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The effect of fenoterol on fetal metabolism: cord
blood studies
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A lb u m in , to ta l  p ro te in , to ta l  b iliru b in , glucose, cho les te ro l, t r ig ly ­
cerides, b lood  u re a  n itrogen , a lka line  p h o sp h a ta se  and  g lu tam ic  o x a lo ace tic  
tra n sa m in a se  levels w ere d e te rm in ed  in  th e  se ru m  of cord b lood  o f n eo n a te s  
bo rn  to  m o th e rs  p rev iously  tr e a te d  w ith  th e  be tam im etic  d ru g  fen o te ro l. 
T he re su lts  w ere  com pared  w ith  th o se  o f  u n tre a te d  contro ls. M ore d ev ia tio n s  
from  th e  co n tro l w ere found  if th e  in te rv a l  b e tw een  te rm in a tio n  of t r e a tm e n t  
an d  de liv e ry  w as sh o r te r  th a n  48 h o u rs . A  longer drug-free in te rv a l seem s 
m ore  fav o u rab le  fo r th e  m etabo lic  b a la n c e  o f th e  new borns. N ew b o rn s  w hose 
m o th e r  h a s  rece ived  b e ta -sy m p a th o m im e tic  to co ly tic  tr e a tm e n t n eed  ca re fu l 
superv ision .

The side-effects of beta-sympatho­
mimetic treatment of imminent pre­
mature delivery on the maternal 
circulation and metabolism are well- 
known [13, 14]. Less is known about 
the effects on the fetus or on the 
neonate born following such treat­
ment. A few papers have already 
pointed out that newborn babies 
born during betamimetic treatment, 
i.e. after unsuccessful tocolysis or 
following betamimetic therapy ap­
plied during labour are prone to me­
tabolic acidosis and hypoglycaemia [1, 
5]. These effects may be secondary to 
maternal effects but also direct effects 
of the drugs on the fetus may occur, 
since their passage through the pla­
centa has been confirmed [2, 9, 10, 
17].

Thus, it seemed justified to study 
the fetal effects of betamimetic drugs. 
We have attempted to clarify whether 
changes in cord blood composition 
indicating drug effects on fetal metab­
olism can be demonstrated following 
betamimetic tocolysis. We also com­
pared newborns born immediately 
after tocolysis and those delivered 
after an interval following completion 
of tocolytic treatment. Isolated blood 
samples taken from the umbilical 
vein and the arteries have also been 
compared.

M e t h o d s

T h e  fo llow ing m etabolic  in d ic a to rs  w ere 
d e te rm in e d  from  cord b lood : b iliru b in , 
to ta l  p ro te in , a lbum in , se rum  G O T, a lk a ­
lin e  p h o sp h a ta se , trig lycerides, cho les te ro l, 
u re a  n itro g e n  an d  glucose. T he  b lo o d  w as
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s a m p le d  im m ed ia te ly  a f te r  c u t t in g  th e  cord , 
b e fo re  b i r th  of th e  p la c e n ta . M ixed  cord  
b lo o d  w a s  o b ta in e d  a f te r  easin g  th e  lig a tio n  
o f th e  c o rd , pay ing  a t te n t io n  to  avoid  
a d m ix tu r e  o f m a te rn a l b lood  to  th e  sam ­
p les . I s o la te d  venous a n d  a r te r ia l  b lood 
sa m p le s  w e re  ta k e n  b y  c a n n u la tin g  th e  
c o rre sp o n d in g  blood vessel o f th e  lig a ted  
c o rd . T h e  b lood  w as c en tr ifu g ed  im m ed i­
a te ly  a f t e r  c lo ttin g , th e  se ru m  w as  k e p t a t  
— 20°C  u n t i l  analysis. A ll m easu rem en ts  
w ere  p e rfo rm e d  b y  a T ech n ico n  M T I I  
A u to a n a ly s e r .

Ma t e r ia l

1. Neonates born immediately after toco- 
lysis. F if te e n  bab ies w ere b o rn  b y  delivery  
ta k in g  p la c e  during  th e  in tra v e n o u s  period  
o f b e ta m im e tic  tre a tm e n t o r  d u r in g  th e  o ra l 
p e r io d  o f su s ta in ed  b e ta m im e tic  th e ra p y , 
w ith in  48 h o u rs  a f te r  te rm in a tio n  o f t r e a t ­
m e n t .  N in e te e n  new borns b o rn  b y  u n co m ­
p lic a te d  d e liv e ry  during  th e  sam e  period  
a n d  a f t e r  a  gesta tio n  s im ila r in  d u ra tio n  
se rv e d  a s  con tro ls. T he tw o  g ro u p s  w ere 
c o m p a ra b le  o n  th e  basis of g e s ta tio n a l age, 
b ir th w e ig h t ,  A pgar-score, a n d  d u ra t io n  of 
d e liv e ry , a s  te s ted  b y  th e  tw o-sam p le  
i- te s t .  T h e  m ean  d u ra tio n  of to co ly sis  w as 
2 5 .2 9 + 1 3 .4 2  days, th e  m e a n  in te rv a l 
b e tw e e n  te rm in a tio n  of th e r a p y  a n d  b ir th  
w as  30 .07  +  17.40 hou rs . I n  th e s e  groups 
is o la te d  v en o u s  and  a r te r ia l b lo o d  sam ples 
w e re  a lso  collected.

2. Neonates born later after completion of 
tocolytic treatment. F o u rte e n  n ew b o rn s  bo rn  
a f t e r  su s ta in e d  be tam im etic  t r e a tm e n t  and  
26 u n tr e a te d  new borns w ere  exam in ed . 
T h e  m e a n  d u ra tio n  of toco ly sis  w as 24.14 +  
15.92 d a y s  an d  th e  m ean  in te rv a l  e lapsing  
b e tw e e n  te rm in a tio n  of th e r a p y  a n d  b ir th  
w as  21 .00  +  8.59 days. T he  tr e a te d  and  
c o n tro l  g ro u p s  w ere ag a in  c o m p a rab le  in  
r e s p e c t  to  th e  above o b s te tr ic a l c r ite r ia .

B e ta m im e tic  tre a tm e n t w ith  feno te ro l 
w a s  a d m in is te re d  in a ll cases fo r  im m in en t 
p r e m a tu r e  labour. T he t r e a tm e n t  w as 
in tro d u c e d  b y  a  sa tu ra tin g  dose o f 2 fig/mia  
g iv e n  in  in trav en o u s  in fu s io n , th is  w as 
fo llo w ed  b y  a  m a in tenance  dose  o f 1 ,ug/mm 
o v e r  1 2 — 16 hours. T h e re a fte r  o ra l th e ra p y  
w as  g iv e n  w ith  one 5 m g ta b le t  a d m in is te r­
ed  e v e ry  6 — 8 hours. I n  each  case  th e  t r e a t ­
m e n t  w a s  supp lem en ted  w ith  v e ra p a m il in  
a n  in tra v e n o u s  dose of 40 — 80 |itg/min 
d u r in g  in trav en o u s  toco ly sis, a n d  one 40 
m g  ta b l e t  fo r each ta b le t  fe n o te ro l. N one 
o f th e  m o th e rs  h ad  received  g lucocortico id  
t r e a tm e n t  d u ring  p reg n an cy .

S ta t is t ic a l  analysis o f th e  d a ta  w as 
c a rr ie d  o u t  b y  th e  tw o -ta iled  i- te s t  (S tu d ­
e n t  a n d  W elch).

R esu lts

It has to be stressed in advance 
that neither clinical observations nor 
the examinations revealed any symp­
tom ascribable to deranged fetal 
metabolism. In the group treated with 
betamimetics, one newborn died, he 
was severely malformed and died of 
peritonitis when three days old. All 
the other newborns were healthy 
during their six-day stay in hospital 
and at discharge.

Results are summarized in Table I. 
In addition to cord blood results, the 
maternal venous values obtained in 
Group 2 are also indicated for infor­
mation. Evaluation of these values or 
searching for an eventual relationship 
between the maternal and fetal values 
was not intended.

Several parameters obtained in the 
group born immediately after tocoly­
sis, Group I in Table I, were found to 
be significantly different from the 
values measured in the control group. 
In the treated group serum cholesterol 
(p <  0.01) and blood urea nitrogen 
(P <  0 .05) were higher, while total 
protein (p <  0.001) and serum albu­
min (p <  0.01) were lower than in the 
controls. There was a trend for higher 
blood glucose and lower SGOT in the 
treated newborns than in the controls 
(p ^  0.05).

The values of Group 2, the newborns 
born later after termination of beta­
mimetic therapy, differed less from 
the control values. The albumin and 
triglyceride levels of the treated 
newborns were slightly but signifi­
cantly lower and the urea nitrogen
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T a b l e  I

Cord blood v a lu es  o f new borns b o rn  to  m o th e rs  tre a te d  w ith  fe n o te ro l 
resp . to  u n tre a te d  m o th e rs

Group 1 Group 2
n

treated
15

controls
19

maternal
blood

14
treated

14
controls

26

album in, g/1 36.3±5.3** 41.1±3.0 40.1 ± 3 .2 36.8±2.3* 39.1 ±3 .3
to ta l protein g/1 56.7 ±4.7*** 63.5±5.8 71.3±5.2 55 .5±4.4 58 .3± 5 .6
bilirubin, fimol/l 29.4 ±10.1 28.3±9.6 8.6±3.6 32.8±9.2 29.5 ± 6 .5
glucose, mmol/1 4 .99± 0 .83~* 4 .35±  1.18 5 .52±  1.20 3.94 ± 1 .46 4.91 ±1.45
cholesterol, mmol/1 2.94±0.C4** 2.26±0.51 6.11 ±  1.19 2.27 ± 0 .55 2.31 ±0.37
triglyceride, mmol/1 0.35± 0 .14 0.37 ± 0 .24 3.02±1.02 0.28 ±0 .11* 0.38±0.17
urea nitrogen, mmol/1 3.57 ±0.69* 3.09±0.70 3.95 ±1.04 3.23±0.97* 2.44 ±0.80
alkaline phosphatase 

U/l 171.2±46.4 201.5±65.1 183.8±73.6 162.0±41.7 186.0±62.2
SGOT, U/l 45 .6± 15 .4~* 67.4±19.3 36.5 ±17.0 42 .8± 11 .3 47.2±17.7

G ro u p  1 : new borns b o rn  w ith in  48 h o u rs  a f te r  d isco n tin u a tio n  of toco lysis 
G roup  2: new borns b o rn  b ey o n d  48 ho u rs  a f te r  d isco n tin u a tio n  of toco ly sis p lu s  m a te rn a l 

va lues (venous b lood)
T he  d a ta  a re  m eans +  SD
***: p  <  0.001 
**: p  <  0.01
*: p  <  0.05
~ + :  0.05 <  p  <  0.07
n o  sign: n o t sign ifican t

T a b l e  I I

R e su lts  in  venous an d  a r te r ia l  b lood  of new borns o f m o th e rs  tre a te d  w ith  fe n o te ro l an d  of
u n tre a te d  m o th e rs  

M eans an d  s ta n d a rd  dev ia tio n s

n
Treated Controls

Artery
15

Vein
15

Artery
19

Vein
19

album in, g/1 35 .5±5.0 36 .8±5.5 40.7±2.9
t

41 .6± 3 .2
to ta l protein, g/1 56 .2± 8 .3 57 .6± 6 .9 64.5±6.0 64.5 ± 5 .7
bilirubin, fimо1Д 30.6±10.0 28 .4±  10.3 26.8±10.0 29.7 ± 9 .2
glucose, mmol/1 4.85±0.69 5.08 ± 0 .92 4.34±0.84 4.27 ±  1.33
cholesterol, mmol/1 3 .26±  1.02 2.79±0.77 2.28±0.55 2.23±0.47
triglyceride, mmol/1 0.33±0.11 0.39±0.14 0.36 ±0.22 0 .36± 0.22
urea nitrogen, mmol/1 3.71 ±0.99 3.45 ± 0 .86 3.11±0.70 3.06 ±0.71
alkaline phosphatase, U/l 169.2 ±48.8 179.2±53.1 204.1 ±63.5 203.0±68.4
SGOT, U /l 55.2 ±33.6 44.5 ± 23 .2 55.1 ±22.7 59.1±17.1

F o r  none of th e  p a ra m e te rs  w as th e re  a  s ign ifican t d ifference betw een  v en o u s  a n d  a rte ria l 
v a lu es
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values slightly but significantly higher 
than the control values (p <  0.05). 
Blood glucose appeared lower in the 
treated group but the difference from 
the control values did not attain the 
5 % level of significance.

None of the parameters differed 
between the isolated venous and arte­
rial samples (Table II).

Evaluation of the results was partly 
hampered by the scarcity of normal 
cord blood values in the literature. 
On the basis of several sources, the 
normal mean value for glucose is 3.8 
mmol/1 with a range of 2.36 — 5.05 
mmol/1 [5, 7], for cholesterol 1.75 
(1.38 — 2.49) mmol/1 [1, 8]. We found 
a single set of normal data for trigly­
cerides [1]: 0.30 (0.24 -0.47) mmol/1; 
for total protein [7]: 61.0 (43.0 —73.0) 
g/1, and for SGOT [7]: 5 —120 U /l.

D is c u s s i o n

Brazy and Pupkin [4] observed a 
significantly higher incidence of hypo­
tension, hypoglycaemia, hypocalcae- 
mia and intestinal paralysis and an 
increased mortality rate in newborns 
born to mothers treated with isox- 
suprine as compared to babies of 
untreated mothers. The betamimetics 
have been demonstrated in the blood 
of neonates born after tocolytic thera­
py by several investigators. Lier de 
and Thomas [10] administered rito- 
drine to mothers prior to elective 
Caesarean section and in the cord 
blood they found one third of the 
betamimetic concentration of the 
maternal blood. Brazy et al [2] found 
0 35.6 pg/ml isoxsuprine in the cord

blood of newborn babies of mothers 
treated with the drug in the last 24 
hours prior to delivery. There was a 
negative correlation between the isox­
suprine concentration in the cord 
blood and the time elapsing between 
termination of maternal treatment 
and delivery; values exceeding 10 
/ig/ml were only encountered if the 
baby was born within 2 hours after 
termination of maternal betamimetic 
therapy. Severe complications in the 
newborn only occurred if that level 
had been exceeded. The relationship 
between time of betamimetic exposi­
tion and incidence and severity of 
complications was more marked in 
preterm babies. The half-time of 
isoxsuprine was 1.5 — 3 hours in term 
neonates while in preterm babies it 
was as long as 6 — 8 hours [2, 3].

In this study we have attempted to 
clarify the fetal effects of maternal 
betamimetic treatment by determin­
ing some chemical parameters in 
cord blood. The newborns in both 
treated groups appeared healthy in 
clinical terms, none of the complica­
tions described in the literature have 
been encountered in any of them. 
Blood chemistry, however, revealed 
clear-cut differences between the treat­
ed and the control infants. The 
alterations were more pronounced 
in babies born within 48 hours after 
termination of betamimetic therapy, 
as for four parameters out of nine the 
difference was statistically significant 
and for two other parameters there 
was a clear trend for a difference. 
In the babies born a longer time after 
the cessation of betamimetic therapy
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only three parameters differed from 
the control values and the difference 
was slight statistically.

Cord blood glucose was higher in 
the babies born immediately after 
cessation of betamimetie treatment 
than in the controls. This finding was 
in agreement with data in the litera­
ture [5, U , 12] and can easily be 
explained by the well-known effect of 
betamimetics on carbohydrate metab­
olism. Weidinger et al [15] on the 
other hand found diminished blood 
glucose levels in cord blood of neo­
nates born immediately after tocolytic 
therapy, but were unable to explain 
the unexpected finding. Sustained 
fetal hyperglycaemia may set off 
hyperinsulinism, and this and the 
depletion of hepatic glycogen stores 
during prolonged glycogenolysis may 
convert hyperglycaemia to hypogly- 
caemia soon after birth [5]. In our 
material, the babies born a long time 
after maternal betamimetie therapy 
had lower blood glucose values than 
the controls; the difference was, 
however, not significant statistically. 
It may be speculated that the low 
blood glucose level encountered at 
birth was a consequence of forced 
glycogenolysis elicited by prolonged 
betamimetie treatment of the mother; 
restoration of the liver glycogen 
contents could, however, be expected 
to occur a few days after discontinua­
tion of betamimetie therapy.

The cholesterol value was elevated 
in the babies born immediately after 
tocolysis. We found a single report in 
the literature on a similar finding 
observed after simultaneous adminis­

tration of ritodrine and betamethasone 
[1]; these authors attributed the 
hypercholesterolaemia to the cortico­
steroid treatment and not to the 
betamimetie therapy. Since in our 
cases no corticosteroids were given, 
only the betamimetie therapy could 
have been the cause of the increased 
cholesterol level, and we anticipate 
that the same was the case in the 
material of Andersen and Friis-Hansen 
[1]. The triglyceride level, the other 
indicator of lipid metabolism in this 
study, exhibited no difference.

An eventual effect of betamimetie 
drugs of fetal liver function has been 
put forward by several authors: it may 
namely be anticipated that the en­
zymes of the fetal liver play a role in 
the metabolism of betamimetie drugs. 
Rosanelli et al [12] found increased 
bilirubin levels in newborns born 
after maternal tocolytic treatment 
while Weidinger et al [16] observed 
hyperbilirubinaemia in 28% of new­
borns following betamimetie treat­
ment. Brazy et al [2] could not 
demonstrate any alteration in the 
liver function of neonates whose 
mother had undergone isoxsuprine 
treatment and supposed that either 
the betamimetics had no influence on 
liver enzymes or they may induce 
those metabolising the drug itself, 
leaving the bilirubin metabolism un­
altered. In our study, fenoterol had no 
measurable effect on the cord blood 
bilirubin level. The slight decrease 
of alkaline phosphatase and SGOT 
activity encountered in both treated 
groups might be ascribed to an even­
tual effect on liver function.
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Serum total protein and albumin 
levels were lower in both treated groups 
than in the controls. This finding 
was paradoxical, being at variance 
with the anabolic effect of betamimet- 
ic drugs promoting fetal growth 
demonstrated in several previous stud­
ies. I t should also be noted that 
although the differences were statis­
tically significant, all mean values fell 
within normal limits.

The informative value of cord blood 
findings may depend on the fact 
whether the sample was taken from 
the umbilical vein or from one of the 
arteries, e.g. in case of pH measure­
ments. It was thought therefore that 
the metabolic parameters might also 
differ depending on the kind of blood 
vessel from which the sample had 
been drawn. Anyhow, it has turned 
out that none of the parameters 
differed in this respect significantly. 
Similar studies have only been pub­
lished on differential values of blood 
glucose, the venous and arterial values 
were identical [6]. It can thus be 
concluded that isolated blood sam­
pling is not necessary for such purposes, 
mixed cord blood being suitable in 
similar studies.

In summary, several metabolic in­
dicators in cord blood taken from 
newborns delivered following beta- 
mimetic treatment differed signifi­
cantly from the control values, and 
this points to an effect of such treat­
ment on fetal metabolism. The 
changes -were more pronounced in 
babies born immediately after betami- 
metic tocolysis. In spite of statistical­
ly significant differences, the deviati­

ons were of no biological importance 
since even the differing means fell 
within normal limits and the treated 
newborns were free of clinical symp­
toms.

The following conclusions have been 
drawn.

- In spite of demonstrable meta­
bolic alterations, tocolysis performed 
according to accepted standards does 
not lead to considerable fetal compli­
cations;

- newborns delivered following 
betamimetic tocolysis need intensive 
observation;

- the indication of betamimetic 
tocolysis should carefully be weighed 
in cases with unfavourable prognosis, 
as unsuccessful treatment is not only 
superflous but may lead to metabolic 
effects unfavourably influencing the 
preterm baby’s condition.
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