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Abstract
The unruptured intracranial aneurysm treatment score (UIATS) was published in April 2015 as a multidisciplinary consensus
regarding treatment of unruptured intracranial aneurysms (UIA). As a tertiary center with focus on vascular neurosurgery, we
aimed to investigate whether our treatment decision-making in patients with UIA has been in accordance with the recently
published UIATS. A retrospective analysis of patients admitted to our center with UIAwas performed. UIATS was applied to all
identified UIA. Three decision groups were defined: (a) UIATS favoring treatment, (b) UIATS favoring observation, and (c)
UIATS inconclusive. These results were then compared to our clinical decisions. Spearman’s rank-order correlation (ρ) was run
to determine the relationship between the UIATS and our clinical decisions. Cases of discrepancies between UIATS and our
clinical decisions were then examined for complications, defined as periprocedural adverse events in treated aneurysms, or
aneurysm rupture in untreated aneurysms. Ninety-three patients with 147 UIAwere included. A total of 118/147 (80.3%) UIA
were treated. In 70/118 (59.3%), UIATS favored treatment, in 18/118 (15.3%), it was inconclusive, and in 30/118 (25.4%), it
favored observation. A total of 29/147 (19.7%) UIA were not treated. In 15/29 (51.7%), UIATS favored observation, in 9/29
(31%), it favored treatment, and in 5/29 (17.2%), it was inconclusive (ρ = 0.366, p < 0.01). Discrepancies between UIATS and
our clinical decisions did not correlate with complications (ρ = 0.034, p = 0.714). Our analysis shows that our more intuitive
clinical decision-making has been in line with UIATS. Our treatment decisions did not correlate with an increased rate of
complications.
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a devas-
tating disease with significant morbidity (up to 60% at
6 months) and high mortality (40–50%) [1, 12]. With
the advancement of diagnostic tools and the increasing
frequency of cranial imaging, more and more unruptured
intracranial aneurysms (UIA) have been detected, and it is
estimated that approximately 3% of the general popula-
tion harbors one [30]. The increase in UIA detection of-
fers an opportunity for treatment with the aim to prevent
aSAH. However, there are no clear criteria to predict

which UIA will rupture, and when. Different risk factors
for rupture of UIA have been identified, such as aneurysm
size and morphology [5, 6, 9, 10, 17]. Greving et al. [5]
developed the so-called PHASES score in 2014 to predict
the risk of rupture of intracranial aneurysms. The follow-
ing risk factors for aneurysm rupture were identified: pop-
ulation (North American, Japanese, and Finnish), hyper-
tension, age, size of aneurysm, earlier aSAH from another
aneurysm, and site of aneurysm. Based on a simple addi-
tion of risk factors, the 5-year cumulative aneurysm rup-
ture risk could be estimated, which should relieve the
treatment decision-making in the clinical setting.
However, an important point of criticism towards the
PHASES score is that it fails to acknowledge the aneu-
rysm treatment risk. It has been determined that UIA
treatment risk increases with patient age, as well as with
aneurysm size and aneurysm complexity [11, 19], making
these parameters equivocal when employed on their own
to guide UIA treatment. In 2015, Etminan et al. [4]
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published the UIA treatment score (UIATS), a multidisci-
plinary consensus designed to support the clinical
decision-making process (treatment vs. observation) in
patients with UIA. By taking into consideration patient-
related, aneurysm-related, and treatment-related risk fac-
tors identified by 39 world-renowned cerebrovascular spe-
cialists, this tool is the first one to incorporate all these
aspects into one relatively simple formula. The score is
based on theoretical data and personal experience rather
than empirical data, and it has to be validated both in
prospective studies and daily clinical setting. As a tertiary
neurosurgical center in Germany with a focus on aneu-
rysm (ruptured and unruptured) management, it was our
aim to determine whether our clinical practice was in ac-
cordance with the newly published UIATS.

Materials and methods

We conducted a retrospective analysis of patients admitted
to the Göttingen University Hospital harboring saccular
UIA from January 2011 to May 2016. Unruptured infec-
tious, traumatic, fusiform, and dissecting aneurysms and
flow-related aneurysms in arteriovenous malformation and
dural arteriovenous fistulas were excluded [4]. Decision-
making at our center was guided by an interdisciplinary
consensus between interventional neuroradiology and neu-
rosurgery specialists. Previously established risk factors for
UIA rupture such as aneurysm size (> 0.7 cm), morphology,
location, current hypertension, previous aSAH, familial his-
tory, and multiple UIAwere considered. UIA of the basilar
artery were mainly treated endovascularly, while aneurysms
of the middle cerebral artery were preferably treated surgi-
cally. Younger patients were preferably treated surgically,
except for aneurysms of the basilar artery. If the UIA was
suitable for both treatment modalities, patient preference
played a crucial role in our aneurysm treatment decision-
making. Surgically treated UIA underwent post-operative
computed tomography (CT) and CT-angiography to con-
firm complete UIA occlusion and to exclude treatment as-
sociated complications. DynaCT (flat-panel angiographic
computed tomography) scans were performed 3 years after
the clipping of the aneurysm [23]. Additionally, in surgical-
ly treated patients, DynaCT was performed every 5 years
until the age of 70 years for detection of possible de novo
UIA. Endovascularly treated UIA underwent follow-up at
6 months with digital subtraction angiography (DSA), and
yearly with magnetic resonance angiography (MRA).
Untreated UIA underwent yearly follow-up with MRA.

The UIATS was applied to all saccular UIA. According
to the UIATS [4], familial aneurysms were considered when
two or more first-degree relatives were previously diag-
nosed with a UIA or aSAH. Current cigarette smoking was

defined for adults who had smoked 100 cigarettes in their
lifetime and smoked cigarettes at the time of clinical presen-
tation. Hypertension was defined as systolic blood pressure
greater than 140 mmHg and/or diastolic blood pressure
greater than 90 mmHg. Current drug or alcohol use was
defined as recent (within 1 year of clinical presentation)
cocaine or amphetamine exposure, or heavy alcohol con-
sumption (> 300 g/week ethanol). Chronic or malignant dis-
ease, neurocognitive disorders, and psychiatric disorders
resulting in impairment of the patient’s ability to live alone
were considered. Concomitant coagulopathies and
thrombophilic diseases were also included. Aneurysm size
was defined as the greatest aneurysm diameter, while aneu-
rysm lobulation was defined as irregular daughter sac-like
protrusion(s) of the aneurysm wall. Aspect ratio represents
the ratio of aneurysm dome dimension and neck width, and
size ratio was the largest aneurysm diameter divided by
parent artery diameter. A complex aneurysm was defined
as wide neck (greater than the diameter of the parent artery),
significant lobulations, calcifications, intra-aneurysm
thrombus, proximal vessel tortuosity/stenosis, branch artery
incorporated into the neck or aneurysm sac, and very small
aneurysm diameter (< 3 mm).

Factors favoring UIA treatment were scored with posi-
tive points, while factors against treatment were scored with
negative points. A simple sum of all points was then per-
formed to obtain the total UIATS. Because the UIATS takes
into consideration aneurysm-related factors, and because
some patients harbor more than one single aneurysm, the
UIATS was calculated for each UIA. Results were subse-
quently divided into three groups: (a) UIATS favoring treat-
ment (cumulative positive sum), (b) UIATS favoring obser-
vation (cumulative negative sum), and (c) UIATS non-
conclusive (cumulative sum of 0).

Furthermore, we gathered data regarding periprocedural
complications, defined as adverse events associated with
UIA treatment. These included wound infections, post-
operative hemorrhage, or new neurological deficits. Rupture
of untreated UIA was also considered a complication in the
observational group.

Statistical analysis

The results of the UIATS were compared to the clinical
decisions made in our patient cohort, and Spearman’s
rank-order correlation was run to determine the relationship
between the UIATS and our clinical decisions. The cases in
which UIATS was inconclusive were not considered for
statistical analysis. Discrepancies between the UIATS and
the clinical decisions made were then examined for associ-
ated complications. Our aim was to elucidate whether our
decision to treat or not to treat UIA actually endangered our
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patients. Statistical analysis was performed using IBM®
SPSS® Statistics Version 21.

Results

Patient-related risk factors

A total of 93 patients, 65 (70%) females and 28 (30%) males,
harboring 147 UIA were included. Mean age was 57 years
(range 36–84). When analyzing patient-specific risk factors,
24/93 (25.8%) patients had already suffered an aSAH. A pos-
itive family history was observed in 6/93 (6.5%). Ethnic risk
factors were not identified in our cohort. Current smoking was
reported by only 9.7% (9/93) of the patients. All patients de-
nied current drug or alcohol abuse. Arterial hypertension was
the most commonly observed risk factor (66/93, 71%).
Polycystic kidney disease was observed in 1/93 (1.1%) pa-
tients. Most patients (48/93, 51.6%) had multiple aneurysms.
Reduced quality of life due to fear of aneurysm rupture was
also an important factor for 41/93 (44.1%) patients.
Neurocognitive disorders, coagulopathies, and psychiatric
disorders were observed in 10/93 (10.8%), 1/93 (1.1%), and
5/93 (5.4%) cases, respectively.

Aneurysm-related risk factors

Of the 147 aneurysms, 3 (2%) caused cranial nerve deficits, 4
(2.7%) exerted mass effect, 4 (2.7%) produced thromboem-
bolic events, and 9 (6.1%) correlated with epilepsy. Aneurysm
location is illustrated on Fig. 1. Most aneurysms were located
in the middle cerebral artery (75/147, 51%). Similarly, most
aneurysms (58/147, 39.5%) were rather small, with a diameter
between 4.0 and 6.9 mm. An aspect ratio > 1.6 or irregularity
was observed in 68/147 (46.3%) and 55/147 (37.4%), respec-
tively. The remaining aneurysm-related risk factors are listed
on Fig. 1.

Treatment-related risk factors

Most of the patients in our cohort were relatively young (be-
tween 40 and 60 years). Most aneurysms (80/147, 54.4%)
were < 6.0 mm and deemed easy to treat (126/147, 85.7%),
thus rendering the treatment-related risk rather low.

Treatment

In our cohort, 118/147 (80.3%) of UIA were treated; this
accounted for 80/93 (86%) patients being treated. As men-
tioned above, the majority of our patients harbored multiple
aneurysms (48/93, 51.6%). Of these, 39/48 (81.3%)
underwent treatment. The most common treatment modality
was surgical (105/118, 89%). In 70/118 (59.3%) of treated

UIA, the UIATS favored treatment. In 18/118 (15.3%), the
UIATS was non-conclusive, while in 30/118 (25.4%), the
UIATS favored observation. On the other hand, 29/147
(19.7%) UIA were not treated. In 15/29 (51.7%) of these
cases, the UIATS favored observation, while in 9/29 (31%),
the UIATS favored treatment. In 5/29 (17.2%), the UIATSwas
non-conclusive. For statistical purposes, inconclusive cases
were excluded from the analysis. Spearman’s rank-order cor-
relation coefficient was 0.366, indicating a positive correlation
between our decision-making and the UIATS recommenda-
tions. This correlation was statistically significant (p < 0.01).
These results are summarized in Fig. 2.

Complications

Complications were defined as adverse events associated with
UIA treatment or rupture of untreated UIA.Accordingly, com-
plications were observed in a total of 13/93 (14%) patients, or
in 13/147 (8.8%) of UIA analyzed.

Only 2/80 (2.5%) of all patients exhibited permanent defi-
cits, namely hemiplegia due to post-operative infarctions.
Other complications observed were transient oculomotor pal-
sy (1/80, 1.3%), post-operative delirium (2/80, 2.5%), intra-
operative rupture (1/80, 1.3%), transient hemiparesis (1/80,
1.3%), seizures (1/80, 1.3%), transient aphasia (1/80, 1.3%),
and transient vasospasm (3/80, 3.8%). In one case (1/80,
1.3%), the surgery was aborted due to a dermoid cyst covering
the aneurysm base. No rupture (0/13, 0%) was observed in the
untreated group (13/93, 14%). Four (4/13, 30.8%) complica-
tions were observed in treated patients where the UIATS sug-
gested observation. These were permanent right hemiplegia,
transient aphasia, post-operative delirium, and intraoperative
rupture. Two (2/13, 15.4%) of the complications were ob-
served in treated patients where the UIATS was inconclusive,
and 7/13 (53.8%) complications were observed in treated pa-
tients in whom the UIATS favored treatment. Overall, com-
plications were not increasingly observed when discrepancies
between UIATS and our clinical decisions existed. As illus-
trated on Fig. 3, a statistically significant correlation between
discrepancies and complications could not be found (correla-
tion coefficient 0.034, p = 0.714).

Discussion

The natural history of UIA is an elusive one, as randomized
controlled studies are lacking for this pathology. Several cli-
nicians deem the development of such trials as unethical, be-
cause the lack of treatment of UIA could result in a devastating
aSAH. Therefore, data from observational studies constitute
the best source of information for evaluating UIA [16, 31].
Expectedly, there are numerous sources of bias, and many
questions remain unanswered, such as the following: Which
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UIA will rupture? When is the rupture risk of a given UIA
larger than the treatment risk? Which intervention should be
undertaken, once it has been decided to treat a UIA?

Which UIA will rupture? Patient-related risk factors

One of the most relevant studies for the assessment of UIA
natural history is the International Study of Unruptured
Intracranial Aneurysms (ISUIA) [8] from North America
and Europe. This study has a retrospective arm including

1449 patients with 1937 UIA, and a prospective one with
4060 patients with 6221 UIA. According to this study, arterial
hypertension and previous aSAH were found to be important
in defining the probability of future aneurysm rupture.
Specifically, patients with a previous aSAH had a rupture rate
of 0.5% per year for aneurysms less than 10 mm in diameter,
which was higher than that for similar-sized aneurysms in
patients without a history of aSAH. In regards to patient-
related risk factors, age has been found to inversely correlate
with UIA rupture [13, 28]. Other comorbidities, such as

Fig. 2 Correlation analysis
between UIATS and our clinical
decision-making

Fig. 1 Aneurysm-related risk
factors by category, as stratified in
the UIATS. aAneurysm diameter,
stratified according to the UIATS
risk groups. bAneurysm location,
stratified in the three risk groups
defined in the UIATS and Bother.^
c Other aneurysm-related risk
factors considered in the UIATS
by incidence in our cohort
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autosomal dominant polycystic kidney disease (ADPKD) pre-
dispose individuals to developingmore UIA. A recent system-
atic review by Cagnazzo et al. [2] demonstrated that the
ADPKD population has a higher UIA prevalence (11%), with
a comparable rupture rate to the general population.
Nevertheless, more de novo aneurysms were observed in this
cohort, so that a higher cumulative rupture risk has been spec-
ulated. Cigarette smoking and alcohol consumption (per
100 g/week) were significant predictors of aneurysm rupture
in a study performed by Juvela et al. [9] in 142 patients har-
boring 181 untreated UIA between 1956 and 1978 in Finland.
A prospective analysis by Korja et al. [10] yielded similar
results in a Finnish population. Here, an annual rupture risk
of 1.6% was observed, and cigarette smoking and female sex
were predictors of aneurysm rupture. Cocaine and metham-
phetamine consumption has also been linked to aSAH, and it
has been postulated that these substances may also lead to
UIA rupture [21, 22].

Which UIA will rupture? Aneurysm-related risk factors

The retrospective arm from the ISUIA revealed that UIA
located in the posterior circulation including the posterior
communicating artery also exhibited a higher risk of rup-
ture. Another relevant study was the Unruptured Cerebral
Aneurysm Study (UCAS) [18], with 5720 prospectively an-
alyzed Japanese patients. Here, the rupture risk of UIAwas
estimated at 0.95% per year. In a multivariate analysis, UIA

diameter (> 7 mm), location (posterior or anterior commu-
nicating arteries), and the presence of a daughter sac were
predictors of aneurysm rupture. Hishikawa et al. [6] also
showed in a Japanese cohort that aneurysms larger than
7 mm and posterior communicating artery locations were
independent predictors of UIA rupture in elderly patients.
Additionally, Ujiie et al. [29] suggested that aspect ratios >
1.6 correlated with greater rates of UIA rupture. Rahman
et al. [24] also demonstrated that the ratio between aneu-
rysm size and parent artery diameter correlates with UIA
rupture in a prospective study of 40 matched patients with
UIA or ruptured aneurysms. A recently published study by
Mocco et al. [15] further underscored these findings. The
latter is based on the prospective arm of the ISUIA, and the
authors conclude that size ratio is an important predictor of
rupture, in addition to greatest diameter and posterior loca-
tion. All these studies consistently found aneurysm size (>
7 mm) and location (posterior circulation, anterior commu-
nicating artery) to be strong predictors of rupture. On the
other side, we know from studies with ruptured intracranial
aneurysms that ruptured aneurysms are often smaller than
7 mm [3, 14]. A recently published study reported that 40%
of all ruptured aneurysms were smaller than 5 mm.
Although the aneurysm size is a strong predictor of aneu-
rysm rupture, it is important to consider different risk factors
during the treatment decision-making process of UIA. The
UIATS includes not only the patient- and treatment-related
risk factors but also the aneurysm treatment risks.

Fig. 3 Correlation analysis
between UIATS and treatment
decision discrepancies and
periprocedural complications
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When is the rupture risk of a given UIA larger than
the treatment risk? UIA treatment decision

All the aforementioned data provide an estimation of an-
eurysm rupture risk, and previous efforts have been made
to incorporate these into a score to guide treatment deci-
sions. The PHASES score was based on the pooled data
from 8382 patients in six prospective cohort studies with
UIA. It was developed to calculate the 5-year absolute
aneurysm rupture risk under consideration of established
risk factors for aneurysm rupture previously evaluated in
those six prospective cohort studies. However, the data
considered in the PHASES score were subject to attrition
bias, as treatment of the UIA was left to physician’s dis-
cretion [5]. Therefore, the produced data about the rupture
rate derives from patients that neurosurgeons or neurora-
diologists did not consider suitable to treat. Additionally,
treatment-related risk was not accounted for in this model.
The UIATS [4], on the contrary, offers a comprehensive
scoring system that attempts to objectivize patient-related,
aneurysm-related, and treatment-related risk factors. It is
based on a consensus of multidisciplinary specialists with
high expertise in managing UIA. Therefore, the UIATS
should be considered as an Badvice^ from a multidisci-
plinary group, rather than a mathematical model to predict
UIA rupture. Since the UIATS is based on objective
criteria, it should allow a more reliable appreciation of
the risk factors for aneurysm rupture and aneurysm treat-
ment and therefore facilitates an objective consultation of
patients with UIA independent on the specialty of the
treating physician.

However, one of the limitations of the UIATS is that it
was based on the analysis of only 30 cases with UIA.
Even though the authors argue these to be representative
cases, some patient groups might have been underrepre-
sented. Therefore, the UIATS may not be suitable for all
patients with UIA. The other limitation might be that in
the hands of highly specialized experts, UIA treatment
yields better results leading to underestimation of the
treatment risk. Our study is the first one performed to
further validate the UIATS, as the score was applied to
147 UIA reflecting the daily clinical practice of a tertiary
center in Germany.

We found a statistically significant agreement of our
clinical decisions for the management of UIA with the
resulting recommendation from the UIATS in our patient
population. Nevertheless, the correlation coefficient,
while positive at ρ = 0.366, does not reveal a perfect
linear relationship between the UIATS score and our
clinical decisions. Therefore, a prospective validation
of the UIATS with a larger patient population is neces-
sary in order to determine its applicability in daily clinical
practice.

Which intervention should be undertaken?

Lastly, even though the UIATS provides an expert-based
recommendation on whether or not to treat an UIA, the
question of how to treat the UIA is unanswered. The ISAT
(international subarachnoid aneurysm trial) [17] has been
a landmark study guiding decision-making in the treat-
ment of ruptured intracranial aneurysms, but a comparable
study for UIA is still missing. The TEAM trial [25] was
initiated in 2011 to elucidate whether endovascular occlu-
sion of UIA was superior to conservative management.
However, because of slow enrollment, this trial was never
completed. The strongest evidence comes from a recent
meta-analysis [26], which suggests that endovascular
coiling and surgical clipping bear similar risk ratios of
death, bleeding, cerebral ischemia, occlusion of aneurysm,
and quality of life in patients with UIA. Nevertheless, this
recommendation is rather broad and must be regarded
carefully; aneurysm location, morphology, and complexity
are a few of the many factors that may make a given UIA
more amenable to one treatment modality or another. For
instance, Smith et al. [27] argue that middle cerebral ar-
tery UIA should be treated surgically, based on their meta-
analysis from 2015. Conversely, Naggara et al. [20] dem-
onstrated in another meta-analysis that satisfactory occlu-
sions of UIA were obtained in 86.1% of cases treated
endovascularly, while Hwang et al. [7] argue in their sys-
tematic review that coiling is a better procedure for treat-
ment of UIA in regards to short-term disability and com-
plications. In our cohort, most patients were treated surgi-
cally, with a low complication rate. It could be proposed
that our study supports surgical clipping of UIA, but this
recommendation would be burdened by bias, as our center
is specialized in cerebrovascular surgery and our study
was retrospective in nature, not powered and/or designed
to answer this question. Furthermore, the decision
concerning the aneurysm treatment modality was made
after interdisciplinary case discussion with the neuroradi-
ologists at our institution. The majority of aneurysms in-
cluded in our cohort were located in the middle cerebral
artery. As illustrated in the literature, these aneurysms
have been deemed more amenable to surgical treatment
than to endovascular one. This is one of the reasons why
most lesions underwent surgical clipping. In light of the
lacking data from randomized clinical trials, the authors
recommend UIA treatment based on center expertise.

Limitations and strengths

Because of its retrospective nature, our study is subject to
several biases. On the one hand, treatment decisions were
made on an individual basis relying on a panel of experts,
and not on an objective, quantifiable algorithm. Therefore,
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our decisions were subject to selection bias. Furthermore, in
patients with multiple UIA, treatment decision might have
been influenced by surgical accessibility to multiple lesions,
and not necessarily by risk of rupture. Securing a lesion Ben
passant^might have skewed both the percentage of UIA treat-
ed and the treatment modality employed. Additionally, this
might have led to misestimating discrepancies between
UIATS and treatment decisions. That being said, the criteria
employed by our panel of experts were similar to the factors
considered in the UIATS. On the other hand, complications
such as aneurysm rupture in untreated patients might have
been underrepresented, since those patients could have been
admitted to other centers without our knowledge.

Nevertheless, our study was the first one performed to
evaluate the applicability of the UIATS in daily clinical prac-
tice. As seen, there was a statistically significant correlation
between our decision-making and the UIATS recommenda-
tions. The correlation coefficient, however, was rather low at
ρ = 0.366. Bearing this in mind, the UIATS should continue to
be used with caution. The discrepancies observed between the
UIATS recommendation and our clinical decisions did not
show a statistically significant correlation with complications
(periprocedural adverse effects or rupture) and, accordingly,
did not contribute to poorer outcome. Even in experienced
hands, decision-making in patients harboring UIA/UIAs re-
mains a difficult one due to multiplicity of factors influencing
aneurysm rupture and risk of aneurysm treatment. The UIATS
does not consider all possible factors but covers a lot of rele-
vant aneurysm-related, patient-related and treatment-related
risk factors building a supportive algorithm for clinical
decision-making in this patient population.

Conclusion

As we stand, there are still no randomized controlled trials to
sufficiently support the treatment decision-making in patients
with UIA. Nevertheless, several risk factors for UIA rupture
have been consistently identified in different cohort studies
and meta-analyses, as evinced in our discussion. While no
mathematical model currently exists to predict UIA rupture
risk and/or treatment benefits, aSAH is a devastating and po-
tentially avoidable complication of UIA. In a scientific envi-
ronment where unequivocal evidence is missing, the UIATS
represents a good surrogate to guide clinical decision-making,
as it considers patient-related, aneurysm-related, and
treatment-related factors. Our study provides support of its
use, as the UIATS encompasses all the established risk factors
for aneurysm rupture and provides the clinician with the rec-
ommendation of a panel of cerebrovascular experts. That be-
ing said, the decision to treat UIA remains an individual one,
without a reliable predictor, and one should employ the
UIATS with caution.
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