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ORIGINAL RESEARCH
INTERVENTIONAL

Effect of Core Laboratory andMultiple-Reader Interpretation
of Angiographic Images on Follow-UpOutcomes of Coiled

Cerebral Aneurysms: A Systematic Review andMeta-Analysis
I. Rezek, G. Mousan, Z. Wang, M.H. Murad, and D.F. Kallmes

ABSTRACT

BACKGROUNDANDPURPOSE: Reported rates of recanalization following coil embolization varywidely across studies. Some confound-
ers are known to affect outcomes but others remain questionable. In the current study, we assess differences in reported angiographic
outcomes for cerebral aneurysms treated with coil embolization as a function of single vs multiple readers and site investigator vs core
laboratory settings.

MATERIALSANDMETHODS: Our systematic reviewcovered 1999–2011 byusingOvidMEDLINEandEMBASE. Search termswere subarachnoid
hemorrhage, intracranial aneurysms, endovascular treatment, and coiling. Inclusion criteriawere�50 aneurysms and available imaging follow-up.
Study characteristics of interest were readers at the treating site(s) or at an independent core imaging facility, single vsmultiple readers, number
of aneurysms treated, mean aneurysm size, mean follow-up time, coil type, initial rupture status, and angiographic follow-up. We defined
“unfavorable angiographic outcome” as either “recanalization,”�90% occlusion, or “incomplete occlusion.”

RESULTS: Therewere 104 (2.6%) of 4022 studies that fulfilled our inclusion criteria, comprising a total of 22,134 treated aneurysms, of which
15,969 (72.1%) had reported angiographic follow-up. The overall unfavorable outcome rate was 17.8% (2955/15,969 aneurysms). Eight (7.7%)
of 104 studies reported core laboratory readings in which the pooled rate of unfavorable outcomes was 0.23 (95% CI, 0.19–0.28) compared
with 0.16 (95% CI, 0.14–0.18) in readings from the treating sites (P� .001). The multivariate meta-regression suggested that core laboratory
interpretation was significant for unfavorable outcomes (OR, 5.60; 95% CI, 2.01–15.60; P� .001), after adjustment for initial rupture status,
aneurysm size, follow-up duration, and coil type. No significant association was found with use of multiple readers.

CONCLUSIONS: Core laboratory studies tend to report higher rates of unfavorable outcomes compared with self-reported studies.

ABBREVIATIONS: CI� confidence interval; ISAT� International Subarachnoid Aneurysm Trial; MeSH�Medical Subject Headings; OR, odds ratio

Endovascular coiling has become the first-line treatment of ce-

rebral aneurysms after the ISAT. Current recommendations1

suggest ongoing angiographic or MR angiographic follow-up to

ensure radiographic stability and direct subsequent management,

including the possibility of re-treating the patient. Reported rates

of “unfavorable” angiographic outcome vary markedly among

studies. Some of this reported variability may reflect real differ-

ences in outcome because rupture status, time since treatment,

aneurysm size, and neck width have been shown to substantially

affect rates of recanalization.2-6 Other important factors deter-

mining rates of “unfavorable” outcome relate not to the actual

angiographic result but rather from differences in reporting no-

menclature, with numerous and different scales and terminology

used across studies. Furthermore, angiographic interpretation

even of the same scale, as with any other diagnostic tests, may be

subject to intraobserver and interobserver variability.

In addition to the numerous factors listed above, other study

design features might influence reported outcomes. For example,

it has been shown in the cardiology literature7 that site readings

(ie, angiographic readings done by the operators themselves) may

be significantly different than readings performed in an indepen-

dent core laboratory facility. Furthermore, use of multiple readers

has been hypothesized to affect reported outcomes.8

The current literature focusing on angiographic recanalization

after coil embolization includes numerous and different strategies

for image interpretation, including those done at the treating fa-

cility as well as those in a core laboratory. In addition, some re-

ported studies rely on single observers,9-11 whereas others report
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multiple-reader outcomes.12-14 However, the impact of setting

(site readings vs core facility interpretation) as well as single-

reader vs multiple-reader studies remains poorly studied. In our

current study, we assessed differences in reported angiographic

outcomes for cerebral aneurysms treated with coil embolization

as a function of single vs multiple readers and site investigator vs

core laboratory settings.

MATERIALS AND METHODS
Search of the Literature
We used identical search criteria as in a recent systematic review15

to cover the period from January 1999 to December 2011. The

search covered Ovid MEDLINE and EMBASE databases and was

performed by a librarian at our institution. The following key

words as MeSH terms and text words were used in relevant com-

binations: subarachnoid hemorrhage, intracranial aneurysm, en-

dovascular treatment, and coiling in both AND and OR combi-

nations. We surveyed abstracts from major scientific meetings in

2011 and 2012 to identify any additional study that used indepen-

dent core laboratory readings.

Inclusion criteria were greater than 50 aneurysms reported

and imaging follow-up with DSA or MR angiography. DSA out-

comes were preferably included when available. If not available,

MR angiography was then considered. Exclusion criteria were

traumatic, dissecting, mycotic, or flow-related aneurysms; stent-

treated aneurysms without coiling; and noncoiled embolic agents

used to perform either aneurysm or parent vessel coil occlusions.

Studies with subgroups that used different imaging modalities

were considered only for their DSA-followed group. When the

same patient population was the subject of several publications,

only the study with the largest cohort was included.

The primary outcome in our study was defined as an “unfa-

vorable” angiographic outcome. We considered the longest dura-

tion of reported angiographic results for each study when more

than 1 phase of follow-up was reported. Unfavorable angio-

graphic outcome was defined as any degree of recanalization

noted on the follow-up images with comparison to the immediate

posttreatment results. Terms such as aneurysm recurrence, new

filling of aneurysm lumen, and regrowth were considered synon-

ymous with recanalization. If recanalization was not reported in a

study, then the unfavorable angiographic outcome was defined as

either � 90% degree of occlusion or class 3 on the Raymond scale,

which is defined as any opacification of the aneurysm sac.16

Two reviewers [I.R., G.M.] independently evaluated the arti-

cles in the librarian’s primary list and selected studies that fulfilled

the design criteria. From each study, we extracted the study center

and the reporting settings (whether self-reported or through an

independent core laboratory and whether assessed by single or

multiple readers when provided), the number of coiled aneu-

rysms, number of aneurysms that had available follow-up, mean

aneurysm size, follow-up results, rupture status, mean duration of

follow-up, and coil types. Studies with subsets, in which different

types of coils were used, were considered separate cohorts for

statistical analysis.

“Core laboratory” was defined as an explicit statement in the

methodology that an independent image interpretation facility

and staff interpreted images. Within the Core Laboratory cohort

of studies, where possible we identified whether the studies were

assessed by a single reader or by multiple readers. Site readings

(noncore laboratory) were defined as 1) an explicit statement that

images were interpreted by the treating physician, 2) images were

interpreted by more than 1 independent reader at the same insti-

tution, or 3) not mentioned.

Assessment by a single reader or by multiple readers was de-

termined from the studies’ methods. Studies were included in the

multiple-reader group if an explicit statement in the methods was

mentioned. Studies were included in the single-reader group if

either an explicit statement was mentioned or not mentioned.

Statistical Analysis
To compare baseline characteristics, we used the Student t test to

assess the difference on mean aneurysm size, percentage of ini-

tially ruptured aneurysms, and mean follow-up duration. The �2

test was conducted to assess the number of studies that used bare

platinum coils. We calculated the rates of unfavorable angio-

graphic outcomes from each study. The CIs of the rates were

estimated by the Jeffreys method.17 We then pooled the overall

rate of unfavorable angiographic outcomes by using the DerSi-

monian and Laird random-effects methods after log-transform-

ing the rates.18,19 Analysis of variance was used to test the differ-

ence between the natural logarithm of the pooled rate of

unfavorable angiographic outcomes on 1) whether a core labora-

tory ran the assessment (vs site assessment) and 2) whether im-

ages were assessed by a single reader (vs more than 1 reader). We

constructed multivariate nested random-effects meta-regression

models to further explore the heterogeneity of core laboratory

and multiple readers after adjusting for baseline rupture, aneu-

rysm size, follow-up time, and coiling device.19

We used the I2 statistic to measure the overall heterogeneity

across the studies, where I2 � 50% suggests high heterogeneity.20

Publication bias was assessed by the Egger regression asymmetry

test.21 We conducted all statistical analyses by using STATA ver-

sion 12 (StataCorp, College Station, Texas).

RESULTS
The literature review encompassed 4019 articles published be-

tween January 1999 and December 2011, as well as 3 core labora-

tory studies identified from 2011–2012 annual meetings22-24 (Fig

1). Of 4022 studies, 3918 (97.4%) were excluded for the following

reasons: 1) �50 treated aneurysms (2887 articles [71.8%]); 2) no

available angiographic follow-up (746 articles [18.6%]); 3) no

patient series such as editorial letters and nonhuman experimen-

tal models for cerebral aneurysms in rabbits, dogs, or pigs (256

articles [6.4%]); 4) duplicate publishing about the same patient

population (21 articles [0.5%]); and 5) use of treatment options

other than coiling such as stents alone or parent artery emboliza-

tion (8 articles [0.2%]). As such, 104 studies (3%) met all inclu-

sion criteria and were included in our analysis (see On-line Ap-

pendix for a full list of included studies).

The total number of treated aneurysms among these 104 in-

cluded studies was 22,134, of which 15,969 (72.1%) had available

angiographic follow-up outcomes. The mean aneurysm size was

reported in 72 (69.2%) of 104 studies. The overall mean aneurysm

size was 7.8 mm. The mean duration of follow-up was reported in
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101 studies (97.1%). The overall mean duration of follow-up was

18.8 months. Rupture status was described in 93 studies (89.4%).

The average percentage of ruptured cases in the enrolled studies

was 61%.

Eight (7.7%) of 104 studies used independent core laborato-

ries. Thirty-one of the 104 studies (29.8%) used multiple readers.

Two of these studies, CLARITY24 and French Matrix Registry,25

were core laboratory studies.

Table 1 presents baseline factors that have previously been

associated with unfavorable outcomes, including aneurysm size,

follow-up duration, and initial rupture status. Mean aneurysm

size was similar among groups. Compared with core laboratory

studies, site-read studies had nonsignifi-

cantly longer mean follow-up (P � .18),

nonsignificantly larger proportions of ini-

tially ruptured aneurysms (P � .07), and

nonsignificantly larger number of studies

using bare platinum coils (P � .16). Com-

pared with single-reader studies, multi-

ple-reader studies had significantly longer

mean follow-up (P � .02), nonsignifi-

cantly larger proportions of initially rup-

tured aneurysms (P � .08), and nonsig-

nificantly larger number of studies using

bare platinum coils (P � .39).

The pooled rates of unfavorable out-

comes are shown in Table 2. Overall, the

rate of unfavorable outcomes from all studies was 0.17 (95% CI,

0.15– 0.19). Among core laboratory studies, the rate was 0.23

(95% CI, 0.19 – 0.28), which was significantly higher than the rate

among noncore laboratories (0.16; 95% CI, 0.14 – 0.18; P � .001).

However, no significant difference was found if the assessment

was run by a single reader or by multiple readers (P � .06).

We used a random-effects meta-regression model to further

explore the effects of core laboratory (yes vs no) and multiple

image readers (1 reader vs multiple readers) on the rate of unfa-

vorable outcomes after adjusting for baseline rupture, aneurysm

size, follow-up time, and coiling device. Table 3 summarizes the

results of the meta-regression model. After these adjustments,

Table 2: Unadjusted, pooled rate of unfavorable outcomes
Rate 95% CI I2 (%) P Valuea

Overall 0.170 0.153–0.190 90.3 �
Noncore laboratory interpretation 0.163 0.144–0.184 90.6 �.001
Core laboratory interpretation 0.234 0.193–0.283 85.2
Single-reader 0.168 0.148–0.191 90.8 .06
Multiple-reader 0.174 0.142–0.213 89.1
a Analysis of variance was used to test the difference between categories.

Table 3: Multivariate random-effects meta-regression
Variable OR SE 95% CI P Value

Core laboratory vs noncore laboratory 5.60 2.87 2.01–15.60 .001
Single-reader vs multiple-reader studies 0.85 0.53 0.24–2.95 .794

SE indicates standard error.

FIG 1. This figure depicts the search strategy in a flow chart along with reasons for exclusion.

Table 1: Baseline characteristics of study groups

Type of
Interpretation

No. of
Studies
(%)

Mean Aneurysm
Size (IRQ)
(mm)

P
Value

Initially Ruptured
Aneurysms
(%)

P
Value

Mean Follow-Up
Duration (IRQ)
(mo.)

P
Value

Bare Platinum-
Coiled Aneurysms

(%)
P
Value

Noncore laboratory 96 (92.3) 7.8 (9.5) .91 11,844/17,631 (67.2) .07 19.7 (67.4) .18 13,100/19,385 (67.6) .16
Core laboratory 8 (7.7) 7.6 (0) 853/2232 (38.2) 11.2 (2.5) 1072/2749 (39)
Single-reader 73 (70.2) 7.8 (7.9) .72 9018/14,578 (61.9) .08 15.9 (45.4) .02 10,044/16,127 (62.3) .39
Multiple-reader 31 (29.8) 7.6 (6.0) 3679/5285 (69.6) 25.5 (66.0) 4128/6007 (68.7)

IRQ indicates interquartile range.
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there remained a significant increase in unfavorable outcomes

from core laboratories compared with noncore laboratories (OR,

5.60; 95% CI, 2.01–15.60; P � .001). Again, no significant associ-

ation was found between the unfavorable outcomes and the as-

sessment of a single reader vs multiple readers (OR, 0.85; 95% CI,

0.24 –2.95; P � .794).

Across the studies, substantial heterogeneity was observed in

all of the pooled outcome estimates (I2 � 50%). The Egger regres-

sion asymmetry test suggested potential publication bias in this

study (P � .001). A total of 97.1% of the included studies were

observational studies. Only 3 (2.9%) of 104 studies were random-

ized controlled trials.2,22,23 However, these studies were not de-

signed to address our questions. We treated these randomized

controlled trials as observational studies along with the rest. With

use of the GRADE framework, the overall quality of this evidence

(ie, confidence in the estimates) is low.26,27

DISCUSSION
In the current study, we demonstrated that reported unfavorable

outcomes are more frequent in studies that use an independent

core laboratory compared with studies that do not. Indeed, the

rate of unfavorable outcomes was 43.6% greater in core labora-

tory compared with noncore laboratory studies. These differences

are especially remarkable because the aneurysms from noncore

laboratory studies had been followed longer and were more likely

to have been initially ruptured than those from core laboratory

cohorts. Both of these features would have been expected to in-

crease, rather than decrease, rates of unfavorable outcomes. As

such, our study strongly suggests that the use of the core labora-

tory itself may predict worse reported outcomes compared with

noncore laboratory studies. The explanation for this observation

may be that independent readers bring a more objective approach

to interpretation compared with site readings. Furthermore, core

laboratories usually use a limited number of experienced observ-

ers compared with treating sites, which may use observers with

different levels of experience. As such, core laboratory utilization

would be recommended for planning and interpretation of future

trials.

Previous echocardiography studies28-30 have demonstrated

the superiority of core laboratory interpretations compared with

site readings regarding variability and precision of study results.

Recent standards from the American Society of Echocardiogra-

phy recommend use of echocardiographic core laboratories for

future trials.7 Our current study focuses on the role of core labo-

ratories in neuroradiology and also notes substantial differences

between core laboratory and single-center studies.

Few prior studies focusing on aneurysm therapy have pro-

vided data on the effect of site vs core laboratory readings. Pierot

et al31 reported that rates of incomplete occlusion immediately

after embolization were doubled by the use of a core laboratory

compared with site readings. Our study is consistent with such

findings regarding significantly different, and worse, outcomes

noted by core laboratory than by site readings.

Our study had many limitations. First, we could not identify

the readers’ training and level of experience in most studies. Read-

ings of neurosurgeons, neuroradiologists, or neurologists would

arguably be subject to variations. Second, we were forced to com-

bine patients who were monitored by either DSA or MR angiog-

raphy despite possible technique-related variations. Most studies

describe series of patients that reflect the center’s practice. MR

angiography was used at later stages without clear categorization

of the patients and outcomes. Also, incomplete reporting of out-

comes caused us to exclude most of the studies. Relatively few core

laboratory studies were available, yet the 8 studies represent all of

the available core laboratory studies to date. On the basis of vari-

ability in reported angiographic outcomes, we were forced to

group multiple types of unfavorable results, including incomplete

occlusion and Raymond class 3, with recanalization. Follow-up

duration was variable as well, which was adjusted for in the anal-

ysis. Other variables that may affect outcomes, such as wide-neck

aneurysms and anatomic location, were not clearly necessarily

described; thus, we did not consider them. Finally, in this system-

atic review, we did not find any randomized controlled trials spe-

cifically designed to answer our questions. Observational studies

are subject to high risk for bias because of baseline imbalance and

potential outcome confounding factors. Also, ecologic bias result-

ing from pooling observational studies may have also affected our

results. Thus, because of lack of high-quality evidence, we cannot

rule out the possibility of a different conclusion. Further studies

are clearly needed to provide higher-quality evidence.

CONCLUSIONS
Core laboratories tend to report higher rates of unfavorable out-

comes compared with self-reporting centers. The current findings

suggest that the higher unfavorable rates reflect reality rather than

artificial inflation resulting from other confounders. Multiple-

reader assessment, however, does not result in similar differences.

Being more objective and having more experience than self-re-

porting centers, core laboratories should strongly be considered

to evaluate angiographic outcomes for future trials and clinical

practice.
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