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ORIGINAL RESEARCH
ADULT BRAIN

Impact of Skull Defects on the Role of CTA for Brain Death
Confirmation

D.M. Nunes, ““’ A.C. M. Maia Jr, “’R.C. Boni, and “*’AJ. da Rocha

ABSTRACT

BACKGROUND AND PURPOSE: Intracranial pressure modifications caused by a skull defect, such as craniectomy or craniotomy, may
change the hemodynamics and decrease the accuracy of CTA to confirm brain death. This study aimed to evaluate the impact of a skull
defect and the interpretation criteria of images on this diagnostic test.

MATERIALS AND METHODS: A series of consecutive patients with a clinical diagnosis of brain death underwent CTA (case group), while
the control group comprised patients with acute ischemic stroke in the same period. CTA criteria adopted to confirm brain death were the
absence of opacification of the M4 branches and internal cerebral veins. The evaluation also included the presence of “stasis filling.” Cases
were stratified as intact skull, craniotomy, and craniectomy. Three neuroradiologists evaluated all examinations independently.

RESULTS: In the case group, according to the Frampas criteria, the sensitivity of CTA to confirm brain death was 95.5% in patients with
intact skull, 87.5% with craniotomy, and 60% with craniectomy. False-negative diagnoses of brain death were 15.6%, related to stasis filling
in71.4% (P < .001). However, according to the “modified Frampas criteria,” the sensitivity of CTA to confirm brain death was 100% in patients
with intact skull, 93.8% with craniotomy, and 80% with craniectomy. False-negative diagnoses of brain death were found in 6.2% of
patients, and there was no stasis filling. CTA showed 100% specificity in the control group. There were no disagreements among observers.

CONCLUSIONS: CTA had a high diagnostic accuracy and reproducibility to confirm brain death in patients with an intact skull. The
modified Frampas criteria increased the sensitivity of CTA, particularly in patients with a skull defect. A concurrent skull defect, especially

craniectomy, can decrease the sensitivity of CTA to confirm brain death.

ABBREVIATIONS: BD = brain death; ICM = iodinated contrast medium; ICV = internal cerebral vein; SD = skull defect; SF = stasis filling

B rain death (BD) is the result of diffuse, progressive, and irre-
versible brain damage clinically characterized by a deep unre-
sponsive coma and the absence of spontaneous ventilation and
brain stem reflexes.' * Although the clinical criteria for the diag-
nosis of brain death assess the absence of brain stem functions,
some countries have used the concept of global brain death, add-
ing ancillary tests to show the absence of brain circulation or ab-
sence of electric activity or absence of metabolic activity, includ-

4-6

ing the cerebral hemispheres.*® Circulatory evaluation is

commonly used because it is subject to less pharmacologic inter-

Received March 2, 2019; accepted after revision May 13.

From the Section of Neuroradiology (D.M.N., ACM.MJr.,, AJ.d.R) and Section of
Organ Procurement Organization (R.C.B.), Santa Casa de Misericérdia de Sdo Paulo,
Séo Paulo, SP, Brazil.

Please address correspondence to Douglas Mendes Nunes, MD, Santa Casa de
Misericérdia de Sdo Paulo, Servigo de Diagndstico por Imagem, Rua Dr. Cesdrio
Motta Junior 112, Vila Buarque, S&o Paulo, SP, Brazil, 01221-020; e-mail:
douglasmendesnunes@gmail.com

http://dx.doi.org/10.3174/ajnr.A6100

ference (eg, the use of sedatives and occurrence of severe electro-
lyte and metabolic disorders).”*

Conventional angiography is the criterion standard to evalu-
ate the circulatory system.”'' However, because this method is
invasive, is not widely available, and requires specialized neuro-
radiologic expertise to perform and interpret the results, other
alternatives have been investigated, including CTA. The accuracy
of CTA for a BD diagnosis was validated by Frampas et al'”
through the absence of intracranial arterial opacification of the
distal branches (M4) and internal cerebral vein (ICV), both eval-
uated in the venous series of CTA, showing moderate sensitivity
(85.7%) and high specificity (100%). Other studies have con-
firmed similar accuracies.’*”'® Nevertheless, the interpretation
criteria of the images used by Frampas et al'* limited the applica-
bility of CTA to confirm BD due to patients with false-negative
findings (14.3%).

According to the Monro-Kellie doctrine, intracranial pressure
is the result of the balance among the CSF, blood, and brain pa-
renchyma inside the skull, a rigid compartment. Increased intra-
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cranial pressure results in pressure compensation through the dis-
placement of the CSF to the spinal subarachnoid space, followed
by intracranial vascular collapse. This collapse occurs initially in
the venous compartment because of the increased compliance
and lower intraluminal pressure and then in the arterial compart-
ment, with consequent brain damage.'”*!

Therefore, a skull defect (SD) in patients with suspected
BD, such as extensive fracture or operation (craniectomy or
craniotomy), may decrease the intracranial pressure, changing
the intracranial hemodynamics and decreasing the diagnostic
accuracy of ancillary tests that evaluate brain circula-
tion.'®?%2®> However, there are no specific studies evaluating
the accuracy of CTA for BD confirmation in patients with SD,
to our knowledge.

Our aim was to evaluate the impact of SDs and the interpreta-
tion criteria of imaging on the accuracy of CTA for BD
confirmation.

MATERIALS AND METHODS

Study Design

This cross-sectional and observational study was conducted at a
single hospital center (Santa Casa de Misericordia de Sao
Paulo) between June 2012 and July 2014. A case series of con-
secutive patients with a clinical diagnosis of BD (reference
standard determination of BD) was evaluated according to the
legal requirement,”* the Brazilian BD protocol, which consists
of 2 clinical examinations and some confirmatory ancillary
tests, namely, transcranial Doppler (47 patients), conventional
angiography (2 patients), and nuclear medicine (1 patient). In
addition to the Brazilian BD protocol, these patients under-
went CTA, the results of which did not interfere with the final
diagnosis regarding BD. Due to the similarity between the
stroke and BD protocols, the control group consisted of 22
patients with ischemic stroke who were candidates for throm-
bolysis and underwent CTA before any therapeutic proposal,
in the same period. The institutional review board approved
this study.

All patients older than 2 years of age with a BD clinical diag-
nosis, evaluated according to the legal requirements™* of the Bra-
zilian BD protocol, were enrolled after their legal guardian and 2
witnesses agreed to participate in the study by signing the free and
informed consent form. Patients were excluded when they had a
mean arterial pressure lower than 80 mm Hg, if the guardians did
not authorize study enrollment, if contraindications or the inabil-
ity to receive intravenous iodinated contrast medium (ICM) was
present, or if the technical quality of the images was deemed in-
adequate. Demographic and clinical data, including age, sex,
cause of BD, and the time interval between the BD diagnosis and
CTA, were collected in a data base.

Technical Data

All examinations were acquired in a 64— detector row CT scanner
(Version v2.6.2.22004; Brilliance™ CT 64-channel scanner;
Philips Healthcare, Best, the Netherlands) with a minimum dose
of ionizing radiation®> following the CTA protocol proposed by
Frampas et al.'?

After lateral topography, 3 similar acquisitions were planned
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starting at the C1-C2 level to the cranial vertex. The first acquisi-
tion was an NCCT scan (120 kV; 350 mA). Iso-osmolar, nonionic
intravenous ICM (iopromide, Ultravist 300; Bayer HealthCare,
Berlin, Germany) was injected through the right antecubital vein
at a rate of 4—6 mL/s using a dual-head power injector (Medrad
Stellant® D, Bayer HealthCare, Indianola, Pennsylvania) and a
16- to 22-ga catheter, with a pressure limit of 325 psi, depending
on the age range. The total volume administered throughout the
protocol was calculated on the basis of the estimated weight of the
patient (2.0 mL/kg, reaching a maximum of 50 mL). The second
(arterial) and third (venous) acquisitions (120 kV, 185 maAs,
0.67-cm thickness, 0.33-cm increments, FOV of 450 mm, and
automatic settings for pitch and release) were performed, starting
20 and 60 seconds after the ICM injection commenced.

Image Analysis

To evaluate hemodynamic repercussions resulting from the SD,
we divided the patients into 2 different groups: the intact skull and
SD groups. The patients with SDs were divided into 2 subgroups,
those with craniotomy and craniectomy.

The NCCT series confirmed the adequate passage of intravas-
cular ICM in all patients by identifying opacification of the super-
ficial temporal arteries and upper orbital veins during the
examination as well as differentiating between spontaneously hy-
perattenuating vascular content and delayed, weak, persistent,
and progressive vascular opacification (pseudo-subarachnoid
hemorrhage versus true vascular opacification).

The arterial and venous series enabled the assessment of ves-
sel opacification in the intracranial arterial and venous com-
partments via CTA based on MIP postprocessing algorithms
(thickness: 10 mm) in workstation (Extended Brilliance™
Workspace, Version 3.5.0.2250; Philips Healthcare).

The progressive opacification of the intracranial arterial com-
partment between early (arterial) and delayed (venous) acquisi-
tions of CTA was analyzed. The delayed, weak, persistent, and
progressive opacification of the intracranial arterial compartment
found between early (arterial) and delayed (venous) acquisitions
of CTA is known as “stasis filling” (SF). This phenomenon is
commonly observed in angiographic studies.'****”

Three neuroradiologists with experience in the interpretation
of CTA studies (9, 22, and 23 years, respectively) evaluated all the
examinations independently using simultaneous viewing of im-
ages of the NCCT, arterial (early), and venous (delayed) CTA
series. These findings were assessed to generate a single consensus
report, which was compared with the BD clinical diagnosis (ref-
erence standard determination of BD).

Two sets of criteria were used to confirm BD by CTA. The
original criteria proposed by Frampas et al,'> which consist of the
absence of opacification of the M4 branches and ICV, both eval-
uated in the venous series of the CTA; and another set, called in
this study the “modified Frampas criteria,” consisting of the ab-
sence of opacification of the M4 branches in the arterial phase and
ICV in the venous phase of the CTA. The rationale for using these
modified criteria is to avoid false-negative findings due to SF be-
cause opacification of the intracranial arterial compartment was
evaluated in the arterial phase of CTA.



Characterization of the groups according to the presence and type of skull defect®

Patients with BD

Controls, ISk 1Sk Craniotomy Craniectomy
Variable (n=22) (n=22) (n=16) (n=10) P Value

Age (yr) 57.6 £16.4 42.8 *219 437 £18.8 474 *+9.2 81
Male sex 12 (54.5) 13(59.0) 8(50.0) 7(70.0) .600
Etiology 287

SAH 0(0.0) 6(27.3) 8(50.0) 3(30.0)

TBI 0(0.0) 4(182) 4(25.0) 5(50.0)

HS 0(0.0) 4(18.2) 1(6.3) 0(0.0)

Is 22 (100) 4(18.2) 0(0.0) 0(0.0)

Tumor 0(0.0) 1(4.5) 2(12.5) 1(10.0)

GW 0(0.0) 1(4.5) 1(6.3) 0(0.0)

Other 0(0.0) 2(9) 0(0.0) 1(10.0)
Time interval from BD to CTA (min) - 659 670 483 .618

(274-964) (269-1013) (236-713)

Note:—SAH indicates subarachnoid hemorrhage; TBI, traumatic brain injury; HS, hemorrhagic stroke; IS, ischemic stroke; GW, gunshot wound; ISk, intact skull; BD, brain death; -, no data.
?Data are presented as No. (%), except for age (mean = SD) and time (median and quartile). P values are for comparison of the subgroups (ISk, craniotomy, and craniectomy).

Statistical Analysis

Categoric variables were described by the absolute and relative
frequencies and were compared using the x” test. The age and
time interval between the clinical diagnosis of BD and CTA were
assessed for normality using graphic methods and skewness and
kurtosis values. Age was described using means and standard de-
viations and was compared using the Student f test for indepen-
dent samples. The time interval was described using medians and
quartiles and was compared using the Mann-Whitney test.

The accuracy of CTA in each group according to the presence
and type of SD was determined using contingency tables and by
calculating the sensitivity, specificity, and positive and negative
predictive values. Interobserver agreement was evaluated using
the Cohen k, with the following interpretation: <0, no agree-
ment; 0—0.19, very poor agreement; 0.20—-0.39, poor; 0.40—-0.59,
moderate; 0.60—0.79, high; and 0.80—1.00, very high agreement.

All tests were 2-tailed, and P values < .05 were considered
significant. Statistical analysis was performed using R statistical
and computing software (http://www.r-project.org), SPSS (Ver-
sion 24.0; IBM, Armonk, New York), and MedCalc for Windows
(Version 15.2.0.0; MedCalc Software, Mariakerke, Belgium).

RESULTS

Seventy-two patients were evaluated, with 2 patients in the case
group excluded because of poor image quality (poor contrast). Thus,
70 patients were included in the final analysis. The mean age of the
sample was 48.3 = 18.9 years (range, 2—84 years), and 57.1% were
men. Forty-eight patients in the case group were diagnosed with BD.
By contrast, 22 patients in the control group were candidates for
thrombolysis to treat ischemic stroke. The patients in the case group
were comparatively younger (44.0 = 18.6 versus 57.6 * 16.4 years;
P = .005), but no significant differences were found in sex between
the groups (58.3% versus 54.5%; P = .766).

The initial causes of coma were aneurysmal subarachnoid
hemorrhage (n = 17, 35.4%), head trauma (n = 13, 27.1%), ce-
rebral hemorrhage (n = 5, 10.4%), brain tumor (n = 4, 8.3%),
ischemic stroke (n = 4, 8.3%), and gunshot wound (n = 2, 4.2%).
Three other cases (6.3%) involved hydrocephalus due to ven-
triculoperitoneal shunt malfunction, hypoxic-ischemic encepha-
lopathy after cardiorespiratory arrest due to respiratory causes,
and a postoperative complication of Chiari malformation type I.

Twenty-six patients presented with SDs (16 craniotomies and 10
craniectomies). The median time interval between the final dec-
laration of BD and CTA was 641 minutes (interquartile range,
269—883 minutes). Stratified analysis according to the presence
and type of SD indicated no significant differences in age, sex, BD
etiology, or the time interval between the declaration of BD and
CTA. None of the patients in the control group had an SD (Table).

The 48 included patients in the case group were stratified ac-
cording to the presence and type of SD. CTA demonstrated brain
circulation arrest, defined according to the criteria of Frampas et
al,'” in 41 patients (41/48; sensitivity: 85.4% [95% CI, 72.2—
93.9]). Among those with an intact skull, CTA was consistent with
BD in 21 patients (21/22; sensitivity: 95.5% [95% CI, 77.2-99.9]).
For those with an SD, CTA was consistent with BD in 20 patients
(20/26; sensitivity: 76.9% [95% CI, 56.4-91.0]). The patients with
an SD were subdivided into the craniotomy and craniectomy
groups. CTA was consistent with BD in 14 patients with craniot-
omy (14/16; sensitivity: 87.5% [95% CI, 61.7-98.5]) and 6 pa-
tients with craniectomy (6/10; sensitivity: 60.0% [95% CI, 26.2—
87.8]). The categorization of patients with BD according to the
criteria of Frampas et al,'” is summarized in Fig 1.

SF was diagnosed in 28 patients (28/45, 62.2%). Among these,
11 patients (11/20, 55.0%) had an intact skull, 10 patients (10/15,
66.7%) had undergone craniotomy, and 7 patients (7/10, 70.0%)
had undergone craniectomy (P = .390).

Seven patients (7/48 = 14.6%) did not have a BD diagnosis
from CTA using the criteria proposed by Frampas et al.'> Among
these, 5 patients (5/7, 71.4%) presented with SF (P < .001) and 2
patients (2/7, 28.6%) with craniectomy presented with arterial
opacification of the distal branches (M4) in the arterial (early)
acquisition of CTA. The false-negative CTA results were due to
the SF phenomenon in 1 patient (1/20, 5.0%) with an intact skull,
2 patients (2/15, 13.3%) with craniotomy, and 2 patients (2/10,
20.0%) with craniectomy (P = .208) (Fig 2).

However, when the so-called modified Frampas criteria were
applied, CTA demonstrated brain circulatory arrest in 45 patients
(45/48; sensitivity: 93.8% [95% CI, 82.8-98.7]). Among those
with an intact skull, CTA was consistent with BD in 22 patients
(22/22; sensitivity: 100.0% [95% CI, 84.6—100.0]). For those with
an SD, CTA was consistent with BD in 23 patients (23/26; sensi-
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Eligible patients
(n=50)

Excluded: 2
inadequate
technical quality

CT Angiography
Included Sensitivity 85,4%
patients (n=48) (72,2-93,9)

CT Angiography CT Angiography
Intac_tzszkull Rl e Defefézkull Sensitivity 76,9%
(n=22) (77,2-99,9) (n=26) (56,4— 91,0)
f CT Angiography : CT Angiography
Craniotomy | o irivity 87,5% Craniectomy | 5. < tivity 60,0%
(n=16) (61,7—-98,5) (n=10) (26,2— 87,8)
CTA consistent CTA not consistent CTA consistent CTA not consistent CTA consistent CTA not consistent
with brain death with brain death with brain death with brain death with brain death with brain death
(n=21) (n=1) (n=14) (n=2) (n=6) (n=4)

FIG 1. Flow chart of patients with a clinical diagnosis of brain death who underwent a CTA protocol proposed by Frampas et al,”” according to
the presence and type of skull defect. Application of the interpretation criteria of the images proposed by Frampas et al.

tivity: 88.5% [95% CI, 69.8-97.6]). The patients with an SD were
subdivided into the craniotomy and craniectomy groups. CTA
was consistent with BD in 15 patients with craniotomy (15/16;
sensitivity: 93.8% [95% CI, 69.8—99.8]) and 8 with craniectomy
(8/10; sensitivity: 80.0% [95% CI, 44.4-97.5]). The categoriza-
tion of patients with BD according to the modified Frampas cri-
teria is summarized in Fig 3.

Even with these modified criteria, 3 patients (3/48, 6.2%) did
not have a BD diagnosis using CTA. These patients with false-
negative findings of BD presented with arterial opacification of
the distal branches (M4) in the arterial (early) acquisition of CTA:
1 patient (1/3, 33.3%) with craniotomy and 2 patients (2/3,
66.6%) with craniectomy.

There was a significant trend (P = .037) toward higher false-
negative rates with more extensive SDs. Only 1 patient with crani-
ectomy (1/45, 2.2%) showed opacification of the M4 branches
and ICV in the arterial and venous series, respectively; in both,
CTA criteria for BD were analyzed.

No association was found between the false-negative results
and time interval between the diagnosis of BD and performance of
CTA. The median time was 704 minutes (interquartile range 247—
1157 minutes) among the cases with an incorrect diagnosis by
CTA and 641 minutes (interquartile range 270—857 minutes)
among the cases with a correct diagnosis (P = .405). Moreover,
the percentage of incorrect diagnoses by CTA did not differ sig-
nificantly among the time quartiles: first quartile, 93—270 minutes
(2/12, 16.7%); second quartile, 270—641 minutes (1/13, 7.7%);
third quartile, 641-857 minutes (1/11, 9.1%); fourth quartile,
857-1577 minutes (3/12, 25.0%) (P = .551). These results indi-
cated that the accuracy of CTA is not affected by the time between
the diagnosis of BD and the performance of CTA.
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The specificity of CTA to confirm BD was 100% in patients
with an intact skull—that is, no false-positive cases were found.
The specificity in patients with SDs could not be estimated be-
cause the control group included no patient with an SD. There
were no disagreements in the CTA analysis among the evaluators,
resulting in a perfect Cohen « of 1.0.

DISCUSSION

Despite the heterogeneity of protocols from CTA to confirm BD,
the scientific literature has confirmed that CTA is a reliable, safe,
fast, accessible, less invasive, reproducible, and auditable alterna-
tive ancillary confirmatory test in patients with the clinical criteria
of BD.'>"'7*7-** CTA has become increasingly common in the
diagnosis of cerebral circulatory arrest and has already been li-
censed for use in many countries, such as Canada, Austria, Swit-
zerland, France, the Netherlands, and Croatia.>*

Frampas et al'”> demonstrated the occurrence of cerebral cir-
culatory arrest using CTA with moderate sensitivity (85.7%) and
high specificity (100%), both by the absence of M4 branch and
ICV opacification. Our study confirmed the reproducibility
and diagnostic accuracy of CTA using the same criteria of 4 points
proposed by Frampas et al,'” with a similar sensitivity (85.4%),
positive predictive value of 100%, and absence of disagreement in
the CTA analysis among the evaluators.

As Leclerc et al’® described and later studies have con-
firmed,'””" the absence of ICV opacification constitutes the ear-
liest and most sensitive (98.1%) finding to confirm the diagnosis
of BD with CTA."? Our study also corroborated the high sensitiv-
ity (97.98%) of the absence of ICV opacification. However, the
exclusive evaluation of the intracranial venous compartment for
the diagnostic documentation of BD with CTA should be made



FIG 2. Comparison of CT images without contrast medium (A, D, and G) in the arterial (B, E, and H) and venous (C, F, and /) phases of CTA (MIP
reformations in coronal plane) from 3 distinct patients with a brain death clinical diagnosis. In a patient with an intact skull (upper row, A—C),
opacification was observed in the M1-M2 branches (broad arrows) in the arterial (B) and venous (C) phases and was more intense in the late
phase. In a patient with craniotomy (middle row, D—F), one can appreciate the relative hyperattenuation of both M1 branches mimicking vascular
opacification in noncontrast CT (arrowheads in D). Opacification was observed in both M2 branches (broad arrows in the arterial phase, E) and
the right M3 branch in the venous phase (thin arrow in ), a phenomenon known as stasis filling. In a patient presenting with craniectomy (lower
row, G-1), opacification was observed in both M2 branches (broad arrows in the arterial phase, H), the right M3 branch, and the left M4 branch
in the venous phase (thin arrow in I) due stasis filling, a false-negative case of BD.

with caution, particularly among patients with intracranial hyper-
tension, possibly reducing the specificity of the method. More-
over, the occurrence of deep cerebral venous thrombosis should
always be considered to avoid possible false-positive results.

The protocol for BD diagnosis advocated by Frampas et al'?
includes image acquisitions of NCCT and biphasic CTA. Alterna-
tively, Sawicki et al'® proposed optimizing the CTA technique by
performing a single series with an acquisition delay of 40 seconds
after the initiation of intravenous ICM infusion. Our study indi-
cated that the maximum progression of the ICM in the intracra-
nial vascular bed occurs during the late acquisition of CTA (ve-
nous phase), particularly among patients with concurrent SDs.
However, the isolated evaluation of the late phase of CTA poten-
tially limits the differentiation of spontaneously hyperattenuating
vascular content, which was often found in our patients with ex-
tensive intra- and extracranial edema (pseudo-subarachnoid

hemorrhage versus true vascular opacification) because of the SF.
This study reinforces the importance of the protocol proposed by
Frampas et al'” to avoid mistakes in diagnostic interpretation,
thereby enabling comparisons between early and late acquisitions
and providing reliable information for the correct evaluation of
vascular opacification. The optimization of the interpretation cri-
teria of the images proposed by Frampas et al'” called the modi-
fied Frampas criteria, which consist of the absence of opacifica-
tion of the M4 branches in the arterial phase and ICV in the
venous series of the CTA, decreased the number of patients with
false-negative findings due to a reduced influence of SF (which is
usually present in the arteries during the venous phase), particu-
larly with an SD.

Hemodynamic changes resulting from an SD might repre-
sent a confounding factor in the context of BD,'®?* thereby
necessitating detailed studies to define the limits of the inter-
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FIG 3. Flow chart of patients with a clinical diagnosis of brain death who underwent the CT angiography protocol proposed by Frampas et al,
according to the presence and type of skull defect. Application of the interpretation criteria of the images of the modified Frampas criteria.

pretation for clinical purposes. Two distinct scenarios have
been associated with the occurrence of false-negative results
during the confirmation of BD in CTA studies: concomitant SD
and acute hypoxic-ischemic encephalopathy after cardiorespira-
tory arrest.'>'>'#22232* Our study confirmed that patients with
an intact skull had high sensitivity and specificity for confirming
BD by CTA, especially when the modified Frampas criteria were
used for interpretation of the images, with results similar to those of
conventional angiography (the criterion standard). There is a ten-
dency for diagnostic errors to confirm BD by CTA (false-negative
results) in patients with DS, particularly craniectomy, when the in-
terpretation criteria of the images of Frampas et al'* were used, prob-
ably because of lower intracranial pressure.”®>”

First described in studies involving conventional angiogra-
phy,'*?° the weak, slow, persistent, and progressive opacification
of the intracranial arterial branches by ICM is known as SF.>® This
finding stems from the progression of intravascular ICM in a
high-resistance distal vascular bed without the ability to perfuse
the brain parenchyma.'”'>*® Recent studies using CTA have in-
dicated a high prevalence of this finding, varying between 45%
and 59% of all patients with confirmed BD.'”**** The present
results indicated an intermediate rate (62.2%) of SF in the total
sample when the criteria of Frampas et al'> were used for inter-
pretation of the images. The incorrect diagnosis of BD by CTA
was meaningly more common in patients with SF. Despite the
small number of cases, this problem tends to occur more fre-
quently in patients with SDs, especially those who have under-
gone craniectomy, with or without opacification of the venous
compartment including the ICV. The interpretation of the images
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according to modified Frampas criteria decreased the false-nega-
tive results and diagnostic mistakes.

Limitations of the present study include intracranial pressure
not being measured; thus, establishing quantitative correlations
with imaging findings was prevented. CTA to confirm BD also
presented some drawbacks, such as the transportation of patients
with hemodynamic instability and the difficulty of peripheral ve-
nous access in patients with edema.

Strategies to increase the accuracy of CT as a whole in the
diagnosis of BD, which might be the object of future studies, in-
clude the use of CTP in addition to the standard protocol. CTP is
a promising evidentiary method, given the increasing technologic
development, the availability of equipment with higher temporal
and spatial resolution, and reduced intravenous ICM use. How-
ever, some variations in the use of this technique demand the
establishment and validation of new standard CTP protocols.

CONCLUSIONS

This study showed that that the CTA protocol proposed by Fram-
pas et al'? has high sensitivity and reproducibility, as well as per-
fect specificity and interobserver agreement, for BD confirmation
in patients with an intact skull. The optimization of the interpre-
tation of the images according to the modified Frampas criteria
increased the sensitivity of the CTA, particularly in patients with
SDs. No control case was wrongly diagnosed as BD. These data
add to the growing medical literature supporting the use of CTA
as a reliable ancillary BD test. A concurrent SD, particularly crani-
ectomy, can decrease the sensitivity of CTA for BD confirmation,
mainly due to the SF phenomenon. The evaluation of CTA images



according to the modified Frampas criteria reduced false-negative

findings, especially with craniectomy. Negative results may arise

in this clinical scenario, requiring the consideration of other cor-

roborating tests to confirm BD in patients with SD.
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