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Effect of cardiopulmonary bypass on
plasma digoxin concentrations
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Plasma digoxin concentrations were measured in II chronically digitalized patients during and
after cardiac operation involving cardiopulmonary bypass. The mean concentration fell from
I 5 ng/ml (i ng= IO- 9 g) at induction of anaesthesia to I I ng/ml after 2 hours of bypass. This
fall was due principally to dilution of the plasma volume by the oxygenator prime and by trans-
fusion. The mean concentration on the first postoperative day was 1-7 ng/ml. Thus cardio-
pulmonary bypass does not cause any appreciable increase in digoxin excretion or loss. On the
other hand, by temporarily impairing renal function and reducing the plasma concentrations of
potassium and magnesium, it tends to reduce maintenance requirements of digoxin.

The management of patients after card-
iac operations is frequently hindered by
uncertainty regarding the effect of cardio-
pulmonary bypass on the degree of digitaliza-
tion. Heart rate in this situation is an unreliable
guide even in the presence of atrial fibrillation,
and clinicians may be in doubt whether
arrhythmias should be treated by withholding
or by increasing doses of digoxin. The
information concerning the effect of cardio-
pulmonary bypass on plasma levels of digoxin
available until now has depended upon experi-
ments in which small doses of tritiated
digoxin have been given to patients before
operation. Beall et al. (I963) found that
labelled digoxin could be detected in the
pump oxygenator after patients had under-
gone a period of cardiopulmonary bypass, but
that whereas small reductions in plasma
concentration of digoxin occurred, no fall in
myocardial concentration could be measured
over the period of operation. Ebert, Morrow,
and Austen (I963) conducted similar studies
and reported reductions of up to 28 per cent
in myocardial digoxin concentrations. How-
ever, the design of these experiments did not
permit the accumulation of tissue stores of
labelled digoxin, and the results may not be
applicable to patients on long-term treatment
with the drug.
Received 30 June I970.

1 Present address: Royal Sussex County Hospital,
Brighton, Sussex.

The radioimmunoassay for digoxin recently
introduced by Smith, Butler, and Haber
(I969) provides a specific and accurate
method for measuring plasma concentrations
of unlabelled digoxin. We have used the
technique to investigate the effects of cardio-
pulmonary bypass on plasma concentrations
of the drug in chronically digitalized patients.

Patients and methods
Eleven patients were studied during and after
operation which involved cardiopulmonary by-
pass. Their ages ranged from 32 to 6o years (mean
5 i): 9 had rheumatic heart disease, I an atrial
septal defect, and i aortic valve disease which was
thought to be congenital. All had been maintained
on digoxin for at least 5 years; the daily dose was
o025 mg in 3 patients, o 5 mg in 6, and o075 mg in
the remaining 2. No digoxin was given for at least
24 hours before operation, and none was given
throughout the period of the study. The patients'
renal function was normal or near normal as
judged by blood urea concentrations of less than
40 mgfioo ml. Conventional bypass techniques
were employed, using Rygg, Baxter, or Kay-
Cross oxygenators. The oxygenators were primed
with Hartmann's or Plasmolyte solution some-
times supplemented by small volumes of whole
blood. The volumes used for the prime and the
volumes transfused during operation were noted.
During bypass the patients were hypothermic at
about 280C.
Blood samples were taken for estimation of

plasma digoxin concentration on 4 occasions: at
the time of induction of anaesthesia, 2 hours after
the start of the bypass, 4 hours after completion
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of bypass, and finally on the following day
approximately i6 hours after completion of
bypass. The blood remaining in the oxygenator at
the end of bypass was pooled with blood from the
discard sucker. The total volume was measured
and an aliquot taken for measurement of digoxin
concentration. The total volumes of urine passed
before, during, and after cardiopulmonary bypass
were measured separately and the digoxin con-

centrations were estimated.
Plasma digoxin concentrations were measured

by radioimmunoassay (Smith et al., I969;
Chamberlain et al., I970). The method is specific
and capable of measuring digoxin concentrations
as low as o-25 ng/ml (i ng=io-9 g). Urine
digoxin concentrations were also measured by
radioimmunoassay using urine dilutions of I: I00
in barbitone buffer containing human serum

albumin.
Measurements of creatinine excretion were

obtained in 4 patients during and after operation;
plasma and urine creatinine concentrations were

measured by AutoAnalyser.
The statistical significance of the results was

determined by the t test for paired comparisons.

Results
Changes in plasma digoxin concentra-
tions (Fig. i) At the time of induction of
anaesthesia, the plasma digoxin concentration
in ii patients ranged from 0 3 to 2 5 ng/ml
(mean I.5 ± S.E.M. o03). Plasma samples
taken after 2 hours of cardiopulmonary bypass
showed a reduction in digoxin levels in 8
patients, no change in 2, and a trivial rise in i

(mean i-i ng/ml ± o 2). The overall reduction
in the mean concentration was significant
(P < o0o5). Only small and inconstant changes
had occurred when the next samples were

taken 4 hours after the end ofcardiopulmonary
bypass, and the mean level was identical
(i.I ng/ml±+02) (I ng=io 9 g). After a

further I2 hours, however, plasma digoxin
concentration had risen in 8 of the i i

patients, and the mean was slightly higher
than that at induction (I 7 ng/ml±0.4). The
increase in concentration which occurred
after operation was significant at the 5 per

, cent level of probability.
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FIG. I Mean plasma digoxin concentrations
in ii patients before, during, and after
cardiopulmonary bypass. The vertical bars
represent standard errors of the mean.

Loss of digoxin during operation Com-
plete data were available in 8 of the ii

patients, and are presented in the Table. In
the operative period before the start of cardio-
pulmonary bypass, the mean rate of urine
flow was 67 ml/hr. This increased con-

spicuously during bypass to 623 ml/hr. How-
ever, the increased flow was accompanied by
a corresponding reduction in urinary digoxin
concentrations (Fig. 2), and little change
occurred in the rate of digoxin loss. After
bypass had been discontinued the mean rate

FIG. 2 Mean rate of urine flow and mean

urine digoxin concentration in 8 patients
before, during, and after cardiopulmonary
bypass.
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TABLE Total operative digoxin loss (means± SD in 8 patients)

Volume (ml) Concentration Loss of digoxin Rate of digoxin
of digoxin (ng) excretion
(ng/ml) (ng/hr)

> Urine
(a) Induction to bypass 173 ± I14 243 ± 157 47,000 ± 42,700 I8,500
(b) During bypass 1,536 ± 224 50 ±43 7I,700 ± 67,200 29,I00
(c) After bypass 298 ±147 53 ± 50 I4,800+14,000 4,700

Pump reservoir and discard sucker 2,275 ± 883 I-2 ± 0-7 2,800 + i,800

Total operative loss= 136,300 ng (0-I4 mg).
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of urine flow decreased but the urinary
digoxin concentration remained low. There-
fore the mean rate of digoxin excretion fell
abruptly at this stage of operation from 484
ng/min to only 79 ng/min. In 5 patients,
changes in creatinine concentration were
compared with the simultaneous changes in
digoxin concentration, and the pattern was
found to be similar (Fig. 3). The total loss of
digoxin from the urinary tract during opera-
tion averaged I34,000 ng (O-I34 mg).
The amount of digoxin left in the pump

prime and in the discard sucker bottle at the
end of operation was also measured. This
averaged only 2,800 ng.
The mean loss of digoxin throughout the

whole of the operative period was therefore
O-I4 mg.

Dilution of plasma volume during
operation The plasma volume of the
patients was estimated, on the basis of an
assumed 40 ml/kg body weight (Beierwaltes,
Johnson, and Solari, I957), to be 2@4 ±
SD o 5 litres. The volume of Hartmann's
solution and plasma or its equivalent which
was used to prime the oxygenator averaged
3 o ± o-6 litres. By the end of the second hour
of bypass, when the second plasma samples
were taken for digoxin concentration, the
patients had also been transfused with o-8 +
o04 litre of plasma or its equivalent. Though
the plasma volume at this stage cannot be
accurately calculated because of equilibration
with other fluid compartments, the average
fluid expansion (excluding transfused red
cells) was 3-8 litres.

Creatinine clearances After operation,
creatinine clearance in 4 patients increased
progressively over approximately three days
and then stabilized (Fig. 4). The mean value
on the first day was 39 ml/min, and on the
fifth day 57 ml/min (P < ooi).

Discussion
The measurement of plasma digoxin concen-
tration has been shown to be of clinical value
(Smith et al., I969; Grahame-Smith and
Everest, I969; Chamberlain et al., I970). In
chronically digitalized patients with normal
renal function, plasma concentrations are
related to the daily dose of the drug. The
therapeutic range of values determined by
radioimmunoassay (Smith et al., I969;
Chamberlain et al., I970) accords closely
with that found after the administration of
tritiated digoxin to patients with subsequent
direct measurement of radioactivity in serum
(Marcus et al., I966). Though some overlap
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FIG. 3 Percentage change in digoxin and
creatinine concentrations in 5 patients during
and after cardiopulmonary bypass, the pre-
operative level being expressed as 0OO per cent.

exists between therapeutic and toxic ranges,
most patients on maintenance treatment have
plasma concentrations of I to 2 ng/ml, and
digoxin toxicity is usually associated with
levels greater than 2 ng/ml.
The individual plasma concentrations of

digoxin in the present series varied widely at
the time of induction of anaesthesia both
because the daily dose ranged from 0-25 tO
O075 mg and because of differences in the
time for which the drug had been stopped
before the day of operation. The mean level
fell significantly between the time ofinduction
and the end of the first 2 hours of bypass,
from 15 to i-i ng/ml. This rate of fall is much
greater than would be expected from the
known half-life of digoxin in patients with
normal renal function. The reduction per-
sisted for at least 4 hours after the completion
of bypass but by the following day had risen
to I7 ng/ml, slightly higher than the con-
centration before operation. No fiuther
digoxin had been administered during this
time.

FIG. 4 Mean creatinine clearances in 4
patients for the first five postoperative days.
The vertical bars represent standard errors of
the mean.
CREATININE
CLEARANCE
(ml /min )

70f
60

50

40
E

30 _-

201

10

DAY I DAY 2 DAY 3 DAY 4 DAY 5

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.33.3.334 on 1 M
ay 1971. D

ow
nloaded from

 

http://heart.bmj.com/


Effect of bypass on digoxin concentrations 337

The initial abrupt fall in digoxin concentra-
tion must have been due to some combination
of loss of the glycoside during the operative
period and of dilution of the plasma volume.
Both of these variables were examined. Under
normal circumstances the urinary tract is the
most important route for loss of digoxin, and
more than 80 per cent is excreted unchanged
by the kidneys (Doherty and Perkins, I962).
The rate of urinary flow increased conspicu-
ously when the patients went on to bypass,
but at the same time a fivefold reduction in
mean urine digoxin concentration occurred;
the overall rate of digoxin excretion therefore
showed only a modest increment. Further-
more, in the longer period after the end of
bypass both urine flow and concentration
were low, and therefore the rate of digoxin
excretion fell off sharply. The total loss of
digoxin from the urinary tract throughout the
whole operation (mean of 8 hours) averaged
O'I34 mg. Digoxin left in the oxygenator and
the discard sucker bottle at the end of bypass
added no more than o oo3 mg. Judging from
the maintenance requirements of our 8
patients in whom excretion data are available,
the mean urinary loss in a similar period
without operation would be approximately
O-I5 mg. Precise comparisons cannot be
made, but clearly the rate of loss of digoxin
during operation did not differ to any

s important degree from the usual rate of loss.
The rapid fall in plasma concentration of

digoxin during and after cardiopulmonary
bypass, which was not due to loss of the drug,
can readily be explained by dilution. The
estimated average plasma volume of our

patients was 2-4 litres. No less than 3-8 litres
were added by transfusion and from the
oxygenator prime by the time the second
plasma samples were taken. No estimate can
be made of the expansion of the plasma
volume at the time of sampling because of
the unknown distribution of fluid between the
different compartments and because of the
profuse diuresis. If it were not for these
factors and for re-equilibration between
plasma and tissue stores of digoxin, the
,plasma concentration would have fallen to a
much lower level than the observed figure of
i * i ng/ml.
The greatest tissue stores of digoxin are in

skeletal muscle. The concentrations are much
less than in some other tissues such as kidneys,
myocardium, and liver; but the bulk of

A.keletal muscle, which may comprise up to
43 per cent of body weight (Grant, I958),
ensures that it provides the largest reservoir.
Doherty, Perkins, and Flanigan (I967) found
in acute experiments that muscle concentra-

tions of tritiated digoxin were on an average
nearly five times greater than those in serum;
our own preliminary data (unpublished) using
radioimmunoassay suggest that the ratio is
even higher in chronically digitalized patients.
These large tissue stores not only limit any
tendency for an acute fall in plasma con-
centration but also readily allow a restoration
of plasma level as re-equilibration occurs.
Tissue damage during operation evidenced
by rises in myocardial and skeletal muscle
enzymes may also aid the postoperative re-
bound in plasma concentrations of digoxin. A
further factor in re-equilibration after opera-
tion must be a return towards normal of the
expanded plasma volume.
Not only does cardiopulmonary bypass not

cause any important increase in the rate of
digoxin loss, it is actually accompanied by
several factors which increase sensitivity to
digoxin and also temporarily reduce the rate
of excretion of the drug postoperatively.
Lockey et al. (I966) showed that cardio-
pulmonary bypass resulted in large urinary
losses of potassium and that plasma levels
fell postoperatively despite supplements.
The effect of cardiac glycosides is thereby
enhanced (Sampson, Alberton, and Kondo,
I943). Plasma magnesium is also reduced
after bypass operation (Scheinman, Sullivan,
and Hyatt, I969), and this further increases
the sensitivity of the myocardium to digoxin
(Seller et al., I970). The clearance of digoxin
from the kidneys depends upon glomerular
filtration rate (Bloom, Nelp, and Tuell, I966).
Though we did not measure digoxin clearance
postoperatively, the creatinine clearances (Fig.
4) show that glomerular filtration recovers
only slowly after operation; so that for several
days maintenance requirements of the drug
will be somewhat reduced.
Our data confirm that the loss of digoxin

into the residual volume of the oxygenator
prime is trivial because the blood carries only
a small proportion of the total digoxin store.
Furthermore, cardiopulmonary bypass does
not increase urinary excretion of the drug.
Bypass does, however, have metabolic conse-
quences which increase sensitivity to cardiac
glycosides, and also cause temporary changes
in renal function, which reduce maintenance
requirements. Caution is, therefore, necessary
in the administration of digoxin postopera-
tively to patients who have been chronically
and adequately digitalized before operation.

We are grateful to Mr. 0. S. Tubbs and Mr. I. M.
Hill for permission to study patients under their
care, to Dr. Edgar Haber and Dr. John Hamer for
encouragement and help, and to the nursing staff
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for their invaluable co-operation. Dr. D. J. Coltart
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Addendum
Since submission of this paper7a similar study has

been reported (Morrison, Killip, and Stason,
1970).

Reference
Morrison, J., Killip, T., and-Stason, W.-B. (I970).

Serum digoxin levels in patients undergoing
cardiopulmonary bypass. Circulation, 41 , Suppl.
3) p. 110.
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