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Normal reference ranges for biochemical substances
relating to renal, hepatic, and bone function in fetal
and maternal plasma throughout pregnancy
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SUMMARY Normal reference ranges for sodium, potassium, urea, creatinine, calcium, phosphate,
total protein, albumin, bilirubin, alkaline phosphatase, and aspartate transaminase were deter-
mined from 344 fetal and maternal plasma samples between 15 and 38 weeks' gestation. Pure
fetal blood was obtained by fetoscopy in the second trimester and in the third trimester by
umbilical cord puncture at delivery. All biochemical substances were measured by continuous
flow (SMAC, Technicon) except albumin, which was measured by turbidimetry (CobasBio,
Roche). The resulting data were analysed on an AMDAHL 470A computer and reference ranges

covering 2 5 to 97*5 percentiles were defined. Analysis of variance was performed to examine the
overall effect of gestational age on the analytes measured and on the changes in the fetal
compartment relative to the mothers'. A paired t test was performed to examine how these
biochemical substances in fetal plasma related to maternal plasma from the same pregnancy.

Ultrasonography, amniocentesis, fetoscopy, and
more recently chorionic villus biopsy have led to an
increase in the detection of fetal abnormalities and
diseases. These techniques have encouraged a vari-
ety of direct interventions in utero for the correction
of underlying defects.'

With the aim of obtaining a better understanding
of normal fetal biochemistry we have studied the
changes in commonly measured biochemical ana-
lytes relating to renal, hepatic, and bone function in
fetal blood and their relation to maternal blood
throughout gestation. This knowledge will enable a
more rational approach to the diagnosis and treat-
ment of conditions such as unexplained fetal hy-
drops, intrauterine growth retardation, and fetal
obstructive uropathy. To this end, we have been
able to analyse pure fetal blood samples obtained by
fetoscopy' 2 from live fetuses in the second trimester
of pregnancy and from cord blood at delivery.

Patients and methods

A cross sectional study was undertaken. Fetal and
maternal blood samples were obtained from 344

tPresent address: Welsh National School of Medicine, Cardiff.
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normal pregnancies of between 15 and 38 weeks'
gestation. The gestational age was determined by
calculation from the date of the last menstrual
period and confirmed by ultrasonography. Pure fetal
blood samples in the second trimester of pregnancy
were obtained fetoscopically from 135 pregnancies.
The procedure was performed for the prenatal diag-
nosis of a variety of conditions,3 but for the present
study only samples from pregnancies with a normal
outcome were selected. Fetoscopy was performed
with a 1-7 mm diameter Olympus Selfscope, housed
in a 2*4 x 3-0 mm diameter cannula. A full aseptic
technique was employed to introduce the fetoscope
transabdominally into the amniotic cavity and the
site of uterine entry was chosen by detailed real time
ultrasound scanning' to avoid damage to either the
fetus or placenta while gaining access to the placen-
tal insertion of the umbilical cord. The patient was
sedated to reduce maternal and fetal movements
during these procedures. Two millilitres of pure fetal
blood was obtained from each fetus by this tech-
nique. The blood not used for the diagnostic test was
transferred into labelled heparinised Vacutainers
(Becton and Dickinson) for the biochemical
analysis.

In the third trimester of pregnancy fetal blood
(from 209 fetuses) was obtained by umbilical cord
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Normal reference ranges for biochemical substances relating to renal, hepatic, and bone function

Table 1 Analytical methods used in this study

Analyte Method

Sodium Ion selective electrode (indirect)
Potassium Ion selective electrode (indirect)
Urea Diacetyl monoxime
Creatinine Jaffe alkaline picrate
Calcium Cresolpthalein complexone
Phosphate Ammonium molybdate at 340 nm
Total protein Biuret with blank channel
Albumin Bromocresol green in

succinate buffer
Bilirubin Caffeine-benzoate
Aspartate transaminase Alanine oxaloacetate (37'C)
(EC 2.6.1.1.)

Alkaline phosphatase p-Nitrophenyl phosphate at 37°C
(EC 3.1.3.1.) in AMP buffer

puncture after vaginal delivery or at caesarian sec-

tion from births with a live outcome. Maternal blood
from the antecubital vein was also collected into
Vacutainers in each case. Samples were centrifuged
at 500 g for 10 min between 30 and 60 min after
collection; the plasma was analysed within 4 h of
collection on a multichannel continuous flow ana-

lyser (SMAC, Technicon, Basingstoke).
Table 1 summarises the techniques used on the

SMAC for the 11 biochemical indices. Reagents
were prepared as directed by the manufacturers.
The SMAC was calibrated using two calibrators,
Calibrator Technicon "Ref-i" cat no T037020 and
Ref-3 cat no T037220. Internal quality control was

performed using Armatrol Control sera (Purce
Associates Ltd) at three different levels and these
were interspersed every 15 samples during analysis.
The batch was accepted only if the internal quality
control values were within specified limits. Quality
assessment was monitored with the use of two
schemes, the United Kingdom External Quality
Assurance Scheme (UKEQAS) and the Wellcome
Group Quality Control Programme for Biochemical
Indices. In the period during which the data were
collected the running overall mean variance index
score5 was never above 48%. In the Wellcome
Reagent Group scheme, for the two year period
under study, the variance index score (VIS) was

used to calculate the mean VIS and standard devia-
tion of VIS for each analyte. Using the published
calculated coefficient of variation we were able to
assess the percent accuracy and percent precision for
each chemistry over a wide range of concentrations
analysed in the two year period during which this
study was undertaken (Table 2). Albumin was

measured by turbimetry6 on the Cobas Bio Cen-
trifugal analyser (Wellwyn Garden City), and per-
formance was assessed using commercial controls
(Armatrol).

Alkaline phosphatase isoenzymes in 12 cases
were characterised by heat inactivation studies using

Table 2 Analytical performance ofthe assays during the
period of this study

Analyte % Accuracy % Precision

Sodium 0-06 1-28
Potassium 0-17 2-09
Urea -0-19 2-5
Creatinine 0-57 4-7
Calcium 0-60 1-4
Phosphate 2-9 1-7
Total protein 2-30 1-7
Albumin 1-03 2-2
Bilirubin -6-6 6-4
Aspartate transaminase 10-1 6-6
Alkaline phosphatase 7-5 5-0

the method of Whitby and Moss7 and also separated
electrophoretically on agarose gels (Sigma).

STATISTICAL ANALYSIS
The data were coded, verified, and analysed in an
IBM AMDAHL 470A computer. The respective
distributions were examined and outliers were
eliminated. Some analytes showed a non-Gaussian
distribution, and following recommendations made
with regards to reference valuese the data were log
transformed to normalise the distribution. The mean
value was determined and the percentile limits 2-5-
97-5 were chosen to cover 95% of the population.
Analysis of variance on the log transformed data
was computed to examine the overall influence of
gestational age on the 11 analytes measured. For
each analyte the difference in concentration in mat-
ernal and fetal plasma was determined and an
analysis of variance on these data was performed to
show how fetal plasma constituents related to
mothers' throughout gestation. A paired t test
showed how the biochemical analytes in fetal plasma
related to maternal ones in each gestational group.

Results and discussion

The results (mean and range) for each of the 11
biochemical analytes in fetal and maternal plasma
are shown in Tables 3 and 4 respectively. In the
analysis of variance of these data there is an overall
change with gestational age in all substances meas-
ured except electrolytes (Table 5). Analysis of var-
iance on the difference in concentration in sub-
stances in maternal and fetal plasma with gestation
show that these overall changes in the two com-
partments occur independently (Table 6).

ELECTROLYTES
Sodium and potassium concentrations in both fetal
and maternal plasma showed no change with gesta-
tional age. These results indicate that the developing
fetus is remarkably efficient in maintaining the elec-
trolyte concentration of it's plasma constant
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Table 3 Biochemical values in fetal plasma throughout gestation (mean, range)

n
Sodium (mmol/l)

Potassium (mmol/l)

Urea (mmol/l)

Creatinine (Amol/l)
Calcium (mmolIl)

Phosphate (mmol/l)

Alkaline phosphatase
(IU/I)

Total protein (g/l)

Albumin (g/l)

Bilirubin (,umol/I)

Aspartate
transaminase (IU/1)

throughout gestation, despite large fluxes in water

and sodium.'0

UREA AND CREATININE
There was an overall significant increase in the con-

centration of urea and creatinine in fetal plasma, but
when the changes were examined in individual ges-

tational groups the concentrations were not differ-
ent in the two compartments until 20-22 weeks' ges-

tation (t = 0 4, p > 0 05, paired Student's t test). In
animal studies, fetal plasma urea concentrations

were higher than maternal values, with a constant
fetal-maternal concentration gradient across the
placenta, over a wide range of urea concentrations."
It is possible that creatinine, like urea, also has a
constant diffusion rate and the rise in fetal plasma
creatinine reflects the increases in fetal muscle mass
rather than a decrease in renal function. In addition,
account must be taken of non-creatinine reacting
substances in plasma'2 that could contribute
significantly in the assay of creatinine, particularly at
low values. Maternal plasma urea and creatinine

Table 4 Biochemical values in maternal plasma in the same pregnancy throughout gestation (mean, range)

Gestation (wk)

15-18

n
Sodium (mmol/l)

Potassium (mmolll)

Urea (mmolIl)

Creatinine (ILmoIll)
Calcium (mmol/l)

Phosphate (mmol/l)

Alkaline phosphatase
(IU/I)

Total protein (g/l)

Albumin (gil)

Bilirubin (,zLmol/l)
Aspartate

trnsaminase (IU/1)

Gestation (wk)

15-18

79
136
(132-140)
3-6
(3-1-4-1)
28
(20-3.7)
36
(30-47)
215
(203-230)
1-15
(105-1.25)
127
(85-170)
27
(22-30)
16
(13-19)
12
(8-15)
15
(10-25)

19-22

38
136
(132-139)
3-6
(3-1-4.1)
3 2
(2-1-4-3)
41
(32-52)
222
(2.07-2-37)
1-11
(0-86-1-36)
162
(83-221)
30
(24-37)
18
(14-22)
10
(5-15)
16
(7-37)

23-26

18
135
(130-139)
3.5
(3-4-3-7)
3.4
(2-7-4.1)
42
(33-50)
215
(2-01-2.29)
1-15
(1-05-1-25)
171
(114-299)
36
(32-39)
23
(19-27)
8
(2-15)
20
(8-34)

27-30

22
136
(134-138)
3-6
(3-4-3-8)
3-0
(2-2-3.8)
42
(34-50)
232
(2-24-2-39)
113
(0-93-1-28)
211
(101-322)
43
(36-48)
29
(23-35)
20
(5-29)
20
(9-47)

31-34

25
135
(133-137)
3-5
(3-2-3-8)
3-3
(2.8-3-8)
43
(32-54)
2-31
(2-20-2.43)
1-10
(0.83-1.37)
257
(152-342)
43
(35-50)
32
(25-40)
27
(5-35)
26
(11-49)

35-38

162
136
(132-140)
3 6
(3-1-4.1)
3.3
(2.8-3.9)
47
(32-65)
2-39
(2.23-2.55)
1-10
(0-91-1.20)
270
(134-395)
59
(49-69)
32
(27-36)
20
(2-29)
18
(7-43)

79
135
(132-139)
3-4
(3-2-3-6)
3 2
(3.0-3.3)
43
(40-47)
2-42
(2.30-2.55)
1 05
(0-90-1- 15)
80
(43-110)
64
(60-68)
35
(33-37)
<10
<10

19-22

38
135
(132-139)
3-3
(30-3-6)
3-0
(2.9-3.1)
47
(45-49)
2-34
(2-27-2-40)
1-13
(1-10-1-17)
87
(37-120)
63
(60-66)
33
(32-35)
<10
<10

23-26

18
136
(134-138)
3-4
(3-2-3-6)
3.1
(2-93-3)
45
(43-47)
2-32
(2-23-2-40)
1-00
(0-90-110)
107
(85-130)
63
(60-66)
33
(32-35)
<10
<10

27-30

22
136
(134-138)3.5
(3.4-3-7)
2-8
(2.5-3-0)
42
(40-44)
2 30
(2.21-2.40)
1-02
(0-90-1-10)
120
(90-150)
62
(60-64)
32
(30-34)
<10
<10

31-34

25
136
(134-138)
3-5(3.3-3.7)
2-7
(2.43-0)
39
(37-42)
2-25
(2.20-2.30)
1-01
(093-1- .10)
105
(80-130)
60
(58-62)
34
(29-39)
<10
<10

35-38

162
137
(134-140)
3-6(3.4-3.8)
2-7
(2.5-3-0)
38
(36-40)
2 24
(2-19-229)
1-00
(0-95-110)
145
(90-200)
60
(58-62)
33
(30-35)
<10
<10
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Normal reference ranges for biochemical substances relating to renal, hepatic, and bone function
Table 5 Analysis of variance ofbiochemical analytes using xI for the six gestational groups shown in Tables 3 and 4

Test Fetal Maternal

XI' P X(2 p

Sodium 4-7 NS 4 NS
Potassium 2 5 NS 3 NS
Urea 7 <0 05 16 <0-01
Creatinine 13 <0-01 19 <0 01
Calcium 80 <0-01 40 <001
Phosphate 11 <0-05 37 <0-01
Total protein 167 <0-01 10 <01
Albumin 41 <0-01 12 <005
Bilirubin 11 <005 4 NS
Aspartate transaminase 8 <0-1 3 NS
Alkaline phosphatase 72 <0-01 16 <0-01

NS = not significant.

Table 6 Analysis ofvariance on the differences between
biochemical analytes in maternal (M) and fetal (F) plasma
throughout -gestation

Test Analysis of variance on ,-F

F5-U3 p

Sodium 4 NS
Potassium 5 NS
Urea 8 <0.05
Creatinine 23 <0-001
Calcium 35 <0-001
Phosphate 19 <0-001
Total protein 86 <0-001
Albumin 92 <0-001
Bilirubin 10 0 01
Aspartate transaminase 16 0-01
Alkaline phosphatase 90 <0-001

NS = not significant.

concentrations decrease with advancing pregnancy
as a result of altered renal haemodynamics as well as
decreased protein catabolism." 14

CALCIUM, PHOSPHATE, AND ALKALINE
PHOSPHATASE
Fetal plasma calcium concentrations increased and
maternal values decreased after about 20 weeks'
gestation; before this the concentrations were not
different (t = 0-2, p > 0-05 paired Student t test).
Plasma phosphate concentrations in both maternal
and fetal plasma showed a progressive but non-
parallel decrease. Alkaline phosphatase in fetal
plasma increased progressively throughout preg-
nancy, while the concentrations in maternal plasma
showed no obvious pattern. The fetal enzyme was
identified to be entirely of bone origin while the
maternal enzyme was entirely placental.

It has long been known that fetal plasma calcium
and inorganic phosphorus concentrations are higher
than those in maternal plasma and that these sub-
stances, together with magnesium, are actively
transported across the placenta.'5 This specialised
transport has been suggested to be facilitated by the
placental calcium pump.16 It is therefore not surpris-

I a ; ; -.-. . . . . : .,: , ....................,:
30-~~~~

E
20-

0 10. 1 22 20 6 11 0 0 9 0 8 0 53
19 37 9 3 5 2 4 9 9 8 25 8Un

20 25 30 35 40
Gestation (wk)

Fig. 1 Fetal plasma albumin concentrations (mean + 2
SD). Maternal range in shaded area.

ing that the plasma calcium and indeed fetal ionised
calcium concentrations are higher in fetal blood (in
preparation). The changes in fetal plasma phosphate
concentration have been observed previously.'" The
reason for this is unclear but is probably a consequ-
ence of high osteoblastic activity in the fetal bones,
reflected by increases in alkaline phosphatase activ-
ity. In a normal pregnancy the fall in maternal
plasma calcium and phosphate are probably due to
plasma volume expansion.'8

TOTAL PROTEIN AND ALBUMIN
Total protein and albumin concentrations in fetal
plasma increased throughout gestation, while mat-
ernal values decreased (Figs. 1 and 2). Indeed the
concentration of plasma proteins in the fetal circula-
tion increased by more than half during gestation.
By 12-16 weeks the fetal liver can synthesise all the
plasma proteins except the gammaglobulins.'9 Fetal
plasma albumin concentrations begin increasing
substantially from 20 weeks. There is suggestive
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Fig. 2 Fetal plasma protein concentrations (mean ± SD).
Maternal range in shaded area.

evidence that fetal a-fetoprotein synthesis is
decreasing at this time20 and it is likely that albumin
synthesis is switched on to become the major plasma
protein in the circulation.

ASPARTATE TRANSAMINASE AND BILIRUBIN
These substances that reflect hepatic function were
low in maternal blood throughout pregnancy. There
were, however, small increases in fetal plasma,
which in the case of aspartate transaminase could be
due to leakage of this cytoplasmic enzyme from
hepatic cells or else due to high concentrations of
pyruvate in fetal blood which would consume
NADH in the assay. When considering the causes of
hyperbilirubinaemia, the life of the erythrocyte, the
space in which bilirubin is distributed, as well as the
glucuronide conjugating ability of the liver have to
be taken into account. Fetal erythrocytes have a
shortened life span of about 70 days21 and the liver
conjugating ability is still immature.

In this study the normal values of commonly
measured biochemical substances relating to hepa-
tic, renal, and bone function have been established
in pure fetal blood samples. The concentrations of
substances in blood at the time of sampling depend
on a variety of factors, such as production and elimi-
nation rates and fluid distribution. Nevertheless,
these values may be used as a reference range for
pathophysiological investigations.

We thank Mr D Cooper, Senior Programmer and
analyst, KCHMSD, for his advice.
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