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England)

(Submitted for publication February 8, 1954; accepted May 26, 1954)

The treatment of tuberculous meningitis is fre-
quently hindered by the formation of exudate
within the ‘cerebrospinal spaces. This exudate
may obstruct the cerebrospinal circulation and give
rise to the complications of subtentorial, basal cis-
tern, and spinal block. Furthermore, the presence
of exudate predisposes to the occurrence of tuber-
culous arteritis, which is responsible for the cere-
bral and spinal cord softenings frequently found
in this disease (14).

Cathie (5) introduced the use of intrathecal
streptokinase to prevent the formation of, and to
remove exudate. It was hoped that the use of
this agent would reduce the incidence of complica-
tions, render chemotherapy more effective, and
lessen the likelihood of relapse. Clinical trials in
tuberculous meningitis with streptokinase have
yielded contradictory results (6-9). The majority
of investigators believe that its value remains un-
proven.

Streptokinase has no intrinsic proteolytic prop-
erties, but activates a precurser plasminogen to
form a proteolytic enzyme plasmin, the action of
which may be inhibited by body fluids (10). Strep-
tokinase was used in the treatment of pleural in-
fections by Tillett and Sherry (11), who showed
that clinical response was dependent upon the dem-
onstration of adequate fibrinolytic activity in these
fluids. Investigators interested in intrathecal
treatment have relied upon clinical response to
assess the adequacy of the dose, and have for the
most part employed a dose of 100 Christensen
units (600 Cathie units) of streptokinase for in-
trathecal use.

The development of methods for the measure-
ment of the various components of the plasmino-
gen-plasmin system in biological fluids (12) led
Fletcher (13) to determine the composition of the
cerebrospinal fluid with respect to these compo-

1 Present address: Dept. of Medicine, New York Uni-
versity—Bellevue Medical Center, New York 16, N. Y.

nents in normal persons, and in patients suffer-
ing from tuberculous meningitis. He showed
that although the addition of streptokinase in suffi-
cient quantity to cerebrospinal fluid in tuberculous
meningitis would always produce fibrinolytic ac-
tivity in the fluid, the concentration required was
sometimes greater than could be administered to
patients for fear of toxic reactions. Moreover,
the administration of relatively large doses of
streptokinase, shown to be adequate by in witro
testing, frequently failed to produce any free fibrin-
olytic activity in vivo. The evidence indicated that
the irritant action of high concentrations of strep-
tokinase on. the meninges was sufficient to alter
the composition of the cerebrospinal fluid, and to
inhibit fibrinolytic activity. Fletcher concluded
that the intrathecal administration of streptokinase
was only of limited benefit in tuberculous menin-
gitis, and that its use required close laboratory
control.

Hamburger and Biehl (14) using rhesus mon-
keys have demonstrated that the irritant effects of
intrathecal streptokinase produced a marked pleo-
cytosis and a positive Pandy response in the cere-
brospinal fluid, although the monkeys remained
well.

It seemed that many, although not all, of the
difficulties encountered with the clinical use of
streptokinase were due to its role as an activator
rendering its action entirely dependent upon the
composition of the cerebrospinal fluid. The use
of the enzyme itself, plasmin, rather than the ac-
tivator, streptokinase, might be expected to offer
certain advantages in therapy. The present com-
munication describes the preparation of partially
purified plasmin, and the clinical results following
its use in tuberculous meningitis.

MATERIALS AND METHODS

A single batch of streptokinase-streptodornase (“Vari-
dase” Lederle, No. 7-1089-121A) was used throughout.
The relative proportion of streptokinase to streptodor-

1242



THE INTRATHECAL USE OF PLASMIN IN MAN

nase was high, each ampule containing 148,000 units of
streptokinase and 17,000 units of streptodornase. The
methods of measurement for the components -of the plas-
minogen plasmin system have been described in a previous
publication (12) and were recorded in Christensen units
(15). Nitrogen determinations were made by a con-
ventional micro-Kjeldahl method.

Préparatwn of plasminogen

All preparations were kept i m the cold room at 4°C
whilst procedures with ether were carried out at 0°C. To
insure complete precipitation, a period of 12 hours was al-
lowed to elapse between each precipitation step, and sub-
sequent centrifugation, which was performed in an Inter-
national PR-1 angle head model at 0°C. Upon. occasion,
in the absence of ether, the temperature was allowed to
rise to 20°C, to speed the solution of precipitates.

Blood (four, to six weeks old) from the. bank, pre-
served in glucose citrate mixture, was centrifuged in an
Alfa‘Laval -model.  Bottles showing obvious contamma-
tion or gross hemolysis were discarded. :

Ether (100 mlL) was slowly added, with stu'rmg, tol
liter of plasma contained in an ice bath (16). The pre-
cipitate was discarded, and a further 150 ml. of ether
was added to the supernatant, the mixture was placed in
a bottle and frozen in" contact with solid carbon dioxide
(17). Twelve hours later it was thawed at 4°C, and
centrifuged. The precipitate and the fatty ether layer
were discarded. _

The residue was left overnight in shallow dishes under
a fan in the cold room to remove excess ether, and then
dialyzed against running tap water for 12 hours. It was
then diluted fivefold with distilled water, and the pH ad-
justed to 5.3 with 1 per cent acetic acid. The precipitate
was taken up into 400 ml. of 0.225 M saline, and the pH
adjusted to 7.4 with sodium hydroxide, after the addition
of 20 ml. of 0.1 M phosphate buffer. This solution was
filtered through a Whatman No. 52 paper, diluted ten-
fold with distilled water, and the pH adjusted to 5.3.
The precipitate was dissolved in 300 ml. of 0.15 M saline.
If the material was to be freeze-dried the pH was ad-
justed to 7.4, the final concentration of. phosphate buffer
being 0.005 M; if the material was to be sterilized the
final pH. was 6.7 and the concentration’ of phosphate
buffer was 0:004 M.

Sterilization

Difficulty was encountered in sterilizing the various
plasminogen preparations, since adsorption of material
on to filter pads, and' blocking of filters was frequently
encountered. Filter aids (e.g., celite) were not helpful.
Material. adjusted to pH 6.5 to 6.7 was centrifuged for
one hour at 5000 rpm in an angle head centrifuge, and
then filtered through a Whatman No. 52 paper.
small Seitz. filter (6 cm.) was prepared as follows: 200
ml. of 0.05 M phosphate buffer at pH 6.5, followed by
100 ml. of the preparation to be filtered were passed
through the filter, and then discarded. Prepared in this
manner the filter would now pass 600 to 800 ml. of
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preparation ‘without blocking and without any significant
loss of plasminogen.

Subsequent manipufatidns were performed in a germi-
cidal ultraviolet chamber. ' Sufficient buffer to bring the
pH to 7.4 was added.  Theé preparation was assayed for
plastmnogen (it usually contained 400 to 800 units per
ml. at this stage) and was dxluted to bring it to 100 to
150 plasminogen units per ml. in 0.15 M saline buffered
in 0.005 M phosphate buffer. The requisite amount of
streptokinase was then -added with the temperature at
4°C, and the material was stored at —20°C in screw
capped bottles. The cotitents were’ stable for some
months. Samples from each bottle, taken prior to stor-
age, were planted into a tube of glucose broth and a tube
of chopped meat medium, which were incubated at 37°C
for 10 days, to test for sterility.

Purification ratio and recovery rate

The original serum averaged 100 units plasminogen per
mg. N, whilst the processed material assayed at 5,000 to
10,000 units plasminogen per mg. N, representing a puri-
fication of 50 to 100 fold. The usual recovery rate of
plasminogen was 25 per cent (range 15 per cent to 35
per cent). Equally important from the view of thera-
peutic use was the fact that inhibitor (expressed as
equivalents ug trypsin per mg. N) had not been concen-
trated in the processed material (Sefum inhibited 50 to 60
g trypsin per mg. N, whilst this preparation inhibited 30
to 50 ug trypsin per mg. N).

Plasmin preparations for. inirathecal use

. Earlier work (12 and 13) had shown (a) that while
streptokinase was an irritant to the spinal theca, when
used in concentrations of 10 to 20 units per ml. cere-
brospinal fluid this effect was relatively unimportant,
(b) that where low concentrations of streptokinase were
used on a solution of fixed plasminogen concentration,
the plasmin activity produced was related to the loga-
rithm of the streptokinase concentration, (c) that where
the “optimal” concentration of streptokinase (that pro-
ducing maximum fibrinolytic activity) was wused, the
plasmin activity was related to the cube root of the plas-
minogen concentration, and (d) that when the cerebro-
spinal fluid pathways were obstructed in tuberculous
meningitis, the antiplasmin content of the cerebrospinal
fluid might rise as high as 15 inhibitor units per ml.

These findings were interpreted as indicating that prep-
arations of plasmin for intrathecal use should be acti-
vated with no more than 50 to 100 units streptokinase
per ml, and should contain no more plasminogen than
was required to produce an enzyme activity of 20 to 25
plasmin units per ml.

Plasminogen diluted to 100 to 150 units plasminogen
per ml. and activated with 50 to 100 units streptokinase
per ml.,, fulfilled these requirements. The activity of the
various preparations used in this work ranged from 19
to 27 plasmin units per ml. Each ml. of solution then
contained 0.02 to 0.01 mg. protein N per ml.,~and since
the clinical dose of the material was found to range from
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4 to 15 ml,, a single therapeutic injection contained 0.04
to 0.3 mg. protein N.

The streptokinase used also contained streptodornase,
and this resulted in the plasmin solution containing 5.5
to 11 units streptodornase per ml. This amount of
streptodornase is many times less than that found in our
expenence to be therapeutically effective, and its pres-
ence is not further considered.

RESULTS

Plasmin solutions maintained at 37°C decay at
a substantial rate. Figure 1 illustrates two decay
curves typical of concentrations used therapeuti-
cally. Decay curves similar to those illustrated in
Figure 1 were obtained when plasmin and cerebro-
spinal fluid were mixed and incubated at 37°C.
These data suggested that the duration of effective
fibrinolytic activity én vivo was unlikely to exceed
2 to 3 hours if concentrations of enzyme giving 2
to 5 units plasmin per ml. cerebrospinal fluid were
used. Experimental confirmation of this point
was obtained in. six patients.

A further problem was posed by the fact that
though one unit of plasmin per ml. will lyse 0.5
mg. of human fibrin at 37°C in 30 minutes if the
fibrin is in intimate contact with the enzyme,
fibrin deposited on the meninges will present a
very much smaller surface for enzyme action.
Crude experiments with glass models (13) sug-
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gested that the dose of plasmin should be increased
3 to 6 fold to compensate for this factor.

Although the amount of fibrin deposited intra-
thecally cannot be measured, these considerations
suggested that fairly high levels of plasmin would
be required for successful intrathecal use. It was
thought that one unit plasmin per ml. would prob-
ably represent a minimal level for successful ther-
apy. In practice sufficient plasmin was injected to
provide 2 to 5 plasmin units per ml. cerebrospinal
fluid.

Estimation of the dose required for intrathecal
treatment

The “plasmin” used contained plasmin, plas-
minogen, and streptokinase, whilst the cerebro-
spinal fluid of patients contained varying amounts
of plasminogen, antiplasmin, and low concentra-
tions of anti-streptokinase. The effect of mixing
and dilution upon such systems is complex. Fur-
thermore, the composition of the cerebrospinal
fluid varies in different portions of the cerebro-
spinal spaces.

Figure 2 shows that the composition of the pa-
tient’s cerebrospinal fluid would exert a consider-
able influence upon the level of fibrinolytic activity
produced by the injection of plasmin. The dose
suitable for each patient was ascertained by mixing
plasmin with varying amounts of cerebrospinal
fluid withdrawn from the patient, and after 15

- minutes assaying for fibrinolytic activity. The

dose was calculated by assuming that the injected
enzyme would have mixed after 15 minutes, with
100 ml. of cerebrospinal fluid identical in compo-
sition with that previously withdrawn from the
site of injection. Study of phenolsulphonephtha-
lein dilution curves suggested that the error in-
herent in this assumption should not exceed = 25
per cent. These estimates refer to patients with
a free cerebrospinal circulation. Where a spinal
block was present the volume of cerebrospinal
fluid beneath the block was determined by a
phenolsulphonephthalein dilution method, and cal-
culations were based on this detemination. The
levels of fibrinolytic activity calculated by these
procedures are referred to as the predicted enzyme
levels.
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O — 0O Diluted with buffer.

@®—---@ Diluted with cerebrospinal fluid of low in-
hibitor content (1.2 inhibitor units per ml. 12
plasminogen units per ml.) typical of ven-
tricular cerebrospinal fluid.

Diluted with cerebrospinal fluid of high
inhibitor content (15 inhibitor units per ml.
400 plasminogen units per ml.) typical of
cerebrospinal fluid showing a Froin syn-
drome.

Mode of plasmin administration and method of
sampling

Puncture of the subarachnoid space was made in
the desired location, and the dose of plasmin, usu-
ally 4 to 8 ml., but on occasion as much as 15 ml,,
was diluted with cerebrospinal fluid in the syringe.
The mixture was slowly injected. The syringe re-
mained attached to the needle, and a further two
withdrawals and reinjections were made to pro-
mote mixing. The needle remained in the sub-
arachnoid space, and 15 minutes later, 5 ml. of
cerebrospinal fluid was withdrawn for analysis us-
ing a fresh syringe.

The time of 15 minutes for sample withdrawal
was selected firstly because previous work had
shown that plasmin levels were usually highest at
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this time (13), and secondly because most pa-
tients became worried if a needle was left in the
subarachnoid space for longer. Moreover, three
experiments involving simultaneous ventricular
and cisternal sampling had shown that at least
with respect to these compartments the difference
of plasmin concentrations at the time, was less
than 30 per cent.

Correlation of predicted enzyme values and those
obtained by sampling

Figure 3 shows the predicted and actual plas-
min levels obtained by sampling after injection of
plasmin in 18 patients suffering from tuberculous
meningitis and with a free cerebrospinal circula-
tion. There is a reasonable correlation between
rise of enzyme concentration predicted from in
vitro tests, and rise of enzyme activity found on
sampling. The main interest of these figures is to
show that consistent and high levels of fibrinolytic
activity can be produced in the spinal theca. These
findings differ markedly from those with strepto-
kinase, where in vivo levels were under similar
circumstances extremely low or altogether absent.

Figure 4 shows the predicted and actual plas-
min levels when plasmin was injected below a
spinal block. Despite the high level of inhibitor
invariably present, reasonable levels of fibrinolytic
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activity were produced below the block. However,
the figures suggest that with the present prepara-
tions, high levels of fibrinolytic activity will not
be obtained. These figures are in contrast to those
obtained with streptokinase, where in all cases un-
der such circumstances there was failure to dem-
onstrate any fibrinolytic activity.

The effect of plasmin upon the composition of the
cerebrospinal fluid

The degree of meningeal irritation produced by
the intrathecal injection of plasmin was assessed
by examination of the cerebrospinal fluid prior to,
and 24 hours after an injection. Thirty-three in-
jections (100 to 400 units plasmin) were so fol-
lowed, and the results are shown in Table I.

This table demonstrates that though the injec-
tion of plasmin on occasion results in a marked
pleocytosis and an increased protein content of
the cerebrospinal fluid, the degree of meningeal
irritation produced, as judged in this manner, is
not excessive. The figures for chloride and glu-
cose concentrations were substantially unchanged,
and have not been tabulated.

A. P, FLETCHER

Clinical toxicity

A total of 83 intrathecal injections of plasmin
has been administered to 15 patients, the least
number of injections per patient was 3, and the
greatest number 11. Many of these patients were
gravely ill (some in coma) at the time of plasmin
therapy, so that assessment of the patient’s reac-
tion to treatment had to be made on rather un-
certain grounds.

Undesirable reactions to treatment have been
divided into severe, mild, and not detected. An
unexplained risé of temperature exceeding 2°F
or transient clinical deteriotation was taken as in-
dicating a sévere reaction in unconscious patients.
The same criteria were employed in conscious
patients; severe headache, copious vomiting, diz-
ziness or other disabling symptoms were also re-
garded as indicative of a severe reaction.

Severe reactions numbered 14 (17 per cent of
injections). Case 1 died following a cisternal in-
jection of plasmin, though it is probable that her
death was coincidental. Case 3 apparently be-
came sensitized to the streptokinase component,
and developed a marked pyrexial response to later
injections. Case 5 developed a convulsion during
one injection. Case 6 developed a temporary
spinal fluid block. Case 7 experienced an imme-
diate reaction with mental confusion, tachycardia,
and a flushed skin. These case histories are given
later.

Any unusual symptom or exaggeration of any
symptom previously present was considered a mild
reaction. These numbered 20 (24 per cent of
injections).

No detectable adverse reaction occurred after
49 injections (59 per cent of injections),

The incidence of adverse clinical reaction to

TABLE 1

The effect of intrathecal plasmin upon the patienis’ cerebro-
spinal fluid (33 observations in patients suffering from
tuberculous meningitis, dose 100 to 400 unsits, second
examination 24 hours after the injection)

Number of Observations
. (Change from Patients’ Pre-Treatment Level) .

Nature : Raised Raised
of below Un ed +20% to over

change —20% +20% +100% +4100%

Cells 0 12 12 9

Protein 6 19 5 3
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plasmin appeared to be high, but any untoward
symptom’ was regarded as a reaction. It is pos-
sible that a number of the complaints that followed
the administration of plasmin were not related
to the toxic properties of the preparation itself, but
to lysis of intrathecal exudate ; indeed some of the
reactions to plasmin resembled those seen follow-
ing the intrathecal injection of tuberculin (18).

No case of clinical jaundice was detected in
this series, but further evidence as to the safety
or danger of these preparations with regard to the
transference of homologous serum jaundice is not
available.

Tllustrative case histories

Tubercle bacilli were isolated from the cerebro-
spinal fluid of all patients described in this sec-
tion. In all cases the organisms were sensitive

to streptomycin. - In cases 3, 4, 5'and 6 the or-

ganisms were shown to be sensitive to isoniazid.
All patients were treated with intramuscular and
intrathecal streptomycin ; cases 1, 2 and 7 received
in addition 16 Gm. p-aminosalycilic acid daily;
cases 4, 5 and 6 received either 10 mg. per Kg. or
200 mg. daily of isoniazid ; whilst case 3 received
both p-aminosalycilic acid and isoniazid. These
case histories were selected to include all patients
with severe reactions to plasmin, and also cases
with histories where the suggestion of benefit to
the patient from plasmin therapy appeared strong.
Fifteen patients received plasmin treatment because
of some degree of unsatisfactory response to con-
ventional treatment. If case 1 is included, there
were two deaths, whilst one patient (case 5) is
disabled.

Case 1 (female, age 47), suffering from pulmonary
tuberculosis and tuberculous meningitis, had responded
poorly to a six months’ course of treatment. A ventricu-
logram had revealed grossly dilated ventricles and an
absence of subarachnoid air over the. cortex. She was
in deep coma, had developed pulmonary edema, and ap-
peared to be in extremis. The first preparations of
plasmin had just been made, and she was given a cisternal
injection (100 units). Death occurred 30 minutes later.

Post mortem examination revealed extensive pul-
monary tuberculosis, advanced signs of chronic tuber-
culous meningitis with a subtentorial block, and gross
hydrocephalus. There was no indication of a misplaced
cisternal injection. It is probable that her death was co-
incidental, especially as the same batch of material was
later successfully used in other patients.
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Case 2 (female, age 15). Admitted in February, 1952
when she was presented as an ill girl with a high fever,
mental confusion, head retraction and a marked Kernig
sign. Both fundi showed early papilledema with nu-
merous choroidal tubercles. Coarse rales were heard
throughout the chest and the chest X-ray revealed gross
miliary shadowing.

By mid-April her condition had improved, but at this
time she developed a spinal block. Two injections of
plasmin (300 units) were given below the block, after
which the block resolved. This relief was only tem-
porary, and ten days later the cisternal pressure rose to
300 mm.+, the spinal block reappeared, she lapsed into
deep coma and gross papilledema in both fundi. A ven-
triculogram revealed generalized ventricular dilatation
and an absence ‘of air over the cortex. Simultaneous ven-
tricular and cisternal puncture revealed that the ven-
tricles communicated freely with the cisterna magna.
The diagnosis of subtentorial block appeared to -be
certain, '

Four injections of plasmin (200 units each) during
the next eight days via the ventricular route produced a
dramatic change in her -clinical condition. The gross
papilledema disappeared, she recovered from coma, and
became rational, mentally alert, and cheerful. There was
a gradual disappearance of pyrexia, though the spinal
fluid block persisted. :

Three weeks after the last plasmin injection her tem-
perature suddenly rose to 104, she developed tachycardia
of 200, and died 24 hours later. '

Post mortem examination revealed extensive miliary
tuberculosis, which had apparently responded little to
treatment. Numerous vascular lesions due to tubercu-
lous arteritis were found in the brain stem and upper
cervical cord, and these lesions were probably the cause
of her death. Careful examination of the tentorial open-
ing showed that although it was partly occluded by exu-
date, there was adequate and free communication above
and below the membrane. The ventricular system was of
normal dimensions.

Case 3 (female, age 30). Admitted in August, 1952
when her clinical condition was grave; she was drowsy,
irrational and showed marked signs of meningeal irrita-
tion. A left external rectus palsy was present, but the
fundi were normal. A chest X-ray revealed the classical
“snow ‘storm” appearance of gross miliary tuberculosis
and numerous scattered coarse rales were audible on
physical examination. :

Her response to treatment was slow, but at the end
of one month she was rational, the external rectus palsy
had disappeared, and rales were no longer heard over the
chest. She continued to improve during the next three
weeks, but at the end of September, 1952 she developed
a spinal fluid block. Early in October she developed
papilledema, and became comatose, whilst the cisternal
pressure, which had previously averaged 150 mm., sud-
denly rose, and consistently exceeded 300 mm.

Burr holes were drilled, and one week later during
which time her condition had further deteriorated and
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she had developed gross papilledema, a ventriculogram
was performed. The ventriculogram revealed some de-
gree of generalized ventricular dilatation, and an absence
of air over the cortex. Simultaneous cisternal and ven-
tricular punctures demonstrated free communication be-

tween the ventricles and the cisterna magna, which con-:

firmed the diagnosis of subtentorial block.

She was treated with eight injections of plasmin over

the next three weeks; 200 to 300 units were given upon
each occasion by the ventricular route. Following the
second injection and subsequently there was. rapid clini-
cal improvement. At the end of the course she was fully
conscious and rational, and the ventricular pressure av-
eraged 150 mm. A ventriculogram demonstrated the
ventricles to be of normal size, whilst air was seen over
the cortex. The papilledema had greatly decreased,
though the disc margins were still abnormal.

During November, 1952 three injections of plasmin were
given by the lumbar route with the intention of resolving
the spinal fluid block. Each injection was followed by
increasing pyrexia and systemic upset. It was thought
that the initial course of injections had sensitized her to
streptokinase, a conclusion supported by the fact that she
tolerated an intrathecal injection of plasminogen without
disturbance. She was discharged from the hospital in
April 1953, and has since remained well, though her spmal
fluid block has persisted.

Case 4 (female, age 30). Admitted in April, 1953.
Her general condition was good. Examination revealed
a left external rectus palsy and signs. of meningeal irri-
tation. The chest X-ray showed small, apparently in-
active adult type tuberculous foci at both apices.

A week after admission she developed a left superior
oblique palsy, and papilledema appeared. The cerebro-
spinal fluid pressure remained low, but she became ir-
rational and drowsy, and began to vomit frequently. A
tentative diagnosis of basal cistern block was made.

Six weeks after admission all signs had progressed and
she was gravely ill and had lost much weight. Her
cerebrospinal fluid pressure was still low, and the diag-
nosis of basal cistern block was now felt to be very likely.
Plasmin (100 units) was administered by the cisternal
route, shortly after which she complained of severe pain
in the neck and vomited copiously. The next day the
superior oblique palsy had disappeared.

Two days later 200 units of plasmin were given by the
cisternal route without upset. Three days later 200
units were administered. This injection was followed one
hour later by marked dizziness, copious vomiting and a
temperature of 102°F. She recovered in about eight
hours and 24 hours later the left external rectus palsy
had disappeared. Twelve days after the start of plasmin
therapy her general condition was much improved, she
was rational, eating well, vomiting had ceased, and the
papilledema had practically disappeared, though she still
complained of diplopia upon looking to the left. Her
cisternal fluid protein dropped from a level of 300 mg. per
cent to 150 mg. per cent during the period of therapy.

Her clinical progress has since been excellent, she
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has recovered her pre-treatment weight, and binocular -
vision has slowly been achieved. She was discharged
from hospital during November, 1953.

Case 5 (female, age 35). This patient, a. gravely ill
woman, suffered also from advanced renal and vesical tu-
berculosis, when she was admitted during December, 1952,

One week after admission papilledema appeared fol-
lowed by paralysis of the left lateral rectus and left
mferwt oblique muscles. Despite -a low cerebrospinal
ﬂmd pressure, the papilledema increased rapidly, becom-
ing gross at the end of four weeks. At this time the
cerebrospinal ‘fluid pressure suddenly rose to over 300-
mm., the patient’s condition worsened, and she began
to vomit frequently. The diagnosis of basal cistern block
complicated by a recent subtentorial block was thought
to be likely, but owing to technical difficulties, satisfac-
tory air injection studies were not completed. However,
test of phenolsulphophenolthalein excretion from the ven-
tricles was decreased, only 23. per cent of the total dose
being excreted in two hours. '

On the thirteenth of January, 1953, she was given 400
units of plasmin by the lumbar route without incident,
and on the next day she seemed better. On the sixteenth
of January, 400 units of plasmin were given by the ven-
tricular route. During the injection she experienced a
transient convulsion, the pupils became dilated and- the
right arm twitched. She recovered after three minutes
but vomited later. On January nineteenth, the inferior
oblique palsy had disappeared, and an additional 200 units .
of plasmin were given by the lumbar route without inci-
dent. On the twenty-sixth her general condition was
greatly improved, and the papilledema had regressed to
a marked degree. By the twenty-third of February the
optic fundi were nearly normal, the cerebrospinal fluid
pressure was 200 mm., and the left rectus palsy had disap-
peared so that binocular vision was possible. By mid-
February she was rational, and the urinary excretion rate
of phenolsulphophenolthalein injected into the ventricles
had returned to normal.

In April symptoms and signs of optic atrophy were
found, and by the end of June visual acuity was reduced
to finger counting at one yard. Since this time her vision
has improved, but the loss of visual acuity is still severe.

By July her cerebrospinal fluid was within normal
limits and has remained so. The renal and vesical tu-
berculosis, however, progressed and she has since had
her ureters transplanted into'a blind ileostomy because
of a contracted bladder. .

Case 6 (female, age 18). Admitted during February,
1953. Her general clinical condition was good, though
early papilledema was present.

In April the papilledema, which had been slowly in-
creasing in degree, had become gross, and her condition
commenced to deteriorate, although the cerebrospinal fluid
pressure remained low. A diagnosis of basal cistern block
appeared probable. She had also complained of severe
pain in the legs, which had been attributed to irivolvement
of the posterior roots by exudate.

Two hundred and twenty units of plasmin were given
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by the lumbar route without discomfort. Four hours
later she complained of severe aching in. the chest, ex-
amination showed her to be tender over the thoracic spines,
and light percussion over these spines intensified the chest
pain. She was given analgesics and the pain disappeared.

Three days later the papilledema had. decreased, and
her general condition had improved. An injection of
110 units of plasmin was given by the lumbar route.
Symptoms similar to those experienced earlier developed
after three hours, but this time the intensity of the pain
was greater. The next day lumbar puncture revealed a
Froin syndrome in the cerebrospinal fluid and a negative
Queckenstett response; but 24 hours later these anomalies
were absent, and the lumbar cerebrospinal fluid protein
was 600 mg. per cent, which was the same as before
plasmin therapy. '

One further injection of 150 units plasmin was given,
but upon this occasion the injection was tolerated well.
During the fortnight’s treatment with plasmin the papil-
ledema decreased greatly (from 4 plus to 1 plus). The
pains in the legs were entirely relieved following the
third plasmin injection. Her 'clinical condition was
greatly improved, and her subsequent progress was
satisfactory. There was no impairment of visual acuity.
She was discharged from hospital in October; 1953.

Case 7 (female, age 23). Three months’ treatment had
produced a substantial improvement in this patient’s con-
dition. She had complained, for three weeks, of severe
pains in the legs, for which no caunse could be found, and
which was controlled only by large doses of analgesics.
It was thought that the lumbar sensory roots were sur-
rounded by exudate.

Two minutes after a lumbar injection of 200 units of
plasmin, she became dizzy, shouted that she was dying,
sweated profusely, developed a flushed skin, and her
pulse rate rose from 70 to 160. An injection of sodium
phenobarbitone produced rapid relief, and 30 minutes
later she was apparently well. '

This particular batch of material had beén buffered with
0.005 M .citrate buffer. .The use of citrate buffer was
stopped, since temporary depression of the ionized cal-
cium in the cerebrospinal fluid could have been responsible
for her symptoms. This patient later tolerated two in-
jections of plasmin buffered with 0.005 M phosphate
without complaint. The pains in the legs disappeared after
the second injectionc She has since been discharged from
hospital and remains well. ' ’

DISCUSSION

The findings reported here show that high levels
of fibrinolytic activity can be safely produced in-
trathecally by the injection of plasmin. Further,
it is possible to produce reasonable levels of fibrino-
lytic activity with plasmin even when the cerebro-
spinal fluid shows a Froin syndrome, a condition
previously shown to be a bar to the production of
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fibrinolytic activity by injections of streptokinase
(13). . S
The purpose of the clinical investigation was to

‘determine whether plasmin would lyse tubercu-

lous exudate #n ivo. Subtentorial and basal cis-
tern blocks were selected as ‘suitable test lesions
since both are known to be caused by exudate for-
mation, the presence: or absence of either compli-
cation can be diagnosed during life, and the usual
outcome of the untreated lesion is unfavorable.
The case histories indicate that the levels of
plasmin, which can be attained by intrathecal in-
jection, are capable of lysing exudate in wvivo.
Cases 2 and 3 showed regression of hydrocephalus
under treatment, an extremely rare occurrence.
Lorber (19); who cites the literature fully, be-

- lieves that hydrocephalus either remains station-
‘ary or progresses, despite the clinical improvement

that sometimes occurs. He observed only one pa-
tient in whom there was evidence that the degree

-of hydrocephalus regressed. The diagnosis of

basal cistern block during life is difficult, but the
evidence points strongly toward this diagnosis in
cases 4, 5 and 6. All made an apparently strik-
ing improvement on plasmin, though case 5 even-
tually developed optic atrophy.

The treatment of spinal fluid block was regarded
as a secondary aim, since initially, the dangers of
this condition to the patient were not fully ap-
preciated. Poor results were obtained when treat-

‘ing spinal fluid block with plasmin. Ten attempts

(i.e., single injections) to lyse spimal blocks in
three patients were made with two temporary
successes. The reasons for this difficulty are
readily appreciated from post mortem study, since
the surface available for enzyme action is extremely
small, compared to the total volume of the block.

Plasmin having been shown to be effective in
vivo, the basis and timing of treatment required
examination. Subtentorial and basal cistern block
are most dangerous lesions causing death, intel-
lectual deterioration, blindness, and other sequelae.
It is clearly unjustifiable to allow patients to un-
dergo the hazards inseparable from the developed

lesion, if prophylactic treatment is feasible. Brooks,

Fletcher, and Wilson (2) have recently shown
that exudate formation around the spinal cord
leading to tuberculous arteritis is responsible for
the appearance of transverse myelitis found in
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this disease. They showed that, where exudate
formation was gross, the frequency and severity
of the lesions were notably increased. Heré, too,
prophylactic treatment is indicated, particularly
in view of the indifferent results obtained by the
_ treatment of established spinal block. ‘- -

It is believed (20) that the use of isoniazid has
greatly improved results-in. the treatwient of. tu-
berculous meningitis, and our experiehce supports
this view. However, the need for some means for
removal of exudate is underlined by the.fact that
four patients in this series and three patients cited
by Brooks, Fletcher, and Wilson (2) were treated
with streptomycin and a dose.of "isoniazid . that
gives. satisfactory intrathecal levels (21).

- Prophylactic treatment would have the further
advantage that small doses of plasmin (100 to 200
units) would be adequate, and that the larger
doses of 400 or more:units would no longer be
necessary. - Fibrinolytic enzymes cannot lyse or-
ganized tissue, and thus in every patient the earlier
that treatment can be started, the better should be
the end results. Further, prophylactic treatment
should lead to more faverable results than treat-
ment of the established lesion, since the surface
available, for enzyme action, and the access of the
enzyme to the surface will both greatly diminish
once the cerebrospinal fluid circulation is partially
occluded.

The preparations of plasminogen used in this
study were of a comparatively crude mature.
Christensen and Smith (22), by means of their
acid extraction process, have prepared material 5
to 10 times as pure, and Kline (23) by a modifica-
tion of the Christensen process claims even greater
purity. Unfortunately, material prepared by acid
extraction has so far proved almost impossible to
sterilize, owing to its physical state of dispersion.
It is probable that much of the difficulty in com-
pletely activating solutions of plasminogen is due
to the impurity of the streptokinase available, and
further improvements in the preparation of this
material would be helpful. The recent review of
Christensen (24) provides an able discussion of
the controversy concerning the mechanism of plas-
minogen activation.

-The present preparations, despite their imper-
fections, would appear to fulfill the esseritial needs
for clinical work. They were developed with the
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purpose of treating tuberculous meningitis, but it

“is clear that their use could be extended to the

treatment of other forms of meningitis, where
exudate formation is troublesome. Indeed, plas-

- min would appear to have a wide field of usefulness

in a variety of pathological states, when, for one
reason ot another, in vivo streptokinase activation

‘is not feasible.

SUMMARY

l A method for the preparation of partially

”punﬁed plasxmnogen is described: The prepara-

tions contained 5,000 to 10,000 units plasminogen

per mg. N. This material after sterilization and

activation with streptokinase was suitable for in-
trathecal use."
' 2. Eighty-three injections of plasmin were ad-

_ministered to 15 patients suffering from tuberculous

meningitis. The incidence of systemic reaction
was apparently high, but the degree of meningeal
reaction, as judged by changes in the composition
of the cerebrospinal fluid, was not great.

3. The injection of plasmin gave rise to high
levels of intrathecal fibrinolytic activity in patients
suffering from tuberculous meningitis. This find-
ing contrasted sharply with the results obtained
following the injection of streptokinase.

4. Patients suffering from subtentorial and basal
cistern block were treated with plasmin to deter-
mine whether tuberculous exudate would undergo
lysis i vivo. The results indicated that exudate
had undergone lysis in vivo.

5. The clinical results obtained suggested that
the use of plasmin as a therapeutic agent should
be further investigated.
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