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Summary: Four immunochemical methods for digoxin assay were used to analyse control samples, 33 amniotic
fluid samples, 57 samples from digitalis-treated, non-pregnant women, 90 pregnancy serum samples, and 72
samples of fetal or neonatal serum with or without digoxin therapy. One hundred and five samples were also
submitted to ultrafiltration before analysis.

Three methods (RIA, TDx, AMERLITE) showed practically the same precision, while the precision of the
DELFIA was markedly inferior. In the analysis of serum samples from digoxin-treated, non-pregnant women,
RIA and TDyx gave practically the same values, whereas AMERLITE and DELFIA gave significantly higher
values.

Pregnancy serum and fetal serum contain “digoxin-like immunoreactive factors”, and the qualitative and
quantitative effects of these interfering factors are different for each of the four methods. The greatest
sensitivity to “digoxin-like immunoreactive factors” is shown by TDx and DELFIA, while the lowest
interference by “digoxin-like immunoreactive factors” is found in the analysis of ultrafiltered samples, using
the TDx method.

The composition of the “digoxin-like immunoreactive factors™ in pregnancy serum and in fetal serum is
altered by digoxin therapy, and these changes have different effects on the various analytical methods. The
concentration of “digoxin-like immunoreactive factors” in the serum of fetuses receiving digoxin is markedly
lower than that of healthy fetuses.

For the reliable monitoring of digoxin therapy in the maternal and fetal circulation, the blood samples must
be submitted to ultrafiltration before analysis.

Introduction compensation (1—4). For this purpose, digitalis

Fetal tachyarrhythmia — supraventricular tachycar-
dia and atrial flutter — in utero can lead to fetal
congestive heart failure with the signs of non-immune
hydrops, and to death of the fetus. The reliable pre-
natal diagnosis of this condition is nowdays possible
by sonographic and echocardiographic investigation
of the fetus. Transplacental treatment of the fetus by
the administration of antiarrhythmic agents to the
mother can lead to cardioversion of the tachyarrhyth-
mia to a sinus rhythm with consecutive cardiac re-
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agents are preferred, but in most cases they must be
combined with other antiarrthythmic drugs (4). When
hydrops is absent or not very pronounced, this con-
ventional transplacental therapy is almost always suc-
cessful, provided the dose is sufficiently high. In the
presence of a backward failure with pronounced hy-
drops, however, it is frequently unsuccessful (5).

Possible reasons for failure of the therapy are an
altered responsiveness of the affected fetal heart and/
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Ultrafiltration is very effective for the elimination of
“digoxin-like immunoreactive factors”. Christenson
(17) found no “digoxin-like immunoreactive factors”
in 17 ultrafiltered pregnancy sera, whereas our own
studies showed a 90% decrease of “digoxin-like im-
munoreactive factors™, in agreement with the results
of Graves et al. (16).

Much higher concentrations of “digoxin-like immu-
noreactive factors” are found in the umbilical cord
blood and in the blood of untreated fetuses (tab. 3).
Here also, the results are markedly method-depend-
ent: “Digoxin-like immunoreactive factors” were
found in only 8% of samples with RIA, whereas the
non-radioactive methods detected “digoxin-like im-
munoreactive factors” in 100% (or 98%) of the sam-
ples. The highest concentrations were found with TDx
and DELFIA, but here again comparison of the in-
dividual values reveals only a weak correlation
(r = 0.133) between the two methods. The high spec-
ificity of the RIA is especially evident from the anal-
yses of umbilical and fetal blood sam;iles. We cannot,
however, confirm the statement by the AMERLITE
manufacturer that the influence of “digoxin-like im-
munoreactive factors” on this assay is “relatively
small or non-existent”.

Ultrafiltration also efficiently removes “digoxin-like
immunoreactive factors” from fetal and umbilical
blood, the concentrations being reduced on average
by 92%.

Amniotic fluid, which consists largely of fetal urine,
contains (depending of the analytical method) rela-
tively high concentrations of “digoxin-like immuno-
reactive factors” (tab. 4). Ultrafiltration is not effec-
tive in the removal of “digoxin-like immunoreactive
factors” from amniotic fluid, because the latter con-
tains only a low concentration of protein.

No systematic studies have so far been published on
the determination of digoxin in sera from pregnant
women treated with digitalis preparations, or in the
sera of digoxin-treated fetuses.

We investigated 40 sera from pregnant women treated
with digitalis for fetal tachyarrhythmia. The results
are shown in figure 3 (a—c) and table 5. In addition,
the samples were ultrafiltered and analysed by

the fluorescence-polarization-immunoassay (fig. 4,
tab. 6).

Based on the assumption that also under digitalis
therapy, 90% of the “digoxin-like immunoreactive
factors” in pregnancy serum can be eliminated by
ultrafiltration, the average “digoxin-like immunoreac-
tive factors” concentration of 0.18 nmol/l removed
by ultrafiltration (tab. 6) corresponds exactly to the

average concentration of 0.2 nmol/l in the serum of
non-treated pregnant women (tab. 2). The maximal
concentrations are also practically identical (fig. 4,
tab. 2).

However, a different relationship is found between
the results of the RIA and the‘th‘x'ee non-radioactive
methods.

Thus, compared with the systematic differences be-
tween RIA and TDy, or between RIA and DELFIA
for the analysis of non-pregnancy serum (fig. 1 (a—b),
tab. 5) even greater differences would be anticipated
for the analysis of pregnancy serum, because TDx
and DELFIA are more influenced by “digoxin-like
immunoreactive factors” than is the RIA (tab. 2).
This is not apparent from the graphical presentation
of the individual data (fig. 3 (a—b)), or from the
statistical evaluation. The average differences between
RIA and TDy, or between RIA and DELFIA become
smaller (TDx: 0.09/0.06 nmol/l; DELFIA: 0.31/0.29
nmol/l), rather than increasing by 0.11 nmol/l as ex-
pected.

We conclude from this that the composition of the
“digoxin-like immunoreactive factors” changes in
pregnancy under digoxin therapy, and that the RIA
is particularly affected by this changed “digoxin-like
immunoreactive factors”. This theory is supported by
comparison of the results from RIA and AMERLITE
(fig. 3c). In non-pregnant women, the AMERLITE
values were on average 0.21 nmol/l higher than the
RIA values, whereas they were 0.05 nmol/l lower in
sera from pregnant women treated with digitalis, de-
spite the fact that both methods are influenced in
identical fashion by the “digoxin-like immunoreactive
factors” in non-pregnancy sera.

The results from the analysis of sera from digoxin-
treated fetuses were especially surprising.

In 30 samples measured with TDx before and after
ultrafiltration, the average eliminated digoxin concen-
tration was 0.26 nmol/l (range: 0.07—0.44 nmol/l)
(fig. 6, tab. 6). Assuming that 90% of “digoxin-like
immunoreactive factors” are eliminated by ultrafiltra-

tion, comparison with the results in table 3 indicates

that the average concentration of “digoxin-like im-
munoreactive factors” in the blood of treated fetuses
is only 46% of that in untreated fetuses.

The RIA and AMERLITE values are not significantly
different from the TDy values after ultrafiltration
(tab. 5). Before ultrafiltration, howeyer, the values
obtained with TDx and with DELFIA are markedly
higher than the RIA values (fig. 5). Thus, under
digoxin therapy, fetal blood also contains an altered
population of “digoxin-like immunoreactive factors”,
which affect the various assays in different ways.
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The observed decrease of the concentration of “di-
goxin-like immunoreactive factors” in fetuses under
digoxin therapy appears to contradict the results of
Weiner et al. (40), which are just the opposite of ours.
These authors, however, could not differentiate ana-
lytically between digoxin and “digoxin-like immuno-
reactive factors”, so that their high “DLIF” concen-
tration in the serum of treated fetuses may well be
explained by the transfer of digoxin across the pla-
centa.

In a recently published study (41), Paci et al. reported
the presence of specific receptors for digoxin on the
placental membrane; “digoxin-like immunoreactive
factors™ are especially tightly bound by these recep-
tors, thereby inhibiting the binding of digoxin.

The majority of the treated pregnant women in our
collective, ultrasonography showed a hydropic pla-
centa, which was up to twice the size of a normal
placenta. It seems possible that the number of recep-
tors is increased in hydropic placentas, which would
explain the decrease in the concentration of “digoxin-
like immunoreactive factors”.

Conclusions

1. The varying sensitivity to “digoxin-like immuno-
reactive factors” already described for various ra-
dioimmunoassays is also displayed by the non-radio-
active methods investigated in the present work. The
greatest sensitivity to “digoxin-like immunoreactive
factors” in pregnancy serum is shown by the TDx
method, followed by DELFIA, RIA, AMERLITE
and finally by TDy for the analysis of the ultrafiltrate.
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