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-Freemont-Smith and _Forbes (1927) were the first to observe tha t  
administration of a hypertonic urea solution reduces the cerebrospinal 
fluid (CSF) pressure. They found tha t  the CSF pressure in cats dimin- 
ished considerably after an intraperitoneal injection of a hypertonic 
urea solution. In  1950, Smythe et al. described a urea solution as preferable 
to glucose in reducing CSF pressure during operations. 

Javid and Settlage (1956) later introduced the clinical use of hypertonic 
urea solutions, which has since become widely accepted. 

Gradually, however, there were an increasing number of reports on 
untoward side effects following the administration of hypertonic urea 
solutions in order to reduce the CSF pressure. These toxic side effects 
were believed to occur chiefly when the urea was administered in large 
doses. The side effects described included nausea, vomiting, diarrhoea 
and disturbances in the electrocorticogram (Stevenson, Jacobs, Ross, 
Collins, and Randt 1959), ECG changes (Bering and Avman 1960), haemo- 
globinuria (Javid and Settlage 1956; Langfitt 1961) and thrombosis of 
the vessel through which the urea solution was administered as well 
as disturbances in the mechanism of coagulation (Mason and Raaf 1961). 
Moreover: urea administration was believed to be followed by a rebound 
effect which increased the CSF pressure to a level above the initial value 
(Bering and Avman 1960; Langfitt 1961; -Fisher 1962; Stubbs and Penny- 
backer 1960). Shenkin et al. (1962) and Wise and Chafer (1962) reported 
tha t  a mannitol solution was at  least as effective as hypertonic urea 
in reducing CSF pressure, and acted longer, lVfanni~ol was described as 
having other advantages over urea also. I t  was described as remaining 
confined to the extracellular space, rapidly excreted, readily prepared, 
causing no rebound effect and not contraindicated by  existing renal 
abnormalities. 

Buckell (1964) maintained, however, tha t  the actions of urea and 
nmnnitol are not strictly comparable. Observations showed tha t  the, 
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admin i s t r a t i on  of 100 g ( =  555 m osm) mann i to l  caused a grea ter  increase 
in p l a sma  vo lume t h a n  50 g ( =  666 m osm) urea.  Manni to l  caused a 
g rea te r  and  more  p r o t r a c t e d  d iminu t ion  of p l a s m a  sodium and  p l a sma  
p ro t e in  concentra t ions ,  haemoglob in  concen t ra t ion  and  haema toc r i t  
value.  Intra~raseular  haemolysis ,  a lbe i t  sl ight,  was more  f r equen t ly  
seen following admin i s t r a t i on  of urea.  Moreover,  some 40% of the  urea  
is absorbed,  whereas  mann / t e l  is fu l ly  f i l te red  and  no t  absorbed,  so t h a t  
i t  d i sappears  f rom the  c i rcula t ion more  quickly  and  consequent ly  has  a 
more in tens ive  diuret ic  effect. However ,  i t s  effect on the  whi te  m a t t e r  
is less specific t h a n  t h a t  of urea.  

The  objec t  of our exper imen t s  was to  s t u d y  the  influence of u rea  
and  manni to l ,  respect ive ly ,  on the  increased in t r aven t r i cu la r  pressure  
resul t ing  f rom expe r imen ta l l y  induced  cerebra l  oedema.  

Material and Method 

For  these experiments we used 22 adul t  cats anaesthetized by  the intra- 
muscular  injection of 50 mg phenobarbitM per kg body weight. One hour 
later,  the cats received 20 mg pentothal  per kg body weight intraperitoneally.  
Once induced, the anaesthesia was mainta ined with a nitrous oxide-oxygen 
mixture ;  the animals had  been in tubated  and were breathing spontaneously. 

A needle was inserted stereotactically into the celia media of the right 
la teral  ventricle, and connected to a S ta tham physiologicM pressure trans- 
ducer P 23 AA. The intraventr ieular  pressure thus measured was recorded 
on a type-R Offner Beckman dynograph. 

During the experiments,  arterial  and venous blood pressures were recorded 
via eannulae in the femoral artery and femoral vein. The •CG and respiration 
were likewise recorded. An opening with a diameter of 13 mm was trephined 
in the left frontal region; the trephine centre was located I0 mm behind 
the coronal suture and 15 mm from the midline. The dura mater was left 
intact. A cooling thermode was inserted into the trephine opening in such 
a manner that its base was in eontact with the dura. 

After recording the pressure in the ventrieular system for one hour, we 
pumped methanol chilled to a temperature of -- 30 ~ C through the thermode 
for i0 minutes. The thermode was left in situ throughout the experiment lest 
the intracranial pressure be disturbed. 

The cooling produced a cortical lesion which was sharply defined, slightly 
swollen and of darker eolour than the adjacent area. The histological features 
of the cortical lesion resembled those of a recent infarct. Particularly in the 
cerebral cortex, and to a lesser degree in the white matter, the chilled area 
contained lesions of the vascular wall through which leakage of fluid occurred. 
The fluid was PAS-positive and probably moved from the cortex to the white 
mat te r  (Belts, Ter Weeme, Ebels, Walter, and Wasse~aar 1965). 

Occurrence of the cold-induced lesion was followed by  oedema, giving 
rise to an increase in intracranial pressure. The development of the cerebral 
oedema led to displaeement of brain masses and compression of the brain 
s~em. This caused ECG changes and affected respiration and arterial blood 
pressure. The intraventr icular  pressure a t ta ined its maximum value about 
20 minutes after the onset of symptoms indicating compression of the brain 
stem. At  this t ime the arterial  pressure showed a marked increase, and respira- 
tory  arrest  occurred. Immedia te ly  afterwards the intraventr ieular  pressure 
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decreased, as did the blood pressure, and the animal died unless measures 
were taken to prevent this. 

We studied the influence of an intravenously administered hypertonie 
urea solution and a mannitol soluvion, respectively, on the intraventrieular 
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Fig. 1. Course of intraven~rieular pressure, arterial and venous blood pressure during development 
of cerebral oedema and after intravenous injection of hypertonie urea solution. 

pressure in these test animals (Fig. I; Fig. 2). The doses administered cor- 
responded with those used clinically, i. e. 3.3 ml urovert (30% urea in ][0% 
invert sugar) per kg body weight, or 8 ml of a "20% rnannitol solution per kg 
b o d y  w e i g h t .  T h e  so lu t i ons  w e r e  i n j e c t e d  w i t h i n  4 m i n u t e s ,  b e g i n n i n g  a f t e r  
r e s p i r a t o r y  a r r e s t  h a d  l a s t e d  1 m i n u t e  (a f te r  w h i c h  t h e  ~est  a n i m a l ' s  b r e a t h i n g  
w a s  a r t i f i c i a l ly  con t ro l l ed ) .  

7* 



100 J . W . F .  Beks  and  C. A. t e r  W e e m e :  

The t es t  animals  were d iv ided  in to  t h e  following groups.  
1. F ive  an imals  were  g iven hype r ton i e  urea  solut ion i n t r av en o u s l y  a t  the  

above  m e n t i o n e d  dosage w h e n  in t r aven t r i cu la r  pressure  a t t a i n ed  i ts  maxi-  
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Fig. 2. Course of intraventricular pressure, arterial and venous blood 9ressure during development 
of cerebral oedema and after intravenous injection of hypertonic mannitol solution. 

m u m ;  t h e y  were t h e n  sacrif iced w h e n  the  in t r aven t r i cu la r  pressure  s t a r t ed  
to  rise again af ter  hav ing  reached  i ts  m i n i m u m  value. 

2. F o u r  animals  were given hype r ton i c  urea  solut ion in t r avenous ly  w h e n  
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lbhe i n t r a v e n t r i e t f l a r  p r e s s u r e  a t t a i n e d  i ts  m a x i m u m ,  a f t e r  w h i c h  a s e c o n d  
c o m p r e s s i o n  w a s  aw a i t ed .  

3. F i v e  a n i m M s  rece ived  h y p e r t o n i e  m a n n i t o l  s o l u t i o n  i n t r a v e n o u s l y  a t  
t h e  a b o v e m e n t i o n e d  dosage  w h e n  in t r a ,ven t r i cu l a r  p r e s s u r e  a t t a i n e d  i t s  
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Fig. 3. a Initial value of intraventricular pressure, b indicates time of onset of respiratory disturb- 
ances and the intraventricular pressure recorded at that moment, e indicates respiratory failure 
and the intraventriculur pressure at that moment, d the lowest intraventrieular pressure recorded 

following administration of urea or mannit~)l. 

m a x i m u m ;  t h e y  w e r e  sacr i f iced  w h e n  t h e  i n t r a v e n t r i e u l a r  p r e s s u r e  s t a r t e d  
to  r ise a f t e r  h a v i n g  r e a c h e d  i t s  m i n i m u m  vMue.  

4=. ]Eight a n i m a l s  r ece ived  h y p e r t o n i e  m a n n i t o l  so lu t i on  w h e n  t h e  i n t r a -  
v e n t r i c u l a r  p r e s s u r e  a t t a i n e d  i t s  m a x i m u m  va lue ,  a f t e r  w h i c h  a s e c o n d  
c o m p r e s s i o n  w a s  aw a i t ed .  
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Fig .  4. a In i t i a l  va lue  of  i n t r aven t r i eu la r  pressure,  b indicates  t ime  of onset  of resp i ra to ry  distt~rb- 
a n t e s  a n d  the  i n t r aven t r i cu l a r  pressure  recorded a t  t h a t  m o m e n t ,  c indica tes  resp i ra to ry  fa i lure  
a n d  the  i n t r aven t r i cu l a r  pressure  a t  t h a t  momen t ,  d the  lowest i n t r aven t r i eu la r  pressure  recorded 
following a d m i n i s t r a t i o n  of  u rea  or  manni to l ,  e indicates  the  second episode of resp i ra to ry  fai lure 

and  the  a c c o m p a n y i n g  in t r aven t r i cu la r  pressure .  

Results 

A l though  our series is too small  and shows too marked indiv idual  
differences to  warrant definite conclusions,  a few prel iminary results 
m a y  be presented. 
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We noted tha t  the initial values of intraventricular pressure showed 
considerable individual variation, ranging from 40 to 300 m m  H20 x~dth 
an average of 116 m m  HeO. 

We found no correlation between the initial values of hatraventrieular 
pressure and the value at tained upon compression of the brain stem, 
nor any  correlation between the intraventricular pressure when respiratory 
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Fig.  5. Average  course of in t r aven t r i eu la r  pressure  a f te r  a d m i n i s t r a t i o n  of urea  and  mann i toL  
a In i t i a l  va lue  of i n t r aven t r i eu la r  pressure,  b the  in t raven t r l cu la r  presstlre a t  the  m o m e n t  of respira-  
to ry  failure,  c lowest  va lue  of i n t r aven t r i cu l a r  p ressure  following admin i s t r a t ion  of urea,  d lowest  
va lue  of i n t r aven t r i eu la r  pressure  following admin i s t r a t ion  of manni to l ,  e the  in t raven t r i cu la r  

pressure  a t  the  m o m e n t  of the second episode of zespir~tory failure.  

changes first developed and the pressure recorded at  the moment  of 
respiratory arrest. 

We observed a marked decrease in intraventricular pressure both 
after hypertonic urea solution and after hypertonie mannitol solution. 

No correlation was found between the initial intraventrieular pressure, 
the pressure at  respiratory arrest and the lowest intraventricular pressure 
after administration of a h~Tertonic solution (Fig. 3; Fig. 4). 

The interval between cooling and respiratory arrest likewise varied 
widely, ranging from 40 to 305 minutes and averaging 125 minutes. The 
ease with which oedema develops ("~)dembereitsehaft") possibly varies 
considerably from one individual to the next. 

In  the nine test  animals given the urea solution, the intraventrieular 
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pressure diminished within an average of 13 minutes (9-21 minutes)* 
to an average minimum value of 65 (12-140) m m  H20, the average intra- 
ventricular pressure at  respiratory arrest being 2050 (1250-2920) m m  H20. 

In  the four animals in which a second respiratory arrest was awaited, 
the interval between the administration of urea and this second arrest 
averaged 106 (46-171) minutes. The intraventricular pressure at the 
second arrest was 1550 (1060-2000) m m  ttzO, i. e. considerably below the 
value a t  the first respiratory arrest. After administration of urea, the inter- 
val until spontaneous respiration was resumed averaged 6 (4-25) minutes. 

Thirteen animals received mannitol in the abovementione4 dosage 
1 minute after the occurrence of respiratory arrest, after which the 
intraventricular pressure diminished within an average of 22 (7-60) min- 
utes to an average minimum of 176 (40-850) m m  H20.  In  this series, the 
intraventricular pressure a t  respiratory arrest averaged 2130 (1250- 
2920) m m  H20. Five of these animals were sacrificed when the intra- 
ventrieular pressure attained its minimum. In  the other 8 cases, a second 
arrest was awaited. In  3 instances, however, administration of mannitol 
failed to restore respiration, so tha t  the experiment had to be ended. 

In  the 5 cases in which respiration could be restored, the interval 
until spontaneous breathing was resumed averaged 10 (5-16) minutes. In  
these animals the interval between the first and the second respiratory 
arrest averaged 106 (36-153) minutes. The accompanying intraventri- 
cular pressure averaged 1580 (650-2400) mm H20. 

Summary and Conclusions 

In 22 cats in which cerebral oedema had been produced by  means 
of a cold-induced lesion, changes in intravcntricular CSF pressure were 
measured after the intravenous injection of either hypertonic urea solution 
or hypertonic mannitcl  solution. 

The response of the various test  animals to infliction of the cold- 
induced lesion differed considerably between individuals, both in intensity 
and in course. The animals differed widely both in their initial intra- 
ventricular pressure and in the intraventrieular pressure at the moment 
of respiratory arrest. 

The increased intraventricular pressure was diminished more rapidly 
and more profoundly after administration of hypertonic urea solution 
than  after administration of a corresponding amount  of mannitol. Unlike 
McQueen and Jeanes, we found tha t  urea and mannitol did not differ in 
the average duration for which they  decreased intraventricular pressure 
(Fig. 5). 

I t  must  be pointed out that ,  after administration of mannitol, it was 
in some instances impossible to reverse the respiratory arrest which had 
resulted f rom compression of the brain stem; after administration of a 
hypertonic urea solution no such failures occurred. Spontaneous respiration 
was resumed more quickly after urea than  after mannitol  administration. 

* Figures in brackets indicate the range. 
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Zusammenfassung 

Bei 22 Katzen, bei denen durch lokale K~lteeinwirkung ein I-Iirn6dem 
erzeugt worden war, wurden die Veriinderungen des intraventrikul~ren 
Liquordruckes sowohl nach intraven6ser Injektion yon hypertoniseher I-Iarn- 
stofflSsung als aueh yon hypertoniseher Mannitoll6sung gemessen. 

Die l~eaktion der verschiedenen Versuchstiere auf die zerebrale l~alte- 
l~sion variierte nach Intensit~t~ und Verlauf erheblich yon Tier zu Tier. 
SowohI der anf~ngliche intraventrikul~ire Druek als aueh der intraventrikul/ire 
Druck im Moment des Atemstillstandes waren bei den Tieren sehr unter- 
sehiedlich. 

Der erh6hte intraventrikuliire Druck sank raseher und tiefer naeh Gabe 
yon hypertoniseher 1-Iarnstoffl6sung als nach Gabe einer entspreehenden 
Menge yon Mannitol. Anders als bei McQueen und Jeanes ergaben unsere 
Befunde, dab I-Iarnstoff und Mannitol sieh nicht hinsichtlich der durehschnitt- 
lichen Dauer der intraventrikulBren I)rucksenkung untersehieden. 

Es muB darauf hingewiesen werden, dug es nach Gabe yon Mannitol 
in einigen F~llen nieht m6glieh war, den Atemstillstand zu beheben, der als 
Folge eincr /Kompression des t-Iirnstammes aufgetreten war. Naeh Gabe yon 
hypertoniseher I-IarnstofflSsung kam solch ein Versagen niemals vor. Die 
Spontanatmung stellte sich unter Harnstoff-Therapie raseher wieder ein als 
unter ~([annitol-Therapie. 

R~sum~ 

Chez 22 chats ~ qui on a provoqu6 un oed6me c6r6bral au moyen d'une 
16sion occasionn6e par le froid, des ehangements duns la pression intraventri- 
culaire sont mesur6s aprgs une piqf~re intraveineusc soit d 'une solution 
hypertonique d'ur6e, soit d 'une solution hypertonique de mannitol. 

La rdaetion des diffgrents animaux exp6rimentanx h la 16sion provoqu6e 
par le froid, varie consid6rablement d 'une individu ~ l 'autre, k la lois ea 
intensit6 et en 6tendue. Chez ces animaux, il y a une grande diffdrence k la 
lois duns leur pression intraventriculaire initiale, et duns Ieur pression intra- 
ventriculaire au moment de l 'arr~t de la respiration. 

La pression intraventrieulaire ainsi augment6e, diminue plus rapidement 
et davantage apr6s l ' injection d'une solution hypertonique d'm~6e, qu'apr6s 
I 'injection de la dose eorrespondante de mannitol. Contrairemeng aux r6sultats 
de McQueen et Jeanes, nous trouvons que l'ur6e et le mannitol ne diff6rent 
pus duns la durde moyenne pendant laquelle ils diminuent la pression in~ra- 
ventriculaire (Fig. 5). 

I1 faut remarquer qu'apr6s l 'administration du marmitol, iI est impossible 
duns eertains eas de faire reprendre la respiration apr6s l 'arr6t r6sultant de 
la compression du trone e6r6bral ; il ne se produit aueune d6faillance de ce 
genre apr6s l 'administration d'une solution hypertonique d'ur6e. La respira- 
tion spontan4e se r6tablit plus rapidement apr6s l 'administration de l'urge 
qu'apr6s eelle du mannitol. 
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Riassunto. 

Su 24 gatti, nei quali era stato provoeato un edema eercbrMe mediante 
una lcsione indot ta  col freddo, si procedette alla rilevazione delle variazioni 
della pressione intraventricolarc, dopo iniezione endovenosa d i u n a  soluzione 
ipertonica di urea o di mannitolo. 

Le reazioni dei vari  animali da esperimcnto sottoposti Mle lesioni indotte 
da freddo differiseono da un sogetto all 'altro eonsiderevolmente ~anto per 
il grado, quanto per il decorso. Gli animali differiseono notevolmente gih 
nella loro pressione intraventricolare iniziale, noneh6 nella stessa pressionc 
al momento dell 'arresto respiratorio. 

L 'aumenta ta  pressione intraventrieolare venne r idotta  pih rapidamcnte 
ed in maggior grado dalla somministrazio,ne di urea, ehe da una eorrispon- 
dente dose di mannitolo. 

A differenea da MeQueen e Jeanes, gli AA. riscontrarono the l 'urea ed 
il mannitolo non differiscono nella durata media della loro azione ridueente 
la pressione intraventricolare (Fig. 5). 

Va rilevato ehe, per effetto della somministrazione del mannitolo, in 
aleuni easi fu impossibile annulare l 'arresto respiratorio, dipendente dalla 
eompressione dcl sistema eerebrale, mentre non si ebbe Meun easo dcl genere 
in segulto a somministrazione di soluzione di urea. 

La respirazione spontanea si r ia t t ivava pitt rapidamente nei casi di 
somministrazione dell 'urea, ehe in quelli del mannitolo. 

Resumen 

Sc provoea un edema cerebral en 22 gatos, por medic de lesiones oeasionadas 
por el frio, y despu6s de una inyeecidn intravenosa bien de una solueidn 
hipcrtdniea de urea d de una soluei6n hipert6niea de manitol se miden los 
eambios de la presi6n intraventrieular.  

La reaceidn de log diferentes animales de experimentaeidn a l a s  lesiolles 
provocadas por el frfo varia considerabIemente de unos a otros, tanto en 
intensidad como en extensidn. En  estos animales hay una gran difercncia 
entre su presi6n intraventrieular  inieiM y entre su presidn intraventrieular 
en el momento de la parada respiratoria. 

La presidn intraventricular  aumentada de este modo disminuye rods y 
con mayor rapidez despu@s de la inyeeeidn de una solueidn hipert6nica de 
urea clue con la inyeceidn de la dosis eorrespondiente de manitol. Contraria- 
mente a los resultados de McQueen y Jeanes, eneontramos que la urea y 
manitol  no se diferencian en su duraei6n media, durante la cual disminuyen 
la prcsidn intraventrieular  (Fig. 5). 

Hay  que destaear el hccho que despu@s de la adminlstracldn de manitol, 
en algunos easos, es imposible reeuperar la respiracidn despugs de la parada 
resultante de la compresi6n del troneo eerebrM; sin embargo, no se produce 
ningfin fallo de este tipo despu@s de la administraeidn de una solueidn 
hipert6nica de urea. La respiraeidlx espont~nca se rcstableee rods r~pidamente 
despug~ de la administraei6n de urea que de la de manitol, 
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