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INTRODUCTION 

Each year, 30,000 new cases of subarachnoid hemorrhage (SAH) occur in the 
United States. The mortality rate in the United States is 16 per 100,000 population. 
In terms of loss of economic productivity and other measures of socio-economic and 
psychologic import, SAH reaps a toll matched only by other maladies that strike 
relatively young, healthy, productive individuals. The catastrophic effects on sufferers 
of SAH and their families, businesses, etc., begin with the intracranial aneurysm (ICA) 
rupture (in two-thirds to three-fourths of SAH) and continues for the remainder of their 
lives; significantly, less than 50% of ICA rupture patients return to economical and 
functional independence. 

Treatment of ruptured and unruptured ICAs is a task delegated to the 
neurosurgeons. An internist's role in the management of SAH, however, is foremost in 
the prevention and diagnosis of SAH. Internists should also be involved in 
management shortly after an SAH diagnosis is reached as the majority of SAH 
complications and management issues fall into our realm. The purpose of this 
exercise is to review the epidemiology and diagnosis of unruptured ICA, the diagnosis 
of SAH (as a result of ruptured ICA), and a few medically relevant complications that 
frequently develop in SAH sufferers. 

EPIDEMIOLOGY 

Unruptured aneurysms probably are present in at least 0.5% - 1.0% of 
otherwise healthy persons. Different series using MRIIMRA, arteriographic or autopsy 
data have reported a prevalence of Oo/o - 1 Oo/o. Given the disparity in aneurysm 
prevalence data, the annual risk of a particular aneurysm rupturing becomes more 
difficult to estimate; this risk is estimated at 1 o/o - 2% per aneurysm per year. Although 
clinically apparent SAH does not approach these numbers, some autopsy series have 
found " evidence of prior rupture" in 50% of detected " silent" aneurysms. 

Several risk factors for the development of aneurysms and/or their propensity to 
rupture have been identified or hypothesized. The risk of SAH increases with age 
(mean age 50). Under age 40, SAH occurs slightly more commonly in males, but after 
age 50 more females suffer SAH. Ultimately, there is female preponderance. 

FIGURE 1. Graph showing distribution of patients by age and sex 
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African-Americans are at a higher risk than white Americans. Smoking is a 

consistent and strong risk factor for SAH (whether tobacco use creates a long or short 
term risk is uncertain). Use of alcohol and binge drinking may be a risk factor, as is 
obesity. Hypertension and diabetes do not appear to be risk factors for aneurysm 
development or rupture. Aneurysm development and rupture are more common in 
some families and among those with certain hereditary traits, including: polycystic 
kidney disease, Marfan's syndrome or Ehlers-Danlos syndrome. 

The size of a previously identified aneurysm appears to be a risk factor for 
future rupture. Although many aneurysms that are analyzed post-rupture are~ Smm, 
aneurysms ~ 3mm in diameter have little chance of hemorrhage. The risk seems to 
increase progressively such that most ruptured aneurysms are 5-7mm and 
aneurysms > 1 Omm in diameter present the greatest risk to rupture . Symptomatic 
unruptured ICAs seem to be more prone to rupture than those which are 
asymptomatic. 

TABLE 1. Risk Factors for SAH Development and Rupture 
female 
increasing age 
cigarette use (remote and recent) 
alcohol use (chronic and acute) 
African-American (blacks 2.2 X whites) 
Finnish and Japanese 
stimulant use 
contraceptive use (with high estrogen content) 
higher body mass index 
strong family history (two or more members) 
polycystic kidney disease 
Marfan's syndrome 
Ehlers-Danlos syndrome 
other hereditary connective tissue problems 
coarctation of the aorta 
± hypertension 
symptomatic unruptured aneurysm 
larger aneurysm (probably progressive > 3mm) 

PREVENTION 

Given the cataclysmic series of events initiated at the instant of an intracranial 
aneurysm (ICA) rupture, several authors have recommended screening high risk 
populations for unruptured ICA. Five cardinal features of a disease process must 
exist for a screening protocol to be practical: · 

1. The disease must occur at a high enough incidence or prevalence within a definable 
population to warrant screening. 

2. The disease must create a severe outcome and adverse consequences to warrant its 
avoidance. 

3. The natural history of the disease must include an asymptomatic phase during which 
screening would provide "early detection". 

4. Once detected, intervention can be undertaken which would alter the otherwise natural 
history of the disease progression. 

5. A screening test must exist possessing a high enough sensitivity that disease is 
recognized when it exists, a high enough specificity that disease is not "identified" 
when it does not exist, and can be performed at a reasonable cost (financially and from 
a risk standpoint). A strategy which employs a tiered series of tests may be utilized. 



Unruptured ICA screening has not met with universal acceptance to this point 
lacking ability to meet all of these factors. Clearly, #1 is met especially in sub
populations involving autosomal dominant polycystic kidney disease and those with a 
strong family history; # 2 is an obvious feature of ICA. The behavior of aneurysms 
over time, their likelihood of enlarging or rupturing over time and their propensity to 
rupture based on location have not been clearly defined. In skilled hands, most 
unruptured aneurysms can be intervened on successfully. On an individual basis, the 
financial cost and morbidity/mortality cost of unruptured aneurysm surgery is 
significantly less than ruptured ICA/SAH management. The technology for an 
accurate non-invasive screening test for ICA exists with magnetic resonance 
angiography (MRA); however, the specificity and sensitivity of the test needs to be 
established. The "gold standard" test for ICA detection is a four-vessel arteriogram. 
Arteriography as a screening procedure presents an excessive fiscal cost as well as 
an unreasonable risk of mortality and morbidity. Therefore, the major drawbacks to 
establishment of screening protocols are: 1) poorly delineated statistics on aneurysm 
prevalence and behavior, and 2) unacceptable cost, sensitivity and specificity of the 
currently available diagnostic procedures. 
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Initial discussions regarding screening protocols have primarily centered around 
autosomal dominant polycystic kidney disease (ADPKD) and families with an apparent 
propensity for fatal ICA rupture. Studies suggest that those with the ADPKD gene and 
a family history of aneurysm have a 20% prevalence of asymptomatic ICA. Another 
study has found a similar prevalence among those with a strong family history of ICA 
rupture. Screening for patients with connective tissue disorders also has been 
entertained. 

TABLE 2. Selected Studies Assessing Prevalence Rate of Intracranial 
Aneurysm Formation in Autosomal Dominant Kidney Disease Patients 

SOURCE 

SUTER, 1949 
BROWN, 1951 
BIGELOW, 1953 
DALGAARD, 1957 
DITLEFSEN AND TONJUM, 1960 
LAZARUS ET AL, 1971 
WAKABAYASHI et al, 1983 
MATSAMURA et al, 1986 
SCHIEVINK et al, 1992 

TOTAL 

No. OF No. OF CASES 

CASES WITH ANGlO/AUTOPSY 

2/5 2/5 
6/36 6/16 
3/14 3/6 
8/173 
6/15 
1/14 
7/17 
3/5 
20/89 

56/368 
(15.2%) 

2/5 
1/14 
7/17 
3/5 
20/89 

44/157 
(28.0%) 

TABLE 1 reviews some of the more detailed studies of the ICA prevalence in 
ADPKD patients. Schievink et al examined autopsy records of 89 consecutive cases 
with known ADPKD. Their conclusions were: 1) intact ICA in ADPKD is less common 
than appears in the literature (4.2% compared with 2.1% in age matched controls), 2) 
ICA size correlates with the presence of symptoms and the risk of bleeding, and 3) 
ICA ruptures more often and at a younger age as compared with sporadic ICA (22.5% 
of cases had ICA, 80% had ruptured, 64% were< 50 yoa). Obuchowski et al 
constructed plausible models based on available ICA prevalence data (including 
evidence to suggest the prevalence of ICA increases with age), ICA rupture 
characteristics (constant risk of 2% per year or decreasing risk once formed, as 
hypothesized by others), and available screening techniques. Detailed cost analysis 



strategies were employed. Their conclusions were that a single screening MRA is 
recommended for patients 30 years of age and under with a predisposition to ICA and 
SAH, and much more knowledge must be ascertained in the mechanism of aneurysm 
rupture, factors impacting ICA formation (especially genetics), and ICA characteristics 
predicting the likelihood of rupture. MRA seems to be almost entirely without risk. 
The cost of MRA at UTSWMC Dallas is currently $525. Once an MRA has identified 
an ICA, the next procedure is a four-vessel cerebral arteriogram. The cost of a four
vessel arteriogram is $8,800. More importantly, up to 25% of ADPKD have at least 
transient neurovascular complications following arteriography. This suggests that 
otherwise young and healthy ADPKD patients have an abnormal neurovasculature. 
These patients are also more prone to non-vascular complications, i.e. renal 
insufficiency. If ruptured ICAs account for 7% of the deaths of ADPKD patients and if 
at least 10% of SAH is clustered among a few who have familial intracranial 
aneurysms, then certain populations are identifiable for whom appropriate screening 
when technically refined should be undertaken. 

SYMPTOMATIC ANEURYSM 
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Prevention of the catastrophe of SAH can also be accomplished by recognizing 
the signs and symptoms of unruptured ICA. As has been stated, symptomatic 
aneurysms have a greater propensity to rupture. Juvela et al documented a 3.6% 
annual incidence of SAH during 9 years of follow-up of 6 patients found to have 
symptomatic ICA. The conclusions based on this study and the current standard of 
care suggest that all symptomatic aneurysms should be repaired if technically possible 
and without undue risk and if co-morbid conditions do not preclude surgery. 

TABLE 3. Sym~Jtoms Describable to Aneurysm 
Chronic symptoms 

CVA deficits 
cranial nerve deficits 
headache 
• unilateral 
• retro-orbital 
• boring 

Acute symptoms 
seizure 
cranial neuropathy 
ischemic signs 
meningeal signs 
headache 
• thunder clap 

Signs and symptoms attributable to chronically symptomatic ICA include: CVA 
secondary to aneurysm sac contents embolus, various cranial nerve deficits (vision 
loss, various ophthalmologic syndromes), headache, pyramidal tract dysfunction and 
facial pain. Headache occurs in 50% of symptomatic ICA previous to rupture and is 
the most common symptom (the headaches can be manifest as boring and frequently 
unilaterally retro-orbital). ICA may also become acutely symptomatic. The acute 
onset of headaches (even thunderclap headache), seizure, cranial neuropathy or 
ischemic signs may suggest acute ICA enlargement, ICA thrombosis, localized 
meningeal inflammation, and/or impending rupture . Rapid intervention alters the 
potentially detrimental natural history. Operations on incidentally discovered 
unruptured, symptomatic ICA carries a morbidity and mortality of approximately 2% 
and 4% respectively. This is dependent on hospital setting, aneurysm location and 
co-morbid conditions (including age). 
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SENTINEL HEADACHE 

Probably the most pivotal role played by an internist is appropriate diagnosis 
and management of a sentinel headache. Different series (some involving as many as 
1076 patients) evaluating SAH patients retrospectively find that 15%-60% of those 
who initially survive the SAH recall having had a severe (but may be minor) warning 
headache. 

TABLE 4. Symptoms indicating warning leak episodes in 166 patients 

· Sudden headache 
Vomiting 
Nuchal pain 
Drowsiness 
Dizziness 
Shortly unconscious 

N Pe~e~ 

139 83.7 
56 33.7 
45 27.1 
36 21 .7 
30 18.1 
30 18.1 

This is the "thunderclap" headache, the 'I thought I was gonna die' headache, 
the "light switch" headache, a clearly immediate, severe and unique headache. This is 
the headache, with its abrupt onset, that the internist must discern from all other 
headaches and quickly act upon with further diagnostic maneuvers. 

FIGURE 2. Constellation of Most Frequent Symptoms of Warning Leak Episodes 

Headache may occur alone or may be accompanied by nuchal pain, transient 
focal neurologic deficits, nausea or vomiting, dizziness, drowsiness or 
unconsciousness. At least 50% of these patients seek medical consultation. In one 
study 12

, of 166 patients with a warning leak, 99 {60%) sought medical attention and, 
after being misdiagnosed, eventually suffered a SAH. Of these 99, 30 were "normal" 
at 2 year follow-up and 43 were dead. Theoretically, transferring those same patients 
to an appropriate SAH management protocol (previous to their larger SAH) would 
likely have resulted in 66 "normal" outcomes and only 25 deaths. The importance of 
rapid intervention and referral is stressed: 18% ruptured in less than 1 week after a 
warning leak and 61% ruptured in less than 1 month after a warning leak. 
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SAH PATHOGENESIS 

Normal cerebral vessels have a prominent muscular media layer. Saccular 
aneurysms are characterized by a vascular wall lacking the normal musculure media 
layer and elastic lamina layers. Nearly all aneurysms are located at the arterial 
junctions and bifurcations; nearly all are located within the circle of Willis or on the 
proximal portions of branches. At least 20% (possibly 30%) of patients have multiple 
aneurysms and approximately 15% have "mirror" aneurysms. Controversy exists as to 
the pertinence of congenital and environmental factors in ICA formation and 
progression/rupture. A combination of factors is almost certainly involved. 

TABLE 5 Proposed Pathogenesis of Aneurysm Formation and Rupture 
Congenital factors 

Arterial deficiency of type Ill collagen 
Medial defect 
Elastic defect 
Origin of small vessel 
Failure of branch involution 
HLA associated factors 

Acquired factors 
Elastic degeneration 
Inflammation 
Atherosclerosis 
Hypertension 
Hemodynamic effects 
Viral Infections 

Unfortunately, the natural history of unruptured ICA and risk factors for rupture 
are poorly understood due to lack of studies with sufficient numbers of patients and 
follow-up years. In the most frequently quoted study and in others the behavioral 
characteristics of aneurysms are qualified by following primarily 2nd, 3rd and 4th 
aneurysms identified during the diagnosis and treatment of a ruptured aneurysm. 
Previous to this study's publication, incidentally discovered aneurysms were not 
necessarily secured. These studies are obviously flawed in that the behavior of 
aneurysms in patients with a propensity to rupture would quite likely be different from 
"normal" aneurysms in normal patients. 

FIGURE 3. 
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Nonetheless, Juvela, Porros and Heiskanen followed 181 unruptured 
aneurysms; only 6 were symptomatic and 5 were incidentally found. The remaining 
170 aneurysms (94%) were in patients who might have a predilection to rupture. 

SAH DIAGNOSIS 
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The 1966 Cooperative Study found premonitory symptoms "immediately" before 
major SAH in a review of 2621 SAH cases. One-third of the headaches occur at rest 
(may overwhelm patient); one-third occur during "routine" daily activity, and one-third 
during acutely strenuous situations (intercourse, heavy lifting, straining at bowel 
movements, etc.) 

T ABLE 6 p remom or} symp1 oms T ABLE 6 1 A f 't t f C IVIW 8 tme o f rupwre 
headache 48% orbital pain 7% Type of Event Aneurysm 
dizziness 1 0% diplopia 4% 
motor deficit 4% ptosis 3% 

During sleep_ 36% 
Unspecified circumstances 32% 

vision loss 4% dysphasia 2% 
sensory deficit 2% seizures 4% 

Llftina or bending 12% 
Emotion strain 4.4% 

bruit 3% Defecation 4.3% 
Coitus 3.8% 
Coughing 2.1% 
Trauma 2.8% 
Urination 2.0% 
Surgical operation 0.44% 
Parturition 0.35% 

SAH is heralded by an abrupt onset of a (usually) severe headache, and 20% of 
patients acutely suffer seizure shortly thereafter; 45% at least transiently lose 
consciousness. Seizures and loss of consciousness are secondary to an abrupt rise 
in intracranial pressure (ICP) (greater than mean arterial pressure at times). Other 
signs of SAH include lethargy, abducens nerve palsy, subhyaloid retinal hemorrhage 
and papilledema. Over the course of the next 4 to 8 hours, meningeal irritation 
becomes symptomatic causing photophobia, neck stiffness and back pain. Other 
frequent signs and symptoms include occulomotor nerve palsy, visual field cuts, 
paresis, paresthesias, aphasia, visual hallucinations, vertigo, ataxia, hypertension and 
mild temperature elevation. 

TABLE 7. Symptoms of major SAH 
severe headache (light switch) 
loss of consciousness (45%) 
abducens nerve palsy 
papilledema 
neck stiffness 
vertigo 
hypertension 

recent seizure (20%) 
lethargy 
subhyaloid hemorrhage 
photophobia 
hallucinations 
ataxia 
pyrexia 

The clinician is forced to maintain a "high index of suspicion" of SAH as a cause 
of any portion of the above constellation. Once the diagnosis is entertained, a non
contrasted high resolution computerized tomography scan is the next emergent step. 
Modern, good quality CT scans read by a neuroradiologist has a sensitivity for 
subarachnoid blood of 90%-95%. Older series suggested the false negative rate 



may be as high as 35% for small hemorrhages. The sensitivity of CT falls as time 
elapses from the event. Only when the CT scan is negative, or when a CT scanner is 
not available and there are no focal neurologic deficits or papilledema, is a lumbar 
puncture the next study in the diagnostic protocol. With the appropriate clinical 
history, an LP performed by an experienced physician (traumatic tap obscures the 
meaning of red cells in the fluid) is more sensitive than CT in diagnosing a mild SAH. 
The diagnostic features are xanthrochromia (which occurs from 4 hours to 3 weeks 
after SAH as red blood cells (RBC) in the CSF rupture), unchanging RBC counts 
between the first and last tube, and bloody CSF which does not "clot" on standing. In 
SAH, 13% of patients having an LP will have neurological deterioration; 11% will have 
brain shifts. Herniation and aneurysm rebleeding are obviously ominous 
complications; therefore, LP should not be undertaken lightly. A concomitant 
diagnosis of meningitis can be entertained/dealt with at the referral hospital; 
meningitis antibiotics can be initiated before transfer if strongly clinically indicated 
(after blood cultures). Statistically, a negative, good quality CT and a negative LP 
establishes a good prognosis; however, anecdotal evidence suggests that a four
vessel cerebral arteriogram should be performed if the highly suggestive clinical 
presentation would warrant it. MRI and MRA have no role in the initial evaluation of 
SAH. 

INITIAL MANAGEMENT 
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After the diagnosis of SAH has been established, patients are assigned a 
clinical grade. Grading scales were introduced in the 1930s. The Hunt and Hess 
scale of 1968 and later modification by Hunt in 197 4 is the most universally accepted 
and is the scale used in most of the "cooperative" and "statement" articles. Hunt/Hess 
grades are: 

TABLE B. Hunt/Hess Grades 
Grade 0 Unruptured aneurysm without symptoms 
Grade I Asymptomatic or minimal headache and slight nuchal rigidity 
Grade Ia No acute meningeal or brain reaction but with fixed neurologic deficit 
Grade II Moderate to severe headache, nuchal rigidity, no neurologic deficit other than cranial nerve 

palsy 
Grade Ill Drowsy, confused or mild focal deficit 
Grade IV Stupor, moderate to severe hemiparesis, possible early 

decerebrate rigidity and vegetative disturbance 
Grade V Deep coma, decerebrate rigidity, moribund appearance 

The patient is advanced to the next worse grade if serious co-morbid disease or 
vasospasm exists. The following table shows the prognostic significance of grade 
in 275 consecutive patients in the original Hunt/Hess article. 



More recent studies (i.e. Saveland et al) continue to show similar presentation 
characteristics and outcome statistics based on grade, as can be seen below: 

FIGURE 4. 
Outcome of aneurysm surgery In Sweden 
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For statistical and comparability purposes, patients are assigned a grade based 
on their initial neurosurgical assessment. Many patients improve with observation and 
nonsurgical intervention; therefore, clinical grade is somewhat dependent on the time 
elapsed from SAH. Once clinical grade is established by initial neurologic examination 
and immediately apparent co-morbid medical conditions are stabilized, the CT scan is 
reviewed. The initial CT scan (or a repeated scan if the initial was of poor quality) is 
used to establish a "Fisher grade". The Fisher scale quantitates and qualitates 
subarachnoid blood and is a good predictor of subsequent vasospasm development. 
This knowledge can change overall management and will be discussed later. "Fisher 
grades" (based on amount of subarachnoid blood) are: 

TABLE 10. Fisher Grades 
I Fisher 

Grade I 
Grade II 
Grade Ill 
Grade IV 

None 
Diffuse only (< 1 mm thick) 
Clot (5mm in diameter) or thick (<!: 1 mm) 
Diffuse or more layered with cerebral or ventricular blood 

The initial CT might also show the following, some of which would require 
immediate surgical intervention: 
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TABLE 11. Fin 

Most neurosurgeons would emergently evacuate a hematoma causing mass 
effect or would perform emergent ventriculostomy (if hydrocephalus is present) as the 
next step in the therapeutic/diagnostic protocol (often before arteriography). After 
SAH has been confirmed, four-vessel cerebral angiography should be performed as 
soon as possible. An adequate arteriogram should use multiple views and identify all 
intracranial vessels. The goals of angiography are to define the neck of an aneurysm, 
delineate the vascular anatomy surrounding the aneurysm, evaluate for mirror or 
multiple aneurysms, and identify and quantitate the degree of vasospasm. In a large 
1977 series of angiographies, the following complications were noted: 

TABLE 12 . . 
ARTERIOGRAM COMPLICATIONS 

transient hemiparesis 2% 
permanent neurologic deficits 2.5% 
death 2.6% 
worsening Ischemic deficit 3.0% 
aneurysmal rebleeding 1 .5% 

Hopefully, with refinement of techniques and technology, including catheter 
improvement and contrast improvement, the complication rate for cerebral 
angiography should be ::;; 1% and aneurysm rupture should be rare. 

The natural history of ruptured ICA suggests that rebleeding has a case fatality 
rate of 70%. Rebleeding risk appears to decrease in frequency in a somewhat 
logarithmic fashion; 4% rebleed in the first day (probably most of those rebleed in the 
first 6 hours). The risk then drops to 1-2% per day over the subsequent 4 weeks. The 
risk of rebleeding with non-interventional therapy is between 20% and 30% in the first 
month, then stabilizes at 3% per year thereafter. Few diseases portend such a morbid 
and mortal short term prognosis as an unsecured, recently ruptured ICA. The 
medically relevant factor (although not without controversy) for intervention in 
decreasing re-rupture risk is blood pressure control (both normalization and preventive 
of variation). Controversy also exists as to whether therapeutically induced 
hypotension should be employed to prevent rebleeding. Bed rest, 30° posture, 
avoidance of cough, stool softening agents, deep venous thrombosis prevention, etc. 
are also employed. Even when aggressive intervention strategies are employed, at 
least 7% of patients still die secondary to rebleeding of an unsecured aneurysm 
(secured aneurysms rarely rebleed; in the International Cooperative Study where 43% 
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of patients were operated on within 3 days of initial hemorrhage, 7% died because of 
rebleeding [obviously, those who had bled more than once before reaching the tertiary 
referral center were not counted]). 

Standard of care, using the International Cooperative Study data as a guideline, 
is that Grade I and 2 aneurysms are operated on as soon as technically feasible. 
Some surgeons include 'good"Grade Ill patients or all Grade Ill patients in the early 
surgery group. Grade IV and Grade V patients (and some Grade Ill patients) are 
expectantly observed and offered surgery only if improvement occurs over time. The 
Cooperative Study results suggest that if surgery is not performed in 0-3 days post 
SAH, it should be delayed to day 11-14. Days 4-10 are presumed to exacerbate 
vasospasm and thus lead to greater mortality and morbidity. Allowing patients to go 
beyond day 14 creates an unacceptable risk of rebleeding. Timing of surgery is very 
controversial. Many neurosurgeons feel that the rebleeding risk, generally minimal 
intraoperative morbidity and mortality, and potential for altering vasospasm risk by 
washing out subarachnoid blood necessitates early surgery whenever possible. This 
institution practices in an aggressive fashion with early operation. Arguments are 
raised for early intervention in many additional situations: sentinel hemorrhage, 
repetitive SAH, extreme agitation (agitated behavior acutely increases blood 
pressure), impossible to control HTN, severe hydrocephalus, technically 'easy" 
aneurysms in Grade IV and Grade V patients, and the extremely young. Recent 
advances suggest that endovascular techniques are available which can secure 
aneurysm early without surgical invasion. To date, these detachable balloon 
procedures or intra-aneurysm coils are reserved for specific patients at tertiary 
centers. The next ominous hurdle to overcome for patients surviving the initial insults 
of SAH is vasospasm. 

VASOSPASM 

In the Cooperative Study (conducted 1980-1983), more than 75% of the 
patients were alert or drowsy with no focal neurologic deficits on admission (within 3 
days of SAH). Only 58% were discharged in 'Glasgow Outcome Scale=1 (GOS=1)': 
16% were [more] profoundly devastated neurologically, and 26% died. Of the > 75% 
who were in 'good shape'bn admission, 66% were discharged in GOS=1 . 

TABLE 13. Glasgow Outcome Scale 

CATEGORY 

good recovery 

moderately disabled 

severely disabled 

vegetative survival 
dead 

DESCRIPTION 

patient can lead a full and independent life 
with or without minimal neurological deficit 

patient having neurological or intellectual 
Impairment but Is independent 

conscious patient but totally dependent on 
others to get through the activities of the day 

When detailed neuropsychiatric testing is done in GOS= 1 patients 6 months to 
2 years after SAH, impressive cognitive deficits and emotional problems are found 
frequently. In 54% of patients, three or more cognitive functions are impaired. 
Frequently found deficits are cognitive speed, concentration capacity, memory 
function (short and long-term), attention function, partial aphasia, psychomotor speed, 
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visiospatial construction, and mental flexibility. General intelligence and global 
intellectual function are not changed. Therefore, even the 'good outcome"patients 
may be impaired such that they are unable to adequately function at pre-SAH jobs. 
This encephalopathy resembles the encephalopathy after minor closed head injury. 
Although this encephalopathy may be due to diffuse cortical damage which occurs as 
a direct result of the SAH, the contribution of vasospasm cannot be directly 
ascertained. Certainly, vasospasm causes disability or death in those who survive 
SAH. 

Shortly after a survived SAH, blood cakes around the basal arteries. 
Hemoglobin dehydration products, some other bad humor, or some other neuro
chemical physical property of the accumulated blood cause the blood vessel diameter 
to narrow. The incidence of this 'Vasospasm" is correlated to the blood characteristics 
on initial CT. Appropriately timed arteriographic studies reveal vasospasm in up to 
70% of cases (clinical signs of vasospasm occur in about one-third of patients) and 
14-36% of SAH sufferers experience permanent ischemic related deficits or death 
solely as a result of vasospasm. Clinically relevant vasospasm occurs most frequently 
on post hemorrhage day 3-14. Once apparent, vasospasm may clinically continue for 
one month post SAH. Critical to an understanding of the clinical implications of 
arterial narrowing and the appropriate therapeutic options is an appreciation of the 
regulatory systems governing cerebral blood flow (CBF). Endothelial cell metabolism 
is probably the final common pathway which links the five major independent 
mechanisms which govern CBF. 

TABLE 14. 

• Metabolism- blood flow coupling: Variations In local glial and neuronal activity alter milieu concentrations of H+, K+, 
C02, ATP, adenosine and lactate which In turn generate appropriate vasomotor tone to result in tight coupling 
between flow and metabolism. 

• Neurogenic control: Three sets of intrinsic neural networks with origins in the medulla oblongata and efferents which 
follow large arteries to Innervate cerebral vessels impart sensory, sympathetic and parasympathetic input. These 
can impact regional CBF. 

• C02 : As a result of associated pH flux or as detected by carotid artery chemo-receptors, a PaC02 increase In the 
25-60mmHg range linearly increases CBF approximately 4% per mmHg. 

• Autoregulation: By varying the radius of cerebral resistance vessels, CBF is maintained near 50ml blood per 
1 OOgrams of brain tissue per minute over a wide blood pressure range. 

• Endothelial factors: It appears that a L-arglnlne/nitric oxide (endothelium Clerived relaxing factor)/cGMP pathway is 
critical as the dominant mediator of the autoregulatory response and the vasodilatory response to hypoxia. 

ICA rupture causing SAH implies some underlying vasculopathy and propensity 
to spasm. SAH from sources other than ICA rupture very infrequently produce 
vasospasm. More than 30 putative vasoactive substances have been investigated as 
the source of smooth muscle contraction in vasospasm. The most probable culprit is 
oxyhemoglobin. Produced free radicals (i.e. superoxide) are likely the final common 
vasoconstrictor. Antioxidants and iron chelating agents partially reduce vasospasm in 
an experimental model. The flow and resistance characteristics of the major cerebral 
arteries (those most affected by vasospasm) suggest they usually behave only as 
conducting vessels and have little impact on cerebrovascular resistance (CVR). The 
long length of those vessels (and the frequently long portions in spasm) and the ability 
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to decrease their radius by > 50% (a degree seen in symptomatic vasospasm) creates 
the possibility that profound vasospasm may significantly decrease CBF. Under 
vasospastic conditions in the proximal vessels, the milieu may be altered peripherally 
such that the smaller vessels undergo vasoparalysis. Metabolically active brain 
requires oxygen to function; this is the cerebral metabolic rate of oxygen (CMR02). 

Initially, as CBF falls, the oxygen extraction fraction (OEF) is increased to maintain 
function and viability of neuronal tissue. When CBF falls below critical values and 
OEF is maximized at 90%, oxygen delivery does not meet CMR02. "Metabolic 
depression" ensues. Synaptic transmission ceases when CBF falls below 15-18 
ml/1 OOg/min. Membrane pump function (necessary for maintenance of cellular 
integrity) ceases below 1 Oml/1 OOg/min. A penumbra of electrophysiological 
quiescence but continued cellular homeostasis therefore exists. Infarction/cell death 
threshold is dependent on degree of CBF decrease and duration of decrease. 
Monkeys are able to tolerate CBF of 12ml/1 OOg/min for periods of up to 2 hours 
without irreversible injury. Infarction occurs in 10 minutes if global non-perfusion 
occurs. Vasospasm occurring after SAH is not independent of other causes of 
impaired CBF. 

TABLE 15 

CAUSES OF CEREBRAL PERFUSION PRESSURE REDUCTION 

Reduction in CPP due to decreased systemic blood pressure 
Arrhythmias 
Myocardial damage 
Reduced effective blood volume due to dehydration 

Inadequate Intake 
Use of osmotic diuretic agents 
Diuresis due to renal-dose dopamine 
01 
Cerebral salt-wasting syndrome 

Antihypertensive medications 
Calcium channel blockers 
Intraoperative hypotension 

Reduction in CPP due to increased ICP 
Intracerebral hematoma 
Hydrocephalus 

Cerebral edema 

Formulae important to understanding CBF are: 

cerebral perfusion pressure (CPPl 
Cerebral blood flow (CBF) = cerebrovascular resistance (CVR) 

CPP = mean arterial blood pressure (MABP) - intracranial pressure (ICP) 

L (vessel length) X u (blood viscosity) 

CVR = 1t * r
4 

(vessel radius)
4 

Therapeutic intervention to maximize CBF is attempted at nearly every variable 
in the above equations. Neurosurgeons attempt to decrease the ICP with 
ventriculostomy drainage or more simply by elevating the head of the bed. Mannitol 
causes reflex vasoconstriction and osmotic dehydration of brain tissue. 
Hyperventilation to a PaC02 =30 decreases ICP. Barbiturate therapy (pentobarbital 



coma) can be used to lower ICP due to vasoconstrictor effects; it also decreases 
oxygen demand by decreasing cerebral metabolism. 
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Attempts have been made to directly alter vasospasm with intra-arterial 
papaverine, balloon angioplasty, antioxidants and multiple other therapeutic 
interventions. Most of these therapies have been disregarded or remain isolated to 
tertiary centers. Some success at preventing the development of vasospasm has 
been achieved with extensive clot irrigation at the time of early surgery and with single 
bolus of intraventricular or multiple injections of intracisternal tissue plasminogen 
activator (tPA). Hypervolemia therapy may also prevent symptomatic vasospasm. 
Systemic treatment with tirilazad mesylate, a 21-aminosteroid, potent scavenger of 
oxygen free radical and inhibitor of lipid perioxidation, is the newest agent to be 
tested. It is currently undergoing phase Ill trials and is being tested on ZLUH patients. 
Standard of care dictates the use of nimodipine, a substituted, lipid soluble 1,4 

dihydropyridine calcium channel blocker. A multi-institution, prospective, double-blind, 
randomized, placebo controlled trial using nimodipine was published in 1983. 
Nimodipine was chosen as the calcium channel blocker because of its lipid solubility 
and fairly minimal effects on heart rate and systemic blood pressure. When initiated 
less than 96 hours after SAH in nearly normal patients, delivered at 60mg enterally 
(parenteral nimodipine is not available in the U.S.) each four hours, and continued for 
three weeks post SAH, nimodipine significantly decreased symptomatic spasm and 
permanent neurologic deficits as the result of vasospasm. 

These attempts to improve CBF have met with only minimal success. 
Neurosurgeons attempt to intervene by increasing MABP and decreasing blood 
viscosity. This approach, called triple H therapy (hypertension, hypervolemia, 
hemodilution), was originally detailed by Kassell et al in 1982. Hypervolemia is 
induced with colloid solutions in addition to standard crystalloid replacements. Central 
venous pressure monitors are universally used for assessment; if heart disease exists 
or difficulties with volume tolerance are anticipated, a pulmonary arterial catheter is 
inserted. Sufficient fluids are infused to elevate the CVP to 10 cmH20 or the PCWP 
to 16-18 cmH20. If hypervolemia cannot be maintained, fludrocortisone (2mg once 
daily) may be used or vasopressin (5 units IM) may be delivered to decrease urine 
output. Atropine (1 mg IM) can be used each three to four hours if hypervolemia 
produces bradycardia. Dopamine, dobutamine or norepinephrine (Levophed) are used 
to elevate blood pressure. Vasopressor agents are increased and then maintained at 
a threshold just sufficient to eliminate focal neurologic deficits. Systolic blood 
pressure (SBP) limits are 240mmHg in secured aneurysm patients. In patients with 
unsecured aneurysm, triple H therapy is more risky and SBP is generally limited to 
160-180mmHg. If pulmonary congestion occurs, digitalis is administered. _ Kassell's 
results in 58 patients are presented in the following 3 tables. 

TABLE 16 
RESULTS 

Result 
Permanently improved 
Unchanged 
Deteriorated 

~. 
74% 
16% 
10% 

TABLE 17 
CAUSES OF FAILURES 
Cause % 
Pre-existing infarction 17% 
Progression of vasospasm 5% 
Rebleeding 2% 
Inability to produce hypertension 2% 
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TABLE 18 
COMPLICATIONS 
Complication % 
Pulmonary edema 17% 
Dllutlonal hyponatremia 3% 
Aneurysmal rebleeding 19% 
Coagulopathy 3% 
Hemothorax 2% 
Myocardial Infarction 2% 

35 
5.8 
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In 1996, fludrocortisone, vasopressin and atropine are infrequently used. 
Dobutamine may have the most desirable effects of the available vasopressors. 

A detailed description of rheologic properties of cerebral blood is beyond the 
scope of this exercise. At the low shear rate conditions expected to exist during the 
compromised flow state of severe vasospasm, viscosity is logarithmically proportional 
to hematocrit in the physiologic range. Oxygen transport capacity is proportional to 
flow and inversely proportional to hematocrit. Oxygen transport capacity is maximized 
at a hematocrit of 30%. Clinically, attempts are made to keep the hematocrit between 
30% and 35%. 

Vasospasm is diagnosed clinically as increased agitation, headache, fever, 
decreased level of consciousness, focal neurologic deficits, or a change in rate of 
recovery. Transcranial doppler ultrasound (TCD) has become a useful measure for 
objective, noninvasive vasospasm diagnosis. TCD is performed daily and is used to 
follow flow rates, direction and pulsatility (vessel diameter is not assessed). Increased 
flow rates or increased pulsatility of flow provide an early warning signal for impending 
vasospasm; triple H therapy can then be maximized. The gold standard for 
vasospasm diagnosis (which also provides a portal for endovascular treatment) is 
arteriography. 
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HYPONATREMIA 

The term, cerebral salt wasting (CSW), was introduced by Peters and 
colleagues in 1950. Over the course of the next 5 years, small series and case 
reports appeared in the medical literature of various CNS diseases causing 
hyponatremia, clinical dehydration and renal sodium loss. Hyperkalemia was not 
present and treatment for hypoadrenalism did not reverse the condition. Interference 
in direct neural control of renal proximal tubular sodium reabsorption was postulated. 
Disturbance in the nervous or humoral connection between the hypothalamus and 
proximal nephron leading to natriuresis and a decreased extracellular fluid volume was 
thought to be the cause. This theory fell into disfavor when the syndrome of 
inappropriate antidiuretic hormone (SIADH) was identified in 1957. Although 
neurologic and neurosurgical literature continues to suggest that patients with various 
CNS diseases have CSW, Harrison's Textbook of Medicine does not list CSW as a 
cause of hypovolemic hyponatremia. Hyponatremia follows SAH in 10-34% of cases 
depending on the diagnostic aggressiveness and criteria. Clearly, some of those 
patients (arguably half or less) meet definitional and diagnostic criteria for SIADH: 1) 
low serum sodium (< 135mEq/L); 2) low serum osmolality(< 280m Osmoi/L); 3) high 
urine sodium (> 18mEq/L); 4) urine osmolality greater than serum osmolality; 5) 
normal thyroid, adrenal and renal function; and 6) absence of peripheral edema or 
dehydration. Details of diagnostic and therapeutic intervention for SIADH will not be 
undertaken here. Moses, Miller and Streeten have reviewed those aspects in detail. 
As a simplified conclusion, SIADH leads to intravascular water excess and the 
treatment is water restriction. 

Poor clinical grade (Hunt and Hess scale) and hydrocephalus are independent 
risk factors of hyponatremia development. Hyponatremia develops in a time course 
similar to that of vasospasm and may be a warning that vasospasm will soon become 
symptomatic; hyponatremia may be an independent risk factor for poor outcome. 

In an early 1980s series from The Netherlands, of 84 hyponatremic patients, 26 
were treated with fluid restriction to correct hyponatremia. Of those 26, 21 developed 
cerebral infarctions; 6 of 18 hyponatremic patients not treated with fluid restriction 
infarcted; 19 of 90 normonatremic patients infarcted. However, other studies have 
found increased infarction risk even if fluid restriction is not applied. 

In a monkey model of SAH, 7 of 9 monkeys developed natriuresis and became 
hyponatremic over the 41

/2 days following SAH; ADH levels were only elevated for one 
day after SAH. In 21 humans studied in the first week after SAH, 11 had a plasma 
volume decrease (assessed by isotope dilution technique); 6 of these 11 had 
natriuresis and hyponatremia (4 had negative sodium balance but did not develop 
hyponatremia). Three of the 10 without a decrease in plasma volume also developed 
hyponatremia. This study also found ADH levels elevated on admission; ADH levels 
did not correlate to hyponatremia development and fell by the time of second assay. 
In a small Japanese series, hyponatremia developed in 11 of 20 patients. Both ADH 
and atrial natriuretic peptide (ANP) levels were elevated on admission. ADH levels 
universally normalized on follow-up exam. ANP concentration remained high in those 
patients who developed hyponatremia (brain natriuretic peptide levels were not 
significantly different from normal at any point in the study). 

Therefore, 1) a negative salt balance precedes or accompanies the 
development of hyponatremia in many patients with SAH; 2) volume contraction 



precludes the diagnosis of SIADH; and 3) salt and volume replacement corrects the 
deficiencies (volume depletion may exacerbate the symptom constellation). 
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The humoral or neural (or combination) derangement that decreases sodium 
reabsorption following SAH has not been identified. Renal denervation does not block 
natriuresis in experimental models. Atrial natriuretic peptide (ANP) is a 28 amino acid 
polypeptide with a plasma half-life of 3 minutes. ANP release from the heart could be 
stimulated by atrial stretch (caused by initial blood centralization as a result of 
catecholemine surge). Rat hypothalamus and lamina terminalis have ANP containing 
neurons (although the brain concentration of ANP is only 1/1o,oooth atrial concentration). 
Central nervous system output may modulate cardiac ANP release. Although 

theoretically attractive, ANP levels, natriuresis and hyponatremia development are not 
well correlated . Brain natriuretic peptide (BNP) is found in the cardiac ventricles, has 
considerable amino acid sequence homology to ANP, and has biological properties 
which are similar to ANP. Other purported humoral mediators of natriuresis include C
type natriuretic peptide, bradykinin, oxytocin, adrenocorticotropic hormone, a- and p
melanocyte stimulating hormone, parathyroid hormone, and calcitonin. Some of the 
more thoroughly investigated cases of CSW have occurred in anterior cerebral artery 
aneurysm (feeds the hypothalamus), radio-frequency induced ventrolateral 
hypothalamic lesions, and diffuse cortical injury (i.e. carcinomatous meningitis with 
heavy meningeal caking). These areas and lesions are associated with very abnormal 
levels of sympathetic and parasympathetic discharge; alterations in renal autonomic 
(sympathetic) input are associated with changes in renal sodium and water handling. 
Harrigan reviewed CSW and the differential diagnosis between CSW and SIADH. His 
algorithm is outlined in the following table. 

TABLE 18. Differential Diagnosis of Cerebral Salt Wasting vs. the Syndrome 
of Inappropriate Anttdiuretic Hormone Secretion 

csw SIADH 
Plasma volume 

"" 
t 

Salt balance Negative Absent 
Signs and symptoms of hypovolemia Present Absent 
Weight ~ t or no change 
Pulmonary capillary wedge pressure + tor normal 
Central venous pressure + tor normal 
Hematocrit t + or no change 
Blood urea nitrogen: creatinine ratio 1' Normal 
Serum protein concentration t Normal 
Urine sodium concentration tt t 
Serum potassium concentration 1' or no change + or no change 
Serum uric acid concentration Normal + 

Volume status assessment is the most critical diagnostic step. Additionally, one 
must consider that the neurohumoral milieu which causes hyponatremia is prone to 
flux. Others consider that the BUN:Cr ratio, albumin, and the anion gap are commonly 
low in SIADH and that glomerular filtrative rate (GFR) may be normal or elevated in 
SIADH. GFR is found to be normal or decreased in CSW. 

Hyponatremia management in SAH patients creates some specific dilemmas. It 
seems reasonable to hypothesize that the neurohormonal alteration which causes 
CSW or SIADH is a result of vasospasm and resultant hypothalamic ischemia that 
heretofore had been clinically inapparent; and concurrent time frames of vasospasm 
and hyponatremia demand that volume contraction be avoided. The propensity for a 
serum sodium concentration fall to herald the onset of symptomatic vasospasm 
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suggests that clinical scrutiny is in order. Given that most patients develop 
hyponatremia about one week after SAH, they are frequently in an intensive care unit; 
invasive means are in place for assessment of volume status; and electrolytes have 
been assessed serially. Serum sodium very infrequently reaches levels usually 
considered symptomogenic. Identified rate of sodium change dictates aggressiveness 
of follow-up assessment and therapeutic intervention. Hyponatremia (and the inherent 
hypo-osmolality) create the added effect of osmotic swelling on a brain that is already 
taxed by multiple detrimental facets. Sodium deficits in SIADH or CSW can rapidly be 
replaced with hypertonic saline or enterally administered salt. The rapidity of hypo
osmolality development makes central pontine myelinolysis a very unlikely 
complication of rapid correction as the brain has not had a chance to adjust ideogenic 
osmoles. More often, a less aggressive approach with clinical volume assessment, 
volume depletion correction with an isotonic fluid, and close clinical follow-up is all 
that is necessary. Hypotonic fluids should be avoided and a sodium monitoring 
protocol continued. Fludrocortisone used in controlled trials reduced the frequency of 
negative sodium balance but not hyponatremia development. Treatment of 
hyponatremia may induce pulmonary edema, hypertension or hypokalemia (if 
fludrocortisone is used). 

CARDIAC ABNORMALITIES 

Neuroanatomists identify the central autonomic network (CAN) as that part of 
the brain which controls the "internal regulation system". The CAN includes insular 
cortex, amygdala, hypothalamus and other regions. As a function of direct CAN 
injuries, SAH and its neurovascular consequences have been associated with cardiac 
arrhythmias, myocardial injury, severe hypertension and neurogenic pulmonary 
edema. Some have postulated that the true incidence of SAH is actually higher than 
identified as many cases of "sudden death" are actually SAH-induced fatal arrhythmia; 
as many as 15% of SAH patients are DOA and a intracranial source is not suspected. 
In experimental models almost any cardiac dysrhythmia can be initiated by ablation or 
stimulation of a particular area of the hypthalamus; pre-treatment with specific 
anticholinergics or J3-blockers or with surgical cardiac sympathectomy or 
parasympathectomy profoundly alters the arrythmogenic effect. Similar effects can be 
produced with regard to morphologic electrocardiographic abnormalities. There exists 
a neurologic road map connecting the insula a purported arrythmogenic center, the 
hypothalamus, the reticular formation, corticospinal traits, a single pre-ganglionic 
sympathetic neuron and post-ganglionic sympathetic neurons; this network's terminal 
synapses are primarily located in the anterior and anteroseptal myocardial walls. This 
neural highway has prompted the theory that EKG and rhythmic disturbances arise 
through direct cardiac sympathetic innervation and are independent of elevated 
catecholamine levels. Serum catecholamines levels and urinary catecholamine levels 
have been found to be elevated following SAH. The absolute levels are not 
universally different from those of acutely ill controls and do not correlate well with 
arrhythmogenicity or particular EKG abnormality (with the exception of sinus 
tachycardia and T -wave inversion). The cardiotoxic effect of SAH might also be 
humoral or have a humoral component. The pathologic myocardial lesions seen at 
autopsy are synonymous with those seen in people who succumb to acute 
pheochromocytoma or acute cocaine induced effects. 



The largest series of prospectively studied electrocardiograms in patients with 
SAH found 82% (331/406) abnormal. Even when those with underlying alternative 
causes for EKG abnormality (hypertension, pre-existing heart disease, abnormal 
serum potassium or calcium, current treatment with digoxin, diuretics, J3-blockers or 
other antihypertensive) were removed, 78% (129/165) had an abnormality. The 
primary morphologic EKG abnormalities involve altered repolarization: 

Table 19. 
~----------------------------------------------------~ EKG ABNORMALITIES IN SAH (REPOLARIZATION} 

ST segment elevation (rare) 
ST segment depression 15% 
T -wave abnormalities 32% 
U-wave changes 47% 

Studies following serial EKGs have found abnormalities in 100% of patients. 
EKG abnormalities have been found to persist up to 4-8 weeks post SAH. The 
repolarization abnormalities, particularly the prolonged QT interval, makes the 
ventricle more susceptible to arrhythmogenic stimuli. Norepinephrine increases the 
slope of the phase IV depolarization of the cardiac action potential thus increasing 
automaticity. 

Prospective Holter monitor studies of SAH patients show the incidence of 
arrhythmia to be 91 %; 41% had serious arrhythmia. All the malignant arrhythmias 
occurred during the first post hemorrhage day and included a 10% incidence of 
ventricular tachycardia (VT). In this study, 41% of patients had a prolonged QT 
interval and 51% had hypokalemia (all three with life threatening VT had both 
hypokalemia and a prolonged QT). 

FIGURE 5. Diffuse T-wave abnormalities in SAH 
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Torsades de pointes (the classic prolonged QT arrhythmia) and ventricular fibrillation 
have also been reported post SAH. 

FIGURE 6. Torsades de Pointes 
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Some have purported that elevated serum catecholamine levels and elevated 
serum corticosteroid levels lead to transcellular potassium shifts. An abnormal 
intracellular : extracellular potassium concentration ratio could increase 
catecholamines' overall potential to stimulate toxic cardiac effects. Although very little 
has been written about SAH induced arrhythmia treatment (except that the ventricular 
arrhythmias tend to be particularly refractory [stellate ganglion block used to treat a 
lidocaine, phenytoin, atropine, procainamide, digoxin and propranolol resistant case of 
VT]), analogies are drawn to the long QT familial syndromes and p-blocking agents 
are probably useful as first choice drugs if propensity to arrhythmias is noted. There 
has not been any convincing study which has correlated specific EKG abnormalities 
and mortality. 

The significance of cardiac effects is difficult to document. There is no study 
which attempts to stratify patient risk based on EKG abnormalities or attempts to 
document EKG abnormalities as an independent predictor of bad overall outcome. 
EKG abnormalities are more profound when the initial neurologic insult is more 
severe; these patients do have a worse prognosis. Pathologic Q-waves and ST 
elevation have been seen with SAH; these occur rarely and may predict poor outcome. 
The suggestion of ischemic cardiac disease on EKG creates a great dilemma for the 
neurosurgeon, anesthesiologist and internist. The 'Division of Clinical Decision 
Making"from Tufts University detailed a thoughtful conclusion to a particular case as 
follows: 

TABLE 20. 
FACTS 

87 yo white female 
prior coronary artery disease 
continued cardiac risk factors 
Grade IV SAH (improved to Grade Ill) 
ominous aneurysm appearance 
post SAH day t4 had unequivocal Ml 
ready for surgery post SAH day t10 

ASSUMPTIONS 

risk of recurrent SAH = 11% 
fatality rate of recurrent SAH = 77% 
surgical mortality = 5% 
perioperative Ml risk = 35% 
perioperative Ml mortality = 50% 
risk of Ml (w/o surgery) = 1.8%/week 
mortality of Ml = 50% 

Their conclusion from the presented analysis was to 'bperate now~ 
Interestingly, using the most respected strategies for perioperative cardiopulmonary 
morbidity and mortality risk assessment, this 87 yo woman with an acute Ml would 
attain one of the more preclusive risks. Her acute 'heurosurgical"risk, if allowed to 
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harbor an unsecured aneurysm, outweighs her medical risk. 'Routine" aneurysm 
surgery does not involve 'tress clamping"arteries whose 'tun-off"is normally a large 
contributor to systemic vascular resistance. Modern SAH surgery does not involve or 
lead to extensive blood loss, fluid shifts or third spacing of fluids. The 
cardiopulmonary morbidity and mortality of routine SAH surgery is quite low. An EKG 
which suggests the possibility of myocardial damage should not significantly alter the 
decision to operate. The aggressiveness and intensity of management can be 
heightened in an attempt to accommodate the elevated risk. A markedly abnormal 
EKG probably warrants: 1) postponing immediate surgery until the most experienced 
members of the surgical team are available; 2) obtaining echocardiography (for 
diagnostic and prognostic reasons); 3) obtaining serial electrocardiograms and sets of 
myocardial enzymes; 4) extra care and readiness in anticipation of cardiac 
arrhythmias; 5) Swan-Ganz catheter placement; 6) consideration of p-blocker therapy 
and other alterations intraoperative anesthesia technique and pharmacology; 7) 
intensive avoidance of potassium concentration shifts and hypoxia; and 8) avoidance 
of aggressive postoperative vasopressor use or therapeutic hypervolemia induction. 

Whether specific EKG abnormalities signify an alteration in myocardial 
perfusion, function, or integrity is not conclusively known. Of 19 patients with 
abnormal electrocardiograms who underwent myocardial blood flow assessment with 
thallium scintigraphy, 6 (32%) were abnormal. No specific electrocardiographic 
characteristics identified patients with abnormalities. Neurologic conditions also did 
not predict flow abnormality (in fact, the 6 who died had normal scans). Only three 
series have been published which analyze the frequency of segmental wall motion 
abnormalities in SAH. The largest study assessed 99 patients with an abnormal EKG; 
it was published in the Japanese cardiology literature. Nine percent had left 
ventricular asynergy and elevated CPK and CPK-MB. Of these 9%, 77% had an 
elevated pulmonary capillary wedge pressure and clinical pulmonary edema. Both 
patients angiogrammed had normal coronary arteries; all three patients from whom 
pathologic material was available had findings characteristic of myocardial cell death 
(to be discussed later). The only echocardiographic study published in English 
'tnedicine"journals examined only 13 sequential SAH patients. Left ventricular wall 
motion abnormalities (WMA) were identified in four. Two of these patients had a left 
ventricular apical mural thrombus associated with this WMA; one thrombus embolized 
and created further neurologic morbidity. Cardiac enzyme levels, initial heart rate and 
initial neurologic grade were statistically higher in this group. Inverted T -waves were 
also found statistically more often. The statistical power of this study is profoundly 
limited by sample size. Several case reports and one series have identified and 
discussed 'heurogenic stunned myocardium~ These are patients with EKG findings 
simulating acute myocardial infarction, segmental WMA and normal coronary arteries 
by angiogram, who, when followed up, normalize their EKG and return to normal 
cardiac wall movement. Limited pathological follow-up for evidence of cellular injury is 
equivocal. Some consider coronary vasospasm as the pathophysiologic cause of 
these findings; vasospasm has not been identified angiographically nor have 
provocative studies been undertaken. There are no studies investigating the 
pathologic or prognostic significance of elevation of myocardial enzymes. We are 
currently investigating sequential SAH patients at ZLUH and find that 7/40 have 
elevated troponin-1 levels; the pathologic or prognostic significance of this change 
remains to be determined. 
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Initially, the findings of grossly normal myocardium at necroscopy led authors to 

conclude that neurologic injury created the 'false positive" EKG abnormalities seen in 
SAH patients. These abnormalities were thought to represent a pure 
electrophysiologic phenomenon. Since 1964, however, small subendocardial 
petechial hemorrhages, microscopic areas of multifocal acute myocardial cell injury 
including increased eosinophilic staining, myocyte swelling and indistinct cross 
striations and myofibril degeneration (severe disruption of the myocyte cytoplasm 
[myocytolysis]) have been identified by many on detailed necroscopic micro
anatomical evaluation of myocardial tissue. Hypothalamic perivascular or 'ball" 
hemorrhages occur frequently in patients dying from SAH. Doshi and Neil-Dwyer 
identified 'ball"hemorrhages in 49 of 54 patients dying from SAH; subendocardial 
lesions occurred in 42. These findings probably don't have any clinical"relevance to 
sufferers of SAH; the more profoundly devastated patients die, have hypothalamic 
hemorrhages, severe left ventricular wall motion abnormalities, and focal areas of 
subendocardial cell death. In those who survive this constellation of events, 
microscopic myocytolysis is clinically inconsequential given other co-morbidities. 
Profoundly important questions do arise in the area of organ harvestation and 
transplant medicine. Issues surrounding short and long-term viability and functionality 
of the cardiac tissue if harvested and transplanted have not been addressed. 

CONCLUSION 

As with many diseases, the most useful intervention that can be offered by any 
physician is preventative. Technology has advanced to a point that preventative 
measures should be offered to a very small selected group of patients who may have 
a developed but unruptured aneurysm. Epidemiologic and pathogenesis research 
remains to be done before a realistic protocol of educational measures can be 
implemented which will decrease the likelihood of aneurysm formation in the general 
population. 

The overall morbidity and mortality of SAH is sobering. As a group, internists 
have the means to lessen this toll that is greater than that of any specialty. An astute 
diagnostic acumen, a high index of suspicion for ICA change, 'Sentinel headache," 
and SAH as a cause of headache, and an aggressive evaluative protocol clearly can 
alter the natural history of an otherwise cataclysmic process. A few simple questions 
regarding headache onset (light switch) and associated symptoms are a necessary 
part of any headache evaluation. If ICA, sentinel headache or SAH remains a clinical 
possibility after the initial, speedy evaluation, the internist must have the means to 
rapidly evaluate this possibility. If a neurosurgical cause for headache is diagnosed or 
remains to be a possibility after these means are exhausted, immediate transfer 
without administrative delay to a setting where further diagnostic evaluation or 
treatment can be offered must be accomplished. One Grade I patient in 50 will 
rebleed and likely die within 6 hours of first symptoms; one Grade I patient in 25 will 
rebleed and likely die within 24 hours of first symptoms. 

Via effects on blood flow and intracerebral pressure, SAH directly impacts 
neuronal viability. Higher cortical function, motor, speech and coordination as well as 
autonomic maintenance are susceptible to hypoxic dysfunction and anoxic loss. Here 
lies the true cost of SAH to its survivors and their families, as fewer than 50% ever 



23 
return to their pre-morbid capacity. The effects on autonomic maintenance impact the 
entire organism causing biochemical and biomechanical derangements that impair the 
medical health of the patient. These derangements are magnified by their 
synchronous affects on the heart, lungs, kidneys, bone marrow, gut and immune and 
endocrine systems. 

Yes, the internist has a role in subarachnoid hemorrhage management. 
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