
Dynamics of Cerebral Metabolism in Patients with Chronic Subdural 
Hematoma Evaluated with Phosphorous 31 MR Spectroscopy before 
and after Surgery 

Kazuo Yoshida, Masahiro Furuse, Akira Izawa, Naoto lizima, Taijirou Hirano, Hiroji Kuchiwaki, Suguru lnao , and 
Kenichiro Sugita 

PURPOSE: To determine whether the depression of cerebral bioenergetic metabolism caused by 
chronic subdural hematomas can account for neurologic dysfunction and whether the degree of 
metabolic depression may be useful for clinical assessment and therapy . METHODS: Sixteen 
patients who had chronic subdural hematomas with hemiparesis and/or mental disturbances 
underwent phosphorous 31 MR spectroscopy before and 10 to 14 days after surgery. Phosphorous 
31 MR spectroscopy was also performed on 5 patients who had chronic subdural hematomas with 
only slight headaches who were treated by conservative therapy and on 10 healthy volunteers . 
RESULTS: The preoperative phosphocreatine-to-inorganic phosphate ratio (2.1 0 :!:: 0.36) im
proved to normal values (2.69 :!:: 0.44) after evacuation of hematomas. This improvement was 
accompanied by complete disappearance of hemiparesis and/or mental disturbance . Brain tissue 
pH also improved from 7 .07 :!:: 0 .11 to 7.205 :!:: 0 .13 after surgery. On the other hand, patients who 
had chronic subdural hematomas with only slight headaches had the same phosphocreatine-to
inorganic phosphate ratio and brain intracellular pH as healthy volunteers . CONCLUSION: The 
phosphocreatine-to-inorganic phosphate ratio may be useful for determining when to operate on 
patients with chronic subdural hematomas and to assess the efficacy of treatment. 
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Chronic subdural hematoma, which is a 
slowly expanding intracranial mass lesion, can 
cause neurologic dysfunction by several possi
ble mechanisms; however, the exact mecha
nism by which compression and displacement 
of the brain cause reversible reduction of cere
bral function is not clear. Reduction of cerebral 
blood flow recently has been reported in pa 
tients who had chronic subdural hematomas 
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with neurologic deficits ( 1-5). It is not clear 
whether cerebral blood flow reduction is a cause 
of brain dysfunction or merely a result of a re-
duced metabolic demand in the dysfunctional 
brain. The relationship between cerebral metab
olism and neurologic symptoms has not been 
determined, because one could not directly de
fine cerebral metabolism in vivo. 

The objective of this study was to determine 
using magnetic resonance (MR) spectroscopy 
whether depression of cerebral bioenergetic 
metabolism can cause neurologic dysfunction 
and whether the degree of metabolic depletion 
may be useful for clinical assessment and ther
apy. We examined the dynamics of cerebral 
metabolism in patients who had chronic sub
dural hematomas with and without neurologic 
dysfunction using phosphorous 31 spectros
copy. In patients with hemiparesis and/or men-
tal disturbances, P-31 spectroscopy was per
formed before and after surgery. The results 
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were then compared with the P-31 spectra from 
10 healthy adults. 

Materials and Methods 

Sixteen patients (32 to 82 years old) who had chronic 
subdural hematomas with hemiparesis and/or mental dis
turbances underwent MR spectroscopy before and 1 0 to 
14 days after surgery. P-31 MR spectroscopy was also 
performed on 5 patients (50 to 70 years old) who had 
chronic subdural hematomas with only slight headaches 
and we re treated by conse rvative therapy and on 10 
healthy volunteers ( 17 to 82 years old) who had no abnor
mal findings on MR. 

P-31 MR spectroscopy was performed on a 1.5-T 
whole-body system. A saddle-type double -tuned (for hy
drogen 1 and P-31 ), send-and-receive head volume coil 
285 mm in diameter, was used for imaging and for spec~ 
troscopy; this allowed rapid switching from H-1 MR imag
ing to P-31 MR spectroscopy without the need to move the 
patient or replace the coils . T1 -weighted H-1 MR images 
(260/9/1 [repetition time/echo time/ excitations], field
echo, goo flip angle , 10-mm section width , and 256 X 256 
matrix) were used to inspect the volume of interest. Field 
homogeneity was optimized by autoshimming on the 
water-proton signal. Then the instrument was switched to 
P-31 MR, and a spectrum of a volume of interest was 
obtained. 

The method used to obtain P-31 MR spectra was one
dimensional image-selected in vivo spectroscopy (6 , 7). 
This method avoids transverse relaxation and therefore 
allows short T2 signals to appear on the MR spectra. Spec
tra we re recorded with a repetition time of 2000, a sam
pling decay time of 0 .80, 1024 sampling points, and 300 
to 800 excitations. Thickness of the volume of interest was 

Fig 1. A, T1 -weighted H-1 MR image 
(260/ 9) shows a chronic subdural hema
toma of high signal intensity in the left fron
toparietal region with a moderate degree of 
brain shift. The volume of interest is placed 
in the whole hemisphere sagittally between 
the horizontal lines. 

8, The hematoma was almost gone after 
surgery. 
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30 to 50 mm, and total acquisition time was 13 to 15 
minutes . The volume of interest was placed in the center of 
the hemisphere, usually at the level of the basal ganglia, 
and included gray and white matter (Fig 1 A). An attempt 
was made to exclude the hematoma itself from the volume 
of interest, although spectra from the hematoma consisted 
only of very small inorganic phosphate signals. However, 
all spectra obtained contained signals from extracranial 
structures, such as bone, muscle , and skin. It is possible 
that these tissues may have influenced phosphocreatine
to-inorganic phosphate (PCr/ Pi) ratios and tissue pH 
values . 

Quantification of the spectra was performed by means 
of area measurements using automated area analysis. The 
convolution difference method (8) was used to remove the 
broad signals derived from bone and from tissues in the 
inhomogeneous profiled magnetic field . In this study, we 
measured the 13-adenosine triphosphate (13-ATP) concen
tration and calculated the PCr/ Pi ratio. The 13-ATP peak 
was chosen to measure the ATP concentration, because 
the a - and -y-ATP peaks included signals caused by aden
osine diphosphate and dihydronicotinamide adenine dinu
cleotide, respectively (9) . Tissue pH was also calculated 
from the chemical shift of inorganic phosphate (1 0, 11) . 

Statistical Analysis 

Statistical analysis of the PCr/ Pi ratios and 13-ATP was 
performed with the paired Student's t test. All data are 
presented as means ± SDs. 

Results 

Example Case. A 57 -year-old man presented 
with a headache of 3 weeks' duration. He had a 



AJNR: 15, October 1994 

progressive right hemiparesis and disorienta
tion. T1-weighted MR imaging demonstrated a 
chronic subdural hematoma of high intensity in 
the left frontoparietal region with a moderate 
degree of brain shift (Fig 1A) . After surgery, the 
patient was free of neurologic symptoms, and 
only a small hematoma without brain shift was 
noted (Fig 1B). Figures 2A and B show P-31 MR 
spectroscopy before and 1 week after surgery. 
The PCr/Pi value normalized from 1.80 to 2.47 , 
and brain tissue pH increased from 6.985 to 
7.149 . 

Patients who had chronic subdural hemato
mas without neurologic deficits had grossly the 
same PCr/Pi ratio (2.65 ± 0.15) as healthy vol
unteers (2.76 ± 0.19) (Table). The PCr/Pi ratio 
measured in patients with neurologic deficits 
significantly improved from 2.10 ± 0.36 to 2.69 
± 0.44 after evacuation of hematoma (P < 
0.01 ). This specimen change was accompanied 
by complete disappearance of hemiparesis 
and/or mental disturbances. Brain tissue pH 
also improved from 7.07 ± 0.11 to 7.21 ± 0.13 
(P < 0.05) after surgery. However, brain pH 
values in patients who had chronic subdural 
hematomas without neurologic deficits and 
healthy volunteers were 7.149 ± 0. 14 and 7 .15 
± 0.13, respectively. Figure 3 shows preopera
tive and postoperative PCr/Pi ratios (Fig 3A) 
and brain pH (Fig 3B) in patients who had 
chronic subdural hematomas with neurologic 
deficits. All preoperative PCr/Pi ratios were less 
than 2.6, which were below those in volunteers; 
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pH values in all patients with chronic subdural 
hematomas , except one (7 .345), were less than 
7 .15, the pH of healthy volunteers . {3-ATP val 
ues showed no significant difference between 
groups. 

Discussion 

It is unclear why chronic subdural hemato 
mas , which slowly expand and compress the 
brain , cause reversible reduction in cerebral 
function. Compression of the subjacent brain 
and subsequent development of focal cerebral 
edema may lead to cerebral dysfunction and 
clinical symptoms. Brain substance remote 
from the mass could be rendered ischemic be
cause the compression can affect blood supply 
seriously. Another possible mechanism deserv
ing examination is alteration of the electrical 
and chemical properties of neurons caused by 
damage and/or distortion of their architecture. 

Many investigators have reported cerebral 
blood flow studies in patients with chronic sub
dural hematomas (1-5) . Ikeda et al (2) found 
that cerebral blood flow reduction was more 
pronounced in patients with hemiparesis and/or 
mental disturbances than in patients with only 
headaches. Tanaka et al (3) suggested that py
ramidal signs were caused by a local cerebral 
blood flow reduction not in the cortex but in the 
central cerebral areas at the basal ganglia level. 
However, observation of cerebral bioenergetic 
metabolism has not been reported for patients 
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Fig 2. P-3 1 MR spectroscopy before (A) and 1 week after (B) surgery . Peak A indicates phosphomonoester; 8 , inorganic phosphate; 

C, phosphodiester; 0 , PCr; £, y-ATP; F, a-ATP; and G, {3-ATP. The PCr/ Pi ratio normalized from 1.80 to 2.47 after surgery. Bra in t issue 
pH increased from 6.985 to 7.149. 
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Metabolic Parameters 

Subject 

Healthy volunteer 
Chronic subdural hematoma without symptoms 
Chronic subdural hematoma with symptom s (preoperative) 
Chronic subdura l hem atoma with symptoms (postoperative) 

Note.- Data are means ± SDs. 
• P < 0.01 compared with any other group. 
b P < 0.05 compared with postoperative group. 

with chronic subdural hematomas, although the 
cerebral metabolic rate of oxygen in one patient 
was measured by Gjerris and Brodersen (5). In 
this patient, the metabolic rate of oxygen was 
reduced more than cerebral blood flow. It was 
speculated that the cerebral blood flow reduc
tion might be caused by a reduced metabolic 
demand rather than by cerebral ischemia. 

In the present study, we compared the clinical 
symptoms with cerebral bioenergetic metabo
lism by P-31 MR spectroscopy. Since the initial 
measurement of P-31 MR spectra in biological 
tissues ( 12) , a great deal of attention has been 
paid to the possibility that energy metabolites 
could be measured in vivo, without extracting or 
homogenizing the organs. However, various 
studies of in vivo MR spectroscopy have shown 
that quantitative evaluations are difficult to per
form , particularly the measurement of absolute 
concentrations of metabolites. These problems 
are currently circumvented by calculating the 
ratios of metabolites. From this study, we wish 
to emphasize that the PCr/Pi ratio is a sensitive 
marker of cerebral bioenergetic depression. A 
major role of PCr in the brain is to buffer the 
A TP-to -adenosine diphosphate ratio through 
the creatine-kinase reaction. Because a de-

Fig 3. Preoperative and postoperati ve 
PCr/ Pi ratio (A) and brain pH ( B ) in patients 3.5 

who had chronic subdura l hem atomas with 
neu ro logic defi c its. A ll preoperati ve PCr/ Pi 
ratios were less than 2.6 , less than values in 
healthy volunteers. A ll pH values, except 
one (7.345) , were less than 7.15, the value 
in healthy volunteers. 
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n PCr/ Pi !3-ATP Brain pH 

10 2.76 ± 0.19 0.54 ± 0.06 7.15 ± 0.13 
5 2.65 ± 0.15 0.50 ± 0.08 7 .15 ± 0.14 

16 2.10 ± 0.36. 0.50 ± 0.08 7.07 ± 0.11b 
16 2.69 ± 0.44 0.50 ± 0 .08 7. 21 ± 0.1 3 

crease in PCr is most likely accompanied by an 
increase in Pi, the PCr/Pi ratio amplifies even 
subtle decreases in PCr (13) . 

Previous P-31 MR investigations in animals 
have shown decreased ratios of PCr/Pi in cases 
of experimental head trauma ( 13) , acute cere
bral infarction (14 - 16) , hypoxia (9 , 17) , and 
convulsion (18, 19). Bottomley et al (20) re
ported brain tissue pH and PCr/Pi were 7.01 
(± 0.05) and 7.7 (± 2.3) , respectively , in 
healthy adults. Our data (7.15 ± 0.13 and 2 .76 
± 0 .19) were different, possibly because we 
used one-dimensional image -selected in vivo 
spectroscopy, and therefore , signals from the 
extracerebral structure, such as bone, muscle , 
and skin, were sampled at the same time. The 
pH values reviewed by Petroff et al ( 1 0) show a 
considerable variation (7 .09 to 7 .33) . 

Metabolic alterations after experimental trau
matic head injury have been reported by many 
investigators. Yoshida and Marmarou ( 13) con
sidered the reduction in PCr/Pi ratio without 
{3-ATP changes after experimental brain injury 
to be indicative of an energy metabolism disturb
ance. lshige et al (21) also observed brain aci 
dosis and decreased PCr/Pi without ATP 
changes after mild head injury. In the present 
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investigation, patients who had chronic sub
dural hematomas with neurologic symptoms 
had slight brain acidosis (7.07 ::!::: 0.11). We 
found that the reduction of PCr/Pi ratio coin
cided with a reduction of cerebral function , as 
reflected by hemiparesis and/or decreased 
mental function . The preoperative PCr/Pi ratio 
in our patients with hemiparesis and/or mental 
disturbances was extremely low (2.1 0 ::!::: 0.36). 
It was noteworthy that the ratio recovered to 
normal levels (2.69 ::!::: 0.44) after evacuation of 
hematoma (P < .01 ), along with the disappear
ance of neurologic deficits. Brain tissue pH re
duction was accompanied by a reduction in the 
PCr/Pi ratio but without any change in the 
{3-ATP value. This phenomenon is indicative of 
a bioenergetic metabolic disturbance, a finding 
demonstrated by others (13, 21-24). We spec
ulate that the lack of change in ATP is the rea
son for reversible reduction of cerebral function. 
It is also notable that patients who had chronic 
subdural hematomas without neurologic defi
cits had grossly the same PCr/Pi ratio as healthy 
volunteers . We speculate that the symptom of 
headache was caused by elevation of intracra
nial pressure, without a depression of cerebral 
metabolism. We believe the depression of cere
bral metabolism leads to neurologic dysfunc
tion. Therefore, the PCr/Pi ratio may be useful 
for determining when to operate and to assess 
the efficacy of treatment. When patients with 
chronic subdural hematomas have PCr/Pi ratios 
and brain pH values less than 2.6 and 7 .15, 
respectively, they may need surgical interven
tion. However, the one-dimensional image
selected in vivo spectroscopy used in our stud
ies covers the whole hemisphere and does not 
locate changes precisely. Further advances in 
MR technology may enable detection of smaller 
metabolic changes and better their anatomic 
relationships. 

Reduction in cerebral perfusion pressure 
caused by increased intracranial pressure leads 
to a reduction in cerebral blood flow. However , a 
chronic subdural hematoma may be considered 
a slowly expanding intracranial mass, which al
lows compensatory mechanisms that prevent a 
marked rise in intracranial pressure. When the 
mass expands slowly, expression of cerebrospi
nal fluid from the supratentorial compartment 
permits accommodation of a large volume, and 
brain stem displacement is less (25). The exact 
mechanism by which compression and dis
placement of the brain by chronic subdural he-
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matoma cause reversible reduction of cerebral 
function remains unclear. It was clear from our 
study, however, that the reduction of the PCr/ Pi 
ratio indicates a reduction of the cerebral met
abolic state. Possibly the cerebral metabolism is 
depressed by a direct compression of neural 
tissues by the hematoma. Tanaka et al (3) re 
ported that the mean hemispheric cerebral 
blood flow decreased about 7% in patients with 
chronic subdural hematomas and headaches 
but about 35% in patients with hemiparesis 
and/or mental disturbances. However, Gjerris 
and Brodersen (5) measured the cerebral met
abolic rate of oxygen in their patient and found 
that it was reduced more than cerebral blood 
flow . Therefore, it is possible that cerebral blood 
flow reduction (ischemia) might not be the 
cause of brain dysfunction but is the result of 
reduced metabolic demand in the dysfunctional 
brain (we did not measure cerebral blood flow in 
this study). 

References 

1. Brodersen P, Gjerri s F. Regional cerebral blood flow in patients 
with chronic subdural hematomas. Acta Neurol Scand 1975;51 : 
233-239 

2. Ikeda K, Ito H, Yamashita J. Relation of regional cerebral blood 
fl ow to hemiparesis in chronic subdura l hematoma. Surg Neuro/ 
1990;33:87- 95 

3. Tanaka A, Yoshinaga S, Kimura M. Xenon-enhanced computed 
tomographic measurement of cerebra l blood flow in patients with 
chronic subdura l hematomas. Neurosurgery 1990;27:554-561 

4. Tanaka A, Kimura M, Yoshinaga S, Ohkawa M. Computed tomog
raphy and cerebral blood flow corre lations of mental changes in 
chronic subdural hematoma. Neurosurgery 1992;30:370-378 

5. Gjerris F, Brodersen P. Regiona l cerebral blood flow in patients 
with chronic subdural hematoma before and after operation. Acta 
Neurochir (Wien) 1975;31 :267-268 

6. Ordidge RJ, Connelly A, Lohman LAB. Image-selected in v ivo 
spectroscopy (ISIS): a new technique fo r spatia lly selective NMR 
spectroscopy. J Magn Reson 1986;66:283-294 

7. Ordidge RJ , Bowley RM, Mchale G. A genera l approach to selec
tion of multiple cubic volume elements using the ISIS technique. 
Magn Reson Med 1988;8:323-331 

8. Gonza lez-Mendez R, Litt L, Koretsky AP, Colditz J , Weiner MW, 
James TL. Compari son of 3 'P NMR spectra of in vivo rat brain 
using convolution difference and sa turation with a surface coi l: 
source of the broad component in the brain spectrum. J Magn 
Reson 1984;57:526- 533 

9. Pri chard JW, A lger JR, Behar KL, Petroff OAC, Shulman RG. 
Cerebral metabolic studies in vivo by 3 1 P NMR. Proc Nall A cad Sci 
USA 1983;80:2748-2751 

10. Petroff OAC, Prichard JW, Behar KL, A lger JR, Hollander JA, 
Shulman RG . Cerebral intracellular pH by 3 1P nuc lea r magnetic 
resonance spectroscopy. Neurology 1985;35:781-788 

11. Thulborn KR, Boulay GH , Duchen LW, Radda GA. 3 1P nuclear 
magnetic resonance in vivo study of cerebral ischemia in the 
gerbil. J Cereb Blood Flow Metab 1982;2:299-306 



1686 YOSHIDA 

12. Hoult Dl, Busby SJW, Gadian DG, Radda GK, Richards RE, Seeley 
PJ . Observation of tissue metabolites using 3 1P nuclear magnetic 
resonance. Nature 1974;252:285-287 

13. Yoshida K, Marmarou A. Effects of tromethamine and hyperven
tilation on brain injury in the cat. J Neurosurg 1991 ;74:87-96 

14. Naruse S, Horikawa Y, Tanaka C, Hirakawa K, Nishikawa H, 

Watari H. In vivo m easurement of energy metabolism and the 
concomitant monitoring of electroencephalogram in experimental 
cerebral ischemia. Brain Res 1984;296:370-372 

15. Germano IM, Pitts LH , Berry I, Armond SJD. High energy phos

phate m etabolism in experimental permanent focal cerebral is
chemia: an in vivo 3 1P magnetic resonance spectroscopy study. J 
Cereb Blood Flow Melab 1988;8:24-31 

16. Btech DTD, Gordon RE, Hope PL, et al. Noninvasive investigation 
of cerebral ischemia by phosphorus nuclear magnetic resonance. 
Pediatrics 1982;70:310-313 

17 . Hilberman M, Subramanian VH , Haselgrove J , et al. In vivo time
resolved brain phosphorus nuclear magnetic resonance. J Cereb 
Blood Flow Metab 1984;4:334-342 

18. Petroff OAC, Prichard JW, Behar KL, Alger JR, Shulman RG. In 

vivo phosphorus nuclear magnetic resonance spectroscopy in 
status epileptics. Ann Neurol1984 ;16:169-177 

19. Schnall MD, Yoshizaki K , Chance B, Leigh JS. Trip le nuclear NMR 

studies of cerebral metabolism during generalized seizure. Magn 
Reson Med 1988;6:15-23 

AJNR: 15, October 1994 

20. Bottomley PA, Drayer BP, Smith LS. Chronic adult cerebral in
farction studied by phosphorus NMR spectroscopy. Radiology 
1986;160:763-766 

21 . lshige N, Pitts LH, Pogliani L, et al. Effects of hypoxia on traumatic 
brain injury in rats , 2: changes in high energy phosphate metab
olism. Neurosurgery 1987;20:854-858 

22. Duckrow RB, Lamanna JC, Rosenthal M. Oxidative metabolic 

activity of cerebral cortex after fluid-percussion head injury in the 
cat. J Neurosurg 1981;54:607-614 

23. Vink R, Mcintosh TK, Weiner MW. Effects of traumatic brain injury 

on cerebral high-energy phosphate and pH: a 31 P magnetic res 
onance spectroscopic study. J Cereb Blood Flow Me tab 1987; 7: 
563-571 

24. Yang MS, DeWitt DS, Becker DP. Regional brain metabolite levels 
following m ild experimental head injury in the cat. J Neurosurg 
1985;63:617-621 

25. Weinstein JD, Langfitt TW, Bruno L, Zaren HA, Jackson LLF. 
Experimental study of patterns of brain distortion and ischemia 

produced by an intracranial mass. J Neurosurg 1968;28:513-521 


