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Three local factors are concerned with arrest of
haemorrhage. Magnus (1924) was the first to
describe the contraction of the capillaries follow ing
injury and considered this to be the initial stage in
the arrest of haemorrhage. Secondly, platelets are
deposited on the damaged areas of capillary endo-
thelium where they act as protective agents,
forming a platelet thrombus, which, however, does
not form a firm clot. This is seen in haemophilia
where. in spite of a normal bleeding time, gentle
squeezing causes renewed bleeding even after some
hours (Frank, 1925: Baar, 1928). Finally, thrombo-
kinase is liberated from disintegrated platelets
and damaged tissue cells and in the presence of cal-
cium converts prothrombin to thrombin, which in
turn interacts with the fibrinogen of the plasma to
form fibrin. Thus a firm thrombus is formed and
the capillaries are efficiently occluded.
These factors are on the one hand interdependent,

e.g. the agglutination of platelets, their disintegration
and liberation of thrombokinase: on the other hand
there can be, as has been pointed out by one of us
(Baar. 1934), a compensation of one deficient factor
by another. This can best be seen from the experi-
ments of Roskam (1921), who produced by intra-
venous gelatin injections either a reduction of
platelets, an incoagulability of blood or both to-
gether. The bleeding time was moderately pro-
longed in the first instance, normal in the second, but
very considerably prolonged in the third.
At various times one or other of these factors has

been the focus of attention. Recently the pro-
thrombin content of the plasma has been in the fore-
ground, particularly with regard to the haemorrhagic
diathesis, and has tended to overshadow other
factors so that haemorrhagic disease of the newborn
is often considered to be synonymous with pro-
thrombin deficiency. Although prothrombin de-
ficiency (quantitative or qualitative) without doubt is
present in haemorrhagic disease of the newborn.
the mechanism of the haemorrhage is not so simple
as it would appear from recent papers.
From time to time cases have been reported in

which a haemorrhagic tendency was associated with
a complete failure of the blood to clot and a reduc-
tion or absence of blood fibrinogen.

Review- of the literature
The first case was described by Rabe and Salomon

(1920) and was followed up four years later by
Breckoff (1924). The patient, a bov aged thirteen
in 1924 had bled periodically into the skin and had
bruised easily since birth. During the symptomatic
phases the bleeding time was raised to at least forty-
eight hours, but was reduced to five minutes follow-
ing blood transfusion. The blood, however, never
clotted in vitro and at no time was fibrinogen
detected in the blood. To explain the periodicity of
symptoms an unknown alteration in the vessels was
postulated as the other factor necessary for
haemorrhage.

Opitz and Frei (1921) then reported a fatal case
in an eight-month-old female infant who had had
haemorrhage from the stomach and bowel since
birth. No factor inhibiting blood coagulation could
be demonstrated and in addition to the absence of
fibrinogen the platelets were reduced to 114,000 per
c.mm.

In both the above cases the haemorrhagic tendency
had dated from birth. Opitz and Silberberg (1924)
now described a fatal case of generalized tuberculosis
in a girl of three, who a few days before death
became icteric, developed petechial haemorrhages
in the skin and bled from the mouth and bowel. An
attempt to elicit the patellar reflexes produced large
ecchymoses over both knees. The blood did not
clot within fourteen days; fibrinogen was absent.
No antithrombin could be demonstrated, and blood
taken from the heart immediately after death showed
only 14,600 platelets per c.mm. As at autopsy the
liver was found to be riddled with caseous nodules;
this organ was considered to be the source of fibrino-
gen. The thrombopenia was attributed to the effect
of toxic liver products on the megakaryocytes and
the bruising to increased fragility of the vessels.
Knauer (1927) recorded what he considered to be

a case ofpurpura fulminans occurring in a previously
healthy girl of six during the course of a mild attack
of varicella. The skin became covered with
ecchymoses the size of tea plates, there was haema-
turia and bleeding from the rectum. The bleeding
time was normal but the blood failed to clot after
three days. The blood fibrinogen was 0-015 gn.
per cent. (normal 0-22-0-36 gmn. per cent.). The
platelets were 196,000 per c.mm. Following two
transfusions of 180 c.c. and 120 c.c. of maternal
blood the fibrinogen rose within four days to 0-27
gn. per cent. and the blood clotted in five minutes.
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Convalescence was uneventful. In X iew of the
absence of liver damage it was assumed that the
fibrinogenopenia was due to temporary damage to
the reticulo-endothelial system.
The case of Jurgens and Trautwein (1930) is of

importance as suggesting an alternative source to
the lixer for the formation of fibrinogen. A fifty-
two-year-old man gave a month's history of back-
ache, anorexia and haemorrhage from nose, gums
and bladder. The bleeding time was 30 minutes,
there was no clotting after forty-eight hours. The
blood fibrinogen was estimated to be less than 0-10
gm. per cent. (except terminally 0-25 gm. per cent.).
Following a blood transfusion the bleeding time fell
to 2' minutes but the clotting time remained un-
changed. Thrombin was formed in the blood in
normal amounts. He died a month later from
haemorrhage. Autopsy showed a carcinoma of
the prostate with extensive bone marrow metastases.
The lixver showed subcapsular deposits but histo-
logically was of normal structure.
An hereditar- factor was first shown by Risak

(1935). Under the title ' constitutional fibrino-
penia' four cases in adults w-ere published. The
first case was that of a woman aged forty-one years
w-ho had bled from the gums and following slight
trauma since girlhood. The blood fibrinogen was
0-01 8 gm. per cent., the platelets 144,000 per c.mm.
Her son had a blood fibrinogen of 0-02 gin. per cent.
In the second case a woman of twenty-two years
gax-e a history of extensive bleeding from the skin
and mucous membranes. The blood fibrinogen was
0019 gm. per cent. and the platelets were 99,000
per c.mm. The mother had 58,000 platelets per
c.mm. and a brother a clotting time of 13 minutes.
The female members of the family had a haemor-
rhagic diathesis. The third case, a woman of
sexenty-one, had bled easily on injury since child-
hood. The blood fibrinogen was 0-018 gm. per
cent.. platelets 120.000 per c.mm., bleeding time 41
minutes. clotting time 4 to 12 minutes. A son had a
haemorrhagic diathesis.
The last case, also a woman aged thirty-seven

years, had had menorrhagia since puberty and had
had a haematemesis. Her fibrinogen was 0-018
gm. per cent., platelets 400,000 per c.mm., bleeding
time 3 minutes. clotting time 5 minutes. The last
two cases are remarkable in having a relatively
normal clotting time with a low blood fibrinogen.
Owing to the association of fibrinogenopenia with
thrombopenia it was felt that the bone marrow
played a particular r6le in the formation offibrinogen.
A year later Wolff (1936) described a male infant

aged four weeks, who developed bruising, anaemia
and jaundice. Bleeding and clotting times were in
the order of hours, platelets 296,000 per c.mm.,
fibrinogen 0-015 gm. per cent. Death occurred
after a fortnight. Autopsy showed a greenish-
yellow liver with no visible lobulation. A familial
tendency to bleed was indicated by three sibs having
died, each at the age of one year of' blood spots.'
The first case in the English literature was that of

MacFarlane (1938) who investigated a boy aged
seven with intermittent haemorrhage since birth.
The bleeding time was 30 minutes, there was no
clotting within three weeks, and platelets were
110,000 per c.mm. No fibrinogen was detected in
the blood. The addition of fibrinogen and thrombin
to the patient's plasma and to control serum caused
coagulation within 21 minutes in both cases, from
which the absence of any anti-coagulant was

deduced. However, on adding fibrinogen to the
patient's plasma, clotting took two hours as against
sixteen minutes with control serum, which suggested
that the formation of thrombin was also deficient.
There was a strong family history. The father had a
fibrinogenopenia (0-075 gm. per cent.), one sib had
bled to death when ten days old and another had
bled excessixely following circumcision though his
fibrinogen was normal. The parents were cousins.
When seen a year later there was still no fibrinogen
in the blood, though the platelets had risen to
425,000 per c.mm. and the bleeding time had fallen
to 5, minutes.

Schonholzer (1939) reported two cases, one seen
by himself, the other by Fritzsche. He reviewed
the literature. His case was that of a boy of twelve
with a haemorrhagic diathesis since birth. He was
admitted following a haematemesis and w-as so ill
as to need immediate transfusion receiving 600 c.c.
blood, after which the bleeding time was 30 minutes,
clotting time 3i1 minutes. platelets 285,000 per
c.mm. Within three weeks the blood had ceased
to clot. He remained well for nine months when he
was re-admitted with recurrent bleeding, received
350 c.c. blood after which the bleeding time was 2.1
minutes, clotting time 4 minutes, platelets 84,000
per c.mm. Thereafter the platelet count rose to
426,000 per c.mm. and the clotting time to infinity.
No other abnormality in the blood was detected.
Eighteen months later he was re-admitted with a
fatal cerebral haemorrhage. The platelets were
334.000 per c.mm., the blood did not clot and con-
tained no fibrinogen.
The case of Fritzsche was that of a girl aged

two and a half who, haxing bled and bruised easily
since birth, died from haemorrhage. Her blood
did not clot; platelets were 180,000 per c.mm. No
fibrinogen estimations were made. It was pointed
out that small amounts of fibrinogen (it would be
preferable to say blood) were sufficient to arrest
haemorrhage. The amount of blood given in the
first case was calculated to raise the fibrinogen to
not more than 0'06 gm. per cent.

Schonholzer divided cases into congenital and
acquired. The latter were secondary to some in-
fective or toxic agent acting on the site of fibrinogen
formation, which was considered to be the bone
marrow. The congenital cases were further sub-
divided into congenital fibrinogenopenia, in whom
the prognosis was good, and congenital afibrino-
genaemia with a poor prognosis as regards longevity.
Both congenital forms were hereditary; heterozy-
gotic cases were supposed to produce fibrinogeno-
penia, homozygotic cases afibrinogenaemia. The
factor was recessive, the condition occurring through
the marriage of relatives, which explained its rarity.
If, however, heterozygotic cases have to show some
fibrinogenopenia, a certain 'penetration power ' of
the factor must be assumed; in other words the
inheritance is not purely recessive but intermediate.
Glanzmann, Steiner and Keller (1940) described

two cases, one congenital, the other acquired. The
former was a boy of three with a haemorrhagic
diathesis since birth. Admitted with traumatic
bleeding from the mouth, the bleeding time was 5
minutes, clotting time more than twenty-four hours,
platelets 35,000 per c.mm., fibrinogen absent.
Haemorrhage was controlled with vitamins C and
K and calcium gluconate. The acquired case was
an eight-month-old female infant who developed a
haemorrhagic diathesis in association with a
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ARCHIVES OF DISEASE IN CHILDHOOD
haemolytic anaemia, the liver and spleen being
enlarged. The bleeding time was in the order of
days, as was the clotting time. The platelets ranged
between 187,000 and 116,000 per c.mm. The blood
fibrinogen was absent, re-appearing slowly after
treatment with vitamins C and K, calcium gluconate,
congo red, campolon and citrated calf plasma by
mouth.

It was concluded that two types of fibrinogen lack
existed, congenital and acquired. In the former the
deficiency was absolute and persistent, being as-
sociated with complete inability of the blood to clot
and at times a transient thrombopenia. Attacks of
bleeding occurred from time to time, due to trauma
or to an unknown factor, large haematomata
typically being formed. In the acquired variety the
deficiency of fibrinogen was transient, was, accord-
ing to these authors, associated with liver damage
and the haemorrhages took a band-like pattern.
Thrombopenia might also occur.

In view of the comparative rarity of cases of
fibrinogenopenia and the divergent opinions as to
its aetiology it was felt the following two cases were
worthy of record.

Case repot
CaSe 1. HISTORY. M. E. R., a female infant,

weighed 8 lb. when born on October 8, 1941. The
mother was a primipara aged thirty-three. The
pregnancy and labour were normal. The baby
seemed to be normal at birth and took milk feeds
well. After a few days she became fretful and
refused to suck. About the ninth day she gradually
became quiet though she seemed to be 'jumpy.'
As she still did not feed she was admitted on the
twelfth day (October 20, 1941) weighing 5 lb. 6 oz.
EXAMNATION. The baby appeared wasted and

lifeless. The eyes were kept open, the pupils were
small and reacted sluggishly to light. There was a
variable squint; the eyelids twitched from time to
time. The fontanelle was small but tense. A little
blood oozed from the umbilicus. Temperature
970 F., pulse 130, respirations 40 per minute.
Lumbar puncture gave a blood stained fluid.
BLOOD PICTURE.
H2moglobin 56 per cent. Platelets 50,000 per
c.mm.

Red blood cells 5,030,000 per c.mm. Haemato-
crit 48 per cent. Mean corpuscular volume

3
White blood cells 12,750 per c.mm.

Differential count:
Neutrophil myelocytes I per cent.
Neutrophil meta-myelocytes 2 per cent.
Neutrophil polymorphs, non-segmented 4 per

cent.
Neutrophil polymorphs, segmented 11 per cent.
Lymphocytes 74 per cent.
Monocytes 6 per cent.
Plasma cells 2 per cent.

Only giant platelets were present in the film.
Bleeding time 77 seconds.
Clotting time (capillary tube method): No clot-

ting after 18 minutes.
Prothrombin time (one stage method):

Patient-No coagulation after 4 hours. (Control
22 seconds):

Serum albumin 4 17 gm. per cent. Blood
fibrinogen 0- 1I gn. per cent.

Serum globulin 110 gin. per cent. Blood cal-
cium 8-10 mgm. per 100 cc.

On the day after admission large bruises appeared
on the cheeks. Death occurred on the third day
after admission.
AuToPsY. On opening the skull there was a large

amount of blood over the whole of the left vertex,
over the right frontal lobe and on the median surface
of the left hemisphere. There were no tentorial
tears, but between the two tentorial layers on the left
side were multiple lentil-sized haemorrhages. A
considerable part of the right occipital lobe was
destroyed by haemorrhage and numerous sub-
ependymal petechiae were situated in the right lateral
ventricle. There were subpleural petechiae. No
clots were found in the heart or in any of the great
vessels or cerebral sinuses. The intima of the aorta
and pulmonary artery was moderately icteric. The
liver showed severe fatty changes. All other organs
appeared normal.
HISoLoGY. In the right occipital lobe a large

area of brain tissue was necrotic and replaced by red
blood corpuscles and debris. In the region of the
posterior horn of the right lateral ventricle the blood
vessels were distended and engorged with red blood
corpuscles, there being numerous punctate haemor-
rhages. The erythrocytes were not confined to the
adventitial spaces of Virchow-Robin but were also
seen within the adjacent brain tissue. There was a
distinct proliferation of glia cells in the subependymal
layer. The ependyma itself was normal. Oc-
casionally polymorphs and round nucleated cells
were seen in greater numbers within a small
haemorrhage.
The heart muscle fibres showed granular degenera-

tion, the striation being very indistinct. In the liver
were severe fatty changes of infiltrative type mainly
in the periphery of the lobuli. The Malpighian
bodies of the spleen were atrophic, the pulp was
hyperplastic and cellular, the majority of the cells
being large mononuclears. The venous sinuses were
narrow and often empty. The kidney showed cloudy
swelling mainly of the first convoluted tubules.
Fm.y HisroRY. In December, 1942, the parents

were interviewed. They now had a second child
aged four months who was healthy and thriving.
His blood was examined which gave a clotting time
of I minute 15 seconds, platelets 305,000 per c.mm.,
fibrinogen 0-22 gm. per cent.
The father and mother were the youngest and

eldest respectively of families which were healthy,
showing no tendency to bleed or bruise easily. The
two eldest members on the father's side had both died
at the ages of fifty-three and forty-one of cerebral
haemorrhage. The elder had hypertension.
The father's blood, apart from a reduction in

the platelets (150,000 per c.mm.), showed no
abnormality. Blood fibrinogen was 0-31 gm. per
cent. The blood pressure was 130/85 mm. Hg.
The father's brother aged thirty-six was also

examined. He showed a normal blood count, a
blood fibrinogen of 0-26 gm. per cent. and had a
blood pressure of 140/85 mm. Hg.
The mother's platelets were reduced to 120,000 per

c.mm. and her fibrinogen was 0-15 gm. per cent.
The blood, nevertheless, showed no other abnor-
mality, the bleeding time being 34 seconds, clotting
time 2 minutes, prothrombin time 40 seconds
(control 30 seconds). The platelets and fibrinogen
were repeated three weeks later and were 220,000
per c.mm. and 0-15 gm. per cent. respectively.
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Case 2. HISTORY. D. C.. a female, was born
one month prematurely. weighing 6 lb.
The labour was normal, but the baby never seemed

satisfactory, vomiting several times a day. On the
tenth day she became jaundiced and although the
depth of colour fluctuated, it gradually deepened.
The urine became dark and the stools pale. At the
age of two months two bruises were noticed on her
knees. The following day she began to have bouts
of screaming lasting intermittently for twelve hours.
She th.n became weaker and was admitted (April 23,
1942).

ExAMIHNATION. A deeply jaundiced undernourished
infant with slow grunting respiration. Pulse 72.
There were twitching movements of the right arm
and leg. the right side of the face being drawn up.
The right eve showed coarse nystagmoid movements
laterallv and had a small reactive pupil. The left
eve remained motionless in the mid line, the pupil
was dilated and fixed, the eyelid was kept closed.
The fontanelle was tense. The liver edge was one

to two finger breadths below the costal margin.
Two bruises were present over the right knee.
The cerebrospinal fluid was blood stained.
BLOOD PICTURE.
Haemoglobin 84 per cent. Platelets 280,000

per c.mm.
Red blood cells 3,720,000 per c.mm. Reticu-

locytes 5-4 per cent.
White blood cells 14.500 per c.mm. Bleeding

time 3 minutes 10 seconds.
Clotting time: No clot after 24 hours.
Prothrombin time: No clot after 30 minutes

(control 25 seconds).
Blood fibrinogen: None found. Besides the
Wu method for fibrinogen estimation, heating
at 56- C., ammonium sulphate precipitation
and the addition of fresh normal serum have
been used.

60 c.c. of maternal blood were given intravenously,
with 1 c.c. kapilon intramuscularly. The following
day the prothrombin time was 30 seconds (normal
control 20 seconds). The jaundice persisted, the
liver became larger and firmer, the stools were per-
sistently pale and contained no bile pigments
[examined for bilirubin by the method of Malloy
and Evelvn (1938), for stercobilinogen by a combina-
tion of the methods of Watson (1931 ) and Heilmeyer
(1933) with omission of the ether extraction and for
stercobilin and other pigments by spectroscopic and
fluoroscopic examination of an acid-alcoholic stool
extract after addition of zinc alcohol]. The patient
died on August 1, 1942.

While in hospital further blood fibrinogen and
prothrombin time' estimations were made on the

following dates, control figures being given in
brackets.

27 4 42. Prothrombin time 25 seconds (20
seconds).

29 4 42. Fibrinogen 0-29 gm. per cent.
7 5 42. Prothrombin time 20 seconds (20

seconds). Fibrinogen 0-34 gm. per cent.
29 7 42. Prothrombin time 45 seconds (23

seconds). Fibrinogen 0-34 gm. per cent.
ALTOPSY. A rather small, very hard dark green

liver was found with the typical appearance of biliary
cirrhosis. The gall bladder was normal in size,
collapsed and contained a small amount ofcolourless
fluid. The common bile duct was completely
obliterated, the cystic and hepatic ducts were
obliterated in their distal but patent in their proximal

portions. The thymus was transforme-d into a soft
haemorrhagic mass weighing 15 gm. There was an
occasional haemorrhagic suffusion of the submucosa
in the small intestine. Clotted blood, yellow pig-
ment and thin spider-web-like membranes yellowish-
red in colour were found on the internal surface of
the dura mater over almost the whole of the left
side of the x ertex. The lateral ventricles were
dilated. On the right side pus was found in the
middle ear and there was necrosis of a considerable
part of the petrous portion of the temporal bone.

HISTOLOGY. The li er showed a considerable
proliferation of the cellular connective tissue in the
interlobular spaces. The trabecular arrangement
of the liver cells around the central vein was pre-
serxed in most lobuli, but often the connective tissue
was seen growing into the lobuli, separating and
isolating groups of cells. The bile ducts w%ere pro-
liferated and dilated, containing numerous bile
thrombi. Except for the haemorrhage in the thymus
nothing noteworthy was found in the other organs.

For fibrinogen. globulin and albumin estimations
the method of Wu (1922) was used. for calcium esti-
mation the method of Kramer and Tisdall (1921)
and for prothrombin time. MacPherson, McCal-
lum and Haultain's modification of Quick's one-
stage method (1940) were employed.

Discussion
There can be little doubt that a deficiency of blood

fibrinogen may be either congenital or acquired.
Case I is considered to be an example of the former.
Case 2 of the latter.

Characteristic of the congenital type is the ten-
dency to bleed from birth. oozing from the umbilical
stump being common. In those cases which survive,
the bleeding is periodic. whereas the fibrinogen
remains low or even absent. To explain the
periodicity of symptoms, the existence of a second
factor has been postulated. Rabe and Salomon
thought there must be some change in the vascular
permeability.

Several authors commented on the association of
thrombopenia with fibrinogenopenia. A low plate-
let count per c.mm. was reported by:

Opitz and Frei (1921) 114,000.
Opitz and Silberberg (1924) 14,000.
MacFarlane (1938) 1 10,000.
Schonholzer (1939) 84,000 on one occasion

only, terminally 426,000.
Glanzman et al. (1940) 35,000 rising to 275,000

with cessation of bleeding.
The figure of 50,000 in Case 1 may have contributed

to the haemorrhagic tendency. Although the
majority of the above figures are not low enough to
explain the haemorrhagic manifestations per se, the
thrombocytopenia may play a r6le in association
with the fibrinogen deficiency.

Higher counts were found (296,000) by Wolff
(1936) and (190,000) by Knauer (1927). The second
case here reported had 280,000 platelets at the time
of bleeding.

Opitz and Frei as well as Schonholzer showed that
the platelets in their cases contained thrombokinase
(more exactly Bordet's cytozyme). Functional
platelet tests as described by Baar and Szekely (1929),
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by Morawitz and Juirgens (1930), by Jurgens and
Naumann (1932), and recently by Wright (1941) were

not used by these authors. That occasionally a

functional deficiency of platelets without thrombo-
cytopenia may be a cause of haemorrhagic disease
of the newborn has been recently shown by one of
us (Baar, 1941).

With regard to the co-operation of other factors
in producing clinical symptoms and pathological
coagulation in cases of fibrinogenopenia, Case 1 is of
particular interest. The fibrinogen level, although
definitely low, was higher than in any of the fibrino-
penic cases described in the literature. Hatz and
Koranyi (1938) have reviewed all papers dealing with
normal fibrinogen values up to 1938. In their table,
figures obtained by refractometric or nephelometric
methods may be disregarded as not sufficiently
accurate. If only gravimetric and Kjeldahlometric
methods are taken into account, 0-20 to 0-48 gm.
per cent. (one figure 0-60) may be considered as the
normal range for plasma fibrinogen. Peters and van

Slyke (1931) give the figure 0-2-04 gm. per cent.,
Rappaport (1935) 0-2-0-4 gm. per cent. and Bendien
and Snapper (1931) 0-25-0-40 gm. per cent. as

normal. Gram (1922) and Starlinger and Windans
(1928), who reported the largest series of normal and
pathological cases consider 0-28 to 0-38 gm. per
cent. and 0-22 to 0-36 gm. per cent. respectively as

the normal range. Little has been done on the
normal plasma fibrinogen of young babies. Crane
and Sanford (1936) found, in an investigation on

131 infants aged one to ten days, a range of 0-22 to
0-36 gm. per cent. for the first and 0-33 to 0-50 gm.
per cent. for the tenth days. From figures obtained
in the Birmingham Children's Hospital by Kjeldahlo-
metric and colorimetric methods it is believed that
the plasma fibrinogen of young babies is within the
normal adult range. Jurgens and Trautwein (1930)
considered 0-15 to 0 12 gm. per cent. as the 'critical
level 'for fibrinogen below which the blood remained
incoagulable. Risak (1935) rightly objected to this
statement, reporting cases with lower fibrinogen
figures and only moderately prolonged clotting time.
The present case had a fibrinogen level of 0-11 gm.
per cent. and yet the blood behaved like that of the
severest fibrinogenopenia. There was no coagula-
tion within four hours and only a tiny coagulum
floating in the liquid blood some time afterwards.
Such a clotting abnormality is never met even in
the severest cases of prothrombin deficiency of the
newborn. A prothrombin time of 4 to 6 minutes
in the one-stage method indicates an extremely
severe 'hypoprothrombinaemia,' and when once

coagulation takes place the clot is of a perfectly
normal appearance. In haemophilia, on the other
hand, where a clotting time of several hours is often
observed, the addition of a small amount of tissue
extract is sufficient to correct the abnormality.
A calcium deficiency can not be responsible for

the extremely long clotting time, the level being
8-1 mgm. per 100 c.c. and 9-6 mgm. per 100 c.c.

respectively in the present cases, 10-5 mgm. per
100 c.c. in MacFarlane's and 12-0 mgm. per 100 c.c.

in Schonholzer's cases. MacFarlane found that on

addition of fibrinogen to his patient's blood, the
clotting time was still delayed as compared with a

control. As he also proved that the amount of
antithrombin was not increased, this must have been
due to a diminished formation of thrombin, either

from lack of prothrombin or of thrombokinase.
Further support to this view is obtained from
Schonhokzer's observation that arrest of haemor-
rhage was achieved by the transfusion of a quantity
of blood sufficient only to raise the fibrinogen level
to 0-06 gm. per cent. From the data which Knauer
gives, and assuming the blood he transfused con-

tained 0-3 gin. per cent. of fibrinogen, it is estimated
that relief from symptoms occurred with a fibrinogen
level of 0-066 gm. per cent. Similar results were

obtained in the second case here reported, when after
blood transfusion the plasma fibrinogen was cal-
culated to be about 0-05 gm. per cent.

If, in the first case where the blood fibrinogen was

0-11 gm. per cent. the prothrombin time were pro-

longed proportionally to the deficiency of fibrinogen,
it should have been in the order of 60 seconds,
providing all other factors necessary for clotting
were present in adequate amounts. If it is assumed
that there is no increase in antithrombin, then the
greatly prolonged clotting time in the first case must
be associated with another factor. As the blood
calcium was normal and the thrombokinase was

added in adequate amount, a quantitative or quali-

tative deficiency in the prothrombin is to be assumed.
A direct estimation of the prothrombin level by a

two-stage method was unfortunately impossible, as

the baby died before a fresh fibrinogen solution
could be prepared.
To throw some light on the discrepancies between

the degree of fibrinogenopenia and the prolongation
of clotting time it was decided to make some experi-
ments in which constant amounts of fibrinogen were

tested against various dilutions of thrombin or

optimally incubated recalcified prothrombin solu-
tions and vice versa. The fibrinogen solutions were

prepared according to Herbert (1940) and purified by
dialysis. The solution contained 0-4 gm. per cent.
fibrinogen. Prothrombin and thrombin solutions
were also prepared by the methods described by
Herbert, the clotting time, however, was estimated
by inclining the tube and two drops of fibrinogen
solution were used instead of one. All estimations
were made in a water bath at 370 C. The results
of three experiments out of ten are reported below.

Experiment 1. Undiluted thrombin solution was

added to increasing dilutions of fibrinogen in normal

saline:
Fibrinogen diluted

seconds. *

Fibrinogen diluted
seconds.

Fibrinogen diluted
seconds.

1I/I produced a clot in 80

1/2 produced a clot in 125

1/3 produced a clot in 165

* The thrombin solution was prepared from stored plasma swhich
probably acounts for the comparatively long clotting time.
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Fibrinogen diluted 1 4 produced a clot in 175
seconds.

Fibnrnogen diluted 1 5 floccules only in 243
seconds.

Fibrinogen diluted 1 6 floccules only in 285
seconds.

Experiment 2. Increasing dilutions of thrombin
solution in normal saline were added to undiluted
fibrinogen and to fibrinogen diluted 10 times.

Clotting time
Dilution of
thrombin
solution Fibrinogen Fibrinogen

undiluted diluted 10 times

1 1 10 seconds 195 seconds
I 2 10 seconds 255 seconds
1 4 20 seconds 420 seconds
1 8 39 seconds doubtful after 14

minutes
1 16 75 seconds (pel- doubtful after 16

licle) minutes

Experiment 3. To increasing dilutions of fibrino-
gen, thrombin has been added, which was obtained
from 100 times and 200 times respectively diluted
plasma optimally incubated after addition of calcium
and brain extract.

Clotting time
Dilution of
fibrinogen

Plasma diluted Plasma diluted
100 times 200 times

0 30 seconds 30 seconds
1 1 40 seconds 30 seconds
1/2 40 seconds 30 seconds (soft)
1 3 60 seconds (soft) 70 seconds (soft)
1,4 80 seconds (soft) 210 seconds (partial

and floating)
1, 5 120 seconds (par- indefinite

tial and floating)

These experiments show that while within a
certain range of dilutions the clotting time is roughly
proportional to the concentration of the reacting
substances, a dilution of thrombin to 1,2 may be
without influence on the clotting time when the
fibrinogen solution is undiluted, but cause a marked
increase in the clotting time when a 10-times diluted
fibrinogen solution is used. A dilution of fibrinogen
to 1,4 prolonged the clotting time 21 times when a
prothrombin dilution 1 :100 was used but 7 times
when the latter was 1:200.

This limited compensation of a deficiency in one

coagulation factor by another is, in principal, not
new. Ziffren, Owen, Hoffman and Smith (1939)
stated that when prothrombin falls below 30 to 50
per cent. a bleeding tendency appears. Above this
level blood clots at a normal rate (6 to 10 minutes)
suggesting that other factors vary to compensate

for any prothrombin deficiency which may exist.
Klinke (1938), who studied the kinetics of the
thrombin-fibrinogen reaction, found a good agree-
ment with a formula suggesting a self-accelerated
enzymatic process only when both thrombin and
fibrinogen were used in higher dilutions. It is,
therefore, concluded that similarly as in the haemo-
static mechanism, where one deficient factor may
be compensated by another, there is also a mutual
compensation among the factors concerned with
one part of this mechanism, the coagulation of
blood.
From these findings a serious objection arises

against all one-stage methods of prothrombin esti-
mation. It has to be realized that such a method
gives only information about the clotting time in the
presence of an excess of thrombokinase. The other
known factors are fibrinogen, prothrombin and cal-
cium. Any of these if deficient may cause a pro-
longed prothrombin time' and fibrinogen being in
excess may mask a moderate prothrombin deficiency.
Fibrinogenopenia is, however, a rare condition and
hypocalcaemia almost never causes a disturbance
of coagulation. For routine estimations therefore
the one-stage method will remain a useful measure
of quantitative or qualitative prothrombin deficiency.
More important is a therapeutic conclusion. It has
recently become a habit to consider haemorrhagic
disease of the newborn and hypoprothrombinaemia
as synonymous. Vitamin K is used routinely and
artificial feeding of the newborn has been recom-
mended. Sanford et al. (1942), however, in a study
of 1,600 newborn babies showed that, although the
administration of vitamin K to the baby or to the
mother before birth, raised the prothrombin level, it
did not affect the frequency of haemorrhagic mani-
festations. Apart from the fact that the clinical
results are not nearly as dramatic as the return of
the prothrombin time' to normal figures. the
present observations give support to the view put
forward in a leading article of the Lancet (1940),
that the well established treatment by blood trans-
fusions should not be abandoned in favour of
vitamin K therapy.
The interrelationship between the various factors

concerned with blood clotting is seen acting in a
different manner in chronic pathological states in
which a deficiency of one factor may be compensated
for by another. This is seen in two cases of con-
stitutional fibrinopenia in adults quoted by Risak,
when in spite of a low blood fibrinogen (0-018 gm.
per cent.), the clotting time was normal in one case
and only slightly raised (4 to 12 minutes) in the
other.
Case 1 is considered as congenital fibrinogeno-

penia because the haemorrhagic manifestations
started soon after birth with oozing from the
umbilical stump, the liver damage was of a common
type and the mother had a low fibrinogen. Case 2
was obviouslyan acquired and transient afibrinogenia
in a case of congenital obliteration of the bile ducts
and biliary cirrhosis of the liver.
The lowering of blood fibrinogen as a secondary
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ARCHIVES OF DISEASE IN CHILDHOOD
manifestation naturally lead to speculation as to the
site of its formation.
The role of the liver in the formation of fibrinogen

is fairly well established. This was first suggested
by Corin and Aniseaux (1894) who found dis-
appearance of plasma fibnrnogen in phosphorus
intoxication. Isaac-Krieger and Hiege (1923) found
fibrinogenopenia in diffuse liver diseases, often in
icterus simplex and regularly in acute yellow atrophy.
The significance of these findings is, however, some-
what shaken by the findings of Jacobi (1900), who
demonstrated that the blood in phosphorus in-
toxication has fibrinolytic properties. Doyen's
(quoted by Isaac-Krieger and Hiege. 1923) state-
ment that the blood from the hepatic vein con-
tains more fibrinogen than the peripheral venous
blood and the experiments of Mann and Magath
(1922). showing the disappearance of fibrinogen in
hepatectomized dogs, can scarcely be explained in
any other way than by accepting the liver as one site
of fibrinogen formation. Glanzmann, Steiner and
Keller (1940), from the consideration of their own
case and those of Wolff, and Opitz and Silberberg,
were of the opinion that acquired fibrinogen de-
ficiencv was associated with liver damage. In
taking this view they ignored the cases of Knauer,
and Jurgens and Trautwein and disregarded the
opinion of Schonholzer, that in man no toxin acts
solely on the liver. The case of Jurgens and Traut-
wein, although occurring in an adult, is important
in suggesting the bone marrow as a site for fibrinogen
formation. Muller (1905) found that after in-
jections of dead bacteria the fibrinogen content of
the bone marrow was greater than that of the blood.
Keilhack. quoted by Jurgens (1938) estimated the
fibrinogen of the red bone marrow of rabbits after
washing out the blood and found it to be 1-095 gm.
per cent. as compared with 0-296 gm. per cent-
plasma fibrinogen. Jurgens (1938) mentions that
at the height of a ' bathing' reaction there is a
reticulocytosis associated with an increase of plasma
fibrinogen. This, in association with the high
plasma globulin figures in multiple myelomas, with
the fibrinogenopenia in panmyelophthisis (aplastic
anaemia) and with the observation of Jurgens and
Trautwein in a case of acquired fibrinogenopenia,
is suggestive of the bone marrow being a second site
of fibrinogen formation. Experimental support for
this conception was supplied by Jurgens and Geb-
hardt (1934) who found a rise in blood fibrinogen
in dogs with Eck-fistula at the height of meat
intoxication and in hepatectomized geese after
pyrifer injections.

It is. therefore, not justifiable, in a case of liver
disease and fibrinogenopenia, to assume without
other evidence that the liver disease is the cause of
the fibrinogenopenia. The case of congenital
obliteration of the bile ducts is instructive on this
account. After restoration of the fibrinogen to
normal, the level remained constant until death
three months later in spite of what must have been
progressive liver damage. This led to estimations
being made on cases of suspected hepatic disease.

In the following cases, autopsy confirmed the
diagnosis:

Fibnrnogen
estimated Plasma

Case Disease Age at No. of fibrinogendeath davs gn. per
before cent.
death

P.W. Icterus grasis I day 0 0-46
G.C. Icterus gravis 5 davs 2 0-42
R.B. Congenital obliteration 4- months 26 0-48

of bile ducts
C.C. Congenital obliteration 4 months 15; 0 44

of bile ducts
M.R. Syphilis 2_months 16 0-40
N.T. Acute y-ellow- atrophy 10 years 12 0-40

It is seen that severe liver disease may be without
effect on the plasma fibrinogen.
Formation of fibrinogen in the liver and in the

bone marrow is fairly well established. Damage of
the bone marrow would also explain the com-
paratively frequent association of fibrinogenopenia
with thrombocytopenia. A generalization, how-
ever, like that of Spadolini (1931-2), Campellone
(1935), Leszler and Pauliczky (1933), Held and Behr
(1934) and Risak (1935), who consider the whole
reticulo-endothelial system as concerned with the
formation of fibrinogen, is based more on specula-
tion than fact.

Finally, one observation in the second case
deserves some attention. A complete absence of
fibrinogen w-as followed by normal amounts shortly
after blood transfusion and injection of vitamin K.
This may be a coincidence but Glanzmann et al. also
observed a n'se in fibrinogen after treatment which
included vitamin K. The blood fibrinogen was,
therefore, estimated over a long period in eight
guinea-pigs. After a pre-experimental period four
were injected with vitamin K. Following a further
period to ensure that there was no alteration in the
fibrinogen levels, all the animals were poisoned with
phosphorus and the injections of vitamin K con-
tinued. No significant difference was observed
between the two groups. This negative result is not
conclusive as sufficient vitamin K may have been
present in the food of both groups.

Summan-
One case of congenital fibrinopenia and one case

of transient afibrinogenia are described and the
literature reviewed.
The relationship between prothrombin and other

coagulation factors is discussed and experiments
concerning this question reported.
The site of fibrinogen formation is discussed.
Experiments on the influence of vitamin K on

fibrinogen formation were not conclusive.

Thanks are due to Dr. A. V. Neale for permission
to publish the cases under his care and to Miss
Finch and Miss Tonks of the Biochemical Dept. for
the estimations.

Addendum.-Recently an additional case of con-
genital fibrinogenopenia was observed in an infant

152)

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.18.95.146 on 1 S

eptem
ber 1943. D

ow
nloaded from

 

http://adc.bmj.com/


FIBRINOGEN DEFICIENCY AS .4 FACTOR IN HAEMORRHAGIC DISEASE 153

with haemorrhagic disease of the neewborn in which
the findings gave support to the conception of a
compensatory method in blood coagulation. On
admission, thF one-stage method of prothrombin
estimation yielded no clotting in tw-o hours. The
fibrinogen level was 0-12 gin. per cent. After a
blood transfusion and two injections of vitamin K
the prothrombin time was sixty seconds but the
fibrinogen remained unaltered.
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