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The Usefulness of CT Brain Perfusion Image on Evaluation of Traumatic Brain Injury

Ji Woong Oh, MD", Hyen Ho Jung, MD", Jhin Soo Pyen, MD",
Chul Hu, MD', Kum Whang, MD" and Myeong Sub Lee, MD?

"Departments of Neurosurgery, Radiology, Wonju College of Medicine, Yonsei University, Wonju, Korea

Objective: The purpose of this study is to evaluate the finding of computed tomography brain perfusion (CBP) in early trau-
matic brain injury patient. Methods: 33 patients with head trauma were evaluated and the patients were classified into 4 cat-
egories: traumatic subarachnoid hemorrhage (T-SAH), actue epidural hematoma (EDH), acutue subdural hematoma (SDH),
traumatic intracerebral hemorrhage (T-ICH). We evaluated the cerebral blood flow (CBF), cerebral blood volume (CBV),
mean transit time (MTT) of the lesion vs contralateral lesion, lesion’s hemisphere and brain stem vs contralateral side and
compared them. Results: T-SAH was found in 7 cases. And the all T-SAH patients have no perfusion defect and they have no
ischemic change on follow up brain CT. EDH was found in 11 cases. 3 of the 11 EDH patients have perfusion defect that was
not revealed by non-contrast CT. According to the EDH size, brain stem perfusion value was different. And at the same size of
EDH, the value was low if patients have low initial GCS. SDH was found in 9 cases. The 2 cases have different operation. De-
compressive craniectomy was made for one patient who have low perfusion value of brain stem. And osteoplastic cranio-
tomy was made for the other patient who have relative high perfusion value. The low perfusion value of brain stem was cor-
releated with brain swelling. T-ICH was found in 12 cases. Contusion sites have decreased perfusion value and the DT-
ICH (delayed traumatic intracerebral hemorrhage) was developed perfusion defect area on initial CT brain perfusion. Con-
clusion: The CBP give us meaningful information of traumatic brain injury that associated with patient’s unexplained symp-
tom, and may be useful for deciding operative plan, and predicting the prognosis of the patient. (J Kor Neurotraumatol Soc

2010:6:6-12)
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& A} 7] 7ol Qlo] Alghko
J(diffuse axonal injury) 2] 752}
T kst dgEou 2 ]%’“g GFoRE
v Wi 5wt HAagrkE 5 okt
A2 (CT brain perfusion)& A
F5HZJ(CT) 9 71221 afi-a12Q1 &7 o]elell ce-
rebral blood volume (CBV), cerebral blood flow (CBF),
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mean transit time (MTT)elgh= @984 QxE &
T dem, o]yFk QIAES ¥ A QIAE &
o] &5 W oiik o] AR SR AAEE Wt
o aga B AAEaEae SatEeA R Al
&l vl J3 PFs we IS F ke FHdol
Utk o]y Et Hom Qe T 7Y a} Hrtel 9l
o] I AT EY L] ogte] Azt ofe] AR}
= 7 &
ShASEP 0] ool tisir= ofx =218 o1 7} Q=
"LEHO]E}. weba] 2 ARSI SRk 27197t
3l T ArksldsEed s o4 CBV, CBF, MTTE
b ol gtell Qo R AAbsidsEd ]
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Imaging protocol

oW ArbeldE3Ed2 642199 Brillance 64 (Philips
Medical Systems, Netherland) & ©]-&3}0] 112140l =
4 ArshdSE2Y S A3tk (80 kVp, 200 mAs
and 32X 1.25 detector collimation, 5—mm slice thick-
ness, and scanning speed of 0.42 second per rota-
tion). Fdek AW 23lo] & 80 mL] A4 (ohe-

xol; 350 mg I/mL)E 5 mL/s9 5% Y T 5% &

of Foste] Y-S AUk F 156W19] 3.8% 1HES 7}
7 AKAQ S F H 16719 E4hd 93-S 49
ol I AAkshsEe oA dojzl HlolHQdE2 Ex-

tended Brilliance Workstation% o] g3t & A7
<= AA CBV, CBF, MTT %= )\%3}031;} ﬂ‘?r%l ey
Al #AT (region of intersest: ROD-& AR Az}
ofaf A=A i W R S JJr A9
o] ¥l 27 Al, Workstation®] 484 12)7] A4
< ol gatsiomn Aute @iiﬂr sl I 22 8
T A AAFAANA A A L= ST Brillance 645
doflX= 16709 SATAS & 5 Q7] wol & A
AE0] Yok TATFEL 1 S Yol A=)
(Figure 1).

£ t

QMM XIS E8i(Traumatic subarachnoid hemor-

rhage)

FIGURE 1. The example of ROI setting. The pre contrast CT brain showd the ICH on Lt temporal. The work station showed us source
image. We draw the ROI on perfusion defect area of ICH. The CBF, CBV was calculated automatically. ROI: region of interest. ICH:
intracerebral hemorrhage, CBF: cerebral blood flow, CBV: cerebral blood volume.
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RO}, AP HAFEeEd Y 2ol HEHAFORE Q1 & AAEATEGdM = o)datde] Holx| ¢h= 3

S S Fole s dsi gt AL 24e Boedl, 1 F 2% E=(con-

fusion), =84l (sleep disorder), Y=v}1](facial pa-

M Zote| ¥ZE(Acutue epidural hematoma) Isy), =7wkel ol (disability of eye blinking) 2] ¢
117elA Aute] EF2] AdS Bylon Hat A% W Asldsadons AW o gl A4S =+

= 4584130 11789 Ak & 672 Bute] dF9 = B3t (Figure 2). 12| Fuke] 52 70l

FIGURE 2. Perfusion defect area that not revealed non-contrast CT. The patient contusion site (large arrow) which was not revealed by
noncontrast CT.
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FIGURE 3. The comparison of perfusion value of brain stem in EDH patients. A: The perfusion value of Non-operative group was
higher than operative group. B: 38 yrs old female. C: 5 yrs male. B have higher perfusion value of brain stem than C. And Initial GCS
of B was also higher than C. CBV: cerebral blood volume, CBF: cerebral blood flow, MTT: mean transit time, EDH: epidural
hematoma, GCS: Glasgow Coma Scale.

FIGURE 4. The comparison of operation case in acute subdural hematoma. A, C: 95 yrs old male. No brain swelling was noted in
operating field. So osteoplastic craniotomy and hematoma evacuation was done. The perfusion value of brain stem was normal range.
B, D: 72 yrs old male. Severe brain swelling was noted. And so decompressive craniectomy and hematoma evacuation operation was
done. Low perfusion value of brain stem was checked. CBF: cerebral blood flow.
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2} W7k AReke vt de, g5 A7 2 7 o
7re] FHTgre] 2R wrel| wlal fhad Ads Helow, &

7Aute] dFolghal shefele W] wRgte] W A9
z7] S8 444 (Glasgow Coma Scale: GCS)
7} ESE & 5 AT (Figure 3).

=M Zoi51 @&(Acute subdural hematoma)

9rg 9] gxfelA 54 Al dF S ®elen 3
I AL 65.84AE 1 F 7= 1 em o8k F
15 715 o 7] ArlaSsE3dy IR dES 1

N,

o

14 o BEd AR st 299 SAelNE:
BTl ol ok 85 £ NAHSIck 5
Auksl 4F 84 % 19

w qu_ 1

<3 A
Fol Aate] FAuE

& A & G Aok o) At

Rt hemisphere Lt hemisphere

(BVimLoog il

ik
MTT 3,06

FIGURE 5. The comparison of perfusion value in case that have
Right SDH and Left EDH. Both injuries required emergency op-
eration. The sum of perfusion value in right hemisphere was re-
latively lower than that of Left hemisphere, suggesting that more
stress was affecting the right side. SDH: subdural hematoma,
EDH: epidural hematoma, CBV: cerebral blood volume, CBF:
cerebral blood flow.
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A kot skes AldekA] kol FF A 43}%"/} o]
8e] gkatel] Qlof o] A% Al
P4 =] Sgke] HWol "HolA Sl 3’—, -LLH:L?O] A
S| 9k SAR= WREe] Hrgte] B
3 AJAct (Figure 4). & 3 3kajo 9}01 Zaksl dF
Auke] dFo] lo] 39 FES o 7‘**‘%7]' A=, @
5L Aust @58 952 A4t
th % o =0 AS350] He AR ks
oy Wil ek A 2 oy WitellA] 2 B
ol zpel7t s & %*E]r 2 M= 2B
Zuket dgol Q= i WA o dFel o st ot
= W= Zo® Yt (Figure 5).

QA L|MEILH E8(Traumatic intracerebral hemor-
rhage)

12789 AfellA 2P wHAHY £35 7o 3
T A 49.24100k 11 F 8elle BEA ARE 8le
] 4rgolM SETE2 Atk CBY, CBFE] 47

TABLE 1. ICH contusion site’s perfusion value. CBV, CBF were
generally decreased in contusion sites

Case No. CBF' CBVT MmrT*
1 1.66 0.28 10.00
2 9.08 0.31 2.03
3 483 1.32 219.33
4 1.94 8.27 0
5 <30 <5 >15
6 401 1.09 1631
7 12.68 1.1 5.19
8 24.24 2.42 6
9 2.1 0.26 7.36

10 11.32 0.85 3.82
1 3.51 0.83 14.26
12 1.65 0.16 5.89

*mL/100g/min, T mL/100g, ¥ second (nomal range of CBV,
CBF: 3.8£0.5 mL/100mL, 50— 100 mL/100g/minute) . CBF: cereb-
ral blood flow, CBV: cerebral blood volume, MTT: mean transit
time

FIGURE 6. DT-ICH on perfusion defect area. On F/U CT brain image, DT-ICH was newly developed on Right Frontal area and that
is correlated with initial perfusion defect area. DT-ICH: delayed traumatic intracerebral hemorrhage. F/U: follow up, GCS: Glasgow
Coma Scale, CBF: cerebral blood flow, CBV: cerebral blood volume, MTT: mean transit time.
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[] CBV (mL/100g) [ CBF (mL/100g/min) Il MTT ()
57.96
47.1
5.26 6.35 6.08 6.42
] [
Lesion Confralateral

FIGURE 7. Perfusion value of both hemisphere in traumatic br-
ain injury patients. The un injured side’s hemisphere had better
blood flow and volume than injured side’s (Paired t-test, p<
0.0142).

+ 3.84+0.5 mL/100mg, 50~100 mL/100g/minute
Qld ] Q) wAAW E85-9+= CBV, CBF&= A

A} s 2 B3lew (Table 1),
>4 ﬂ’L s} =N A9 F4(low density lesion)
Aol A&7 07 LERTh g 9] Skxfel| A A
A4 A4 £33 (delayed traumatic intracerebral
hemorrhage) ©] YIS EH 27] I3k AE5-219 A
AN HET AR LRSIt (Figure 6).

e = wimo| B
BE Fakrel WS wel W were] Bk
Hlas, W vEre] B Aol o 2 402

.0142) (Figure 7). 01”4194 D A5
oA Fl= WY B SA4TelA
18k, 1 5 8t F S E A
IH-2] FHRho] o =2 3ol Sl (Figure 8).
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FIGURE 8. Hemorrhage and CBF of all axial cutimage in a case.
Our calculation showed better CBF in the control group as a wh-
ole. However, in one or two axial images, flows on lesion result-
ed better than the control group. CBF: cerebral blood flow.

(1 CBv [ CBF Il MTT
30.06
2591
7.47 593
3.59 2.74
[ ]
Non-severe Severe (below)
GCS score

FIGURE 9. Mental status and brain stem perfusion. The CBF and
CBV of non-severe group were higher than severe group. But no
statistical importance was found. CBV: cerebral blood volume,
CBF: cerebral blood flow, MTT: mean transit time, GCS: Glas-
gow Coma Scale.
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