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since errors in dosage can occur even in the
best units. The other practical problem in the
case of outpatients is that the patient has to be
brought up to hospital six hours before the
dialysis.-ED, BMJ.
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Haemodynamic monitoring in the
intensive care unit

SIR,-In acute myocardial infarction a low-
cardiac-output condition can be caused by
inadequate intravascular volume, and an
inappropriately low left ventricular filling
pressure is an important diagnostic feature.
Your leading article (12 April, p 1035)
suggests that the incidence of the condition is
small, but as long ago as 1974 Sobel' reported
that nearly 25% of patients sent to his unit
from community hospitals for the treatment of
cardiogenic shock and power failure after
myocardial infarction had this hypovolaemic
disorder. It can kill within an hour or two of its
onset if it is not treated by volume expansion,
and so many patients must have died before
they could reach the community hospitals or
arrive at Sobel's unit.
More patients might be recovered if the

condition was suspected more often, and if the
diagnosis was not thought to depend on direct
or indirect measurement of the left atrial
pressure. The diagnosis can usually be made
from the patient's response to intravenous test
infusions of 200-400 ml 5% dextrose, and
special equipment is not required to detect the
recovery of palpable arterial pulses and
recordable blood pressure, the improvement
in the peripheral cutaneous circulation, the
wakening from unconsciousness, and the
resumption of urine flow, which are achieved
when the circulation gets the fluid it needs.
The ensuing diuresis commonly brings the left
ventricular filling pressure below the effective
threshold and so the infusion may need to be
repeated over and over again during a period
of one to seven days. Occasionally an inotropic
agent requires to be used, and adrenaline is
excellent.2-6
The infusions cause variable central venous

pressure responses. When venous constriction
is severe an infusion of 200 ml 5% dextrose
may cause the pressure to rise by 20 cm of
water, but the level quickly falls as the veins
relax, and the infusion of 200 ml 5% dextrose
when the hands are pink and warm may cause
a pressure rise of less than 2 cm water.3-6
The majority of patients resuscitated by

volume expansion at Charing Cross Hospital
had inferior myocardial infarction and pre-
sented two remarkable features. Firstly, the
heart block which was commonly present
disappeared with the first test doses of infusion,
but pacemaking without infusion did not
relieve the shock. Secondly, the magnitude of
the infarction seemed small for such a cata-
strophic illness when it was judged subse-
quently from the patient's physical ability and
freedom from heart failure.
The diagnosis of hypovolaemic shock in

acute myocardial infarction can be excluded
when the test doses of infusion fail to produce
a rapid and obviously favourable clinical
response. The myocardial injury is usually a

severe anterior infarction, and adrenaline
infusion may occasionally improve the left
ventricular function to a level which enables
the patient to recover.
The principles which encouraged the

rational investigation and treatment of the low
output states in acute myocardial infarction
were clearly stated in your leading article-
namely: (1) "Changes in [right] atrial pressure
may be due to alterations in venous tone...."
(2) "In a small [sic] but important group of
patients with low-output states complicating
myocardial infarction the left atrial pressure is
normal or even low." (3) "The use of diuretics
to promote the flow of urine may be
dangerous... ." These principles were waiting
to be observed by anyone who turned his
attention from the problems of open-heart
surgery to acute myocardial infarction, and
probably were discovered in many parts of the
world at the same time; but I do think they
were first published in England.2-6
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Hypokalaemia and diuretics

SIR,-We would like to congratulate Drs D B
Morgan and C Davidson for their painstaking
analysis of publications on hypokalaemia and
diuretics (29 March, p 905). We would, how-
ever, like to make a few comments particularly
relevant to the older population, 37-4% of
whom are on regular diuretic therapy.'
We surveyed 400 consecutive admissions to our

unit; 85 patients were taking diuretics for more than
three months and 17 of these were hypokalaemic
(see accompanying table). It is interesting to note
that 33 % of the patients on frusemide alone were
hypokalaemic as compared to 4 % of those
receiving frusemide in combination with potassium
supplements or potassium-sparing diuretics. We
therefore disagree with the authors' suggestion that
the risks of hypokalaemia are small when loop
diuretics are administered. Elderly patients are
likely to develop hypokalaemia for several reasons:
their dietary intake of potassium tends to be
reduced,2 3the gastrointestinal absorption may be
diminished,4 and the reduced muscle bulk may
further diminish the total body potassium
reserves.5 6 If in addition they are challenged by a
diuretic that increases the urinary potassium loss,
hypokalaemia may develop.

It is interesting to note that in our survey, 27 %
of the patients on Navidrex K (cyclopenthiazide
and potassium chloride) became hypokalaemic. In
elderly patients therefore the amount of potassium

supplements incorporated in these tablets may
either be insufficient to replace the amount lost or
not be completely absorbed from the gastro-
intestinal tract. From our data it may also be
argued that even the potassium-sparing diuretics
may lead to hypokalaemia: 18 % of our patients on
50 mg hydrochlorothiazide and 5 mg amiloride
(combined in one tablet) became hypokalaemic.
Our findings regarding this combination are,
however, in agreement with those of another study7
and it has been suggested that the formulation
amiloride 5 mg and hydrochlorothiazide 50 mg may
in some way interfere with the biological avail-
ability of amiloride, as when these two compounds
are taken separately no significant drop in the
serum potassium could be detected.7 On the other
hand, the combination of 25 mg hydrochlorothia-
zide and 50 mg triamterene seems more effective in
preventing potassium loss: several hundred elderly
patients on this formulation are closely followed by
the European Working Party on Hypertension in
the Elderly, and no significant drop in their serum
potassium has been reported. In another series of
484 patients treated with a combination of hydro-
chlorothiazide (25 mg) and triamterene (50 mg),
only 6% developed hypokalaemia.8
We consider unacceptable the statement

that "Hypokalaemia would almost disappear
as an important complication of diuretic
treatment if it was defined as a value less than
3 0 mmol[mEq]/l rather than as a value less
than 3-5 mmol/l." Hypokalaemia in the elderly
may be associated with postural hypotension
and giddiness on standing up. In our series
the hypokalaemic patients exhibited an average
drop in systolic blood pressure on standing up
of 20 mm Hg (from 148 to 128 mm Hg)
despite the fact that none had a serum level
below 3 0 mmol/l. Apart from the other known
manifestations, hypokalaemia may also present
in a non-specific manner with lethargy, apathy,
and easy fatiguability; whereas these mani-
festations may not be "harmful," the quality of
life of older patients may be improved by
preventing hypokalaemia from developing.
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Beta-blockers in immediate treatment
of myocardial infarction

SIR,-On behalf ofmy colleagues, may I thank
Professor G A Rose for his comments? He
rightly points out that it is not possible to
conclude from our results (29 March, p 885)

Diuretic treatment and hypokalaemia in 85 elderly patients

No of Average age No with
Diuretic agent patients (years) hypokalaemia

Frusemide . .. . 12 83 4
Frusemide and potassium supplement or potasaium-sparing diuretics 23 81 1
Navidrex K (cyclopenthiazide and potassium chloride) 26 79 7
Moduretic (amiloride hydrochloride and hydrochlorothiazide) 17 80 3
Others . .7 81 2
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