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HAEMORRHAGE IN JAUNDICE.

It is established that in toxi-
infective and obstructive forms of jaundice there
commonly develops & state characterised by an undue
liebility to haemorrhage.

The bleeding may occur from & mucous or
serous surface or into the skin. It commonly gives
rise to epistexis, haematemesis, melaena, purpura.
The denger of heemorrhage is greatest in the period
immegietely after operation, end herein lies its
speciel importance from the surgical stendpoint.

The ususl experience is that no excessive bleeding

' ie noticed during the operation, and haemostasies is

generally secured without difficulty; the bleeding

tekes place s few days later, end the period of

greatest /




greatest danger lies between the third and the
sixth day. Such post-operative bleeding mey occur
at the sites already mentioned, but more commonly
it takes place from the raw surfaces in the opera-
tive field. It is very apt to take the form of a
| slow ooze into the depths ol the wound, forming a
haematoma there or perhaps leaking to the surface
at the incieion.

Heemorrhage in jaundice is thus a
condition of no little surgical importance. In the
investigation reported here I have aimed at the
solution of three problems related to the subject,
the cause of the bleeding tendency, its recognition
and its prevention or treatment.

The work is based upon a study of 50
cases of jaundice under treatment in the Edinburgh
Western Hospital and the Edinburgh Royal Infirmary,
including 12 cases in which spontaneous or post-
operetive haemorrhages developed. It comprises
; clinicel and laboratory investigaetions, with special
i reference to the coagulability of the blood and
' other factors concerned in the arrest of haemorrhage
? Speciel attention has been directed to the

prothrombin /




prothrombin content of the

blood, end evidence is

presented in support of the view that a prothrombin

deficiency is an important
hasemorrhage in jaundice.

thrombin estimations on 34
end the value of this test
the risk of hsemorrhage is

the prothrombin deficiency

| evidence attributing it to

| faulty utilisation of a vitamin is studied.

factor predisposing to
The resulte of pro-

jaundiced cases are given,

as a method of gauging

discussed. The cause ofj
end the |
|

is considered,
faulty sbsorption or

Finslly,

observaetions are recorded on the effect of

administering preparations

to jeaundiced psatients.

containing the vitamin ,




L. HISTORICAL NOTES.

That ascute observer, Matthew Baillie(g),
eppesrs to have been the first to draw attention to |
the bleeding tendency in jaundice. His brief
reference to the subject is contained in his book
on “"The Morbid Anatomy of Some of the Most Important
| Perts of the Humen Body", which was published in
1793. Under the heading "“Common Tubercle of the
Liver", which appears to denote coarse cirrhosis, he
states that in prolonged jsundice “the blood is
found not to be coaguleted at all after death, or
to be coagulated very loosely"™. The cause he
attributed to "the chemical influence of a mixture
of a certain prcportion of bile with the blood".

Between 1793 and 1878, brief references
to the risk of bleeding in jaundice are contained

(9) (48) (23)

48
in the works of Budd s, Murchison , Frerichs

(58), but except in relation to one

and Leyden

disease the literature of this period appears to

contain no more exact sccount of the condition.
The one exception is the occurrence of

haemorrhage, particularly umbilical haemorrhage, as

a /




a complication of jaundice in young infants. The
first record of this subject appears to have been

made by Alexander Campbell(lz), of Edinburgh, in

the first volume (1844) of the Northern Journal of

. Medicine.

Campbell described four cases-~— one seen
in his own practice, three contributed by colleagues
in the ecity - in which haemorrhage occurred as a

complication of icterus neonatorum due to congenital

obliteration of the bile ducts. The bleeding took
place at the umbilicus of three of the infants,
originated at sbout the 7th day and caused death by
the 10th day after birth. The remaining infant
passed safely through this danger period of umbili-
cal sloughing and survived to the age of six months,
when & massive hasematemesis precipitated the fatal
issue.

Subsequent to 1844 the subject of
umbilical haemorrhage in jesundiced infents attracted
considerable attention, and Grandidier(25), writing
in 1859, collected records of Bl cases, in 75 of
which the issue proved fatal. Grandidier noted that

quite commonly (35 cases) in addition to haemorrhage

from the umbilicus there were other indications of a

bleeding /




| Consequently, it is not surprising that since Bobbs'

bleeding tendency, for example, petechiae and more
extensive ecchymoses. He also distinguished clearly

between the common mild type of icterus neonatorum,

physiological rather than pathological, which causes
no bleeding tendency, and the dangerous type due to
congenital maldevelopments, inflammations and ’
cirrhoses of the liver.

With the advent of surgical intervention
for diseases of the biliary tract, the subject of
haemorrhage in jeundice assumed a new importance,
for operative treauma often precipitates haemorrhage

and csalls attention to the bleeding tendency.

first uncertain cholecystotomy in 1867, there have
been increasingly frequent records of this post-
operative complication.

Marion Sims(ﬁe), the famous American
surgeon and obstetrician, who did so much to
esteblish biliary surgery on a sound footing, appears
to have been the first, in 1878, to report an
instance of hesemorrhage after operation in a
jaundiced subject, end it is of interest to note

that this also was one of the first cases of

obstructive /




obstructive jaundice ever submitted to operation.

Sims' patient was a woman of 45 years.
She had suffered for four months from jaundice which
was insidious in onset, painless and progressive.
From the description of the operation and autopsy
findings, the cause would appear to have been a
' stone in the common bile duct.

Sims operated and drained the gall-
bladder, which contsined & number of stones. The
operation was carried out with antiseptic
precautions and under the carbolic spray. For the
firet few days the patient progressed well, but on
.the fifth day there was some bleeding from the gums.
It continued on the sixth day, and there was a
slight ocoze of blood from the wound. The bleeding
from both sources became more copious on the seventh
day. On the eighth day there was & haematemesis,
and shortly after that she died. Post-mortem
examination revealed aleo a collection of blood in

the peritoneal cavity.




II. FREQUENCY OF HAEMORRHAGE IN JAUNDICE.

Sims' case illustrates well an all too
. common experience in the surgery of jaundice. The
frequency of haemorrhage as a post-operative
l complication has been estimated variously by

66
( >has stated

. different suthorities. Thus, Walters
| that fully 50 per cent. of deaths after operation

in jasundiced subjects are due to haemorrhage, but
most surgeons would probeably assess the frequency

at a very much lower figure than this.

To give a proper indication of the
frequency, Teable 1 has been compiled from the
figures given in four papers by American and
continental writers, relating to nearly 4,000
operations on jaundiced subjects. In this series
there were 442 post-operative deaths, and 61 of
these, or 13-8 per cent., were attributed to
haemorrheage. This figure tallies very closely with
the 12 per cent. given by Sir John Fraser(gz) in his
recent paper based on experience in this country.

The problem of haemorrhage in jaundice

is thus one of considerable magnitude especially

when /




when it is noted that the figures quoted above refen
only to fatal cases. In non-fatal cases the
liability to haemorrhage also has an importance in
influencing morbidity, and especially &as a cause of
delay in wound heeling through the formation of a
haematoma.

In my own series of 50 cases there were
12 patients who developed hsemorrhage. In seven
of these the haemorrhege followed operation (in
four of them it proved fatal). In the remeining
five cases the haemorrhage developed apart from
operation, and in four of these it proved fatal.

The incidence of haemorrhage in my
series is thus considerably in excess of the
general experience, but this can reedily be under- |
stood when the type of case under trestment is
considered. Most of the 50 cases exsmined, and r
all except two of the cases with haemorrhage, were
under trestment in the Edinburgh Municipel Hospiteals,
whither it is still the custom to send petients who
are too ill for trestment in other inetitutions.

Thus many of the cases were admitted in the late

stages /
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stages of melignant jeundice, at 2 time when the
bleeding tendency was very ept to develop. The
severity of the disesse in the ceses under trestment
may indeed be judged from the fact thet of the 12
patients with haemorrhage, only seven were
sufficiently fit for operstive trestment itc be

‘undertaken.
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XY, THE SITES OF HAEMORRHAGE IN JAUNDICE.

Attention has already been directed to

two important sites of haemorrhege - the umbilicus

(in young infants) asnd the wound (asfter operation).
It is clear that in these two examples the site of
haemorrhage is determined by the existence of a raw
surfece from which oozing may readily occur. In
post-operative cases for a similar reason any
anastomosis, €.g., @& cholecyst-gastrostomy, is an
important site for haemorrhsge, Where no such
predisposing fector obtains, the haemorrhage may
occur from any mucous or serous membrane or into
the skin or interstitial tissues.

The sites of haemorrhage in my series
of 12 cases are indicated in Table Z. It will be
seen that six of the seven operated cases had
bleeding from the wound, eand two had bleeding from
the stoma of & cholecyet-gastrostomy. Post-operative
haematemesis was noted once, uterine haemorrhage
once, epistaxis twice, and melaena three times.

In the five unoperated cases,

€pistaxis /

|

W




epistexis was noted once, haematemesis twice,
melaena twice, and heemorrhage into the integuments

three times.

In one patient (Case 16) after the

' gallbladder had been drained externally, there was
:bleeding from the drainage tube. The blood was
:intimately mixed with the bile, end it appeared
:likely that the haemorrhage hed originated in the
liver or bile ducts, possibly &s & result of biliary
decompression and thus comparable to renal bleeding

after cystostomy.




IV THE INCIDENCE OF HAEMORRHAGE IN JAUNDICE.

It is commonly stated that the liebility
to haemorrhage becomes menifest most often in deep

jeundice resulting from melignant obstruction of the

ducts. To determine the accurary of this statement,
iI have collected the relevant figures from the
Iliterature and the records of my own cases, and set
them down in the following paragreaphs.

IV.A., Relaetion of the Bleeding Tendency
to the Duration of Jaundice.

Teble 3 shows the figures given in

Petrén's paper(sl), which 1s based on 58 cases of

post-operative haemorrhage in jesundiced patients

treated in various Swedish hospitals during the 5
period 1892 to 1915. This is the only reference I
can find in the literature to the duration of the |
Jaundice in relation to the risk of haemorrhsge, andi
its velue is diminished by the fact that there is no
indication of the total number of cases in each of |
the duration groups. Petrén's figures are, how-

ever, important in one respect, namely that they |

show clearly that post-operative haemorrhage is hy

no /
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no means limited to cases of long standing; 1in no
fewer than 19 of Petren's cases the jeundice had '
been present for less than one month.

Teble 4 shows the duration of the
jaundice in the 50 cases of the present series,
including the 12 cases with haemorrhage. It will be
seen that in the group of £2 cases with jaundice of
lese than one month's duration there were only 3
cases with hsemorrhage; the frequency of this
complication appearedto increase as the jaundice
was prolonged, and in 5 cases with jaundice of over
4 months, there were no fewer than 4 with haemorr-
- hage,

Before accepting these figures as proof]
that the risk of haemorrhsage increases as the
jaundice is prolonged, it is necessary to consider
two possible fallacies.

The first arises from the fact that
the hasemorrhage is often a post-operative event,
and operation is rarely undertaken in the early
stages of jaundice, To throw light upon this point
Teble 5 hes been constructed, similar to Table 4,
but referring only to unopersted cases. It will be

seen /




severe ceses of obstructive jaundice.

~possible that the apparent increased risk of

| well be correlated on the basis that the haemorr-

seen that here again the relation between the .

duration of the jaundice and the risk of haemorrhagei

seems evident.

The second possible fallacy arises j
from the fact that many of the cases with jaundice
of short duration were cases of mild toxic jeasundice,

whilst those of long duration were almost sll

It has commonly been observed that in

acute yellow atrophy and other severe forms of

toxic jaundice, haemorrhage commonly occurs &t an

early stage in the disease, and it seems quite

haemorrhage in the later stages in the cases in my
series may be due not so much to the duration of
the jesundice as to the fact that as a result of
prolonged biliary obstruction certain secondary

toxic changes develop. Chief among these is the

secondary hepatic impairment so constantly noted asl
a late effect of biliary obstruction, and it seems

that the diverse observations recorded sbove may

hagic tendency is related to the degree of liver !

demage, /
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damage, for it is well established that such damage
is greatest in the early stages of toxic jaundice,
but in the later stages of obstructive jesundice.

IV.B. Relation of the Bleeding Tendency
to the Depth of Jaundice.

Table 6 shows the figures given by
W. Walters(66), to indicate the relation of the
bleeding tendency to the depth of jaundice. They
refer to a series of 29 post-operative deaths in
jaundiced patients, 15 of which were attributed
mainly or wholly to haemorrhage. It will be seen
that in the first group of 5 cases with slight
jsundice only one death was due to haemorrhage;
with increasing depth of jaundice the frequency of
hesemorrhage increased, so that in the last group
of 9 cases'with deep jeundice no fewer then 7 deaths
were due to this cause.

Table 7 shows the relation between the
durstion of jeundice and the bleeding tendency in my
own series of 50 cases, including the 12 cases with
heemorrhage. The cases have been classified into
four groups according to the Icteric Index as

estimated by Meulengracht's method. It will be seen

that /




ALz

1It will be seen thet bleeding occurred in only one
of the 11 cases with Icteric Index below 50, and
that with increasing depth of jeundice there was an
increased incidence of hesemorrhege. That this is
not en adventitious result depending upon the
operation rate for different grades of jaundice is
seen from Teble 8, which refers only to unoperated
| cases.

IV.Cs Relation of the Bleeding Tendency
to the Lesion Causing Jaundice.

It is generally egreed that haemorrhage
is practically unknown as & complication of catarr-
hal jaundice, but it is commonly seen in other forms
of toxi-infective jaundice and in obstructive
jaundice, Thus, it is well known as & complication
of jsundice in such toxic conditions as acute yellow
atrophy, spirochaetsl jaundice, chloroform poisoning,
phosphorus poisoning, and various acute infections.
Similerly, heemorrhage has been observed in
obstructive jsundice due to congenital atresia of
the ducts, tresumatic stricture of the common duct,
stone in the common duct, cercinoma of the pancreas
and other diseases.

The frequency with which these

causative lesions are encountered naturally varies

in 7/
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in different institutions; in surgicael wards,
celculous and melignant obstructions preponderate.
The lesions responsible in two series of cases

(51)(Sweden) and

published respectively by Petrén
Boland(s) (Meyo Clinic) are indicated in Table 9,
whilst Teble 10 gives the lesions responsible in the

12 cases with hasemorrhsge in my own series.,
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V. EARLIER VIEWS ON THE CAUSE
OF THE BLEEDING TENDENCY.

Many varied theories have been put
forward in the past to account for the undue
ligbility to haemorrhage in jasundice. Among the
more important have been the theories ascribing it
to the retention of bile in the blood and to a
deficiency of the celcium or fibrinogen content of
the blood. It will be advisable to consider
briefly the observations releting to these theories
before proceeding to the views held at the present
time.

V. A. Retention of Bile as the
Cause of the Bleeding Tendency.

(2)

Matthew Beaillie was the originator
of the earliest theory when he stated that "most
probebly the faulty coagulation depends on the
chemical influence of a mixture of a certsein
proportion of bile with the blood", This theory
obtained some support from the observation that the
addition of & sufficient quantity of bile to blood
in vitro did, in fact, render it incosguleble.

However, more recent observations have shown that

the /




the amount of bile required to bring about this
result represents s concentration meny times
grester than is ever known to be present in vivo,
and thus it would appesr that further proof is
required before this theory can be accepted.

There are three principal constituents
of the bile which may be retained in the blood
stresm, namely, cholesterol, the bile pigments, end
the bile salts. It is eccepted that cholesterol is
quite innocuous, and in any case, the cholesterol
content of the blood in jeaundice rarely exceeds
that found in normal pregnancy. The bile pigments

were formerly thought to have a harmful effect upon

3\
4

34
the blood, and the experiments of King and Stewar%
appeared to give confirmation to this view; but
more recently the observations of Horrsll and

(28) meke it clear that they are quite

Carlson
innocuous. The bile salts are well known to have
a harmful effect, mainly in virtue of their property
of reducing surface tension. However, it has been
shown (Moreswitz and Bierich(46); Brakefield and
Schmidt(5); Rowntree, Greene and Aldrich(®6).)
that the bile salts in the blood after increasing

In 7/
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in amount for two or three weeks, leter fall to the
1
normal level, whereas it is known that the bleeding |
tendency only becomes menifest at & considerably

later period. This would seem to indicate that

the retention of bile salts is not responsible for
the bleeding tendency.

Perhsps the most definite evidence on
this score is that given by Wildegans(eg). This
worker ansstomosed the common bile duct to the
inferior vena cava in dogs, so that the whole bile

secretion entered the blood stresm. All the dogs

died within a few days of operation, but none

showed delesyed coagulebility or any tendency

towards haemorrhage.

V. B. Calcium Deficiency as the Cause
of the Bleeding Tendency.
(44)

As long ago as 1894, Mayo Robson
suggested that a calcium deficiency might be respon-
eible for the bleeding tendency, and this view has
been widely held almost up to the present time.
Originslly suggested on empiric grounds, the theory
of calcium deficiency as a cause of haemorrhage in

jaundice /
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jeundice has been supported both clinically sand
experimentally by a large number of observers, but
denied by asn even larger number. The consensus
of opinion at the present day is against the theory.
Difficulty arises in the first place
from the fact that our knowledge of the part played
by celcium in the normel process of coagulation is
far from exact. Formerly, it was presumed that
ionised calcium alone took a part in the process,
and many observations were made to determine
whether any change could be demonstrated in the
ionised calcium of the blood in jaundiced subjects.

(65), and of Stewart and Percivai62

The work of Vines
however, indicates that the ionised calcium is of
little importance in this connection, and that
the essential factor is a complex non-dialysable
compound of calcium with the blood proteins, the
amount of which cannot be estimated with any degree
of accursacy.

A considereble literature has accumu-
lated on these and other aspects of the relation of
calcium to the bleeding tendency in jaundice. To

avoid needless repetition and for the sake of

lucidity /
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lucidity it will be sufficient to summarise the '

more important work in six sections as follows:-

1l. The Serum Calcium in Jsesundice.

Earlier workers claimed that a diminution in the
totel calcium content of the blood is a constant
feature in jaundiced patients snd animels (King,
Bigelow and Pearce(sg); Buchbinder and Kern(s)).

It has also been claimed thsest the reduction affects |

particularly the ionised calcium of the blood
(Kirk and King(55)). More recent observations by
competent observers have, however, made it appear

|
clear that these claims were unfounded, and there J
is now suthentic evidence that in jaundiced {

patients and adult animals (though perhaps not in i
immature animals) the total blood calcium and the

ionised blood calcium are both unchanged in amount
(Snell and Greene(61); Gunther and Greenberg(ge);

Zimmerman(voj).

The serum calcium has been estimated

in 24 cases of my series including eight of those
in which hasemorrhages developed. The figures

obtained /




obtained in these cases, and in 30 normal controls
are given in Chart 1. It will be seen that
although the figures obtained in the cases showing
haemorrhages were, on the whole, somewhat lower
than in the control series, they were, with one

exception, within the normal rsnge.

2. Skeletal Decalcification in Jaundice.

Although direct evidence of & disturbance of
calcium metebolism hes thus been unobtainable, a
certain amount of indirect evidence does exist in
the observation that in prolonged jaundice some
decalcification of the skeleton taskes place.
Experimentally, such skeletal decalcification has
been observed in puppies with obstructive jaundice,
though not in adult dogs (Buchbinder and Kern(7)).
A similar decalcification occurs &lso in cases of
biliary fistula, 2 condition which, like jaundice,
is associated with an sbnormal liebility to
haemorrhage.

It must be remarked, however, that the
mere demonstration of skeletal decealcification
cannot be accepted as evidence that calcium

deficiency /




deficiency is responsible for the bleeding tendency.
Skeletal decalcification does not imply a deficiency
of any part of the calcium content of the blood —
indeed in parethyroid osteo-dystrophy it is
associated with a raised blood-calcium — nor is
skeletal decealcificetion in other affections (old
age, decubitus, carcinomatosis, osteomalacia, etc.)

associated with a tendency towards haemorrhage.

S Effect of Calcium In Vitro.

It has been claimed by Lee and Vincent(av) that the
addition of calcium to jaundiced blood in vitro
accélerates cohgulation. They have made this the
basis of a clinical test, which consists in adding
3 drope of a 1 per cent. solution of calcium
chloride to 1 cc. of blood, snd estimating the
coagulation time of the mixture.

If it could be shown that in vitro
calcium acceleretes the clotting of jaundiced blood
to a greater extent than normal blood, the observa-
tion could be regarded as evidencef;?’calcium
deficiency é% a cause of the faulty clotting in

Jeyndice, However, although their test has been

widely /




widely adopted for cliniceael use, the observations
on which it is based lack confirmation. There is, |
indeed, evidence to indicate thet celcium in vitro
often feils to accelerate clotting in jeundice.
Linton(gg), for example, has been unable to show any
constant acceleration of clotting by the addition

of calcium in vitro, and in 17 of a series of 23

jeaundiced ceses, the calcium appeared actually to

delay coaguletion.

53 Effect of Paraesthormone.

It was claimed by Cantarow(ls)and others that the

coagulation time in jeundice — and consequently the

risk of hsemorrhsge — could be reduced by the
administration of parathyroid extract. This was

regarded as additional proof that the bleeding
tendency in jaundice is attributable to a calcium
deficiency. However, no confirmation has been
forthcoming of Centarow's work. Indeed, Zimmerman(70)
found no constant effect on the coagulation time in
either normal or icteric patients or in animals by
the injection of parathyroid hormone, even though
sufficient were injected to raise the serum calcium
to double its normal value. Moreover, it has been

shown /




shown by Simpson and Rasmusson(57)

and by Ravdin and
his colleagues(54) that when the serum calcium is
reduced — even to the point of tetany — by para-
thyroidectomy, there is no disturbance of the blood

coagulation.

6, Effect of Calcium Therapy.

Since Mayo Robson first advised the administration
of calcium, many surgeons have testified to its
value in the prevention of post-operative haemorr-
hage. Formerly it was the practice to administer
calcium lactate or calcium chloride by the mouth.
Later, Walters(66) in several papers based on his
experience at the Mayo Clinic, advocated the
intravenous administration of celcium chloride. 1In
recent years, calcium gluconate has been preferred
for intravenous use.

Despite the widely held clinical belief,
there is little real evidence of the value of
calcium administration in jaundice, and there
appears to be no record of a long series of cases
with adequate control observations. Moreover,

there is no doubt that post-operative haemorrhage

may /




may occur despite the use of calcium; for example,
Judd(go)reported 4 deaths from hasemorrhage in s
series of 142 operations for stone in the common
bile duct where this treatment was carried out.
Further evidence of the ineffectiveness of calcium
is provided by the observations of Linton(59) who
found that in 7 out of 9 cases the intravenous
administration of calcium chloride actually delayed
coagulation.

In my own series of cases calcium
chloride or calcium gluconate has been given intra-
venously in 5 cases and in each a careful study of
the éoagulation time has been made during the
subsequent period,. In no case did the administra-
tion of calcium have any significant effect on the
coagulation time. Two of the patients thus treated
subsequently died of haemorrhage.

The following two cases illustrate
my experience of the effect of calcium administration
in jsundice:

Case 7. This was a woman aged 60, suffering
from jaundice due to carcinoma of the
pancreas. She also was regarded as a case

of scurvy and reacted well to treatment by
vitamin C (see p. 35 ).

Chart 2 illustrates the coagulation
time /




na
O

time as measured by the capillary tube method
during a period of 5 days. It will be seen
that throughout the period of observation the
coagulation time varied between wide limits.
After the intrevenous injection of 5 ces. of
10 per cent. calcium chloride solution the .
coagulationjappeared to be reduced within a
few hours from 16 minutes to 1l minutes, but |
the reduction was a transient one, and within
11 hours of the injection the coagulation '
time was raised to 21 minutes.

Caese 15. This was a woman aged 70, (Chart 3)
also suffering from jaundice due to carcinoma
of the pancreas. Operation was carried out
on the fourth day after her admission to
hospital and the gallbladder was drained
externally.

Calcium gluconate (15 ccs. of 10 per
cent. solution) was administered intravenously
as a pre-operative measure, and appeared to
have the effect of reducing the coagulation
time (estimated 10 hours later) from 8 minutes
to 6 minutes,

Subsequently the coagulation time rose,
and on the tenth day after admission it stood
at 15 minutes. A similaer injection of
calcium gluconate at this point, however, did
not effect any reduction, and on the contrary,
the coagulation time (estimated 10 hours
later) rose to 18 minutes.

V. ¢c. Fibrinogen Deficiency as the Cause
of the Bleeding Tendency.

In 19085, Doyon(zo), in the course of an
investigation into the effects of various poisons on

the liver, noted that liver damage produced in dogs

by /




by the action of chloroform gave rise to a state of
impaired blood coagulability associated with a
deficiency of fibrinogen. As a result of this
observation he concluded that fibrinogen is normsally
produced in the liver. Subsequent workers have
suggested that defective production of fibrinogen as

a result of liver damage might be responsible for

the bleeding tendency in jaundice.

i Doyon's experiments have been repeated
?on many occasions and there is a considerable amount
of evidence to confirm his view that fibrinogen is

normelly produced by the liver (Foster and Whippléglg

45)). Moreover it has been amply

Mann -end Bollman(
confirmed that there is a diminished fibrinogen

production in severe chloroform poisoning - though
in mild chloroform damage the fibrinogen may on the
contrary be raised (Whipple and Hurwitz(ss)). The
application of these observations to the problem of
bleeding in jaundice, is not, however, permissible,

(24) {40 oG mery cthers

for the work of Gram Moss
meke it clear that the fibrinogen content of the

blood in jesundice is not reduced, indeed it is

sometimes /
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sometimes present in excess.

This is seen in my own series, in
which the fibrinogen content of the blood has been
estimated in 22 cases, including 8 of the cases in
which a liability to haemorrhage became manifest.
Reference to Chart 4 will show that of the 22 cases
only 3 presented a low fibrinogen content; all but
one of the cases with bleeding proved to have an
adequate amount of fibrinogen present, whilst in one
of these cases the fibrinogen content was actually

in excess of the normal (0-81 gms. per cent.).
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Vi. RECENT OBSERVATIONS ON THE CAUSE
OF THE BLEEDING TENDENCY,

In seeking the cause of haemorrhage in
jaundice we must bear in mind all the factors
concerned in the normal arrest of haemorrhage — the
state of the capillary vessel walls and the charsac-
ter of the blood clot, as well as the time required

for clotting to take place.

My observations lead me to believe that
three distinct, though possibly related, abnor- i
malities may sometimes be found in jaundice, which
may be responsible either singly or together for
the bleeding tendency; (1) Fragility of the
capillary blood vessels; (2) Softness and friability
of the blood clot; (3) Delayed coagulability of
the blood.;

In the following pages, the significance
of these three factors is discussed. It will Dbe
shown that capillary fragility is a somewhat
infrequent feature in jaundice, and that its
relation to the bleeding tendency is far from clear.
The second factor, friebility of the blood clot, is
commonly observed, and its importance in regard to

haemorrhage /




haemorrhage cannot be doubted. Most important of
all, however, is delayed coagulability of the
blood. Its frequency is noted in the following
pages, and subsequently the cause of the delayed

coagulebility is discussed.

Nd. A, The Factor of Capillary Fraegility.

Fragility of the capillary blood
vessels is well recognised as the major factor
concerned in the bleeding tendency in scurvy and
certain forms of purpura, but hitherto it has
attracted little attention as a factor in jsasundice,
and I can find no reference to it in the literature
in this connection. In my own series a capillary
fragility has been observed in a small number of
cases, and a special study has been made to
determine its significance in relation to the
bleeding tendency.

The method used was to bring about a
state of venous congestion in the upper limb by
means of an inflatable tourniguet, and subsequently
to count the number of petechial haemorrhages thus
caused. As a routine the cuff was inflated to

70 mms./




54

70 mms, Hg. for a period of 10 minutes. For the
5 petechial-count a circle 5 cms, in diasmeter was
| marked out on the anterior aspect of the forearm,
| its centre 5 cms. below the flexure of the elbow,
A hand lens was used in making the count. In normal
subjects under such conditions & count of from O to
5 may be expected.
The test was epplied to <0 ceses in

my series (Table 11). In 6 of these the first

exaemination showed a considersasble capillary fragilit%
the petechial count ranging from 20 to over 70. In %
3 of these casese, the fragility diminished repidly,
reaching normel within a few days after the
paetient's admisseion to hospital; in the other 3,
it persisted for a longer period.

Four patients who subsequently
developed haemorrhages were included in the 20
submitted to the tourniquet test. One of them
showed persistent cepillary fragility, one temporary
fragility, and the remainder showed no abnormality
in this respect.

A special study was made of the 3

cases /
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cases with persistent caepillery fragility to deter-

mine if possible the cause of the condition, with
special reference to the question of 2 vitamin |

deficiency, and to determine its significance in

relation to the bleeding tendency. |

Case 7. This patient (see Chart 5) was a
women, aged €0, admitted to the Edinburgh
Western Hospitel, deeply Jjeundiced,
emaciated and cachectic, suffering from
cercinome of the paencress. She died eight
days after admission., Autopsy showed that
the immediete cause of death was a large
haemorrhage into the small intestines.

On admission she was seen to have
numerous blotchy, cutaneous and subcutaneous
haemorrhages. Coaguletion time and bleeding
time were both greatly lengthened (15 min-
utes and 16 minutes respectively). The
tourniquet test gave a strongly positive
result. The erythrocyte sedimentation rate
was greatly increased.

The women was known to have been living
alone in a basement flat, subsisting on a
small ellowance. In view of this, and
despite the absence of bleeding from the
gums (she was edentulous) the possibility
was considered of scurvy superimposed upon
the jeundice,

Accordingly ascorbic acid (60 mgm.)
was injected intravenously. This promptly
errested the bleeding tendency, and although
the coasgulation time eand bleeding time
remained raised, the tourniquet test became
negative and no further spontaneous haemorr-
hages developed until the seventh day after
admission. At this point, further sub-
cutaneous /
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subcutaneous hasemorrhages were noted. Again
the tourniquet test became strongly positive
and agein a further injection of vitamin C.
proved beneficisl.

In this case the conclusion reached
was' that the haemorrhagic tendency was scorbutic
in origin, end not clearly related to the jaundice.
However, it wae regarded as & possibility that in
| jeundice the liver damage might so impair the
storage of vitamin C as to predispose to scurvy.
Thus the capillary fragility in jaundice might prove
to be due to a deficiency of vitamin C despite a
diet adequate in this respect. To put this theory
to the test, the observations recorded below were

therefore carried out.

Case 15. This was a womean sged 70, who was
sdmitted deeply jeaundiced as a result of
carcinoma of the pancreas. After a short
period of observation, operation wes per-
formed, and in view of her debilitated
condition the operastion waes limited to
external drainage of the gallbledder.
Subsequently there was bleeding from the
wound, from the gellbledder and from the
nose.

The pre-operative coagulation time weas
4% minutes. A tourniquet test (see Chart 6)
gave a reading of 36 petechise, In view of
the experience of the earlier case, @
possible deficiency of vitamin C was con-
sidered, elthough the diet had been more
than /




than sdequate in this respect. Accordingly,
vitemin C. was given intrevenously, in the form of |
500 mgm. Redoxon. Reference to the Chart will
show that this had no significent effect on the
capillery fragility.

To obtein more definite evidence of
the escorbic acid content in jaundice, & vitsmin C.
tolerance test was carried out in this case. For
this purpose, the ascorbic acid content of the
urine (24-hour samples) was estimated before and
after the administration of Redoxon. The estimation,
which was performed by Dr. H. Scarborough in the :
Clinicel Leboratory of the Royal Infirmary, gave
the results shown in Teble 1%&.

This investigation indicates that in
this case the output of sascorbic acid wae normel;
it gives no evidence of & deficiency of ascorbic |
acid.

The further progress of this case
provided interesting evidence of the relastion of
cepillery fragility to the bleeding tendency in
jeundice (see Chart 6). After four days' observa-
tion, operation was performed and the gallbladder
drained. In order to achieve gradual decompression
of the liver, the drainage tube was carried upwards
to a bottle situated 30 cm. above the level of the
wound, and maintained in this position for 48 hours.

The capillary fragility which hed
persisted during the four days' pre-operative

observation, disappeared immediately after operation

and /




and the tourniquet test then remained negative
for 10 weeks. The coagulation time, on the other
hand, showed a tendency to rise after operation,
and on the third, fourth and fifth post-operative
days the coasguletion time reached 1% minutes, 17
minutes and 18 minutes respectively.

The bleeding was first noted on the
third post-operative day. It thus occurred at

g time when no capillary fragility was evident.

These observations appeared to
indicate that the capillary fragility sometimes
fouhd in jaundice is not directly related to the
bleeding tendency. It must, however, be borne
in mind thet, as many workers have pointed out
in relation to scurvy and purpura, the clinical
tests at present available for estimating
capillary fragility give very inconstant results
which do not tally with the variations in the
bleeding tendency in those diseases. Thus,
in scurvy the cepillary fragility, es estimated

by the tourniquet test, may vary from

day /
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dey to day, and may disappear for prolonged periodsi
even though the diet remains deficient in vitamin C,|

In scurvy also and in purpure haemorrhages may

develop at times when the tourniquet test is

negative.

The relation between capillary .
fragility and the prothrombin content of the blood |
could not be estimated pre-operatively in this
case, as the technique of prothrombin estimations

had not then been developed. An opportunity

occurred, however, 10 weeks later (see Chart 7)
when again a transitory phase of capillary fragilit%
was noted. It will be seen that during this phase;
the prothrombin index was low gppproximately 40 per'
cent.) and that the eventual disappeasrance of the
capillary fragility coincided with the rise of the
prothrombin content to normal. This case thus

afforded some evidence of correlation between

capillary fragility and prothrombin deficiency.

Case 16. This wes & man aged 66, who was ;
admitted to hospital with jaundice of five
weeks' duretion, insidious in onset and

painless. /



certain provisional conclusions may be reached:-
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painless, On sdmission, he wee deeply
jeundiced, the icteric index being 115, He
was kept under observation for 18 days, and
the provisional diasgnosis of carcinoma was
reached. At that point he developed
dysentery of Sonne type, and shortly succumbed.
No autopsy could be obtained.

On admission to hospital he presented
marked caepillary fragility, the tourniquet
test giving a count of 21 petechiaee. The
fragility persisted more or less continuously
until the 14th day (Chart 8).

Observations were carried out in this
case to determine the relation of the
capillary fragility to a deficiency of either
vitamin P. or vitamin C. First, a pro-
portion of vitamin P. (HesPeridins was
administered in doses of 4 tablets thrice
daily for 4 days. Reference to the chart
will show that this had no significant effect
on the capillary fragility.

On the 7th day after admission,
vitamin C. (500 mgm. Redoxon) was administered
intravenously. The petechial count, which
previous to the injection was 30, was there-
upon reduced to 11, but the reduction was not
maintained and within 48 hours had risen to
over 50,

Thus the observations in this case gave
no evidence of a deficiency of vitamins P. or
C. as the cause of the capillary fragility in
jaundice,

From the observations recorded above,

(1) capillary fragility is evident in a small
proportion of cases of jaundice.

(28) It /
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(2) It does not appear to bear a direct
relationship to the bleeding tendency.

(3) It does not appear to be attributsble to
a deficiency of vitamin P. or vitamin C.

(4) There is some evidence to suggest that it
is related to & deficiency of ‘
prothrombin,

VIi. B. The Factor of Clot Frisbility.

It has frequently been observed that
the blood clot in jeundice is bulky, soft and
friable; and it has been suggested that this
feafure may be one of the factors concerned in the
bleeding tendency, on the supposition that the soft
clot fails to retract and does not adhere to the
wall of the wounded vessel and so is unable to
staunch the flow of blood.

Alternatively, it has been suggested
(McNealy, Shapiro and Melnick(41)) that the abnor-
melly fragile clot adheres at first, but is readily
dislodged by post-operative vomiting or restlessness,

The soft, bulky character of the clot

in jaundice is perceptible on naked eye examination.

When /




When removed from a test tube on to filter paper,

the clot wets a large surface area; and it promptly |
falls to pieces when handled. The bulkiness of the :
clot has been confirmed by measurement by Boyce and
_McFetridge(4), who have employed a simple test in
which the volume of the clot is compared with the |
volume of serum separated after standing the blood
for four hours at room temperature. Under these
conditions the clot formed in normal blood should
approximately equal the serum in volume; the clot
formed in jaundiced blood considerably exceeds the
serum,

I have carried out this test in 13
cases of jaundice, including 4 cases in which
haemorrhage occurred. The method adopted has been
to allow from 5 to 10 ccm. of venous blood to clot
in a gradusted conical tube. After four hours at
room temperature the clot is gently separated from
the wall of the tube and lifted out by & platinum
hook. The volume of serum remaining is then read,
and compared with the original blood volume,

Normally, the volume of serum is
approximetely 50 per cent. of the total blood volume.
Reference to Table 13 will show that of the 13 cases

examined, /
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examined, only two gave this normal figure, In sall
the remainder, the serum accounted for considersbly
less than half the total blood volume — in other
words, the clot was unduly bulky.

The feaulty clot formation was formerly
attributed to a deficiency of fibrinogen, but since
it is now known that fibrinogen is not deficient in
jaundice, this theory cannot be maintained. In
1934 Carr and Foote(l4)3uggested that the clot
defect is due to the presence of cystein and other
sulphur-conteining amino-acids in the blood.
Normally such products of protein metsbolism are
converted in the liver into sulphates, and it was
presumed that in jeundice the damaged liver was
unable to perform this function and passed the
products unchanged into the general circulation.

The observations of Carr and Foote
were backed by much evidence derived mainly from
animal experimentation, but so far there has been
no confirmation of their findings. Since estima-
tion of the cystein content of the blood is
impracticeble, it has not been possible to obtain

direct /
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direct evidence on this point. Some information,
however, can be obtained by estimating the gluta-
thione content of the blood and this has been done

for me in the Department of Medical Chemistry of the|

University in 11 of my series, including 2 which |
subsequently showed a bleeding tendency. In all
the cases the glutathione was within the normal
limits. Thus this brief investigation gives no
support to the view put forward by Carr and Foote,

I have found a certain amount of
evidence to suggest that the defective clot formation
may, like the delay in clotting, be related to a
profhrombin deficiency. The evidence is based on

observations I have made in the course of my
investigation of the prothrombin content of the
blood in jasundice.

The method of estimating the prothrom-
bin content of the blood consists essentially in
determining the coagulation time of the blood under
certain controlled conditions (see Appendix). In
carrying out the test, it is en invariable finding
that whereas in normal blood the clotting time is

short /
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short and the actuel gel formation is completed

| within & very short time (2 second or lees), in
blood deficient in prothrombin not only is clotting
delayed, but the process of gel formation occupies
a longer period and the end-point is much less
exact. The clot thus formed is notebly bulky and
soft. Moreover, the extent of the deviation from
the normal vsaries with the degree of prothrombin
deficiency; in severe deficiency the process ofgel
formation occupies 15 to 30 seconds, &nd the clot
forms & bulky, soft, "thin" gel which floats in the
plesme and does not adhere to the tube.

Further evidence suggesting that the
defective clot in jsundice is due to & prothrombin
deficiency is provided by the observation that a
similar clot may be produced in blood by the
addition of enti-prothrombin (Heparin). The
heperin mey be added to freshly drawn blood in vitro,
or may be injected intravenously before the blood
is withdrewn, In either cese the effect is the
seme, the blood coasguleting slowly as in jeundice

end giving rise to & bulky, frisble, non-adherent

elot,. ./
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clob.

VI, C. The Factor of Delayed Coagulability.

It is esteblished that in jaundice
delayed coagulebility of the blood is frequently
evident, and there can be little doubt that this is
one of the mejor factors responsible for the
bleeding tendency.

I have made 194 estimations of the
blood coagulation time in 30 cases of jaundice,
including 8 cases in which haemorrhages developed.
The results are shown, along with 100 control blood
coagulation tests, in Chart 9.

It will be seen that in all the control
cases the coagulation time was less than 9 minutes.
Of the 121 estimations carried out on jaundiced
cases without haemorrhage, 41 gave a resding of over
9 minutes, whilst of the 73 estimations carried out
on jaundiced cases with haemorrhage, no fewer than
54 gave & reading of over 9 minutes,

Thus there is ample evidence that the
blood cosguletion is generally incressed in jsundice,
end especially so in the presence of & bleeding

tendency. /
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tendency.

It will be noted that there sre
exceptions to thie general rule. In particular,
1% estimations carried out on jaundiced patients
with haemorrhage gave & normal reading (9 minutes or
less). Attention will be directed to this observa-
tion on a later page, in connection with the
diesgnosis of the bleeding tendency. At present it
will be sufficient to indicate that in maeny of these
cases, the normel coagulation time was s pre-
operative finding, whereas in the dangerous phase
after operation the coaguletion time was more often
raised. Only rarely is the coaguletion time within
the normal limits at a time when the bleeding

tendency is manifest.
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VIiI. PROTHROMBIN DEFICIENCY AS TEE CAUSE
OF THE BLEEDING TENDENCY.

Recently Quick and his Colleagues(52)
at Milwaukee have devised a comparatively simple
method of estimating the prothrombin content of the
blood.On the basis of observations made with this
test, they have shown that & prothrombin deficiency
is commonly present in jeaundice, and they have
cleimed that this is the factor responsible for the
tendency to bleed. They and subsequent workers
(Snell(eo); Brinkhous, Smith and Warner(6);
Magath(42)) have claimed moreover that the prothrom-
bin test may be used as & criterion of the risk of
haemorrhage, end, finally, have shown that measures
designed to remedy the prothrombin deficiency are
effective in preventing haemorrhage.

The technique of Quick's test is
described in the Appendix, where also its signifi-
cance and relisbility are assessed. It will suffice
here to say that the method is & form of blood

coagulation test, so modified by the addition of

optimal /
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optimal amounts of the other clotting elements that
the only varisable is prothrombin. The amount of
prothrombin present mey then be gauged by the
clotting time of the mixture (prothrombin time) and

by comparison with normel controls the prothrombin

index may be calculated, the normal index being
reated at 100 per cent.

I have carried out approximately
220 prothrombin estimations on jaundiced patients,
with a similar number of observations on normal
control cases. The results of my observations

are given in the following pages.

AARIES - e Prothrombin Estimations
in 34 Cases of Jaundice.

The 34 ceses in which prothrombin
estimations have been carried out fall into two
cetegories, & group of 14 cases of toxi-infective
jaundice and a group of 20 cases of obstructive
jaundice.

Most of the former group were cases of

catarrhal /
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catarrhal jasundice of mild character, and in them
only one or two prothrombin estimations were dcne.
In the more severe cases of toxic jsundice and the
majority of the ceses of obstructive jsasundice & more
thorough study was made, estimations being carried
out twice weekly during the patients' stay in hos-
pital, In this way the effect produced on the
prothrombin content by various diets, drugs and
operative procedures was studied.

The prothrombin index, as estimated at
the initiel exemination of the 14 cases of toxic
jeundice, is given in Table 1l4. The cases have been
erranged according to the level of the prothrombin
index (column 3). If the normal index is taken sas
100 * 10, it will be seen that the first five cases
in the list fell within this range. Of the remain-
der, the mejority show a moderate deficiency of
prothrombin; in only one, the last case in the list,
is the prothrombin deficiency severe,

Table 15 shows the prothrombin index
as estimated at the initiel examination of the 20
caeses of obstructive jaundice. Here sgein the

cases have been arraenged according to the level of

the /
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the prothrombin index (column 3).

It will be seen thet only in three
ceses of this series does the prothrombin index
fell within the normel range, whilst in no fewer
than nine cases the index is below 50 per cent.,
an indication of a severe degree of prothrombin

deficiency.

VITE. B, Relation of Prothrombin Deficiency
to Depth end Duration of Jaundice.

To determine the relationship between
the, degree of prothrombin deficiency and the depth
and duration of the jesundice, the 50 cases of my
series have been claessified g&s shown in Tebles 16
end 17.

In Table 16 the cases have been
arranged in three groups, according to the Icteric
Index as estimated by Meulengracht's method, It
will be seen that in the group of 9 cases with
slight jsundice (as judged by an icteric index of
50 or less) 6 cases had a normal prothrombin index
and in 2 of the remaining 3 caeses the prothrombin

deficiency was of moderate degree, In the groups
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of cases with deeper jaundice, on the other hand,
only two had & normal prothrombin index, and ¢f the
remainder a leaerge proportion showed a severe pro-
thrombin deficiency.

In Teble 17 the cases have been
arranged according to the duration of the jaundice.
It will be seen that in the 19 cases with jaundice
of less than one month's duration, 7 had a normal
prothrombin index, and that the prothrombin
deficiency was of moderete degree in 8 of the
remeinder; whereas, in the ceses with jaundice of
longer duration only 1 had & normal prothrombin
indéx, and the prothrombin deficiency was of severe
degree in a considerable proportion of the remainder.

Thus there sppesrs to be & certain
amount of evidence to suggest that the prothrombin
deficiency is releted to the depth and duration of
the jaundice. That this relationship is not a
close one, however, is indicated by individuel ceases
which form exceptions to the general rules.

Thus in Case 46, & man suffering from
multiple carcinometous metastases, the prothrombin
deficiency was severe although the jaundice (icteric

index 5b6) was of comparatively slight degree; and

fme




in Cese 29, a woman with puerperal toxic jsasundice,
the deficiency was agein severe although the
jeundice had been present for only one week.

A similer lack of correlation is elso
seen in the contrast presented by Cases 27 snd 24.
The former, & men sged 6b, suffering from carcinomsa
of the pancreas, with jaundice of 4 weeks' duration
and moderate depth, presented the low prothrombin
index of 18 per cent.; whereas the latter, a man
of 59 suffering from the same disease, with jaundice
of similar duration but slightly deeper, presented
a normal prothrombin index.

From the evidence availsble, therefore,
it must be concluded that although a general
tendency is discernible towards correlation between
the prothrombin deficiency and the depth and durs-
tion of jesundice, yet this relationship is by no
means close. It is, indeed, clear that the
prothrombin deficiency is influenced by factors
other than these. One such other factor may be

the degree of liver damage.

VIL: . Relation /
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VIL. @. Relation of the Prothrombin
Deficiency to Liver Damage.

There is some evidence to suggest that
in jaundice the prothrombin deficiency is related to
liver damage.

Experimentally, Smith, Warner and
Brinkhous(59) have shown that in dogs the impairment
of liver function brought about by the administra-
tion of chloroform is associated with a deficiency
of prothrombin. On the clinical side, evidence may
be gained from a study of individual cases or from
consideration of the whole group of cases examined.

‘ Case 19 has an importance in this
connection. This was & woman aged 45, who gave a
history that six weeks before admission to hospital
she was taken ill with malaise, abdominal pain,
nausea, vomiting and jaundice, After three weeks
the jeundice faded, but 14 days before admission a
rigor developed and subsequently the jaundice
recurred with increased intensity. On admission she
was deeply jaundiced, highly toxic and very ill.

The provisional diesgnosis was made of a gallstone in
the common duct with cholangitis. At operstion,

however, /
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however, & condition of subacute yellow atrophy was
found, and confirmed by microscopiec examinstion of
a portion of liver., After operstion she progressed
well; the jsundice feded in the course of three to
four weeks and the toxic manifestations graduelly
lessened.

At the time of her sdmission to hos-
pital there was a prothrombin deficiency of
moderate extent, the prothrombin index being 65Z
(Chart 10). The deficiency was maintained through-
out the 6 weeks' stay in hospital, and did not
lessen as the jaundice feded. In view of the grossg
liver demage found at operation, it was evident
that considereble impsirment of hepatic function
must persist for & considerable time, and it seemed
probable thet this functional impairment wes
responsible for the continued prothrombin deficiency

Fﬁrther evidence may be obtained from
a study of the 14 ceses of toxic jsundice given in
Table 14, It will be seen that 9 of these cases
were diagnosed as cstarrhal jsundice. All these
hed jsundice of mild type with little impairment
of heelth, and no evidence, apart from the icterus,
of diver damage; It is significent that in' all

these /
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these cases the prothrombin index was either normal
or but little diminished., In contrast with these,
the other & cases presented severe constitutional
effects end clinically they sppeared to have &
considerable impairment of hepetic function; thus,
one case was regarded ec suffering from subacute
vellow atrophy, whilet snother suffered from a
fulminating and rapidly fatal puerperal toxsemia.
Conforming to the more severe liver damage the
prothrombin deficiency in three of these cases was
considerably more marked, and in the most severe of
all (the fatal puerperal case) the prothrombin index
was reduced to the low figure of 24 per cent.

It is not possible to adduce such
strong evidence from the Table in Fig. 156 releting
to obstructive jeundice, for this Table does not
afford any clear criterion of the relative amount of
liver damage present. Clinicel obeservatione made
upon these cases do, however, support the view that
the prothrombin deficiency runs parallel with the

liver damsage. Thus, it was noted that Case 24,
which heads the list, was a man who showed little
impairment of health apart from the icterus;

whereas, /
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whereas, Cases &9, 26, 41, which are close to the
foot of the list, were &ll patients who presented
clear evidence of marked deterioration of general
heslth - indeed they were slmost moribund when
admitted to hospitel.

Thus it may be claimed that there is =a
certain amount of evidence to link the extent of
the prothrombin deficiency with the degree of liver
damage. This reletionship is considered further
on a later page, in connection with the relation

of vitamin K. to prothrombin.
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NITT: THE PROTHROMBIN INDEX AS A GAUGE
OF THE BLEEDING TENDENCY.

It is esccepted that hitherto there has
been no accurate criterion of the risk of haemorr-
hage in Jjesundice.

All who have had experience of the
blood coagulation tests in clinical use sre femiliar
with the inconsistency eand unreliability of the
results obtained. Not only does the coagulation
time as judged by such fests vary between wide
limits in normal subjects, and even in the ssame
suﬁject at successive estimations, but furthermore
it depends grestly upon such variasble factors as
the rate of flow of blood from the finger prick or
venepuncture, the amount of venous congestion
induced in the limb and the amount of pressure or
squeezing epplied to the psart.

Moreover, apart from these techniceal
inconsistencies, it is accepted that in jeundice the
coagulation time is not an eccursate index of the
risk of hsemorrhsage. It is true that delsyed
coegulebility is a common feature in jeundice (see
p. 46 ), and in general is most marked in jesundiced

patients /
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patients who show the bleeding tendency; neverthe-
lese it is & not infrequent experience that haemorr-
hege may occur after operation in patients whose
pre-opereative coagulation time has been normal,
whilst in some cases the coasgulation time has been
found to be within the normal range after operation
and within a few hours of the onset of haemorrhage.
Nygaard(ég) has sought to overcome the
technicsl defects of coagulstion tests by his method
of estimating the clotting time of recalcified
plasma. In this method, oxalated venous blood is
transferred to the laboratory, the cells are
seﬁarated by spinning, and the plasma is then re-
calcified by the addition of a known guantity of
calcium chloride. The coesgulation time of the
recelcified plasma is then estimated under known
conditions of temperature and humidity. Nygeard's
method represents a great advence in comparison
with the clinical methods, but it still leaves much
to be desired, for the end-point of clotting in the
recalcified mixture is far from exact, and the

clotting time in successive estimations from the

same /
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same patient varies over a considerable range,
Ivy(zg) has attacked the problem from
a different standpoint, and has tried to find an
improved method of estimating the bleeding time.
The customary test for.the bleeding time is highly
unrelieble, for it varies according to the depth
and size of the puncture and the amount of retrac-
tion of the ruptured capillary walls. Ivy used a
standard size of stylet which was introduced to a
uniform depth, and to overcome the factor of
cepillary retraction he introduced the method of
inducing passive venous congestion in the limb by
the use of a tourniquet. His method has, however,
one major disadvantage, namely that it takes no
account of the varying thickness of the skin in
different patients. In many subjects with
obstructive jesundice, owing to loss of weight the
skin is inelestic and thick. I have repestedly
found that under these conditions the stylet
introduced into the forearm as described by Ivy
causes very little bleeding or may completely fail
to draw blood, whereas in thin-skinned subjects it

produces a free flow lasting several minutes.

In /
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In contrest with these estinmations,
the prothrombin test is highly satisfactory to work
with, for its end-point is exact and the results
obtaeined show 2 remarkseble degree of coneistency.
(See eppendix).

The value of the prothrombin test &s a
method of asseesing the risk of hsemorrhage can
only be judged satisfactorily on an experience of
a large number of ceses thus complicated. My
observations do, however, give some indication thet
the test will prove useful in this respect.

In my series of 34 jesundiced patients
whose prothrombin index was estimated, there were

1]

six who developed haemorrhages, In three of these
cases the bleeding srose after operation, in two

it was discovered post-mortem in patients who had
not been subjected to operation, whilst in the

sixth it developed whilet the patient was under

observation preparastory to operation.

Cese 26.

This was & woman aged 50, suffering
from jeaundice of 5 weeks' duration. She had
previously hed one breast removed for carcinome,
and /
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eand the jasundice proved to be due to the pressure
of & solitary metastssis on the common bile duct.

At the time of her admission the
prothrombin index was 58 per cent. (see Chart 11).
As & result of pre-operstive messures it rose to
95 per cent and immediately before the operation it
stood at 90 per cent.

At the operation the malignant mass
was detected and, in view of the patient's grave
condition, & simple cholecystostomy was performed.
After operation there was free drainage of bile
(approximately 10 ounces deily) and the degree of
icterus diminished, but the patient's general
condition deteriorated and there was clinical
evidence of & progressive impeirment of hepatic
function.

The prothrombin index fell rapidly
efter operation and on the seventh day it reached
the low figure of 28 per cent, Bleeding from the
wound wes noted on the third day after operation.
There was a free ooze of blood which was controlled
temporarily by the epplication of a pack, but it
recurred later and persisted irregularly until death.

Case 26€.

This was a man aged 70, who was
sdmitted to hospital suffering from jeaundice of 11
weeks' durstion, insidious in onset and painless,

On admission he was found to be
gravely ill end almost moribund. Operation was
considered inadvisable, and he gradually sank and
died twelve days later. He proved to have a
stricture of the lower end of the common bile duct
with cholangitis.

At the time of his admission the pro-
thrombin index was 23 per cent. (see Chart 12). It
rose to 44 per cent, on the fifth day, but subse-
quently fell and reached 18 per cent shortly before
death. Autopsy showed the immediate cause of
deeth to be a lerge haemorrhege into the stomach.

Cece /
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Case 27.

This was a men esged 55, who suffered
from cercinome of the pancreas with jsundice of
| ¢4 weeks' duration. After a period of observation |
in hospital operation was carried out and a chole- |
cyst-gastrostomy was performed. For a short time
the enastomosis was effective, but then, as a
result of encroaschment of the growth up the common
duct to its junction with the cystic duct, the flow
of bile through the enastomosis was interrupted.
Accordingly, & further operation was performed, and
the dilated upper part of the common duct was
eanastomosed to the stomach.

The prothrombin index at the time of
admission was 18 per cent. - the lowest figure in
the whole series, (Chart 13). After pre-operestive
therapy it rose to 50 per cent. at the time of the
operation. Two days after the operation the pro-
thrombin index had fallen to 32 per cent., and at
this stege there was a haemorrhage from the wound,
consisting of 2 free ooze amounting to several
ounces of blood. The bleeding was controlled by a
pack. Subseqguently the prothrombin index rose, and
no further bleeding took place.

A similar haemorrhage occurred after
the second operation. Again there was a free ooze
of blood from the wound, which, however, proved
transient. At this time also there was a marked
deficiency of prothrombin, the index being 34 per
eent,

Case 41,

This was a man aged 71 who had suffered
for 12 months from jesundice due to cercinoms of the
pancreas. He was admitted to hospital in a moribung
condition end died three days lester. During his
stay in hospital he vomited small quantities of
blood on several occasions, and autopsy revesled an
extensive haemorrhage into the stomach.

It was only poesible to carry out one
prothrombin estimation on this patient, on the day
of his edmission to hospital, The prothrombin
index at that time was 21 per cent.

Cese /
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Case_ 44,

This was & woman aged 44, who for three
monthe had suffered from enorexia, loss of weight
end jeundice, She proved to have multiple meta-
stetic growthe in the liver, secondary, it was
thought, to & primery cercinoma of the common bile
duct.

Whilst under observation end awaiting
operstion, she developed & severe epistasis - an
occurrence to which she was not usuelly subject -
and two days leter she was noted to have sustained
a considerseble hasemorrhege into the subcuteneous
tissue of the thigh.

No prothrombin estimation was performed
at the time of the heemorrhages, but & week lster
(2 deys after exploratory laparotomy) the index was
found to be 44 per cent. It is a ceurious fact theat
in this case operation ceused no further haemorrheage.

Case 47,

This wes & woman aged 48, suffering from
jsundice of 4 weeks' duration, the result of impsac-
tion of a stone in the lower end of the common duct.
Operation was performed, and drainsge of the duct
established. Three days after operation there was
a considerable heemorrhage from the uterus, and this
was repesated at intervels during the subsequent five
days. No special trestment for the bleeding was

cerried out.

Prothrombin estimations had not been
done before operation, and the initial estimation
was carried out on the 4th post-operative day @hilst
the bleeding was in progress), At this time the
prothrombin index was <& per cent, Three deys
later it had risen to 37 per cent. After a further
period of four dsys, when the bleeding hed cesased,
the index had risen to 71 per cent. Subsequently
it ettained the normal level and no further heemorr-

hage took plsce.

Thus /
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Thus in all six cases there was a
considerable deficiency of prothrombin. The pro-
thrombin index at the initial examination, and the
index at the time of haemorrhage, is shown in Table
18,

The wvalue of the prothrombin index
ge & guide to the bleeding tendency is illustrated
further in Teble 19, which refers to the whole series
of 20 ceases of obstructive jsundice in which pro-
thrombin estimations heve been carried out. The
cases in this table hasve been arranged in order
according to their initial prothrombin content
(middle column). It will be seen that no case with
a prothrombin index over 60 per cent. sustained a
haemorrhage, whereas of the 13 cases with prothrombin
index below 60 per cent., no fewer then five
developed this complication, Moreover, of the
remaining eight cases with prothrombin index below
60 per cent., six were not submitted to operation
end thus escaped that most rigorous test of the

bleeding tendency.
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IX. THE CAUSE OF THE PROTHROMBIN DEFICIENCY;
A LACK OF VITAMIN K.

In seeking the cause of the prothrombin
deficiency in jesundice we must bear in mind the fact
that 2 similaer prothrombin deficiency heas slsc been
shown to be responsible for the bleeding tendency
observed in certein cesses of externel biliery fistuls
in which the whole biliary secretion is lost for =
prolonged period. This observation was first mede

by Hewkins and Brinkhous(27) and I have been gble to

confirm it as shown in the following two case records,
!
Case 15. ;
This waes & women aged 70, who geave a
history of jsundice of 5 weeks' duration, insidious
in origin, painless and progressive (see Chart 14).
She proved to heave & carcinome of the pancress, and
in view of her critical condition I performed e
cholecystostomy, draining the bile externally. The
jeundice graduslly feded and 15 weeks later a
cholecyst-gastrostomy was performed in order to re-
direct the bile beck into the alimentary tract.
Prothrombin estimations were begun 10 weeks sfter the
cholecystostomy end subsequently were carried out =zt
weekly intervels, During the continusnce of the
biliery fistule the prothronmbin index remained at
sbout 40 per cent,, except at one estimation when it
reached 60 per cent. When the bile was redirected |
to the alimentery trect the prothrombin index rose ]
rspidly end within a week it had regasined the normal |
level. _ i
|

Case /
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Case 2<.

This was a man aged €61, who gave a
history of painless, insidious jeundice of 7 weeks'
duration. He also proved to have s carcinoma of
the pancreas (see Chsert 15). After a fortnight's
observation he was submitted to operstion and again
a2 cholecystostomy was performed. His whole biliary
secretion was then discharged externally for &
period of 67 days, at the end of which time the bile
wes redirected to the alimentary trect by the per-
formance of a cholecyst-gastrostomy.

His prothrombin index on admission

was ok per cent. After establishing the biliary
fistula and despite a wide variety of therapeutic

measures the index never rose sbove 72 per cent.
Once the biliery flow was directed into the alimen-

tary tract the prothrombin index repidly rose,
attaining the normal range within 14 days,

Thus & prothrombin deficiency is found
in two distinet conditions - jaundice and biliary
fistula.

Now it is clear that one important
feature which these two conditions have in common is
that no bile resches the alimentary tract - in one
case it is demmed back in the bile passages, in the
other it escapes externaslly - and thus its diges-
tive value is lost. This suggests that the
prothrombin deficiency may be due to fsaulty absorp-
tion of some substance from the intestinal tract
owing to the leck of bile.

Now /
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Now the earlier work of Dam(16) in
19&4 had dreswn attention to yet another condition
essociated with a prothrombin deficiency. This is
e disease of young chickens cheracterised by the
development of subcutaneous and intresmuscular
haemorrheges. Dem and his colleegues have shown
beyond all possible doubt that this disease is the
result of a dietary deficiency. It cen be produced
by feeding the chicks on & diet lacking in certein
substances and can be cured by supplying these
substances. Accordingly, they attributed it to
deficiency of a2 "Koaguletions Vitamin" - Vitemin K.
From this work it is an essy step to assume that =
similar vitemin is lacking in jeundice, not in thie
case by deprivation from the diet, but 2z & result
of fgulty ebsorption in the gbsence of bile,

On the basis of this essumption, in
1027 Butt, Snell snd Osterberg(l9) et the Mayo Clinid
suggested thet vitamin K. should be sdministered in
Jeundice, and since then preparations reputed to
contein this substance heve been put into wide |

clinicel use in Americse. Favoureble reporte on the

velue of this form of therapy heve been published by |
l

Brinkhoue, Smith and Warner(ﬁ)in Americe, &nd Dam i
and Glavind(le)in Denmark, snd recently the Mayo J
Cliniec workers(ll)heve published & review of their

experiences,



X. THE THERAPEUTIC EFFECT OF VITAMIN K. IN JAUNDICE,

I have made observations on the effect
of administering =a prepération reputed to contain
vitemin XK. in four of the cases of my series - three
ceses of jaundice and one of biliary fistula. The
preparation used has been Cerophyl, supplied by the
Americen Dairy Company. This is & preparation
obtained from elfsglfa grass, end in addition to
vitamin K. it is reputed to contain meny other sub-
stances including vitamins A. and C. Due care must
therefore be observed in interpreting the results

obtained as being attributable to any one constituent,

Case Z5.

This was a woman aged 50, who gave a
history of painless, insidious jeundice of five
weeks' duration. She had previously had one breast
removed for carcinome, and the jaundice proved to be
due to the pressure of a2 solitery metastasis on the
common bile duct. On admission to hospital she had
s prothrombin index of 58 per cent. (Chart 11). She
was kept under observation for ten days and during
the latter half of this period bile was administered,
(5 ounces deily) by stomach tube, without influencing
the prothrombin deficiency. Cerophyl was then
edministered, the dose being 2 drachms thrice deily,
and the edministration was meaintained for sixteen
days. During this period a considerable rise in
the /




the prothrombin content took place, the index
reaching the normal level and then fluctuating
between B0 and 90 per cent.

Twenty-seven deys after asdmission
lepsrotomy was performed; the malignant mase wse .
detected end in view of the patient's grave condition
the gellbledder was drained externslly, The edminis-
tration of Cerophyl was stopped at this point. |

After operestion the pstient did not
improve and there was clinicel evidence of e
progressive impairment of hepstic function. Desth |
took plece eight days leter.

The prothrombin index fell repidly
efter operetion and on the seventh dsy it wss
| reduced to 28 per cent. A transfusion of citrated
blood hed only & very small effect on the prothrom-
bin index.

In this case the sdministrastion of
,Ceyophyl thus sppeared to raise the prothrombin
[index before operstion but did not meintsin this
effect zfter operstion when the administration hsd
been stopped. This experience appeared to suggest -
(1) that the storage of prothrombin was highly
|deficient, end (2) that the administration ¢f the
|vitamin should be continued during the post-operstive
Iphase.

| Cese 27.

: This was & mezn aged 55, who wse
|edmitted to hospitel with a history of jesundice of
four weeks' durstion. The jeundice proved to be
!due to the presence of a cercinome of the psncress,
On admission to hospital he had a prothrombin index
of 18 per cent. (Chart 12) the lowest figure in the
\series, After four days' observetion Cerophyl wze
\edministered (2 dreme thrice dsily). Seven dsys
|leter the dose wae doubled end z bile sslt prepsrz-
|tion (10 grsins Bilron thrice daily) wae given with
'the object of fsciliteting sbeorption. During thie

'period /
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period the prothrombin index rose from 18 per cent,
to 50 per cent. At this atege, cholecyst-
gestrostomy wes performed. There was a small post-
operative fell in the prothrombin index to 32 per
cent,, after which it rose rapidly, attaining the
normel renge within six days of operation.

|

A fortnight later, however, it was
noted that the prothrombin index had again fallen -

to 44 per cent., - and at this stage it was slso
clear that the jaundice had not been relieved by
the enastomosis, It subsequently was found theat

the cholecyst-gastrostomy had been ineffective in
relieving the jaundice owing to encroachment of the

growth up the common duct and occlusion of the
termination of the cystic duct.

After a further periocd of observation
for ten days, when the prothrombin index proved to
have fallen still further to 28 per cent., the
Cerophyl was again administered, with bile salts.
Following the administration, in seven days the

prothrombin index rose to 90 per cent. After =
further period of a week a second operation was
carried out, and the dilated common duct above the
growth was anastomosed to the stomach. Following
this operation which proved effective in overcoming
the jaundice there was again a transient fall in the
prothrombin index to 34 per cent. after which it
again rapidly ettained the normal figure.

In this case the administration of
Cerophyl on two occasions was followed by an
immediate rise in the prothrombin index.

Case 28.

This was a man aged 60, who had
suffered from jaundice, painless in origin and
progressive, of seven weeks' duration. He was
believed to be suffering from carcinoma of the head
of the pancreas, but the diasgnosis could not be
confirmed by operation or autopsy.

On his admission to hospital the
prothrombin /
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prothrombin index stood at 46 per cent.(Chart 16).
Cerophyl wes administered (2 drams thrice daily) end
the administration wes meinteined for 40 days. Aften
'the first 21 days, bile salts were also given. ,
|During this period the prothrombin index rose '
|progressively atteining the normal figure on the
[36th dsy after admission. On the 44th dey after
admission the Cerophyl was discontinued, the
administration of Bilron being mainteined. From
this point onwards a progressive fall in the pro-
thrombin index was noted and on the 57th day, when
the patient was dischearged from hospitel, the
prothrombin index was 41 per cent,

Thus, in this case administration of
Cerophyl wes followed by a progressive elevation of
the prothrombin index to normal, whilet cessation of
the administretion was followed by a progressive
fall to the original level.

Case 22,

This was & man aged 61, who also
complained of jeundice which proved to be due to
carcinoma of the pancress. On his admission he was
deeply jaundiced and very debilitated, and according-
ly the cperation was limited to external drainage
of the gallbladder.

After a period of €7 deys his condition
was sufficiently improved to justify a further
operstion in which cholecyst-gastrostomy was perform-
ed, the bile being thus redirected to the zlimentary
traet, Thus, for a period of 67 days there was a
complete external biliasry fistuls,

On his sdmission to hospital the pro-
thrombin index wes 52 per cent. (Chart 15). After
nine days' observation Cerophyl and the bile salts
preparetion were administered and the administration
wae maintained for 7 days. During this period the
prothrombin index at first fell to 34 per cent. and
then rose to 67 per cent. Subsequently, whilet
the biliery fistules was present, Cerophyl was again
administered for two periods of 7 and 1l days
respectively. In the latter period & ounces of bile

were /
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were administered daily by stomach tube with the
object of promoting absorption of the vitamin.

On both occesions, however, the treatment appeared
to have little significant effect upon the pro-
thrombin index. Yet, after performance of the
second operation, when the bile had been redirected
to the alimentary trasct, the prothrombin index

rose spontaneously and within fourteen days
attained the normal range.

Thus, in this case of biliary fistula
the Cerophyl sppeared to be without effect.
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XI. THE NATURE AND MODE OF ACTION OF VITAMIN K.

During the past few years much work has

been carried out by Dam and Glavind(l7’19)and by

Almquistgl’ 56) Doisy(64)

and their respective
colleagues to determine the distribution and charac—.
ter of the coagulation vitamin,

In such experiments the presence of the

vitamin has been judged by its effect on young

chicks. In the "therapeutic assay" the chicks are

put on & vitamin-free diet until the bleeding

tendency develops, and the substance to be tested is
|

then added to the diet, its effect on the bleeding
tendency being noted. In the “prophylsctic assay" :
the substence to be tested is added from the first,
the results being compared with those in a control |
series of chicks fed on a vitamin-free diet alone,
Dam and Glavind hsve shown that vitamin

X. is widely distributed, especially in gresses,

. green vegetables and the leaves of seversl varieties

' of tree. One of the most plentiful sources of the |

vitemin is alfelfa grase and this has been the

| source from which it has been obtained for clinicsl |

use, /
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use. The vitamin has also been found in moderate
amount in cebbage, spinach and tomatoes. Recently
Dem and Glevind(lg) have claimed that it may be
obteined most abundantly from horse-chestnut leaves,

Osterberg(se)at the Mayo Clinic hsas
obtained the vitamin from putrefied fish meal end
has used this substance for clinical use., He clsaims
that putrefaction increases the amount of vitemin
present, and on the basis of this observation hsas
suggested that one source of the vitamin in man may
be from intestinel putrefaction.

Recently attempts have been made to
obtain the vitamin in pure form by extraction.
Doisy and his colleagues(64) claim to have isolated
it in a crystelline form from alfalfa by extraction
with petroleum ether, absolute alcohol and acetone,
The crystals thus obtained were smsall, well formed,
trensperent, colourless plates, melting at 69° C.

Almquist(l) has isolated the vitamin

in a relatively pure form from alfalfa, using a

process which taskes advantage of the high solubility |

of vitemin X. in absolute methyl alcohol. By this
method he clasims to have obtained a erystalline

substance /



76

f

|

| substance of low melting point, which appears to
contein one or more benzene rings.

| The observations recorded on other
pages appear to afford evidence in support of the
claim that vitamin K. is concerned in the formation
of prothrombin, but they give little information
regarding the manner in which this effect is
achieved. Since so little is known of the charac-
ter and chemical constitution of either the vitamin
or prothrombin, it is clear that their relationship
must remain largely hypothetical. Thug, it 1s not
known if the vitamin after absorption is converted
into prothrombin or combines with some other sub-
stance to form prothrombin; or, on the other hand,
if its action is an indirect one, stimulating the
synthesis of prothrombin or mobilizing it into the
blood from some place of storage.

In health, as my own observations show,
the prothrombin content of the blood is remarkably
constant; moreover it is quite unaffected by
operation or by the loss of & considerable quantity
of blood. Thus it is clear that normally an

adequete reserve of prothrombin is available both

to cover periods of reduced vitamin-intake and to

compensate /
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compensate for sudden loss in heemorrhage.

In jaundice, on the other hand, it is
8 striking feature that the prothrombin content of
the blood undergoes considersble daily variation.
This is particularly evident in the few days after
operation (see Case 25, in which the prothrombin
index fell from 90 per cent. to 28 per cent. in
seven days) but it is also seen, to a lesser extent,
in jaundiced persons receiving no special treatment.
From this it would appear that in jaundice the
storage of prothrombin - or perheps the storage
of its precursor, the vitamin - is defective.

Thus the benefit resulting from the
administration of the vitamin in jeaundice may be
due to replenishment of depleted reserves, It does
not necessarily indicate that the prothrombin
deficiency in jaundice is due to faulty absorption
of the vitamin in the absence of bile; it does not
even indicate that man is normelly dependent upon
an exogenous supply of the vitamin. It merely
demonstrates a method by which the prothrombin

deficiency in jeundice may readily be overcome,
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TABLE 1.

Fregquency of Hsemorrhage in Jaundice.

Petrén (51)

Tennesen

e - Z
Judd &nd (“

Mzrehell

Revdin (53)

Totesl

(63)

1)

- & 8

Operations on Totel Deaths from
jaundiced subjects.| Desths.| Hzemorrhsge.
1891 231 30
549 g0 4
1181 108 12
185 23 g
3776 44z 61
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TABLE 2.

Sites of Haemorrhege in 12 Cases of Jaundice.

Case No.

1%

4%

7 %

8%

10%*

15

5%

26%

27

41*
44

47

Disesse.

Caercinoma Psncress

Carcinoma Bile Ducts

Cercinoma Psncresas

Stone in common duct;
Cholangitis

Carcinoma Pancreas

Carcinoma Pancreas

Metastatic Carcinoma

Stricture common duct;
Cholangitis

Carcinoma Pancreas

Carcinoma Pancress

Metestatic Carcinomsa

Stone in Common Duct

Operation. Site of Haemorrhage
Cholecyst- Stoma
gastrostomy Intestines

Wound
Exploration Nose
Stomach
Intestines
Wound
Skin
Intestines
Skin
Intestines
Cholecyst- Stoma
gastrostomy Intestines
Wound
Cholecystostomy Nose
Gellbladder
Wound
Cholecystostomy Wound
Stomach
(1) Cholecyst-
gastrostomy
(2) Choledoch- Youic
gastrostomy
Stomach
Nose
Subcutaneous
tissue
Drainage of Uterus

common duct

* Death in hospital following haemorrhage.
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TABLE 3.

Duration of Jaundice in 56 Cases with Postoperative Haemorrhage (Petrén).

Durstion of Jaundice No. of Ceases.
Less then 1 month 19

1l to 2 months 2

2 to 4 months 6

4 to 6 monthe 3

Over 6 months 8
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TABLE 4.

Durastion of Jsundice in 50 Cases (Present Series)
Including 12 Cases with Heemorrhage.

Duration of Jeundice.| Total Cases. | Cases with Hsemorrhege,

Lese then 1 month 22 2
1 to £ months 14 3
2 to 4 months 9 2

Over 4 months 5) 4




TABLE 5.

Duration of Jaundice in 31 Unoperated Cases (Present Series)

Including & Cases with Haemorrhage.

Duration of Jaundice. Total Cases. Cases with Haemorrhage.

Less than 1 month 18 ik
1 to 2 months 3 0
2 to 4 months 7 2

Over 4 months 3 2
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TABLE 6.

Relation of the Bleeding Tendency to the Depth of Jaundice (Walters)(es)

Grade of Jaundice. | Total Deaths. | Deaths from Haemorrhage.

1 (Slight) 5 1
2 9 4
3 6 3

4 (Deep) 9 7
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TABLE 7.

Relation of the Bleeding Tendency to the Depth of Jesundice (Present Series).

Icteric Index. Total Cases. Cases with Haemorrhage.
50 or under 11 1

51 to 100 21 5

lOi to 150 13 5

Over 1560 5 : 4
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TABLE 8.

Reletion of the Bleeding Tendency to the Depth of Jaundice

in 30 Unopersted Cases. _(Present Series).

Icteric Index. Total Cases. Cases with Hasemorrhage.
50 or under 6 0

51 to 100 14 1

101 to 150 6 3

Over 150 4 1
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TABLE O,

cause of the Jaundice in Cases of Postoperative Haemorrhage (Petrén; Boland).

petrén'®) | polana(®)
Stone in common duct 28 12
Carcinoma of Pancreas 11 14
Carcinoma of bile ducts 10
16
Carcinoma of gall-bladder 2
Various 7 8
Total eiea 58 50
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TABLE 10.

Cause of the Jsundice in 12 Cases with Hsemorrhage. (Present Series).

Do

Stone in common duct

Carcinoma of pancreas 6

Carcinoms of bile ducts 1

tas)

Metastatic Carcinoma

Stricture of common duct with Cholsngitis 1
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TABLE 11.

Capillary Resistance Test in 20 Cases.

Total Cases. Cases with Haemorrhsage.

No Capillary Fragility 14 2
Capillary Fragility 6 2
Temporary 3 1

Prolonged o) 1
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TABLE 12,

Vitemin C. Tolersnce Test (Case 15).

Urine. Ascorbic Acid Content.
Preliminary
sample 40 mgm.

After Redoxon 46 mgm.,




TABLE 1a.

Serum Volume in 13 Jaundiced Cases,

Case_ No. Volume of Serum from 10 ccm. blood.
4 % 4e 3
) 4.1
6 39
7 % 4.6
8 50
9 3* 0

10 = 31
11 38
12 2+ 8
13 3° 3
14 3.0
15 54
16 * 5 8

* Indicates Cases with Hasemorrhsage.
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TABLE 14.

Prothrombin Index in 14 Csses of Toxic Jsundice.

Case No.

18
21
43

[av]
3}

0o
W0

Disesase.

Catarrhsl Jsundice

" i

" "

n "
v L
" "

cause
Toxic Jsundice (unknown)

Chronic Hepstitis

Cetarrnsl Jsundice

" "
" "

Subscute Yellow Atrophy

Toxic Jeundice (ufigaown)

Fetel Puerpersl Toxeemia

Prothrombin Index(%).

107
100
100
98
91
83
83
76
76
74
70
6%
55




TABLE 1b.

Prothrombin Index in 20 Cases of Obstructive Jaundice.

Case No.

24
31

40

35
32

37

25
23
22
46
48
28
44
50
39

26

47

41

Disesase,

Carcinoma of Pancreas
Stone in common duct
Stone in common duct
and
Carcinoma of Pancress
Carcinoma of Psancress
Metastatic Carcinoma
" L1}
Carcinoma Common Duct
Metastatic Carcinoma
Carcinoma of Psancresas
" "
Metestatic Carcinoma
Stone in common duct
Carcinoma of Pancreas
Metastatic Carcinome
Carcinome of Pancreas

L1 1w

Stricture of Common
Duct with Cholengitis

Stone in common duct

Cercinoma of Pancreas

L] AL

Prothrombin Index (%).

100
100

100

83
80
71
71
58
o4
o2
51
49
46
44

42

<3

23

18
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TABLE 16,

Relation of Prothrombin Deficiency to Depth of Jaundice.

Prothrombin.
A s Modereate Merked
Icteric ‘-Index. Total Cases. Normel. peficiency. | Deficiency.
50 and under 9 6 2 1
bt to 1600 14 0 T I
Over 100 13 2 6 3
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TABLE 17.

Relaetion of Prothrombin Deficiency to Duration of Jaundice.

Dureation.

Under 1 month

1 to 2 months

2 to 3 months

Over & months

Prothrombin.
Total Cases. Normal. | Moderete Marked
" |Deficiency.| Deficiency.
19 7 8 4
8 0 6 2
5 1 il 3
2 0 Al 1
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TABLE 18.

Prothrombin Index in € Csses with Heemorrhsge,

Initizl Index
Case No. Prothrombin at Time of
Index. Haemorrhsge.
% %
25 58 50 £nd under
26 23 1e
AT 1l& 2z
41 21 21
Ll 44 5
47 23 28
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TABLE 19.

Incidence of Haemorrhage in 20 Cases of Obstructive Jsundice.

Case No. Prothrombin Index. Haemorrhage.
24 100 0
31 100 0
40 100 0
35 100 0
32 80 0
37 71 0
42 71 0
25 58 +
33 54 0
22 52 0
46 51 0
48 49 (6]
28 46 0
44 44 +
50 42 0
39 3 0
26 23 +
47 23 +
41 21 0
o7 18 v
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TECHNIQUE AND INTERPRETATION ;
OF QUICK'S PROTHROMBIN TEST.

According to Morswitz's theory.(45)
the normel clotting of blood proceeds in two

phases: -

1. The prothrombin content in the plasma is

activaeted by thrombokinase (derived from tissue

juices, damaged cells or platelets) in the
presence of cglcium to form thrombin.
2. The thrombin thus formed converts the soluble

fibrinogen into insoluble fibrin or clot.

The whole process occurs primarily in
the plesma; the erythrocytes and white blood cells
are merely entsngled in the spreading network of
fibrin.

It has been shown that the first phsase
of clotting is the critical one in nearly gll
haemorrhagic disorders. Variations in the fibrino-
gen content have little or no effect on the clotting

provided 2 certein minimesl amount is present - a

state /
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-y

state of affesirs regularly observed in jsundice,

ar

L

{

The bas of Quick's prothrombin test

Yol
th

m

is to add to the blood being tested sn excess of
those elements required for thrombin formsztion
except prothromtin - i,e., &sn excess of thrombokin-
gee gnd cealcium. The rete of thrombin formation -~
end consequently the rste of clotting - will then
very sccording to the smount of prothrombin present.
The sctual technigue is ss follows.
Blood from & vein is oxslsted to permit transfer
to the lsborstory. It is then recelcified by
edding an excess of cslcium chloride, whilst &n
excess of thrombokinsse is supplied in the form of
en extrasct of brain. We zlresdy know that
fibrinogen ie present in excess - 2nd estimestion
of the Tfibrinogen should be carried out in every
cagse - o the only verisble is prothrombin,
Under these conditione, normzl blood clote wvery
repidly -~ in from 20 to 40 seconds, verying with
the ssmple of brein - wheress blcocod deficient in
prothrombin mey tszke three or four timee as long fo

clot. The prothrombin index ie then estimsted as

e percentege of the normeal, Thuse, 1f normel blood
takes 30 seconds to clot, and Jjsundiced blood

takes /
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takes 60 seconds, the prothrombin index is 50 per
cent.

The venous blcod is obtained by syringe,
end 4.5 ccm. are added immediately to 0-6 ccm. of
a M/10 solution of sodium oxalate in water. The
oxaleted blood can be stored for two or three days
(not longer) in a refrigerator.

The preparation of thrombokinase is
mede from brain tissue, obtained conveniently from
the sutopsy room. After removal of the meninges
and vessels, the brein is thoroughly washed to
remove 8ll blood, and is pulped and ground into a i
uniform paste. It is then spread in a thin layer
over sheets of glass, end dried by a hot electric
blower. The dried brain is scraped off and stored
in a well-stoppered bottle. Its thrombokinase
activity does not appear to deteriorate with keeping,
Immediately before use, 2 g. of the dried brain
emulsified in 10 ccm. of physiological saline
solution, snd incubated for 15 minutes at 37° C.,
after which it is filtered through gsuze to remove
coarse fragments.

The cslecium solution consiste of M/40

calcium chloride in distilled water. It should be

made /
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mede up in bulk and stored for & few dsye before
use,

For the sctual estimetion, 0-1 cem. of
blood plesme end 0.1 ccm, of the brain emulsion sre
pipetted into & clean dry test-tube. 0.1 cem, of
calcium chloride solution is then sdded, snd the
tube is immedizstely immersed in & water bath at
z7° C., wvhere it is sheken vigorously for s few
momente and then rocked gently until the mixture
cosguletee. The time in seconds (mezsured by stop-
watch) from the moment of edding the czlcium to the
moment of cosgulztion constitutes the prothrombin

time, end by compering this with the clotting time

of & control plesmz (which should slweys be estime-

| ted &t esch sitting) the prothrombin index msy be

chbtzined.

Significence of guick's Prothromwbin Test.

It is clezyr that the estimstion

desceribed sbove 1is a test of some factor cother than

| throwbokinsse snd calcium concerned in the

elsboretion of thrombin; snd on Morswitz's theory,
the miseing fector cexn only be prothroabin, The

possibility /
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possibility must be considered, however, that
Morawitz's theory is incomplete, in which case

Quick's test may have some other significance. For

example, an sbnormal finding might be due to an
excess of anti-prothrombin or anti-thrombin, rather
than to a deficiency of prothrombin.,

To determine these questions the
blood in jaundice was compared with normal blood
to which a solution of Heparin (enti-prothrombin or
anti-thrombin) had been added, as in the following

| experiments.

(1) Quick's prothrombin test was
carried out, using normal blood plasma to which
varying amounts of a 0-5 per cent. solution of
Heparin (Roche) had been added. The results seen

in the following Teble were obtained:

TABLE.

Mixture. Clotting Time.
Plasma only 30 secs.
Plasma + 0:0l ccm. Heparin 46 2
Plasma + 0056 " & 56 A
Plasma + O0-1 & i (6 9]

This /




102

This experiment thus showed that s
| lengthening of the clotting time as estimated in
' Quick's test does not specificszlly indicste =

reduction of prothrombin, for it may be produced

oy the sddition of snti-prothrombin or snti-thrombin.

(2) Quick'’s prothnrombin test wss

cerried out on plasmz obtsined from & heslthy

n

subject before and efter the sgdministrastion of |

%]

0,000 units Heparin (Roche) intravenouely. The

tizl cosgulstion time =8 estimated by Quick's

f=h
J=h

n
method was 20 seconds; the cosgulation time
15. mimmtes z2fter the zdministration wes rasised to

| 42 seconds.
|
{
|

This experiment thus confirmed the
| previous finding that Quick'’s test is not specific
|

| for prothrombin deficiency.

(z) It wes thought thst further
inforustion might be obteined by noting the effect
‘@f edding Protemine to blood,

f 1t has been esteblished (Chargeff and

' 0120on(28)) thet slthough Protemine inbibite clotting
| in normel blood, Protemine edded to blood rendered |
| imecosguleble by mesns of Heparin hss the reversee

I
| effect / {

| |
|
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effect of promoting clotting. This effect is
believed to be due to the formastion of an insoluble
compound of Protamine with Hepsarin.

It esppeared that this observation
might be used to test the significance of Quick'e
method ss &pplied to jaundice. If, as Quick
scssumed, the feulty cosgulstion of jesundiced blood
ie due to & deficiency of prothrombin, the addition
of Protamine should have little effect; if, on

the other hsnd, the fsulty cosgulation is due to an

| excess of snti-prothrombin or snti-thrombin, the

gddition of Protamine might be expected to precipi-

tcte the snti-subetznce gnd thus zccelerste

j clotting.

(2) The firet etep wee to confirm the
observation thet Protamine zntegonisee the anti-
coagulent effect of Heparim,

Lecordingly, to C-1 cem. of oxglated

| normal plasme were added equal smounts of brain-

| thrombokinese emulsion, celcium chloride solution,

end 0-5 per cent, Heparin sclution. Three such
tubes were eel up; in ell of them the Heparin
completely inhibited coaguletion. Three similsay

tubes /
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tubes were then set up and to easch was added 0+1 ccm
of 0-025 per cent. Protemine solution; clotting
took place in 70 seconds, 90 seconds, 85 seconds,

respectively,

" (b) The next step wes to determine if
the addition of Protemine to plasme from a jesundiced
petient with bleeding tendency would have a similar
effect in promoting coagulation.

To 0.1 ccm. of oxelated plasma from
such a patient, (Case 27), were added equal amounts
of brain-thrombokinase, calcium chloride and
physiological saline solution (i.e., Quick's pro-
thrombin test was carried out with the addition of
0-1 cem. of physiologicel saline). Three such
tubes were set up; they underwent coagulation in
52, 53 and 56 seconds respectively. In three similax
mixtures in which the physiological saline was
replaced by 0-1 ccm, of 0-025 per cent. Protamine,

coagulation occurred in 63, €0 and 63 seconds

respectively.

This experiment indicates that Protas-

mine does not accelerate but rather delays clotting

in [

4
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in jsundiced blood. It therefore gives no support
to the view that the delayed clotting in jaundice
might be due to anti-prothrombin or anti-thrombin.
It confirms that Quick's test is, as claimed, =a
method of estimating the prothrombin content of

the blood.

Reliebility of Quick's Prothrombin Test.

Unlike the ordinesry methods of estime-
ting the coagulstion time, Quick's prothrombin
test is & highly satisfectory one to work. It is
reasonsgbly simple to cerry out, the end-point is
exact, and the figures obtained in normal controls
ere notably consistent.

The Cherts 17 and 18 show the results
obtained in two series of control estimations on
plasma from non-jaundiced patients suffering from
& variety of ecute and chronic diseases (excluding
disesses of the biliary trect). It will be seen
that the normel range lies within narrow limits.

This is especielly seen in the second series,

which /
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which consists of observetions geined sfter we

hed had some experience of the test,. In this
series, the normel “prothrombtin time"™ lay between
24 and 35 seconde, whilet in 3€ of the 54 caeep

it 1ley within the narrow range of 28 to 32 seconds.
| These figures compare strikingly with those
obteired in prothrombin-deficient bloods, where the
“wrothrombin time" mey be 70 or 100 seconde or

mOore.

It ehould be noted thaet the figures
given sbove szre of estimations using two gamples
of brein, z2nd thet the normsl renge in the two
ceries differe considersbly. Different brsing
very grestly in their thrombokingse content and
the normel figure for esch brein must therefore
be estimeted before zpplying the test, B8ince,

however, 2z single brein suffices for from 200 to

00 estimstions, thie involves no specisl difficulty.
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