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Summary: Trials have been organized by a Medical
Research Council committee to assess the effec-

tiveness and safety for analgesia in labour of oxygen and
nitrous oxide mixtures in different proportions. In a pre-
liminary trial concentrations of 50% and 60% v/v nitrous
oxide were compared, but, as the replies of 409 mothers
revealed little difference between the two, the results of
administering either 50% or 70% nitrous oxide to 778
mothers were then compared. The data relating to normal
labour, obtained on 501 of the mothers in this main trial,
showed that the relief of pain given was much the same.
There was a suggestion, however, that the higher concen-
tration of nitrous oxide might be useful in abnormal
labour. The proportion of mothers with normal deliveries
who lost consciousness, though very small, was signifi-
cantly higher with 70% nitrous oxide than with the lower
concentration. Ninety-two per cent. of mothers found the
gas and oxygen machine helpful, and midwives reported
complete or good co-operation by 77% of those using it.
It is concluded that the 50% oxygen and 50% nitrous
oxide mixture can safely be used by unsupervised mid-
wives.

Introduction

In healthy women labour is a normal function with an end-
product that is usually very much desired. The relief of the
pain and discomfort cannot be governed by hard-and-fast
rules since the mother's tolerance of them is affected by such
factors as her temperament, her attitude to the birth, and her
family circumstances, as well as by the personalities and the
capabilities of the doctor and midwife. The likelihood of a
spontaneous delivery is far greater if the mother is able to take
an active part in the second stage of labour, since it often
depends on the effectiveness of her "bearing-down" efforts.
Most women having a normal delivery are able to take an
active part provided that they are given moral support and
adequate pain relief, and that their morale is unimpaired by
exhaustion from insufficient analgesia in the first stage.
A safe and effective method of relieving pain without pro-

longing labour-and thus risking asphyxia in the baby-is
therefore highly desirable. A hospital anaesthetist can give very

effective relief of pain with a standard machine so long as he
remains in attendance to adjust the quantity of analgesic to the
patient's needs. If the aim is to eliminate discomfort entirely a

variety of methods, such as epidural analgesia, may be used,
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but these tend to increase the likelihood of a forceps delivery
and also make considerable demands on medical manpower.
Moreover, any analgesic method should be simple, for though
an increasing number of women have their babies in hospital
there are still many domiciliary confinements, where the mid-
wife is often in charge.
A mixture of nitrous oxide and air has been widely used for

self-administered inhalational analgesia in labour since Min-
nitt (1934) published an account of apparatus for this purpose.
Cole and Nainby-Luxmoore (1962) and Nainby-Luxmoore
(1964), however, showed that some of the machines in use
were potentially dangerous and that many women became
appreciably hypoxic. They therefore recommended the use of
an oxygen and nitrous oxide mixture, which had first been
described in this country by Seward (1949); the substitution
of oxygen for air in the mixture enables higher concentrations
of nitrous oxide to be used without risk of hypoxia. This can
be delivered either from separate cylinders, as in the Lucy
Baldwin or Cyprane A. E. machine, or from a single cylinder
containing premixed oxygen and nitrous oxide stored under
pressure, as in the portable Entonox apparatus.
The committee set up by the Medical Research Council in

1960 expressed some doubts about the use of oxygen and
nitrous oxide analgesia by unsupervised midwives. Though
reports from Oldchurch and Kingsbury Hospitals of trials
using 50% and 70 %/ v/v nitrous oxide respectively were favour-
able (Philipp, 1962; Miller, 1962), Seward (1949) had shown
that when 85 % nitrous oxide was used almost 50% of patients
became partially anaesthetized and difficult to control. He
found, however, that in most cases 75°% nitrous oxide gave
effective analgesia without producing loss of consciousness or
affecting the co-operation of the mother. No special super-
vision of the midwives administering the analgesic was found
necessary with this concentration of nitrous oxide. McAneny
and Doughty (1963) reported on a series of over 500 mothers
given mixtures containing 5004, 60%, 70%, 75%, and 80%
nitrous oxide with oxygen. It was shown that 70% nitrous
oxide was significantly more effective as an analgesic than 5004
nitrous oxide, but concentrations of nitrous oxide higher than
70 % were not more effective. Though more mothers were seen
to lose consciousness with concentrations over 70% than with
the lower concentrations the numbers doing so were surpri-
singly small. Preliminary studies carried out by.the committee
in volunteers showed a great variability in individual response
to the mixtures, and it was found that in some cases inhalation
of 30% oxygen and 70°' nitrous oxide could induce sleep in 5
to 10 minutes, though it was realized that mothers in labour
would be unlikely to inhale gas mixtures continuously for this
length of time.

In order, therefore, to determine the concentrations of nit-
rous oxide giving the maximum pain relief compatible with
safety the committee organized two clinical trials based on the
method used by McAneny and Doughty (1963). In the preli-
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minary trial a comparison of the use of 50% with 60% nitrous
oxide was made at six hospitals.t
A total of 409 valid questionaries were returned, of which

208 referred to the use of 50% nitrous oxide and 201 to 60%
nitrous oxide. The main conclusions drawn from this trial
were (1) that both concentrations appeared to be safe for
mother and baby, and (2) that little, if any, difference between
the effects of the two concentrations could be detected. It was
therefore decided to proceed with a trial comparing 50% with
70% nitrous oxide and to use virtually the same questionaries
as in the preliminary trial.

Patients and Methods
The main trial was conducted in seven hospitalst and 799

women were entered. At each hospital about half the mothers
had 50% nitrous oxide and the other half 70% nitrous oxide,
the method of random allocation to the two groups being left
to the individual hospital. Neither the midwives giving an
analgesic nor the mothers themselves knew what concentra-
tion of nitrous oxide was being administered. A mother was
not entered for the trial if a multiple birth was expected or if
special delivery procedures were likely to be needed; other-
wise there was no selection of patients (though some mothers
who were entered were subsequently excluded from the main
analysis-see below).
Any narcotics and tranquillizers in general use, such as

pethidine and promazine, could be given in addition to the
oxygen and nitrous oxide mixture provided that details were
noted on the record form.

The Questionaries
The data were obtained by means of two questionaries. One

was completed by the midwife as soon as possible after the
delivery and the other by the mother on the third day after
delivery; both had to be completed regardless of whether
labour proved to be normal. The main questions asked on the
two forms are indicated in Tables 11-V. The midwife's form
also asked for details about the duration of the first and
second stage of labour, the administration of any additional
analgesics or anaesthetics, and complications of pregnancy or
labour.
Some questions were considered to be irrelevant in certain

circumstances-for example, if inhalation analgesia was not
given in the first stage, then questions to the midwife about

TABLE I.-Analysisfor Comparability of Treatment Groups

No. of
Mothers Receiving

5000 70%
Gas Gas

No. of
Mothers Receiving

500O 70%
Gas Gas

Previous deliveries Disproportion:
0 .. .. 214 211 Yes .. .. 9 8
1 .. .. 83 114 No .. .. 375 385
2 .. .. 35 33 Noreply .. 1 0
3 .. .. 27 14 P= 0-81
4 .. .. 16 11
5±. .. 10 10

X' 5 D.F. = 9-93 P= 0-08

Antepartum
haemorrhage: Malpresentation:

Yes. .. 12 31 Yes .. .. 11 17
No .. 372 361 No .. .. 373 376
No reply .. 1 1 No reply .. 1 0

P 0 004 P= 034

Toxaemia: Induction:
Yes.. .. 43 53 Yes .. .. 96 121
No.. .. 339 340 No .. .. 288 270
No reply .. 3 0 Noreply .. 1 23P=0-38 P 0-07

BRmTsHLnalgesia MEDICAL JOURNAL

first-stage pain relief and first-stage maternal co-operation,
as well as questions to the mother about pain relief "early on"
and "just before starting to push," were considered irrelevant.

Exclusion of Cases
Of the 799 mothers who were entered for the trial 21 were

excluded from the initial analysis, 12 because they had given
birth to twins and 9 because the information on the forms was
incomplete. The data on the remaining 778 mothers were
subjected to a preliminary analysis to assess the comparability
of the two treatment groups in respect of those features that
could not have been affected by the analgesic (Table I). It will
be seen that there is a significant difference between
the two groups in the frequency of antepartum haemorrhage
and that more mothers who had had one previous delivery
had been allocated to the group receiving 70% gas. Mothers
who had had antepartum haemorrhage were therefore ex-
cluded from the main analysis, and allowance was made for
parity by grouping the cases as shown below. The difference
in the proportion of induced labours is also substantial but is
reduced by the exclusion of cases of antepartum haemorrhage.

Exclusion from the main analysis was made on a number of
other grounds; the complete list is as follows:

Reply of "No memory of labour" ..
Reply of "No pain with labour" ..
Forceps delivery
Antepartum haemorrhage ..
Malpresentation
Caesarean operation ..
Weight of infant 2-5 kg. (51 lb.) or less ..
Duration of gas/oxygen treatment less than 20 minutes or

unknown ..

No. of Excluded
Mothers Receiving

500% Gas 70% Gas
9 .. 5

17 .. 19
57 .. 64
12 .. 31
11 .. 17
2 .. 6
18 .. 14

7 .. 15

The exclusions resulted in the omission from the main
analysis of 277 cases, some being rejected for more than one
reason; the data on these cases were analysed separately (see
below).

Grouping of Cases and Method of Analysis
The 501 remaining cases were divided into the following

groups before analysis:

Parity: 3 groups-0, 1, 2+ previous deliveries.
Anaesthetic in second stage of labour: 3 groups-none, regional,

general.
Narcotic and tranquillizing drugs: 4 groups, according to dose
and combination of drugs.

This produced a total of 36 groups. The original plan of
grouping also by hospital would have produced 252 groups,
with an average of only about two cases per group, and this
was accordingly abandoned; since all the hospitals were
known to have divided the mothers fairly equally between the
two treatment groups, no misleading results are likely to have
arisen from this source. A modification of Woolf's (1955)
method of analysing a series of 2 x 2 tables was used on the
grouped data so as to assess the significance of any overall
trend of the tables while eliminating effects due to hetero-
geneity between groups. The modification had to be made
because of small numbers or even zeros in many of the cells of
the tables. Briefly, it consisted in the use of a permutation test
on the 2x2 tables (after the substitution of 0-1 for all zeros).
To examine all the permutations would be a prohibitive task
even for a computer, and only a random sample was exa-
mined. For this a sequential plan was followed.

This method merely gives an assessment of the statistical
significance of the result rather than an accurate figure for the
probability. For the particular sequential plan chosen, if the
true tail area lies between 0.04 and 0.20 it is uncertain
whether the result will be "significant" or "not significant." In
doubtful cases, or if a particularly important question was

t Aberdeen Maternity Hospital, Cardiff Royal Infirmary and Maternity
Hospital, Simpson Memorial Maternity Pavilion (Edinburgh),
Hammersmith Hospital, Kingsbury Maternity Hospital, and Kingston
Hospital.

1 As above, with the addition of Westminster Hospital.

_ . . . . .
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21 March 1970 Obstetric Analgesia
involved, the table was tested twice with different random
numbers. The method has considerable advantages in that
a decision can generally be reached quickly and much
unnecessary computing can be avoided.

Results
The results of the main statistical analysis are given in

Tables II, IV, V, and VI, which refer to 501 mothers (259 of
whom received 50% nitrous oxide and 242 70% nitrous oxide).
The standardized percentages allow for the groupings de-
scribed above and thus do not correspond with the percen-
tages that would be obtained from the basic data. Statistically
significant results are indicated.
Pain Relief.-On the basis of the standardized percentages

five of the results in Table II (1, 6, 7, 10, and 11) show a

TABLE II.-Pain Relief

Questions to Midwife
1. First stage pain relief:

Complete or good.
Fair or poor

2. Second stage pain relief:
Complete or good.
Fair or poor

Questions to Mother
3. Did the gas and oxygen machine help you?

Yes.

No

4. How much did it help?
Not at all or only slightly. .
Considerably or completely

5. Was the pain worse than you expected?
Yes.

No.

6. How did it compare with previous births?
Better or same

Worse

7. Were you satisfied with the amount of relief
you had?
Yes.
No.

8. Early on (in first stage)?
Yes.
No.

9. Just before starting to push?
Yes.

No.

10. While pushing?
Yes.

No.
11. At actual time of birth?

Yes.
No.

Standardized Percentages
of Mothers Receiving

50°' Gas 700% Gas

74-8
25-2

71 1
28-9

89-4
10-6

30 3
69-7

38-7
61-3

65-8
34-2

84-1
15-9

84-5
15-5

73-6
26-4

83-6
16-4

81-0
19-0

71-6
28-4

73-2
26-8

93-6
6-4

24-6
75-4

36-9
63-1

60-4
39-6

84-0
16-0

88-6
11*4

82-7
17-3

81-7
18-3

74.4
25-6

slight advantage for 50°% nitrous oxide and six (2, 3, 4, 5, 8,
and 9) a slight advantage for 70%. All the differences, how-
ever, are small and none is statistically significant. Such a
result from a sample of this size implies that if there is any
real difference it can hardly be a large one. It was also noted
that in the series as a whole the use of narcotics and tran-
quillizing drugs in addition to the nitrous oxide mixture was
very similar in the two treatment groups. A simple scoring
system had been devised in order to divide the cases into
groups (see above) according to the amount of drugs that they
received during the eight hours before delivery. A comparison
of the scores showed that patients receiving the 70% nitrous
oxide had very slightly more narcotics than those in the 50%
group, because fewer of the former were not given a narcotic;
the position was reversed, however, with regard to the tran-
quillizers. The percentage who were given no drug at all was
similar in the two groups, and the mean "drug score" of those
who did receive one or both types of drug was virtually
identical. On the assumption, therefore, that the need for
further pain relief was generally met more or less adequately,
it would again appear that 50% and 70% nitrous oxide pro-
vided similar relief from pain.

Condition of the Mother.-Two of the results (4 and 6) in
Table III are statistically significant. These relate to the
questions to the midwife "Did mother become unconscious

BRriTSHMEDICAL JOURNAL

TABLE III.-Condition of Mother

Questions to Midwife
1. Was there any nausea?

Yes.
No.2. Was there any vomiting?
Yes.
No.

3. Maternal co-operation:
First stage: Complete or good

Fair or poor.Second stage: Complete or good..
Fair or poor

4. Did mother become unconscious when using
gas and oxygen machine?*
Yes.
No.

5. Did she become restless or noisy?
Yes.
No.

6. Did you have to stop using the gas and oxygen
machine?*
Yes.
No.

Questions to Mother
7. Did you fall asleep when taking the gas during

contractions?
Yes.
No.

8. Do you remember much of your labour?
Hazy
Clear

9. Do you remember the baby being born?
No or hazy .

Clear
10. Did you dream while taking the gas?

Yes.
No.

11. Were the dreams pleasant or unpleasant?
Pleasant
Unpleasant

12. Did you feel sick?
Yes.
No.

13. Did you vomit?
Yes.
No.

14. Did you have any other sensations?
Yes.
No.

Standardized Percentages
of Mothers Receiving

50% Gas 700, Gas

9-1
90 9

5-5
94.5
80-6
19-4
78-4
21-6

0 4
99-6

15-4
84-6

5-5
94.5

16-6
83-4

37-4
62-6

18-4
81-6

12-5
87-5

54-8
45-2

21-2
78-8

18-0
82-0

14-8
85-2

9.4
90-6

6-1
93.9
73-8
26-2
75.4
24-6

3-0
97-0

18-7
81-3

10-5
89-5

21-7
78-3

35-1
64-9

15-0
85-0

10-0
90.0

93-1
6-9

16-7
83-3

14-0
86-0

11*4
88-6

*Difference statistically significant by the sequential permutation test described
in the text.

when using gas and oxygen machine?" and "Did you have to
stop using gas and oxygen machine?" To both these questions
the answer was significantly more often "yes" when 70% gas
than when 50% gas was used. The number of mothers who
were said to have become unconscious, however, was very
small in both groups (7 and 1 respectively) and no harm
seems to have resulted. The numbers of midwives who said
that they had to stop using the machine were also small-24
and 15 respectively.

Progress of Labour.-No large differences between thr
treatment groups in the duration of labour or in the frequency
of the complications indicated are evident from Table IV, and
none of the differences was found to be statistically signifi-
cant.

TABLE IV.-Progress of Labour

Standardized Percentages
Questions to Midwife of Mothers Receiving

50% Gas 700% Gas
1. Inertia (over 24 hours in labour):

Yes.
No.

2. Retained placenta:
Yes.
No.

3. Postpartum haemorrhage:
Yes.
No.

4. Duration of second stage:*
Short

Long

3-2
96-8

2-1
97.9

4-7
95.3

81-3
18-7

5-1
94.9
2-3

97.7
5-8

94-2

80-4
19-6

*The second stage was taken to be short if it lasted not more than 60 minutes for
primiparae and 30 minutes for multiparae.

Condition and Survival of Baby.-The condition of the
baby was very similar in the two groups (Table V) and no
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TABLE V.-Condition and Survival of Baby

Standardized Percentages
Questions to Midwife of Mothers Receiving

50 °O Gas 700, Gas

1. Respiration:
Absent or gasping..
Well established

2. Muscle tone:
Absent or poor
Good

3. Reflex to nasal catheter:
Absent or slight
Vigorous

4. Colour of trunk:
White or blue
Pink

5. Heart rate:
100 or under
Over 100

6. Birth weight:
Under 3-4 kg.
3-4 kg. and over

7. Survival:
Died within 1 week
Survived beyond 1 week

19-9
80-1

13-8
86-2

14-1
85-9

37-7
62-3

4-6
95-4

48-7
51-3

0-0
100-0

16-6
83-4

13-2
86-8

12-9
87-1

38-4
61-6

7-0
93-0

57-7
42-3

0-8
99-2

statistically significant differences were found. Only 1 of the
501 babies died during the first week, and this death occurred
in the 70% nitrous oxide group, the cause being intracranial
haemorrhage. In the complete series of 778, however, there
were 14 deaths, namely:

50% gas
Prolapse of cord, asphyxia (still-

birth)
Congenital heart disease
Atelectasis
Gross abnormalities. Hydrocepha-

lus, myelomeningocele (stillbirth)
tentorial tears, intracranial hae-

morrhage
Cause not reported (1 stillbirth)

70% gas
Intracranial haemorrhage (2 cases)
Toxaemia (stillbirth)
Respiratory distress syndrome (2

cases)
Congenital heart disease
Anencephaly (stillbirth)
Cause not reported (1 case)

Clearly no conclusions can be drawn from such small
numbers.

Excluded Cases.-A brief analysis was made of the data on

the excluded cases and three statistically significant results
emerged. The mothers who received 70% nitrous oxide gave
significantly more favourable answers to the question "How
much did it help?" and "Were you satisfied with the amount
of pain relief at actual time baby was born?" They also
dreamed more often while using the machine. This particular
group is so heterogeneous that the results should not be
regarded as fully valid; but if the cases are grouped according
to the reason for exclusion there is a remarkable concordance
in the results from group to group, all the results tending in
the same direction even though the individual results are not

statistically significant. If the forceps, antepartum haemorr-
hage, and malpresentation cases are combined, the answers to
the question "How much did it help?" give the results shown
in Table VI. Here the suggestion is that the higher concentra-

TABLE VI.-Pain Relief in Forceps Deliveries and Cases ofAntepartum
Haemorrhage and Malpresentation

Questions to Mother

No. of Mo

50%'o Gas

How much did it help?
Not at all or only slightly. 29
Considerably or completely .. .. 42
P = 0-032

thers Receiving

70° Gas

22
70

tion of nitrous oxide may be helpful in the abnormal case,
even though little difference can be found in normal cases.

Since, however, there are many variables that have not been
taken into account in this group, it would be wise to regard
this as a possibility for further investigation rather than as a

proved result.

BRriss
MEDICAL JOURNAL

Tests on the Apparatus
Clearly the validity of these results depends on the reliabi-

lity of the machines that delivered the oxygen and nitrous
oxide mixture. Accordingly 17 of the machines were tested at
the laboratories of the Nuffield Department of Anaesthetics,
Oxford, and the Department of Anaesthesia, St. Bartholo-
mew's Hospital, London; all were of the Lucy Baldwin type.
One cannot be certain that every machine was in the same

condition during the test as during the preceding clinical trial,
but the manufacturers made themselves responsible for the
careful transport of the machines to the two laboratories.
The laboratory tests were concerned with the composition

of the oxygen and nitrous oxide mixtures delivered, inspira-
tory and expiratory resistance, leaks and the maximum pres-
sure delivered in the event of a leak, and the efficacy of the
safety cut-out mechanism. On a number of machines the
tests were repeated, not only on the same day but on several
different days. In this way the repeatability of the measure-
ments was checked and the stability of the machines, at least
under quiescent laboratory conditions, was tested.
Though variations in performance were observed it is un-

likely that these could have had a significant influence on the
results of the clinical trial. Five of the machines tested deliv-
ered mixtures containing oxygen in the range +5 to -3% v/v
about the value of the dial setting. The other 12 machines
delivered oxygen concentrations outside this range under
certain conditions. The most common fault was too high a

concentration of oxygen, though some machines delivered too
low a concentration, particularly at small minute-volumes. In
case leaks of air into the system were falsifying the results the
nitrous oxide concentration was also determined from time to
time, and the sum of the two concentrations was always found
to be close to 100°%. The absence of air leaks into the ma-
chines provides evidence that the patients actually received
the mixtures determined in the subsequent tests.

Both the specifications of the apparatus and its testing are

obviously of the utmost importance, and the committee has
produced recommendations and specifications both for appa-

ratus with separate cylinders for use in hospitals and for
apparatus containing premixed oxygen and nitrous oxide for
domiciliary use. These recommendations are being published
in a separate paper (Medicine Research Council Committee
on Nitrous Oxide and Oxygen Analgesia in Midwifery, 1970).

Discussion and Conclusions

The results of both the preliminary trial of 5004 versus 60%,)
nitrous oxide concentrations and the subsequent trial of 5004
versus 70% concentrations show that all three are ap-
parently safe for mother and baby, and that there is little
difference in the degree of pain relief given in normal labour.
Two of the questions put to the mothers-"Did the gas and
oxygen machine help you?" and "How much did it help?"-
may, however, have obscured a real difference between the
50% and 70% concentrations by referring to "help" rather
than to the degree of pain relief obtained: McAneny and
Doughty (1963), who did ask directly about pain relief, found
700 nitrous oxide to be the optimum concentration. That
greater relief might be obtained with a 7004 concentration in
some circumstances is suggested by the findings in the present
trial in women whose labour was abnormal. This should per-

haps be further investigated.
Seven mothers who received the 70% concentration became

unconscious or difficult to manage as compared with only one

of those receiving 50°%. Individual idiosyncrasies are probably
important here; Hustead (1964) showed that 10% of the pop-
ulation overreact to nitrous oxide in that continuous inhalation
of a 30% concentration produces levels of anaesthesia that
give rise to amnesia and loss of control. In the greater part of
the population the continued inhalation of 50% nitrous oxide,

712 21 March 1970 Obstetric Analgesia
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either beyond the termination of a contraction or in suscept-
ible subjects to the end of a contraction, will result in loss of
consciousness at the amnesic level. With 70% nitrous oxide
unconsciousness will occur sooner.
Most mothers stated that the gas and oxygen machine

helped them, and nearly three-quarters of them found that
the help was complete or considerable; the replies of the
midwives bear out these findings. Just over a quarter of the
mothers, however, found the help inadequate, the figures
again being confirmed by the midwives' replies, and there is
clearly room for improvement-though it has already been
pointed out that any analgesic for use in labour must not only
relieve pain but leave unimpaired the mother's ability to co-
operate and exclude the risk of fetal anoxia. Apparatus
designed to supply a variable concentration of gas, to be
adjusted according to the mother's response, makes it possible
to reconcile the requirements of pain relief and of co-opera-
tion of the mother more satisfactorily than do machines
delivering a fixed concentration; such apparatus is already in
use under medical supervision in hospitals.
Many of the questions in this investigation were inevitably

of a subjective nature. It may, however, be concluded that the
50%°,' oxygen and 50% nitrous oxide mixture can safely be
used by unsupervised midwives, both in iiospitals and in
domiciliary practice. Clearly there is a need for further re-

search to improve the standard of obstetric analgesia in
Britain, and it is apparent that in any such research the many
variables to be found in both the mother and the midwife must
be taken into account.
The Members of the Committee acknowledge with thanks the

help of the National Birthday Trust Fund, the British Oxygen
Company Ltd., who made Lucy Baldwin machines available for
these trials, and Cyprane Ltd., who provided Cyprane A. E. appara-
tus. They also express their gratitude to the staffs of the seven
hospitals listed in the text, to all the mothers who completed
questionaries, and to Miss Daphne Gloag, of the publications
section of the Medical Research Council's headquarters office,
who edited this report.
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Evaluation of Thyopac-3 Test in the In-vitro Assessment
of Thyroid Function

FREDERICK CLARK,* M.B., B.S., M.R.C.P.; HAZEL J. BROWNt
British Medical yournal, 1970, 1, 713-715

Summary: Thyopac-3, a new commercial test kit for
the in-vitro assessment of thyroid function, has been

appraised in a group of 411 patients. The Thyopac-3 test
was found to be simple and rapid to perform and accurate
in diagnosis. Of 117 patients shown to be euthyroid by
other criteria, 5% had Thyopac-3 values outside the nor-
mal range (derived from a group of 135 normal patients),
and 10 of 79 thyrotoxic and 4 of 37 hypothyroid patients
had values within the normal range.

In a direct comparison in 190 patients with the resin
uptake test the Thyopac-3 test emerged very favourably
in regard to diagnostic accuracy and was technically easier
and quicker to carry out. There was a non-linear negative
correlation between results from the two procedures.

Introduction
Numerous in-vitro techniques for assessing thyroid function
and status have been developed since the introduction of the
red blood cell (R.B.C.) uptake of '31T3 (Hamolsky et al., 1957,
1959). These include uptake of labelled thyroid hormones by
anion exchange resin (Mitchell et al., 1960; Sterling and Ta-
bachnick, 1961; Clark, 1963), coated charcoal (Herbert et al.,
1965; Irvine and Standeven, 1968), and Sephadex (Hansen,
1966). The last material has been used in chromatographic
systems (Shapiro and Rabinowitz, 1962; Cuar6n and
Fucugauchi, 1964), and dialytic (Cavalieri and Searle, 1965;
Garnett et al., 1965), and electrophoretic methods (Burke et al.,
1964) have also been described.

* Consultant Physician, Newcastle General Hospital; Lecturer in ClinicalMedicine, University of Newcastle upon Tyne, Royal Victoria
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All these tests are based on the fact that thyroid hormones
are transported in a reversible binding equilibrium by specific
plasma proteins (Robbins and Rall,. 1957). Consequently when
exogenous radioactive labelled thyroid hormone is added to
plasma (or serum) it will partition, depending on the previous
degree of saturation of binding sites with endogenous hor-
mone, between a bound and an unbound form, the latter being
available for absorption to other sites (R.B.C., resin, etc.) or
capable of diffusion through a dialysis membrane. Thus, when
binding sites are relatively saturated owing to an excess of
endogenous hormone, as in thyrotoxicosis, a greater propor-
tion than normal of labelled hormone remains dissociated
from the proteins (or, conversely, a decreased quantity is
bound) and increased "uptake" values result. In hypothyroid-
ism the reverse occurs.

Absolute changes in binding protein concentration without
thyroid disease will in themselves cause changes in these up-
take measurements-for example, in pregnancy, oestrogen
therapy, or the nephrotic syndrome-as will competition for
binding sites by drugs (salicylates, diphenylhydantoin). Such
alterations may mislead the clinician but can be recognized if
a serum protein-bound iodine (P.B.I.) is also performed
(Clark and Horn, 1965).
The several procedures have their own particular disadvan-

tages. Variability in the radiochemical purity of' '3I T3, espe-
cially with respect to the degree of contamination with "'II
iodide, may cause considerable fluctuation in results from
resin uptake or dialysis. This fluctuation may be minimized
by comparison of the test sera with a simultaneously run
control, or by use of '25I T3. Though isotope impurities are not
of such significance in the R.B.C. uptake, here a correction for
packed cell volume is essential. Finally, most methods are
fairly laborious technically or time-consuming.

Recently the Thyopac-3 test (Radiochemical Centre,
Amersham, 1969), a new in-vitro method, also based on
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