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Introduction 

In the past 30 years, neurological and neurosurgical clinics have made 
frequent use of intravenously administered hypertonic urea solutions to 
lower intracraniM pressure. Many papers have been published on this 
subject (e. g. Javid and Settlage, 1956; Javid, 19581, 2, 1961; Stubbs and 
Pennybacker, 1960; Lang/itt, 1961; Beks and v. d. Kuy, 1962; Nemetschek- 
Gansler, Loew and Plogsties, 1964). Administration of such solutions is 
believed to increase the osmolarity in the blood, thus dehydrating the 
tissues, and particularly the brain. I t  is believed that  the brain in particular 
is dehydrated as a result of the activity of the blood-brain barrier. Also, 
urea is believed to diffuse more slowly to the central nervous system than 
other intravenously injected hypertonic solutions, e. g. sodium chloride, 
glucose, mannitol and sorbitol. 

Some effects of intravenously administered hypertonic urea solutions 
were studied in 12 patients with increased intracranial pressure caused 
by an expanding process, who during a craniotomy received a hypertonic 
urea solution of the following composition: 

urea "pro analyse".  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300 g 
sterile invert sugar solution (50 g/100 ml) . . . . . . . . . . . . . . . . . .  200 ml 

sterile propylene glycol with, per 100 ml : 3,56'5 gg propylparabenmethylparaben } 7 ml 

NaOtt  4 N up to p~ 7,0 
sterile pyrogen-free water up to 1000 ml. 

The solution was prepared without heating lest the urea should be 
decomposed. After dissolving, the p~ of the fluid was adjusted to 7 with 
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the aid of NaOtt .  The solution was then submitted to aseptic bacterial 
filtration (Seitz bacterial filter). The paraben mixture was added as 
preservative (v. d. K a y  and Huizinga, 1961). The patients received 1 g 
urea per kg body weigth. 

Method and Material 

In  this group of 12 patients, the following preoperative serum values 
were determined: K, Na, CI, urea, Ca, 1)O4, glucose, total protein, haemo- 
globin, haematocrit  and osmolarity. Four of these patients, moreover, 
were submitted to determinations of Ca, glucose, urea, total  protein and 
osmolarity in the cerebrospinal fluid (C. S. F.). 

After opening the cranium, the surgeon obtained biopsy specimens from 
the temporal muscle and from the cerebral cortex in the vicinity of the 
pathological tissue, for tissue analysis. The urea solution was then ad- 
ministered intravenously, evenly distributed over 20 minutes (1 g/kg body 
weight). After this the abovementioned substances in the serum and the 
C. S. F. were again determined; the urine production over this period was 
measured, and the quanti ty of urea excreted in the urine during this 
period was determined. 

Muscle and cerebral tissue specimens were again excised and analysed. 
The entire procedure was repeated before the dura mater  was close d, 
about 3 hours after starting the operation. After another 3 hours (i. e. 
6 hours after starting the operation), the abovementioned determinations 
in serum and C. S. F. were repeated. 

Sodium and potassium determinations were made with the aid of a 
flame photometer;  the chloride was determined coulometrically; the 
urea by  the method of Chancy and Marbach; the calcium titrimetrically 
with eomplexon; the phosphate according to Taussky and Short; the 
glucose according to Hagedorn and Jensen ; the total  protein by  the biuret 
method; the Hb value by  the tti-CN method; and the osmolarity by the 
freezing-point lowering method. 

Results 

Like Mason and Raa/ (1961) and Gilboe and Javid  (1963) we found 
that  administration of urea solution is not followed by  any distinct 
changes in serum Na, K and C1 values (Table 1). 

Table 1. Serumconcentrations at diJ]erent times (be]ore and alter a hypertonic 
ureasolution had been given intravenously) 

pat. 1 before urea infusion 
at the end of urea 
infusion 
3 hours after ~he 
end of urea infusion 

o 

80.3 308 

�9 

5.9 9.3 

6.5 11.1 

3.3 4.1 

4.4 4.2 

5.7 4.1 

1141 
141 

97.0 

94.0 

93.0 

g 
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pat. 2 before urea  infusion 
at  the  end  of urea  
infusion 
3 hours  af ter  t he  
end of urea  infusion 

pat .  4 before urea  infusion 
a t  t he  end  of urea  
infusion 
3 hours  af ter  t h e  
end  of urea  infusion 

pat. 5 before urea  infusion 
a t  the  end of urea  
infusion 
3 hours  af ter  t he  
end  of urea  infusion 

pat. 7 before urea  infusion 
a t  t h e  end  of urea  
infusion 
3 hours  af ter  t he  
end  of urea  infusion 

pat .  8 before urea  infusion 
at  t he  end  of urea  
infusion 
6 hours  af ter  t he  be- 
g inning urea  infusion 

pat .  10 before urea  infusion 
a t  t he  end  of urea  
infusion 
6 hours  af ter  the  be- 
g inning urea  infusion 

pat .  i 1 before urea  infttsion 
a t  t he  end  of urea  
infusion 
3 hours  af ter  the  
end  of urea  infusion 

pat. i2 before urea  infusion 
a t  t he  end  of urea  
infusion 
3 hours  af ter  t he  
end  of urea  infusion 
6 hours  af ter  t he  be- 
g inning urea  infusion 

1" 

0.83 

0.97 

0.85 

1.24 

1.36 

0.80 

0.83 

0.80 
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There was a slight decrease in these vMues during the infusion, 
but return ~o the initial values took place after about 3 hours. The 
decrease in Ca considerably exceeded that  in K, Na and CL The 
total protein value of the serum also showed a pronounced decrease 
(/~ig. 1). 
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Fig. 1. Rel~ttive eoncen~ration~ of urea, Na, K, C1, Cg, and proteins in s e r u m  before and after urea 
infusion. Determinations at 0, I/3, and 3 hour 

Prior to the urea infusion the urea concentrations in the muscle 
and in the brain, expressed per unit of weight, was found to exceed 
the urea concentrations in C. S. F. and serum; the C. S. F. concen- 
tration practically corresponded with the serum concentration (Fig. 2). 
In two patients the urea excretion was measured during 24 hours 
a tar urea administration; the patients received 75 and 80 g urea, 
respectively. Table 2 shows that about 70% of the urea administered 
was excreted within those 24 hours. 
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D i s c u s s i o n  

F o r  the  sake of convenience  we assume t h a t  the  "ave rage"  pa t i en t  has  
a b o d y  weight  of 60 kg. The extracel lu lar  fluid in such a pa t i en t  cons t i tu tes  
15% of t he  b o d y  weight ,  i . e .  9 1. The to ta l  q u a n t i t y  of b o d y  fluid is 36 1 
(i, e. 62~o of t he  b o d y  weight)  (Gorter and  de Graa]], 1955). These values are 

coec..~tratlon 
of  urea m g / l O O m l  

1 7 5 _  

150 _ 

125 

100 

75 

50  

25 

brain 
muscle:~iiiiiiiii i .,'" 

v,.:..:... �9 
s e r u m  r':#:'ik" 

. . . . .  - 6 6 ~ . X  

cs . iii::ii!iiii::i 
iiiiii!iii! i 
?i)!?i)!)i?!? �9 �9 .,..,. 

- I I 
0 I 

:i:i:i:i:!:~- urea infusion (I  gram/kilogram 
iiiiiiii)i!i i body weight) 
:-:.:':'Z~ " . . .  

i!i!J �9 ...... -:.:.:-:.:e "'-.. 
::::::::::~ ... ~ brain 
:.:.:.:.:~: "... 
ii!iii!ii~! -... 

iiili ".serum 
iiiii 
!iiii 
::::: . . .  C.S.F. 

� 9  

o s  

s 

I 
2 3 hour 

Fig. 2. Concentrations of urea in serum, brain tissue, muscle, and C. S. F. before and after urea 
infusion. Determinations at 0, 1/3, and 3 hour 

of course n o t  absolu te  bu t  var iable ;  moreover ,  t h e y  d ep en d  on the  p a t i e n t ' s  
fa t  d i s t r ibu t ion  and  s t a te  of hydra t ion .  

Should the  values for the  "ave rage"  h u m a n  be t a k e n  as a s t a r t ing  point ,  
we migh t  make  the  following calculat ion.  I f  urea  were admin i s t e red  at  a 
dosage 1 g/kg b o d y  weight ,  and  if th is  would  b e  confined to  the  extraeel lu lar  

Table  2. Amounts o] urea in grams, excreted in successive intervals 

0 rain 
Patient until 

20 rain 

5 2.2 
10 0.15 

20 min 
until 
311 

7.7 
I 18.3 

3h 
until 
6h 

6 h  
u n t i l  
2 4  h 

cumulated 
excretion 

9.0 36.4 55.3 
12.0 25.9 56.3 
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fluid, t h e n  this  would  resul t  in a rise of the  urea  concen t ra t ion  in t h i s  com- 
6 0 •  1 

p a r t m e n t  of - - - - ,  or 667 mg/100 ml. Should the  urea  admin i s t e red  be 
9 

d i s t r ibu ted  t h roughou t  the  to ta l  b o d y  fluid, t he  rise in concen t ra t ion  would  be 
6 0 •  1 
- - - - ,  or 167 mg/100 m]. 

36 
The values which  we ob ta ined  (Table 1) show t h a t  the  urea  admin i s t e red  

is localized in b o t h  the  intraeel lular  and  the  extracel lular  fluid even  af ter  
only 20 minutes .  Dur ing  and  af ter  t he  urea  infusion the  to ta l  p ro te in  value 
of t he  se rum diminishes.  The d iminu t ion  amoun t s  to  17-29~o (Table 1). 

Table 3 

alterations of the serumos- 
molari ty (milli-osmol/l), 

calculated according to the 
changes in the serumconeen- 
trations of K, Na and CI 

pat .  i 

during 
admin i s t r a t i on  3 

of urea  

3 hours  af ter  
admin i s t r a t ion  

of urea  

6 hours  af ter  
admin i s t r a t ion  

of urea  

- i  

I 
pat.  8 pat.  10 [ pat .  12 

I 
- - 1 9  - - 5  11 

f 

+ 1 2  + 8  §  

difference between measured 
serumosrnolarity and osmo- 
larity, calculated from the 
changes in serumconcentra- 

tions of urea and glucose 

pat. 1 I pat. 8 

§  §  

i 

7 .8  

i pat .  10 pat.  12 

@ 1 3  -~-6 

! 
i 

--121, 1 4  - 8  
I i 

i f  the  d iminu t ion  of the  to ta l  p ro te in  value of the  se rum can be considered a 
ya rds t i ck  of t he  increase in extracel lular  f luid as a result  of urea  adminis t ra -  
t ion,  t h e n  the  above means  t h a t  the  extraeel lular  fluid in a pa t i en t  of 60 kg 
increases b y  1.5 to 2.6 1. This quan t i t y  of fluid is w i t h d r a w n  f rom 60 kg - -  9 kg 
(extraeellular  fluid) = 51 kg. This means  t h a t  30-50 ml fluid per  kg has 
been  w i t h d r a w n  f rom the  intraeel lutar  volume.  

The average bra in  weight  is 1250-1400 g and  40-70 ml fluid has con- 
sequen t ly  been  w i t h d r a w n  f rom the  brain.  Compar ing  the  se rum osmolar i ty  
measu red  wi th  t he  osmolar i ty  ca lcula ted  on the  basis of changes  in the  se rum 
urea  a n d  se rum glucose concent ra t ions ,  we f ind t h a t  dur ing  urea  infusion 
the  osmolar i ty  measu red  exceeds  t h a t  calcula ted f rom the  rise in urea  and  
glucose concen t ra t ions  (Table 3). Norma l  values and  our m e a s u r e m e n t s  
sca t te r  far too  m u c h  to  w a r r a n t  any  defini te  conclusions.  They  migh t  bear  
a possible indica t ion  tha t ,  unde r  t he  influence of urea  infusion, par t ic les  are 
dissolved which  make  the  se rum osmolar i ty  higher  t h a n  i t  would  be according 
to  the  rise resul t ing f rom the  q u a n t i t y  of urea  and  glucose adminis te red .  
These low-molecular  part icles  do no t  belong to the  Na, K and  C1. Af te r  urea  
infusion, more  '~ again d i sappear  f rom the  extracel lular  fluid t h a n  
would  be expla ined  by  the  decrease in urea  and  glucose concent ra t ions .  
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This could be based on displacement of organic substances from the intra- 
cellular to the extracellular localization. 

The decrease in electrolytes (if any) is considerably less pronounced 
than the decrease in total protein value of the serum. This indicates that 
the electrolytes in the extraeellular fluid increase during urea infusion. 
This must probably be explained by a displacement from intracellular 
to extracellular. This view is supported by the fact that  during urea 
infusion the urea invades the cells and thus disturbs the intracellular 
osmolarity relations. The fact that  the decrease in serum Ca considerably 
exceeds the decrease in serum Na, K and C1 values, could possibly be 
dependent on a less rapid mobilization of the Ca. 

Table 4 

Pat ien t  amounts  of urea in grams, volumes of urine in ml 
excreted f rom 0 unt i l  20 rain from 0 unt i l  20 rain 

2 
3 
4 
5 
6 
7 
9 

10 
11 

3.66 
6.60 
2.40 
2.22 
4.36 
1.77 
2.90 
0.15 
2.68 

362 
230 

32 
152 
194 
60 

180 
12 

100 

During urea infusion, the serum urea concentration rises, and so does 
the osmolarity. This serum hypertonia persists until the serum urea 
concentration and the urea concentration in the brain tissue are equalized. 
The brain cell continues to dehydrate until that  time, and the urea con- 
centration in the brain tissue consequently rises. 

Table 4 demonstrates that  a certain degree of osmodiuresis occurs 
during urea infusion, although Javid and Anderson (1959) deny this. In  
6 of our patients the urea excretion and production of urine were found 
to be 5-10 times as high as normal values of 20-30 ml per 20 rain. In 
2 patients (No. 4 and No. 7), there was only a slight increase in diuresis. 

One patient (No. 10) showed markedly lower diuresis and excretion 
than the others. 

The dehydrating effect of intravenously administered hypertonie urea 
solutions is, apart from this osmodiuresis, brought about by the direct 
osmotic action of the high urea concentration of the blood upon the brain 
(and other) tissues. 

I t  has been established that  the increase in urea concentration in the 
muscles and in the brain following urea infusion are of the same order of 
magnitude and have a similar time course (Fig. 2). This would seem to 
warrant the conclusion that the blood-brain barrier does not have an 
important role in the mechanism by which urea dehydrates the brain 
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t issue. Contras t ingly,  such an  influence m a y  be b rought  abou t  b y  t im 
other  barr iers ,  viz. the  blood-C. S. F.  and  brain-C. S. F.  barr iers ,  as the  
rise in the  osmola r i ty  and  i n t h e  urea  concent ra t ion  of the  C. S. F.  occurs 
cons iderably  la te r  t h a n  in the  serum (Fig. 3). 

m i l l i  - 
o s m o l / I  
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Fig. 3. Alterations in the osmolarity and the concentrations of urea i n  serum and C. S. F. Deter- 
minations at 0, 1/3, 1, 4 ~ ,  and 6 hour 

S u m m a r y  and Conclusions 

I n  12 pa t i en t s  wi th  increased in t rac ran ia l  pressure,  caused b y  an  
expand ing  process,  a hyper ton ie  urea  solut ion was in t r avenous ly  admi-  
n is tered dur ing a c ran io tomy.  At  different  t imes  before, dur ing and  af ter  
t he  operat ion,  the  electrolytes ,  urea,  glucose and  to t a l  p ro te in  values 
were de te rmined  in var ious  body  fluids and  tissues. 
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This s tudy  disclosed t h a t  the urea adminis tered was dis t r ibuted 
through both  the intracel lular  and  the extraeellular space after 20 minutes.  
The values of the electrolytes, except the calcium, in  the extracellular 
fluid remained cons tant  after adminis t ra t ion  of the urea solution; the 
to ta l  prote in  value, however, showed a eonsiderable decrease. 

I t  was established tha t  the blood-brain barrier  plays no appreciable 
role in the mechanism of act ion of hypertonic  urea solutions in dehydra t ing  
the bra in  tissue; the blood-C. S. 1~. and  brain-C. S. F. barriers m a y  do. 

Zusammenfassung 

Bei 12 Patienten mit  intrakranieller Drueksteigerung infolge eines raum- 
beengenden Prozesses wurde HarnstofflSsung intraven6s w~ihrend der Seh/idel- 
er6ffnung gegeben. Zu versehiedenen Zeitpunkten vor, w/ihrend trod nach 
der Operation wurden Elektrolyte, Itarnstoff, Gtukose und GesamteiweiB 
quanti tat iv bestimmt und zwar sowohl in versehiedenen K6rperfl/issigkeiten 
wie aueh in Geweben. 

Die Untersuehungen ergaben, dug der verabfolgte Harnstoff in 20 Minuten 
sieh sowohl auf den intrazellul~iren, wie den extrazellul~ren Raum verteilt 
hat. Die Elektrolytwerte, mit Ausnahme yon Kalzium, blieben naeh der 
IIarnstoffinfusion in den extrazelluliiren Fliissigkeiten unvcr/~ndert, der 
Gesamteiweigwert nahm dagegen betr/~ehtlieh ab. 

Es wurde festgestellt, dug die Bluthirnsehranke keine wesentliehe Rolle 
fiir die entwgssernde Wirkung des ttarnstoffes auf das I-Iirngewebe spielt, 
w/ihrend die Blut-Liquor-Sehranke und die I-Iirn-Liquor-Sehranke vielleieht 
yon Bedeutung sind. 

R~sum~ 

Lors d 'une eraniotomie, une solution d'ur6e hypertonique fur administr6e 
par voie intraveineuse ehez 12 patients pr~sentant une pression intraergnienne 
grandissante eausde par une expansion de l'apophyse. De temps en temps, 
avant, pendant  et aprgs l'op6ration, les valeurs des 61eetrolytes, de l'urde, 
du glucose et de la prot6ine totale 6taient dgtermin6es duns les diff6rents 
liquides et tissus du corps. 

Cette 6rude d6montra que l'ur6e administr6e trai t  distribu6e ~ travers 
l'espaee intra et extraeellulaire au bout de 20 minutes. Les valeurs des 61eetro- 
lytes, except6 le calcium, demeur~rent eonstantes duns le liquide extraeellulaire 
apr~s l 'administration de la solution d'ur6e ; la valeur de la prot6ine totale, 
pourtant,  montrai t  une baisse eonsidgrable. 

I1 fur 6tabli que la barri6re h6mato-ene6phalique ne joue aueun r61e 
appr6ciable duns le m6eanisme d'aetion des solutions d'ur6e hypertonique 
duns la d6shydratation du tissu e6r6bral ; les barri6res sang-liquide e6phalo- 
raehidien et eerveau-liquide e6phalo-raehidien, peut-gtre. 

Riassunto 

In  12 pazienti con ipertensione endoeranica, eausata da un processo 
espansivo, ~ stats  somministrata durante la eraniotomia dell 'urea in soluzione 
ipertoniea per via venosa. A diversi tempi prima, durante e dopo l ' intervento, 
sono stati dosati gli elettroliti, l 'urea, il glueosio e le proteine totali in vari 
f lu id ie  tessuti eorporei: Queste rieerche hanno evidenziato ehe l 'urea viene 
distribuita tra spazio intraeellulare ed extracellulare in 20 minuti.  I livelli 
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degli e le t t rol i t i ,  ecee t to  il ealcio, r i m a n g o n o  cos t an t i  nel  l iquido ex t race l lu la re  
dopo la  sommin i s t r a z i one  di urea ,  i va lor i  della p r o t e i n e m i a  to ta l i  inveee  
m o s t r a n o  u n a  no tevo le  d iminuiz ione .  

E '  s t a to  s t ab i l i to  c h e l a  ba r r i e r a  ema to -ee reb ra le  n o n  gioea Meun ruolo 
apprezzab i le  nel  meeean i smo  d ' az ione  de l l 'u rea  ipe r ton iea  nel  d i s id ra ta re  
il t e s su to  ce rebra lc ;  u n  ruolo i m p o r t a n t e  p o t r e b b e  essere inveee  gioeato da l ta  
ba r r i e r a  emato - l iquora le  e t r a  l iquor  c s i s t ema  nervoso.  

Resumen 

Despu6s de u n a  e r an i ec t om l a  se a d m i n i s t r 5  u n a  solueidn de u r ea  h iper-  
t 6n i ea  por  v ia  i n t r a v e n o s a  a 12 pae ien tes  que p r e s e n t a b a n  u n a  p res idn  in t ra -  
e ranea l  erec iente  a eausa  de t m a  exposie idn  de l s  hip6fisis.  Pe r i6d i eamen te ,  
an tes ,  d u r a n t e  y despuds de la operac i6n  se d e t e r m i n a r o n  los va lores  de los 
electrol i tos ,  de la  urea,  de la glueosa y de las p ro t e ina s  to t a l e s  en  los diferenges 
l lquidos  y te j idos  del organismo.  

E s t e  es tudio  demos t r6  que la u r ea  a d m i n i s t r a d a  se d i s t r ibu ia  a t r av6s  
del espaeio i n t r a  y ex t r ace lu l a r  al  cabo  de 20 minuLos. Los va lores  de los 
elee~rolitos, excep to  el ealeio, p e r m a n e c i e r o n  c o n s t a n t e s  en  el l iqtt ido ex t ra -  
eelular  despu6s de la adm i n i s t r a e i 6n  de la soluci6n de u rea ;  el va lo r  de las 
progeinas  gotales, s in embargo ,  m o s t r 6  u n  deseenso considerable .  

Se eoneluy6 que la b a r r e r a  hemato -ence f~ l i ca  no  juega  n i n g d n  pape l  
apree iab le  en  los m e c a n i s m o s  de aeei6n de las soluciones de u r ea  h i p e r t 6 n i e a  
en  la d e s h i d r a t a e i 6 n  del te j ido  ce rebra l ;  t a l  vez lo juegue  en  las ba r r e r a s  
sangre- l iquido  cefMo-raquideo y cerebro- l iquido  eefa lo-raquideo.  
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