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Abstract

Object: To evaluate the clinical and angiographic results as well as the costs of surgical treatment against endo-vascular treatment in a SAH in a paired 
series of patients.

Methods: A retrospective study of a series of 78 SAH patients treated endovascularly (EV) or surgically (SC) and paired according to age, Hunt-Hess 
scale at admission, Fischer grade, aneurysm localization and follow-up time. A descriptive study was performed, as well as clinical results (Glasgow Outcome 
Scale, GOS, at 6 months), angiographic data (occlusion classification) and economic costs in each of the groups.

Results: The mean age was 51.4 years (25-82) with a female predominance (7:10). The mean follow-up time was 37.3 months. Glasgow Outcome Scale 
(GOS) at 6 months was favorable (4-5) in 69.7% of the cases (bet-ter in the SC group). The average length of stay (ALOS) was 36.3 days (slightly higher in 
the EV group). Complete occlusion of the aneurysm was obtained in 80.0% of the patients in SC series and 47.3% in the EV series. 18.4% of the EV patients 
required retreatment. Costs of the SC treatment were slightly higher than the EV costs for the first admission (0.2% higher) but EV costs are considerably higher 
when the costs of follow-up and retreatment were added (13.4% more). The factors that made EV treatment more expensive were the costs of embolization 
material and retreatment.

Conclusions: SC and EV treatment have similar clinical results; however SC treatment has greater stability and lower costs. Adequate selection of patients 
for treatment modality could save costs.

INTRODUCTION
A SAH is a significant cause of death and disability in patients 

at working-age, with an incidence of 6-12 cases per 100,000 
inhabitants in the Western world [1].

Since the introduction of the coils, endovascular treatment 
has been gaining ground against surgical treatment in an 
exponential way [2]. This is mainly as a result of the publication 
of the ISAT study (International Subarachnoid Aneurysm Trial) 
in 2002 [3], where it was concluded that endovascular treatment 
was superior to surgical treatment for SAH, in terms of morbidity 
and mortality. These conclusions have been questioned in 
subsequent publications [1,4-6], and in fact, the results of both 
treatments are considered similar, with EV being less invasive 
but also less stable. The location and morphology of the aneurysm 
influence the clinical and angiographic results of each treatment, 
so, in general, it is difficult to attribute an advantage to one of 

the therapeutic modalities [6]. Retreatment rates in the EV series 
are around 20.0%, rates considerably greater than the surgical 
series (less than 1.0%), and rebleeding (even the very late ones) 
are more frequent in the endovascular than in the surgical 
series, which leads to long follow-ups. Current trends indicate 
a progressive increasing use of endovascular treatment, in 
parallel with the development of new devices and embolization 
materials. Indeed, an argument against endovascular treatment 
could be the high cost of the embolization material compared to 
the surgical material, and in this sense, several published works 
try to elucidate the cost of one treatment option over the other 
[7-18]. In general hospitalization related to surgical treatment 
is higher, but in most publications the total cost of the patient 
is compensated for by the high cost of embolization materials. 
These differences are greater when expenses related to follow-
up and retreatments are included.
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In the present study, two groups of patients (one endovascular 
and one surgical) were selected from a general series by age, 
clinical characteristics and follow-up time, and the results of each 
series were analyzed based on clinical, angiographic and cost 
results.

MATERIAL AND METHODS
From a series of patients diagnosed with SAH and treated 

surgically or endovascularly at a single center between the 
years 2010 and 2015, we selected paired cases based on the 
most important prognostic factors such as age, Hunt-Hess scale 
at admission and Fischer’s grade (Table 1). The location of the 
aneurysm (anterior and posterior circulation) and its size, as well 
as the follow-up time were also taken into account. The election 
of the treatment was made on the basis of the ISAT criteria, so 
that the endovascular treatment was chosen if both treatments 
were suitable. The results measured in GOS scale at 6 months, 
the hospital stay (ICU and ward days), costs of treatment and 
retreatment (number of coils, stents, guide catheters, balloons, 
craniotomy, clips, etc.) and expenses related to the follow-up of 
these patients (routine arteriographies and MRI angiography) 
were evaluated. The costs of hospitalization, procedures and 
materials were obtained from hospital sources (Table 2). The 
follow-up of the surgically intervened patients differed from 
the embolized ones. Generally, those patients intervened for a 
cerebral aneurysm underwent a routine arteriography during 
the first admission, without requiring other standardized tests. 
An arteriography at 6 months and another one at 12 months were 
performed in embolized patients with an annual MIR angiography 
if the treatment was considered stable, for a minimum period of 
5 years. If recanalisation was observed, patients were scheduled 

Table 1: Characteristics of paired cases.
FU Age G HH Fisher Loc Size

1
SC 61 54 M 1 2 ACoA 11
EV 33 65 M 1 2 ACoA 5,5

2
SC 67 58 M 1 4 MCA 4,5
EV 71 47 M 1 4 MCA 11,8

3
SC 71 34 M 1 2 MCA 3
EV 76 39 M 1 2 ICA 6,6

4
SC 54 54 M 1 3 PICA 4,8
EV 74 51 M 1 3 MCA 8

5
SC 34 58 M 1 2 MCA 3,7
EV 74 52 M 1 2 MCA 5

6
SC 38 29 M 1 3 ICA 8
EV 35 40 H 1 3 ACoA 4,4

7
SC 65 25 H 2 4 MCA 2
EV 60 58 M 2 4 MCA 5

8
SC 59 40 M 2 1 PICA 8
EV 22 36 H 2 1 ACoA 7

9
SC 54 48 H 2 1 MCA 2
EV 74 48 M 2 1 ACoA 3

10
SC 48 48 M 2 1 ACoA 21
EV 24 49 H 2 1 ICA 2,5

11
SC 47 53 M 2 2 MCA 3,3
EV 20 54 M 2 2 MCA 4,3

12
SC 55 67 M 2 3 ACoA 8
EV 45 71 H 2 3 ACoA 5

20
SC 70 32 H 2 4 ACoA 1,5
EV 73 42 H 2 4 ACoA 18

21
SC 62 41 M 3 2 MCA 2
EV 20 44 M 3 3 MCA 5,5

22
SC 75 52 H 3 4 MCA 9
EV 75 59 H 3 4 ACoA 6

23
SC 75 54 M 3 4 MCA 5,8
EV 38 63 M 3 4 MCA 4

24
SC 73 43 M 3 4 MCA 6
EV 20 44 M 3 4 MCA 6,8

25
SC 70 77 M 3 4 MCA 10
EV 43 78 M 3 4 ACP 5

26
SC 29 64 H 3 4 MCA 4
EV 25 63 M 3 4 MCA 7

27
SC 25 81 M 3 4 MCA 6
EV 63 82 H 3 4 CoP 2,5

28
SC 21 67 M 3 4 MCA 5
EV 62 65 M 3 4 MCA 10

29
SC 34 67 M 3 4 PICA 2,5
EV 40 65 H 3 4 ACoA 4,5

30
SC 67 45 H 4 3 MCA 10
EV 27 50 M 4 3 ACA 4

31
SC 78 47 M 4 4 MCA 16,2
EV 42 49 M 4 4 ICA 3

32
SC 70 52 H 4 4 MCA 4,2
EV 69 52 M 4 4 CoP 5

33
SC 70 43 H 4 4 MCA 3
EV 61 36 M 4 4 ACoA 13

34
SC 70 42 M 4 4 MCA 11
EV 16 38 M 4 4 MCA 14

35
SC 55 58 H 4 4 MCA 7
EV 37 47 M 4 4 MCA 4,2

36
SC 69 38 H 5 4 MCA 11
EV 35 44 M 5 3 CoP 4,7

37
SC 42 51 H 5 4 MCA 5
EV 68 57 M 5 4 MCA 18

38
SC 24 46 M 5 4 ACA 5,6
EV 26 59 M 5 4 ACA 6,8

Abbreviations: SC: Surgical Clipping; EV: Endovascular; FU: Follow-
Up; G: Gender, HH: Hunt-Hess; Loc: Location; ACoA: Anterior 
Communicating Artery; MCA: Middle Cerebral Artery; ICA: Internal 
Carotid Artery; PICA: Posteroinferior Cerebellar Artery; ACA: Anterior 
Cerebral Artery.

13
SC 36 37 M 2 3 MCA 3
EV 25 26 H 2 3 MCA 3

14
SC 13 66 M 2 3 ACoA 1,9
EV 13 53 H 2 3 ACoA 7,5

15
SC 43 43 M 2 3 PICA 3
EV 65 38 M 2 3 CoP 5

16
SC 63 66 M 2 3 ACoA 2,5
EV 52 69 M 2 3 MCA 4

17
SC 26 52 M 2 3 MCA 4,6
EV 42 54 M 2 3 MCA 5,8

18
SC 7 55 H 2 4 MCA 5,5
EV 13 56 M 2 4 ACoA 5

19
SC 59 42 M 2 4 MCA 7
EV 12 50 H 2 4 ACoA 5
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for a new treatment, restarting the cycle of arteriographies and 
NMR angiography.

RESULTS
From a series of 231 patients with SAH between 2010 and 

2015, 76 paired cases were extracted (38 EV treated and 38 SC 
treated).

The mean age was 51.4 years (25-82) with a female 
predominance (7:10). At admission, 52.6% of the patients had a 
Hunt-Hess grade of 1 or 2 and 54.0% reached the grade 4 in the 
Fischer scale. In regards to location, 55.3% of the aneurysms were 
located on the middle cerebral artery (MCA) and 25.0% on the 
anterior communicant (ACoA). The mean size of the aneurysms 
was 6.4 mms. The mean follow-up time was 48.5 months (7-78 
months), which was  higher in the SC group compared to the EV 
group (52.1 versus 44.9 months, respectively) (Figure 1).

Intraventricular hemorrhage occurs in 46.3% of patients, 
more frequently in the EV group (47.1% versus 42.5%). 30.1% of 
SAH patients developed hydrocephalus with more cases in the EV 
group (33.3% versus 25,5%), difference that is not statistically 
significant. Most of these hydrocephalies were resolved with 
external drainage and only 23.2% required the implementation 
of a Ventriculoperitoneal shunt.

The result of the GOS scale measured at 6 months was 
favorable (4-5) in 69.7% of the cases, with a better outcome 
in the SC group than in the EV group (78.9% versus 60.5%, 
respectively). The mean ALOS was 34.0 days (of which 8.7 days 
were in the ICU), and this was slightly higher in the SC group (3.6 
days more). Angiographic results (evaluated at six months in 
the EV group and after surgery in SC group) showed complete 
occlusion in 80% of the control arteriograms performed in the 
SC series and 47.3% in the EV series (Figure 2). 18.4% percent 
of EV patients required retreatment, with these aneurysms being 
larger in size (mean of 8.8 mm versus the average of 6.6 mm). 
The total average cost per patient was € 35.648, of which 93% 
corresponds to the initial treatment and the rest to follow-up and 
retreatment’s.

The total expenditure was considerably higher in the EV 
group (24.0% higher) due to material costs and especially from 
expenses related to follow-up and retreatments. The cost of 
follow-up constituted 0.4% of total expenditure in the SC group 
and 6.4% of the total cost in the EV group. The retreatment’s, 
absent in SC group, represented 5.9% of total expenditure. 
Although ALOS is lower in EV patients, the first hospitalization 
expense was similar in both groups (€33.267 in SC versus 
€33.209 in EV) because the cost of the embolization material 
made the EV procedure more expensive. Subsequently, expenses 
related to follow-up and retreatment increased more than € 
4.500 per patient in the EV group (Figure 3).

DISCUSSION
The ISAT study was a milestone in the management of 

intracranial aneurysmal pathology [3]. According to results, 
obtained from a very large prospective multicenter study (2.143 
patients), the morbimortality of the SC treatment versus the EV 
treatment advised the latter as the first treatment option. After 
its initial impact, subsequent studies [1,4-7] indicated various 
factors influencing the series (e.g. selection of surgeons, selection 
of cases, and the stratification of results). Another study (using 
the same series), by the same author was published 5 years 
later  showing that the supposed advantage of EV treatment was 

Table 2: Cost guide.

ITEM PRICE (€)

ICU day 1.300

Ward day 650

Craniotomy * 3.600

Embolization ** 1.300

Brain angiography 700

NMR angiography 600

Surgical clip 200

Coil 900

Catheter Guide 200

Balloon 1.000

Stent 5.300

Flow diverter 11.000
* Craniotomy includes costs of surgery time, human resources and 
materials for craniotomy, excluding clips 
** Embolization includes costs of angiography, anesthesia and human 
resources
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Figure 1 Characteristics of the series.
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Figure 2 Results.
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regards to the cost calculation for this therapeutic modality it is 
necessary to include the expenses derived from this follow-up, 
which involves re-admissions and invasive tests, in addition to 
those costs generated by the retreatments.

In the literature there are several studies that try to elucidate 
which of the two treatments is the most economical for broken 
aneurysms. Most studies do not take into account follow-up or 
retreatment’s when calculating costs. Some works are indirect 
studies based on previously published series where estimations 
of expenditures were calculated [8,10,11,15] while others are 
based on patient series [7,12,13,16,18]. From reviewing the 
literature, it can be deduced that the costs of EV treatment are 
generally higher than SC treatment and in those publications 
which differ, costs of follow-up and retreatment are not included, 
and this is important to highlight as they are a significant part of 
the overall expenditure per patient.

The current series was selected from a previously studied 
global series. It had been paired according to the prognostic 
factors which influence the results and the ALOS such as age, 
Hunt-Hess scale at admission and Fischer grade.

The clinical results are better in the SC group, maybe due to 
the fact that most of the aneurysms were located in the anterior 
circulation, where results of surgical treatment are usually better.

The ALOS was 3,6 days higher in the SC group but the 
high cost of the embolization materials increased the expense 
per patient for the EV group, so that the final cost of the first 
admission was similar in both groups. Subsequently, follow-up 
costs (arteriographies and MRI angiography) and the retreatment 
rate increased the expenditure per patient, so that overall the EV 
treatment was 24.0% more expensive than the SC one. On the 
other hand, the clinical and angiographic results were superior 
in the SC group. Retreatment rate was about 18% and the size of 
the aneurysms that needed retreatment was bigger than those 
that didn’t need (8,8 mms versus 6 mms). The current series has 
advantages over other previously published studies due to the 
use of paired cases, which implies that a priori, the prognostic 
expectations of the patients were similar and that they could have 
opted for either treatment indistinctly. Therefore, the differences 
obtained (especially those in the costs section) can be attributed 
exclusively to the therapeutic technique used.

The series presented also has limitations. Firstly, the series 
is relatively short and, data relating to clinical outcomes may not 
be extrapolated. In fact in the initial series of 229 patients the 
clinical results were similar between both the EV and SC series, 
with a very slight advantage for the SC group and furthermore 
data related to average costs are correlated with the initial 
series. The second limitation is that it is a retrospective study 
and expenditure estimated has been made using various sources 
and sometimes indirect methods. Finally, this study does not 
evaluate the differences in terms of the labor reincorporation 
rate which could exist between the treatments, and the so-called 
loss of profit, which could influence the savings generated by one 
technique over the other.

CONCLUSIONS
In this series, the clinical and angiographic results of the SC 

treatment were superior to the EV treatment, with a considerably 
lower cost per patient. The expenses generated by retreatment 
and follow-up constituted a significant percentage of the money 

MEAN COSTS (€) EV SC

Total 26.256 29.267

10.605 11.974HOSPITAL STAY ICU

15.651 17.293Ward

1st ADMISSION 33.209 33.267

ADMISSION AND FOLLOW UP 35.867 33.409

ADMISSION, FOLLOW UP 37.957 33.409
AND RETREATMENT

PROCEDURE 6.953 4.000

PROCEDURE 8.718 3.810
WITH RETREATMENT

Figure 3 Average expenses.

diluted, which was mainly due to rebleeding and retreatment 
in the EV group [5]. Rebleeding occurs with certain frequency 
(0.3 - 2.0%) [3,19-21] and incomplete occlusion is a common 
phenomenon in EV treatments, with percentages that in the best 
and most populated series are around 5-20% [6,20,22,23]. Total 
occlusion in SC cases is more common, and Thorton [24] in a 
series of almost 1,400 cases reported that only 5.2% of patients 
did not show adequate clipping of the aneurysm. Incomplete 
occlusion does not imply the non-resolution of the aneurysm 
necessarily, but the evolution of the neck remains unpredictable, 
so that some may grow, some may be reduced and others may 
remain stable, therefore requiring a prolonged follow-up [25,26], 
especially when recanalisations have been described very late.

Recanalisation made retreatments relatively frequent when 
EV treatment is chosen [3,15,18]. Nowadays, it is possible 
to declare that, in terms of morbimortality, results of both 
techniques are similar in expert hands, especially at certain 
locations, for instance anterior circulation [6], with EV techniques 
being favored due to the less invasive procedure and the SC ones 
for their long-term stability. Lower stability of the EV treatment 
causes the follow-up of patients treated by this technique to 
be more tight and prolonged, with routine arteriographies and 
serial image tests over long periods of time.  To date there is no 
consensus about how long these patients should be followed. In 
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invested in the EV management of SAH. An adequate selection 
of cases for SC or EV treatment could translate into significant 
economic savings in the management of this pathology without 
changes in clinical outcomes. The number of patients is a major 
limitation of this study that makes difficult to extrapolate the 
results.
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