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Summary 

Cisternal and/or ventricular cerebrospinal fluid (CSF) and ar- 
terial blood lactate and acid-base balance were measured serially in 
38 patients with aneurysmal subarachnoid haemorrhage (SAH). 
Based on daily clinical assessment, the patients and accordingly the 
samples were divided into two groups according to the grading of 
the World Federation of Neurosurgical Societies (W.F.N.S.). In cis- 
ternal CSF, samples of Grade III-V showed significantly higher lactic 
acidosis than those of Grade I-II. The time course of lactate and 
pH in poor prognosis groups had a significant tendency of lactic 
acidosis, especially on the 5th, 6th, 7th day after SAH. Ventricular 
CSF lactate increased even without CSF acidosis in Groups III-V. 
Measurement of CSF lactate, especially from the cisterna magna is 
useful as an indicator of prognosis and changes of intracranial en- 
vironment following SAH. 

Keywords. Intracranial aneurysm; subarachnoid haemorrhage; 
cerebrospinal fluid; lactic acidosis; cisternal drainage. 

Introduction 

Increased  anaerob ic  me tabo l i sm in bra in  tissue leads 

to cerebrosp ina l  f luid (CSF)  lactic acidosis,  and  ar ter ia l  

b l o o d  resp i ra to ry  a lkalosis  results  f rom the ac t iva t ion  

o f  the bra in  stem resp i ra to ry  centre  9" ~0, ~6. M a n y  in- 

vest igators  r epor ted  tha t  the rise in C S F  lacta te  con- 

cen t ra t ion  resul ted f rom bra in  tissue hypoxia ,  such as 

ol igaemic shock 6, c i rcu la tory  ar res t  28, h y p o x a e m i a  17, 

hyperven t i l a t ion  19, head  injury 5,15, bac ter ia l  

meningi t is  ~, 4 and  b ra in  infarc t ion  9' 10. Measu remen t  

o f  C S F  ac id-base  ba lance  and  lacta te  concen t ra t ion  

has been well k n o w n  as a signif icant  clinical  ind ica to r  

o f  prognos is  and  in t rac ran ia l  c i rcumstances ,  especial ly 
in cases wi th  head  injury 5' 15 and  bra in  infarc t ion  TM 29 

I t  is also well k n o w n  tha t  admix tu re  o f  b l o o d  to 

C S F  gives rise to a progress ive  increase in the C S F  

lacta te  concen t ra t ion  p r o d u c e d  by anae rob ic  glycolysis 

in shed b lood  cells it, 24. Increased  C S F  lacta te  concert- 

t ra t ion  fol lowing suba rachno id  h a e m o r r h a g e  (SAH)  

has also been expla ined in this way  8. However ,  recent  

studies r epor ted  tha t  the increase of  C S F  lacta te  con- 

cen t ra t ion  reflected not  only glycolysis o f  shed b lood  

cells bu t  also bra in  tissue hypox ia  caused by  p r imary  

SAH.  

In this s tudy,  we measured  dai ly  cis ternal  a n d / o r  

vent r icular  C S F  lacta te  concent ra t ions ,  ac id-base  bal-  

ance and electrolytes fol lowing SAH,  and invest igated 

the cor re la t ion  between these pa rame te r s  and  prog-  

nosis. 

Clinical Material and Methods 

Summary of Cases 

The series consists of 38 patients (21 males and 17 females) with 
SAH due to ruptured aneurysms within 48 hours prior to admission. 
The diagnosis was confirmed by computed tomography and cerebral 
angiography. The mean age of the patients was 53 years (ranging 
from 34 to 73 years). The outcome of the patients was divided into 
two groups according to the Glasgow Outcome Scale, that is, good 
recovery and moderate disability were defined as Group l, and severe 
disability, vegetative state and dead as Group 2. The clinical grade 
of the patients according to the grading of the World Federation of 

Table 1. Clinical Grading of Cases After SAH of World Federation 
qf Neurosurgical Societies. GCS: Glasgow coma scale 

Grade GCS Neurological Deficit 

(Paralysis and/or aphasia) 

I 15  - 

11 1 3 - 1 4  --  

]]I 1 3 - 1 4  + 

7 - 1 2  + o r  - 

~f 3 -  6 + o r -  
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Table 2. Relationship Between Clinical Grade on Admission and Out- 
come. Parenthesis is the number of case with cisternal drainage, 
double parenthesis is that with ventricular drainage. Grading ac- 
cording to W.F.N.S. 

Table 3. Values o f  CSF Parameters in Relation to Daily Clinical 
Grade. Values are means :t: standard deviations. Significance: 
** = p < 0.01, * =p0.05 by non-paired T-test compared with values 
of  Grade I-II to Grade III-V 

Group 1 Group 2 

(22) 9 (6) 
Gr. I - - n  22 ((4)) ((7)) 

Gr. I ] ] - V  1 ( 0 )  6 (0) 
(1)) {6) 

Neurosurgical Societies (W.FN.S.)  on admission is shown in Table 
1 and its outcome in Table 2. Fifty-one percent (23/38) of  the patients 

were among the Group 1. 
The ruptured aneurysms were located at the anterior cerebral 

artery complex in 18 individuals, the internal carotid artery complex 
in 8, middle cerebral artery in 15, basilar artery in 1. Six of  these 
patients had multiple aneurysms. In 82% of the patients (31/38), 
surgical obliteration for ruptured aneurysm was performed within 
82 hours after SAH. Cisternal and/or ventricular drainage was placed 
in all patients: cisternal in 28 cases, ventricular in 18 cases and both 
in 7 cases (Table 2). 

Analysis o f  CSF 

Samples of  arterial blood and CSF were periodically analyzed 
for the partial pressure of  carbon dioxide (pCO2), bicarbonate 
(HCO3-)  and pH using IL-1303 Gas Analyzer with attention given 
to prevent exposure to room air. Lactate concentration was measured 
in arterial blood and CSF by using Lactate Analyzer HER 100 (OM- 
RON Tateishi Electronics) after samples were withdrawn into chilled 
syringes with sodium fluoride. Arterial blood and CSF electrolytes 
(Na, K and C1) and CSF cell counts, protein and glucose were also 
measured simultaneously. 

Grade 

pH 

pCOa (mrnHg) 

HCO; (mmol/I) 

lactate (mg/dl) 

cell count 
protein (mg/dl) 

glucose (mg/dl) 

Na (mEq/I) 

K (mEq/I) 

CI (mEq/I) 

Cisternal CSF 
I -11 l l I -V  

7.424-+0,047 7.399_+0.054" 

33.84-5.0 34.94-3.9* 

22.2_+2.3 21.8_+2.3 

25.1 +5.5 32.6_+7.4** 
445_+t138 419_+901 

71,54-49_3 124.24-125.2" 

84.74-25.8 93.94-39.9 

145,6+4.5 150.64-8.3'* 

2.6+_0.3 2.74-0,4 

123.54_5.2 129.4-+8.8"* 

Ventr icular CSF 
I - [ I  m-g  

7.404_+0.045 7.3934-0.058 

34.84-3.8 35.3_+6.5 

21.94_1.9 21.5_+2,4 

21.8+7.0 35.8+18.8 "" 

182_+240 254+_454 

45.14-55,3 80.5+_180.7 

87.24-29.7 103,4-+33.'3* 

145.4+5.4 148.94-8,0* 

2.34-0.2 2.64-1.3"* 

123.7-+6.1 I 126.54-9.1" 

Table 4. Values o f  Arterial Blood Parameters in Relation to Daily 
Clinical Grade. Values are means :t: standard deviations, Signifi- 
cance: ** = p < 0,01, * = p < 0.05 by non-paired T-test compared 
with values of  Grade I-II 

Grade 

pH 

pCOz (mmHg) 

HCO~" (mmol/[) 

lactate (mg/dl) 

Na (mEq/I) 

K (mEq/I) 

CI (mEq/I) 

Cisternal  CSF 

l - l ]  

7.4654-0.025 I 

34.0_+3.7 

24.74-2.5 

14.44-16.4 

139.24-4.2 

4.0_+0.5 

103.0_+6.3 

Ventr icular  CSF 
$ - V  I -II  [ m - V  

7.469__+0.029 7.4624-0.032 I 7.460_+0.041 

33.24-4.0 33.24-4.4 33.4_4.8 

24.3_+2.6 I 23.8+2.1 24.0+3.5 

14.4_+4.8' I 13,0+5.9 2o.4+13 9"* I 
143.04_5.9'* 137.2_+5.4 142.8_+ 6.3"*] 

3.9+__0.5 3.9-+0.6 3.8+__ 0.5 

108.4-+4.8"* 102.74-6.0 106.1__+ 6.8*' 

Results 

Based on daily clinical assessment, the samples ob- 
tained from the cisterna or ventricle were divided into 
two groups according to the grading of the W.F.N.S. : 
in cisternal CSF, 125 samples were from Grade I-II, 
44 samples were from Grade III V, while in ventricular 
CSF, 42 samples were from Grade I-II, 72 samples 
were from Grade III-V. Values of CSF and arterial 
blood parameters in relation to daily clinical grade are 
shown in Tables 3 and 4. In cisternal CSF, samples in 
Grade III-V had statistically significantly higher lac- 
tate values (p < 0.01) and lower pH values (p < 0.01) 
than those in Grade I-II. On the other hand, in ven- 
tricular CSF, samples in Grade III-V had definitely 
higher lactate values (p < 0.01) than those in Grade I- 
II, but pH values showed no significant difference be- 
tween Grade I-II and III-V (Figs. 1 and 2). In both 
cisternal and ventricular drainage groups, samples in 
Grade III-V had significantly higher arterial blood lac- 
tate, CSF and arterial blood Na and C1 than those in 

50' 
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U') ~ / . r  30" ,,~" 

20 

['-N m'-v 

Fig. 1. Correlation between CSF lactate concentration and daily 
clinical grade. Open circles are values from cisternal CSF, and solid 
circles are values from ventricle. Values are means + standard de- 
viations. Significance: ** = p < 0.01 by non-paired T-test compared 
with Grade I-II  to Grade III-V 
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Fig. 2. Correlation between CSF pH and daily clinical grade. Open 
circle are values from cistern, and solid circles are values from v e n -  

t r icle .  Values are means + standard deviations. Significance: 
** = p < 0:01 by non-paired T-test compared with Grade I-II to 
Grade H I - V  
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Fig. 4. Correlation between ventricular CSJF lactate concentration 
and pH. Open circles are values of cases without ventricular 
haemorrhage, and solid circles are values with ventricular drainage 
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Fig. 3. Correlation between CSF lactate concentration and pH from 
cisternal drainage (n  = 141, r = - 0 . 5 2 9 ,  p < 0 . 0 1 ,  CSF lac- 
tate = 600.8 - -77 .5  CSF p H )  

Group I-II. By multivariate statistical analysis, one 
parameter which demonstrated the highest correlation 
coefficient with cisternal CSF lactate concentration, 
was the CSF pH not having regard to the presence of 
intraventricular haemorrhage (Fig. 4). There was no 
significant relationship between electrolytes, lactate 
and acid-base balance in either CSF or arterial blood, 
but a high correlation coefficient with CSF protein 
concentration (p < 0.01) (Fig. 5). 

The correlation between prognosis and the time 
course of lactate concentrations and pH in both cis- 
ternal and ventricular CSF during the first 10 16 days 
after SAH are shown in Figs. 6, 7, 8, 9. In cisternal 
CSF, each daily lactate value in Group 2 was signifi- 
cantly higher than those in Group 1, especially on the 
5th, 6th, 7th day. Daily cisternal CSF pH values in 
Group 2 were lower than those in Group 1, especially 
on the 7th day following SAH (p < 0.05). In ventricular 
CSF, lactate values in Group 2 were also higher than 
those in Group 1 on the 4th, 5th, 6th day from the 
onset (p < 0.05). Ventricular CSF pH values were 
lower in Group 2 than in Group 1 between the 3rd and 
5th days, however, this was not statistically significant. 
Six patients deteriorated with the appearance of focal 
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Fig. 5. Correlation between CSF lactate concentrations and CSF 

protein. Dots are values from cistern, and crosses are values from 

ventricle (values from cistern: n = 149, r = 0.441, p < 0.01, CSF 

lactate - 22.9 + 0.05 CSF protein, values from ventricle: n = 97, 

r = 0.708, p < 0.01, CSF lactate = 17.1 + 0.25 CSF protein) 
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Fig. 6. Correlation between prognosis and the time course ofcisternal 

CSF lactate concentrations. Open circles are values of Group 1, and 

solid circles are values of Group 2. Values are means + standard 

deviations. Significance: ** - p < 0.01, * = p < 0.05 by non-paired 

T-test compared with Group 1 and 2 

neurological signs due to cerebral vasospasm, which 
was verified by cerebral angiography. Cisternal CSF 
lactate value usually increased for the last 1 or 2 days 
before the day of deterioration (Fig. 10). But, cisternal 
CSF pH values were increased in 2 of 3 cases (Fig. 11). 

3 4 5 6 7 8 9 10 11 19 13 14 15 16 

Days 

Fig. 7. Correlation between prognosis and the time course ofcisternal 

CSF pH. Open circles are values of Group 1, solid circles are values 

of Group 2. Values are means • standard deviations. Significance: 

* = p < 0.05 by non-paired T-test compared with Group 1 and 2 
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Fig. 8. Correlation between prognosis and the time course of ven- 

tricular CSF lactate. Open circles are values of Group 1, and solid 

circles are values of Group 2. Values are means • standard devi- 

ations. Significance: * = p < 0.05 by non-paired T-test compared 

Group 1 and 2 

In ventricular CSF, changes of lactate and pH values 
after deterioration were variable (Figs. 10 and 11). In 
one case deterioration was due to aneurysmal rupture, 
ventricular CSF lactate concentration increased re- 
markably after rerupture (Fig. 10). 

Seven patients developed meningitis. The diagnosis 
was confirmed by renewed elevation of CSF cell counts 
over 1000/3/mm while they had been declining to the 
normal range after the acute phase of SAH. Neutrophil 
leucocytosis, decrease of CSF glucose, increase of CSF 
protein and clinical signs of meningitis such as fever 
and neck stiffness were recorded. The causative or- 
ganism was found in only one of the 7 cases. CSF lactate 
concentrations increased remarkably after the onset of 
meningitis (Fig. 12). 
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Fig. 9. Correlation between prognosis and the time course of ven- 

tricular CSF pH. Open circles are values of Group 1, and solid circles 

are values of Group 2. Values are means • standard deviations. 

Significance: * = p < 0.05 by non-paired T-test compared Group I 

and 2 
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Fig. ll .  The time course of CSF pH in cases with deterioration due 

to cerebral vasospasm. Open circles are appearance of typical focal 

sign, solid circles are case with rerupture. Solid lines are values from 

cistern, dotted lines are from ventricle 
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Fig. 10. The time course of CSF lactate concentrations in cases with 

deterioration due to cerebral vasospasm. Open circles are appearance 

of typical focal sign, solid circles are case with rerupture. Solid lines 

are values from cistern, and dotted lines are from ventricle 
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Fig. 12. The time course of CSF lactate concentration in cases with 

meningitis. Arrows are appearance of signs of meningitis 

In 7 cases, both cisternal and ventricular drainage 
was instituted and 27 CSF samples were obtained from 
these sites. By Wilcoxon's two paired test, lactate con- 
centrations, cell counts and protein in cisternal CSF 
were significantly higher than those in ventricular CSF. 
By contrast, CSF HCO 3-, and glucose were signifi- 
cantly lower from the cisterna than from the ventricle 
(Table 5). But no difference in pH and pCO2 values 
could be found between the two groups. 

Arterial blood Na and C1 were significantly corre- 
lated with those of CSF, that is the coefficient corre- 
lation ratio was Na:0.805, C1:0.772 in cisternal CSF 
(p<0 .01) ,  Na:0.857, C1:0.728 in ventriclar CSF 
(p < 0.01). However, there was no statistically signif- 
icant correlation between arterial blood and CSF K. 

Table 5. Correlation Between Cisternal and Ven tricular CSF in Paired 
Samples. Values are means • standard deviations. Significance: 

** = p < 0.01, * = < 0.05 by Wilcoxon's two paired test 

pH 
pCO2 (mmHg) 
HCO~- (mmol/~) 
lactate (mg/d~) 
cell count (/3/ram) 
protein (mg/d~) 
glucose (mg/d~) 
Na (mEq/~) 
K (mEq/~) 
CI (rnEq/~) 

cistern 

7.418• 
3 2 . 9 •  
21.2•  
31.9•  9.0 
1288• 
180• 184 
82• 

147• 8 
2 .7 •  

125.7• 8.9 

ventricle 

7.409 4- O. 038 
34.7 -I- 4.0 
22.1 ___2.2* 
23.0 • 9.5** 
2f7 • 307** 

66 4- 80** 

101 + 44** 
148+__ 7 
2.8 +__ 1.9 

127.3-t-8.1 



132 M. Shimoda etal.: CSF lactate in SAH 

By multivariate statistical analysis, the highest coeffi- 
cient correlation ratio documented with CSF K was 
cisternal HCO3 and ventricular CSF protein in these 
parameters. 

Discussion 

Froman and Smith 8 found a fall in CSF pH and 
bicarbonate associated with a rise in lumbar CSF lac- 
tate concentration following SAH, and it was con- 
cluded that this increase of lactate was due to the glu- 
cose metabolism of shed blood ceils. Similar obser- 
vations showing a rise of lactate in haemorrhagic CSF 
have also been reported 13, 24. Sugi et  al. 2s reported that 
an increase in CSF lactate and lactate/pyruvate ratio 
in experimentally induced SAH in dogs seemed to be 
caused by two different factors; the lactate producing 
glycolytic process in the shed blood cells and blood in 
the subarachnoid space causing secondary changes in 
brain tissue metabolism due to a probable reduction 
of cerebral blood flow. Accordingly, CSF lactate con- 
centration may be invalid as an indicator of cerebral 
hypoxia, but CSF lactate/pyruvate ratio is assumed to 
reflect the redox state of cerebral hypoxia in the pres- 
ence of haemorrhagic CSF14, since the production of 
lactate and pyruvate from blood cells will not change 
this ratio significantly ~3. In our study excluding the 
cases with rerupture, cisternal CSF lactate concentra- 
tion in Group 2 increased remarkably with a fall in 
CSF pH in the period following the first 5 to 7 days 
after SAH during which blood disappeared from the 
CSF. The changes in CSF lactate concentration from 
the cisterna magna ran parallel with the clinical signs 
particularly in patients who deteriorated due to cerebral 
vasospasm. Although bloody CSF lactate concentra- 
tions in such circumstance as reruptured aneurysm in- 
creased, lactate clearance from CSF is a relatively slow 
process21.26, with the bulk accounted for by diffusion 
into the brain tissue. However, CSF lactate concen- 
tration indicates cerebral hypoxia when blood disap- 
peared from the CSF. 

Another factor reported by Sambrook et  al.22 con- 
tributing to the increased CSF lactate production after 
SAH was hyperventilation. In our study, CSF lactate 
concentration had no significant correlation with ar- 
terial blood acid-base balance. This seems to be the 
effect of other CSF lactate increasing factors and gen- 
eral complications such as pneumonitis and cardiac 
failure etc. that affect arterial blood acid-base balance. 

Most investigators have used lumbar CSF for stud- 
ies of CSF lactate concentrations following SAH, but 

the lactate values of lumbar CSF are higher than that 
of cisternal and ventricular CSF due to stagnation of 
blood in the lumbar sac 2~ Voldby et  al. 27 reported that 
ventricular lactate concentrations following SAH cor- 
related fairly well with clinical grading; with intra- 
ventricular pressure and prognosis, however, no sig- 
nificant correlations with CSF pH, lactate concentra- 
tions and clinical grading were noted. They also de- 
scribed that samples of ventricular CSF probably 
comprise a mixture of both cisternal and ventricular 
CSF due to ventricular CSF reflux in patients with 
impaired CSF flow and absorption following SAH. Our 
results were in accordance with cisternal CSF lactate 
concentrations; pCO2 and pH were well correlated with 
clinical grading, but ventricular CSF parameters ex- 
cluding lactate were not. The time course of changes 
in ventricular CSF lactate concentrations and pH after 
deterioration due to cerebral vasospasm were variable. 
On the other hand, changes in cisternal CSF lactate 
concentrations increased with a concurrent clinical de. 
terioration. Acid-base balance in CSF obtained si- 
multaneously from cistern and ventricle were not much 
different in either CSF from the cisterna or ventricle 
excluding HCO 3- values, but CSF lactate concentra- 
tions from the cisterna were significantly higher than 
that from the ventricle. These results suggest that cis- 
ternal CSF lactate concentrations are more sensitive 
than ventricular ones in patients with clinical signs of 
vasospasm. 

It is thought that cerebral tissue acidosis resulted 
from supernumerary production of lactate due to ac- 
cumulation of the anaerobic metabolites following cer- 
ebral tissue hypoxia 18. This increasing intra-tissue lac- 
tate (and pyruvate) dilutes to CSF and H + is neu- 
tralized by HCO3-. Therefore, CSF lactate is inversely 
proportional to CSF HCO3-.  Furthermore, cerebral 
hypoperfusion may contribute to impede the intra-tis- 
sue CO2 excretion and this intra-tissue CO2 accumu- 
lation subsequently increased CSF pCO2. Conse- 
quently, cerebral tissue hypoxia leads to CSF respi- 
ratory acidosis in addition to CSF metabolic acidosis ~ l 
In our study, no significant correlation between CSF 
lactate concentrations and CSF HCO 3- were noted, 
but the factor with a high correlation coefficient with 
CSF lactate concentrations from both the cisterna and 
ventricle was the CSF protein concentration. Our re- 
sults and the fact that the amount of red blood cells 
in the CSF parallels the CSF protein concentration 2 
suggest that a glycolytic process in the shed blood cells 
attenuate correlation between lactate and acid-base 
balance such as in non-haemorrhagic CSF. We spec- 
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ulate that the significant increase in cisternal CSF lac- 
tate concentration in Group 2 resulted from cerebral 
hypoxia due to not only brain oedema caused by SAH 
and/or surgical intervention but also cerebral vaso- 
spasm, because this difference was especially pro- 
nounced on the 5, 6, 7th day after SAH, when vaso- 
spasm occurred. 

Sambrook e t a l .  z3 reported that serial changes in 
CSF Na and CL occurred in association with alter- 
nation in these ions in plasma, and CSF CL tended to 
decrease by Donnan's effect following increase of CSF 
protein 7. However, in our study, arterial blood and 
CSF Na and CL in Grade III-V were higher than those 
in Grade I-II regardless of increased CSF protein. This 
result might be related to osmotherapy applied for pa- 
tients in a poor clinical state. The result appears to 
come from the fact that there is a tendency in which 
serious patients following SAH are being dehydrated 
for oedema. Alexander e t  al. l reported that elevations 
of blood dl-lactic acid concentration have been noted 
to have little effect on CSF lactate level. Accordingly, 
a significantly higher arterial blood lactate concentra- 
tion in Grade III-V results from peripheral circulatory 
disturba1~ce due to dehydration. 

Surprisingly, changes of CSF K were not related to 
changes of arterial blood K. Sambrook e t  al. 23 reported 
that a decrease in CSF K was related to the severity 
of disturbances of consciousness. On the contrary, in 
our study K in Grade III-V from ventriclar CSF was 
significantly higher than that in Grade I-II and these 
results cannot yet be explained. Goldstein e t  al. 12 sug- 
gested that the decrease ofCSF K after SAH may result 
from a promotion of K remora1 from CSF by glial 
cells and brain endothelial cells during the chemical 
meningitis following SAH. Anyway, at the present 
time, measurement of CSF electrolytes are of no clinical 
significance. 

In conclusion, measurement of CSF lactate concen- 
tration, especially from the cisterna magna is useful as 
an indicator of prognosis and changes of intracranial 
circumstances such as brain oedema, hypoperfusion 
and meningitis following SAH. We institute cisternal 
drainage during acute aneurysmal surgery for the pur- 
pose of not only removing of cisternal blood but for 
monitoring of parameters and for serial CSF analysis 
to obtain valuable information about the clinical course 
and prognosis. 
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