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BACKGROUND AND PURPOSE: The goal of this article is to provide consensus recommenda-
tions for reporting standards, terminology, and written definitions when reporting on the
radiological evaluation and endovascular treatment of intracranial, cerebral aneurysms. These
criteria can be used to design clinical trials, to provide uniformity of definitions for appropriate
selection and stratification of patients, and to allow analysis and meta-analysis of reported data.

METHODS: This article was written under the auspices of the Joint Writing Group of the
Technology Assessment Committee, Society of Neurolnterventional Surgery, Society of In-
terventional Radiology; Joint Section on Cerebrovascular Neurosurgery of the American As-
sociation of Neurological Surgeons and Congress of Neurological Surgeons; and Section of
Stroke and Interventional Neurology of the American Academy of Neurology. A computerized
search of the National Library of Medicine database of literature (PubMed) from January 1991
to December 2007 was conducted with the goal to identify published endovascular cerebro-
vascular interventional data about the assessment and endovascular treatment of cerebral
aneurysms useful as benchmarks for quality assessment. We sought to identify those risk
adjustment variables that affect the likelihood of success and complications. This article offers
the rationale for different clinical and technical considerations that may be important during the
design of clinical trials for endovascular treatment of cerebral aneurysms. Included in this
guidance article are suggestions for uniform reporting standards for such trials. These defini-
tions and standards are primarily intended for research purposes; however, they should also be
helpful in clinical practice and applicable to all publications.

CONCLUSIONS: The evaluation and treatment of brain aneurysms often involve multiple
medical specialties. Recent reviews by the American Heart Association have surveyed the
medical literature to develop guidelines for the clinical management of ruptured and unrup-
tured cerebral aneurysms. Despite efforts to synthesize existing knowledge on cerebral
aneurysm evaluation and treatment, significant inconsistencies remain in nomenclature and
definition for research and reporting purposes. These operational definitions were selected by
consensus of a multidisciplinary writing group to provide consistency for reporting on imaging
in clinical trials and observational studies involving cerebral aneurysms. These definitions
should help different groups to publish results that are directly comparable.

he goal of this article is to provide consensus recommenda-

tions for reporting standards, terminology, and written defi-
nitions when reporting on the radiological evaluation and endo-
vascular treatment of intracranial cerebral aneurysms. These
criteria can be used to design clinical trials, to provide uniformity
of definitions for appropriate selection and stratification of pa-
tients, and to allow analysis and meta-analysis of reported data.
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This article must not be construed as defining the standard-of-
care. These reporting standards represent an ideal and are in-
tended primarily for use in research protocols and possibly for
quality assessment in individual practice, although this is not
their main intention. These definitions represent recommenda-
tions for constructing useful research data sets. These definitions
do not represent the only data that are important or useful in the
design of clinical trials or reporting individual case series and are
not intended to represent minimally acceptable data. Much of
this information may be included in operative reports but is pri-
marily intended for research.

The intent is to facilitate production of scientifically rigor-
ous results capable of reliable comparisons between and
among similar studies. In some cases, the definitions con-
tained here are recommended by consensus of a panel of ex-
perts for consistency in reporting and publication.

Historical Context: Aneurysm Reporting

The evaluation and treatment of brain aneurysms often in-
volve multiple medical specialties. Recent reviews by the
American Heart Association have surveyed the medical liter-
ature to develop guidelines for the clinical management of
ruptured' and unruptured® cerebral aneurysms. Despite ef-
forts to synthesize existing knowledge on cerebral aneurysm



evaluation and treatment, significant inconsistencies remain
in nomenclature and definition for research and reporting
purposes.

One of the major challenges in the basic evaluation and
reporting of endovascular treatment results is the interpreta-
tion of fluoroscopic and arteriographic imaging. Careful arte-
riographic evaluation of 3-dimensional vascular structures re-
quires a customized approach to each patient. Cerebral
arteriography must be carefully performed to prevent proce-
dural complications while achieving the necessary diagnostic
information and minimizing ionizing radiation exposure to
prescribe treatment. Noninvasive methods such as volumetric
MRI/MR angiography and CT angiography often offer com-
plementary information in the evaluation of cerebral aneu-
rysms, but catheter cerebral arteriography provides the high-
est spatial resolution for evaluation of the dome-to-neck ratio,
neck-to-artery ratio, and exact aneurysm dimensions for
treatment planning for endovascular procedures. However,
appropriate planar projections must be obtained to maximize
the diagnostic yield of catheter arteriography.

Whenever possible, we recommend reporting continuous
data as well as categorical data. For example, aneurysm size (X)
should be reported in millimeters in 3 dimensions as well as
categorical taxonomy including small aneurysms (X =5 mm),
medium aneurysms (5< X <15 mm), large aneurysms (15 =
X <25 mm), and giant aneurysms (X =25 mm). The largest
diameter is used to determine the appropriate category. Fur-
thermore, dome-to-neck ratio should be mathematically cal-
culated and grouped according to convention by small neck (X
=4 mm) or wide neck (X >4 mm). Some aneurysms have no
definable neck with separate inflow and outflow. Terms such
as “fusiform” per se have little meaning. The International
Study of Unruptured Intracranial Aneurysms (ISUIA)
grouped patients according to the presence or absence of prior
aneurysmal subarachnoid hemorrhage and the following size
categories: <7 mm, 7 to 12 mm, 13 to 24 mm, and =24 mm
based largely on differences in the clinical propensity to rup-
ture according to categorical size and location.>* Table 1
shows an overview of definitions.

General Definitions

The definition of cerebral aneurysm is an abnormal focal di-
latation of a cerebral artery with attenuation of the vessel wall.
There are several different pathophysiological types of aneu-
rysms that involve the cerebral arteries. These include saccu-
lar, dolichoectatic, dissecting, serpentine, traumatic, mycotic,
and giant aneurysms with or without thrombosis. Saccular
aneurysms are the most common and the primary focus; other
types are beyond the scope of this article.

Aneurysms may coexist with other vascular disorders such
as fibromuscular dysplasia,” polycystic hepatorenal disease,’
brain arteriovenous malformations,” atherosclerosis,® arterial
fenestrations or duplications,” and persistent primitive circu-
lations, "’ to name only some of the most common conditions.
Medical comorbidities, including hypertension and tobacco
use, appear to predispose to aneurysm formation and rup-
ture.'"'* There are familial predispositions to cerebral aneu-
rysms that remain under investigation.'>'* Women are more
susceptible than men.'® It is important that these features are
reported.

Table 1. Summary of cerebral aneurysm attributes

General definitions
Clinical presentation
Symptomatic: hemorrhage or mass
Hunt and Hess Grade or World Federation of Neurological Surgeons
Grading Scale
Glasgow Coma Scale and NIHSS
Modified Rankin Scale score
Fisher CT score
Date of presentation
Time to diagnosis (hours to days)
Time to arteriography (hours to days)
Time to treatment (hours to days)
Imaging source and date
Aneurysm shape
Saccular
Other types excluded
Dissecting
Serpentine
Giant, partially thrombosed
Dolichoectatic
Size and location (see Table 5)
Planar dimensions
Neck width and area
Parent artery diameter
Dome-to-neck ratio
Neck-to-artery ratio
Aneurysm volume
Single or multiple
Arteriographic comorbidities (see Table 5)
Procedural technique
Catheter type
Guide wire type
Guiding catheter type
Adjunctive techniques
Coil types, diameters, lengths, and numbers of coils
Technical success
Recanalization and recanalization rate
Computational results
Arteriographic occlusion
Volumetric occlusion
Advanced computational features
Computational flow dynamics
Clinical success
30-day morbidity and mortality (assessed by independent physician)
Modified Rankin Scale®®
Barthel Index*’
Glasgow Outcome Scale®
NIHSS*

NIHSS indicates National Institutes of Health Stroke Scale.

Clinical Presentation

Clinical presentation is a component of the medical and neu-
rological history. It is a description of the clinical event(s) that
directly brought the aneurysm to medical attention. Clinical
presentation includes signs, symptoms, and temporally re-
lated imaging studies. Typical symptoms might include severe
headache, nausea, vomiting, photophobia, and nuchal rigid-
ity. Commonly identified signs sometimes include altered
level of consciousness, focal weakness, and cranial nerve defi-
cits. Imaging studies using CT or MRI techniques are used to
confirm the presence of the aneurysm, hemorrhage, infarct,
mass effect, or hydrocephalus. It should always be clear in
reporting whether radiographic hemorrhage was part of the
initial presentation and whether signs and symptoms were
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Table 2. Subarachnoid hemorrhage clinical grading scales

World Federation of

Grade Hunt and Hess Neurological Surgeons

0 Intact aneurysm

1 Asymptomatic or mild Glasgow Coma Scale (GCS) 15
headache

la Fixed neurological deficit

without meningeal or
brain reaction
2 Moderate to severe
headache, cranial nerve
palsy, nuchal rigidity

GCS 13-14 without motor deficit

3 Lethargy, confusion, mild GCS 13-14 with motor deficit
focal deficit
4 Stupor, hemiparesis, GCS 7-12 without or with motor
early decerebrate deficit
posturing
5 Coma, decerebrate GCS 3-6 without or with mator
posturing, moribund deficit
appearance

Table 3. Glasgow Coma Scale®

Eye
Opening Verbal

Points Response Response Motor Response
6 NA NA Obeys

5 NA QOriented Localizes to pain

4 Spontaneous Confused Withdraws to pain
3 To speech Inappropriate Flexor (decorticate)
2 To pain Incomprehensible Extensor (decerebrate)
1 None None None

NA indicates not applicable.

present. Clinical grading scales such as Hunt and Hess or
World Federation of Neurological Surgeons should be refer-
enced (See Tables 2 and 3 for definitions of these grading sys-
tems.) For this reason, each of the clinical features used to
determine clinical grade by either method should be reported
for retrospective classification into alternative grading scales.

Presentation refers to the manner in which the aneurysm
came to medical attention. If the aneurysm was incidental, this
refers to a clinical presentation requiring cerebral imaging that
is clearly unrelated to the aneurysm such as head trauma, spine
evaluation, headaches not attributable to the aneurysm (eg,
migraine, tension), seizures, or neoplasm staging. Hemor-
rhage means bleeding in the subarachnoid, intracerebral, in-
traventricular, or subdural spaces. Any intraparenchymal
hemorrhage must be described including location, linear size
(length, width, and height) and volume (lengthXwidthX
height/2). Seizure refers to abnormal epileptiform neuronal
discharge that results in focal or generalized alterations of sen-
sation, motor function, behavior, or consciousness.'® Focal
neurological deficit refers to signs including any peripheral,
axial, and cranial nerve dysfunction. Hydrocephalus is a clin-
ical entity in which a disturbance of cerebrospinal fluid circu-
lation causes the accumulation of cerebrospinal fluid, result-
ing in progressive ventricular dilatation and increased
intracranial pressure.'” Elevation of intracranial pressure due
to obstruction of flow or malabsorption of cerebrospinal fluid
can result in cerebral herniation syndromes and alterations in
level of consciousness with or without associated ventricular
dilatation on imaging studies. Headache is subjective head
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pain often thunderclap in onset and classified as secondary in
type attributed to subarachnoid hemorrhage.'® Additional
pain descriptors for time of onset, rapidity of onset, change in
frequency, character, or location should be included. All of
these symptoms should be uniformly and consistently re-
ported and documented in reference to the aneurysm
evaluation.

Hemorrhage is the most important presentation of cere-
bral aneurysms in terms of prevalence and morbidity. There-
fore, a clear distinction between hemorrhage versus no hem-
orrhage must be made definitively either by imaging and/or
cerebrospinal fluid confirmation. Specific dates of each hem-
orrhage episode with the degree of intracranial hemorrhage
and associated neurological deterioration must be clearly doc-
umented for each event in chronological order. See the section
on aneurysm hemorrhage for reporting recommendations.

Patient Handedness

Handedness is obtained from the neurological history and es-
timates hemispheric dominance potentially influencing neu-
rological injury/disability, functional outcome, and the choice
of treatment modality.

Dates of Rupture, Diagnosis, and Treatment

Date of presentation refers to the date on which patient expe-
rienced signs or symptoms leading to medical evaluation and
diagnosis of the cerebral aneurysm. Date of presentation may
not be the same as the date of medical evaluation or diagnosis
of the aneurysm but should be temporally related. Index date
is the point at which patient initially experienced symptoms
referable to the aneurysm.

Example
A man developed a severe headache with nausea and vomiting
at 11:00 AM on January 1, which slowly subsided. At approxi-
mately 8:30 PM on January 5, the patient grasped his head,
cried out, and collapsed leading to emergency transfer to the
nearest hospital. The patient was medically stabilized at 9:35
pM and CT brain scan at 10:10 M demonstrated diffuse acute
subarachnoid hemorrhage >1 mm in axial thickness, intra-
ventricular hemorrhage, and hydrocephalus. The patient was
diagnosed with Hunt and Hess'® Grade IV, Fisher*® CT Grade
3/4*' (Fisher CT Grade 3/4 is used to describe diffuse sub-
arachnoid hemorrhage >1 mm layering the basilar cisterns
[Fisher CT Grade 3] with intraventricular hemorrhage [Fisher
CT Grade 4]) subarachnoid hemorrhage. The nomenclature
recognizing the subarachnoid hemorrhage component has
prognostic significance for the development of cerebral vaso-
spasm and delayed ischemic neurological deficits®' subarach-
noid hemorrhage. Because the patient was comatose, a ven-
tricular drainage catheter was placed with an opening pressure
of 34 cm water. The patient was transferred to a regional med-
ical center. A cerebral arteriogram was performed on January
6 at 7:55 AM confirming the presence of a cerebral aneurysm.
After multidisciplinary evaluation of operative techniques, en-
dovascular aneurysm treatment was performed on January 6
at 8:40 AM in a procedure that required 90 minutes, 17.5 min-
utes of fluoroscopy with estimated dose exposure of 9972 mi-
croGray per square meter.

The index date is January 1, the date of the “sentinel” hem-



orrhage. The date of presentation is January 5 at which time
the patient first came to medical attention. The date of diag-
nosis in this case is January 6, the date on which catheter arte-
riography confirmed the clinical suspicion of cerebral aneu-
rysm as the proximate cause of subarachnoid hemorrhage.

Time is an important concept in aneurysm treatment. In-
dex time is 11:00 AM on January 1. Time of presentation is 9:35
PM on January 5, and the time of treatment is 8:40 AM on
January 6. The duration to treatment is 11 hours 5 minutes.
Procedure time is 1.5 hours.

Rationale for Description of Time and Symptoms of
Onset. The index date and date of presentation are necessary
to assess the natural history of aneurysmal subarachnoid hem-
orrhage. It is useful to calculate the duration from original
hemorrhage and recurrent hemorrhage, which may be associ-
ated with natural history of the disease and treatment risk.
There is often some time lag between date of the index date
and date of presentation as well as some lag time between date
of presentation and the date of aneurysm treatment with sur-
gery or coiling.

After aneurysmal subarachnoid hemorrhage, the risk of re-
current hemorrhage is greatest in the hours immediately after
the initial hemorrhage®*** with reported mortality rates of
70% to 90%.>* Although data remain somewhat limited, more
patients achieved satisfactory functional outcomes when an-
eurysm surgery was performed within 3 days than patients in
whom treatment was delayed >14 days.”*?* In the Interna-
tional Subarachnoid Aneurysm Trial (ISAT), patients in the
endovascular group underwent aneurysm treatmentin 1.1 day
on average, whereas patients in the surgical group underwent
treatment in 1.7 days on average, a 14-hour difference
(P<0.001).?° Based on historical and prospective randomized
data, delays from presentation to treatment may potentially
have adverse effects on patient outcomes generating external
bias on treatment effect.

Baseline Imaging: Brain and Aneurysm Imaging

Imaging of Aneurysm Hemorrhage

A description of the hemorrhage location and extent must be
reported. Any intraparenchymal bleeding or hematomas with
mass effect must be reported. The Fisher Grading Scale*® (Ta-
ble 4) is a commonly used CT-based grading system that has
prognostic significance for the development of arteriographic
vasospasm and delayed ischemic neurological deficits.'

Evidence of new acute hemorrhage (<7 days) is present if
there appears to be acute blood products on CT or MRI likely
to be associated with aneurysm presentation. If no hemor-
rhage is apparent on imaging studies yet clinical suspicion for
subarachnoid hemorrhage remains, then lumbar puncture is
indicated to evaluate for blood, glucose, protein, and xantho-
chromia. Details of cerebrospinal fluid analysis are described
separately.”’

Subacute hemorrhage (1 to 6 weeks) may be apparent as
layering of red blood cells in dependent locations of the brain
on CT or MRI such as occipital horns of the lateral ventricles,
dorsal margins of the Sylvian fissures, and sulci of the cerebral
convexities. Chronic hemorrhage (>6 weeks) may be appar-
ent as hemoglobin degradation products on MRI. The modal-

Table 4. Fisher CT Grading Scale”

Fisher

Group

1 No subarachnoid blood detected

2 Diffuse or vertical layers <1 mm thick*

3 Localized clot or vertical layers =1 mm thick

4 Intracerebral or intraventricular clot with
diffuse or no subarachnoid hemarrhage

Blood Pattern on Nonenhanced CT

*“Vertical” cisterns include interhemispheric, insular, and ambient.

ity used for diagnosis of hemorrhage (CT, MRI, or lumbar
puncture) must be recorded.
Rationale for Detailed Description of Hemorrhage

The anatomic site of bleeding is important to determine the
cause and consequences of hemorrhage. In the presence of
multiple aneurysms, hemorrhage location may help to deter-
mine the source of hemorrhage and the lesion requiring im-
mediate treatment. Significant hematomas with mass effect
should be quantified”® and may require surgical evacuation at
the time of aneurysm clipping. The extent of hemorrhage is a
significant determinant of patient outcome.*

Imaging Sources and Dates
The imaging sources and dates of each CT, CT angiography,
CT—-perfusion, MRI, MR angiography, MR—perfusion, and di-
agnostic catheter cerebral arteriography nearest in time to the
date of presentation should be reviewed and reported.
Rationale for Documentation of Imaging Performed to
Localize the Aneurysm. Anatomic information may be de-
pendent on the imaging modality used to obtain that informa-
tion. The most obvious example is a cerebral aneurysm that is
not apparent on nonenhanced cross-sectional CT or MRI but
later becomes apparent on contrast-enhanced CT, MR an-
giography, or catheter arteriography. Data sources can intro-
duce bias into the interpretation of pathological data. For ex-
ample, CT angiography or MR angiography may not
accurately provide dome-to-neck ratio, particularly useful for
determining the relevance of endovascular coil occlusion,
need for adjunctive endovascular treatment methods such as
balloon neck remodeling or stenting, or the clear requirement
for cranial neurosurgery with aneurysm clipping, bypass and
occlusion, or vessel reconstruction.”® !

Aneurysm Location and Side
Side refers to right of midline, midline, or left of midline. If
there are multiple aneurysms, then the location of each aneu-
rysm must be described separately. Also see the section on
aneurysm location.

Rationale for Lateralization of Aneurysm. The side of the
aneurysm(s) may influence treatment risk in some cases, par-
ticularly in the “dominant” hemisphere.

Aneurysm Size and Morphology

Size, measured in millimeters, is ideally recorded from 2
sources such as MRI or CT angiography and catheter arteriog-
raphy (Figs 1 and 2). The size in 3 dimensions is measured
using the best projections in 3 orthogonal planes. On sectional
imaging studies, the height is inferred from the slice gap and
thickness by “stacking” multiple levels in the standard axial
projection.
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Fig 1. Arteriographic projections used to assess aneurysm dimensions. Posterior-anterior Townes and direct lateral projections demonstrate the presence of the right carotid—ophthalmic
aneurysm, but these projections do not allow for optimal assessment of aneurysm size, dome-to-neck ratio, or artery-to-neck ratio. Magnified posterior-anterior Waters and lateral oblique
projections in this particular case provide better planar imaging to assess the aneurysm for surgical or endovascular treatment.

The size in 3 dimensions is measured on pretreatment
catheter arteriography using best orthogonal projections pro-
filing the aneurysm relative to the parent artery. For size cal-
culations using planar projections, sizing markers must be
placed on both sides of the head due to significant magnifica-
tion that occurs (Fig 3). Computer workstations using rota-
tional arteriography for 3-dimensional reconstructions usu-
ally include measurement features. Calibration and
measurement error must be carefully assessed. Because win-
dowing and leveling of 3-dimensional reconstructions may
significantly alter aneurysm size and morphology, most accu-
rate measurements are obtained from high-resolution planar
images.

It is important to quantitatively assess aneurysm volume as
closely as possible to later analyze volumetric occlusion
achieved. Aneurysm volume is amenable to accurate quanti-
tative assessment using CT/CT angiography or volumetric ac-
quisition using MRI. On the basis of a planar catheter arterio-
gram or 3-dimensional reconstructions, volume must be
estimated using one of several geometric formulas making
best estimate of the aneurysm morphology and linear size
measurements. The following formula, or variants, should be
used.

Spheroid, Ellipsoid, and Cylindrical aneurysm:

Volume=4/3-71/2length-1/2width-1/2height
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Then, a calculation of coil volume can be made based on the
coil type used, the number, and length of coil deployed into
the aneurysm.

Arteriographic features of aneurysm morphology may be
helpful in the assessment and approach to treatment of cere-
bral aneurysms. The aperture or orifice of an aneurysm has
often been referred to as the aneurysm “neck,” whereas the
body of the aneurysm has been called its “dome.” Dome-to-
neck ratio, for instance, has been used to discriminate arterio-
graphic features of aneurysms both favorable and unfavorable
for durable endovascular treatment. A dome-to-neck ratio of
2:1 or greater may represent geometry conducive to endovas-
cular coil occlusion without adjunctive methods.** By conven-
tion, aneurysm neck size =4 mm has been referred to as small,
whereas aneurysms with necks >4 mm have been called large
neck aneurysms.> In addition, the relationship of the parent
artery diameter to the size of the aneurysm neck is an impor-
tant discriminator for the requirement to use adjunctive tech-
niques devices such as balloon neck remodeling or adjunctive
devices such as stent-assisted coil occlusion of aneurysms. Al-
though the dome-to-neck ratio may be favorable for primary
endosaccular coil occlusion of an aneurysm, a 4-mm aneu-
rysm neck relative to a 2-mm parent artery diameter may ar-
gue for the use of adjunctive devices to maintain blood flow in
the parent artery. For treatment of large neck aneurysms, ad-
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Fig 3. Diagram of measurements to determine aneurysm dimensions without geometric
magnification using 1-cm measuring rings attached to the patient’s head. All measure-
ments are made on radiographic images using x-rays. Tube side magnification factor (T),
film-side magnification factor (F), and the uncorrected lesion size (L) are measured on the
radiograph. The distance from the tube side of the head to the lesion (D) and the width of
the head (H) are measured from radiographs in the orthogonal plane. The magnification
factor (M) at the level of the lesion is derived by the following formula:
M=(§)XF+<1—E)XT. Due to inherent geometric magnification in radiographic images,
the actual aneurysm size is calculated by dividing the apparent aneurysm size as follows:
oL
Slze—m.
junctive use of balloon remodeling or stent-assisted aneurysm
occlusion is often used.

Multilobulated or other complex shapes create difficulty in
volume analysis and should be described. If 3-dimensional mea-
surement capabilities are not present on the available imaging
equipment, then volume must be mathematically estimated as
accurately as possible. Irregular aneurysms may require arbitrary
segmentation into more regular components for measurement
and subsequent summation. If necessary, then the methodology
for measurement must be described.

Fig 2. CT brain scan with intravenous iodinated contrast of
a patient with a partially thrombosed, giant right middle
cerebral aneurysm. A, 5-mm contiguous axial images
through the aneurysm demonstrate a ring-enhancing mass
with a maximal dimension of 4.8 cm and a total volume of
48 mL. B, The patent component of the aneurysm measures
only 14 mm in maximal dimension with a volume of 1.33 mL.
The opacified component of the aneurysm at catheter arte-
riography represents 2.8% of the total aneurysm volume.

In summary, it is important to determine the best planar
projections to evaluate aneurysm morphology based on either
optimal orthogonal arteriographic projections or rotational
arteriography with 3-dimensional reconstructions. The ana-
tomic relationships of structures within the head may change
during a procedure or between procedures due to brain swell-
ing, hematoma, craniotomy/craniectomy, or other space-oc-
cupying lesion; or changes in vessel orientation due to clips,
coils, stents, or other prosthetic devices. For this reason, it is
incumbent on the operator to find the best angles to evaluate
the aneurysm rather than relying on specific angiographic ma-
chine angles or bony landmarks on fluoroscopic images.

Rationale for Detailed Description of Aneurysm Size
and Morphology. The percentage of volumetric occlusion is
infrequently reported but may be an important determinant
of durable aneurysm occlusion. Both qualitative and quanti-
tative (ie, partial, subtotal, complete, incomplete, near com-
plete, and other such terms) occlusion (Table 6) should be
reported for each procedure and in treatment series.

Digital, or electronically digitized, images with resolution of
150 to 300 dots per inch are necessary for digital analysis. The
aneurysm obliteration rate can be calculated using imaging soft-
ware (eg, Image, Version 1.62; National Institutes of Health, Be-
thesda, Md, http://rsb.info.nih.gov/nih-image/). This program,
or one like it, can be used to calculate the area (number of pixels)
of the aneurysm neck remnant and the area (number of pixels) of
the embolic mass. This may not be the only method available to
arrive at standardized measurements, but it represents a readily
reproducible calculation. From these calculations, the aneurysm
obliteration rate can be quantified as follows:
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Fig 4. Common location of cerebral aneurysms surrounding the circle of Willis. (A) Middle
cerebral (proximal to bifurcation, bifurcation, distal to bifurcation); (B) carotid terminus; (C)
anterior choroidal; (D) superior hypophyseal; (E) anterior communicating (proximal to
communicating artery, at communicating artery); (F) posterior communicating; (G) ophthal-
mic; (H) basilar artery (terminus, trunk); (1) superior cerebellar; (J) V4 segment, vertebral; (K)
posterior inferior cerebellar; (L) pericallosal artery.

Obliteration Rate (%)=

(number of pixels in embolic mass)

(number of pixels in embolic mass)
+ (number of pixels in neck remnant)

Aneurysm Location

Aneurysm locations are for grouping purposes. Location is
determined by vascular distribution (Fig 4). Aneurysms are
named according to the vessel of neck origin, closest branch
vessel origin, or next best guess. Use of bony landmarks result-
ing in terms such as “supraclinoid” or nonspecific vessel loca-
tions such as “supraoptic” should be avoided. For reporting
purposes, conventions of aneurysm naming are summarized
in ISAT*® and ISUIA.*

Rationale for Standardized Description of Aneurysm Lo-
cation. Epidemiological evidence indicates that aneurysm lo-
cation affects risks for formation, growth, rupture, risk of
treatment, and risk of recurrence. To promote accurate accu-
mulation of these statistics, conformity to convention in nam-
ing by aneurysm location is important. Attributes of aneurysm
location are listed in Table 5 combining taxonomy from ISAT
and ISUIA, 2 long-range prospective studies.***

Procedural Details

Therapeutic Procedural Technique
Procedural techniques vary widely and must be incorporated
into every report. Arterial access procedure, anesthetic tech-
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nique such as general anesthesia and agents used, the use of
adjunctive medications including timing, dosages, routes of
administration, assays of anticoagulation or platelet function,
catheters, guide wires, contrast agents, rates and volumes with
routes of administration, and fluoroscopy with measure of
patient exposure should be incorporated into each report.
Each embolic device must be carefully documented. The man-
ufacturer, product type, length, diameter, and size of each coil
type must be reported. Adjunctive devices such as balloon
catheters for remodeling techniques and stents for blood flow
remodeling or anatomic barrier formation must be detailed in
their application and placement. Any liquid embolic material
must be described in type, volume, and duration of
administration.

Procedural Technical Success: Proposed Consensus
Grading Scale for Aneurysm Occlusion

Careful assessment for complete versus incomplete aneurysm
occlusion must be performed at the time of initial aneurysm
treatment and at intervals after the treatment procedure to
assess durability of aneurysm occlusion. The importance of
planar angiographic sequences to optimally evaluate the aneu-
rysm neck region has been previously described. If necessary,
additional rotational arteriography with 3-dimensional re-
constructions may be helpful. A detailed assessment of aneu-
rysm occlusion may be important to determine the ultimate
success of the endovascular treatment strategy.

Aneurysmal remnants should be assessed for size, shape,
and contrast (blood) flow patterns. Any aneurysm remnants
must be described. For definition purposes, complete aneu-
rysm occlusion can be reported only if no arteriographic
opacification of any component of the aneurysm is present on
multiple projections (Fig 5).

Grading scales to assess aneurysm occlusion have been pro-
posed,®® but none have been validated as predictive of patient
outcome other than an association between residual aneurysm
filling and a risk for subsequent hemorrhage in patients pres-
enting with hemorrhage.**® By consensus of the participating
parties, a new 6-point grading system has been proposed to
account for a broader range of angiographic appearances than
the most commonly used Raymond Scale. Grade 0 indicates
complete and total aneurysm occlusion without remnant or
interstitial filling within the aneurysm. Depending on the coil
type used, complete occlusion may or may not be synonymous
with complete radio-opacity of the aneurysm lumen because
certain coil systems are only partially radio-opaque. Assess-
ment must be made based on the distribution of liquid con-
trast material during arteriographic acquisitions in 2 optimal
orthogonal projections. Grade 1 represents =90% volumetric
occlusion of the aneurysm based on planar imaging assess-
ment. Grade 2 includes 70% to 89% volumetric aneurysm
occlusion. Grade 3 includes 50% to 69% aneurysm occlusion.
Grade 4 should include 25% to 49% aneurysm occlusion, and
Grade 5 represents less than 25% volumetric aneurysm occlu-
sion. (See Table 6 and Fig 5 for a summary and pictorial
explanation.)

There are 2 angiographic appearances of contrast material
in an aneurysm treated with endovascular occlusion. Intersti-
tial opacification, or interstitial recanalization, describes con-
trast opacification within the confines of the radio-opaque or



Table 5. Proposed fields and ranges

General Definitions (Choose all that apply)

Clinical presentation
Incidental
Hemorrhage
Seizure
Neurological deficit
Headache
Other

Date of presentation

Imaging source and date

Location and size

Hemorrhage
Evidence of new hemorrhage
Age of new hemorrhage
Is new hemorrhage symptomatic
Evidence of old hemorrhage
Age of old hemorrhage
Was old hemorrhage symptomatic
Evidence of new cerebral infarction
Evidence of intraparenchymal hemorrhage
Size of parenchymal hemorrhage

Lesion side Presence of mass effect
Right Presence of hydrocephalus
Left Opening pressure on insertion of ventricular catheter
Midline Requirement for ongoing ventricular drainage
Handedness Comorbid vascular conditions
Right Fibromuscular dysplasia
Left Arteriovenous malformation

Aneurysm size (greatest diameter in mm)
Multiple aneurysms
No. of aneurysms
Aneurysm location
Internal carotid
Proximal intradural or ophthalmic
Posterior communicating
Bifurcation
Other internal carotid
Anterior cerebral
Anterior communicating
Proximal to anterior communicating
Pericallosal
Middle cerebral
Proximal to bifurcation
Bifurcation
Distal to main bifurcation
Posterior circulation
Basilar bifurcation
Basilar trunk
Superior cerebellar
Posterior cerebral
Posterior inferior cerebellar
Other posterior circulation

Bacterial endocarditis
Polycystic disease
Familial history of aneurysms
Vascular occlusion
Vascular anomalies
Vasospasm
Nonatherosclerotic narrowing of the cerebral arteries
Grading of vasospasm (mild, moderate, severe)
Possible clinical symptoms and signs related to vasospasm
Treatment for vasospasm

Vasodilator, intra-arterial

Type and dosage of vasodilator
Balloon angioplasty

Balloon type

Vessels treated with angioplasty

Technical success of endovascular treatment
Unable to catheterize aneurysm
Unable to deploy adjunctive devices such as balloon or stent
Unable to deploy embolic materials in aneurysm
Embolic material herniation beyond aneurysm confines
Neck remnant
Interstitial opacification
Near complete occlusion
Complete occlusion

Table 6. Consensus Grading Scale for Endovascular Aneurysm
Occlusion

Grade®” Definition

0 Complete aneurysm occlusion

1 90% or greater aneurysm occlusion
2 70-89% aneurysm occlusion

3 50-69% aneurysm occlusion

4 25-49% aneurysm occlusion

5 Less than 25% aneurysm occlusion

@ The modifier “/" may be used to describe interstitial opacification within the confines of
the coil mass.

® The modifier “G" may be used to describe interval growth in the overall dimensions of
the aneurysm as a separate phenomenon from coil compaction with recanalization of the
aneurysm.

radiolucent coil or other prosthetic mass within the aneurysm
sac. The natural history of this type of aneurysm filling re-
mains uncertain and may undergo thrombosis with involu-
tion or progressive enlargement of the patent portion of the
aneurysm.”” Remnant opacification, or remnant recanaliza-
tion, describes an untreated component of the aneurysm in
which there is no prosthetic material. Because several aneu-

rysm coil products now on the market may undergo degrada-
tion leading to interstitial or remnant recanalization, report-
ing of this anatomic configuration remains necessary.
Pathologically, interstitial opacification may represent ana-
tomic clefts within or adjacent to the coil mass predisposing to
regrowth of the aneurysm (Fig 6).

Reassessment for aneurysm regrowth must be performed
onan interval basis, at the operator’s discretion, but is strongly
recommended within the first year.>* In an effort to standard-
ize the evaluation process, it is important to select a common
time for re-evaluation. A survey of many operators and pub-
lications indicates that 6 months posttreatment is a common
convention within the first year and is therefore recom-
mended. Thereafter, an additional re-evaluation at 18 months
from initial treatment is suggested. Catheter arteriography re-
mains the gold standard for reassessment of previously treated
aneurysms, although the role of CT angiography and MRI is
under evaluation.*®*® Follow-up arteriography should in-
clude identical “best projections” used at the time of the orig-
inal treatment to minimize errors in measurement for changes

AJINR Am J Neuroradiol 31:E12-E24 | Jan 2010 | www.ajnr.org E19



Grade O

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Fig 5. Consensus grading scale for endovascular aneurysm occlusion is applied to orthogonal images obtained in optimal projections to assess aneurysm dimensions: Grade 0, complete
aneurysm occlusion; Grade 1, =90% aneurysm occlusion; Grade 2, 70% to 89% aneurysm occlusion; Grade 3, 50% to 69% aneurysm occlusion; Grade 4, 25% to 49% aneurysm occlusion;
Grade 5, <25% aneurysm occlusion.

Fig 6. Modification to consensus grading scale for endovascular aneurysm occlusion describing interstitial opacification within coil mass. A, Left internal carotid arteriography in right frontal
oblique projection during the arterial phase of injection shows coil occlusion of a 12>X11X14 mm left posterior communicating artery aneurysm. B, Because there is a small ventral neck
remnant and residual opacification within the aneurysm sac (colored areas), this represents consensus Grade 1 occlusion with “I" for persistent interstitial opacification within the coil

mass.

in morphology and the degree of aneurysm occlusion. Maxi-
mum reproducibility is of paramount importance in the as-
sessment of treatment success. Rotational arteriography can
be helpful to determine best projections, but reproducible
magnification planar imaging projections are the key to
proper assessment.

Using the proposed consensus grading scale for endovas-
cular aneurysm occlusion, follow-up evaluation should in-
clude assessment of change in the status of aneurysm occlu-
sion. If the aneurysm is unchanged in size, configuration, and
volumetric occlusion, then the term, “stable” is applied. If pro-
gressive aneurysm occlusion or involution has occurred, then
the term “improved” should be applied and the appropriate
consensus grading scale should be stated. If the aneurysm has
grown in size or changed in arteriographic configuration such
that the embolic material no longer results in the same or
greater volumetric occlusion of the aneurysm, then the term,
“worsened” must be applied to the follow-up assessment and
the appropriate proposed consensus grading scale should be
stated.
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Rationale for the Universal 6-Point Grading System. The
proposed consensus grading scale to assess endovascular an-
eurysm occlusion is meant to standardize the reporting on the
degree to which volumetric occlusion has been achieved (Fig
5). To properly assess technical outcomes, new technologies,
and methodologies for endovascular aneurysm treatment,
standardization in reporting is critical. The degree to which
endovascular aneurysm occlusion determines clinical out-
come, rebleed rates, and procedural and long-term morbidity
remains unclear. Reproducibility and high rates of interob-
server concurrence are imperative. The Raymond scale is a
commonly used outcome grading scale that divides the arte-
riographic outcomes of endovascularly treated saccular aneu-
rysms into 3 categories: (1) complete occlusion; (2) residual
neck; and (3) residual aneurysm.’> However, despite its sim-
plicity, its application during industry-sponsored registries
demonstrated significant interobserver variability that may
limit its application and efficacy as an outcome assessment
tool.*® Moreover, significant changes in aneurysm morphol-
ogy and occlusion may occur within the same category using



the 3-category scale. For instance, remnant opacification may
increase from 2 mm to 6 mm vyet still represent a Raymond
Class 2 remnant. A more complete grading scale would, there-
fore, be desirable, one that may offer high levels of interob-
server concordance. There is no literature support for the pro-
posed consensus grading system included here, although this
writing group believes it is the best available grading scale at
the present time and offers a greater likelihood of reporting
additional degrees of aneurysm recurrence.

After aneurysm treatment, surveillance imaging is manda-
tory, yet there are little data on appropriate screening intervals.
For research purposes, catheter arteriography is the procedure
of choice for optimal characterization of interstitial and rem-
nant opacification. The timing of angiography needs to be
standardized and is arbitrarily set at 6 months and 18 months
after a treatment procedure to reflect the most common prac-
tice. The role of MRI/MR angiography in this process is under
investigation currently showing 71% to 97% sensitivity and
89% to 100% specificity for overall recurrence*'; however, the
usefulness of MRI/MR angiography to depict interstitial and
graded remnant recanalization remains unknown. Factors
that favor more rapid re-evaluation include previously rup-
tured aneurysms, incompletely occluded aneurysms, and an-
eurysm locations where coil compaction is more likely such as
the basilar artery terminus. Intermittent follow-up using cath-
eter arteriography or MRI techniques should be performed
even in well-occluded aneurysms to document aneurysm re-
currence to potentially prevent recurrent hemorrhage** and to
evaluate for de novo and additional aneurysms that may occur
in up to 8% and 20% of patients with aneurysm, respective-
ly.*>** Although the specific interval for this follow-up evalu-
ation remains uncertain, these data suggest that intervals of
=5 years may be appropriate. It is the responsibility of the
treating physician and authors performing research on these
topics to ensure that treated patients with aneurysm are not
lost to follow-up. Patient records should be maintained in a
Health Insurance Portability and Accountability Act-compli-
ant database. Follow-up evaluation and data recording of in-
patient clinical records should include both functional and
angiographic assessment using standard outcome measures,
including the Glasgow Outcome Scale,** Modified Rankin
Scale,*® Barthel Index,*” and the proposed consensus grading
scale. Concurrent reporting of the National Institutes of
Health Stroke Scale represents a well-accepted and comple-
mentary measure of any neurological deficits.***’

In patients who have subarachnoid hemorrhage after treat-
ment for ruptured or unruptured aneurysms, there should be
an effort to determine the cause of hemorrhage in all cases,
including the probable cause of recurrent hemorrhage.

Procedural Complications

A stroke is any sudden development of neurological deficits
attributable to cerebral ischemia, infarction, or hemorrhage.
Stroke is both a complication of cerebral arteriography and
endovascular aneurysm treatment, but may also be part of the
natural history of a ruptured aneurysm. Stroke is, therefore,
also a major outcome measure of the effectiveness of aneu-
rysm evaluation with arteriography and endovascular treat-
ment. The stroke may occur in the vascular distribution of the
aneurysm or in other cerebral vascular territories. Neurologi-

Table 7. Definition and grading of neurological deficits

Definition
Complication
Transient ischemic attack

Description
Neurological deterioration, NIHSS =1
Resolution of new focal deficit within

24 hours
No CT or MRI evidence of infarction
Greater than 30 days duration

Cerebrovascular accident,
symptomatic
Major
Minor

NIHSS =4, mRS =3
NIHSS <4, mRS =2

NIHSS indicates National Institutes of Health Stroke Scale; mRS, Modified Rankin Scale.

cal deficits as a complication of the procedure may be due to
embolism, hemorrhage, or flow impairment. Hemorrhage is a
well-documented risk of catheter-based procedures and is de-
tailed separately.

Neurological deficits should be listed in reference to the
vascular distribution of the treated aneurysm or other cerebral
vascular distribution. Patients with new neurological deficits
should undergo brain imaging. New neurological deficits last-
ing fewer than 24 hours are transient ischemic attacks. How-
ever, some authors have shown that even very brief deficits
lasting only minutes may be associated with diffusion-
weighted abnormalities on MRI representing strokes. Thus,
cerebral infarction on CT or MRI can be asymptomatic or
symptomatic. New neurological deficits lasting at least 24
hours are defined as cerebrovascular accident or stroke. Stroke
events lasting =24 hours may also be transient and become
asymptomatic on physical examination, yet include CT or
MRI evidence of infarction. Cerebrovascular accident, or
stroke, may be permanent and cause minor deficits (increased
National Institutes of Health Stroke Scale <4 points) or major
deficits (increase in National Institutes of Health Stroke Scale
=4 points; Table 7). Other major complications include myo-
cardial infarction and death, which, in combination with
stroke, are the major adverse events used to compare carotid
stenting and endarterectomy. Complications within 30 days of
the procedure are considered perioperative and procedure-
related. Because deaths are frequently secondary to stroke or
myocardial infarction, it is misleading to sum the individual
totals of stroke, myocardial infarctions, and death. Rather, a
combined rate of nonfatal stroke, nonfatal myocardial infarc-
tion, and death should also be reported with cause of death
described. For other complications, the authors provide a list
by consensus of potential complications, a method for their
classification, and grading according to type and severity used
in similar reporting documents (Tables 8 and 9).°° Postoper-
ative assessment for complications should be performed by an
independent physician, preferably an independent neurolo-
gist or other physician certified in the National Institutes of
Health Stroke Scale and other outcome assessment scoring
systems. MRI of the brain with diffusion-weighted imaging is
the most sensitive test to the presence of acute ischemia.”
After development of acute ischemic stroke associated with
aneurysm treatment, MRI with diffusion-weighted imaging is
indicated for further evaluation. Diffusion-weighted imaging-
positive cerebral infarction after endovascular aneurysm oc-
clusion may be subclinical.>»>® If MRI with diffusion-
weighted imaging is obtained for any reason, then the presence
of diffusion-weighted imaging-positive cerebral ischemia with
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Table 8. Classification of complications

Table 8. Continued

Category of

Category of

Complication Complication Complication Complication

Abscess Infectious/inflammatory Unintended perforation of hollow viscus General nonvascular

Angina/coronary ischemia Cardiac Vascular perforation or rupture Vascular

Idiosyncratic reaction Medication-related Vagal reaction Cardiac

Allergic/anaphylactoid reaction Contrast-related Vasospasm Vascular

Arterial occlusion/thrombosis, puncture site Vascular Venous occlusion/thrombosis, puncture site Vascular

Arterial occlusion/thrombosis, remote from Vascular Venous occlusion/thrombosis, remote from Vascular
puncture site puncture site

Arteriovenous fistula Vascular

Congestive heart failure Cardiac . —

Device malfunction with adverse effect Device-related Table 9. Definitions of complications

Death related to procedure Death Minor complications

Death unrelated to procedure (30-day mortality) Death A. No therapy, no consequence

Dysrhythmia, cardiac Cardiac B. Nominal therapy, no consequence; includes overnight admission for

Embolization, arterial Vascular observation only

Fluid/electrolyte imbalance General nonvascular Major complications

Hematoma bleed, remote site Vascular C. Require therapy, minor change in length of hospitalization (<48 hours)

Hematoma bleed at needle, device path: Vascular D. Require major therapy, unplanned increase in level of care, prolonged
nonvascular procedure hospitalization (>48 hours)

Hematoma bleed, puncture site: vascular Vascular E. Permanent adverse sequelae

procedure
Incorrect drug
Incorrect dosage
Intimal injury/dissection
Ischemia/infarction of tissue/organ
Incorrect site of administration
Local infection
Liver failure
Migration of embolic material from target site
Myocardial infarction
Malposition
Nausea/vomiting
Other (cardiac)
Other (contrast-related)
Other (central nervous system complication)
Other dose-dependent complication
Other (device-related)
Other (gastrointestinal)
Other (general nonvascular)
Other (hematologic)
Other (infectious/inflammatory)
Other (medication-related)
Other (neurologic)
Other (respiratory/pulmonary)
Other (vascular)
Pancreatitis
Pulmonary embolism
Pulmonary embolism
Peritonitis
Hypotension
Hypoxia
Pulmonary edema
Peripheral nervous system complication
Pneumothorax
Pseudoaneurysm
Respiratory arrest
Renal failure
Septicemia/bacteremia
Seizure
Septic shock
Stroke, ischemic
Stroke, hemorrhagic
Tissue extravasation
Transient ischemic attack

Medication-related
Medication-related
Vascular
Vascular
Medication-related
Infectious/inflammatory
General nonvascular
Device-related
Cardiac
Device-related
General nonvascular
Cardiac
Contrast-related
Neurologic
Contrast-related
Device-related
General nonvascular
General nonvascular
General nonvascular
Infectious/inflammatory
Medication-related
Neurologic
Respiratory/pulmonary
Vascular
Infectious/inflammatory
Respiratory/pulmonary
Vascular
Infectious/inflammatory
Cardiac
Respiratory/pulmonary
Respiratory/pulmonary
Neurologic
Respiratory/pulmonary
Vascular
Respiratory/pulmonary
Contrast-related
Infectious/inflammatory
Neurologic
Infectious/inflammatory
Neurologic
Neurologic
Contrast-related
Neurologic

(Continued)
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F. Death

infarction regardless of clinical symptomatology should be
reported.>

Rationale for Complication Reporting. Medical compli-
cations remain as important to the functional outcome of pa-
tients with aneurysmal subarachnoid hemorrhage as rebleed-
ing.>>>” Ongoing developments in stroke and intensive care
neurology aim to improve overall patient outcomes by opti-
mizing medical care in specialty treatment units.>®~®°

The justification for treatment of unruptured aneurysms
has been more complex and has depended predominantly on
an assessment of risk of future rupture (between 0.05% and
3.2% per annum for aneurysms less than 10 mm™**"** and up
t0 5.5% per annum for large aneurysms®’) compared with the
risks and efficacy of treatment. If the treatment-related mor-
bidity and mortality were unknown or high, then treatment
could not be justified. For craniotomy and aneurysm clipping,
the risk of morbidity and mortality ranges from 0% to 7% for
death and 4% to 15.3% for complications.” Meta-analysis of
surgery for unruptured aneurysm data shows similarly wide
ranging risk profiles: 1% to 2.6% mortality and 4% to 10.9%
morbidity.***® Endovascular therapy has been applied to un-
ruptured aneurysms with comparatively low morbidity and
mortality. In the ISUIA, endovascular morbidity and mortal-
ity ranged from 7.1% to 9.8%, whereas surgical morbidity and
mortality ranged from 10.1% to 12.6%." However, the long-
term efficacy of endovascular therapy in reducing or eliminat-
ing future rupture has not yet been determined. In certain
surgical series, the risk of aneurysmal hemorrhage after surgi-
cal clipping ranged from 1.4% to 2.2% and 9% to 12% at 10
and 20 years after surgery, respectively.®>®” To date, there has
been no randomized trial comparing methods used to treat
unruptured cerebral aneurysms.

Summary

These definitions span a broad range of relevant clinical and
radiographic parameters to be considered in research studies.
These recommendations do not represent the only criteria for
all reporting of research data related to cerebral aneurysms.



For example, some architectural features described here are
based on the consensus of a multidisciplinary panel. More-
over, additional technological advancements in imaging
equipment will likely allow evaluation of cerebral hemody-
namics but are currently not readily available.

These operational definitions were selected by consensus of
this writing group to provide consistency for reporting on im-
aging in clinical trials and observational studies involving ce-
rebral aneurysms. These definitions will hopefully allow dif-
ferent groups to publish results that are directly comparable.
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