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a b s t r a c t Objectives: The study is aimed at evaluating neuroendoscopic procedures in the management of various intra-cranial intra-ventricular lesions. Methods: We retrospectively review 24 consecutive patients harboring various intra-ventricular lesions with or without associated hydrocephalus, operated and managed by the authors between December 2002 and December 2007. Depending on the preoperative imaging and working diagnosis, endoscopic biopsy or endoscopic resection/debulking, along with concomitant treatment of hydrocephalus via third ventriculostomy or fenestration of the septum pellucidum and ventriculo-peritoneal shunting, were done. Results: The single endoscopic procedure was successful in most of the patients (22/24), where the goals of surgery in attaining a diagnostic biopsy or resection, and simultaneous treatment of hydrocephalus, were attained helping guide further therapy. The endoscopic procedure was the only procedure needed in most of the patients. Conclusions: The endoscopic procedures carried a high success rate in the management of intraventricular lesions, and were especially valuable in patients harboring chemo and/or radiosensitive deep seated tumors. © 2009 Elsevier B.V. All rights reserved.



1. Introduction Intra-ventricular lesions are often deep seated intra-cranial pathologies that pose a diagnostic and therapeutic challenge. Stereotactic or open biopsies along with a CSF diversion procedure such as ventriculo-peritoneal shunting have been often performed. Primary endoscopic procedures are rapidly becoming the preferred management strategy in many patients with various intra-ventricular lesions. Endoscopic biopsy of many pathologies, resection of certain lesions, and the simultaneous treatment of concomitant obstructive hydrocephalus, make this minimally invasive technique very appealing. 2. Clinical material and methods The medical records and radiological investigations of 24 patients with various intra-ventricular lesions with or without hydrocephalus, and operated endoscopically at our medical centers between December 2002 and December 2007, were reviewed. The patients’ age ranged between 6 and 52 years, with a mean of



∗ Corresponding author at: American University of Beirut, PO Box 11-0236, Riad El Solh, 1107 2020 Beirut, Lebanon. E-mail address: [email protected] (M.W. Najjar). 0303-8467/$ – see front matter © 2009 Elsevier B.V. All rights reserved. doi:10.1016/j.clineuro.2009.08.027



20.4 (SD = 13.8). There were 15 males and 9 females. Endoscopic biopsy was attempted for 9 lesions. Endoscopic resection or debulking was performed in 7 lesions including 3 colloid cysts. Endoscopic third ventriculostomy (ETV) to treat hydrocephalus was performed in 14 patients, 6 of whom had simultaneous biopsy and 2 had standard microsurgical resection. Ventriculo-peritoneal shunting and/or fenestration of the septum pellucidum in shunted patients were done in 5 patients where the tumor ﬁlled the third ventricle. One patient had an Omaya reservoir placed along with the biopsy. The patients’ clinical presentation, MRI ﬁndings, and planned surgeries are summarized in Table 1. The patients’ clinical outcome, resolution of preoperative signs and symptoms of hydrocephalus, and the biopsy pathology results, and their impact on further management were reviewed. Early post-operative MRIs, usually at 2–3 months after the surgery, were assessed for several variables including ventricular size reduction at the level of the third ventricle, presence of signal void at the stoma site on sagittal T2W images, and tumor response to surgical or other therapy. An arbitrary reduction of at least 5–10% was considered the necessary limit for reduction of ventricular size, measured at the maximal third ventricular width on coronal MRI images. Cinephase contrast ﬂow study was performed in 10/14 patients who had endoscopic third ventriculostomy and the results were reviewed. MRIs done at later intervals and at last follow up were reviewed as well.
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Table 1 Clinical presentation and planned surgeries in our series. #



Clinical presentation



Age/sex



MRI ﬁndings



Planned surgery



1 2 3



Headaches, visual obscurations Headaches, vomiting, syncope Cachexia, visual loss, vomiting



12/M 27/M 9/F



4 5 6 7 8 9



Blackouts, seizures Imbalance, trochlear palsy Growth retardation Opthalmoplegia, gait disorder Ataxic gait Mutism, headache, vomiting



27/M 28/M 13/M 20/M 13/M 16/F



Endo Bx, ETV, markers Endo Bx, ETV, markers Endo Bx, septum fenestration, VP shunt Endo removal/Bx, ETV ETV, microsurgery Endo Bx, Omaya reservoir Endo Bx, ETV Endo Bx, ETV Endo Bx, septum fenestration



10



Headache, vomiting, known hypothalamic glioma on Rx



8/F



11



Syncopal attacks, headache



12/M



12



Headache, known craniopharyngioma



44/M



13



Loss of vision, deafness, cachexia over few months



20/F



14 15



Headache, vomiting, ataxia Ataxia, NF1



15/M 6/F



16 17 18 19 20 21



Decreased consciousness, pontine glioma on Rx Headaches, blackouts Headaches, ataxia Ataxia, hand tremor Ataxia, hand tremor, tinittus Bell’s palsy



8/M 14/M 10/M 9/F 9/M 41/M



Pineal region mass, H/A Pineal region mass, H/A Third ventricle, sellar/supra sellar mass, H/A Small pineal cyst, H/A Pineal epidermoid, H/A Cystic third ventricle mass Third ventricle, midbrain mass, H/A Thalamic lesion, H/A Bilateral thalamic lesions, R VP shunt, trapped L lateral ventricle Growth of cystic hypothalamic lesion, trapped L lateral ventricle, R VP shunt Third ventricle/hypothalamic lesion, H/A Recurrent craniopharyngioma, trapped L ventricle, R VP shunt Pineal region, fourth ventricle mass, H/A Fourth ventricle tumor, H/A Aqueductal stenosis,H/A, cerebellar hamartoma Pontine glioma, H/A Tectal plate glioma, H/A Tectal plate glioma, H/A Tectal plate glioma, H/A Tectal plate glioma, H/A Small lateral ventricle lesion



22 23 24



Headaches, dizziness Headache, papilledema Headaches, vomiting



50/F 26/F 52/F



Colloid cyst, H/A Colloid cyst, H/A Colloid cyst, H/A



Endo debulking and Bx, septum fenestration Endo Bx, septum fenestration, VP shunt Endo debulking and Bx, septum fenestration Endo Bx, ETV, markers ETV, microsurgery ETV ETV ETV ETV ETV ETV Navigation-assisted endo resection Endo resection Endo resection Endo resection



ETV: endoscopic third ventriculostomy; H/A: hydrocephalus; Endo: endoscopic; Bx: biopsy; Markers: ␤-HCG and ␣-FP.



Morbidity was deﬁned as adverse neurologic side effects that arose from the procedures, or any direct surgery related complications such as infection or CSF leak. The need for another procedure such as shunting after third ventriculostomy or another biopsy was considered a failure of the procedure. 3. Operative technique The GAAB Universal Endoscopic System (Karl Storz GmbH & Co., Tuttlingen, Germany) with 0◦ rigid-rod-lens Hopkins endoscope was used in all the cases, and held during the surgery with an endoscope holder. The patients were operated under general anesthesia and positioned in the midline supine position. Patients to be shunted, were initially positioned in a similar fashion, but were then turned to the side during surgery after the endoscopic phase was done, for shunt implantation. All patients had a single burr hole technique procedure, mostly in the precoronal frontal location, and the exact entry point was determined by the best trajectory studied on preoperative imaging, to access the lesion, and treat the accompanying hydrocephalus at the same time. Endoscopic third ventriculostomy or shunting were used to treat hydrocephalus through the same burr hole used for the biopsy, depending on whether the tumor had completely ﬁlled the third ventricle or not. Third ventriculostomy was done in the standard fashion using Fogarty balloon-catheter. Fenestration of the septum pellucidum was used to communicate the lateral ventricles in shunted patients with an obstructed third ventricle. Biopsies were performed with the endoscopic biopsy forceps and bipolar coagulation. Neuronavigation-assisted endoscopic surgery was used in 2 patients and was helpful in planning the entry point in the endoscopic occipital approach for one intra-ventricular tumor and assist in fenestration of the septum pellucidum in another patient. Patients with pineal region neoplasms, and those suspected



of harboring germ cell tumors, had cerebrospinal ﬂuid (CSF) sent for markers (␣-FP and ß-HCG). 4. Results Follow up ranged between 1 and 36 months, with a mean follow up of 13.4 months (SD = 9.8). The endoscopic procedure was successful in attaining the diagnosis and treating hydrocephalus in most of the treated cases, with no major complications (Table 2). Out of 9 attempted biopsies (cases #1–3, 6–9, 11, 13), 8 were successful in obtaining pathological diagnosis, and 1 (case #1) was technically difﬁcult and thus failed. The diagnosis was made, however, based on positive markers. CSF markers were thus, extremely helpful in supplementing the diagnosis in certain tumors such as germ cell tumors. Resection and debulking was performed in 7 patients (cases #4, 10, 12, 21–24). A benign pineal cyst (case #4) and a small benign astrocytoma (case #21) were excised endoscopically. There was no recurrence on short term and at last follow up. Two patients with cystic third ventricular lesions had debulking of their lesions with stable follow up (cases #10, 12). Two patients with colloid cysts had subtotal or near total resection and one had partial resection with measurable cystic residual. All became symptom free after surgery, but the patient who had partial resection developed recurrence at 6 months after surgery (cases #22–24). Endoscopic third ventriculostomy was performed to control hydrocephalus in 14 patients (cases #1, 2, 4, 5, 7, 8, 13–20). One ventriculostomy failed at 3 weeks post-operatively, and was shunted (case #13). No other complications occurred. One patient (case #16) died 2 months after the ventriculostomy because of progression of his original disease (brain stem glioma). The remaining 12 patients were symptom free and clinically stable throughout the follow up period and at last follow up. Ventricular size was decreased in



Table 2 Immediate outcome and MRI ﬁndings at 2–3 months and at last follow up. Biopsy/debulking result



Immediate clinical outcome



MRI at 2–3 months



Outcome at last f/u



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24



Failed Bx, Germ cell tumor based on CSF markers Choriocarcinoma Germ cell tumor Benign pineal cyst Epidermoid (microsurgery) Cystic craniopharyngioma Ganglioneuroma G II astrocytoma Anaplastic astrocytoma Hypothalamic glioma Hypothalamic glioma Craniopharyngioma G II astrocytoma Medulloblastoma (microsurgery) None None None None None None G I astrocytoma Colloid cyst Colloid cyst Colloid cyst



H/A symptoms resolved, Chemo/xRT initiated H/A symptoms resolved, Chemo/xRT initiated H/A symptoms resolved, Chemo/xRT initiated Symptoms improved, kept on antiepileptics Symptoms resolved GH started, asymptomatic H/A symptoms resolved, xRT H/A symptoms resolved Partial symptom resolution (headache, vomiting), xRT H/A symptoms resolved, chemoRx continued H/A symptoms resolved, chemoRx started H/A symptoms resolved Initial improvement, failed ETV at 3 weeks, shunted Transient cerebellar mutism, H/A symptoms resolved, xRT H/A symptoms resolved H/A symptoms resolved H/A symptoms resolved H/A symptoms resolved H/A symptoms resolved H/A symptoms resolved Asymptomatic Symptoms resolved Symptoms resolved Symptoms resolved



Tumor +, vent −, void +, ﬂow + Tumor +, vent −, void + Tumor +, vent − No cyst, vent −, void +, ﬂow + Residual, vent −, void −, ﬂow − Collapsed cyst Tumor +, vent −, void +, ﬂow + Tumor =, vent −, void +, ﬂow + Tumor +, vent − Tumor +, vent − Tumor =, vent − Tumor =, vent − Failed ETV, ﬂow −, shunted No tumor, vent −, void +, ﬂow + Vent −, void +, ﬂow + Died at 2 months Vent −, void +, ﬂow + Vent −, void + Vent =, void + Vent −, void +, ﬂow − Small residual Small residual Small residual Partial removal



Stable at 3 months, then lost to f/u Stable at 2 months, then lost to f/u Stable at 20 months Stable at 24 months Stable at 21 months Stable at 9 months Stable at 9 months, then lost to f/u Stable at 36 months Stable at 3 months, then lost to f/u Stable at 18 months Stable with tumor response at 12 months Stable at 9 months Microsurgery, lost to f/u Stable at 12 months Stable at 15 months Progression of ds. Stable at 36 months Stable at 3 months, then lost to f/u Stable at 24 months Stable at 12 months Stable at 12 months Stable at 18 months Stable at 12 months Recurrence 9 months
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#



Bx: biopsy; CSF: cerebrospinal ﬂuid; ChemoRx: chemotherapy; xRT: radiation therapy; f/u: follow up; H/A: hydrocephalus; GH: growth hormone replacement therapy; ds.: disease; ETV: endoscopic third ventriculostomy; vent −/=: decreased/same ventricular size; void +/−: void signal present/absent; ﬂow +/−: CSF ﬂow present or absent in cine-phase contrast ﬂow study; Tumor +: tumor response to treatment; stable: clinical status.
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11/13 patients, the same in 1 patient (case #19), and obviously increased in the patient who failed (case #13). A signal void on MRI was present in 11/13, and absent in 2/13 patients (cases #5,13); one of whom had failed the procedure. Flow was present in 7/10 patients who had a ﬂow study performed. Among the 3 patients with a negative ﬂow study, 2 were clinically stable (cases #5, 20), and 1 (case#13) was the failed procedure (Table 2). Patients whose third ventricle was ﬁlled with tumor, or who already had a shunt placed at previous surgery with a trapped ventricle, were treated with shunting and/or fenestration of the septum pellucidum. Five patients underwent these procedures; 3 patients with shunts had the fenestration procedure (cases #9, 10, 12), and 2 had both fenestration and shunting (cases #3, 11). All were successful and stable immediately after surgery and at last follow up, with no complications. 5. Discussion Endoscopy is quickly rising as a minimally invasive technique that is extremely helpful in the management of certain intra-ventricular lesions thru the ability to get pathological tissue diagnosis, CSF markers, and treat the accompanying hydrocephalus, all in the same procedure. These patients often underwent at least 2 different procedures such as stereotactic biopsies, shunts, and even bilateral shunts, some of these which may be especially hazardous, such as stereotactic biopsies of pineal region masses. Further, the endoscopic procedure was the only procedure needed in many of these patients who harbored chemosensitive or radiosensitive tumors. In others, endoscopic resection of cystic or small intra-ventricular lesions was the deﬁnitive surgical management. Endoscopic tumor management was successful in up to 96% of the cases in one series where 23 out of 24 biopsies and 2 out of 2 resections were successful [1]. In another series of 34 patients with pineal region tumors, histological diagnosis was obtained in 94% of the cases [2]. Deﬁnitive treatment was then designed for each tumor according to the diagnosis. In our series, 8 out of 9 endoscopic biopsies were successful (89%), and the procedure was deﬁnitive in all the patients, where none required additional surgery. Neuroendoscopic procedures, thus, have a great advantage in chemoor radiosensitive tumors, such as germinomas, pineoblastomas, and primitive neuroectodermal tumors and are the preferential management option in most pineal region and posterior third ventricular tumors, since they guide further management whether microsurgical resection or other non-surgical therapies (Fig. 1a and b) [3,4]. Some tumors may, on the other hand, be treated observantly. Certain thalamic gliomas that are beyond surgical resection may be observed, and others may be irradiated, depending on the grade of the tumor [5]. An endoscopic biopsy, along with third ventriculostomy to treat associated hydrocephalus, may easily attain the diagnosis. A benign low grade thalamic astrocytoma was observed and was stable on 3 years follow up and another anaplastic astrocytoma was irradiated in our series. A biopsy is not even necessary in tectal gliomas, since these lesions are usually indolent and the mere treatment of hydrocephalus and endoscopic inspection of the benign mass are enough according to several authors [6–8]. We had 4 patients with small tectal lesions who were successfully treated with endoscopic third ventriculostomy, and had stable tumors and patent ventriculostomies through out the follow up period. Colloid cysts, simple pineal cysts, and small intra-ventricular tumors may be removed or debulked endoscopically (Fig. 2a and b). Colloid cyst endoscopic surgery is described widely in the literature and is becoming a popular surgical technique in the management of these lesions [9–11]. We had stable small residual cysts in 2 of our patients, and a recurrence in another patient.



Fig. 1. (a) Coronal T1W MRI image of the brain for a 9-year-old girl showing a large third ventricular enhancing lesion with hydrocephalus. (b) Marked response to chemo and radiotherapy at 3 months, after endoscopic biopsy and markers proved the diagnosis of a germ cell tumor. Hydrocephalus was treated by endoscopic fenestration of the septum pellucidum and ventriculo-peritoneal shunting in the same setting.



Navigation-assisted endoscopy may be needed in some of these patients [1]. We resorted to navigation-assisted endoscopy via an occipital approach in one patient with a small lateral ventricular lesion (Fig. 3a and b), and in another patient with a hypothalamic cystic mass via the frontal approach. Navigation could be also of great value in colloid cyst surgery, especially in selecting the entry point necessary for the optimal working angle [11]. We have recently supported that in 3 patients (not part of the current study) who underwent endoscopic navigation-assisted colloid cyst surgery with complete removal of the cysts. Most patients with intra-ventricular lesions have associated symptomatic hydrocephalus. Endoscopic third ventriculostomy has a high success rate in tumor related obstructive hydrocephalus with long term patency ranging from 70% to 90%, and minimal complications [12–14]. The ventriculostomy is usually done through
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Fig. 3. (a) Sagittal T1W MRI image of the brain showing a small non-enhancing lateral ventricular lesion. (b) Post-operative image demonstrating subtotal resection of the mass performed through the occipital endoscopic navigation-assisted approach. The residual was stable at 6 months follow up.



Fig. 2. (a) Axial ﬂair MRI image of the brain for a 27-year-old young man showing a pineal region hyperintense cystic lesion. (b) Post-operative axial ﬂair image demonstrating resection of the cystic lesion and resolution of hydrocephalus.



the standard frontal burr hole, which may be adjusted to a more anterior position so the biopsy procedure can be done concomitantly. Some authors advocate a 2 burr hole technique for optimal results, but we have found a single burr hole sufﬁcient to perform the third ventriculostomy and access most lesions in the third and lateral ventricles to get a biopsy or perform a resection or debulking procedure. We also perform the ETV ﬁrst, as preferred by most authorities, to avoid obscuring the operative ﬁeld with blood-stained CSF after the biopsy. Of the 14 ventriculostomies performed in our series, 13 remained clinically successful at last follow up. Smaller ventricles, presence of void signal on sagittal T2W MRI images, and presence of ﬂow on cine-phase-contrast MR ﬂow imag-



ing, are helpful indicators of ventriculostomy patency, and when absent, close follow up is advised depending on the clinical condition. Other than the obstructed ventriculostomy in one patient, there were no procedure related complications in our series. The complication rate is quite low in the literature as well. In one series of 193 ETVs done in 188 patients, permanent morbidities occurred in 1.6%, and 7.8% had transient morbidities [15]. There were two deaths (1%). It was noted that during the course of the study, the complication rate dropped signiﬁcantly, and no deaths or permanent morbidities occurred in the last 100 patients [15]. Where as endoscopic third ventriculostomy has a deﬁnite role in the management of third ventricular, pineal region, thalamic, and tectal lesions, allowing simultaneous treatment of hydrocephalus and biopsy of the lesion, the role of ETV as a routine preoperative measure to treat hydrocephalus in posterior fossa tumors is less deﬁned. In one study where patients with hydrocephalus and posterior fossa tumors either received ETV before resective surgery or conventional management, ETV dropped the need for a shunt from 20% to 6% [16]. Other authors conﬁrm that ETV is an efﬁcient procedure for controlling hydrocephalus associated with posterior fossa tumors, but ﬁnd that the low rate of persistent hydrocephalus after tumor removal (9–12%) does not justify adopting routine preoperative third ventriculostomies [17,18]. Despite being successful in controlling hydrocephalus, the two ETV procedures done before microsurgical resection in our series do not provide sufﬁcient evidence to support performing ETV as a routine preoperative procedure.
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The failure rate of ETV fares favorably when compared to shunting procedures, and was even lower in one series [19]. Shunts rely on foreign bodies, and infection is always an issue to be considered. Endoscopic biopsies also have a low morbidity, when open microsurgical procedures or even stereotactic biopsies of deep seated intra-ventricular lesions are considered. These procedures may be associated with various complications such as hemiparesis and hypothalamic disturbances that are rarely noted in endoscopic surgery [20]. In summary, neuroendoscopic techniques have rapidly become invaluable in the management of intra-ventricular brain lesions. In experienced hands, and after careful planning, biopsies can be taken safely, and adequately, outlining further management, especially in chemo and/or radio sensitive tumors. Other lesions may be resected, or debulked, and some may be observed. The accompanying hydrocephalus is often treated in the same procedure, either with third ventriculostomy, or with shunting after fenestration of the septum pellucidum in patients with large third ventricular lesions. Thus, endoscopic procedures might overcome complications that are usually associated with conventional therapeutic strategies for lesions in such deep seated locations. Conﬂict of interest The authors report no conﬂict of interest. References [1] Souweidane MM. Endoscopic management of pediatric brain tumors. Neurosurg Focus 2005;18:E1. [2] Pople IK, Athanasiou TC, Sandeman DR, Coakham HB. The role of endoscopic biopsy and third venrticulostomy in the management of pineal region tumors. Br J Neurosurg 2001;15:305–11. [3] Gangemi M, Maiuri F, Colella G, Buonamassa S. Endoscopic surgery for pineal region tumors. Minim Invasive Neurosurg 2001;44:70–3. [4] Oi S, Kamio M, Joki T, Abe T. Neuroendoscopic anatomy and surgery in pineal region tumors: role of neuroendoscopic procedure in the “minimally-invasive preferential” management. J Neurooncol 2001;54:277–86.
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