
Br Heart J 1986; 55: 549-53

Cardiogenic shock without a critically raised left
ventricular end diastolic pressure: management and
outcome in eighteen patients

DENIS EDWARDS, SEAN WHITTAKER, ALISON PRIOR

From Withington Hospital, Manchester

SUMMARY Eighteen patients in whom shock developed after acute myocardial infarction are

described. There was electrocardiographic evidence of acute inferior infarction in 11, of infer-
olateral infarction in three, and of anteroseptal infarction in four. In all cases the right atrial
pressure was the same as or exceeded the end expiratory pulmonary artery wedge pressure.

Plasma volume expansion of 100-2500 ml was needed to produce an optimum pulmonary artery

wedge pressure. Eleven patients needed additional inotropic support with dopamine. Despite the
absence of a critical increase in pulmonary artery wedge pressure, potential or actual hypoxia was
almost always present. Six patients needed endotracheal intubation and mechanical ventilation
because they had severe hypoxia that was unresponsive to supplemental inspired oxygen. Life
threatening arrhythmias were also common (ventricular fibrillation in seven patients and com-

plete heart block in four). Five patients died. All surviving patients are well and only one requires
treatment for heart failure.

Shock after acute myocardial infarction is not neces-
sarily associated with a critically high left ventricular
end diastolic pressure and in selected patients the
cardiac output can be improved and features of
hypoperfusion reversed by judicious use of plasma
volume expansion.1 2 The introduction of bedside
monitoring of pulmonary artery wedge pressure and
cardiac output by means of balloon tipped pul-
monary artery catheters34 led to more systematic
and detailed studies ofhaemodynamic function after
acute myocardial infarction5 and the description of
the syndrome of right ventricular infarction in 1974
by Cohn and his associates.6 But surprisingly little
has been written about the practical details of the
management of such patients and there are few pub-
lished reports of such cases.
We describe 18 patients with severe circulatory

collapse after acute myocardial infarction who were
found on invasive monitoring to have a normal or
low pulmonary artery wedge pressure. In particular
we give details of the correction of hypoxia, plasma
volume expansion, and use of inotropic agents.
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Patients and methods

We studied 18 patients managed on the intensive
care unit or coronary care unit ofWithington Hospi-
tal, Manchester (Table 1). In all of them shock had
developed after acute myocardial infarction and they
had a pulmonary artery wedge pressure of
< 14-18 mmHg. Shock was defined as a systolic
blood pressure of < 80mmHg associated with signs
ofhypoperfusion-that is disordered conscious level
and oliguria of < 20 ml per hour. Cardiac output was
estimated in seven patients and in these shock was
further defined as a cardiac index of < 1 8 1/min/m2
in accordance with previous studies.57 A pulmonary
artery wedge pressure of 14-18mmHg was deemed
to be the optimum level of preload for the left ven-
tricle after acute myocardial infarction in terms of
balancing cardiac output and tissue perfusion
against the risk of cardiogenic pulmonary oedema.7 8
No patients had been on long term diuretic treat-
ment before admission to hospital and only one had
received a f blocker.

MEASUREMENTS OF PULMONARY ARTERY
WEDGE PRESSURE
Mean pulmonary artery wedge pressure was mea-
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Table 1 Data on patients

Case no Age (yr) Sex Heart rate Arrhythmias RAP PAWP Outcome
(beats/min) (mm Hg) (mm Hg)

1 63 M 100 AF 15 7 S
2 64 M 100 VF 12 4 D
3 66 M 150 VF 8 '0' D
4 70 F 120 AF 17 15 S
5 68 F 100 AF 14 10 D
6 64 M 50 AF, VF, CHB 17 6 S
7 54 M 100 VT 14 11 S
8 57 M 80 - 14 14 D
9 69 F 40 CHB 12 5 D
10 51 F 90 - 9 5 S
11 69 F 50 AF, 2°HB 18 18 S
12 53 F 140 - 16 16 S
13 59 M 70 VF 14 12 S
14 53 M 80 VF 15 10 S
15 50 M 110 VF 12 5 S
16 62 M 120 VF 14 '0' S
17 51 M 115 AF 15 8 S
18 53 F 40 CHB, VF, AF 15 6 S

AF, atrial fibrillation; VF, ventricular fibrillation; VT, ventricular tachycardia; CHB, complete heart block; 2°HB, second degree heart
block; RAP, right atrial pressure; PAWP, pulmonary artery wedge pressure; S, survived; D, died.

sured with reference to the phlebostatic axis (at the
fourth intercostal space in the mid-axillary line) at
end expiration (whether spontaneous or mechani-
cal). The pulmonary artery catheters were supplied
by Edwards Laboratories and were used with mon-
itoring equipment supplied by Simonsen and Weel.
Cardiac output was measured by a standard thermo-
dilution technique with an Edwards Laboratories
thermal dilution cardiac output computer (model
9520A).

PATIENT MANAGEMENT

When the pulmonary artery wedge pressure was
< 14mmHg 200 ml of fluid was infused into a cen-
tral venous catheter every 10 minutes. We adjusted
plasma volume expansion according to clinical
response and measurements of pulmonary artery
wedge pressure (and cardiac output if available).
Inotropic support was started if restoration of the
pulmonary artery wedge pressure to 14-18mmHg
did not improve or reverse the signs of hypo-
perfusion. Dopamine was infused through a central
venous catheter at an initial dose of 2 pg/kg/min; this
was increased by 2 ug/kg/min every 5 miin depending
on the response.

Wherever necessary, cardiac rate and rhythm
were restored to normal before or after production
of an optimum pulmonary artery wedge pressure
depending on individual clinical circumstances.
Blood gases were measured in samples taken from
the brachial artery as soon as possible during resus-

citation, and the patient's percentage inspired oxy-
gen concentration was noted.

All patients had standard 12 lead electro-
cardiographs which were repeated serially wherever
possible, and plasma creatine kinase was measured
daily for three days.

Results

We noted right atrial pressure when the pulmonary
artery catheter was inserted. In all patients this
equalled or exceeded the pulmonary artery wedge
pressure. The duration of hypotension before
invasive monitoring was started varied from 30 min
to 72 h.

ELECTROCARDIOGRAPHIC AND ENZYME
CHANGES
Only patients with transmural infarction, as defined

Table 2 Arterial P02 and percentage inspired oxygen in patients in cardiogenic shock

Case no %02 P02 (kPa) Case no %02 P02 (IPa)

1 60 22 4 9 40 8 4
2 60 83 12 21 72
3 21 59 13 60 45
4 60 192 15 60 73
5 60 19.1 16 60 6 9
6 60 527 17 60 11797 60 2353 18 21 713
8 50 71 .__
%02' percentage inspired oxygen (21% = room air); P02, arterial P02. No data were available for cases 10, 11, or 14.

550 Edwards, Whittaker, Prior
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Cardiogenic shock without a critically raised left ventricular end diastolic pressure

Table 3 Pulmonary artery wedge pressure (PAWP) before resuscitation, volume offluid required to produce an optimal
PAWP, systolic blood pressure, and urine output in patients who responded to plasma volume expansion (group A) and those
who required inotropic support (group B)

Case no PAWP V Bp (i) Bp (ii) Bp (iii) U(M) U(2) U(3)
(mm Hg) (mm Hg) (mm Hg) (mm Hg) (milh) (ml/h) (ml/h)

Group A:
3 0 2-5 70 95 N/A 5 170 N/A
7 11 0-5 70 90 N/A 0 210 N/A
10 5 1-3 70 110 N/A 12 395 N/A
13 12 1-0 70 100 N/A 15 185 N/A
14 10 1-5 80 95 N/A 4 427 N/A
15 5 1-8 80 110 N/A 0 530 N/A
17 8 1-2 80 105 N/A 10 90 N/A
Group B:
1 7 1-8 6 50 105 0 0 277
2 4 1-6 ? ? 100 0 0 195
4 15 0-1 80 80 95 5 0 434
5 10 0-2 70 70 115 12 15 205
6 6 0 3 50 100 0 20 86
8 14 0-2 80 80 125 0 12 392
9 5 1-0 80 60 100 4 13 155

1 1 18 - 80 - 95 7 0 480
12 16 - 80 70 115 25 10 315
16 0 2-5 60 ? 105 0 0 550
18 6 1-8 ? 50 100 0 0 64

V, volume of fluid in litres needed to produce an optimum pulmonary artery wedge pressure; Bp, systolic blood pressure (i) before
resuscitation, (ii) after plasma volume expansion to an optimum pulmonary artery wedge pressure, and (iii) after dopamine. U, urine output
(1) before plasma volume expansion, (2) after plasma volume expansion, and (3) after dopamine. ?, unrecordably low; N/A, not applicable.

by the appearance of abnormal Q waves in the
appropriate leads together with the classic
progression of ST segment and T wave changes,
were studied. Eleven patients had pure inferior wall
changes (leads II, III, and aVF only), three had
inferolateral changes (II, III, aVF, plus leads I and
aVL or V5 and V6 or both) and four had ante-
roseptal changes (leads Vl, V2, and V3). The maxi-
mum creatine kinase concentration in the first three
days varied from 1200 iu/l to 3175 iu/l (normal range
for our laboratory up to 400 iu/l).

HYPOXIA
Table 2 shows the values of arterial P02. Ten
patients had P02 levels below normal (11 kPa). The
remaining eight patients were receiving approxi-
mately 60% oxygen and although they had P02 val-
ues above 11 kPa these were considerably lower than
would be expected if pulmonary gas exchange were
normal.9 They were thus potentially hypoxic and
would certainly have been so had they been breath-
ing room air. Three patients had inadequate alveolar
ventilation as shown by the values of arterial PCO2
ranging from 6-5 to 13 kPa. None of these had a his-
tory of chronic disease and none had received opi-
ates. In all patients P02 and PCO2 values were nor-
mal after recovery. Six patients required
endotracheal intubation and mechanical ventilation
for periods ranging from 30 min to four days.

PLASMA VOLUME EXPANSION

In Table 3 the patients have been divided into two

groups-that is those who responded to plasma vol-
ume expansion (group A) and those who did not and
required inotropic support (group B). There were
no significant differences in the mean values of pul-
monary artery wedge pressure, systolic blood pres-
sure, and urine output before resuscitation between
the two groups and it was thus impossible to predict
whether there would be a satisfactory response to
plasma volume expansion alone. The volume
required to produce an optimum pulmonary artery
wedge pressure varied widely (Table 3). The
amount was not related to the level of pulmonary
artery wedge pressure or the severity of hypo-
tension. The pronounced variation in the rate of rise
of pulmonary artery wedge pressure in response to
fluid challenge made continuous bedside monitoring
mandatory in all patients. This variation can further
be demonstrated by considering in more detail the
responses of two patients with similar levels of pul-
monary artery wedge pressure (Figure). Three of
the five patients who died developed circulatory
collapse immediately after receiving intravenous
frusemide.
Plasma volume expansion reversed the signs of

hypoperfusion in seven patients. Eleven patients
needed additional inotropic support. The dose of
dopamine varied from 2 to 18 pg/kg/min. In only
one patient was the use of dopamine associated with
a critical rise in pulmonary artery wedge pressure.
Because of the well recognised lag between an
improvement in cardiac output and detectable
changes in blood pressure the dose of dopamine was
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Figure Response ofpulmonary artery wedge pressure

(PAWP) to plasma volume expansion in cases 15 and 6.

increased only until the cardiac index was greater
than 2-2 1/min/m2 or there had been an improvement
in the patient's conscious level. Urine output started
to improve 30-75 minutes after this point.
Dopamine was needed for 72-120 hours in those
patients who survived.

Discussion

In a classic study Forrester divided patients with
acute myocardial infarction into four haemodynamic
subsets based on measurements of cardiac index
(CI) in 1/min/m2 and pulmonary artery wedge pres-
sure (PAWP) in mm Hg.5 The patients were
classified thus-group I, CI > 2-2 and PAWP < 18,
group II, CI > 2 2 and PAWP > 18, group III, CI
<2-2 and PAWP <18, group IV, CI <2-2 and
PAWP > 18. Our patients fall into group III of this
classification. They also fulfil the criteria of the
definition of the syndrome of right ventricular
infarction as laid down by Cohn et al.6 This is sus-

pected clinically when there is hypotension, hypo-
perfusion, and high jugular venous pressure, and
lack of clinical or radiological features of left ventric-
ular failure usually after inferior wall infarction and
has been described as "...a right atrial pressure as

high or higher than simultaneously measured pul-
monary artery wedge pressure... .Y'O In view of the
large number of patients in this series as compared
with others we feel able to comment on management
in some detail.
The first step is to correct hypoxia which is very

common and often severe. In shock associated with
right ventricular infarction hypoxia this is of funda-
mental importance for two reasons. Firstly alveolar
hypoxia increases pulmonary vascular resistance and
hence the afterload of the right ventricle. Secondly
in order to improve venous return and to facilitate
insertion of pulmonary artery catheters or pacing
electrodes all patients must be placed in the head

Edwards, Whittaker, Prior

down position. In the age groups affected this will
reduce pulmonary functional residual capacity and
cause or exacerbate hypoxia.11 Six patients could
not tolerate the horizontal position and they had to
be intubated and mechanically ventilated before the
insertion of intravascular catheters. Other causes of
the hypoxia that is seen so frequently must remain
speculative, but a possible mechanism is a reduction
in mixed venous P02 as a result of a low cardiac
output. Pre-existing left ventricular failure was
thought to be the explanation in only one patient.
Thus we recommend that wherever it is feasible
arterial blood gases should be measured in such
patients before the insertion of pulmonary artery
catheters or pacing electrodes. If hypoxia is severe
then the equipment, drugs, and personnel necessary
for emergency endotracheal intubation should be
available. We have been unable to find any other
systematic study of the incidence or severity of hyp-
oxia in patients with shock due to right ventricular
infarction.

After correction of hypoxia the next step is to
measure pulmonary artery wedge pressure and if it
is low to raise it to an optimum level with controlled
volume expansion. Opinions differ on the safety and
effectiveness of colloid of crystalloid fluids. We used
Hartmann's solution and a gelatin derivative in
equal volumes believing that it is not the type of
fluid but the precise volume as determined by mea-
surement ofpulmonary artery wedge pressure that is
important. The central venous pressure is not a
reliable guide for fluid therapy after acute myo-
cardial infarction.12 Right ventricular infarction
rarely occurs in isolation, left ventricular
involvement being common and often severe.13
Because of the slopes of the left ventricular function
and pressure/volume curves and the reduction in left
ventricular compliance a low pulmonary artery
wedge pressure has a pronounced effect on stroke
volume. The optimum pulmonary artery wedge
pressure tends to be higher than normal, falling just
short of those levels which would give rise to cardio-
genic oedema. As a result of this "brittle" response
to volume expansion the risk of over transfusion is
high during unmonitored treatment.

If the left ventricular preload is low and reduced
further then catastrophic falls in stroke volume and
cardiac output can occur. This explains the disas-
trous effects of intravenous frusemide seen in five
patients. Collapse occurred within minutes, without
a diuresis and was presumably related to the periph-
eral haemodynamic effects of frusemide."4 None of
these five patients had clinical or radiological evi-
dence of left ventricular failure, and frusemide had
been given because of raised jugular venous pres-
sure. In retrospect the clinicians involved agreed

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.55.6.549 on 1 June 1986. D
ow

nloaded from
 

http://heart.bmj.com/


Cardiogenic shock without a critically raised left ventricular end diastolic pressure 553
that the diuretic was inappropriate.

If an optimal pulmonary artery wedge pressure
does not bring about a rise in cardiac output or
reversal of hypoperfusion then inotropic support is
needed. We used dopamine as described above and
found that it rarely caused a critical rise in pul-
monary artery wedge pressure as it does in other
forms of cardiogenic shock.15

After restoration of renal perfusion all surviving
patients had a diuretic phase. Monitoring of pul-
monary artery wedge pressure was continued
throughout this phase, which lasted from 12 to 72 h,
in order to maintain a safe left ventricular preload.
Arrhythmias were common and often life threat-

ening. The stage at which the arrhythmias were
treated depended on individual circumstances, with
for instance ventricular fibrillation dictating its own
treatment priority. Previous studies have contained
a very high proportion of patients with complete
heart block. The relatively high incidence of ventric-
ular fibrillation in this series is therefore a new
finding. Two patients (cases 15 and 18) developed
recurrent ventricular fibrillation despite large doses
of lignocaine, and stable sinus rhythm was restored
only after hypoxia and shock had been reversed by
mechanical ventilation and dopamine. Both these
patients survived. Four patients required temporary
transvenous pacing electrodes and these were
inserted immediately before the pulmonary artery
catheters. As in previous studies16 the response to
pacing alone was disappointing; perfusion improved
only after correction of haemodynamic function
with fluid and dopamine.

Cases of cardiogenic shock in which left ventricu-
lar end diastolic pressure is not critically raised
therefore require aggressive management and the
facilities of a modem coronary care unit or intensive
care unit. All the patients who survived are alive and
well and only one requires medication for heart fail-
ure. We feel that the more favourable prognosis in
this form of cardiogenic shock, compared with other
forms, justifies such an approach.
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