function was associated with viral clearing. If 
future results show that viruses play a part in the 
development of PPCM (and some forms of idiopathic 
dilated cardiomyopathy), endomyocardial biopsy could 
become increasingly important in PPCM and unexplained 
cardiomyopathy, especially in patients who do not 
improve with conventional treatment in the early weeks 
after diagnosis.36,37

Ansari and colleagues26 investigated the role of fetal 
microchimerism (fetal cells in maternal blood during 
and after pregnancy) in patients with PPCM. In a small 
sample of patients, the amount of male chromosomal 
DNA in maternal plasma was signifi cantly greater in 
patients with PPCM than in control mothers without 
PPCM during the third trimester of pregnancy, at term, 
and in the fi rst week postpartum. The lower concentrations 
of this foreign protein could possibly contribute to 
tolerance of the fetus, permitting successful completion 
of pregnancy; increased levels could theoretically lead to 
the initiation of autoimmune disease, including an 
autoimmune myocarditis. 

Findings from South Africa9,21 and Haiti26,38 lend support 
to the hypothesis that immune activation contributes to 
the pathogenesis of PPCM. Sliwa and colleagues9,21 
identifi ed increased concentrations in plasma of the 
infl ammatory cytokine tumour necrosis factor α (TNFα), 
C-reactive protein, and a plasma marker of apoptosis, 
Fas/Apo-1, in a large population of newly diagnosed 
patients with PPCM. Baseline concentrations of 
C-reactive protein correlated positively with baseline left 
ventricular end-diastolic and end-systolic diameters and 
inversely with left ventricular ejection fraction. 
Concentrations of Fas/Apo-1 in plasma were signifi cantly 
higher in patients with PPCM than in healthy controls, 
and were a predictor of mortality. Concentrations of 
C-reactive protein in plasma can vary substantially 
between diff erent ethnic groups, and as much as 40% of 
this variation is genetically determined.39 Hypothetically, 
an increase in the intensity of an infl ammatory response 
could be one of the many factors contributing to 
development of PPCM. The importance of raised high-
sensitivity C-reactive protein in plasma of patients with 
new and evolving PPCM10,40 merits additional evaluation.

A high incidence of postpartum mortality in mice with 
a cardiac-tissue-specifi c signal transducer and activator 
of transcription 3 (STAT 3) knockout of has been 
reported.24 Before death, female mutant mice presented 
with symptoms of heart failure, reduced cardiac function, 
and apoptosis. Data from this study suggested that the 
cardiac-myocyte-specifi c STAT3 pathway is necessary for 
protection of the heart from postpartum stress, and that 

prolactin cleavage is crucially involved in the pathogenesis 
of PPCM. Additionally, data from another mouse model 
of PPCM suggest that apoptosis of cardiomyocytes has a 
causal role in PPCM, and that pharmacological inhibition 
of apoptosis by a caspase inhibitor might off er novel 
therapeutic strategies.28 The fi nding of raised Fas/Apo-1 
in women with PPCM9 provides additional evidence for a 
role of apoptosis.

Warraich and colleagues38 investigated the eff ect and 
clinical relevance of PPCM on humoral immunity and 
evaluated the immunoglobulins (class G and subclasses 
G1, G2, G3) against cardiac myosin in 47 patients with 
PPCM from South Africa, Mozambique, and Haiti. The 
immunoglobulin profi les were similar in the three 
regions and were markedly and non-selectively present 
(fi gure 2).

Although various causes for PPCM have been proposed, 
including abnormal hormonal regulation, the role of 
innate and adaptive immune systems, and the 
participation of autoantibodies, progenitor dendritic cells, 
T and B lymphocytes, cytokines, and chemokines,29,38,41–48 
so far no cause has been clearly identifi ed. It is likely that 
the aetiology is multifactorial, and that the search for a 
cause is hampered by the rarity of this condition in the 
developed countries, where more research funds are 
available, by the lack of adherence to diagnostic guidelines, 
and by the heterogeneity of the populations studied.

Clinical presentation
The most common presentation of PPCM is with 
symptoms and signs of systolic heart failure.1,8,9,12 Clinical 
examination of 97 patients seen in South Africa12 over 
4 years revealed a displaced hypodynamic apical impulse 
in 72% and gallop rhythm in 92% of the patients. Functional 
mitral regurgitation was present in 43%. Left ventricular 
hypertrophy by electrocardiographic voltage criteria was 
present in 66% and ST-T wave abnormalities in 96% of 
the patients. Additional symptoms and signs include 
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dependent oedema, dyspnoea on exertion, orthopnoea, 
paroxysmal nocturnal dyspnoea, persistent cough, 
abdominal discomfort secondary to passive congestion of 
the liver and other organs, precordial pain, and palpitations. 
In the later stages postural hypotension may be prominent, 
refl ecting low cardiac output and low blood pressure.

Early signs and symptoms of heart failure can be 
obscured by pregnancy, because often the patient considers 
them to be a normal part of pregnancy. New York Heart 
Association (NYHA) cardiac functional classifi cation 
varies from NYHA I to IV, although most frequently initial 
presentation is with NYHA III and IV. Sudden cardiac 
arrest might occur in a situation where cardiopulmonary 
resuscitation is neither available nor successful.49 Delayed 
diagnosis can be associated with increased morbidity and 
mortality. Clinicians should think of PPCM in any 
peripartum patient with unexplained disease. A broad 
index of suspicion is important, since unusual and non-
heart failure presentations are also possible, as illustrated 
by the following evidence.

Left ventricular thrombus is common in PPCM patients 
with a left ventricular ejection fraction of less than 0·35.9 
With progression of disease, four-chamber dilation may 
be seen, with thrombus formation in the left atrium and 
right ventricle. Peripheral embolisation then becomes 
possible to any part of the body, including arterial occlusion 
of the lower extremities with compromised circulation,8,50,51 
cerebral embolism with hemiplegia, aphasia, and 
incoordination,8,52 mesenteric artery occlusion with an 
acute abdomen syndrome secondary to bowel infarction,8 

and acute myocardial infarction secondary to coronary 
artery embolism.53,54 Haemoptysis may be the presenting 
feature of co-existing pulmonary embolus, for which the 
patients also have an increased risk.12

A recent report55 identifi ed a 5-weeks postpartum 
35-year-old mother who progressively deteriorated with 
acute hepatic failure and was being considered for liver 
transplant. An echocardiogram identifi ed dilated 
cardiomyopathy as the reason for heart failure with 
subsequent passive congestion of the liver and severe 
hepatic failure. Appropriate treatment led to survival and 
recovery from liver failure as well as complete recovery of 
left ventricular systolic function. 

Management and prognosis
The medical management of patients with PPCM is 
similar to that for other forms of heart failure, and has 
been reviewed in detail.56 Treatment aims to reduce 
afterload and preload, and to increase contractility. 
Angiotensin-converting enzyme (ACE) inhibitors are 
usually used to reduce afterload by vasodilation if PPCM 
occurs after pregnancy. Because of potential toxic eff ects 
on the fetus, hydralazine (with or without nitrates) replaces 
ACE inhibitors during pregnancy. β blockers are used, 
since high heart rate, arhythmmias, and sudden death 
often occur in patients with PPCM. Digitalis, an inotropic 
agent, is also safe during pregnancy and may help to 

maximise contractility and rate control, but has to be 
closely monitored since excessive digoxin concentrations in 
serum have been associated with worse outcomes in 
women.57,58 Women in general, and pregnant women in 
particular, may be more sensitive than men to its eff ect. 
Diuretics are also safe and are used to reduce preload and 
relieve symptoms. Because of the high incidence of 
thrombo embolism in these patients, the use of heparin is 
also considered necessary, followed by warfarin in those 
with left ventricular ejection fractions of less than about 
35%. 

Although PPCM shares many features with other forms 
of non-ischaemic cardiomyopathy, an important 
distinction is that women with PPCM have a higher rate 
of spontaneous recovery of ventricular function. However, 
in a single centre prospective study of 100 South African 
patients with the condition, 15% died, and only 23% 
recovered normal left ventricular function after 6 months 
of treatment, despite optimal medical therapy with ACE 
inhibitors and β blockers.21 In a longer follow-up study of 
prospectively identifi ed patients in Haiti over 5 years, the 
mortality rate was also 15%, and 29 of 92 (31·5 %) 
recovered normal left ventricular function.11 Continuing 
improvement was observed in the second and third years 
after diagnosis, confi rming that the recovery phase is not 
limited to the fi rst 6–12 months.

Subsequent monitoring depends on response to 
treatment, and includes a follow-up echocardiogram in 
the fi rst several weeks to confi rm improvement of left 
ventricular systolic function. After that, an echocardiogram 
is indicated about every 6 months until recovery is 
confi rmed or a plateau is reached. The best time to 
discontinue ACE-inhibitors or β blockers is unknown; 
however, one or both of these medications should be 
continued for at least 1 year. Where resources exist, left 
ventricular assist devices and heart transplantation may 
be used if necessary.59, 60

Limited studies have been done with the use of 
immunosuppressive drugs such as azathioprine and 
steroids, and have shown mixed results. Use of these 
agents should be reserved pending further assessments, 
and perhaps should be restricted to patients with biopsy-
proven lymphocytic myocarditis in the absence of viral 
particles. Recent studies in some patients with idiopathic 
dilated cardiomyopathy suggest a prominent role for 
cardiotrophic viruses.25,37 As noted previously, only one 
investigation to date has identifi ed viral genomic material 
in endomyocardial tissue from patients with PPCM.35 
Hence, PCR testing for a range of cardiomyo tropic viruses 
could become important in the investigation of patients 
who do not improve in the early weeks following 
diagnosis.

Aside from their haemodynamic benefi ts, the angio-
tensin-converting enzyme inhibitors, β blockers, and 
angiotensin-receptor blockers may have an additional 
benefi t to dampen an over-active immune system that 
plays a role in the basic pathophysiology of PPCM.61–63
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Given the potential infl ammatory nature of PPCM 
there may also be a role for other immunomodulatory 
therapy. A prospective study of 59 consecutive women 
with PPCM reported a signifi cant reduction in the 
infl ammatory marker TNFα and improved outcome in 
patients receiving the immunomodulating agent 
pentoxifylline in addition to conventional therapy.64 

Long-term prognosis
Very few studies have been done to investigate the long-
term survival and recovery outcomes in patients with 
PPCM. Felkner and colleagues34 assessed the survival of 
patients with initially unexplained cardiomyopathy 
referred for endomyocardial biopsy Johns Hopkins 
hospital. Patients with PPCM seemed to have a better 
prognosis than those with other forms of cardiomyopathy. 
However, patients who died soon after diagnosis were 
probably not included in that study. Fett and co-workers,11 

with over 5 years of echocardiographic observations, 
noted continuing improvement in cardiac function well 
beyond the initial 6–12 months after diagnosis (fi gure 3).

Subsequent pregnancy and long term outcome
One of the greatest concerns of PPCM patients is the 
safety of additional pregnancies. Since many patients with 
PPCM develop the disease during or shortly after their 
fi rst pregnancy, it is especially important to be able to 
provide them with information about relapse. In a 
retrospective study, Elkayam and colleagues65 found that 
subsequent pregnancy in women with PPCM was 
associated with signifi cant decrease in left ventricular 
function that resulted in clinical deterioration and even 
death. Symptoms of heart failure occurred in 21% of those 
who entered the subsequent pregnancy with normal left 
ventricular systolic function and 44% of those who entered 
the subsequent pregnancy with abnormal left ventricular 
systolic function. However, all deaths (three of 44, 7%) 
occurred in the group who entered the subsequent 
pregnancy with abnormal systolic function. Eventual 
recovery of left ventricular systolic function occurred 
more frequently in women who had an ejection fraction 
of greater than 30% at original diagnosis of PPCM.

Serial studies of left ventricular function and TNFα in 
prospectively-studied African patients with subsequent 
pregnancy after PPCM showed that deterioration of left 
ventricular function occurred postpartum to the 
subsequent pregnancy in fi ve of six patients and was 
accompanied by raised concentrations of TNFα in 
plasma.66 

In a study67 of 15 prospectively-identifi ed Haitian 
patients with a subsequent pregnancy after PPCM, seven 
patients tolerated the subsequent pregnancy without 
worsening heart failure whereas eight had a relapse. Of 
those who relapsed, only one regained normal left 
ventricular systolic function during the 2-year follow-up 
after the subsequent pregnancy. All those who did not 
relapse went on to recover normal left ventricular systolic 

function. The longer follow-up allowed identifi cation of 
both late recovery and late deterioration, again 
emphasising that recovery of heart function is not limited 
to the fi rst 6–12 months after diagnosis or relapse. 

Family-planning counselling is an important aspect of 
the care of patients after a diagnosis of PPCM. Subsequent 
pregnancy after a diagnosis of PPCM carries higher risk 
of relapse if left ventricular systolic function is not fully 
recovered fi rst; and even with full recovery some 
additional risk of relapse remains.65

Implications for research
Reliable population-based information about incidence 
and prevalence of PPCM is essential to the development of 
national and international health policies for prevention 
and control of this condition. These should include a 
genetic epidemiological design to estimate the contribution 
of genetic susceptibility factors to this condition. While 
investigation continues on the molecular basis of PPCM, 
controlled trials are also needed for potential new 
treatments—including apheresis, immunoadsorption, 
immunosuppression, and antiviral agents—all of which 
might have a role, as suggested by initial reports from 
research in idiopathic dilated cardiomyopathy.68–71 The 
promising results64 that have been obtained with 
pentoxifylline in a non-randomised trial need to be tested 
in large multicentre randomised trials with the power to 
assess mortality and morbidity benefi ts.72
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Cardiogenic shock

Simon Topalian, MD; Fredric Ginsberg, MD, FACC; Joseph E. Parrillo, MD, FACC

Cardiogenic shock is a life-
threatening emergency and
the most common cause of
death in patients hospitalized

with acute myocardial infarction. Studies
of this condition over the past 10 yrs have
changed the approach to cardiogenic
shock patients so that there is now an
opportunity to improve on the high mor-
tality rate of this condition.

Definition

Cardiogenic shock (CS) is defined as
persistent hypotension and tissue hypo-
perfusion due to cardiac dysfunction in
the presence of adequate intravascular
volume and left ventricular filling pres-
sure. Clinical signs include hypotension,
tachycardia, oliguria, cool extremities, and
altered mental status. Hemodynamic find-
ings are sustained hypotension with sys-
tolic blood pressure �90 mm Hg for �30
mins, low cardiac index �2.2 L/min/m2,
and elevated pulmonary artery occlusion
pressure �15 mm Hg (1).

Incidence and Epidemiology

CS is a major complication of myocar-
dial infarction. The incidence of CS has
remained stable over the past 3 decades
despite advances in diagnostic and ther-
apeutic modalities. In an early trial of
thrombolytic therapy for acute myocar-
dial infarction, the incidence of CS com-
plicating acute myocardial infarction was
7.2% (2). In an observational communi-
ty-wide study, the incidence of CS aver-
aged 7.1% over a 23-yr period from 1975
through 1997 (3). In a more recent anal-
ysis of the National Registry of Myocar-
dial Infarction (NRMI) covering the pe-
riod from June 1995 through May 2004,
CS developed in 8.6% of patients with
acute myocardial infarction (ST-segment
elevation or left bundle branch block)
hospitalized in 775 U.S. hospitals with
revascularization capability (4) (Fig. 1).

The prognosis of CS is extremely poor.
Mortality rates were reported at 50% to
80% in older series (1). In-hospital mor-
tality in the SHould we emergently revas-
cularize Occluded Coronaries for cardio-
genic shocK (SHOCK) Trial Registry was
60% (5). In the NRMI data, the overall
in-hospital mortality decreased from
60.3% in 1995 to 47.9% in 2004 (4).

In the NRMI database, 29% of patients
with CS were in shock as they presented
to hospital, and 71% developed CS after
admission (4) (Fig. 1). Patients �75 yrs
old were slightly more likely to present
with CS. CS patients were more likely to
have a history of hypertension, dyslipide-
mia, and prior coronary angioplasty. In

the SHOCK Trial Registry, the median
time from onset of myocardial infarction
to shock was 7 hrs (5). Rates of recurrent
myocardial infarction or ischemia precip-
itating CS were 9.3% and 19.7%, respec-
tively. Infarction location was anterior in
55% of cases and in multiple locations
in 50% (5).

CS can occur in the setting of ST-
elevation myocardial infarction (STEMI)
as well as non-ST-elevation myocardial
infarction (NSTEMI). In the Global Use of
Strategies to Open Occluded Coronary
Arteries (GUSTO)-IIb trial, CS developed
in 4.2% of STEMI and 2.5% of NSTEMI
patients. In the latter group, CS tended to
occur later after presentation (76.3 hrs
vs. 9.6 hrs). NSTEMI patients with CS
were older and had higher rates of diabe-
tes mellitus, prior myocardial infarction,
heart failure, azotemia, bypass surgery,
peripheral vascular disease, and three-
vessel coronary disease. In-hospital and
30-day mortality rates in STEMI and
NSTEMI patients were similar (6, 7).

Patients with CS have extensive coro-
nary artery disease. Angiographic data
from the SHOCK Trial Registry revealed
that 53.4% of patients had three-vessel
disease and 15.5% had significant left
main stenosis (8).

Etiology

Many conditions may lead to CS (Ta-
ble 1). However, left ventricular failure
due to extensive acute myocardial infarc-
tion remains the most common cause. In
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Cardiogenic shock is the most common cause of death in
patients hospitalized with acute myocardial infarction and is
associated with a poor prognosis. More than 75% of cases are
due to extensive left ventricular infarction and ventricular failure.
Other causes include right ventricular infarction and papillary
muscle rupture with acute severe mitral regurgitation. Activation
of neurohormonal systems and the systemic inflammatory re-
sponse worsens shock. To improve outcomes, cardiogenic shock
needs to be recognized early in its course and its cause needs to
be diagnosed rapidly. Treatment strategies using intra-aortic bal-

loon counterpulsation and emergency revascularization by per-
cutaneous coronary interventions or coronary bypass surgery
have been shown to improve outcomes. To decrease the incidence
of cardiogenic shock, public education regarding early presenta-
tion to hospital in the course of acute chest pain is important.
Emergency medical transport systems may need to take patients
with complicated acute myocardial infarction to hospitals with
the capability to perform urgent revascularization. (Crit Care Med
2008; 36[Suppl.]:S66–S74)
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the SHOCK Trial Registry, left ventricu-
lar failure accounted for 78.5% of cases of
CS complicating acute myocardial infarc-
tion. Acute severe mitral regurgitation
accounted for 6.9%, ventricular septal
rupture 3.9%, isolated right ventricular
infarction 2.8%, and tamponade or car-
diac rupture 1.4% (5). Other causes, such
as coexistent severe valvular heart dis-
ease, excess �-blocker or calcium chan-
nel blocker therapy, severe dilated cardio-
myopathy, recent hemorrhage, or cardiac

catheterization laboratory complication,
accounted for 6.7%.

Pathophysiology

Most commonly, CS occurs after a
massive and extensive myocardial infarc-
tion or severe myocardial ischemia lead-
ing to impaired left ventricular function,
reduced systolic contractility, and de-
creased cardiac output and arterial blood
pressure. Coronary perfusion will de-
crease and further compromise coronary
reserve. Compensatory neurohormonal
responses take place, which include acti-
vation of the sympathetic and renin-
angiotensin systems, leading to systemic
vasoconstriction, tachycardia, and fluid
retention. These mechanisms are mal-
adaptive and worsen myocardial isch-
emia. Thus, “ischemia begets ischemia,”
leading to a progressive downward spiral
of worsening ischemia, progressive dete-
rioration of myocardial function, and
worsening shock (1) (Fig. 2).

At the cellular level, inadequate oxy-
gen delivery to myocytes affects cellular
adenosine triphosphate production. Im-
mediately, energy metabolism shifts from
aerobic to anaerobic glycolysis with re-
sultant lactic acid production. Intracellu-
lar ionic calcium rises and intracellular
sodium competes to expel calcium (9). If
hypoperfusion and ischemia are severe,
as occurs in CS, myonecrosis ensues with
mitochondrial swelling and subsequent
plasma membrane disruption.

This ischemic cascade results in meta-
bolic and biochemical alterations, which
lead to left ventricular diastolic dysfunction
from impaired myocardial relaxation and
decreased compliance. This leads to in-
creased left ventricular filling pressures,
manifesting as pulmonary congestion and
edema. This in turn increases wall stress

and further compromises coronary perfu-
sion. Echocardiographic data from the
SHOCK Trial showed that restrictive left
ventricular filling, as assessed by Doppler
mitral inflow deceleration time, was
present in most patients (60.9%) (10). This
restrictive pattern predicted pulmonary ar-
tery occlusion pressures �20 mm Hg.

New evidence has emerged that has
led to expansion of the CS paradigm (11).
Wide variations in left ventricular ejec-
tion fraction, left ventricular size, and
systemic vascular resistance in patients
with CS suggest that pathophysiologic
mechanisms of CS may vary among pa-
tients. About one fifth of patients with CS
complicating myocardial infarction in the
SHOCK Trial had clinical evidence of a
systemic inflammatory response syn-
drome, marked by fever, leukocytosis,
and low systemic vascular resistance (12).
Attempts to inhibit this inflammatory re-
sponse focused on nitric oxide (NO), an
endogenous vasodilator, which is pro-
duced by nitric oxide synthase (NOS). In-
ducible NOS (iNOS) is expressed at
pathologic levels in many cells, especially
myocytes, and has many deleterious ef-
fects (11). High levels of iNOS are asso-
ciated with left ventricular dysfunction
(13). Early work with a nonisoform-
specific NOS inhibitor, N-monomethyl-
L-arginine (L-NMMA), had promising ef-
fects on the hemodynamics of patients
with CS, including significantly increas-
ing urine output and mean arterial blood
pressure (14). A mortality benefit was
seen in a small group of CS patients
treated with this NOS inhibitor (15) and
led to larger randomized studies. How-
ever, the Tilarginine Acetate Injection
Randomized International Study in Un-
stable AMI Patients/Cardiogenic Shock
(TRIUMPH) Trial, a phase III randomized
trial to study the benefit of the NOS in-
hibitor L-NMMA in patients with cardio-
genic shock complicating AMI, did not
show any benefit (16).

Approach to the Patient With
Cardiogenic Shock

The most important aspects of the ini-
tial care of the patient with cardiogenic
shock are recognizing the condition early
in its course and understanding its cause.
Rapid assessment of the history, physical
examination, and chest radiograph is
mandatory, recognizing the signs of
heart failure, pulmonary edema (some-
times with clear lung fields on examina-

Figure 1. Frequency of cardiogenic shock among patients in the National Registry of Myocardial
Infarction. Includes total shock at hospital presentation and shock that develops after hospital
presentation as a clinical event. For hospitals with open-heart surgery and percutaneous coronary
intervention capability, the ST-elevation myocardial infarction population was 293,633. Data are
through May 2004. Reproduced with permission from Babaev A, Frederick PD, Paste DJ, et al: Trends
in management and outcomes of patients with acute myocardial infarction complicated by cardiogenic
shock. JAMA 2005; 294:448–454.

Table 1. Causes of cardiogenic shock

Acute myocardial infarction
Pump failure

Large infarction
Smaller infarction with preexisting left

ventricular dysfunction
Infarction extension
Severe recurrent ischemia
Infarction expansion

Mechanical complications
Acute mitral regurgitation caused by

papillary muscle rupture
Ventricular septal defect
Free-wall rupture
Pericardial tamponade

Right ventricular infarction
Other conditions

End-stage cardiomyopathy
Myocarditis
Myocardial contusion
Prolonged cardiopulmonary bypass
Septic shock with severe myocardial

depression
Left ventricular outflow tract obstruction

Aortic stenosis
Hypertropic obstructive cardiomyopathy

Obstruction to left ventricular filling
Mitral stenosis
Left atrial myxoma

Acute mitral regurgitation (chordal rupture)
Acute aortic insufficiency
Acute massive pulmonary embolism
Acute stress cardiomyopathy
Pheochromocytoma
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tion), and tissue hypoperfusion, manifest-
ing as low blood pressure, rapid heart
rate, agitation, confusion, oliguria, cya-
nosis, and cool and clammy skin. Appre-
ciating the electrocardiographic signs of
acute myocardial ischemia, myocardial
infarction, new left bundle branch block,
and arrhythmias is critical. Rapid echo-
cardiographic assessment is key. The
echo-Doppler study will assess regional
and global left ventricular function, right
ventricular size and function, the pres-
ence of mitral regurgitation and other
valve abnormalities, pericardial effusion,
and possible septal rupture. Echocardio-
graphic assessment of left ventricular
ejection fraction was found to be similar
to ejection fraction as assessed by left
ventriculography and can be used as the
sole initial evaluation of systolic left ven-
tricular function in patients with CS (17).
Differential diagnoses to consider in pa-

tients with CS include hemorrhage, sep-
sis, aortic dissection, and massive pulmo-
nary embolism.

Patients must be assessed regarding
the need for sedation, intubation, and
mechanical ventilation in order to cor-
rect hypoxemia and reduce the work of
breathing (1, 18, 19). Initial medical
therapy includes intravenous fluid chal-
lenge for patients with significant hy-
potension, if there is no evidence for
pulmonary edema or significant eleva-
tion of jugular venous pressure. If CS
is due to acute myocardial infarction
or ischemia, emergency cardiac cathe-
terization and revascularization need
to take place in patients believed suit-
able for this approach (discussed subse-
quently).

The use of an intra-arterial catheter is
helpful in managing patients in shock
(20). Pulmonary artery catheterization

can assist in the precise measurement of
volume status, left and right ventricular
filling pressures, and cardiac output. It is
also valuable in diagnosing right ventric-
ular infarction and the mechanical com-
plications of acute myocardial infarction
(Table 2). Hemodynamic measurements
can help guide fluid management and the
use of inotropic agents and vasopressors.
The American College of Cardiology/
American Heart Association (ACC/AHA)
guidelines list pulmonary artery catheter-
ization as a class I recommendation in
patients with hypotension not responding
to fluid administration or when mechan-
ical complications of myocardial infarc-
tion are suspected and echocardiography
is not available. Pulmonary artery cathe-
terization is a class IIa recommendation
for patients in CS who have persistent
signs of hypoperfusion and in patients
receiving inotropic and vasopressor drugs
(20, 21).

The goal of the initial medical ther-
apy of CS is to maintain arterial pres-
sure adequate for tissue perfusion. Ini-
tially, dopamine is the drug of choice
because it acts as an inotrope as well as
a vasopressor. Intravenous norepineph-
rine is a more potent vasoconstrictor,
with somewhat less effect on heart rate,
and should be used in patients with
more severe hypotension. These drugs
increase heart rate and systemic vascu-
lar resistance and thus increase myo-
cardial oxygen demand, and they may
aggravate ischemia and lead to cardiac
arrhythmias. Doses should be adjusted
to the lowest levels that improve tissue
perfusion (1, 18, 20).

Dobutamine, an inotrope with arterial
dilator properties, can be used in patients
with less severe hypotension or can be
combined with vasopressors to improve
cardiac output (18). There also have been
reports of the effective use of vasopressin
in patients with CS (22). Intravenous di-
uretics are used in patients with pulmo-
nary edema and elevated pulmonary ar-
tery occlusion pressure. Aspirin should
be given to patients with acute myocar-
dial infarction. Intravenous amiodarone
can be given for patients with severe ar-
rhythmia. The use of �-blockers and ni-
trates should be avoided in the acute
phase (20).

Some patients will demonstrate
signs of tissue hypoperfusion with sys-
tolic blood pressure �90 mm Hg. This
has been termed nonhypotensive car-
diogenic shock or preshock. In the

Figure 2. Classic shock paradigm, as illustrated by S. Hollenberg, is shown in black. The influence of
the inflammatory response syndrome initiated by a large myocardial infarction is illustrated in gray.
LVEDP, left ventricular end-diastolic pressure; NO, nitric oxide; iNOS, inducible NO synthase; SVR,
systemic vascular resistance. Reproduced with permission from Hochman JS: Cardiogenic shock
complicating acute myocardial infarction: Expanding the paradigm. Circulation 2003; 107:2998 –
3002.

Table 2. Hemodynamic profiles

Left ventricular shock High PAOP, low CO, high SVR
Right ventricular shock High RA, RA/PAOP �0.8, exaggerated RA y descent, RV square root sign
Mitral regurgitation Large PAOP V wave
Ventricular septal defect Large PAOP V wave, oxygen saturation step-up (�5%) from RA to RV
Pericardial tamponade Equalization of diastolic pressures �20 mm Hg

PAOP, pulmonary artery occlusion pressure; CO, cardiac output; SVR, systemic vascular resistance;
RA, right atrial; RV, right ventricular.
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SHOCK Trial Registry, these patients
demonstrated the hemodynamic profile
of elevated pulmonary artery occlusion
pressure with low cardiac index and
high systemic vascular resistance. The
hospital mortality rate in this group of
patients was 43%, very high but lower
than in patients diagnosed with full-
blown cardiogenic shock. The mortality
in patients with preshock compares
with a mortality rate of 26% in patients
with hypotension without signs of hy-
poperfusion. This preshock state needs
to be recognized early so that appro-
priate, urgent diagnostic and ther-
apeutic measures can be prescribed (23)
(Fig. 3).

Intra-Aortic Balloon
Counterpulsation (IABP)

IABP is very useful to support patients
with CS. This device will increase coro-
nary blood flow, decrease left ventricular
afterload, and decrease left ventricular
end-diastolic pressure without increasing
oxygen demand (1, 19, 24). Cardiac out-
put is increased only modestly, and this
device does not provide total circulatory
support (24).

The efficacy of IABP in acute myo-
cardial infarction complicated by CS
has not been evaluated in a randomized
controlled trial. In nonrandomized tri-
als, the use of IABP is associated with
decreased mortality, but the use of this

device is consistently associated with
more frequent use of revascularization
therapies and other aggressive support-
ive measures (25). Its use was not asso-
ciated with improved survival in patients
undergoing primary percutaneous cor-
onary intervention (PCI) in the NRMI
database.

Complications of IABP include bleed-
ing, thrombocytopenia, hemolysis, leg
ischemia, aortic dissection, femoral ar-
tery injury, thromboembolism, and sep-
sis. The complication rate has been re-
duced with percutaneous insertion and
with smaller pumps (26). Complication
rates have been reported at 10% to 30%,
with major complication rates of 2.5% to

Figure 3. Emergency management of complicated ST-segment elevation myocardial infarction. American College of Cardiology/American Heart Association
Practice Guidelines 2004. BP, blood pressure; IV, intravenous; MI, myocardial. Adapted with permission from Anbe DT, Armstrong PW, Bates ER, et al:
ACC/AHA guidelines for the management of patients with ST-elevation myocardial infarction: A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Committee to Revise the 1999 Guidelines for the Management of Patients With Acute Myocardial
Infarction). ACC/AHA Practice Guidelines 2004. http://www.acc.org/clinical/guidelines/stemi/index.pdf. Accessed January 2007.
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3.0% (25, 26). Patients usually must be
anticoagulated during IABP use. Contra-
indications to the use of IABP include
severe aortic insufficiency, severe periph-
eral vascular disease, and aortic aneu-
rysm (18).

Current ACC/AHA guidelines list IABP
as a class I recommendation for patients
with low cardiac output states, hypoten-
sion, and CS not responding quickly to
other measures (20). In the NRMI data-
base, IABP was used in 39% of cases with
CS, and the frequency of IABP use did not
change over the 10-yr period 1995–2004
(4). In the Benchmark Counterpulsation
Outcomes Registry, CS accounted for
27% of the use of IABP and was associ-
ated with a mortality rate of 38.7% (26).
IABP is also recommended for use in pa-
tients with acute myocardial infarction
complicated by severe mitral regurgita-
tion or ventricular septal rupture, before
urgent cardiac surgery, as well as in pa-
tients with right ventricular infarction
not responding to fluid challenge and
inotropic therapy.

In summary, the use of IABP in CS
improves the short-term hemodynamic
profile and may allow for improvement in
function of ischemic myocardium. It
likely does not improve outcomes unless
it is combined with definitive coronary
revascularization (25).

Emergency Revascularization

Many observations and nonrandom-
ized studies have shown that the majority
of patients with acute myocardial infarc-
tion who develop CS do so hours after
onset of infarction, often after hospital

presentation (2, 4, 5, 27). Shock that has
a delayed onset results from infarction
extension, reocclusion of a previously
patent coronary artery, recurrent isch-
emia, or decompensation of left ventric-
ular function in the noninfarcted zone
because of metabolic derangements (1).
The most successful strategy to success-
fully treat acute myocardial infarction is
rapid restoration of flow in the infarct-
related artery (28), and primary coronary
angioplasty results in better outcomes
than fibrinolytic therapy (29). Many re-
ports have suggested that early mechan-
ical revascularization with either PCI or
coronary artery bypass graft surgery
(CABG) is associated with survival bene-
fit. The landmark SHOCK trial prospec-
tively randomized 302 patients with CS
due to acute myocardial infarction and
left ventricular failure to emergency early
revascularization (ERV) with PCI or
CABG vs. initial medical stabilization
(IMS) with drug therapy and IABP. PCI
accounted for 64% of revascularization
and CABG was performed in 36%. The
30-day mortality rate, the primary out-
come measured, was lower in the early
revascularization group (47% vs. 56%),
which was not statistically significant.
However, late mortality rates were signif-
icantly improved in patients who received
ERV (30). At 6 months, 1 yr, and 6 yrs, a
statistically significant absolute survival
difference of 13% was seen in patients
who received ERV (31, 32). At 6 yrs, over-
all survival was 32.8% in the ERV group
and 19.6% in the IMS group. In patients
who survived hospitalization, the 6-yr
survival rate in patients with ERV was
62.4% vs. 44.4% in IMS patients. (Fig. 4)
There was no significant difference in

long-term survival between patients
treated with PCI or CABG. Quality of life
measures were also better in patients who
had received ERV (33).

Unfortunately, invasive procedures
continue to be underused in patients with
CS (4, 5) In the NRMI, primary PCI use
increased from 27.4% in 1995 to only
54.4% in 2004 (4 yrs after the SHOCK
trial was published). CABG was used in
only 3.2% of patients. This increased use
of PCI for CS was likely translated into a
mortality benefit (60.3% mortality in
1995, declining to 47.9% in 2004) (4).
Patients who were transferred to hospi-
tals with revascularization capability also
had better outcome with ERV (34). This
benefit from early mechanical revascular-
ization was incorporated in the ACC/AHA
practice guidelines. Both PCI and CABG
are class I recommendations for patients
�75 yrs old with STEMI or acute myo-
cardial infarction with left bundle branch
block, who develop shock within 36 hrs of
onset of myocardial infarction (20, 35).

Patients �75 yrs old had worse out-
comes with ERV in the SHOCK trial com-
pared with IMS. However, the number of
patients treated with ERV in this age
group was relatively small (30–32). Anal-
ysis from the SHOCK registry showed
that elderly patients were treated less ag-
gressively, and their in-hospital mortality
was higher compared with younger pa-
tients (76% vs. 55%). However, outcomes
in elderly patients in the registry who
were treated with ERV were better than
in patients who were not revascularized
(36). Clearly, patient selection plays a key
role. Elderly patients with good func-
tional status, shorter duration of shock,

Figure 4. Among all patients, the survival rates in the early revascularization (ERV) and initial medical stabilization (IMS) groups, respectively, were 41.4%
vs. 28.3% at 3 yrs and 32.8% vs. 19.6% at 6 yrs. With exclusion of eight patients with aortic dissection, tamponade, or severe mitral regurgitation identified
shortly after randomization, the survival curves remained significantly different (p � .02), with a 14.0% absolute difference at 6 yrs. Among hospital
survivors, the survival rates in the ERV and IMS groups, respectively, were 78.8% vs. 64.3% at 3 yrs and 62.4% vs. 44.4% at 6 yrs. Reproduced with
permission from Hochman JS, Sleeper LA, Webb JG, et al: Early revascularization and long-term survival in cardiogenic shock complicating acute
myocardial infarction. JAMA 2006: 295:2511–2515.
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and absence of serious medical comor-
bidities should be carefully selected for
aggressive therapies, including revascu-
larization (21).

Fibrinolytic Therapy in
Cardiogenic Shock

Urgent transfer to the cardiac cathe-
terization laboratory for coronary angiog-
raphy and emergency coronary interven-
tion has largely supplanted thrombolytic
therapy as first-line treatment for pa-
tients with acute myocardial infarction
and CS. Fibrinolytics are not as effective
as accomplishing reperfusion in STEMI
with CS as in patients with STEMI with-
out cardiogenic shock (1, 18). This is
hypothesized to be due to decreased pen-
etration of the coronary thrombus by fi-
brinolytics in hypotensive patients, a
greater incidence of coronary artery re-
occlusion after thrombolysis, and longer
times required to achieve coronary pa-
tency (1, 18, 19). In an overview of fi-
brinolytic trials, analysis of patients in CS
showed nonsignificant reductions in
mortality with fibrinolytic therapy. Sub-
group analyses in individual trials have
shown no effect on mortality (18). In the
NRMI database, IABP combined with
thrombolytic therapy was associated with
a significantly lower mortality rate (49%)
compared with thrombolytic therapy
alone (67%) (25). In the SHOCK Trial
Registry, the addition of IABP to throm-
bolytic therapy decreased mortality sig-
nificantly from 63% with thrombolysis

alone to 47% with thrombolysis and
IABP. Thrombolytic therapy was associ-
ated with a lower mortality than in pa-
tients who did not receive any reperfu-
sion therapy (37). However, mortality in
CS patients treated with fibrinolytic
therapy combined with IABP was still
higher than in patients who received
revascularization with PCI or coronary
bypass surgery.

The development of CS after fibrino-
lytic therapy is more likely to occur in
older patients, patients with Killip class
II–III heart failure on presentation, and
patients with higher heart rate and
lower blood pressure on admission (38).
When thrombolytic therapy was given
to patients with acute myocardial in-
farction before hospital arrival, during
ambulance transport, the incidence of
subsequent CS was lowered from 11.5%
to 6.8% (39).

Current guidelines have relegated
thrombolytic therapy for CS as a class I
recommendation only in patients with
STEMI who are unsuitable for invasive
therapy with PCI or bypass surgery
(20). In the NMRI observational data-
base, the use of thrombolytic therapy
for acute myocardial infarction and CS
declined from 19.9% to 5.6% of cases in
the years 1995–2004 (4). The strategy of
administering fibrinolytics with or
without IABP is recommended if pa-
tients present to a hospital that does
not have a catheterization laboratory or
when there will be unavoidable delays
in transport to the catheterization lab-
oratory (1).

Mechanical Complications of
Acute Myocardial Infarction
(Figure 5)

Right Ventricular Infarction. Right
ventricular myocardial infarction (RVI)
can accompany acute inferior wall myo-
cardial infarction and lead to cardiogenic
shock. It is estimated that 10% to 15% of
inferior wall myocardial infarctions are
complicated by hemodynamically signifi-
cant RVI (1, 20). RVI accounted for 2.8%
of cases of CS in the SHOCK Trial Reg-
istry (5). Acute right ventricular dysfunc-
tion and right ventricular failure lead to
decreased left ventricular preload, de-
creased cardiac output, and cardiogenic
shock. Right ventricular dilation and
shift of the intraventricular septum to-
ward the left ventricle can further com-
promise left ventricular function and
worsen cardiogenic shock.

RVI results from occlusion of the right
coronary artery proximal to the origin of
the right ventricular branches. In the era
before PCI for acute myocardial infarc-
tion, in-hospital mortality from RVI was
around 7.1%, less than the mortality rate
for anterior myocardial infarction but
higher than that for inferior myocardial
infarction without RVI (40). RVI was also
an independent predictor of 6-month
mortality and was associated with higher
rates of CS and sustained ventricular ar-
rhythmia.

The diagnosis of RVI should be
strongly considered in patients who
present with acute inferior wall myocar-
dial infarction with hypotension, clear
lung fields, and elevated jugular venous
pressure or a positive Kussmaul’s sign.
Diagnostic findings on electrocardiogram
include �1-mm ST-segment elevation in
V1 and in the right precordial lead V4R,
although these findings may be transient.
Emergency transthoracic echocardio-
gram will show a dilated, hypocontractile
right ventricle and may show bulging of
the septum into the left ventricle. Right
heart catheterization will demonstrate a
mean right atrial pressure �10 mm Hg
and right atrial pressure �80% of pulmo-
nary artery occlusion pressure. Cardiac
index will be low.

Initial therapy for hypotensive pa-
tients with RVI is a fluid challenge if
jugular venous pressure is not elevated.
Up to 1 L of intravenous saline should be
infused, which may correct hypotension.
Larger volumes may cause significant
right ventricular dilation and impair left
ventricular output. Inotropic medica-

Figure 5. Mechanical complications of ST-elevation myocardial infarction. Phy Exam, physical
examination; PA, pulmonary artery; MI, myocardial infarction; JVD, jugular venous distention; EMD,
electromechanical dissociation; Peric., pericardial; Diast Press Equal., diastolic pressure equalization;
Regurg., regurgitation; PCW, pulmonary artery occlusion pressure. Reproduced with permission from
Anbe DT, Armstrong PW, Bates ER, et al: ACC/AHA guidelines for the management of patients with
ST-elevation myocardial infarction: A report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to Revise the 1999 Guidelines for the
Management of Patients With Acute Myocardial Infarction). ACC/AHA Practice Guidelines 2004.
http://www.acc.org/clinical/guidelines/stemi/index.pdf. Accessed January 2007.
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tions and IABP are useful in patients who
do not respond to fluid challenge (20).
IABP helps to decrease wall stress and
increase coronary perfusion pressure (1).
Bradycardia and heart block should be
corrected, and atrioventricular sequential
pacing may be necessary to maintain
atrioventricular synchrony and effective
cardiac output.

Most patients with RVI will have spon-
taneous recovery of right ventricular
function, but this may occur slowly and
may be incomplete. Urgent revasculariza-
tion with PCI is now the cornerstone of
therapy. In a study of 53 patients with
acute inferior wall myocardial infarction
complicated by RVI, all 53 patients un-
derwent emergency PCI (41). The right
coronary artery was the culprit vessel in
all cases. Seventy-seven percent of pa-
tients had successful intervention and
reperfusion, and these patients demon-
strated recovery of right ventricular func-
tion, decreased right heart pressures, and
reduction in right ventricular size within
1 hr, with 95% recovery of normal right
ventricular function in 3–5 days. In-
hospital mortality was 2.4%. In the 12
patients with unsuccessful reperfusion,
right ventricular dysfunction persisted at
24 hrs and only improved slowly during
hospitalization. Ten of these 12 patients
required support with inotropic drugs or
IABP, and in-hospital mortality was
58.3%. Emergency revascularization ef-
forts in these patients is now a class I
recommendation in ACC/AHA guidelines
for the treatment of acute myocardial in-
farction. If coronary bypass surgery is be-
lieved to be needed for multivessel dis-
ease and significant right ventricular
dysfunction is present, then coronary by-
pass should be delayed for 4 wks, if pos-
sible, to allow for recovery of right ven-
tricular function (20).

Acute Severe Mitral Regurgitation.
Acute severe mitral regurgitation, due to
infarction and rupture of the head of a
papillary muscle, is an uncommon cause
of cardiogenic shock. In the SHOCK Trial
Registry, 6.9% of 1,190 patients with
cardiogenic shock had acute severe mi-
tral regurgitation (5, 42). Acute severe
mitral regurgitation was more likely to
complicate inferior and/or posterior myo-
cardial infarction (87% of cases of acute
mitral regurgitation) than anterior myo-
cardial infarction (34%). Acute severe mi-
tral regurgitation usually occurs within
the first 24 hrs of acute myocardial in-
farction or may present at days 3–5. The
diagnosis of acute severe mitral regurgi-

tation should be suspected in patients
who present with acute pulmonary
edema complicating acute myocardial in-
farction, especially inferior wall myocar-
dial infarction. The murmur of mitral
regurgitation may be loud but also may
be relatively unimpressive due to high left
atrial pressures and a lower left ventricular/
left atrial systolic gradient. Diagnosis is
made by urgent echocardiography.

Acute severe mitral regurgitation is
associated with a high in-hospital mortal-
ity. In the SHOCK Trial Registry, patients
who underwent urgent mitral valve sur-
gery had a 40% mortality rate. Patients
who did not receive surgery had a 71%
mortality rate. The overall 55% hospital
mortality rate was not different from the
registry cohort with cardiogenic shock
due to left ventricular failure (42).

In patients with acute severe mitral
regurgitation, early diagnosis and aggres-
sive support with inotropic drugs, IABP,
and vasodilators (if blood pressure allows)
are vital in appropriately selected pa-
tients. The ACC/AHA guidelines list ur-
gent cardiac surgical repair as a class I
recommendation (20).

Postinfarction Ventricular Septal
Rupture. Rupture of the intraventricular
septum (VSR) can complicate acute myo-
cardial infarction and lead to CS. This
often occurs in the first 24 hrs of infarc-
tion. This condition occurred in �1% of
patients with STEMI in the GUSTO I
study (20, 21) and accounted for 3.9% of
the cases of CS in the SHOCK Trial Reg-
istry (15, 31). VSR may complicate either
anterior or inferior wall STEMI. Patients
will present with shock and pulmonary
edema, and a loud holosystolic murmur
is present on physical examination. Diag-
nosis is made by urgent Doppler echocar-
diography. A pattern of right ventricular
volume overload is seen, with Doppler
evidence of left-to-right shunting at ven-
tricular level. The septal rupture may be
visualized. Right heart catheterization
will show higher oxygen saturations in
the pulmonary artery than in the right
atrium due to left-to-right shunting.
However, when the diagnosis of VSR is
made by echocardiography, performance
of right heart catheterization should not
delay surgical therapy.

Urgent surgical repair of VSR is a class
I recommendation in the ACC/AHA
guidelines. However, this condition is as-
sociated with a very high mortality rate
with surgical or medical therapy. Waiting
for several days before surgery in order to
let healing occur is not recommended

because many patients will die during
this waiting period. In the SHOCK Trial
Registry, 31 of 55 patients with VSR un-
derwent surgery, with a mortality of 81%.
Only 4% of patients survived without sur-
gery (43). In the GUSTO I trial, 30-day
mortality was 73.8% (21). Another series
of 76 patients with VSR who underwent
surgery reported that 79% of patients pre-
sented with CS, and 30-day postoperative
mortality was 49% for these patients (44).

Left Ventricular Free Wall Rupture
and Cardiac Tamponade. Left ventricular
free wall rupture is an uncommon, lethal
complication of acute myocardial infarc-
tion. It is estimated to occur in 1% to 6%
of patients with acute myocardial infarc-
tion (20), although the true incidence is
difficult to ascertain as the majority of
patients will die immediately after rup-
ture from electromechanical dissocia-
tion. However, possibly 30% of free wall
rupture may be spontaneously sealed off
by elevated intrapericardial pressure from
hemopericardium, and these patients
may present with CS complicating acute
myocardial infarction. The incidence of
free wall rupture has decreased in the era
of thrombolytic and primary angioplasty
therapy for acute myocardial infarction.
The diagnosis is made by emergency
echocardiography, which shows a signif-
icant-sized pericardial effusion, either
loculated or diffuse, and may show the
area of rupture.

In the SHOCK Trial Registry, 1.4% of
cases of CS were caused by free wall rup-
ture and usually occurred in the first 24
hrs of infarction (2, 45). Twenty-one of 28
patients underwent surgery, with a 62%
mortality rate. Six patients underwent
pericardiocentesis only, and three sur-
vived. Another series listed operative
mortality rates of 24% to 52% (46).

Ventricular Assist Devices
(VADs)

VADs have been used in small series of
highly selected patients with CS refrac-
tory to IABP and reperfusion strategies.
The use of VADs should be considered in
patients with very low cardiac output,
�1.2 L/min/m2 (19). Newer VADs can be
inserted percutaneously. The Tandem-
Heart percutaneous VAD, inserted in the
catheterization laboratory, uses a cathe-
ter directed into the left atrium via a
transseptal puncture, unloading the left
atrium and left ventricle. Blood is then
pumped into a 15- to 17-Fr catheter in-
serted in the femoral artery, producing
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flows of 3.5–4.0 L/min. One report de-
scribed 11 patients with acute myocardial
infarction and CS refractory to inotropic
and IABP therapy who received percuta-
neous VADs. These patients were sup-
ported for an average of 89 hrs, with
mean cardiac index during VAD therapy
of 2.6 L/min/m2. It was concluded from
this small series that percutaneous VADs
could be effective as a bridge to implanted
VADs or cardiac transplant therapy, with
a low incidence of adverse effects. This
device cannot be used in patients with
right ventricular failure or severe periph-
eral vascular disease (24, 47).

Implanted VADs have also been used
in patients with CS. In 49 patients treated
with this device, 78% were successfully
bridged to transplant. VADs were placed
at an average of 6 days after myocardial
infarction, and patients were supported
for a mean time of 56 days until trans-
plant. In-hospital mortality was only 33%
in this group of patients (48). These pa-
tients had a 31% incidence in the need
for dialysis and had a relatively high rate
of infectious complications. Another se-
ries of 18 patients with CS received sup-
port with extracorporeal membrane oxy-
genation and/or VAD and cardiac
transplant therapy. In these highly se-
lected patients, hospital mortality was
33% and 5-yr survival was 30% (49).

Prevention of CS

Since most patients who develop CS
after acute myocardial infarction do so at
some time after presentation to hospital,
there is an opportunity to prevent the
occurrence of CS in individual patients,
to reduce the overall incidence of CS, and
to significantly improve outcomes in pa-
tients who develop this potentially lethal
complication. The first step in prevention
of CS involves educating the public, en-
couraging patients to present to hospital
very early after the development of sig-
nificant chest pain or other symptoms of
acute myocardial infarction. Patients
should be directed to call the emergency
ambulance system, so that transport to
an emergency department can occur
quickly. In addition, hospital transport
systems need to be developed to allow
patients with STEMI to be transported
directly to hospitals with PCI and coro-
nary surgery capabilities, avoiding delays
inherent when acute myocardial infarc-
tion patients are admitted to hospitals
without these facilities and then emer-
gently transferred to tertiary centers. If

patients receive thrombolytic therapy for
acute myocardial infarction in hospitals
without revascularization capabilities,
signs of failed thrombolysis should be
recognized early, and these patients
should be transferred quickly to tertiary
centers with revascularization capabili-
ties.

In patients hospitalized with acute
myocardial infarction, prompt recogni-
tion of the preshock state or the early
signs of CS is vital. Once the diagnosis of
CS is made, rapid evaluation and institu-
tion of supportive medical therapy, inser-
tion of the IABP, and emergency revascu-
larization need to be performed. Admission
of patients to hospitals with revascular-
ization capabilities, or even directly to
the catheterization laboratory, has led to
the greater utilization of these lifesaving
therapies with improved mortality rates
in several nonrandomized studies (30, 31,
50). It is unlikely that further large ran-
domized controlled trials in patients with
CS will be carried out. It is now necessary
to improve systems of care in order to
translate the benefits of early revascular-
ization to wide implementation.
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