Hounsfield Unit Threshold Supportive
of Brain Death Diagnosis

Hounsfield unit less than 80 discriminates between
clinically significant cerebral perfusion and stasis filling,
allowing confirmation of brain death

« M1-94% sensitive, 100% specific

« A1—-96% sensitive, 100% specific

» BA— 100% sensitive, 100% specific

- M1, A1, and BA- 96% sensitive, 100% specific



Conclusion

= Our results confirm previous reports that absence of
cerebral blood flow on CTA is consistent with brain death

= 100% sensitivity and 100% specificity



Conclusion

- Quantitative analysis of CTA can differentiate between
preserved cerebral perfusion and stasis filling for the
evaluation of brain death

- We propose that a HU less than 80 for M1, A1, and BA is
concordant with no flow on NMPT

 Indicative of a lack of clinically significant cerebral perfusion

« Supportive of a diagnosis of brain death



Future Studies

» A large prospective multi-institutional study must
be performed to confirm our findings and
standardize our defined criteria for the utilization
of CTA as an ancillary diagnostic study for brain
death
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Demographics

Demographic Data

Group Study Cohort Control
N 60

Age, Mean (years) 36.3

Age, Median (years) 33.2

Male 41 (68.4%) 4 (20%)

Female 19 (31.6%) 16 (80%)

Mechanism of Injury

ol

Gun Shot Wound
Anoxic Brain Injury
Assault :
Ruptured Aneurysm :
Meningitis

Pedestrian vs Auto
Motorcycle Collision
All-Terrain Vehicle Collision

Toxic Encephalopathy
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Study Cohort
Homogeneity

= Analysis of
demographic and
clinical features
between the -/-, -/+,
and +/+ groups was
performed

TABLE 1. Demographic Data For Clinical Examination Brain Death Group

Group

N
Age, Mean (years)
Age, Median (years)
Male
Female
Mechanism of Injury
Hemorrhagic Stroke
Motor Vehicle Collision
Fall
Gun Shot Wound
Anoxic Brain Injury
Assault
Ischemic Stroke
Ruptured Aneurysm
Meningitis
Pedestrian vs Auto
Motorcycle Collision
All-Terrain Vehicle Collision
Surgery
Craniotomy
Craniectomy
Intracranial Pressure Monitor Placed
Status
Dead
Brain dead
Pronounced Dead by
Neurosurgeon
Surgical Critical Care
Pulmonary Critical Care
Organ Donation:
Evaluated by Life-Link
Organ Donor
Medical Comorbidities
Coronary Artery Disease
Hypertension
Diabetes
Hyperlipidemia
Anticoagulation Use

-

30
40.37
38.50

23 (76.7%)
7 (23.3%)
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O -

-+
23
39.96
37.00
14 (60.8%)
9 (39.2%)

PNPRPOWORFRLDNPEWDNPE

o A~

+/+
6
28.50
24.00
4 (66.7%)
2 (33.3%)
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Significant Differences Between Groups
Vessel  Mean SD n

20.86 23 .002
17.25 23 025
15.46 23 778

+/+
73.58 <0.001
55.52 <0.001
57.51 <0.001

+/+
73.58 <0.001
55.52 <0.001
57.51 <0.001

. control
37.44 634.32 25235 20 < 0.001
36.80 452.64 18253 20 < 0.001
35.68 540.67 193.62 20 < 0.001

. control
64.73 20.86 634.32 25235 20 < 0.001
53.43 17.25 452.64 18253 20 < 0.001
39.74 15.46 540.67 193.62 20 <0.001

+/+ . control
M1 190.74 73.58 634.32 25235 20 < 0.001
Al 171.66 55.52 452.64 18253 20 < 0.001
BA 200.02 57.51 540.67 19362 20 <0.001
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Quantitative Analysis of Computed Tomographic Angiography

1500.00
Brain
Death
Group
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CTA Average Hounsfield Unit Readings 1200 00— i
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CTA Average Hounsfield Unit Readings

n

Minimum

Maximum

M1
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6
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22.25
36.80
125.45
233.40

78.00
131.25
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111.80

94.75
105.10
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795.45

Control
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Quantitative Analysis of Computed Tomographic Angiography

Brain
Death
Group
-
- . . W
CTA Average Hounsfield Unit Readings .fﬂ

n Minimum Maximum 300.007

M1 30 22.25
23 36.80

6 125.45 320.00

20 233.40 1317.15

30 21.25
23 34.21

6 84.20 245.00

20 111.80 795.45
30 19.50 .
23 17.20

6 112.00 293.50 8
Control 20 189,40 924,80 ; % *

Hounsfield Units (HU)

|
M1 Average A1 Average BA Average

Artery




CTA Average Hounsfield Unit Readings
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Quantitative Analysis of Computed Tomographic Angiography
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Quantitative Analysis of Computed Tomographic Angiography
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CTA Average Hounsfield Unit Readings
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Evaluation of CTA Induced Contrast Nephropathy
in Brain Death Evaluation

43 patients with clinical criteria of brain death, all patients underwent CTA and then cerebral angiography

& total of 160ml IV contrast received

& No statistically significant difference identified between the pre- and post-contrast creatinine levels
(87.9umol/L vs 120umol/L respectively)

Combes et al. Transplantation Proceedings. 2007,;39:16-20.
105 patients with clinical criteria of brain death, all patients underwent CTA

& total of 120ml IV contrast received

& No statistically significant difference was identified between the pre- and post-contrast mean creatinine
levels (101.1umol/L vs 89umol/L respectively)

Frampas et al. Am J Neuroradiol. 2009;30(8):1566-1570
25 patients with clinical criteria of brain death, all patients underwent CTA

& No statistically significant difference was identified between the pre- and post-contrast mean creatinine
levels (max rise was 18umol/L)

Berenguer et al. Journal of Trauma. 2010; 68(3):5653-559.



Previous major studies assessing CTA
have proposed three evaluation systems:

10-. 7-. and 4_point scales Table 1. CTA evaluation scales in the diagnosis of BL.
Criteria Lack of opadfication of

Intracranial - ICA beyond the level of the anterior dinoid process
non-filing - VA beyond their dural penetration
« IV, GCY and the straight simus

10-point® . BA
- Right and left PCA-P2
- Right and left ACA-A3 (pencallosal artery)
« Right and left MCA-M4
- Right and left ICV
« GV
J-point® - Right and keft ACA-A3 (pericallosal artery)
« Right and left MCA-M4
= Right and left ICY
« GV
4point* - Right and left MCA-M4**
= Right and left ICY

Fig. 1 Differentcniena for the diagwsis of BD by CTA: a Positive resul

in the 10-peint scale {seome=1( ning the diagnoss of BD was A wil ater: v e b ||.1L|.1| ICY, § , s
recorded when the ene not opacified: the bilxersal Ty ane chass epative resulis; ¢ Positive e |.|.|| in I:|| 4
PCA-F2, the BA, A, the i MCA-M4, the Wi ) was 1 "-||_|| the I||.1L|.1|’1i A-hd and the
bilaieral IO, and the G 0 i 9 were classified as negative I||..1L|.1| I‘ W were not opecified. Scoms from 0 to 3 classified as
mesulis exchuding the diagnosis of I'I'I b In the T-point scale, positive negative nesulis

* One peint & noted for each nonopacified vessel in the late Fl'h:l.ﬂ-.'
Cerabral cinoulaty nrl.'arT-:'rl dizgnosed with the score of 10, 7, or 4
paints, .:ufdlngl'.l aCcording to the 4-point scale, o p.:nrl- atian
of 1 or 2 cortica II:nraruI'r-' of MCA on the same side does not exclude

Sawicki et al. Neuroradiology. 2014,56:609-620. the diagnosis of cerbral circulatary amest provided there is no

opacification of IV,

Sawicki et al. Pol J Radiol. 2014; 79:417-421.



Previous major studies assessing CTA
have proposed three evaluation systems:

Table 2. Sensitivity of CTA in the diagnosis of BD.

Sensitivity (%)
Study authors and year No of (ases -
7-point

Combes et al 2007 [15] 43

Welschehold et al. 2013 [16] &3

Dupas et al. 1962 [4]

Quesnel et al. 2007 [13]

Frampas et al. 2009[&]

Rizke ot al. 2011 [14]

Laclerc ot al. 2006 [7]

Sawickietal. 2014 [9] a2 &7

" GOV was not assessed, ** the study indhaded 5 owt of 21 patients with anooxic brain inpury.

Sawicki et al. Pol J Radiol. 2014; 79:417-421.



Pitfalls of Confirmatory Tests

Cerebral Angiogram Transcranial Doppler Ultrasonographic Scan

Image variability with injection of arch or = Technical difficulties and skill-dependent

selective arteries - Normal in anoxic-ischemic injury

Image variability with injection and/or

CT Angi
push technique ngiogram

Interpretation difficulties
No guidelines for interpretation A2 | ITTIcultl

EEG

- Artifacts in intensive care settings

Retained blood flow in 20% of cases

Possibility to miss slow flow states because
of rapid acquisition of images

Information from mostly cortex Nuclear Brain Scan

- Somatosensory evoked potentials . Areas of perfusion in thalamus in patients

- Absent in comatose patients without brain  with anoxic injury or skull defect
death

Wijdicks et al. Neurology. 2010; 75:77-83.



