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Abstract Tissue type plasminogen 
activator (tPA) plays a role in differ- 
entiation of neurones and activity-de- 
pendent structural changes in neu- 
rones. We hypothesised that tPA 
would also be present in CSF during 
fibrinolysis after intraventricular 
haemorrhage. We measured tPA anti- 
gen in CSF from 13 normal newborn 
infants and 14 infants with post- 
haemorrhagic ventricular dilatation 
(PHVD). tPA was undetectable or at 
the limit of detection (1 ~ag/1) in nor- 
mal CSF. The CSF tPA concentration 
ranged from 1.3 to 3.5 gg/1 in the in- 
fants with PHVD. Serial tapping in 
one infant showed persistence of tPA 

in the CSF from 3 to 8 weeks of age. 
We conclude that endogenous tPA 
may be part of the physiological re- 
sponse to intraventricular haemor- 
rhage or may be present as a result 
of passive diffusion into the CSE 
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Introduction 

Intraventricular haemorrhage (IVH) is a common compli- 
cation of extremely preterm birth [3]. Only a small minor- 
ity (usually with the largest haemorrhages) go on to de- 
velop post-haemorrhagic hydrocephalus. It is thought that 
multiple blood clots in the CSF can lead to hydrocephalus 
by obstructing the circulation and reabsorption of CSF [6, 
7]. We have previously demonstrated that CSF from 
neonates without IVH showed no fibrinolytic activity on 
fibrin plate [17] but the majority of apparently normal 
neonatal CSF samples did contain small amounts of fibrin 
degradation products [18]. Following IVH, fibrin degra- 
dation products increased [ 18] and fibrinolytic activity be- 
came demonstrable after 2 or more weeks in the majority 
of cases [17]. We concluded that the neonate had consid- 
erable capacity for endogenous fibrinolytic activity in the 
CSF but that the process was not always adequate to clear 

large amounts of blood. In blood, fibrinolysis is normally 
initiated by the activation of the inactive pro-enzyme, 
plasminogen, to the active enzyme plasmin. Plasmin lyses 
fibrin into smaller degradation products. Physiologically, 
tissue type plasminogen activator (tPA) and urokinase 
type plasminogen activator are the enzymes which bring 
about the conversion of plasminogen to plasmin. Human 
tPA has been synthesised by recombinant DNA technol- 
ogy and has been used for the treatment of arterial throm- 
boses for some years. 

Intrathecal administration of human recombinant tPA 
has been widely used in adults with subarachnoid haem- 
orrhage or IVH, to lyse blood clots in the CSF and prevent 
cerebral vasospasm, [4, 5, 9, 11, 15, 19] with an accept- 
ably low rate of secondary bleeding. There is experimen- 
tal animal evidence that intrathecal or intraventricular ad- 
ministration of tPA or urokinase Can prevent post-haemor- 
rhagic hydrocephalus [1, 12]. Prior to the possible thera- 
peutic use of tPA intraventricularly in infants it seemed to 
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us essential to study the physiology and pathophysiology 
of tPA in relation to the CSE 

tPA has other important  funct ions in the brain. Neu- 
rones and glial cells can produce tPA and there is evidence 
that tPA has a funct ional  role in the morphological  differ- 
entiat ion of neurones  [ 10, 13]. Furthermore tPA is induced 
by an immediate-ear ly  gene in the dentate gyrus during 
long- term potentiat ion (LTP) [14] .  LTP is the mechan i sm 
by which repeated s t imulat ion of a pathway leads to a sus- 
tained increase in the result ing action potential.  LTP has 
implicat ions for learning and memory.  It is postulated that 
tPA could contribute to activity-related structural changes 
in the brain by: (1) altering adhesive contacts be tween 
neurones;  (2) changing the spatial and temporal  interac- 
tions bewteen proteases and protease inhibitors;  (3) acti- 
vat ing a potential  receptor [14]. 

In  spite of tPA's important  functions,  it is not  know n  
whether tPA is present in neonatal  CSF. The object of  this 
study was to determine whether tPA was detectable in 
CSF from a) normal  neonates and b) infants with post- 
haemorrhagic ventr icular  dilatation (PHVD). 

M e t h o d s  

CSF was obtained by lumbar or ventricular puncture for clinical 
indications and the CSF which was surplus to the bacteriology and 
clinical chemistry laboratories' requirements was frozen until tPA 
analysis. Because no prolongation or additional procedure was in- 
volved, no specific consent for tPA analysis was obtained from the 
parents. "Normal" CSF (without visible colouring) was studied 
from 13 infants with gestational ages 28-40 weeks aged 1 day-1 
month who underwent lumbar puncture to exclude meningitis and 
were retrospectively found to be free of meningitis or intracranial 
haemorrhage. Lumbar CSF was collected from 14 infants with 
PHVD. These infants ranged in gestational age from 24 to 38 
weeks and their postnatal age ranged from 8 days to 8 weeks. 
Large IVH (grade 3 or 4) had been documented by ultrasound 
scanning and lateral ventricular width had increased to 4 mm over 
the 97th percentile for postmenstrual age (gestational age + post- 
natal age) [8]. These diagnostic criteria were the same as those 
used in the multicentre trial of early tapping as treatment for 
PHVD [16]. In one infant with PHVD a series of 14 ventricular 
taps was carried out over a period of 5 weeks to reduce symptoms 
from raised intracranial pressure as the infant was unsuitable for 
surgical shunt insertion. 

tPAassay 

CSF was frozen a few minutes after collection. After thawing for 
analysis, the CSF was centrifuged and the supernatant analysed. 
tPA was measured by a double antibody enzyme-linked technique 
(Biopool TintElize tPA, Biopool AB, Umeft, Sweden). From each 
sample, 20 pl aliquots were added to two adjacent wells: one con- 
taining 2 pg normal goat IgG and the other containing 2 pg anti- 
human tPA. The samples were incubated at 25~ for 3 h. Any tPA 
in the sample then became linked to the anti tPA IgG. 50 gl of 
horseradish peroxidase labelled anti tPA IgG was then added to 
each well and incubated at 25 ~ C for 3 h. The contents of each well 
were then discarded and the wells washed four times with buffer 
and dried. Orthophenylenediamine dihydrochloride and hydrogen 
peroxide (substrate for peroxidase) (200 pl) were then added and 

incubated at 25~ After 15 min, 50 pl of 3.0 mol/1 sulphuric acid 
was added to stop the reaction and the absorbance measured at 492 
nm on a spectrophotometer. False-positive reactions can occur 
from the presence of anti-goat antibodies in the sample but with 
this method, for each sample, the difference between the readings 
from each well is specific for tPA. A standard curve was obtained 
using samples with known tPA concentrations of 0, 1.5, 3, 6, 12, 
18, 24, and 30 pg/1. The limit of detection is 1.0 pg/1. The coeffi- 
cient of variation intra-assay is about 6% and inter assay about 
10%. 

Resul ts  

tPA in the CSF from the normal  infants was below the 
l imit  of  detection, 1.0 pg/1, in 11 cases and around the 
l imit  of detection (1.0 pg/1 and 1.1 pg/l) in 2 cases. CSF 
from the infants with PHVD showed detectable tPA in all 
cases with a range of 1.3-3.5 pg/1 (median 2.3 pg/1) (Fig. 
1). Serial ventr icular  tapping in one infant  (Fig. 2) showed 
CSF tPA persisting from 3 to 8 weeks of age. The first 
four CSF samples from this infant  showed detectable tPA 
but  no detectable f ibrinolytic activity when tested on a 
f ibrin agar plate [17]. 
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Fig. 1 CSF concentrations of tPA in 13 neonates without infection 
or haemorrhage (�9 and 14 infants with PHVD (0)  
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Fig.2 Serial ventricular endogenous CSF tPA concentrations in 
one infant with PHVD. Fourteen ventricular punctures were car- 
ried out to control intracranial pressure between 2 and 9 weeks of 
age 
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Discussion 

tPA was virtually undetectable in the CSF of normal  
neonates despite its involvement  in differentiation and 
learning, both vital ly important  processes in newborn in- 
fants, tPA has a molecular  weight  of  70000 [10] and al- 
though it is secreted into the extracellular  space in the brain 
[13], it would not  be expected to easily diffuse from brain to 
CSF with an intact ependyma.  The absence of  tPA from 
normal CSF is in agreement  with the absence of  f ibrinolytic 
activity we previously  found in normal  neonatal  CSF [17]. 

tPA was found in all the C S F  samples  f rom infants 
wi th  P H V D  with a t rend for the endogenous  tPA CSF  
concentra t ion to increase  with t ime from 2 to 8 weeks  af- 
ter IVH.  This is compat ib le  with the observat ion  that most  
infants wi th  P H V D  demonst ra te  f ibr inolyt ic  act ivi ty  in the 
C S F  severa l  weeks  after the haemor rhage  and that it per- 

sists for some weeks  [17]. The fact  that four  C S F  samples  
had demons t rab le  tPA ant igen wi[hout demons t rab le  fibri-  
nolyt ic  act ivi ty  could  be due to insuff icient  p lasminogen ,  
inact ive tPA ant igen or the presence  of  p l a sminogen  acti- 
vator  inhibitor.  It seems l ike ly  that tPA is part  of  the 
b o d y ' s  normal  response  to b lood  clots in the CSF. 
Stressed neonates  have p l a sma  tPA levels  ranging up to 58 
pg/1 but  umbi l i ca l  cord p l a sma  from normal  neonates  has 
an upper  l imi t  for  tPA of  8.8 pg/1 [2]. Thus it is poss ib le  
that diffusion across a d a m a g e d  b lood/bra in  or b r a i n / C S F  
barrier,  rather  than local  product ion,  could  have accounted  
for the presence of  tPA in the CSF. 
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