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Abstract
Background  There is limited evidence to direct the management of unruptured intracranial aneurysms. Models extrapolated 
from existing data have been proposed to guide treatment recommendations. The aim of this study is to assess whether a 
consensus-based treatment score (UIATS) or rupture rate estimation model (PHASES) can be used to benchmark UK multi-
disciplinary team (MDT) practice.
Methods  Prospective data was collected on a consecutive series of all patients with unruptured intracranial aneurysms (UIAs) 
presenting to a major UK neurovascular centre between 2012 and 2015. The agreement between the UIATS and PHASES 
scores, and their sensitivity and specificity in predicting the real-world MDT outcome were calculated and compared.
Results  A total of 366 patients (456 aneurysms) were included in the analysis. The agreement between UIATS and MDT 
recommendation was low (weighted kappa 0.26 [95% CI 0.19, 0.32]); sensitivity and specificity were also low at 36% and 
52% respectively. Groups that the MDT allocated to treatment, equipoise or no treatment had significantly different PHASES 
scores (p = 0.004). There was no significant difference between the two scores when predicting patients for whom MDT 
outcome was to recommend aneurysm treatment, but the UIATS score was superior in predicting patients who received 
an MDT recommendation of ‘treatment-equipoise’, or ‘not-for-treatment’ (AUC of 0.73 compared to 0.59 for PHASES).
Conclusions  The models studied failed to agree with the consensus view of multi-disciplinary team in a major neurovascular 
centre. We conclude that decision support tools such as the UIATS and PHASES scores should not be blindly introduced in 
respective institutions without prior internal validation, as they may not represent the local reality.
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Introduction

The estimated prevalence of unruptured intracranial aneurysms 
(UIAs) is 3–5% in adults, although diagnosis has become more 
common with the proliferation of sensitive cross-sectional imag-
ing [27, 29]. Rupture of intracranial aneurysms has an overall 
mortality of up to 50%, and more than half of the survivors 
are left with substantial lifestyle restrictions [13, 19]. Treatment 
of unruptured intracranial aneurysms may also be associated 
with substantial morbidity; one meta-analysis suggested a case 
fatality of 1.7% with surgery, moderate morbidity of 5%, and 
total unfavourable outcome estimate of 6.7% up to 1 year after 
surgery [14]. Various factors are known to be associated with 
increased morbidity, including increasing patient age and aneu-
rysm location [28]. Individualised and accurate prediction of 
UIA rupture risk as well as of treatment morbidity is highly 
desirable. However, advice must be guided by a limited evi-
dence base combined with clinician acumen. The American 
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Heart Association (AHA) Stroke Council recommendations on 
treatment of UIAs effectively reflect the complexity of decision-
making [25].

The Unruptured Intracranial Aneurysm Treatment Score 
(UIATS) and the PHASES score are decision support tools 
designed to guide management of UIAs. The former is a 
consensus-based scoring strategy based on the recommen-
dations of 69 highly informed individuals [7]; the latter is a 
5-year rupture rate estimation synthesizing data drawn from 
over 8000 patients diagnosed with UIAs [10].

This study examines the level of agreement between 
either the UIATS or PHASES scores with outcomes from 
multi-disciplinary team (MDT) review at a high-volume UK 
tertiary neurovascular centre over a 3-year period.

Methods

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request. 
NHS Research Ethics Committee approval was assessed and 
not required. Patient consent was waived.

Inclusion and exclusion criteria

A retrospective review of prospectively collected data was 
carried out on all patients above the age of 18 diagnosed 
with an UIA and referred to the regional MDT between 2012 
and 2015. This unit meets commonly accepted definitions 
for high treatment volume of cerebral aneurysms [3, 30].

All adult patients with unruptured intracranial aneu-
rysms discussed at the MDT between 2012 and 2015 were 
included. Fusiform, traumatic and infective aneurysms were 
excluded. Twenty-nine patients for whom information relat-
ing to any of the components UIATS and PHASES were also 
missing were excluded from the analysis.

The multi-disciplinary team (consisting of two consult-
ant neurosurgeons, one neurovascular fellow, four consultant 
neuroradiologists, one neurologist and two neurovascular 
nurse specialists) assess the patients’ medical history and 
vascular imaging to formulate a management recommenda-
tion. Where there is equipoise whether to undertake treat-
ment or as to the modality of treatment to be offered patients 
is seen by a consultant interventional neuroradiologist and a 
consultant neurovascular surgeon together. Clinic letters are 
copied to the patient and printed material as well as online 
patient information resources are provided. Patients are 
invited for a second consultation after reflection on that dis-
cussion. Nurse specialists provide a further point of contact 
and the goal is to involve the patient fully in the decision-
making process first educating them about the condition and 
applying a shared decision-making model [20].

Data collection

Three authors (AKV, JF and JKV) who were not involved 
in the clinical decision-making for these patients searched 
the patients’ medical records and prospectively populated 
departmental database for data relating to each of the com-
ponents of the UIATS and PHASES scores. Demographic 
and patient-specific information included age, sex and eth-
nicity, relevant past medical history and psychological fac-
tors relating to the presence of the aneurysm. Clinical and 
aneurysm-specific information collected consisted of his-
tory of previous subarachnoid haemorrhage (SAH), aneu-
rysm multiplicity, aneurysm morphology (lobulation, size, 
aspect ratio and size ratio [5, 26]) and aneurysm location, as 
well as the sequelae of the aneurysm, including clinical and 
radiological mass effect, thrombo-embolic effect, secondary 
seizures, aneurysm growth or de novo aneurysm formation 
on serial imaging and contralateral steno-occlusive disease. 
The UIATS and PHASES scores were calculated according 
to the methods described in their design [7, 10].

The recommendations were classified into three ordi-
nal groups: ‘for-treatment’, ‘treatment-equipoise’ and 
‘not-for-treatment’.

Statistical analysis

Statistical analysis was undertaken by an independent stat-
istician (Statsconsultancy Ltd.).

Comparison of UIATS outcome with MDT outcome

The overall agreement between the UIATS outcomes and the 
MDT outcomes was assessed using the McNemar test, which 
was used to establish if the UIATS score over- or under-treated 
relative to the MDT [17]. The agreement between UIATS and 
the MDT at the individual aneurysm level was assessed using 
the weighted kappa method [15]. This statistic measures the 
agreement over and above that which would be expected due 
to chance. The weighted kappa method was preferred to the 
standard kappa method to allow for the ordinal nature of the 
decision categories. The statistic is measured on a scale ranging 
up to a maximum agreement of 1. The sensitivity and specific-
ity of UIATS for the prediction of the MDT decision were also 
calculated. Sensitivity was calculated by the proportion of cases 
classified for-treatment by the MDT that were classed as for-
treatment by UIATS. Specificity was obtained by calculating 
the proportion of cases classified not-for-treatment by the MDT 
that were classed as not-for-treatment by UIATS.

The UIATS outcome was then examined on a continuous 
scale (in other words, the absolute UIATS score) rather than 
using the pre-defined ordinal treatment categories. The abso-
lute UIATS scores were found to be normally distributed, and 
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thus, analysis of variance (ANOVA) was used to compare these 
with the three different MDT recommendations. In addition, 
ANOVA post hoc tests were performed to compare absolute 
UIATS scores with pairs of MDT recommendations (for exam-
ple the composite of ‘treatment’ and ‘equipoise’ recommen-
dations). The p values from the post hoc tests were given a 
Bonferroni adjustment to account for multiple comparisons [6].

Comparison of PHASES outcome with MDT outcome

The association between the PHASES score and the MDT 
outcome was also examined. In contrast to the UIATS scores, 
the PHASES scores were found not to follow a normal distri-
bution, and therefore, the Kruskal–Wallis test was preferred to 
compare these with the MDT recommendations. A post hoc 
comparison was also performed using the Mann–Whitney test, 
and a Bonferroni correction was again applied.

Receiver operating characteristic curves for treat vs. 
not‑treat

The power of each score to predict the MDT outcome was 
examined by creating a receiver operator characteristic 
(ROC) curve for the UIATS and PHASES outcomes respec-
tively. As each aneurysm was assessed using both measures, 
the area under the curves was compared based on corre-
lated ROC curves using the method suggested by DeLong, 
DeLong and Clarke-Pearson [4]. In order to dichotomize, 
two different MDT scenarios were analysed. Firstly, aneu-
rysms were classified as either ‘for-treatment’ or alternate 
outcome (i.e. ‘treatment-equipoise’ or ‘not-for-treatment’), 
and secondly as ‘not-for-treatment’ or alternate outcome (i.e. 
‘for-treatment’ or ‘treatment-equipoise’).

Results

Patient characteristics

A total of 456 aneurysms in 366 patients were included in 
this analysis. The mean age of the patient group was 60 
(± 13.9) years, and the majority (82%) had a single aneu-
rysm (13% two aneurysms, 3% three aneurysms and 2% 
four or more aneurysms). The median maximum diameter 
of the aneurysms was 6 mm (IQR 4–9 mm). The preva-
lence of known risk factors for the formation of aneurysms 
was identified as follows: 3% with previous subarachnoid 
haemorrhage, 2% with a family history, 26% (current) 
smokers, 39% hypertensive (established, on treatment) 
and 3% with adult polycystic kidney disease (see Table 1).

Of the 319 aneurysms for which the MDT recom-
mended conservative management, patients elected for 
treatment in 15 (4.7%; 7 surgical, 8 endovascular). In the 

73 patients in whom treatment was recommended, only 
one patient elected to be managed conservatively.

The patient cohort is very similar to that studied in the 
publications that contribute towards the PHASES analysis 
(e.g. previous SAH, smoking and hypertension) [10].

Comparison of UIATS outcome with MDT outcome

The overall agreement between the recommendations of the 
two scores was first examined. The MDT made a recommen-
dation ‘for-treatment’ in 16% of patients, 70% of all patients 
were classified as ‘not-for-treatment’ by the MDT and in 
14% the outcome was ‘treatment-equipoise’. The UIATS 
score also recommended ‘for-treatment’ in 16% of patients, 
‘not-for-treatment’ in 42% of patients and ‘treatment-equi-
poise’ in 41% of patients. The McNemar test demonstrated 
that there was a significant difference overall between the 
two methodologies in terms of outcome. (p < 0.001). This 
difference was almost entirely driven by the ‘treatment-
equipoise’ decision at the expense of the ‘not-for-treatment’ 
recommendation group, in the UIATS cohort.

Table 1   Patient and aneurysm characteristics

* Summaries at the patient level
** Summaries at the aneurysm level
SAH subarachnoid haemorrhage, APKD adult polycystic kidney dis-
ease, IVDU intra-venous drug use, CN cranial nerve, QoL quality of 
life

Patient/aneurysm 
characteristics

Variable Factor present, 
number (%)

Risk factors (*) Previous SAH 10 (3%)
Fam. history aneurysms 8 (2%)
Smoking 97 (26%)
Hypertension 144 (39%)
APKD 10 (3%)
IVDU 1 (0.3%)
Alcohol 8 (2%)

Symptoms (*) CN deficit 10 (3%)
Mass effect 16 (4%)
Thromboembolic event 0 (0%)
Epilepsy 6 (2%)

Other (*) Reduced QoL 13 (4%)
Multiplicity 96 (26%)

Comorbidities (*) Neurocognitive 7 (2%)
Coagulopathies 4 (1%)
Psychiatric diagnosis 6 (2%)

Morphology (**) Irregularity 26 (6%)
Size ratio 280 (61%)

Other (**) Aneurysm growth 13 (3%)
De novo formation 1 (0.2%)
Contralateral 0 (0%)
Complex fistula 101 (22%)
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The relationship between the UIATS and MDT recom-
mendations was then examined at an individual aneurysm 
level. Table 2 cross-tabulates the recommendation of the 
UIATS method and the MDT outcomes. There was agree-
ment between UIATS and MDT outcome for only 50% of 
aneurysms (229/456). Surprisingly, however, of those given 
a ‘for-treatment’ recommendation by UIATS, 43% were 
given a ‘not-for-treatment’ recommendation by the MDT. 
A more formal assessment of the correlation between the 
two methods at the individual aneurysm level, using the 
weighted kappa score, revealed only fair agreement between 
the two (weighted kappa 0.26). Sensitivity was also low 
(36%), suggesting that just over a third of cases given a ‘for-
treatment’ outcome by the MDT had the same outcome from 
UIATS. Specificity was similarly low (52%), suggesting that 
only half of aneurysms classified as ‘not-for-treatment’ by 
the MDT were similarly classified by UIATS.

The difference between factors favouring treatment and 
factors favouring conservative management in the UIATS 
process (ΔUIATS, the numerical UIATS score) was also 
examined on a continuous scale rather than categorised by 
overall outcome. A comparison of the ΔUIATS scores was 
made between the MDT outcomes. Summaries of the scores 
in each outcome group are shown in Table 3, along with 
the overall significance in scores between the three outcome 
groups. The analysis demonstrated a significant difference in 
UIATS scores between the MDT outcomes.

However, post hoc comparisons between pairs of 
groups suggested significant differences between the 
MDT ‘not-for-treatment’ outcome and each of the ‘treat-
ment-equipoise’ and ‘for-treatment’ outcomes (p < 0.001). 
There was no difference in scores between the ‘treatment-
equipoise’ and ‘for-treatment’ outcomes (p = 1.00). 
Nevertheless, the small differences in ΔUIATS scores 
between the outcomes suggest that it may be difficult 
to use ΔUIATS to distinguish between these MDT deci-
sions. A graphical illustration of the scores in the differ-
ent MDT categories is shown in Fig. 1a.

Comparison of PHASES outcome with MDT outcome

The PHASES risk-prediction scores for each of the MDT out-
come are summarised in Table 4. Due to the skewed distri-
bution of the scores, the median and inter-quartile range are 

used as the summary measures. Similar to the UIATS score, 
there was a significant difference in PHASES scores between 
each MDT outcome. As would be expected, PHASES scores 
were lowest in the ‘not-for-treatment’ outcome group, and 
highest in the ‘for-treatment’ outcome group.

Additional Mann–Whitney tests comparing between pairs 
of outcomes demonstrated no statistically significant dif-
ference between adjacent categories (‘not-for-treatment’ vs 
‘treatment-equipoise’, p = 0.53; ‘treatment-equipoise’ vs. ‘for-
treatment’, p = 0.48), but a significant difference in PHASES 
scores between the ‘not-for-treatment’ and ‘for-treatment’ 
outcomes by the MDT (p = 0.003). The results are illustrated 
graphically in Fig. 1b. The absolute PHASES score therefore 
was discriminatory for these two MDT outcomes.

Comparison of receiver operator characteristic 
curves

Receiver operator characteristic curves were generated for 
each methodology’s ability to predict each of the three pos-
sible MDT outcomes. There are non-significant differences 
between the areas under each curve (AUC) when predicting 
a ‘for-treatment’ outcome.

UIATS and PHASES did significantly differ in their pre-
diction of ‘treatment-equipoise’ and ‘for-treatment’. Here, 
the UIATS score was superior to the PHASES score, with 
an AUC of 0.73 compared to 0.59 for PHASES (p < 0.001). 
Graphical illustrations of the results for the two scores are 
shown in Fig. 2.

Discussion

Decisions about treatment of unruptured intracranial aneu-
rysms are challenging given the continuing uncertainty as 
to the natural history of the disease and the risk to benefit 
balance of prophylactic treatment. Traditionally recom-
mendations have been made by a multi-disciplinary team 
of professionals combining experience and expertise from 
a number of specialties and individuals. The UIATS score 
and to a lesser degree the PHASES score are an attempt to 
standardize this process. UIATS resulted from a validated, 
consensus-based strategy (Delphi) to collate parameters 
considered by a group of 69 highly informed individuals as 
important in the decision-making process. Using 30 index 
cases, the authors found a high inter-rater agreement among Table 2   Cross-tabulation of MDT and UIATS outcomes

MDT outcome UIATS outcome

Not-for-
treatment

Treatment-
equipoise

For-treatment

Not-for-treatment 167 120 32
Treatment-equipoise 12 36 16
For-treatment 13 34 26

Table 3   Comparison of ΔUIATS between MDT outcomes

MDT outcome ΔUIATS, mean ± SD Overall p value

Not-for-treatment  − 3.0 ± 4.4  < 0.001
Treatment-equipoise 0.4 ± 3.4
For-treatment 1.1 ± 4.7
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this group and the score. There are limitations to this tech-
nique however and the potential to selectively report con-
sensus in healthcare research has been reported along with 
methodological precautions required to prevent it [9]. The 
PHASES methodology is a 5-year rupture estimation score 
developed by pooling data from the six largest longitudi-
nal studies measuring the rate of aneurysm rupture. It is 
based on six easily obtainable parameters (aneurysm size 
and location, hypertension, previous subarachnoid haem-
orrhage, patient age and geographic location). Two recent 
studies have attempted to validate the scores independently, 
either by retrospectively assessing a classifier based on the 
PHASES score [2] or by externally validating the UIATS 
score [21]. The PHASES score differs from the UIATS score 
in that it does not take into account the risk of intervention 
and focusses on prediction of rupture risk alone. UIATS 
attempts to balance the risks. It does not adjust for some 
additional, known risk factors such as familial aneurysms. 
This simultaneously validates the two scores for the same 
dataset and against a real-world multi-disciplinary team.

Using various statistical measures, we demonstrated a 
disagreement between the two scores and the recommenda-
tions made at our multi-disciplinary meeting both for the 
patient and at the individual aneurysm level. In fact, the 
MDT outcomes agreed with the UIATS recommendations in 
only 50% of the aneurysms. In some cases, this disparity is 

striking. For example, the UIATS recommends treatment in 
32 of the aneurysms that the MDT recommended conserva-
tive management, and the MDT recommends treatment in 
13 aneurysms where UIATS pointed towards a conservative 
approach. In addition, UIATS frequently failed to provide a 
definitive recommendation for patients; 190 patients in our 
series (41%) had a UIATS score between − 2 and + 2 (i.e. 
equipoise). The MDT was able to make a definitive recom-
mendation for 86% of patients.

The reasons for this difference are multiple and chal-
lenging to identify. Studies exploring factors affecting the 
decision of an expert team identified the presence of mul-
tiple aneurysms, large aneurysm size, lower comorbidities 
and younger age and patient fear of rupture as important 
in this process, and perhaps these should be given more 
emphasis in treatment scores [1, 11]. The latter is a par-
ticularly important factor, given that the members of the 
MDT will interact with a large number of these patients 
and are likely to be influenced by a number of factors that 
are difficult to quantify in these scores, as clinicians are 
able to interact with individual patients and incorporate 
their wishes and health beliefs in a joint decision regarding 
the management of their aneurysm. This interaction does 
not lend itself to documentation amenable to empirical 
assessment [8]. Other factors may also account for the 
difference between the MDT decisions and the recommen-
dations from these scores. It is increasingly demonstrated 
in the literature that patient psychological factors such as 
the perception of risk play an important role. Guan et al. 
emphasise the importance of the distance that the patient 
lives from the hospital in decision-making, a factor that is 
likely to play a disproportional role in developing coun-
tries [2]. Other authors made the point that a surgeon’s or 
a centre’s experience also plays into the decision-making 
locally [3], again not reflected in these scores [4]. More 

Fig. 1   a ΔUIATS boxplot for different MDT outcomes. b PHASES boxplot for different MDT outcomes

Table 4   Comparison of PHASES risk-prediction score between MDT 
outcomes

MDT outcome PHASES, median 
[IQR]

Overall p value

Not-for-treatment 3 [2, 5] 0.004
Treatment-equipoise 5 [2, 7]
For-treatment 6 [3, 7]
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importantly, the same factors taken into account by the 
scores are given different individual weighting by local 
experts, highlighting the local reality [5].

Equally pertinent is the issue of external validity. It may 
well be the case that our population of patients may not be 
representative of the ‘ideal’ population on which the scores 
are based. The population covered by our institution is often 
of lower socio-economic status compared to other areas of 
London, with slightly lower life expectancy and higher inci-
dence of uncontrolled or undiagnosed severe hypertension 
and smoking. These factors may well bias the recommended 
outcome in a standardized score but are taken into account 
by the astute clinician who has knowledge of the local idi-
osyncrasies. In addition, our institution surgically clips a 
higher proportion of aneurysms compared to most other 
institutions in the country. The modality of treatment is not 
taken into consideration by the UIATS score, although it is 
accepted that open surgery and neuro-interventional proce-
dures have different risk profiles and long-term outcomes.

Other studies have also looked at the agreement between 
these scores and their MDTs. Mateo et al. [16] found that 
the UIATS and PHASES recommendations do not match 
those of their MDT, and cite local institutional factors as a 
potential cause for the disagreement. The National Hospital 
for Neurology and Neurosurgery in London performed a 
retrospective audit of 296 patients comparing the recom-
mendations by UIATS with those of the local MDT [23]. 
They found significant disagreement between the two bod-
ies of expert opinion, and noted that the aneurysm size in 
particular was a factor that weighted heavily in their local 
MDT compared to the UIATS score, and that the agreement 
has increased in more recent years. Ravindra et al. found 
that the UIATS score recommended over-treatment of the 
unruptured aneurysms compared to real-world experience 

in their own practice, reporting on 221 patients [22]. Other 
recent studies have come to similar conclusions [12, 24]. 
In the only relevant prospective study, Molenberg et al. 
found that the UIATS score did not reliably predict the risk 
of rupture or enlargement of the aneurysms [18]. There 
is therefore a growing body of literature highlighting the 
limitations of these decision support tools when it comes 
to applying them to local settings and questioning their 
external and internal validity and accuracy in predicting 
outcome. These studies should serve as a warning to clini-
cians to avoid relying on these scores blindly for decision-
making (Table 5).

Our study benefits from a large number of patients and 
individual aneurysms. It is to our knowledge the largest 
study to date comparing the PHASES and UIATS scores 
to local practice. It is also the first study looking at both 
of these scores simultaneously on the same population of 
patients. It also benefits from a statistical analysis using a 
number of different measures to assess agreement. Although 
the retrospective design of our study fits with our main 
objective which was to compare the scores’ recommenda-
tions with those of our local experts, data are not prospec-
tively sought risk being incomplete, with certain factors 
being under-reported.

We should be careful when drawing conclusions from 
our data. The purpose of this work is not to demonstrate 
superiority of our MDT process over the two decision sup-
port tools that we examined. This statement cannot be reli-
ably made without adequate prospectively collected outcome 
data. It aims instead to highlight that these scores do not 
correlate well with the MDT decisions, and send a power-
ful message that internal validation should be considered 
before adopting them to a particular institution and popu-
lation. Until then, the UIATS and PHASES scores should 

Fig. 2   Receiver operating characteristic curves. a For PHASES and UIATS prediction of MDT outcomes ‘treatment-equipoise’ or ‘for-treat-
ment’. b For PHASES and UIATS prediction of MDT outcome ‘for-treatment’
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probably be regarded as another expert opinion. The study 
also demonstrates there remains significant uncertainty as to 
how the majority of UIAs should be managed. This uncer-
tainty needs be communicated to patients as part of shared 
decision-making.

Abbreviations AUC, Areas under each curve; IQR, Interquartile 
range; MDT, Multi-disciplinary team; PHASES, Population, Hyper-
tension, Age, Size, Earlier subarachnoid haemorrhage, and Site 
prediction model; UIA, Unruptured intracranial aneurysms; UIATS, 
Unruptured Intracranial Aneurysm Treatment Score
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Comments 

The authors have performed a study comparing the PHASES 
and UIATS scores to local practice as determined by their multi-
disciplinary team (MDT) recommendations with a series of patients 
with unruptured aneurysms. This is a very well-conducted study, and 
well-written paper describing their experience. They note a lack of 
concordance between decisions made to treat within the local MDT 
and UIATS score. They note that theirs is the first study looking at 
both of these scores simultaneously on the same population of patients.

The study has been well done and supports the growing 
body of literature demonstrating that these measures may not 
generalize well to practice. It demonstrates the nuances of clinical 
decision-making used at the local level whereby more factors are 
considered than have been evaluated in standardizing a score, 
including local circumstances and treatment options, and patient 
characteristics, which may ultimately weigh on this decision. The 
limitations of the study are well acknowledged by the authors in 
the “Discussion”, and the authors are to be commended for their 
contribution.
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