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Glucose homeostasis in human fetuses 
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The blood glucose concentrations of  101 fetomaternal pairs of  different gestational o~ea wet# 
studied. The glucose concentration was highest in fetal heart blood, followed by umbilical 
vein, cord and arterial blood. The maternal blood glucose obtained during operation warn 
always higher than the fasting maternal. The d~fferent anesthetics had different effects on 
both fetal and maternal blood glucose level; anesthetic stress which caused rise In maternal 
blood glucose level may or may trot be reflected ht fetal heart blood. Effect of  infusion of  
different fluids like normal saline 5 per cent dextrose or Ringer's lactate administered to 
mother is not clear. Furthermore, our data suggest that artertovenous difference was O" 5 to 
I mmole/litre, so the finding is in support of  the view, that facilitated diffusion is occurring 
across the placenta, w~d high fetal heart blood glucose concentration in certain cases is due 
to separate regulatory events. 
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There is a difference in glucose homeo- 
stasis between an adult and a fetus. Al- 
though the fetus is independent of  the 
exigencies of supply fi'om the environ- 
ment in as much as the mother provides 
it with a steady input, there are w~riations 
in the level of supply. For example, when 
the maternal blood glucose level rises 
atter the meals, the increased maternal 
sugar concentration is reflected with an 
increased sugar concentration in the fetal 
blood. It is true that the fetus is spared 
the stress of hypoglycemia due to maternal 
adjustments, it has to contend with in- 
creased blood sugar concentrations. There- 
fore, to study the regulation of the fetal 
blood glucose concentration is of para- 
mount importance. It is more so, in case of  
human fetuses because of numerous ins- 
tances of prematurity and intrauterine 
growth retardation in this species. 

Carbohydrate metabolism and regu- 
lation of blood glucose ill fetus has been 
reviewed by Baltard) The blood glucose 
level in human fetuses of mid-gestation 
and at telm were studied by a number of  
workers. 2-4 Tile blood from umbilical 
cord, vein or superior sagita! sinus have 
been utilized for the purpose. 2-7 Further- 
more, because of relative non-availability 
of human fetuses the number of fetuses 
studied in each series has been rather 
limited. Most of the previous informa- 
tions about the glucose metabolism in 
fetal development were based on the stu- 
dies on other mammalian species like 
sheep, pig, rat and guincapig, but in those 
species a totally different developmental 
prolile exists, in the present report we are 
presenting data on 101 maternofetal pairs 
of different gestation periods. The glucose 
concentration in the maternal blood were 
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compared to the glucose concentration 
in different bod~ fluids like cord blood, 
heart blood, umbilical arterial and venous 
blood of the conceptus. 

of  2 ml per minute. Glucose was esti- 
mated by glucose oxidase method, g 

Results 

Material and Methods 

These studies were conducted in the 
Medical Termination of  Pregnancy Clinics 
of  SSKM hospital, and Department of  
Biochemistry attached to the Institute of  
Post Graduate Medical Education and 
Research. Human fetuses were obtafned 
from normal healthy mothers undergoing 
hysterotomy and ligation. The authors 
had no say in the selection and operation 
of  the subjects, which were carried out by 
the Professor of  Obstetrics of  the Institute. 
The project was cleared by the ethical 
subcommittee of the Institute. Maternal 
blood was taken in heparinized syringes 
from the dorsal cubital vein at 6 a.m, 
(i.e. on empty,stomach) on the day of 
operation and immediately before the 
fetus was taken out of  the uterus. Within 
five minutes after their separation from 
the mothers womb, the fetuses were utili- 
zed. Attempts were made to take out the 
entire conceptus within the amniotic sac 
wherever possible. Fetal blood specimens 
were drawn in heparinized syringes from 
umbilical vein, artery, cord and from 
heart (by cardiac puncture ofrigbt atrium). 
Fhree modes of anesthesia were used. 
Thiopentone induction with either suxa- 
methonium or gallamine followed by 
oxygen, nitrous oxide and ether or fluo- 
thane was used in one series. Epidural 
anesthesia with xylocaine was used in 
another and open ether anesthesia was 
used in the third series. The mothers were 
infused during operation with either 5 
per cent dextrose saline or normal saline 
or Ringer's lactate solution at the rate 

Table I shows the glucose concentra- 
tion in blood obtained from umbilical 
artery, vein, cord and heart in fetuses and 
compares them with the maternal fasting 
blood glucose concentration and concen- 
tration during operation. The concentra- 
tion in the heart blood was highest follow- 
ed by umbilical vein, cord and arterial 
blood in decreasing order. The difference 
between the fetal heart blood glucose 
concentration and umbilical venous blood 
glucose concentration is statistically signi- 
ficant (0.001 : -p<0-05 ) .  The glucose con- 
centration of  umbilical venous blood was 
about 1.0 m M higher than the umbilical 
arterial with umbilical cord blood concen- 
tration in between. The correlation bet- 
ween the umbilical arterial and umbilical 
venous glucose concentration is high 
(r=O-88) and the venous concentration 
was always found to be higher than arterial 
blood glucose concentration. It is apparent 
that maternal fasting glucose concen- 
tration was higher than the umbilical 
arterial and venous concentration, the 
difference is statistically significant bet- 
ween maternal fasting and umbilical 
arterial (p<0-001) ,  but the difference 
between umbilical venous blood glucose 
concentration and tasting maternal blood 
glucose concentration was found to be 
insignificant. However, when we compare 
the glucose concentration of  heart blood 
with that of the fasting maternal blood it 
appears that the glucose concentration 
of fetal heart blood was higher than that 
of  fasting maternal and the difference is 
again statistically significant (0.001<:p 
<0.05) .  The glucose concentration of the 
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maternal blood during the operation of  
hysterotomy and ligation was always 
higher than that of  glucose concentration 
of the fetus, no matter  whether the fetal 
blood was from umbilical vein, artery or 
cord or from fetal heart. 

In most cases, only the fetal heart  
blood was available for study. Glucose 
concentration of  such blood was compared 
with the concentration of  maternal blood 
during fasting and during operation of  

hysterotomy and ligation. Table 1I re- 
presents the results. The glucose concen- 
tration of fetal heart blood was higher 
than the maternal fasting blood glucose 
concentration. The difference was statis- 
tically significant at lower than 0-01 level 
( p ~ 0 . 0 1 ) .  However, the fetal heart blood 
glucose concentration was lower than 
the maternal blood glucose concentra- 
tion during operation. The difference was 
again statistically significant (p<0 .001) .  

Table I. Human fetal and maternal blood glucose concentration (in m moles/l.) 

Source of fetal blood Fetal blood glucose 
concentration 

Maternal blood glucose concentration 

During fasting During operation 

Umbilical artery (14) 2"22010"273" (11) 3.6354-0"217 (14) 6"6484-0"640 

Umbilical vein (16) 3"227+0"302 (12) 3"7264-0"259 (16) 6"3034-0"615 

Umbilical cord (29) 3-10510"224 (23) 3"1594-0" 135 (29) 6" 176:k0.499 

Fetal heart (37) 4" 1694-0.252 (30) 3" 3704-0" 142 (37) 6"494:k0"431 

lCigures in parentheses represents number of samples. *Meanz~SEM 

Table II. Human fetal heart blood glucose concentration and their corresponding maternal blood 
glucose concentratio n (in m mole/l) 

Maternal blood Fetal heart blood 
glucose concentration glucose concentration 

t value p value 

During 
fastening 3"843:k0"132" (52) 4-745• (52) t102=3"150 ~0.001 

During 
operation 6"619:t:0"279 (101) 5"2584-0-220 (101) t.,00=3"825 <0"001 

Figures in parentheses represents number of samples. *Mean:~SEM 
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In the present series of investigation 
there were 30 pair of  feto-maternal glucose 
concentration in 13-16, 50 in 17-20 and 
20 in 20-24 weeks of gestation. The cor- 
relation between fetal heart blood glucose 
and maternal blood glucose is positive in 
all the age groups. The results are shown 
in Table III. The correlation is statisti- 
cally significant in 17-20 weeks period of  
gestation (p<0-001) .  In 13-16 and 21-24 
weeks period of gestation, the correlation 
is not statistically significant ( / ,>0.05).  

Since the maternal blood glucose 
concentration is in equilibrium with um- 
bilical venous concentration and since 

fetal blood glucose concentration was 
found lower than, equal to or higher than 
maternal concentration it was consi- 
dered of interest to study whether the 
fluctuation observed was due to a corres- 
ponding variation of  matern,'d blood 
glucose as a result of  being infused during 
the operation. Table 1V gives the results. 
When Ringer's lactate solution being 
infused maternal blood glucose during 
operation was found to increase by 34 
per cent above the fasting level (p<0 .05) ,  
when dextrose saline (5~o) being infused 
the maternal blood glucose during opera- 
tion was found to increase by 45 per cent 

Table II!. Correlation between fetal blood glucose concentration and maternal blood glucose concen- 
tration at different period of gestation 

Age group Period of No of sample Correlation t test p value 
gestation s tud ied  co-efficient 
(in weeks) ( ~5 FBS & MBS) 

I 

13-16 30 +0"201 5"22 >0-05 

17-20 50 +0"420 2"09 <0"001 

21-24 20 +0-330 5-96 >0"05 

B 

C 

D 

Table IV. Effect of infusion on human fetal and maternal blood glucose concentration (in m moles/l) 

Type of No. of Maternal blood glucose concentration Fetal heart 
infusion cases blood glucose 

During fasting During operation concentration 

RI, 25 4"044-0" 63 5' 584-0"46 4" 97-/-0- 63 

DS 37 4- 554-0" 27 6" 65-4-0" 50 6" 04~0" 54 

NS 12 -- 4"534-0"55 5.25~0"55 

R.L.~Ringer's lactate solution. DS=5~ dextrose saline solution. NS=Normal saline solution. 
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above the fasting level. The rise in blood 
glucose level in both the groups are statis- 
tically significant. The fetal blood glucose 
concentration in these two groups were 
lower than the corresponding maternal 
during operation, but higher than the 
maternal blood glucose level during 
fasti'ng. Moreover difference between the 
fetal glucose level and maternal glucose 
level both, during fasting and operation 
was statistically insignificant. However, 
when normal saline was being infused the 
fetal heart blood glucose concentration 
was higher during operation (p<0-05) .  
Unfortunately, the fasting maternal con- 
centration was not done in this series, had 
it been done the difference might have 
been still more marked. 

Administration of  anesthesia to the 
mother during operation may produce 
alterations in the energ~ utilization in 
the fetus. Three modes of anesthesia 
were used. Results are shown in Table V 
When general anesthesia was used, 
maternal blood glucose increased 53 
per cent over the fasting level (0-001< 

p<0"01) ,  when epidural anesthesia was 
used the maternal blood glucose during 
operation increased by 65 per cent over 
the fasting level ( p < 0 . 0 5 ) ,  the increase 
is 152 per cent above the fasting level 
when open ether anesthesia was used. 
The fetal heart blood glucose was lower 
than the maternal blood glucose during 
operation but higher than the fasting 
maternal concentration in three groups. 
All the differences between fetal and 
maternal blood glucose concentration 
was not statistically significant. Thus 
open ether anesthesia produced the 
highest increase of  maternal blood glucose 
during operation and in this series fetal 
blood glucose concentration was always 
lower from the maternal blood glucose 
during operation and was either equal to 
or slightly higher than the maternal 
fasting level. 

The variation between duplicate esti- 
mations of blood sugar did not exceed 
-4-5 per cent and recovery of added sugar 
by the method was between 93 per cent 
and 106 per cent. 

Table V. Effect of different modes of anesthesia on glucose concentration of maternal and fetal blood 
(in m moles/l) 

Type of anesthesia No. of Maternal blood glucose concentration Fetal blood 
cases glucose 

During fasting During operation concentration from 
the heart 

General anesthesia with 27 4" 2804-0" 241" 6- 5704-0" 502 5' 0004-0- 527 
(thiopentone induction 
with either suxamethionium 
or gallamine) 

Epidural with xylocaine 9 5" 1804-0- 522 8- 5504-1" 130 7" 2774-1.040 

Open ether 4 3" 890 9- 830 4" 220 

*Mean4-SEM 
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Discussion 

In adults there is very little arterio- 
venous difference in glucose concentra- 
tion in the post absorptive state, using 
capillary blood as representative of arterial 
blood. 9 During absorption of glucose, 
in glucose tolerance test the arterial blood 
glucose concentration is higher than the 

venous .  The blood glucose concentration 
in the fetus was highest in heart blood. It 
was even higher than umbilical venous 
(p<0-05) .  The arteriovenous concentra- 
tion difference in the umbilical cord was 
between 0.5 and 1.0 m moleflitre. The 
difference is similar to that found in new- 
born human and midterm human fetu- 
sesfl-4,10 The umbilical venoarterial glu- 
cose concentration difference is to be ex- 
pected as the umbilical aretriai blood 
during its transit through the placenta 
acquired the higher concentration of blood 
glucose from the maternal circulation. But 
the concentration of blood glucose in the 
heart blood being higher ,than that in the 
umbilical venous blood is something of  
a puzzle. The umbilical venous blood 
during its sojourn from the placenta to 
the heart takes two routes, one through 
ductus venous which empties directly 
into the inferior vena cava and the other 
through numerous smaller openings into 
the fetal hepatic circulation, which ulti- 
mately open into the inferior vena cava 
through hepatic veins:  1 The liver there- 
fore must have contributed some glucose 
to the blood when it was traversing th- 
rough the organ. 

Most of the studies on the materno- 
fetal blood glucose concentration have re- 
ported blood glucose concentration in the 
ti~tustobelower than in the mother.Z,3,12 
However there are some studies, which 
show no difference in the maternal peri- 

pheral venous and umbilical venous con- 
centration.13,14 It stands to reason thet 
in order to supply glucose continously 
to the fetus through the placental circu- 
lation the gradient must be from mother 
to fetus, since glucose transport through 
the placenta is thought to be of  the facili- 
tated diffusion type)Sfl 6 This is also borne 
out by our studies where plasma glucose 
concentration in the umbilical artery 
was lower than the fasting maternal 
venous concentration by about 1.0 m 
mole/litre. 

The peripheral venous concentration 
of  glucose in the mother and the concen- 
tration in the uterine veins have been 
shown to be identical 3 so there can be 
no difficulty in assuming that the diffu- 
sion follows the concentration gradient. 
However, the concentration of glucose in 
fetal heart blood being greater than the 
umbilical venous and sometimes higher 
than the maternal fasting blood sugar con- 
centration can be misinterpreted as not 
tbllowing a diffusion gradient. But this 
is an artefactual situation because there 
may be some contribution of glucose 
by the fetal liver in raising the heart sugar 
concentration. Furthermore, there is a 
temporary rise of  maternal blood glucose 
during the operation of  hysterotomy. 
Although increased diffusion of sugar 
under such circumstances may be mini- 
mal due to lowered placental metabolism 
and some as yet undetermined effects on 
fetal metabolism and saturability of the 
carriers in the placental transport, the 
fetal sugar concentration in the umbi- 
lical artery, vein, cord and heart blood 
at this time may not be representative of 
true condition in vivo, when these factors 
are not operating. 

Facilitated diffusion implied no main- 
tenance of gradient across membranes, 17 
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the lower fetal concentration was, there- 
fore, suggested to be due to placental 
and fetal metabolism. In 22 per cent of  
cases fetal blood glucose concentration 
in the heart blood was higher than the 
maternal fasting sugar concentration, 
There may be three reasons for this pheno- 
menon. Firstly, the maternofetal gradient 
may be negiligible in these cases, along 
with this if there is a contribution by glu- 
coneogenesis by the fetal liver the heart 
blood may have a higher concentration 
tion than the fasting maternal concentra- 
tion, secondly the blood glucose concen- 
tration during operation was frequently 
higher than the fasting maternal. If this 
higher maternal blood glucose did equili- 
brate with fetal blood sugar, there could 
be a fetal concentration higher than the 
fasting maternal. Thirdly there could 
be placental contribution by glycogeno- 
lysis. But the placenta was not adding 
sugar to fetal circulation as shown by 
the umbilical cord concentration being 
lower than the maternal sugar concen- 
tration during operation (Table I). It 
is not known, however why fetal liver in 
some eases adds glucose whereas in 
other cases do not do so. The two groups 
of cases may have differed in the content 
of glueogenic hormones, i.e. the gluco- 
corticoids thyroxine and growth hormone 
which responded to tile stimulus of  
anesthesia. 

These fetuses were delivered by the 
operation of hysterotomywhich necessit- 
ed the routine administration of intra- 
venous fluid solutions during the opera- 
tion. The interval between the start of 
infusion and the delivery of the fetus 
was between 20-30 minutes during which 
period the mother was receiving the in- 
fusion at the rate of about 2 ml/min. 
Under normal circumstances, in a person 

receiving either Ringer's lactate or dex- 
trose saline infusion at about this rate, 
there is hardly any change in blood glu- 
cose concentration. The rate of glucose 
entry into and egress out of the system 
remains balanced and blood glucose re- 
mains more or less the same. In mothers, 
however, at labor such an infusion 
produced some increase of blood sugar 
concentration and the increase was also 
reflected in the fetus. 7 The increase, 
however was not profound and similar in 
direction in both mother and fetus. In 
all of  our cases the maternal blood glu- 
cose concentration during operation was 
higher than the fasting level, (there was 
a rise of about 1"5 to 2.1 m moles of  
glucose/litre) no matter whether Ringer's 
lactate or 5 per cent glucose saline were 
infused, unfortunately fasting blood 
glucose 'concentra t ion in mother being 
infused with normal saline was not 
available. 

Administration of anesthesia is a 
stressful situation. It is therefore, highly 
probable that anesthesia would exert 
some effect on blood glucose concentra- 
tion of the mother. Moreover the anes- 
thetics might traverse the placental cir- 
culation and might reach the l 'e tus. lS,  19 

Thus the problem of glucose homeos- 
tasis in the fetus under such circumstances 
is a very complicated altair, because it is 
not possible to get a fetus by hysterotomy 
without administration of anesthesia. 
Of three anesthetics used, general anes- 
thesia, epidural and open ether, epidural 
with xylocaine was considered to be the 
least stressful as it per se is said to have 
no effect on the fetus. 2~ But the blood 
glucose concentration in our cases above 
the fasting level was greatest with open 
ether anesthesia followed by epidural 
and general anesthesai in decreasing 
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order .  Previous  studies had  shown the 
occurrence  o f  fetal hypox ia  associa ted  
with spinal  or  ep idura l  anesthes ia  wi th  
concomi tan t  increased  umbi l ica l  glucose/  
oxygen quotient .  4 Spon taneous  fluctua- 
t ions  in mate rna l  glucose concent ra t ion  
in the guineapig  unde r  anes thes ia  a re  
quickly reflected in the  so lu t ion  perfus ion 
the fetal aspect  o f  the  p lacenta .  2t H ypox i a  
in m o t h e r  by  b rea th ing  a i r  with low oxy- 
gen content  p r o d u c e d  expected rise o f  
b l o o d  glucose in the  mother ,  but  there  
was no increase  in fetal  b l o o d  sugar  under  
these  c i rcumstances  a l though  fetus oxygen 
tens ion was a lmos t  halved,  s Our  present  
inves t iga t ions  show tha t  fetal b lood  glu- 
cose  concen t ra t ion  in  al l  these instances 
was lower  than  the ma te rna l  dur ing  opera -  
t ion  bu t  in abou t  20 pe r  cent  o f  cases was 
h ighe r  than the fas t ing materna l .  This  
s tudy  also demons t ra t e s  the  glucose levels 
o f  the  different  c o m p a r t m e n t s  in the feto- 
ma te rna l  unit  and  the i r  in te r re la t ionsh ips  
in specific exper imenta l  condi t ions .  Such 
s tudies  should,  therefol 'e ,  t ake  into ac-  
coun t  many  dependen t  and  independen t  
var iables ,  before  conclus ion  is drawn 
abou t  fe tomaterna l  r e la t ionsh ip  o f  b lood  
sugar  concen t ra t ion .  
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D I A G N O S T I C  I M A G I N G  IN  D E V E L O P I N G  COUNTRIF~S 

For those contemplat ing the purchase o f  diagnostic imaging systemes, the Scien- 
filic Group  of  W.H.O.  established the following order  o f  priorit ies:  

Ideally. the small hospital should have a W H O - - B a s i c  Radiologic  System (BRS) 
for routine rad iography  and. if finances permit,  a general-purpose ul t rasound unit. 

The larger hospital will need more  complex X - r a y  equipment,  but will still gain 
'a great deal f rom an addit ional general-purpose ul t rasound unit. 

The major  university hospital or  Other large and well-equipped central hospitals 
with advanced special-purpose X-ray facilities will need a special-purpose ul t rasound 
unit. At this stage they may also need a general-purpose CT unit, but only where 
there is very good  health care throughout  the country  should a CT scanner bc consi- 
tiered at all. 

Finally, in centres where there are highly specialized units o f  all types and where 
evcry specialist medical service is available, the special-purpose CT scanner will come 
into its own. It is possible that within the next decade magnetic resonance imaging 
may join the special-purpose CT scanner in these very large institutions, but further  
simplification o f  this imaging equipment  and a reduction in its running costs will be 
.essential if it is to become widely distributed. 

A b s t r a c t e d . f r o m :  

Palmer  PES  : W H O  CTtronicle39: 143, 1985 


