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Quantitative PET Findings in

Patients with Posttraumatic Anosmia

Objectives To investigate quantitsthve positron cmission tomogmphy (PET) fndiogs, partculary from
orbitefrontal corex. in patients with posttrnmatic snosmin. Setting: Newropspehology culgatient clinic
anu universiry beain imaging cemer. Subjects: Eleven paricnts with bead inpury resulting in severe anosmis
andd 11 controls matched for age All 1] headnjured patients had thelr head Injuries a1 least 2 years
before involvement in the study, Mieasures: Regional cerebral ghicnse metababism was measured with
PFT. Resulss: Quantitative evaluation of PET fndings for anosmic pariens a5 a group showed orbilofrontal
hypometahalbsm compared with controls. Decreased activity was also noted in mesial temporal lobe.
Adctiviry in subcorical white matier was essentiully identical booween groups. Conclusions: Findings
stronghy Suggeest Uit positrnanatic anosmia s closcly associared with hypometsbolism in the orbitofrontal
cortex andd the medial prefrontal corex. The resulis also underscore the importance of postrraumatic
arvivankd as 4 clinical sigm of orbivofronal damage, a3 has been showmn previously with newmSPECT (single
photon emission compuied tomogmphy). ey wonls: positron emission dermgraplny, prostirasrmaic
anosrtid, stngle phafor emizsion combuted tomagrapily
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HE PRINCIPAL objective of this study was

1o study quantitative positron emission
tomography (FET) in paticnts with postirag-
matic anosmia. Autopsy studies dating back
o the 19th century have indicated that post-
trmumatic anosmia is typically associated with
damage to the orhitofronmal cortex, even in
cases with apparently mild head trauma.!
It is gencrally believed that a clear associa
tion cxists between head injury severity and
the degree of olfactory dysfunction.® Anos
mia is more likely to occur when loss of con-
sclousness cxocods 1 houe, in more severe
injuries (grade M-V), and when skull frac-
tures oecur? Furthermore, the presence of a
hematoma or contusion in the frontotempo-
ral region has been related to impaired olfac-
tory recognition * It is suggested that nonmis-
sile head injury could produce at least a partial
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impairment of olfactory recognition despite
relatively preserved olfactory detection.® &t
has also been demonstrated in a varety of
studics that head-injured patients with post-
imumatic anosmia are highly Hkely to show a
characteristic syndrome of cognitive deficits,
which are, in many cases, of disabling scver-
ity (cg, indecisiveness, mental passivity, poor
judgment, an inability to plany.*”

Current rescarch reports that anosmic indi-
viduals with posttraumatic brain injury (TR
perform significantly more poorly than do
post-TBI normosmic imdividuals on measures
of executive skills and fanctional outcome.®
In this study, clfactory dysfuncrion was a
common finding after TR, with only 30% of
these subjects heing aware of ther deficiis.
The anosmic group demonsimied longer
coma and greater imparment in a2 vark
ety of frontal lobe-medited executive func-
tions (ic, complex attention, problem salving,
inhibition of perseverative behaviors, and scif-
awarcness of deficits), leading 1o greater func-
tional disability* Tt has recenily been estab-
lished that single photon emission computed
wimugmphy scanning  (newroSPECT)  with
technctivm-9%m hexamethylpropylencamine
oxime (Te-99m-HMPAO) radicisotope brain
porfusion agent with a halflife of approxi-
mately & hours can reveal central nervous
system (CNS) injuries/functional aboormali-
ties, which are not readily apparent on com-
puted tomogmphy (CT) or magnetic reso-
nance inaging (MR).*

Recent findings sopgest that anposmia may
serve as 4 unigue marker for impairment
of the orbitofrontal lobe “executive” svs-
tems with persomality changes, such as
inappropriate  humor, inappropriate sexual
behavior, labile emotionality, egocentricity,
insistence of immediate grification of per
ceived needs, and poor inhibition of ac
tion {eg, leading to compulsive and/or per-
severative behaviar), It has heen also shown
that patients who have had apparently minor

head injurics with disabling neuropsycholog-
jcal deficits may also show neurnSPECT ab-
normalities in anterior mesial temporal and
anterior frontal regions."™ ¥ Among patients
with posttmumatic anosmia, damage demon-
strated in such patients typically involved
hypometabolism of orbitofrontal cortex, as
would be predicted from autopsy studies. The
degree of orbitofrontal injury, as indicared
by degree of hypometzbolism, was closely
correlated with outcome  variables reflect-
ing mental inertia, indecisiveness, dyscxec-
utive functioning, and other “orbitakfrontal
deficits."** There were no other significant
correlations, either involving other regions
of intercst or other neuropsychologicd mea-
surcs. Thus, posttmumatic anosmia seemecd
o have a close and specific relationship with
a particulir locus of injury and a specific
set of neurobehavioml symptoms (jc, an “or-
bitofrontal syndrome ™), '

Given these previous findings, it seemed ap-
propriate o use a far more detalled functional
ncurnimaging technology, quantitative PET, to
shed further light on CNS injuries associated
with anosmia.

METHOD

Participants

Participants were identified from a popu-
lation of patients (n = about 2000 who had
injuries that resulted in postrraumatic anos-
mia. The diagnosis of anosmia was made on
the basis of olfaciory testing, which indicated
that participants were completely unable to
identify common odors (eg, peanut butter,
vanilly, peppermint)y in both nostrils. All
participants also reported onset of moderate
1o scvere agousta in association with the head
injury, which rendered them anosmic, as is
expected in posttraumatic anosmia resulting
from first nerve damage'® All potential

participants were originally clinically referred
paticnts whose anosmia had  been  first
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identificd as part of their ncuropsychological
workup. Eght had mild head injurics, three
had modemte head injuries, and none had se-
vere injuries according to cniteria established
by the Mild Traumatic Brain Injury Committes
of the Head Injury Interdisciplinary Special
Interest Group of the American Congress of
Rehahilitation Medicime 1%

Participanis with head injury were 11 indi
viduals (mean age = 47 years; S = 9.6 years)
with a history of head injury at least 2 vears
before being involved in the study. None had
premorbid problems with substance abuse,
mental disonders, or arrest for any rcason. All
participants had been gainfully employed for
it least 5 years before their head trauma. This
kamer criterion was adopred 1 establish thar
cach subject most probably had a productive
and well-adjosted premorhid history, Scans
were perfonmed between 3 and 7 years after
injury, guaranicoing that the injury had sia-
bilized and was esscotially permancnt. At
the time, all participants were taking no
medications,

The 11 specific head injury cases were
chosen as the first 11 o obtain PET scans
from the Irvine Brain Tmaging Center. These
were ordered for clinical andfor Torensic rea-
sons, Age-regression matched controls were
derived from a S6-participant control archive
of data available at the Irvine Brain Imaging
Center. Because the focus of the study was on
postiniumatic anosmia and its implicarions for
quantitative. PET, it was decided 10 use nor-
mal conirols rther than nonanosmic head-
injurcd comtrols; the rationale being that this
latter group might also contain patients with
arbitofrontal hvpometabolism or other arcas
of brain injury. A summary of meuropsycho-
logical testing from the 11 headdinjured par-
ticipants is shown in Tahle 1

Previous nenroimaging
All of the 11 head injury participants had
undergone 1 and MRI at least once at some

time before PET imaging. All had normal CT
and MRI scans that had been obrained within
2 years of injury.

PET scanning

Five mCi of Aorine-18 deoxyglucose (FDG)
was administered intravenously, A visual vig
iknce task was administercd during the
S0-minute uptake period. Thirty slices of the
brain were obtained at 6.5-mm intervils paral-
lel to the canthomeatal line on the GE 2048
head scanner (FWHM = 4.5). Raw images
were reconstructed and visually interpreted
by a clinician who was “blind” to diagnosis
or condition. Slice heights were designated in
centimeters above the canthomearal line. The
{five images that best demonstrate the standard
anatomy corresponding to Matsin and Himno
planes 8 to 12 were analyzed, because these
slices encompass the hypothesized areas of
intercst that were primarily veniral fromnal
regions. An average of the 11 paticnes’ PET
scans for cach corresponding slice was cre-
ated using a previously described method, '
An average of the 11 age-regressed control
PET scans was also created using the same
previously described method. A comparison
of the two groups was performed using a
ftest (P < 05) on a pixelby-pixel basis. A
second thresholding wis performed with a
Monte Carlo-derived clustering threshold.'®
A statistical probability map was generated,
with blue regions indicating areas that are at
least two standard deviations below the mean
and red regions indicating areas that are at
least two standard deviations above the mean
(sce Fig 1)

RESLILTS

Participants with head injury showed sig-
nificant decreases in metabolic activity in bi-
lateral orbitofrontal cortex (Brodmann’s arca
MBAT 113 and rectal gyrus, There was also a
decrease in fromtal pole (BAL1DY metabolism.,
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Table 1. Newropsychological testing of anosmic headrinjured patients

Test Scorc Range
Full-scale () 1141 (5D =12.3) 90-133
Verbal 1 112.8(5D = 13.8) B3-136
Pedormance 10} 114.0 (5D = 12.6) 02-135
Information 108 5D =2.7) 7=-19
Arithmetic 132650 =32 6-17
Similarities 12.3(5D=23.5) 10-18
Digit span 10,6 (5D =2.7) f-18
Digit symbel 11.7 (3D =3.1) 6-17
Block design 123 (SD = 1.8) 11-17
Picture ar 10850 = 3.4) H-1H
Log. mem. 27(5D=21% 6-15
Pair assoc. SO(8D = 260 6-14
BVRT correct T3L8D =200 2-10
BVRT errors AB{(SD=31) 0-11
COWA 31650 = 10.0) 1552
Design fluency I3 (D =48 1-21
WRAT reading 7T A (ED= 17.6) H-133
WRAT spelling 934 (SD= 16.3) 58-128
Dichotic left ear 31 1 (8D = 1013} 12=47
Dichotic right ear 40.0 (5D = 8 5) 19-48
Dichotic both cars 243" (8D = 10.3) A4

*Mean test score below (he Sth percentiie of established norms,

There were significant decreases in medial
prefrontal cortex metabolism ( BA32Z). There
were significant decreases in temporal cor-
tex regions, such as the temporil tp (BA3S)
and middle temporal gyri (BA21). There were
no significant differences between groups in
metabolic activity in the putamen. There were
no significant differences berween groups in
occipital mdiation (white marer near the oc-
cipital cortex) metabolic activity, There were
significant increases in activity in visual as
sociation cortex, resulting in a pattern of
metabolic hypofrontality (see Table 2.

DMSCLISSION
The results of this study clearly demon-

strate that posttraumatic anosmia is typically
associatcd with diminished metabolic activ-

ity in the orbitofrontal cortex. Medial pre-
frontal cortical decreases were also noted,
and injury 1o temporl lobe was observed.
The orbitofrontal and frontal pole injuries arc
entirely consistent with previously reported
findings involving neuroSPECT

The question as o whether orbitofrontal
abnormalitics would be found in anosmic pa-
tents was viewed as significant for a varicty
of interrelited reasons. First, postiraumatic
anosmin is well esmblished as a possible sc-
quelac of TBI, even mild TRLYY As such,
it is included as a feature of intcrest in the
current DSM-TV '™ and the American Medical
Association Guidelines for Fueluation of
Disabiliy'  with regard 1o head  injury
and posteoncussive syndrome. Autopsy stud-
ics have found that posttranmatic anos
mia is closely assoclated with lacerations,
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Table 2. Results of significance testing between groups on metabolic activity for regions

of interest
N participants THI participants
Region of interest P value M S0 M SD

Owhitofrontal, lef = 05 1.11 003 .94 0.2l
Orhitofrontal, right < 5 1.34 LIl | 118 LN
Fronmal pole =B 1.2% nom 0.09 019
Medial prefrontal = 05 1.38 0.02 152 016
Tempaoral tip = 5 1.040 002 087 011
Middle temporal gy =05 LOB 0,00 0.96 010
Patamen, beft ns 1.04 000 0.99 .13
Putamen, right ns 1.25 o 1.20 015
Oiccipiral mdiation ns 0.97 0.2 nay 015
Visual association cortex ns 1.25 [fiit} 1.42 0.23

M = median; NC = normal control participants; ns = nonsignificant difference; S0 = standard deviation, THI = traumatic

b injureed participaits,

contusions, and abmsions of orbitofrontl
cortex.! By implication, the presence of anos-
mis in 4 headinjured patent should indicate
substmiial risk for orbitofrontal injuries. Tt is
noteworthy in this regard that the nature and
location of injuries associated with anosmia,
as demonsirated by autopsy study, would be
difficult to detect with CT' or MRI, both be-
canse lesions involve lacerations and contu-
sions and because of bony artifuct. Thus, for
many patients, posttramatic anosmia may be
a key to suspecting that orbitofrontal injury
is also present. Findings from studies that use
functional neuroimaging support this clinical
inference.

Findings also underscore the value of func:
tional neuroimaging, quantitacive PET in par-
ticular, as a useful adjunct to the evaluation
of chronic head injury. 1o this regard, present
findings support the conclusion that func-
tional peurcimaging is more informative in
TBI than CT or MRL™ The superiority of
quantitative PET has also been seen in in-
vestigations of brin damage resulting from
other causcs as well (eg, carbon monoxide,”

solvents®®). This was certainly the case in this
stucly, in which the results are also closely
similar to findings indicating substantial hy-
pomctabolism but not outright tissue death.
Indeed, in even the worst cases, findings in-
dicated that the orbitofrontal cortex and re-
lated regions of interest were still working,
but their activity was reduced by as much as,
but ne more than, half.

Just as MEL CT. and electroencephalogra
phy mistakenty find “normality” in persons
who are hrain injured, so o does PET. The
rechnology does not caich all patients with
anosmia. Similary, not all patients with or-
bitofrontal injury are anosmic, and aot all
patients with head injury have damage to
orhitofrontal cortex. However, the findings
obtained here, in previous studies involving
SPECT, and in the autopsy literniure all indi-
care thar when a patient has anosmia, it is
highly probable that they will have neuropsy-
chological symptoms typical of orbitofrontal
injury. Thus, posttmumatic anosmia roliably
identifies orbital frontal injury despite the
ssues noted carlier:
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