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Combination therapy with a loop diuretic and an aldosterone
antagonist can produce normokalemic hypochioremic alka-
losis, a complication not previously documented in the
literature. This report describes 74 patients who had severe
congestive heart failure treated with a combination of
furosemide and spironolactone in whom this complication
developed. Acetazolamide corrected the metabolic abnor-
mality. The combination of furosemide and spironolactone
with intermittent courses of acetazolamide was very effec-
tive in the treatment of severe congestive heart failure
complicated by normokalemic hypochloremic alkalosis.

Un traitement associant un diuretique dit de l'anse et un
antagoniste de laldosterone peut entrainer une alcalose
normokaliemique et hypochloremique, une complication qui
n'a pas ete etablie precedemment dans Ia litterature. Ce
rapport decrit 74 patients souffrant d'insuffisance cardiaque
grave et traites avec une association de furosemide et de
spironolactone chez qui cette complication est apparue.
L'acetazolamide permit de corriger cette anomalie. L'as-
sociation de furosemide et de spironolactone avec des cures
intermittentes d'acetazolamide s'est av6ree tres efficace
dans le traitement de linsuffisance cardiaque grave com-
pliquee d'alcalose normokaliemique et hypochlor6mique.

In most patients congestive heart failure can be ade-
quately controlled by therapy with digitalis and a ioop
diuretic, such as chlorothiazide or furosemide. Signifi-
cant potassium and chloride loss may develop and
result in hypokalemic hypochloremic alkalosis, which
can be corrected by the administration of potassium
chloride.1'2 However, some clinicians have given an
aldosterone antagonist along with the loop diuretic to
prevent hypokalemia and augment the urinary excre-
tion of sodium.37
A few years ago hypochloremic alkalosis developed

in 10 of our patients during treatment of refractory
congestive heart failure (defined as congestive heart
failure persisting for more than 2 weeks despite sodium
restriction, bed rest, adequate digitalis therapy and
combination diuretic therapy with furosemide and spi-
ronolactone). All 10 patients had normal serum potas-
sium levels. We assumed that the hypochloremic alka-
losis was one of the reasons for the relative lack of a
response to furosemide. which had been given in daily
doses of 160 to 200 mg.

Normokalemic hypochloremic alkalosis has not been
documented as a complication of combination therapy
with a loop diuretic and an aldosterone antagonist,
and therefore no definite treatment has been outlined
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in the literature. Acetazolamide seemed an appropriate
drug to try because it inhibits carbonic anhydrase,8"
thereby increasing the urinary excretion of sodium bi-
carbonate, with resulting hyperchloremic acidosis. It
was used to treat congestive heart failure before the
advent of loop diuretics.10-15

In this paper I have described the occurrence of
normokalemic hypochloremic alkalosis in 74 patients
with congestive heart failure treated with furosemide
and spironolactone, the use of acetazolamide to correct
this complication, and the effect of acetazolamide on
refractory congestive heart failure when given with
spironolactone alone or spironolactone and furosemide.

Patients and methods

In the period January 1971 to February 1979 pa-
tients admitted to a clinical teaching unit under our
supervision because of severe congestive heart failure
were assigned to this study if four conditions were met:
* If severe congestive heart failure (manifested by

increasing shortness of breath, orthopnea, gross edema
of both legs, a jugular venous pressure greater than
10 cm and compatible radiologic signs) was still pres-
ent after 2 to 3 weeks of standard treatment of this
condition (bed rest, restriction of dietary intake of
sodium chloride to 2 g/d, and administration of di-
goxin, furosemide [80 to 160 mg/d] and spironolac-
tone [100 to 200 mg/d]).
* If normokalemic hypochloremic alkalosis devel-

oped (serum potassium level 3.9 to 5.3 [normal 3.5 to
5.31 mmol/l, serum chloride level less than 93 [normal
96 to 106] mmol/l and total CO2 content greater than
31 mmol/l).
* If there was no response to therapy with furo-

semide (160 mg/d for 4 days) - that is, if diuresis
was inadequate, as judged from a weight loss of less
than 1 kg in 4 days, and the jugular venous pressure
remained greater than 8 cm.
* If the serum creatinine level was less than 2

mg/dl (177 ,imol/l) and the patient had none of the
following conditions known to cause refractory con-
gestive heart failure: surgically correctable cardiac le-
sions, pulmonary embolism, thyrotoxicosis, infection,
obstructive cardiomyopathy or constrictive pericarditis.
On this basis 74 patients were selected for study.

Digoxin had produced toxic effects in six of the pa-
tients, but these were alleviated during the first week
in hospital. The congestive heart failure was considered
refractory in 38 patients because there was no sig-
nificant improvement after 2 weeks of standard treat-
ment; the jugular venous pressure was greater than
10 cm and there was gross edema of the legs or
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Table I-Data for patient with refractory congestive heart failure

Hospital day

Variable 1 3 6 8 9 10 12 13 14 22

Levels of serum constituents
Creatinine, mgldl 1.5 1.4 1.6 1.6 - 1.8 1.9 - - 1.5
(mmol/l) (133) (124) (141) (141) (159) (168) (133)

Total C02, mmolfl 30 34 33 32 33 32 28 23 18 26
Chloride, mmol/l 96 89 92 92 91 94 97 101 104 99
Potassium, mmolIl 4.2 3.5 3.9 4.1 4.2 4.0 4.1 4.2 3.8 4.0
Sodium, mmol/l 138 140 139 136 139 137 139 136 139 134

Serum level of digoxin, ng/ml 0.9 - - - - - 1.7 - 1.6 1.4
BloodpH 7.446 - - - - - - 7.385 - -
Jugular venous pressure at
4501cm 15 - 15 - 15 - 13 7 5 1-2

Daily dose of medications
Furosemide, mg 80* 120 160 160 - - - 80 80 80
Acetazolamide,g - - - - 1 1 1 - - -

Spironolactone,mg100 100 100 100 100 100100100100 100
Weight,kg68 - 67.5 67.5 66.2 656362.5 59.4 58

*lntravenously for 2 days.



digoxin (0.25 mg/d), furosemide (80 mg/d) and spiro-

nolactone (100 mg/d).

Findings in the entire group

The mean changes in body weight and serum elec-
trolyte levels in the 74 patients are shown in Table II.
After 2 to 3 weeks of standard treatment in hospital
(including spironolactone and furosemide) the mean
weight loss in 1 week (± the standard deviation) was
0.7 ± 0.2 kg, but after 4 days' treatment with acetazo-
lamide and spironolactone the mean weight loss was
4.0 ± 0.6 kg. This greater loss in weight was accom-
panied by a reduction in the jugular venous pressure
and a lessening of the signs and symptoms of conges-
tive heart failure. During the next 7 days, with spiro-
nolactone and furosemide therapy, a further 5.5 kg
was lost on average. The metabolic abnormality was
corrected in all 74 patients by the fourth day of ace-
tazolamide therapy.

In 61 (82%) of the 74 patients diuresis continued
for the 4 days of acetazolamide and spironolactone
therapy, with amelioration of the congestive heart fail-
ure, as judged by the weight loss and the reduction
in the jugular venous pressure from more than 10
cm to less than 4 cm. When furosemide therapy was
reintroduced at a lower dose 61 (82%) of the 74
patients had a substantial increase in diuresis, a weight
loss of more than 4 kg in 1 week and complete clear-
ing of the congestive heart failure.

Only 1 of the 13 patients with refractory congestive
heart failure showed resolution of the heart failure
when the daily dose of furosemide was increased great-
ly. The other 12 had a substantial weight loss and
resolution of the heart failure during a 2-week period
of therapy with an intermediate daily dose of furo-
semide (80 to 160 mg), as well as spironolactone (100
to 200 mg/d) and, intermittently, acetazolamide. It
was necessary to give the 4-day course of acetazo-
lamide twice during the 2-week period to achieve
normal serum levels of chloride and total COI.

Discussion

Hypokalemic hypochloremic alkalosis, a well recog-

Table li-Mean changes in weight and serum electrolyte levels after
4 days' treatment with acetazolamide, 250 mg four times a day, in 74
patients whose severe congestive heart failure was unresponsive to
furosemide therapy*

Mean + standard deviation

On day 4 On third day
Before of after

acetazolamide acetazolamide acetazolamide
Variable treatment treatment treatment

Weight, kg 70.3 :i 2.12 66.3 ± 1.51 60.8 l: 2.08
Serum level, mmol/l
Sodium 136 . 0.58 - 134 i 0.45
Potassium 4.3 . 0.10 4.2 :i: 0.06 4.3 0.08
Chloride 91 0.52 103 ± 0.35 102 0.42
Total CO2 34 0.32 23 ± 0.55 26 . 0.55

*Spironolactone, 250 mg four times a day, was given throughout the
hospital stay.



in patients with congestive heart failure." Also, deaths
have been reported with the use of L-arglnine, parti-
cularly when combined with spironolactone.27 Aceta-
zolamide had been used both to correct hypochloremic
alkalosis caused by mercurial diuretics. and to manage
congestive heart failure before the advent of loop
diuretics.1.15

Kassirer and associates29 have emphasized that it is
difficult, if not impossible, to restore normal potassium
balance and acid-base equilibrium in a patient depleted
of chloride; this is likely to happen in edematous pa-
tients with a low dietary intake of sodium chloride who
are receiving diuretics.
A mildly depressed serum chloride level (93 to 95

mmol/l) in patients taking diuretics for heart failure
does not necessitate treatment if there is no other elec-
trolyte abnormality or edema and the heart failure has
resolved. The reduction or cessation of diuretic ther-
apy may restore the chloride balance.

Thus, in this study the requirements for treatment
with acetazolamide were hypochloremia (serum chlo-
ride level less than 93 mmol/l), metabolic alkalosis
(serum total CO2 content greater than 31 mmol/l in
the absence of respiratory acidosis), normokalemia (se-
rum potassium level 3.9 to 5.3 mmol/l), congestive
heart failure with the jugular venous pressure exceed-
ing 5 cm, and definite edema of the legs. The results
of the study showed: that the combination of aceta-
zolamide and spironolactone corrected the normokale-
mic hypochloremic alkalosis, increasing the mean se-
rum chloride level from 91 ± 0.52 to 103 ± 0.35
mmol/l; that the drug combination had a diuretic
action sufficient to ameliorate the congestive heart
failure, as shown by a substantial weight loss and
reduction in jugular venous pressure; and that the
patients with refractory congestive heart failure (those
who had a poor response to treatment with 160 to 200
mg/d of furosemide) showed an improvement, with
an enhanced response to furosemide, after two 4-day
courses of acetazolamide.
The outmoded mercurial diuretics were known to

lose their natriuretic effect when hypochloremic alka-
losis developed.2.'6"0 This so-called refractoriness was
corrected by administering ammonium chloride2.'6" or
acetazolamide'. before using the mercurial diuretic
again. A similar refractoriness to furosemide in the
presence of hypochloremic alkalosis has not been es-
tablished, although in experiments with dogs furose-
mide has induced the urinary excretion of 1240 .mol
of sodium per minute in the presence of metabolic
acidosis but only 970 .mol/min in the presence of
metabolic alkalosis." It can certainly be argued that a
dog's response in an experiment may not simulate the
response of a patient with severe congestive heart fail-
ure and anasarca refractory to a standard treatment
regimen that includes the administration of 200 mg
of furosemide per day.

In this study acetazolamide corrected the hypochlo-
remic alkalosis in all 74 patients, and diuresis and
weight loss were enhanced by this correction. Although
these results do not prove that the hypochloremic al-
kalosis caused refractoriness to modest doses of furo-

semide, the evidence is suggestive. Further studies are
required to elucidate the mechanisms. Obviously a
study involving a placebo would be foolhardy in very
ill patients with refractory congestive heart failure;
therefore, controlled comparative therapeutic trials
cannot be done with such patients.

There may be other explanations tor the favourable
diuretic response. In particular, a few days after diu-
retic therapy is stopped, fluid balance may be partially
corrected by the mobilization of edema fluid into the
intravascular compartment, which may then allow a
natriuretic response to diuretic therapy. However, the
patients in this study had a mean weight loss of 4.0 kg
during the 4 days that they took acetazolamide and
spironolactone but not furosemide. Their hypochlo-
remic alkalosis was corrected and they subsequently
appeared to be more responsive to furosemide, having
a further weight loss of 5.5 kg, on average, in the next
7 days. Others"'32 have shown that the natriuretic ef-
fect of furosemide can be increased by various com-
binations of hydrochlorothiazide, acetazolamide and
spironolactone.

In summary, then, combination therapy with aceta-
zolamide and spironolactone will correct normokalemic
hypochloremic metabolic alkalosis and ameliorate con-
gestive heart failure, and the combination of furose-
mide, spironolactone and intermittent acetazolamide
therapy is effective in managing severe congestive heart
failure: with this regimen diuresis and weight loss can
be maintained without potassium and chloride deple-
tion or alkalosis.
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