Microsurgery of intracranial tumors in a developing nation – a Bosnian perspective
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Abstract 

Treatment of most symptomatic intracranial tumors requires microsurgical resection within the contemporary neurosurgery setting. The aim of this retrospective study is to present a series of operated patients with intracranial tumors while taking into consideration the tumor histology, operative approach and outcome. There is a paucity of skilled microneurosurgery in Bosnia, where this is still very a developing field.  To date no such type of analysis has been published in Bosnia. Over a span of 12 months (January to December 2008), 57 adult patients with 60 intracranial tumors were operated on by a single surgeon (KD) using the microsurgical technique. A variety of operative approaches were used, ranging from complex skull base approaches to the key-hole technique. The follow-up period was from 3 to 12 months. Primary tumors were found in 48 patients (84.2%). There were 20 gliomas (33.3%). In 29 patients (51%), skull base tumors were found including 8 pituitary adenomas and 15 meningiomas. Twelve meningiomas (80%) were large or giant basal meningiomas. Malignant tumors included exactly half of the lesions (50%; 30/60). A total resection was carried out in 95% of cases. Postoperative rhinorrhoea occurred in 3 patients. There was 1 postoperative superficial wound infection. A total of 50 patients showed clinical and neurological improvements (87.7%), 4 patients remained in the same condition (7.0%), one patient showed deterioration (1.7%), two patients died (3.6%). The results are comparable with current outcome data from other specialized neurosurgical institutions.

Introduction

Contemporary treatment of most symptomatic intracranial tumors involves microsurgical resection as a primary option and a gold standard. Most tumours within the intracranial apartment will be amenable to some form of operative approach. However, additional neurosurgical training is necessary for certain types of complex intracranial tumors located in deep and eloquent regions, as well as skull base tumors which significantly include neurovascular structures. This is especially true of difficult intracranial tumors, the resection of which requires knowledge and application of the skull base surgical techniques.  Similar skills are required for intraventricular tumours, those in the brain stem, diencephalon and insular region of the dominant hemisphere. Generally speaking, extrinsic and intrinsic tumours require different approaches. This particularly relates to the difference in surgical treatment of supratentorial high-grade gliomas (1) and extrinsic tumors such as basal meningiomas (2,3),vestibular schwannomas(4,5), craniopharyngeomas invasive pituitary adenomas (6,7) or intraventricular tumors (8,9).

The aim of this study is to present a series of patients with microsurgically resected intracranial tumors while taking into consideration the pathohistological characteristics of the tumors, results of the treatment and the neurosurgical operative approach. To date no such type of analysis has been published in B&H.

Methods

This is a retrospective study of intracranial tumors that were operated on during the 12 month period of January 2008 through to the end of December 2008. A total of 60 intracranial tumors in 57 adult patients (37 female: 20 male) were operated on using the microsurgical technique.

This series did not include vascular lesions like cavernomas.  All malignant and borderline tumors were additionally treated with radiotherapy. A number of patients with glioblastoma multiforme(GBM) received adjuvant temozolomide (10,11). 

All patients were operated by a single surgeon (KD), through referral from outpatients clinics, emergency department or as a result of requests from patients themselves. All operations were recorded on DVD with a camera connected to the operative microscope. The follow-up period was from 3 to 12 months. The maximum follow up for GBM was 3 months and for metastasis, 6 months. A whole spectrum of contemporary neurosurgical operative approaches were used, ranging from complex approaches of the skull base to the key-hole technique which involved a small craniotomy made with single burr hole. For this series of operated neuro-oncological patients, the following approaches were used: pterional-transsylvian, modified pterional with extradural clinoidectomy, lateral supraorbital (key-hole) with subfrontal and transsylvian route, fronto-orbital with unilateral removal (and reconstruction) of the orbital rim, retrosigmoid and presigmoid lateral suboccipital and medial suboccipital with craniotomy, interhemispheric transcallosal intraventricular (key-hole), craniofacial approach with maxillotomy and bifrontal craniotomy with three burr holes, direct endonasal transphenoidal, supracerebellar infratentorial approach and key-hole frontal, temporal and parietal transsulcal approach for convexity metastasis. 

Results

Total resection was carried out in 95% of cases. The three that were not removed radically included meningioma of cavernous sinus, hemispheric diffuse astrocytoma, and a glomus jugulare tumor. In all cases, CT with contrast was carried out 10 days after the operation.  Rhinorrhoea occurred in 3 patients (one pituitary adenoma, two giant basal meningiomas). In the patient with recurrent parasagittal meningioma who was operated four times, a lumboperitoneal shunt was inserted due to the disturbance of the cerebrospinal fluid dynamics. In the patient with the giant posterior basal meningioma and persistent hydrocephalus (following meningioma resection), a ventriculoperitoneal shunt was implanted. There was 1 postoperative superficial wound infection. 

A total of fifty patients showed clinical and neurological improvement (87.7%).  Four patients remained static (7.0%), one patient showed deterioration (1.7%) and two patients died (3.6%). The mortalities involved patients older than 65 years of age with complex basal, atypical meningiomas. The first patient also had significant preoperative cardiac morbidity and died due to cardiac complications. The second patient had chronic diabetes. He experienced haemorrhage into the tumor cavity which led to progressive compression of the brain stem. After confirmation of the haemorrhage, this patient had an urgent re-exploration and clot evacuation. Although decompression was achieved, the patient died. For 44 patients this was their first operation (77.2 %), whilst 13 patients (22.8%) had a re-operation (the first operation was performed by other neurosurgeons mainly in different institutions). Primary tumors were found in 48 patients (84.2%), three patients had one secondary tumor each, three patients had two secondary tumors each, one patient had a carcinoma which expanded from the extracranial compartment into the intracranial compartment (operated on using the craniofacial technique), one patient had a cranial osteoma and one patient had a glomus jugulare tumor. There were 20 gliomas (33.3%). Malignant tumors included exactly half of the lesions (50%; 30/60). Grade II astrocytomas and atypical meningiomas were classified as ;borderline’ tumours with semimalignant characteristics. There were 5 of these tumours.  Of these, 4 were meningiomas and 1 astrocytoma (8.3 %). 
29 patients had skull base tumors (51%), out of which 8 were pituitary adenomas. In six of the cases the pituitary adenomas were operated on using the direct endonasal transsphenoidal approach, whilst in two of the cases the transcranial approach

was used. There was only one microadenoma (size up to 10mm) which was a ACTH  adenoma. The rest constituted of 4 prolactinomas, 1 growth-hormone adenoma, 2 non-functioning pituitary adenomas. Out of 15 meningiomas, 12 (80%) were large or giant basal meningiomas. Out of 12 basal meningiomas, three were atypical. Two meningiomas were parasagittal, one of which was anaplastic and the other one benign. One patient with recurrent meningioma was operated four times, and in the last operation the atypical meningioma was radically removed. Three meningiomas involved the cavernous sinus. The percentage of patients with atypical meningiomas was 26.7 %.  

Table 1. pathohistology and number of tumors 

	Number of tumors
	Pathohistology

	15
	Maningioma

	9
	Glioblastoma multiforme (gr IV)

	9
	Metastasis

	8
	Pituitary adenoma 

	5
	Anaplastic astrocytoma (gr III)

	3
	Anaplastic oligodendroglioma (gr III)

	2
	Vestibular schwannoma

	1
	Astrocytoma (gr II)

	1
	Diffuse astrocytoma (gr III)

	1
	Oligodendroglioma (gr I)

	1
	Epidermoid 

	1
	Craniopharyngeoma

	1
	Glomus jugulare tumor 

	1
	Osteoma

	1
	Carcinoma of paranasal sinuses

	1
	Primary lymphoma

	60  total


Discussion

It is necessary to distinguish between the brain tumours and the intracranial tumours. The latter broadens the concept of former including majority of extra-axial (extrinsic) tumors which are not related to intrinsic brain tissue but with supporting and surrounding tissues outside the pial membrane.  Neurosurgical treatment of intracranial tumors includes a whole spectrum of strategies. The most important one is microsurgical radical resection.  Subtotal and partial resection as well as stereotactic or open biopsy can be part of management. Many new techniques facilitate radical tumor resection while minimizing morbidity and mortality. These techniques include frameless stereotaxy (image-based intraoperative navigation), intraoperative ultrasonography (real-time information), optical imaging (indocyanine green dye), functional mapping (evoked potentials), intraoperative electrocorticography (for intractable seizures), functional MRI (based on paramagnetic changes in hemoglobin before and after cortical activation), magnetoencephalography (reflection of neuronal electrical activity) and Wada testing (intracarotid injections of sodium amytal.for hemispheric dominance). We did not use any of these techniques to facilitate our surgery. Appropriate choice of operative approach is an integral component of general neurosurgical skills. The capability of individual neurosurgeons to use key-hole and complex skull base approaches can have positive impact on performance and surgical outcome. Radiotherapy has a role in treatment of these lesions. External beam radiation therapy (standard of care in adults), stereotactic radiosurgery, interstitial brachytherapy, proton-beam therapy are all adjuvant therapeutic options for malignant intracranial tumors. In our patients, this was restricted to external beam radiotherapy. Chemotherapy has its limitation due to the blood brain barrier although some new agents, like temozolomide, have a crucial role in post-irradiation treatment of malignant gliomas.        

The localization of tumor, its volume, vascularisation and consistence, histological grade, biological behavior, involvement of basal neurovascular structures but also neurosurgeon’s training and experience, neurosurgical, radiologic and anesthesological equipment, organization pattern of institution, perioperative intensive care treatment, level of neuroanesthesia and many other factors have impacts on outcome of these patients (14). The outcome of our patients is comparable with outcome in many highly specialized neurosurgical institution in developed countries. The different kind of complex tumors were safely removed by microsurgical technique, all malignant tumors were additionally treated by conventional radiotherapy and some of them by chemotherapy. Definitive diagnosis was made by using immunohistochemistry. The main problem was delayed pathological diagnosis, in some cases up to 6 weeks. The short-term follow up for glioblastoma ands metastasis patients (3 and 6 months, respectively) probably improved our overall results.               

The vast majority of cases had preoperative MRI 1.5Tor MRI 3T in sagittal, axial and coronal planes. Postoperatively, CT with contrast was always performed ten days post operation. MRI was done three months after.   

Conclusion 

Microsurgery is still the most important treatment option for majority of intracranial tumors. This is especially true in developing countries in which the whole spectrum of adjuvant tumor therapies are not always easily accessible. Even without current intraoperative maneuvers and techniques as well as preoperative planning based on new methods for ascertaining the relationship of tumor to functional cortex, the overall outcome and treatment result can be acceptable if an appropriate neurosurgical strategy is implemented by an experienced and dedicated team.     

References: 

1. Lacroix M, Abi-Said D, Fourney DR et al. A multivariate analysis of 416 patients with glioblastoma multiforme: prognosis, extent of resection, and survival. J Neurosurg. 2001; 95: 190-8  

2. Whittle IR, Smith C, Navoo p, et al.Meningiomas. Lancet 2004; 363:1535-1543 

3. Al- Mefty O. Meningiomas. New York, Raven Press, 1991 

4. Dizdarevic K, Link MJ: Operative treatment of vestibular schwannoma: correlation between surgical approach and cranial nerve lesion, Med Arh 2005; 59(3):301-305

5. Samii M, Matthies C (1997) Management of 1000 vestibular schwannomas (acoustic neuromas): hearing function in 1000 tumour resections. Neurosurgery 40:248-260

6. Choux M, Lena G: Craniopharyngiomas. In: Apuzzo MLJ (ed). Surgery of the Third Ventricle. Baltimore, Williams&Wilkins, 1998, pp 1143-1181. 

7. Fahlbusch R: Surgical techniques of pituitary tumours. In: Spetzler (ed).Operative techniques in neurosurgery. Philadelphia: W.B. Saunders 2002; 5: 199-251    

8. Kasowski H, Piepmeier JM. Transcallosal approach for tumours of the lateral and third ventricles. Neurosurg Focus 10(6), Article 3, 2001 

9. Louis DN, Ohgaki at al. The 2007 WHO Classification of Tumours of the Central Nervous System. Acta Neuropathologica 2007; 114: 97-109 

10. Stewart LA: Chemotherapy in adult high –grade glioma: a systematic review and meta-analysis of individual patient data from 12 randomised trials. Lancet 359: 1011-1018, 2002 

11. Stupp r et al. Concomitant and adjuvant Temozolomide and radiotherapy for newly diagnosed glioblastoma multiforme. Conclusive results of a randomized phase 3 trial by the EORTC brain and radiotherapy groups and NCIC clinical trials groups. In American Society of Clinical Oncology.2004. New Orleans: ASCO  

12. CBTRUS statistical report: Primary Brain Tumors in the United States, 1997-2001. Published by the Central Brain Tumor Registry of the United States, 2004.

13. Okazaki H : Neoplastic and related lesions. In Fundamentals of Neuropathology. Edited by Okazaki H. New York: Igaku-shoin; 1989: 203-274

14. Yasargil MG. Microneurosurgery, volume IVa, Thieme1994 

