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v Near-infrared spectroscopy (NIRS) of the cerebral hemispheres, applied transcranially through the intact
scalp and skull, was evaluated for its ability to detect the presence of an intracranial hematoma in 46 head-
injured patients. In 40 patients intracranial hematomas (22 subdural, 10 epidural, eight intracerebral) were
identified on computerized tomography (CT); in all 40 cases, NIRS demonstrated greater absorption of light
at 760 nm on the side of the hematoma. The mean difference in optical density (OD) between the hemisphere
with the hematoma and the normal hemisphere was 0.99 + (.30 for epidural hematomas, 0.87 + 0.31 for
subdural hematomas, but only 0.41 + 0.11 for intracerebral hematomas. In 36 patients, the asymmetry in OD
resolved after surgical evacuation of the hematoma or with spontaneous resorption of the hematoma. Four
patients who developed postoperative or delayed hematomas exhibited persistence of the asymmetry in OD,
Six patients had only diffuse injuries and exhibited only minor differences in OD between the hemispheres,
similar to 10 patients in the control group with no head injury. It appears that NIRS is useful in the initial
examination of the head-injured patient, as an adjunct to CT, and in following patients postoperatively in the

intensive care unit.
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(NIRS) to the study of human cerebral metab-

olism was described by Jobsis.'? Unlike visible
light, near-infrared light can penetrate the scalp, skull,
dura, and brain for several centimeters, and thus infor-
mation about intracerebral attenuation of light can be
obtained.®® In the brain, there are three major light-
absorbing molecules;"'>'* these chromophores include
oxyhemoglobin, deoxyhemoglobin, and cytochrome
aa;. The absorption of oxyhemoglobin and reduced
hemoglobin is detected at a variety of wavelengths near
760 nm. Increasing absorbance at 760 nm represents
increases in deoxyhemoglobin levels.'* Oxidized cyto-
chrome aa; is detected near 830 nm,* the contributions
from aa; being small.’

Transcranial NIRS has been used to detect cerebral
hypoxia and changes in cerebral blood volume,*->8 16
In addition, NIRS has been used to detect disturbances
in autoregulation of cerebral blood flow (CBF) in new-
borns,' to identify the presence of hyperoxia after
circulatory arrest and reperfusion,'* to detect metabolic
brain injury in infants,” and to measure CBF in preterm
infants.'® The potential of NIRS as a method of local-

THE application of near-infrared spectroscopy
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izing intracranial hematomas has not been systemati-
cally studied. Extravascular blood should strongly ab-
sorb near-infrared light compared to intravascular
blood because of the greater concentration of hemoglo-
bin in the hematoma than in brain tissue. The present
study was carried out to test the hypothesis that absorb-
ance of near-infrared light would be greater on the side
of the brain containing a hematoma than on the unin-
Jured side.

Clinical Material and Methods

Forty-six patients who were admitted to Ben Taub
General Hospital, in Houston, Texas, between August,
1991, and March, 1992, with a severe head injury were
studied with NIRS and computerized tomography
(CT). The patients ranged in age from 4 months to 74
years; 41 patients were male and five were female.
Thirty-nine patients were studied in the emergency
room prior to obtaining a CT scan, while the remaining
seven patients were examined in the operating room
prior to surgery or in the intensive care unit if surgery
was not required. In all cases the examiner was blinded
to the results of the CT scan.
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TABLE 1
Difference in optical density in patients with
epidural hematomas*
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TABLE 2

Difference in optical density in patients with
subdural hematomas™*

Side of

Case Age E{l(ei;(;_f Preop Postop Postop Case  Age Hema- Preop Postop Postop
No. (yrs) AOD AOD CT Scan No. (yrs) AQOD AOD CT Scan
toma toma
evacuation of hematoma evacuation of hematoma
1 23 It 1.37 0.02  no hematoma 1 30 n 0.83 0.02  no hematoma
217 rt 1.30 003  no hematoma 2 2 it 0.69 0.0l  no hematoma
3 7 It 0.64 002  no hematoma 3 34 r 043 0.02  no hematoma
4 30 It 0.90 0.02  no hematoma 4 16 It 1.30 0.03  no hematoma
5 1l r 1.12 0.02 no hematoma 5 17 It 0.78 0.03 no hematoma
6 39 It 1.30 0.02  no hematoma 6 74 el 1.37 0.03  no hematoma
recurrent 7 25 Il 0.62 0.03  no hematoma
Ty n 0.64 0.52 hematoma 8 4l It 0.82 0.05  no hematoma
delayed epidural 9 43 r 0.69 0.02  no hematoma
8 20 It 1.00 0.94 hematoma 10 20 il 0.78 0.03 no hematoma
{opposite side) i 17 It 0.82 0.02 no hematoma
nonsurgical treatment 12 39 It 0.86 0.02 no hematoma
9 17 It 0.52 13 28 It 0.76 0.03  no hematoma
10 % It 1.08 14 40 r 0.94 0.03 no hematoma
mean £ SD 0.99 £ 0.30 0.02 £ 0.01 no hematoma 1539 It 1.00 0.02 no hematoma
1.01 + 0.27 postop hematoma 16 20 rt 1.12 0.03  no hematoma
« 20D < dif - - - - 17 30 rt 0.86 0.02 no hematoma
= difference in optical density between tl}e hematoma site 18 53 It 1.82 120  epidural hematoma
and the opposite s1_de_ of the head; CT = computerized tomography; 19 64 t 0.52 0.82  epidural hematoma
SD = standard deviation. nonsurgical treatment
20 45 It 0.77
21 3 It 0.61
22 11 rt 0.82

& Light source
|
\

AOD= log, (400/45)=0.94

FiG. 1. Diagram of the procedure used to measure the
difference in optical density (AOD) between the hemispheres.
The intensity of the unabsorbed or reflected light was meas-
ured by placing the near-infrared spectroscopy probe on each
side of the head. The right and left values were similar in the
control patients and the patients with diffuse injuries. In
patients with intracranial hematomas, there was a marked
reduction in the amount of unabsorbed light on the side of
the hematoma.
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0.87 +0.31 0.03 £ 0.0l no hematoma
1.01 £ 0.27 postop hematoma

mean + SD

* AOD = difference in optical density between the hematoma site
and the opposite side of the head; CT = computerized tomography;
SD = standard deviation.

A dual wavelength NIRS unit* was used to quantitate
hemispheric differences in light absorbance. The NIRS
unit is compact, battery-operated, and easily trans-
ported to the emergency room or intensive care unit.
The probe consists of two tungsten filament lamps
placed 3.5 cm on either side of a 760- and 850-nm light
detector. The 3.5-cm separation of light source and
detector allows measurement of near-infrared light ab-
sorbance in a volume of tissue approximately 2 cm
wide by 2 to 3 cm deep. The detector measures the
intensity of the unabsorbed or reflected light. Optical
density (OD) can be calculated from the formula:

OD = ]()g]o I_O N
In
where I, is the intensity of the illuminating beam and
I, is the intensity of the reflected light.

The probe of the NIRS unit was placed successively
on the frontal, parietal, occipital, parasagittal, and sub-
occipital regions of the scalp on both sides of the head.
The intensity of unabsorbed light at 760 nm was re-
corded in each of these regions. The difference in OD '
(AOD) between the hemispheres in each of these regions

* RunMan dual wavelength near-infrared spectroscopy unit
manufactured by NIM, Inc., Philadelphia, Pennsylvania.
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TABLE 3

Difference in optical density in patients with
intracerebral hematomas*

Case Age Site of Preop Postop
No. (yrs) Hematoma AOD AOD
evacuation of hematoma
| 29 It frontal 0.60 0.04
2 28 It temporal 0.30 0.05
3 72 rt parietal 0.39 0.03
4 35 1t temporal 0.56 0.02
5 33 rt temporal 0.41 0.02
6 65  rt parietal 0.30 0.03
nonsurgical treatment
7 28 It temporal 043
8 45  rt cerebellar 0.32
mean = SD 041 +0.11  0.03 £0.01

* AOD = difference in optical density between the hematoma site
and the opposite side of the head: SD = standard deviation.

was calculated by the formula:

o _ o, b
I = 10810 L’

where o is the intensity of the illuminating beam, Iy is
the intensity of the reflected light on the normal side,
and Iy is the intensity of the reflected light on the
hematoma side. These calculations are illustrated in
Fig. 1. The maximum AOD among the various regions
examined was recorded for each patient. A control
group of 10 patients without cranial injuries were ex-
amined in a similar manner, and the maximum AOD
between the right and the left hemispheres was recorded
for each.

The diagnosis based on the admission CT scan of the
head-injured patients included: acute subdural hema-
toma (22 patients), epidural hematoma (10 patients),
intracerebral hematoma (eight patients), and diffuse
brain injury (six patients). In 34 patients, the hematoma
was evacuated soon after admission, CT was repeated
24 to 48 hours postoperatively, and the NIRS was
repeated during the first 3 days following surgery. The
remaining 12 patients were treated conservatively; all
underwent follow-up CT scanning and NIRS at 24 to
48 hours after treatment and at weekly intervals for up
to 3 weeks until the hematoma resolved.

Data are expressed as the mean # standard deviation.
Differences in mean values were compared by analysis
of variance and Fisher’s least-significant difference test
when multiple comparisons were made. The AOD was
compared to the thickness of the hematoma on CT
scan by linear regression analysis. A p value < 0.05 was
considered significant.

I
AOD = logys = — logso
In

Results

In the 10 control patients without head injury, the
maximum AQOD at 760 nm between the right and left
sides averaged 0.02 + 0.01. The six head-injured pa-
tients with diffuse brain injury had only minor differ-
ences in OD between the right and left sides, averaging
0.02 + 0.01, which was not significantly different from
that observed in the control patients.
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FiG. 2. Bar graph showing the mean difference in optical
density (OD) in the four types of injuries examined. An
asterisk indicates a significant difference (p < 0.05) in OD
from the patients with diffuse brain injury (DBI). A cross
indicates a significant difference (p < 0.05) in OD from the
patients with intracerebral hematoma (ICH). SDH = subdural
hematoma; EDH = epidural hematoma.

In all 40 patients with intracranial hematomas, a
significant difference was detected in OD between the
hematoma side and the normal side. The preoperative
AOD varied from 0.30 to 1.82 (Tables [ to 3); it was
highest in the patients with extracerebral hematomas,
averaging 0.99 in the 10 patients with epidural hema-
tomas and 0.87 in the 22 patients with subdural he-
matomas, compared to only 0.41 in the eight patients
with intracerebral hematomas (p < 0.01) (Fig. 2). In
general, acute epidural and subdural hematomas had a
AOD of greater than 0.60 and intracerebral hematomas
had a AOD of less than 0.60. There was sufficient
overlap, however, that an extracerebral hematoma
could not be distinguished from an intracerebral he-
matoma with absolute certainty.

In the 32 patients with extracerebral hematomas (Fig.
3), there were 33 occasions where simultaneous meas-
urement of AOD was significantly related to the thick-
ness of the hematoma (r = 0.45, p = 0.007). In the
eight patients with intracerebral hematomas, this rela-
tionship was not so clear, perhaps because the bulk of
the hematoma was beyond the penetration of near-
infrared light or because there was a variable amount
of normal and/or edematous brain between the hema-
toma and the near-infrared light source and detector.

Of the 22 patients with a subdural hematoma, 19
underwent rapid evacuation of the hematoma. Post-
operatively, the AOD returned to near normal, or an
average of 0.03 = 0.01, in the 17 patients who had
successful evacuation of the hematoma. In the other
two patients who developed postoperative epidural he-
matomas the AOD was still 1.20 and 0.82, respectively,
after the initial surgery; in one of these, NIRS suggested
the presence of a recurrent hematoma before the intra-
cranial pressure increased to abnormally high levels.

Of the 10 patients with an epidural hematoma, eight
underwent rapid evacuation of the hematoma. Post-
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FIG. 3. Scattergram showing the relationship between the
difference in optical density (OD) and the thickness of the
hematoma measured on computerized tomography scans in
32 patients with extracerebral hematomas (r = 045, p <
0.007).

operatively, the AOD returned to an average of 0.02 +
0.1 in the six patients who had undergone successful
evacuation of the hematoma. Two patients developed
epidural hematomas postoperatively, one at the opera-
tive site and one on the opposite side of the head. In
the patient with a recurrent hematoma, the AOD re-
mained 0.52 postoperatively. In the other patient, who
developed a hematoma on the side opposite the initial
surgery, the AOD was 0.94, with the absorbance now
greater on the side with the new hematoma. Two of the
patients had small localized epidural hematomas that
were allowed to resolve spontaneously. It was possible
in these cases to actually outline the blood collection
(Fig. 4). The AOD between the hematoma and the
normal side decreased as the hematoma resolved.

In the eight patients with intracerebral hematomas,
seven lesions were located in the cerebral hemispheres
and one was in the cerebellum. Six of these patients
had surgical evacuation of the hematoma, and the AOD
averaged 0.03 + 0.01 postoperatively. Two other pa-
tients were managed conservatively and the AOD re-
turned to near-normal values over the 3-week period.

Discussion

Our study demonstrates the usefulness of NIRS in
localizing intracranial hematomas in head-injured pa-
tients, We found NIRS sufficiently sensitive to identify
all extracerebral and intracerebral collections of blood.
An NIRS examination can be performed at the bedside
and can be repeated frequently with a minimum of
expense.

There are several potential limitations of NIRS. The
location of the hematoma could not be precisely deter-
mined in all cases. Intracerebral hematomas tended to
absorb light less intensely than extracerebral hemato-
mas, but there was some overlap. Because the method
relies on light absorption of normal brain compared
with the hematoma, bilateral hematomas might not be
detected, and because it relies on light absorption by
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FiG. 4. Studies in a 20-vear-old man admitted with an
epidural hematoma in the right temporal region. which was
surgically evacuated. Forty-eight hours later, the difference in
optical density (AOD) was 0.94, highest in the left temporo-
parietal region on the side opposite the original hematoma. A
contour map of the AOD was drawn (/efi), outlining the
localized epidural hematoma which was found on the com-
puterized tomography scan (right). Numbers denote brain
areas studied.

hemoglobin, only acute collections can be reliably iden-
tified. Chronic subdural hematomas, where hemoglobin
has been metabolized, may not have the same light-
absorbing properties. Nevertheless, NIRS can be useful
in the emergency room, as an adjunct to CT or when
CT is not immediately available, and in the intensive
care unit as a method for following patients postopera-
tively for recurrence of hematomas or for the develop-
ment of delayed hematomas.

Acknowledgments

The authors thank Winifred Hamilton, Ph.D., for preparing
Fig. 1.

References

1. Arake R, Nashimoto [: Multicomponent analysis of near
infrared spectra of anesthetized rat head: (1) estimation
of component spectra by principal component analysis.
Adv Exp Med Biol 248:3-10, 1989

2. Brazy JE: Cerebral oxygen monitoring with near infrared
spectroscopy: clinical application to neonates. J Clin
Monit 7:325-334, 1991

3. Brazy JE: Effects of crying on cerebral blood volume and
cytochrome aa;. J Pediatr 112:457-461, 1988

4. Brazy JE, Lewis DV: Changes in cerebral blood volume
and cytochrome aa; during hypertensive peaks in preterm
infants. J Pediatr 108:983-987, 1986

5. Brazy JE, Lewis DV, Mitnick MH, et al: Noninvasive
monitoring of cerebral oxygenation in preterm infants:
preliminary observations. Pediatrics 75:217-225, 1985

6. Chance B, Leigh JS, Miyake H, et al: Comparison of
time-resolved and -unresolved measurements of deoxy-
hemoglobin in brain. Proc Natl Acad Sci USA 85:
4971-49785, 1988

7. Chance B, Smith DS, Delivoria-Papadopoulos M, et al:
New techniques for evaluating metabolic brain injury in
newborn infants. Crit Care Med 17:465-471, 1989

8. Delpy DT, Cope M, van der Zee P, et al: Estimation of
optical pathlength through tissue by direct time of flight
measurement. Phys Med Biol 33:1433-1442, 1988

9. Delpy DT, Cope MC, Cady EB, et al: Cerebral monitoring

J. Neurosurg. / Volume 79 / July, 1993



Near-infrared spectroscopy of intracranial hematomas

in newborn infants by magnetic resonance and near in-
frared spectroscopy. Scand J Clin Lab Invest 47 (Suppl
188):9-17, 1987

. Edwards AD. Wyatt JS. Richardson C, et al: Cotside

measurement of cerebral blood flow in 1ll newborn infants
by near infrared spectroscopy. Lancet 2:770-771, 1988

. Hazeki O, Tamura M: Quantitative analysis of hemoglo-

bin oxygenation state of rat brain in situ by near-infrared
spectrophotometry. J Appl Physiol 64:796-802. 1988

. Jobsis FF: Noninvasive infrared monitoring of cerebral

and myocardial oxygen sufficiency and circulatory pa-
rameters. Science 198:1264-1267, 1977

. Lou HC, Lassen NA, Friis-Hansen B: Impaired autoreg-

ulation of cerebral blood flow in the distressed newborn
infant. J Pediatr 94:118-121. 1979

. Smith DS, Levy W, Maris M, et al: Reperfusion hyperoxia

in brain after circulatory arrest in humans. Anesthesiology
73:12-19, 1990

. Wray S. Cope M, Delpy DT. et al: Characterization of

the near infrared absorption spectra of cvtochrome aa;

J. Neurosurg. / Volume 79 / July, 1993

and hacmoglobin for the non-invasive monitoring of ce-
rebral oxvgenation. Biochim Biophys Acta 933:184-192,
1988

16. Wyatt JS. Cope M. Delpy DT, et al: Quantification of
cerebral oxygenation and haemodynamics in sick new-
born infants by near infrared spectrophotometry. Lancet
2:1063-1066. 1986

Manuscript received July 20, 1992,

Accepted in final form December 9, 1992,

This work was supported by United States Public Health
Service Grants NS27346 and PO1-NS27616.

Address for Dr, Chance: Department of Biochemistry and
Biophysics, University of Pennsylvania, Philadelphia, Penn-
sylvania.

Address reprint requests to: Shankar P. Gopinath, M.D.,
Department of Neurosurgery, Baylor College of Medicine,
One Baylor Plaza, Houston, Texas 77030.

47



0.45

(AOD)
0.35

& o0.30

Contours

=
-
I
=
e

s




