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Summary. Prolonged recording of intracranial pressure (ICP) was performed on 
rats subjected to middle cerebral artery (MCA) occlusion. ICP was repeatedly 
recorded before and after occlusion of the vessel via a narrow catheter placed in 
the cisterna magna. MCA occlusion was followed by an increase in ICP, and a 
pressure peak occurred after 12-24h in all animals. Subsequently, essentially 
two patterns of ICP changes were observed. These seemed to be related to the 
severity of neurological deficits and extension of the infarct area. In the most se- 
verely affected animals, raised ICP was noted throughout the 1st week after 
MCA occlusion; in rats with reversible neurological deficits, ICP returned to 
normal values after the first peak at 12-24h.  The present investigation shows 
that prolonged ICP recording is feasible in MCA-occluded rats. The MCA occu- 
sion model in rats is well characterized. Thus, ICP registration can be used in 
conjunction with other methods for evaluating treatment against increased ICP. 
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Introduction 

Ischemic stroke remains the third largest cause of death in the industrial world 
[3]. In the acute phase of the disease, death is most commonly due to increased 
intracranial pressure (ICP) causing transtentorial herniation [14, 18, 19, 23]. In- 
creased ICP may also aggravate patient's neurological deficit and probably also 
the size of the cerebral infarct [15, 18, 29, 23]. These circumstances motivate 
studies on intracranial pressure in focal cerebral ischemia. 
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C e r e b r a l  e d e m a  appea r s  to be  a p r e d o m i n a n t  cause of  inc reased  ICP  in isch- 
emic  s t roke  [6, 7, 12, 14-16,  19]. In  the  pa t ien t s ,  a f fec ted  it is difficult  to s tudy 
the  re la t ion  b e t w e e n  ICP changes ,  e d e m a  fo rma t ion  and reso lu t ion ,  and  cere-  
bra l  t issue injury owing to the  complex i ty  of  the  d isease  and to var ia t ions  be-  
tween  ind iv idua l  pa t ien ts .  A n  an imal  m o d e l  is p r e f e r ab l e  for  de t a i l ed  s tudies  of  
the  pa thophys io log i ca l  events  tha t  l ead  to inc reased  ICP in focal i schemia.  W e  
used  the  midd le  ce reb ra l  a r t e ry  ( M C A )  occlus ion m o d e l  in rats  [1 .24]  for  inves- 
t iga t ion  of  var ious  aspects  of  focal  b ra in  i schemia .  In  this mode l ,  ce reb ra l  in- 
farcts  of  r a the r  un i fo rm size and loca t ion  - r e sembl ing  those  seen in man  - can 
be p r o d u c e d  [17]. T h e  aim of  the  p r e sen t  s tudy  was to deve lop  a m e t h o d  for  p ro-  
longed  r eco rd ing  of  ICP in M C A - o c c l u d e d  rats  in o r d e r  to ob ta in  bas ic  in forma-  
t ion abou t  ICP changes  in this mode l .  W e  have p rev ious ly  d e m o n s t r a t e d  that  
our  m o d e l  is effect ive  for  m e a s u r e m e n t s  las t ing 8 -12  h [11, 12]. 

Materials and methods 

The sample consisted of 30 male Sprague-Dawley rats (320-420 g). They were allowed free ac- 
cess to food and water. During all surgical procedures the animals were anesthetized by i.p. in- 
jection of 1.3-1.5 ml of a mixture containing 4.25% chloral hydrate and 0.97% pentobarbital. 
They were breathing spontaneously. 

ICP was measured via a narrow catheter (Portex pp 50) placed in the cisterna magna [5.11, 
21] and fixed to the skull with tissue glue (Histoacryl B: Braun, Melsungen, FRG) and dental 
cement (Zinc Cement; De Trey, UK). Figure 1 shows the method of catheter implantation. 
Out of 30 rats only 13, in which the catheters were patent for longer than 3 days, were included 
in the evaluation. The other 17 rats were excluded from this study. 

MCA occlusion was performed in 10 rats as described by Tamura et al. [24]. MCA was 
coagulated from a point proximal to the olfactory tract to the inferior cerbral vein [1]. In 2 
sham-operated rats, the same procedure was performed, but the MCA was not coagulated. In 1 
rat a catheter was implanted only i~to the cisterna magna. The neurological status was assessed 
6h after MCA occlusion and then daily, using a grading system described elsewhere [1. 4] 
(grade 0, normal; grade I, forelimb flexion; grade II. forelimb flexion and decreased resistance 
to lateral push). 

ICP (cerebrospinal fluid pressure in cisterna magna) was registered on a Grass polygraph 
model 70. Before each recording, the patency of the catheter was checked by confirming the 

Fig. 1. Schematic showing the technique of implantation of the catheter into the cisterna magna 



Intracranial pressure changes following middle cerebral artery occlusion in rats 101 

Fig. 2. ICP registration. 
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presence of cerebrospinal fluid pulsations. The catheter was connected via an air-free fluid sys- 
tem to a pressure transducer (model p 23 Id; Gould Statham Instrument, Puerto Rico). The 
patency of the system was further confirmed by a Valsalva maneuver, in which the thorax was 
gently compressed, resulting in a sudden increase in ICP (Fig. 2). Before starting this study, we 

. performed continuous ICP reocrdings at different times, i.e. 2, 3, 5, and 7 days, after MCA oc- 
clusion, for 6-10 h in each case. We found that ICP levels were rather stable. Thus, in the ex- 
perimental measurement, ICP was registered during MCA occlusion and for 3 h postopera- 
tively. Subsequently measurements were made 4, 5, 6, and 12 h after surgery on unanesthetized 
rats, and then twice daily until the animals were killed. ICP recordings were performed for 5-  
10 min at each measurement. 

After the end of the study, the rats were anesthetized and perfused through the heart with 
200 ml of 4% buffered formaldehyde. Coronal sections of the brain were cut, embedded in 
paraffin, and stained with hematoxyline and eosin. The size of each infarct was estimated from 
camera lucida drawings of coronal sections at the level of the bregma. The area of each infarct 
was expressed as a percent age of the area of the contralateral hemisphere (relative size of the 
infarct) [17]. 

Resul ts  

F o u r  M C A - o c c l u d e d  rats  were  s tud ied  for  7 days ,  one  for  8 days ,  four  for  9 days ,  
and  one  for  15 days  af te r  M C A  occlus ion.  A l l  were  neuro log ica l ly  assessed as 
g rade  II  24 h af ter  surgery .  S tab le  neu ro log ica l  defici ts  were  r e c o r d e d  dur ing  the  
course  of  the  e x p e r i m e n t  in seven animals .  T h r e e  rats  i m p r o v e d  to g rade  I: one  
af te r  2 days,  and  two a f te r  8 days.  The  cont ro l  rats  (one  with c a t h e t e r  only  and 
two s h a m - o p e r a t e d )  showed  no neu ro log ica l  defici ts  (g rade  0) and  no infarcts  in 
h is to logica l  s tudies .  

A f t e r  i m p l a n t a t i o n  of  the  ca the te r ,  ICP was a p p r o x i m a t e l y  5 m m H g  ( 4 - 8  
m m H g )  in all rats .  ICP  d e c r e a s e d  sl ightly dur ing  c r a n i o t o m y  af te r  ope n ing  of  
the  du ra  [8]. In the  t h ree  con t ro l  an imals ,  ICP m e a s u r e d  for  6 - 9  days  va r ied  be-  
tween  5 and  8 m m H g  (Fig.  3a) .  

Coagu la t i on  of  the  M C A  did not  i m m e d i a t e l y  affect  ICP,  bu t  wi th in  the  first 
2 h  af ter  surgery  ICP rose  to 10-15 m m H g .  Subsequen t ly ,  ICP changes  a p p e a r e d  
to fo l low di f ferent  pa t t e rns .  In  th ree  rats ,  the  ICP  curve showed  the p e a k  12 -  
24 h af ter  occlus ion;  ICP  values  then  d r o p p e d ,  reach ing  n o r m a l  levels  wi th in  3 - 4  
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Fig. 3a. [CP in two sham-operated rats and one control rat. No differences are found, b I C P  
in three rats that showed neurological improvement and small infarcts. ICP is highest during 
the first two days after M C A  occlusion, c I C P  in seven non-improving rats with large infarcts�9 
Note the second ICP peaks 3 - 4  days after M C A  occlusion; h hours; d days 

days (Fig. 3b). These rats improved neurologically from grade II to I and had 
relative infarct sizes of 9-15%. 

Seven rats had stable neurological deficits and the relative sizes of their in- 
farcts were 25-36%. In four animals, the ICP curves showed two peaks, one at 
12-24 h and a second, higher peak at about 3 days (three rats) or 7 days (one rat) 
after occlusion. The remaining three rats in this group showed no clear second 
peak, but ICP remained at a level much higher than in the control group for up 
to 4 days before starting to decrease towards control values (Fig. 3c). 
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Discussion 

The present study has shown that prolonged ICP registration is feasible in MCA-  
occluded rats. By implanting the catheter into the cisterna magna and fixing it to 
the skull, we were able to take repeated measurements  of ICP in unanesthetized 
rats. However ,  in more  than 50% of the animals ICP recordings could not be 
continued for more  than 3 days because of obstruction of the catheter or disloca- 
tion of its tip from the cisterna magna.  

ICP was measured in the cisterna magna,  i.e., in the infratentorial compart-  
ment ,  and the cerebral  lesion was supratentorial.  In physiological conditions, 
ICP from the supratentorial  compar tment  is easily transmitted into the posterior  
fossa [13]. With supratentorial  lesions that do not produce transtentorial  hernia- 
tion and block basal cisterns there is full communicat ion of pressure throughout 
the craniospinal axis [25]. M C A  occlusion only rarely produces such large in- 
farcts that herniation can take place [12, 17]. Thus, we believe that ICP recorded 
in the cisterna magna reflects real intracranial values. 

M C A  occlusion is always followed by an increase in ICP [9]. A pressure peak  
occurred after 12-24h.  Subsequently, essentially two patterns of ICP changes 
were observed and these seemed to be related to the severity of neurological de- 
ficits and the infarct 's area. In rats with grade II  deficits and large infarcts, in- 
creased ICP was noted throughout the 1st week after surgery. In improving rats 
with small infarcts, ICP returned to normal  values after the first peak  at 12-24 h. 
We found that ICP levels correlated with both the neurological grading system 
and the extent of the lesion. The second ICP peak coincided with the time of 
maximal enlargement  of the affected hemisphere [17]. The ischemic lesion of the 
more affected rats apparently expanded to a critical size, which resulted in ICP 
increase. However ,  in less severely affected animals, the lesion did not reach 
such a critical size. The enlargement  of the affected hemisphere appears  to be 
due to cerbral edema [2, 7, 12, 22]. 

Some of our rats showed two distinct ICP peaks. It is tempting to assume that 
the first peak is related to time of maximal cytotoxic edema and the second one, 
to vasogenic edema [10, 26, 27]. 

The possibility of long-term recording of ICP in MCA-occluded rats in com- 
bination with other experimental  methods makes  it possible to per form detailed 
studies on the pathophysiology of focal cerebral  ischemia. The course of ICP 
changes is important ,  because in clinical practice anti-edema t reatment  is based 
on ICP monitoring. 
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