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Abstract
Objective: this study demonstrates the surgical management of patients with multiple intracranial aneurysms (MIA) in neuroemergency unit at Cairo University hospitals. Evaluating the accessibility and outcome of clipping of all aneurysms during single surgery was stressed. Methods: patients with subarachnoid hemorrhage (SAH) presenting to neuroemergency unit were investigated using conventional angiography and/or computed tomography angiography (CTA), and those with MIA were included in this study. Single session clipping of all aneurysms was planned whenever possible, otherwise staged management was adopted. Assessment of clinical outcome was based on patients' Glasgow outcome scale (GOS) on discharge from hospital. Results: sixteen patients with 35 aneurysms were operated upon by surgical clipping in Cairo University hospitals. Successful clipping of all aneurysms during single surgery was achieved in 10 patients. Clipping of the ruptured aneurysm (in addition to accessible aneurysms) in the initial surgery, postponing the management of other aneurysms was performed in 6 patients. On discharge there were 9 patients with GOS 5, 3 patients with GOS 4, 2 patients with GOS 3, and 2 patients died. Conclusion: clipping of multiple aneurysms via a single craniotomy during same surgery protects the patient from rebleeding with no added morbidity or mortality. It is an optimum option as long as these aneurysms can be safely approached and clipped through single access. Clipping of the ruptured aneurysm in the initial surgery and consequent management of other aneurysms is a valuable option in other cases.
Abbreviations: A.Com: anterior communicating, CSF: cerebrospinal fluid, CTA: computed tomography angiography, GOS: Glasgow outcome scale, MCA: middle cerebral artery, MIA: multiple intracranial aneurysms, P.Com: posterior communicating, SAH: subarachnoid hemorrhage, WFNS: World Federation of Neurological Surgeons 
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Introduction
Intracranial aneurysms are common, with autopsy studies showing overall frequency ranging between 0.2% and 9.9% with mean frequency around 5% (1-5). Multiple intracranial aneurysms have been detected in up to one third (14-34%) of patients with cerebral aneurysms (6-12). Subarachnoid hemorrhage is the main presentation in patients with multiple aneurysms. Conventional angiography as well as CTA are the main diagnostic tools, with CTA substituting the conventional angiography in many patients (13-17). The aim of the preoperative diagnosis is not only the detection of the aneurysms, but also the evidence of the aneurysm that has caused the bleeding (18).
Patients having multiple intracranial aneurysms present a great challenge to neurosurgeons. The presence of additional aneurysms, whether recognized or unrecognized, along with the ruptured aneurysm profoundly affects the outcome (19,20). In order to avoid the risk of rebleeding with the consequent increase in morbidity in these cases, all aneurysms or at least as many aneurysms as possible should be managed in the first operative procedure (18,21-25). Most aneurysms can be effectively treated using endovascular coiling or microsurgical clipping, but in patients with acute subarachnoid hemorrhage with multiple aneurysms detected, a sequential multimodal approach may prove more beneficial (26).
	The aim of this study is to evaluate the accessibility and outcome of clipping of all aneurysms during single surgery in patients with multiple intracranial aneurysms.
Clinical patients and methods
	During two years period, data of patients with MIA were collected prospectively in the neuroemergency unit at Cairo University hospitals. The patients were graded using the Hunt and Hess scale (27), and there were no exclusion criteria regarding the age, sex or clinical condition except patients with grade 5 Hunt and Hess. The diagnosis of intracranial aneurysms was made by conventional four-vessel angiography and/or CTA. The images were interpreted by the neuroradiologists performing the study, and were reviewed independently and the results confirmed by the operating neurosurgeon at our institution. Only apparent aneurysms larger than 3 mm (greatest diameter measured in angiography or CTA) were included in the study, and all infundibular widenings were excluded. Patients with traumatic, mycotic, and fusiform aneurysms were not included in this study. The sites of rupture were predicted mainly by CT findings, supported by the predominantly larger sizes and/or the eventual irregular shapes of the ruptured aneurysms on angiography (20).

Due to the temporary unavailability of endovascular treatment in our institute due to technical problems, surgical clipping was adopted for all patients. Surgery was always performed as early as possible following diagnosis. Whenever feasible, surgical clipping of all aneurysms in the same setting was planned, otherwise clipping of the ruptured aneurysm as well as the maximum number of associated aneurysms during the initial surgery was adopted, postponing the management of the remaining aneurysms to a later setting. Outcome was assessed at discharge using the Glasgow outcome scale (28).

Results

	Sixteen patients with MIA were treated in the neuroemergency unit at Cairo University hospitals during two years period. All patients presented with SAH, and none of them had symptoms related to the unruptured aneurysms. Twelve patients presented to our unit on the day of the attack, two patients presented on the second day, while the last 2 patients presented later than one week after the attack of bleeding. The preoperative Hunt & Hess grades were grade 1 in 6 patients, grade 2 in 7 patients, and grade 3 in 3 patients.

The diagnosis of SAH was based on CT in all patients (including the 2 patients with late presentation to our unit, who had their initial CT performed elsewhere soon after the attack). Lumbar puncture was not needed to establish the diagnosis in any of our patients. In addition to the SAH, the initial CT showed intracerebral hematoma in six patients (4 with gyrus rectus hematoma & 2 with temporal hematomas), and intraventricular hemorrhage in 3 patients. Hydrocephalus was evident on the initial CT of 4 patients, but only two of these patients needed preoperative CSF diversion in the form of ventriculo-peritoneal shunt.

Conventional four vessels angiography was performed in 11 patients; while CTA was performed in 3 patients. The remaining 2 patients had CTA performed first followed by conventional angiography to clearly delineate the aneurysm topography in one patient, and to assess fetal circulation in the other patient with ruptured posterior communicating (P.Com) artery aneurysm. Fourteen of our patients had 2 aneurysms, one patient had 3 aneurysms, and one patient had 4 aneurysms, with total number of 35 aneurysms. Middle cerebral artery (MCA), Anterior communicating (A.Com) artery, and P.Com artery aneurysms represented more than 80% of the total number of aneurysms. The locations of aneurysms and the bleeding ones are shown in table 1.



	Patient number
	Bleeding aneurysm location
	Other aneurysms location

	1
	A.Com artery 
	Right MCA (bifurcation)

	2
	A.Com artery
	Left P.Com artery

	3
	Basilar artery (bifurcation)
	Right MCA (bifurcation)

	4
	A.Com artery
	Left MCA (M1)

	5
	A.Com artery
	Left anterior cerebral artery (A1)

	6
	A.Com artery
	Left MCA (bifurcation)

	7
	Right internal carotid artery
	Left MCA (bifurcation)

	8
	Left MCA (bifurcation)
	Right MCA (bifurcation)

	9
	Left P.Com artery
	Left anterior choroidal

	10
	A.Com artery
	Left internal carotid artery (bifurcation)

	11
	Right MCA (bifurcation)
	Left MCA (bifurcation)

	12
	A.Com artery
	Left P.Com artery, left MCA (bifurcation)

	13
	A.Com artery
	Basilar artery (bifurcation)

	14
	Right MCA (bifurcation)
	A.Com artery, Left P.Com artery, Left MCA (Bifurcation)

	15
	Right MCA (bifurcation)
	Left P.Com

	16
	Right MCA (bifurcation)
	A.Com artery



Table 1: aneurysms locations and sites of rupture
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Figure 1: showing CTA of patient number 15 (right MCA & left P.Com artery aneurysms) and CTA of patient number 16 (right MCA & A.Com artery aneurysms)
Surgery was performed between days 3 and 17 after the bleeding. The delay in surgery resulted from delay of diagnosis in some patients where arranging for conventional angiography required several days in these patients, and due to late presentation in 2 patients. We had no rebleeding in our patients during the period between the initial bleeding and the surgery. Two patients needed CSF diversion in the preoperative period. We planned attacking all aneurysms in the initial surgery in 10 patients, while in 5 patients the plan was to attack only the ruptured aneurysm. In the patient with 4 aneurysms (patient 14) we planned attacking the ruptured aneurysm and one of the unruptured aneurysms (A.Com artery aneurysm) in the initial surgery, postponing dealing with the other two unruptured contralateral aneurysms for another setting. The plan to attack all aneurysms or attacking the ruptured ones only (in addition to one of the unruptured aneurysms patient 14) was based primarily on the location of the aneurysms. Dealing with contralateral aneurysms from the ipsilateral side was not planned or performed in any of our patients as we felt it might be difficult in patients with recent SAH.
We achieved complete obliteration of all aneurysms in single session in all 10 patients in whom this was the plan. We didn’t have to change the plan or abort surgery before clipping all of the aneurysms in any of these patients. In 7 of these 10 patients we clipped the ruptured aneurysm first, while in the remaining 3 patients we clipped the unruptured one first. Clipping of the unruptured aneurysms first was only performed when these aneurysms were encountered during the surgical approach and were very clearly delineated requiring just minimal manipulation and dissection to put the clip. The selected approach as well as the sequence of clipping in each of these 10 patients is shown in table 2.
	Patient number
	Approach
	Ruptured aneurysm
	Sequence of clipping

	1
	Right sided
	A.Com artery
	A.Com artery, Right MCA

	2
	Left sided
	A.Com artery
	A.Com artery, Left P.Com 

	3
	Right sided
	Basilar tip
	Right MCA, Basilar tip

	4
	Left sided
	A.Com artery
	Left MCA, A.Com artery

	5
	Left sided
	A.Com artery
	A.Com artery, Left ACA 

	6
	Left sided
	A.Com artery
	Left MCA, A.Com artery

	9
	Left sided
	Left P.Com artery
	Left P.Com artery, Left anterior choroidal

	10
	Left sided
	A.Com artery
	A.Com artery, Left ICA

	12
	Left sided
	A.Com artery
	A.Com artery, Left P.Com artery, Left MCA

	16
	Right sided
	Right MCA
	Right MCA, A.Com artery


TABLE 2: showing side of operative approach and sequence of clipping in patients with single session clipping
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Figure 2: right carotid angiography (showing A.Com artery aneurysm), left carotid angiography (showing left P.Com artery & left MCA aneurysms), and postoperative CT scan of patient number 12
Management of the remaining aneurysms was scheduled to be performed at least 10 days following initial surgery based on the clinical condition and recovery of patients. In 4 of the 6 patients left with untreated aneurysms, second surgery was performed 10 to 14 days later in 3 patients, and few weeks later in one patient due to poor chest condition which required treatment. One patient (patient 11) recovered well after the initial surgery but developed severe chest infection, and he died without performing the second surgery. The last patient (patient 13) preferred to have his second aneurysm coiled in another center, and he was discharged from the hospital 10 days after the initial surgery.
We had two deaths (patients 2 and 11) in our series. The first patient was admitted with grade 3 Hunt & Hess and was operated upon on day 6. The patient developed vasospasm in the postoperative period and died few days after the operation. The second patient died from severe chest infection 3 weeks after the initial surgery. Regarding the 10 patients managed in single session, preoperative Hunt & Hess grades of these patients were grade 1 in 3 patients, grade 2 in 5 patients, and grade 3 in 2 patients. On discharge, 6 of these patients were GOS 5, 2 patients were GOS 4, 1 patient with GOS 3, and 1 patient died. In the other group of patients, preoperative Hunt & Hess grades were grade 1 in 3 patients, grade 2 in 2 patients, and grade 3 in 1 patient. One of these patients died, 3 patients were GOS 5, 1 patient was GOS 4, and 1 patient was GOS 3 on discharge.

Discussion
	The optimum management of patients with multiple intracranial aneurysms is still controversial. While dealing with single aneurysms still raises the question of clipping versus coiling, dealing with multiple aneurysms raises further inquiries. Do all of these aneurysms need to be managed, and what is the natural history of the unruptured ones? Clipping, coiling, or multimodal approach? If clipping is anticipated, is it mandatory to clip the ruptured aneurysm first? What to do for bilateral aneurysms (single craniotomy with contralateral clipping, single session bilateral craniotomy, staged operation, multimodal treatment)? Is there a significant alteration of outcome in patients with MIA compared to those with single aneurysms? 
	All the patients included in our study presented with SAH as a result of aneurysm rupture, thus making all of these patients candidates for treatment according to the recommendations of the stroke council of the American Heart Association (29). They recommended that symptomatic intradural aneurysms of all sizes have to be considered for treatment, with relative urgency for treating the acutely symptomatic aneurysms.

Surgical clipping was our only initial treatment option due to temporary unavailability of coiling in our institute due to technical problems. Coiling was only considered as a part of multimodal approach for patients unsuitable for single stage clipping of all aneurysms, and who request transfer to another center for coiling after the initial procedure.

The management of the other coexisting unruptured aneurysms was the focus of debate. Many authors (18,21-25) recommended treating as many aneurysms as possible in the first operation in order to avoid the risk of another hemorrhage and the consequent increase in morbidity in patients with MIA. They recommended the operative treatment of all identified aneurysms in single stage if possible; postponing management of aneurysms not amenable to clipping in the first operation to another intervention later. In his series, Vajda (12) concluded that the risk of simultaneous clipping of all aneurysms is lower than the risk of rebleeding which may occur from leaving some of them untreated. Solander and his colleagues (30) recommended endovascular treatment of all aneurysms in one session to protect the patient from future hemorrhage and to avoid the risk of mistakenly treating only the unruptured aneurysms. James and his colleagues (26) performed simultaneous microsurgical and endovascular management for patients with MIA presenting with SAH in the acute stage. This tendency to treat the coexisting unruptured aneurysms agrees with the recommendations of the stroke council of the American Heart Association (29), that concluded that remaining or coexisting aneurysms of any size in patients presenting with SAH due to another treated aneurysm carry a higher risk for future bleeding than do similar sized aneurysms with no previous history of SAH, thus warranting consideration for treatment.
	On the other hand, several articles recommended careful assessment of the decision to treat the coexisting aneurysms in the same session, and proper patient selection for this single session treatment. Although they performed single session clipping of multiple aneurysms in a large number of patients, Rinne and his colleagues (20) concluded that this goal can be realized only in selected patients, as every attack on another aneurysm cumulatively increases the risk for poor outcome particularly in patients with Hunt and Hess Grades 2 and 3, where cerebral arteries are very sensitive to dissection and manipulation. Imhof and Yonekawa (31) pointed out that the advantages of a single procedure in comparison to the additional strain caused by increasing the operative time, e.g. approach over the midline, multiple craniotomies, and the risk of additional ischemic damage to the brain, due to further manipulation of cerebral arteries and the brain, should be carefully considered, particularly in patients with higher Hunt and Hess grades. Kieck (32) suggested that all aneurysms should be treated surgically, however only the bleeding aneurysm should be treated in the initial operation if extensive manipulation is needed to deal with the second one. Nemoto and his colleagues (33) considered performing multiple surgical approaches (e.g. interhemispheric & transsylvian) during the acute stage after SAH cause worse outcomes than with multi-stage surgeries. Thus they recommended that if an unruptured aneurysm is inaccessible during the initial exposure, multi-stage surgery is safer provided that the ruptured aneurysm has been secured.
	Several articles discussed the management of multiple bilateral cerebral aneurysms through single craniotomy, with clipping of the contralateral aneurysm from the ipsilateral side (21,34-38). However, this strategy was usually used for appropriately selected patients as mentioned in these articles. Hong and Wang (34) considered it an alternative approach only for experienced surgeons to spare the patient the risk and inconvenience associated with another separate craniotomy during the same or subsequent stage. They considered the disadvantage of the approach is that the space available for dissection and manipulation is narrow and deep. Rajesh and his coworkers (36) mentioned that intraoperative lax brain is a must, and operative steps should include wide opening of the basal cisterns, 3rd ventriculostomy, and clipping of ruptured aneurysms before clipping the contralateral aneurysm.  Clatterbuck and Tamargo (37) stressed that the selection of the contralateral approach should take into consideration both the patient's clinical condition and specific anatomy, as contralateral lesions may be more difficult to expose in patients with SAH due to brain swelling and hydrocephalus which may require excessive retraction force for contralateral exposure. Dense, inflamed arachnoid adhesions can also make adequate, safe contralateral exposure difficult. Thus, this contralateral approach is technically feasible and safe in carefully selected patients.
	Single session bilateral craniotomy for patients with bilateral MIA has been stated by several authors (12,31,35,39,40). It eliminates the risk of rebleeding by controlling all the aneurysms in a single session; however it prolongs the operative procedure (31).
	Our strategy in dealing with patients with MIA was to clip as many accessible aneurysms as possible in the initial surgery through a single craniotomy, avoiding dealing with contralateral aneurysms in the same surgery. We aimed to eliminate the risk of rebleeding by securing the ruptured aneurysm, as well as decreasing the incidence of bleeding from the unruptured aneurysms which is higher in this population (29). All aneurysms were clipped in one operation in 10 of our patients, two out of four aneurysms were clipped in the first surgery in one patient, and only one aneurysm was clipped in the initial surgery in 5 patients. Staged operations were planned in six patients due to presence of bilateral anterior circulation aneurysms in five patients (three of which had bilateral MCA aneurysms), and presence of an unruptured basilar artery aneurysm (which was scheduled for endovascular management) in one patient. We refrained from dealing with contralateral aneurysms during the first surgery as the exposure is more difficult in patients with SAH (37), and the approach is deep and narrow (34). Performing a single stage bilateral craniotomy to deal with all aneurysms in the same session was not performed to avoid prolongation of the operative time (31).
	In our eleven patients with more than one aneurysm clipped in the first surgery (10 patients with all aneurysms clipped in addition to the patient with 2 out of 4 aneurysms clipped), we clipped the ruptured aneurysms first in 8 patients. Clipping of the unruptured aneurysm first was only performed when the aneurysm was encountered and clearly delineated early in the surgical corridor, and was found to be amenable to be clipped with minimal manipulation and dissection. Ulrich and his colleagues (22), and Filatov and his colleagues (25) recommended clipping the ruptured aneurysm first. 
In patients with residual aneurysms after the initial surgery, second surgery was performed after 10 to 14 days in 3 patients, and few weeks later in 1 patient. All of these 4 patients were kept in the hospital between both surgeries and were discharged after the second surgery. Rinne and his colleagues (20) as well as Schenke and Besel (18) performed the second surgery at least two months following the initial one, however we didn’t prefer to delay the second surgery so long and performed it as soon as possible based on the patients' clinical condition.
We had 9 patients with GOS 5, 3 patients with GOS 4, 2 patients with GOS 3, and two mortalities. Due to the limited number of patients included in our study, we couldn’t find statistical differences in outcome among the patients with all aneurysms secured in the first surgery, and those with two stages operations. In the series of Rinne and his colleagues (20), they had slightly better results in patients with single stage surgery; however they mentioned that patients selected for single stage operation are usually in better condition and with aneurysms in more favorable locations. Santana and Casulari (35) reported significant difference in outcome in favor of single stage operation.
Conclusion:
	Clipping of multiple aneurysms via a single craniotomy during same surgery protects the patient from rebleeding with no added morbidity or mortality. It is an optimum option as long as these aneurysms can be safely approached and clipped through single access. Clipping of the ruptured aneurysm in the initial surgery and consequent management of other aneurysms is a valuable option in other cases.
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الملخص العربى

 توضح هذه الدراسة العلاج الجراحي للمرضى الذين يعانون من تمددات شريانية متعددة داخل الجمجمة في وحدة الطوارئ بمستشفيات جامعة القاهرة، مع التركيز على تقييم سهولة و نتيجة الاغلاق الجراحى لجميع تمددات الأوعية الدموية خلال عملية جراحية واحدة.

تم استخدام تصوير الأوعية التقليدية و / أو التصوير المقطعي الأوعية للمرضى الذين يعانون من نزيف تحت العنكبوتية، و تم ادراج المرضى الذين يعانون من تمددات شريانية متعددة داخل الجمجمة في هذه الدراسة.

تم التخطيط لاغلاق جميع التمددات الشريانية جراحيا أثناء جراحة واحدة كلما كان ذلك ممكنا، و الا تم اجراء تدخل مرحلى.

اعتمد التقييم الاكلينيكى على حالة المرضى عند الخروج من المستشفى وفقا لتقييم جلاسكو.

ضمت الدراسة ستة عشر مريضا يعانون من خمسة و ثلاثين تمددا شريانيا حيث تم اغلاق جميع التمددات الشريانية جراحيا أثناء جراحة واحدة فى عشرة حالات، و اغلاق التمدد الشريانى النازف (بالإضافة إلى التمددات الشريانية التى يمكن الوصول إليها) فى الجراحة الأولية فى ستة حالات مع تأجيل التعامل مع التمددات الشريانية المتبقية لما بعد.

عند الخروج من المستشفى كان هناك تسعة مرضى فى تقييم جلاسجو 5 و ثلاثة مرضى فى تقييم جلاسجو 4 و اثنين فى تقييم جلاسجو 3 و توفى اثنان من المرضى.

اغلاق جميع التمددات الشريانية عن طريق قطع القحف خلال عملية جراحية واحدة يحمي المريض من تكرار النزيف دون إضافة اعتلال أو وفيات، وهو الخيار الأمثل ما دام يمكن اغلاق هذه التمددات الشريانية بأمان خلال ولوج واحد. اغلاق التمدد الشريانى النازف خلال الجراحة الأولية و التعامل مع التمددات الشريانية المتبقية فيما بعد هو خيار قيم في حالات أخرى.
image5.jpeg




image1.jpeg




image2.jpeg




image3.jpeg




image4.jpeg




