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A decision tree model in pharmacoeconomic evaluation of surgical and endovascular treatment of intracranial aneurysms  
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Endovascular [coil] treatment is being used as an alternative to surgical treatment [clipping] for intracranial aneurysms. The purpose of this study was to compare the endovascular treatment and surgical clipping by cost-effectiveness аnd cost-utility analyses and applying analytical "decision tree" model. The study included 124 patients with intracranial aneurysms from November 2010 to November 2011 (90 underwent surgical clipping, whereas 34 were treated via coiling). Clinical outcome at the 6th month, using the Glasgow Outcome Scale (GOS), and cost of treatment, as well as the quality-adjusted life year (QALY) were evaluated in both groups. In GOS 4 and 5 they were 91.2% of the group treated via coiling and 81.1% of surgically treated patients. Health conditioned quality of life for the first year in 106 patients was: 0,844 QALY for endovascular treatment (27 patients) and 0,737 QALY (79 patients) for surgical treatment. The average cost for patients undergoing endovascular treatment of aneurysms in BGN is estimated at 19,856 while the average price of surgery in BGN is 11,480. There is no statistically significant difference in clinical outcome at the sixth month and in the health conditioned quality of life for the first year after the treatment in both groups. Patients in the endovascular group have had higher rates of intervention than the patients from the surgical group, due to the cost of consumables.
Introduction:
Aneurysmal subarachnoid hemorrhage is a fatal disease with high morbidity and mortality.1, 2 Part of cerebral aneurysms are diagnosed without subarachnoid hemorrhage and / or are accidentally found.  However, they also carry the risk of a subarachnoid hemorrhage.
Aneurysmal subarachnoid hemorrhage is associated with significant costs of healthcare resources, which are the basis for the preparation of health economic estimates.3 Such health economic estimates and analyzes are important in examining the impact of the disease on the annual health budget. 
Main methods of treatment for aneurysmal subarachnoid hemorrhage are surgical and endovascular. Endovascular treatment of cerebral aneurysms is a relatively new treatment option and a study is needed to determine its efficacy. Various aspects of this new type of treatment for brain aneurysms are being explored, evaluated and analyzed. Among them, the most significant are the cost for endovascular treatment of cerebral aneurysms. Such kind of research could be particularly relevant in conditions of a developing country like Bulgaria in order to answer the question whether the cost of this type of therapeutic procedures are justified.  
Material and Methods:
The survey covers the results in terms of clinical outcome (assessed by Glasgow Outcome Scale 4) in 124 patients treated for brain aneurysm in two hospitals in the country - University Hospital for Active Treatment and Emergency Medicine "N. I. Pirogov" and " Tokuda" for a period of one year (November 2010 - November 2011). 
The direct costs for diagnostic and therapeutic procedures as well as the direct medical and non-medical expenses during the hospital stay have been examined.
 The methodology includes:
♦ Retrospective studies based on statistical methods - study of medical records of patients  brain aneurysms that have already undergone treatment. Mainly used method is that of the retrospective clinical and statistical analysis. 
♦ Analytical "decision tree" model by which to include the probability of a particular clinical outcome to the value ofthe costs and benefits.
♦ Pharmacoeconomic analysis (cost-effectiveness and cost-utility) after endovascular and surgical treatment of brain aneurysms based on the estimated cost of the conducted analytical model "decision tree".
Results: 
Clinical outcome as assessed by Glasgow Outcome Scale at the sixth month
The study covers a group of patients aged 27 to 73 years (46.9 +/- 10.1) diagnosed with brain aneurysms who have undergone surgery or embolisation by neurosurgeons / nevroradiologists in University Hospital for Active Treatment and Emergency Medicine "N. I. Pirogov" and " Tokuda" during a period of one year (November 2010 - November 2011), Bulgaria. 
Out of 124 patients treated for brain aneurysms, 90 have been treated surgically and 34 have undergone embolisation. The clinical outcome of patients assessed at the sixth month in accordace with the Glasgow Outcome Scale, showed good recovery (GOS 4 and 5) in 73 (81.11%) patients treated surgically and in 31 (91.18%) treated with endovascular embolisation. Unfavourable outcome (GOS1, 2 and 3) was observed in 17 (18.89%) patients in the surgical group and 3 (8.82%) patients in the endovascular group (p = 0.2731; p> 0,05) - Figure 1.

Figure 1 - Clinical outcome, assessed by Glasgow Outcome Scale at six months.
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Costs of surgical and endovascular treatment of cerebral aneurysms
The cost of treatment has been researched in 79 patients in the surgical group and in 27 patients in the endovascular group. 
The average cost per patient in the surgical group was BGN 11,480.34 (CI 95% from BGN 10,060.15 to BGN 12, 900.54). In the endovascular group, the average cost per patient is BGN 19,856.20 (CI 95% from BGN 19,382.91 to 20,329.49) - Figure 2. Higher costs of the endovascular treatment of cerebral aneurysms are primarily due to the expensive consumables.
The average length of hospitalization in cases of bleeding aneurysms in the endovascular group was 9.4 days, whereas in the surgical group it was 18.7 days (p = 0,000124; p <0,05). The average length of hospitalization in cases of non-bleeding brain aneurysms was 6.5 days for the endovascular group and 11.5 days for the surgical group (p = 0,09141; p> 0,05). 
Preparing "decision tree" model
Figure 3 is a schematic "decision tree" model that includes the probability of a clinical outcome after surgical and endovascular treatment of brain aneurysms in determining the estimated costs for the treatment. 
Figure 2 - Average cost per patient
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Figure 3 - Model 'decision tree' for determining the value of the expected costs of surgical and endovascular treatment depending on the frequency of clinical outcome (EV – expected value; GR – good recovery, GOS 5; MD – moderate disable, GOS 4; SD – severe disable, GOS 3; VS – vegetative state, GOS 2; D – death, GOS 1).
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Pharmacoeconomic "cost-effectiveness" analysis 

At the sixth month 3/34 (8.82%) of the embolisation patients have died or were severely disabled, compared to 17/90 (18.89%) of the surgically treated patients. This makes the difference in the absolute attributive risk (AR) in the range of: - 0.1007 (95% CI from -0.2257 up to 0.0244). 


                         AP = 3/34 - 17/90 = - 0.1007
Incremental costs per unit performance (Incremental cost-effectiveness ratio (ICER)) based on the expected costs of the "decision tree" model and the attributive absolute risk are presented, as follows:



      ICER = (15,969.75 - 1,638.08 8 / - 0,1007 = BGN 26,497.83
The results of the univariate analysis of the sensitivity according to the change in the effectiveness of the two interventions (surgical and endovascular) are presented graphically in Figure 4.
In the event that the absolute risk is less or greater than the reference amount (-0.1007) with varying from -0.15 to -0.05, the value of the incremental costs for unit performance ranges from BGN 17,788.87 to BGN 53,366.6 (95% CI from BGN 22,745 840 to BGN 36,588 160).

Figure 4 - Univariate sensitivity analysis
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Pharmacoeconomic "cost-utility" analysis 
The need to analyze the "cost-utility" derived from the results of the pharmacoeconomic analysis "cost-effectiveness" of surgical and endovascular treatment of cerebral aneurysms, which are used in health indicators mortality and disability, without reflecting the quality of survival after appropriate interventions . Measurement of the years of life consistent with the quality of life (QALY- Quality adjusted life years) for one year after treatment on the basis of health weight according to EuroQol5 is as follows:  
For the surgical group:
QALY = health weight as per EuroQol (0,737) x 1 year = 0737
For endovascular group:
QALY = health weight as per EuroQol (0,844) x 1 year = 0844
Incremental cost per unit of health conditioned quality of life are presented in Figure 5.
Conclusion
There is no statistically significant difference in the outcome of patients (Glasgow outcome scale) at the sixth month after surgery and endovascular treatment of cerebral aneurysms (p = 0.2731; p> 0,05). However, the proportion of patients in the fourth and fifth degree in accordance with GOS was higher in the endovascular group (31/34, 91.18%) compared to the surgical group (73/82, 89.02%).
Higher costs of endovascular treatment (BGN 19,856.20) compared to the surgical treatment (BGN 11,480.34) of the brain aneurysms are primarily due to expensive consumables.
Figure 5 – ICER (QALY)
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The average length of hospital stay in the endovascular group (8.9 days) was statistically significantly shorter compared to the hospitalization in the surgical group (18.2 days) - p = 0,000031; p <0,05
Incremental costs per unit performance (ICER) calculated on the absolute attributive risk and expected cost of the "decision tree" model suggests that in order to avoid any additional death or disability an extra amount of BGN 26,497.83 should be spent.
The performance of pharmacoeconomic "cost-utility" analysis resulted from the need to reflect the quality of survival after surgical and endovascular treatment of cerebral aneurysms. The difference in quality of life after the two alternative treatments of brain aneurysms favours the endovascular treatment compared to the surgery, but there is no statistically significant difference (p - value two tailed = 0.1657; p> 0.05).
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Decision for treatment of cerebral aneurysms
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