
516 BRITISH MEDICAL JOURNAL 27 NOVEMBER 1971

gross infiltration, those with nodular lesions, and among those
with high bacillary density on skin smears.
The very detailed monthly assessment of haematological,

hepatic, renal, neurological, visual, and cardiac functions
failed to show any toxic effects from clofazimine during the
period of observation, and thus confirmed the previously
gained impression that in the acutely ill, debilitated leprosy
patient clofazimine can be safely administered with gratifying
therapeutic results. However, the red-brown pigmentation of
the skin that was seen in all the patients, coupled with reddish
brown urine and sweat and a tendency to development of dry
scaly skin, was disturbing to the younger and fairer patients.
The study does not show the superiority of clofazimine over

dapsone, in the dose used in this trial, in terms of bacterial
death and clearance, resolution of skin lesions, and the incidence
of erythema nodosum leprosum. While further controlled
studies for a longer period are necessary, we suggest that
dapsone, which is much cheaper and does not cause significant
pigmentation, is preferable to clofazimine in the routine
management of untreated lepromatous leprosy. Clofazimine

could be reserved for patients who are either sensitive or
resistant to dapsone as well as for those who are distressed by
recurrent chronic erythema nodosom leprosum or recurrent
chronic peripheral neuritis or both.
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Summary

Blood clotting was examined in 24 consecutive full-term
newborn infants with hypoxia and 23 normal control
infants. There was evidence of a gross alteration in the
clotting process in the hypoxic infants. The degree of
disturbance in clotting seemed to be dependent on the
severity of the hypoxia, suggesting a causal relationship.
The mechanism involved seemed to be intravascular
coagulation. The consumption of clotting factors in-
volved led to the appearance ofa haemorrhagic diathesis.
This effect seemed to be of short duration, suggesting
that direct liver damage plays at most a minor part.
Though there was no evidence of damage in the infants

who survived, it is possible that intravascular coagulation
induced by hypoxia, by leading to deposition of fibrin,
may cause damage to vital organs. Further studies will
be required to examine this possibility.

Introduction

Intracranial haemorrhage is a common finding in neonatal
deaths of full-term infants. In a small selected series Haller
et al. (1956) found an incidence of 9 50, Grontoft (1953)
an incidence of over 30%, but the British perinatal birth
survey (Butler and Bonham, 1963) showed an incidence of
7 6° for intraventricular haemorrhage and cerebral birth
trauma.
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Serious intracranial haemorrhage may be due not only to
physical trauma but to other adverse factors, such as a poor
coagulation state. Wefring (1962) suggested one cause of
haemorrhage to be prothrombin complex deficiency, and
investigation of preterm infants has confirmed this and shown
an association between intracranial haemorrhage and a defi-
ciency of factor II complex (Gray et al., 1968), but the fre-
quency of haemorrhage from this cause is largely unknown.
The level of factor II, which is normally low at birth, may be
further depressed by hypoxia, but most of the work which
has suggested this has been done in preterm infants and there
is a lack of information on the role of this mechanism in full-
term infants. That non-traumatic haemorrhage may be, in
part, due to coagulation deficiencies other than factor II has
been established in the preterm infants (Hathaway et al.,
1969) but there are only a few isolated case reports relating
to full-term infants (Chessells and Wigglesworth, 1970).
The exact nature of the process by which hypoxia causes

haemorrhage is incompletely understood. It has generally been
assumed that the process is basically one of direct liver damage,
but recent studies (Aballi and de Lamerens, 1962; Hathaway
et al., 1969; Berglund, 1970) have indicated that a consumption
coagulopathy, usually following disseminated intravascular
coagulation, may be a most important mechanism. In view of
these areas of doubt we have set out to determine the role of
hypoxia in full-term infants as a cause of coagulation dis-
orders. The present study has been undertaken with a com-
prehensive series of tests over an extended period of time,
and the results have been correlated with biochemical and
clinical assessments of hypoxia.

Cases and Methods

Forty-seven full-term infants were studied. These were 24
consecutive hypoxic full-term babies admitted to our unit
and 23 full-term control babies who showed no evidence of
hypoxia during delivery. These latter were chosen from the
nursery, and parental consent for their inclusion was obtained.
The Apgar score was estimated by the paediatrician attending
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the birth. The control babies had a one-minute Apgar score

of 5 or more, and at 6 hours of age their base deficit was 5 or
less. Hypoxia was diagnosed by an Apgar score of 5 or less
at one minute after birth, or by failure to establish regular
respirations by the age of 3 minutes. Biochemical confirmation
of hypoxia was obtained from blood gas studies on capillary
blood obtained from a warm heel and the base deficit was
used as a further estimate of the degree of hypoxia.

Blood for clotting tests was taken from a femoral venepunc-
ture and placed into 3-800 trisodium citrate in a plastic tube
(9 vol. blood to 1 vol. citrate) and centrifuged immediately at
3,000 r.p.m. for 10 minutes at 5°C. Blood for estimation of
fibrin degradation products was taken into plastic tubes con-
taining aprotinin (Trasylol), a fibrinolytic inhibitor. The
tests used were the kaolin cephalin clotting time (K.C.C.T.);
the thrombin clotting time (T.C.T.), which measures the third
stage of coagulation; and the thrombotest (uncorrected for
haemoglobin level), which measures the prothrombin complex,
factors II, VII, IX, and X. Other aids to detection of a con-

sumption coagulopathy were the platelet count, estimated
with a phase contrast microscope, and the fibrin degradation
products (F.D.P.) level, estimated with the Burroughs Well-
come test which is based on the haemagglutination methods
of Murakami et al. (1965) and Merskey et al. (1966.) The clotting
tests were performed by one of us (S.M.M.) who was unaware
of the clinical state of the child. All the clotting tests were
done in the first instance within 12 hours of birth and repeated
at 24-hour intervals for a total of three days.
Each set of coagulation test results for the kaolin cephalin

clotting time and thrombin clotting time were compared
with the result obtained from a healthy adult volunteer and
then expressed as a ratio-that is, the time taken for the babies'
blood to clot divided by the time taken for the adult control
blood to clot.

Results

Table I shows the two groups of infants, the hypoxic and the
controls, who were similar with regard to sex, maturity, and
birth weight. On the other hand, in the hypoxic group antenatal
complications were more common. At birth their base deficit
was more pronounced, and during the first 24 hours of life
a rectal temperature below 35°C was detected in a greater
proportion. Two of the hypoxic babies but none of the control
babies died during the first six days.

Table II summarizes the results of the clotting tests. All
the mean levels are very different in the two groups. The
directions of the differences are all consistent with an impair-

TABLE I-The Two Groups of Infants (Means ± Standard Deviations)

Hypoxic Controls

Male.9 10 P00
Female 15 13 }
Antenatal complications 46 ± 10-2° 17 ±7-8 °' P <0-05
Gestation (weeks) .. 35-1 ±0-38 35-5 ±0 13 P>0-05
Birth weight (kg).. 3-2±013 3-4 ±0-12 P>0-05
Apgar score at birth .. 2-5±0-33 7-4±0-22 P<0001
Base deficit at 6 hours of age 7-3±1-01 4-6±0-16 P<001
Rectal temp. <35°C in first 24
hours. 4±4-1 °O 25 ±8-80% P <0 05

TABLE II-Means etc. of Tests Relevant to Clotting in the Two Groups.
(Numbers of Infants for Whom Data are Available are Shown in Parentheses)

Hypoxic Controls Homogeneity Homogeneity
of Variances of Means*

K.C.C.T. (ratio) .. 1-6 (23) 1-3 (23) P<0-001 P<0-001
T.C.T. (ratio).. 2-2 (23) 1-3 (23) P<0-001 P<0*05
Thrombotest (°') .. 19 9 (24) 27-8 (23) P>0-05 P>0-05
F.D.P. (pg/ml) .. 28-8 (10) 10-6 (12) P<0-001 P<0-001
Platelets (103/mm3) .. 133-5 (23) 161-9 (23) P<0-001 P<0-05

* Original data (except those for the thrombotest) transformed to log base 10 for
he tests of homogeneity of means.
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ment of clotting, and an increase in fibrinogen consumption
in the hypoxic babies. The variances of the distributions within
the groups for each test, except the thrombotest, differ signifi-
cantly (for all P <0 001). This difference in variances implies
the two groups differ greatly, and in every case (again except
for the thrombotest) the variance in the hypoxic group is
larger than in the control group. Because of these differences
in variances, comparisons of means is difficult. They were
compared, however, after transformation of the original data
(except the thrombotest) to logarithms, and this confirmed
that all the means (except the thrombotest) differ significantly
at P <0 05. These statistics are, therefore, indicative of a grossly
altered clotting state in the hypoxic babies.
The data for the tests performed after the first 12 hours

of life were examined, and these showed no evidence of any
important or statistically significant difference between the
two groups of infants.
The correlation between the Apgar score and each of the

tests was examined (Table III). There is a significant (at
P <0 05) association for K.C.C.T., T.C.T., and F.D.P., and
the closest association is probably with F.D.P. These data
suggest that the degree of change in clotting and fibrinogen
consumption are dependent on the severity of hypoxia at birth.

TABLE iII-Correlation Coefficients (r) and Standard Errors between Apgar
Score and Each of the Tests Relevant to Clotting (Numbers of Pairs from
which the Coefficients are Derived are Shown in Parentheses)

Controls Hypoxic All Infants

K.C.C.T. 0-18±0-21 (23) -0-61 ±0-17* (23) -0-29±0-14* (46)
T.C.T. .. 0-03±0-22 (23) -0-52±0 19* (23) -0-52±0-13* (46)
Thrombotest 0-22±0-21 (23) -0 03±0-21 (24) 0-33 ±0-14* (47)
F.D.P. -0-46 ±0-28 (12) -0-58 ±0-29 (10) -059±0 59* (22)
Platelets

(103/rmM3) .. 022±0-21 (23) 0.12±0-22 (23) 0-40±040* (46)

* Tests are significant. P<0.05.

Discussion

The results presented here establish that babies who are
hypoxic during birth, compared with normal control babies,
have an impaired clotting state. That the relationship is causal
is suggested by the fact that the more severe the hypoxia
the more abnormal are the clotting tests (Table III). The
process involved seems to be one of consumption coagulopathy.
This is indicated by the raised levels of F.D.P., the lowered
platelet counts, and the prolongation of the T.C.T. This last
test becomes abnormal when fibrinogen levels are lowered
or when there is a raised level of F.D.P., these latter acting
as anticoagulants, interfering with polymerization of the fibrin
clot (Bang, 1961). The infants who survived seem to have
recovered from these effects of hypoxia by the second day of
life. As the F.D.P. seem to be quickly eliminated, direct liver
damage, at least in term infants, is therefore likely to play only
a minor part in the process.

Inspection of the original data shows that the K.C.C.T.
was reduced in some of the infants shortly after birth; almost
all of these were hypoxic. A low K.C.C.T. suggests a hyper-
coagulable state, and during active clotting, which was probably
taking place in some of these hypoxic infants, certain factors
are consumed and later there is a prolongation of the K.C.C.T.
A similar hypercoagulable stage has been detected in animals
before the development of the hypocoagulable state (Crowell
et al., 1955).

This work suggests that disseminated intravascular coagula-
tion is a frequent factor of major importance in infants who
die shortly after birth with haemorrhage. The fact that the
thrombotest indicated no important difference between the
two groups suggests that hypoprothrombinaemia alone is not
an important factor in infants, and as the coagulation defect
seems to be mainly due to deficiencies other than factor II
it is unlikely that it would respond to vitamin K therapy.
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The high correlation between the degree of hypoxia and
both T.C.T. and F.D.P. levels indicates that these are useful
tests in the evaluation of the clotting status of a newborn
infant. The two tests are interdependent, but whereas it is
possible to do the T.C.T. in minutes, estimation of F.D.P.
takes several hours.

Despite the pronounced impairment of the clotting state
of these infants, there was no overt evidence of haemorrhage.
Nevertheless, it cannot be assumed that such infants escape
unscathed from the hypoxic episode, since the very process
which caused the consumption of coagulation factors results
in deposition of fibrin, and this may have led to damage of
vital organs such as the brain. That damage can result is
suggested by a recent report (Bryant et al., 1970) and further
work is being conducted in this centre to evaluate this possible
effect.

We acknowledge the co-operation willingly given at all times by
Sister E. Owen and the nursing staff of the special care unit. The
work was carried out while one of us (M.A.C.) had tenure of a
research scholarship from the Wellcome Trust, and another
(S.M.M.) was in receipt of a grant from the Clinical Research

Board of the University Hospital of Wales (Cardiff) Hospital
Management Committee.
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Summary

Both aspirin and phenacetin derivatives were shown to
be nephrotoxic when administered to rats as a single
intravenous injection. Phenacetin derivatives tended to
produce more severe renal damage and to be nephro-
toxic in smaller doses than aspirin derivatives. With
the exception ofa single derivative, the renal lesions were
confined to the proximal convoluted tubule, even after
administration of compounds which under other condi-
tions have induced renal papillary necrosis.

Introduction

Though an association between abuse of analgesics and renal
damage has been recorded many times by groups of observers
from different countries, the processes causing the renal
lesions are not known, and there is not even agreement regarding
the identity of the analgesic compound responsible for the
damage (Koutsaimanis and de Wardener, 1970; Nanra and
Kincaid-Smith, 1970). Since the acute effects of these com-
pounds on the mammalian nephron can be conveniently
assessed after intravenous administration in rats (Green, Ham,
and Tange, 1969), this experimental method has been used to
compare the nephrotoxicity of aspirin and phenacetin derivatives.
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Methods

Female hooded rats, weighing about 200 g, were divided into
groups of five animals and individually marked. They were
given tap-water to drink and a pellet diet.
Compounds under investigation were injected as the hydro-

chloride or as the sodium salt (Tables I and II). Single intrave-
nous injections of 1 ml or less were given, and the dose and
concentration were determined in preliminary experiments,
which also allowed assessment of the maximum dose compatible
with survival. Animals were lightly anaesthetized with ether
for tail vein injection and were killed by bleeding under ether
anaesthesia 48 hours later. The kidneys were removed, fixed in
10% neutral formalin, and processed by routine methods for
light microscopy.
Twenty-two compounds were tested, all on groups of five

animals. Some compounds were tested at several dose levels
(Tables I and II). Compounds were either commercially
available or were synthesized by standard techniques and all
samples purified before use.

Total p-aminophenol was estimated after hot acid hydrolysis
and 0-conjugated p-aminophenol was estimated after hydrolysis
with glusulase. p-Aminophenol was determined by the indo-
phenol colorimetric method (Tompsett, 1969). Two groups,
each of five rats, were used as controls, and these animals were
given a single intravenous injection of 1 ml of sterile normal
saline.

Results

The nephrotoxic effect of these aspirin and phenacetin deri-
vatives was manifest as necrosis of the proximal convoluted
tubule. With the exception of the coincident renal papillary
necrosis produced by m-aminosalicylic acid, this was the only
lesion found in the experiment. Four grades of proximal


