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Chapterr 2 

Timingg of surgery in patients with 
aneurysmall subarachnoid haemorrhage 
Rebleedingg still is the major cause of poor outcome in 

neurosurgicall units that aim at early surgery. 
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Abstract t 

ObjectiveObjective - To investigate prospectively the proportion of patients actually 
operatedd on early in units that aim at surgery in the acute phase of 
aneurysmall  subarachnoid haemorrhage (SAH) and what is the main current 
determinantt of poor outcome. 

MethodsMethods - A prospective analysis of all SAH patients admitted during a one 
yearr period at three neurosurgical units that aim at early surgery. The 
followingg clinical details were recorded: age; sex; date of SAH; date of 
admissionn to the neurosurgical centre, whether a patient was referred by a 
regionall  hospital or a general practitioner; Glasgow Coma Scale and grade of 
subarachnoidd haemorrhage (World Federation of Neurological Surgeons 
(WFNS)) score) on admission at the neurosurgical unit; results of CT-scan 
andd CSF-examination; the presence of an aneurysm on angiography; details 
off  treatment with nimodipine or antifibrinolytic agents and the date of 
surgeryy to clip the aneurysm. At follow-up at three months, the patients' 
clinicall  outcome was determined with the Glasgow Outcome Scale and in 
casess of poor outcome the cause for this was recorded. 

ResultsResults - The proportion of patients that was operated on early - that is, 
withinn three days after SAH - was 55%. Thirty seven of all 102 admitted 
patientss had a poor outcome. Rebleeding and the initial bleeding were the 
mainn causes of this in 35% and 32% respectively of all patients with poor 
outcome. . 

ConclusionsConclusions - In neurosurgical units with what has been termed 'modern 
management'' including early surgery, about half of the patients are operated 
onn early. Rebleeding is still the major cause of poor outcome. 
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Introduction n 

Rebleedingg in the first three weeks after aneurysmal subarachnoid 
haemorrhagee (SAH) is a very frequent and severe complication. Without 
operativee intervention and without antifibrinolytic treatment about 30% of 
thee patients have a rebleed within one month of the initial SAH.31 In a series 
off  patients with a rebleed established by CT about 50% progressively 
deterioratedd and died from the rebleed and 30% died from other 
complications.. Only 20% of the patients with a rebleed survived at three 
monthss and most had severe brain damage.32 The occurrence of rebleeds 
cann be reduced not only by early surgery to clip the aneurysm (early surgery 
usuallyy being defined as surgery within three days after SAH) but also by 
antifibrinolyticc treatment in combination with delayed surgery.37»46-48 

Antifibrinolyti cc treatment has been shown to reduce the occurrence of 
rebleedingg by 60%.37 However, this reduced frequency of rebleeds was 
accompaniedd by an increase in the occurrence of cerebral ischaemia which 
offsett the beneficial effects of antifibrinolytic drugs. During the 1980s, 
preventionn and treatment of cerebral ischaemia after SAH have considerably 
improved.. Therefore, the results of a study on the effectiveness of 
antifibrinolyticc drugs might now be different. Whether or not this is true is -
accordingg to at least some neurosurgeons and neurologists - an irrelevant 
questionn as patients with aneurysmal haemorrhages should be operated on 
immediatelyy to clip the aneurysm.48-51 A management protocol with early 
surgeryy would virtually eradicate the risk of rebleeding and early surgery can 
noww be carried out with a similar mortality and morbidity as delayed 
surgery.522 Therefore the main cause of mortality and morbidity from SAH is 
currentlyy considered to be cerebral ischaemia, not rebleeding.42 

Inn the neurosurgical units in Amsterdam there is consensus that patients 
shouldd be operated on in the acute phase and that therefore the question of 
whetherr antifibrinolytic treatment is beneficial is clinically of no importance 
ass surgery is delayed in very few patients. 

Thee aim of this study was to investigate prospectively what is the proportion 
off  patients operated on early in units that aim at surgery in the acute phase 
off  aneurysmal subarachnoid haemorrhage and what is currently the main 
determinantt of poor outcome. 
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Patientss and Methods 

Thee three centres of this study in Amsterdam are all teaching hospitals. 

Eachh centre has at least three neurosurgeons who operate on cerebral 

aneurysms.. Patients are referred to these neurosurgical uni ts by 12 regional 

hospitals,, all situated less than 85 km (50 miles) from the closest 

neurosurgicall  centre. 

Beforee the study started it was verified that all three participating 

neurosurgicall  uni ts adhered to what has been termed 'modern management 

inn subarachnoid haemorrhage'. This is treatment with the calcium 

antagonistt nimodipine (2 mg/hour intravenously or 6 x 60 mg orally), 

hypervolemicc and hypertensive treatment to prevent delayed cerebral 

ischaemia,, and early surgery to prevent rebleeding.27»30»53 

Al ll  patients with the diagnosis 'aneurysmal SAH' admitted during a one year 

periodd starting 1 January 1995 were prospectively studied. The diagnosis 

wass based on clinical signs and symptoms with confirmation of an 

aneurysmall  bleeding pattern on the initial CT.54 If the initial CT was 

negativee and subsequent CSF examination positive (xanthochromia 

confirmedd by spectrophotometry), an aneurysm had to be confirmed on 

angiographyy before the patient could be included.55 Patients with a 

perimesencephalicc bleeding pattern or other non-aneurysmal subarachnoid 

haemorrhagess on CT were excluded.56 

Thee following clinical details were recorded: age; sex; date of SAH; date of 

admissionn to neurosurgical centre, whether a patient was referred by a 

regionall  hospital or a general practitioner; Glasgow Coma Scale, and grade of 

SAHH (World Federation of Neurological Surgeons (WFNS) score) on admission 

att the neurosurgical unit;57»58 results of CT and CSF-examination; the 

presencee of an aneurysm on angiography; details on t reatment with 

nimodipinee or antifibrinolytic agents, and the date of surgery to clip the 

aneurysm. . 

Att three months follow-up, the patients' clinical outcome was determined 

withh the Glasgow Outcome Scale.59 Death, persistent vegetative state and 

severee disability on the Glasgow Outcome Scale were combined as 'poor 

outcome'' whereas moderate disability and good recovery were recorded in 
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thee study forms as 'good outcome'. In patients with poor outcome, the 
physiciann or surgeon in charge of the patient was asked to fil l in the cause 
forr this poor outcome; initial bleed; rebleeding; cerebral ischaemia; operative 
complicationss or other complications, which had to be specified. In case of 
poorr outcome caused by rebleeding or cerebral ischaemia, confirmation was 
soughtt on CT-scan or at autopsy. In patients with poor outcome caused by 
rebleedingg the actual timing of this rebleeding, suspected clinically or 
establishedd on CT-scan or at necropsy, was also recorded. 

Results s 

ClinicalClinical characteristics and timing of transfer or admission 
Duringg the year starting 1 January 1995, 102 patients with a diagnosis of 
aneurysmall  SAH were admitted to the three neurosurgical centres. Table 1 
showss the characteristics of the patients and the timing of admission to a 
neurosurgicall  centre. 

Tablee 1 Clinical characteristics and timing of admission to the neurosurgical unit 

Noo of patients (n) 

Malee : Female 

Mediann age (y) (range) 

Admissionn Neurosurgical unit after SAH 

-- median day (range) 

-- mean day 

Mediann Glasgow Coma Scale at admission to neurosurgical unit 

Worldd Federation of Neurological Surgeons score (%) 

I I 

II I 

III I 

rv v 
V V 

102 2 

1:2,8 8 

499 (20 - 82) 

00 (0 - 33) 

2 2 

144 (3 - 15) 

35 5 

29 9 

3 3 

20 0 

13 3 

Twoo thirds of all patients were referred by regional hospitals, the others were 
directlyy referred by general practitioners. Of the 102 patients 57 were 
admittedd at the neurosurgical unit the day of the initial haemorrhage (day 0), 
188 on the day after (day 1), 10 on day 2, one on day 3, one on day 4, seven 
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betweenn day 5 and 9 after the haemorrhage and eight patients 10 days or 

moree after the SAH. Of the 67 patients who were first referred to a regional 

hospitall  28 (42%) were transferred the same day as the initial SAH to a 

neurosurgicall  unit (day 0), 16 patients (24%) were admitted at the 

neurosurgicall  un it the day after the haemorrhage (day 1), nine (13%) were 

admittedd on day 2, no patient was admitted on day 3, one (1%) on day 4, five 

pat ientss (7%) were admitted between day 5 and day 9 and eight (12%) were 

admittedd 10 days or later after the SAH. 

Investigations Investigations 
Ninetyy three patients had an aneurysmal bleeding pattern on the initial CT-

scan.. A positive lumbar puncture with proof of an aneurysm on subsequent 

angiographyy confirmed the diagnosis in all but two of the remaining patients. 

Onee patient died shortly after admission but was nevertheless included in 

thee study because at post-mortem examination an aneurysmal SAH was 

established.. Another patient with a positive lumbar puncture but without 

angiographyy who died, was also included because she had a rebleed 

establishedd by CT, with a bleeding pattern compatible with an aneurysmal 

bleeding,, before the planned angiography. 

Off  the 93 patients with an aneurysmal bleeding pattern on CT, 84 patients 

underwentt angiography that showed an aneurysm as the cause of bleeding 

inn 76 patients. 

Inn one of the nine patients with an aneurysmal CT pattern but without 

angiography,, an aneurysm was found at post-mortem examination. All of the 

remainingg eight patients without angiography had poor outcome, five 

becausee of the initial bleed (GCS=3 at admission in four patients, one patient 

withh GCS=8), two because of rebleedings (GCS>13 at admission), and one 

whoo was in a nursing home before the SAH. 

MedicalMedical and surgical management 

Ninetyy five patients received treatment with the calcium antagonist 

nimodipine.. The remaining patients had not had this treatment because 

deathh had seemed imminent on admission. Eight patients were treated with 

antinbrinolyticc drugs. 
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Aneurysmm surgery was performed in 74 of all 102 patients. In 11 of the 
remainingg 28 patients without surgery, angiography was not carried out, in 
sevenn patients because death seemed imminent on admission and in three 
becausee of rebleedings resulting in poor outcome before the planned 
angiography.. In one patient angiography and subsequent surgery were not 
consideredd because of poor clinical condition before her SAH. In nine 
patientss angiography did disclose an aneurysm, but eight of these patients 
diedd before surgery, three because of the initial bleeding and five because of 
rebleedings.. One patient refused to have surgery to clip the aneurysm. 
Finally,, eight patients were not operated on because angiography (and repeat 
angiography)) did not show an aneurysm. Of these eight, two patients had 
poorr outcome, one because of rebleeding, one because of cerebral ischaemia. 
Thee remaining six patients had GCS > 13 on admission and had good 
outcomee after three months. 

Tablee 2 Timing of surgery in all patients 

DelayDelay in days between 

dayday of haemorrhage 

andand day of surgery 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7-14 4 

15-21 1 

>21 1 

Total l 

TimingTiming of surgery 

PatientsPatients n {%) 

Ml) ) 
10(14) ) 

177 (23) 

133 (18) 

8(11) ) 

0(0) ) 

2(3) ) 

6(8) ) 

11(15) ) 

6(8) ) 

744 (100) 

II in all patients 

CumulativeCumulative {%) 

1 1 

15 5 

38 8 

55 5 

66 6 

66 6 

69 9 

77 7 

92 2 

100 0 

100 0 

TimingTiming of surgery in patients 

whowho were admitted within three 

daysdays aft 

PatientsPatients n (%) 

1(2) ) 

100 (16) 

177 (28) 

133 (21) 

8(13) ) 

0(0) ) 

2(3) ) 

3(5) ) 

4(7) ) 

3(5) ) 

611 (100) 

erSAH erSAH 

CumulativeCumulative {%) 

2 2 

18 8 

46 6 

67 7 

80 0 

80 0 

84 4 

89 9 

95 5 

100 0 

100 0 

Tablee 2 shows the time of surgery in relation to the day of the initial SAH in 
alll  patients. Fifty five per cent of all operated patients had early surgery to 
clipp the aneurysm - that is, surgery within three days after SAH. Because a 
majorr reason for delay between the initial SAH and surgery might be late 
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admittancee to a neurosurgical unit, table 2 also shows the same timing of 
surgeryy results for patients admitted at the neurosurgical unit within three 
dayss after SAH; 33% of these patients were operated on four days or later 
afterr the SAH. 

OutcomeOutcome (table 3) 
Thirtyy seven of all 102 patients had poor outcome. Table 3 shows the causes 
off  poor outcome in these patients. In patients referred to neurosurgical units 
aimingg at early surgery, rebleeding and the initial bleeding are the main 
causess of poor outcome. 

Tablee 3 Outcome and causes of poor outcome 

n~j%) n~j%) 

Poorr outcome 37 (36) 

Causee of poor outcome: 
-- Initial bleeding 12 (32) 
-- Rebleeding 13 (35) 

Cerebrall  ischaemia 5 (14) 
Surgicall  complications 6 (16) 

-- Other 1 ( 3) 

Onee patient with two angiographically established aneurysms who was not 
operatedd on because of her age (80 years) recovered completely and was 
subsequentlyy discharged from the hospital in good health. Shortly after 
dischargee she died from a probable rebleed (not established on CT or 
necropsy)) one month after her initial SAH. In all other patients with 
rebleedingg as the cause of poor outcome, this rebleeding was confirmed on 
CT-scann or at necropsy. Four of these patients had this rebleeding on the 
samee day as the initial bleeding, three patients rebled two days after the 
initiall  SAH, two patients in the second week, one in the third week, and two 
patientss had a rebleed more than three weeks after the initial SAH. 

Cerebrall  ischaemia as cause of poor outcome was confirmed on CT-scan or 
att necropsy in all five patients. 
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Discussion n 

Thiss study shows that in neurosurgical units that aim at early surgery to 
reducee the risk of rebleeding, the actual proportion of patients operated on 
earlyy - that is, within three days after SAH - is 55%. Of the patients who 
weree admitted within three days after the SAH and had surgery for 
aneurysm,, the proportion of patients with early surgery was 67%. These 
figuress for surgery in the acute phase are lower than we had expected. This 
cannott be explained completely by a delay in referral from regional hospitals 
too the neurosurgical units as 80% of all referred patients were admitted at 
thee neurosurgical unit within two days after the initial SAH. 

Howw do our figures compare with those of the literature? In the population 
basedd study on the clinical course of SAH in King County, Washington, 
Longstrethh et al reported that the delay between SAH and surgery was on 
averagee 5.1 days but they did not report the proportion of patients who had 
surgeryy within three days after the initial haemorrhage.60 Kassell et al 
reportedd in the co-operative study on tirilazad mesylate that the median 
delayy between SAH and surgery was 39 hours.41 They also reported that 5% 
off  the patients were operated on between day 7 and day 10 but did not 
reportt the timing of surgery in about 40 to 50% of the patients. In the recent 
studyy by Whitfield et al, in which the effects of a 'protocol driven 
managementt regime including earlier surgery' were investigated, 53% of the 
patientss operated on underwent early surgery.52 Early surgery was defined 
inn that study as surgery within four days after the initial SAH. The 
proportionn of patients that was operated on within four days was 66% in our 
study,, which shows that the proportion of patients with early surgery is not 
muchh different between British and Dutch centres that aim at early surgery. 

Anotherr unexpected finding was that rebleeding is still a major cause of 
mortalityy and morbidity. Of all admitted patients 36% had a poor outcome 
andd in 35% of these patients this was caused by rebleeding. A similar high 
proportionn of poor outcome was caused by the direct effect of the initial 
bleeding.. Cerebral ischaemia was the cause of poor outcome in 14% of the 
patientss with poor outcome or in 5% of all admitted patients. That rebleeding 
iss still a major cause of poor outcome was also a finding of two recently 
publishedd population based studies, in King County and in greater 
Cincinnati.60»611 In these studies rebleeding was also more important than 
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cerebrall  ischaemia as cause of poor outcome although the timing of surgery-

wass early. 

Wee did not prospectively study the factors that caused delay in surgery 

becausee we did not expect to find a considerable proportion of patients with 

delayedd surgery. In some patients surgery was delayed because of the 

clinicall  condition on admission. The question is whether in these pat ients 

earlyy surgery is beneficial or that other measures should be taken to prevent 

rebleeding,, such as antifibrinolytic treatment or endovascular occlusion of 

thee aneurysm. In other patients surgery was delayed for no obvious reason. 

Itt might be that logistic factors played a part. 

Inn review articles on the management of SAH the impression is given that 

currentlyy cerebral ischaemia and vasospasm are the main causes of 

morbidityy and mortality after SAH. These reviews urge us to direct all efforts 

att prevention of vasospasm.42 This study shows that in neurosurgical uni ts, 

withh what has been termed 'modern management', including early surgery, 

rebleedingg still is a far more important cause of poor outcome than cerebral 

ischaemia.. Therefore the management of patients with aneurysmal SAH 

shouldd be directed at the prevention of rebleeds. Further studies are needed 

too investigate whether this can be achieved by surgery alone or whether 

otherr measures such as antifibrinolytic treatment or endovascular 

techniquess wil l be necessary as well. 
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