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A Review of the Clinical
Significance of Lumbar Puncture
in the Diagnostic Approach
of Aneurysmal Subarachnoid
Hemorrhage (SAH): A Case Report
of CT-Negative and Lumbar
Puncture-Positive SAH

Maria Vashti Zerlinda Lesmana,’ Edrik Wiyogo,' Frandy Susatia,’
Candra Wiguna,' Harsan Harsan'

ABSTRACT

Headaches are a common presentation in the
emergency department (ED). Even though not all
are potentially serious, some such as subarachnoid
hemorrhage (SAH) can be more dangerous than
others. SAH is a medical emergency with an almost
50% mortality rate. It is crucial not to miss the
diagnosis of SAH, as a missed or delayed diagnosis
can be severely detrimental. It classically presents
as thunderclap headache, a severe, sudden-
onset headache. There are various approaches in
diagnosing or excluding SAH, which is classically
done by performing a computed tomography (CT)
scan followed by a lumbar puncture (LP). But with
the improved sensitivity of more modern diagnostic
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tools, more physicians are in support of changing
this classical teaching. The aim of this case report is
to review the advantages and disadvantages of LP in
diagnosing SAH, along with other diagnostic tools
commonly used.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) constitutes about
5% of strokes and 1%-3% of all headaches.[1,2]

SAH may be uncommon, but it is a lifethreatening
condition, with mortality rates approaching 50%. It
also carries significant risks of serious morbidity, [3-5]
which is why prompt = and more importantly -
accurate diagnosis is paramount. Historically, a LP
has been used to rule out SAH after a negative CT
result. But in more recent years, with the advent of
modern CT scans and CT angiography,[6,7]_the
role of LP as a means to rule out SAH has been
questioned.
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Other factors that disfavor LP are the risks
associated with LP, including postdural puncture
headache (PDPH), iatrogenic infections and
brainstem herniation. The procedure is also painful
and anxiety-provoking for most patients, further
shadowing its benefits.[8,9] Because of this, other
diagnostic approaches have been suggested as
alternatives to LP, such as CT angiography (CTA) or
magnetic resonance angiography (MRA).[8,10,11]
Despite that, LP is still recommended by the AHA/
ASA 2023 Guidelines for the Management of
Aneurysmal Subarachnoid Hemorrhage for CT
negative patients presenting after 6 hours.[12]
Spinal fluid investigation may also help point to

an alternative diagnosis in patients with atypical
presentations.

Along with this case of CT-negative and LP-positive
SAH, we aim to review the clinical significance of
LP in the diagnostic approach of aneurysmal SAH,
considering its risks and benefits to each patient and
different individual circumstances.

CASE REPORT

A 50-year-old female patient was admitted to the
hospital with severe throbbing headache which had
started three days prior to admission. The headache
became severe enough that it interfered with her

Figure 1 CT Brain Non-contrast (01/04,/2023) vs MRI-MRA Brain (03/04/2023) vs CTA Brain (05/04,/2023)
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Figure 2 MRI-MRA Brain (03/04/2023) vs CTA Brain (05/04,/2023)

Figure 3 Macroscopic View of Lumbar Puncture
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Figure 4 DSA post coiling (06/04/2023)

daily activities and sleep, and was no longer relieved
with overthe-counter nonsteroidal anti-inflammatory
drugs (NSAIDs). The patient denied any trauma,
fever, neck stiffness, nausea or vomiting. She had no
significant past medical or family history. She denied
taking illicit drugs, smoking or drinking alcohol.

Motor strength and sensory exam were normal for
both upper and lower limbs, and no cranial nerve
or cerebellar deficits noted. There was no nuchal
rigidity.

A cranial CT scan on admission showed no
intracranial aneurysms or subarachnoid hemorrhage
(SAH).

During the course of the hospital stay, the patient
received fricyclic antidepressant, NSAID, muscle
relaxants and benzodiazepines. However, her
headache worsened, as observed on the pain
scale. She also developed nuchal rigidity and light-
headedness. Because of her deteriorating condition,
the patient was taken for cranial magnetic resonance
imaging and magnetic resonance angiography
(MRI-MRA).

The MRI/MRA showed mild lateral bilateral
ventriculomegaly with hyperintense debris and mild
ependymal-leptomeningeal, as well as an arachnoid
cyst in the left medial fossa (£ 1.8 x 3.1 x 1.8 cm). A
suspected saccular aneurysm was seen at the base of
A2 (+ 4 x 5 x 4 mm) with its dome facing anteriorly.

A P was then performed, which showed
xanthochromic fluid, 730/ul cells, positive Nonne
Pandy test, 43 mg/dL glucose, 137 mg/dL protein
and 107 mmol/L chloride.

A CT angiography (CTA) was done which
showed mild subarachnoid hemorrhage in the
chiasmatic cistern and posterior gray column of left
lateral ventricle suspected coming from wide neck
aneurysm in the segment border of A1-A2 right
anterior cerebral artery with two small lumps facing
the inferior wall of the aneurysm.

Digital subtraction angiography (DSA) showed a
wide neck right anterior cerebral artery aneurysm
and coiling of the aneurysm was performed. The
headache receded several days after coiling and
there were no further episodes of SAH.

DISCUSSION

Presentation of SAH

SAH is classically present with a characteristic
headache that is sudden and severe, with the pain
intensity peaking within seconds to minutes. It is often
described by patients as the worst headache of their
life, and is dubbed a “thunderclap” headache. Other
associated symptoms are exertional onset, syncope,
vomiting, neck pain and seizures. Focal neurological
deficits, nuchal rigidity, loss of consciousness and
retinal hemorrhage may also be present.[9,10]
Despite a clear classical description of its
presentation, the rate of missed or delayed
diagnosis of SAH has been reported to range from
12% to 53%.[2,13] In reality, the presentation of
SAH patients is not often textbook; 40% to 60% of
patients with aneurysmal SAH will present being
neurologically intact,[14] and not all SAH patients
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present with severe headache.[13] Because of this,
further diagnostic testing is necessary, with non-
contrast CT scan as the initial test of choice.[12,14]
Nonetheless, as headache is a common complaint
in the emergency department (ED), it may be difficult
to decide which patients should be subject to further
testing.[2,4]

For this reason, Perry, et al. published the
Ottawa SAH Rule in 2013 to standardize which
patients require further diagnostic testing, allowing
physicians to easily make more informed decisions.
Despite having a specificity of 15.3% = meaning
that most patients investigated might not have SAH
- the Ottawa SAH Rule has a sensitivity of 100%,
allowing virtually all SAH patients to be properly
diagnosed. All patients that are eligible according
to the criteria and has at least one high-risk variable
should receive a non-contrast head CT scan.[15]

Based on the Ottawa SAH rule, patients which
are considered eligible are all alert patients older
than 15 years with new severe non-raumatic
headache reaching the maximum intensity within
1 hour, without new neurological deficits, previous
aneurysms, SAH, brain tumors, or history of
recurrent headaches (>3 episodes over the course
of >6 months). High-risk variables include: age >40
years old, neck pain or stiffness, witnessed loss of
consciousness, onset during exertion, thunderclap
headache (instantly peaking pain and limited neck
flexion on examination).[15]

Our patient’s presentation is not typical, instead
of an acute thunderclap headache, she presented
with a subacute progressively worsening headache.
She also did not present with neck stiffness, nuchal
rigidity or any other neurologic deficits. When
a presentation is atypical such as this, there is no
decision rule or guideline to recommend a certain
approach, therefore the physician should use their
best judgment to decide which testing is more
appropriate — or if it is necessary. Although, most
of the time, when a test is deemed necessary, a non-
contrast CT scan is the preferred first test.

Computed Tomography

A non-contrast CT scan is the first diagnostic test
that should be performed in all patients who are
suspected to have SAH.[10,12,14] The CT scan
has been widely tested, and more recent studies
with modern CT scans have shown sensitivity as

high as 100%.[16,17] As such, some authors have
suggested the CT-only approach for diagnosing
SAH.[8,18,19]

However, the high sensitivity of a CT scan is very
time-dependent and diminishes with time.[14,16]
After the initial 6 hours, a CT scan'’s sensitivity drops
to 85.7%,[10] increasing the utility of performing a
LP after a negative CT. Our patient presented well
over 6 hours of headache onset, which could have
caused the SAH to be missed by CT. A study by Perry,
et al. shows that for diagnosing SAH, physicians are
only willing to adopt a clinical diagnostic decision
rule that has 99%-100% sensitivity,[20] which might
be justified due to its high burden of mortality and
morbidity.[1,21,22] Even with current advancements
in modern CT scans, it still has limitations and can be
used as the sole diagnostic tool only in neurologically

infact patients presenting within 6 hours of headache
onset.[7,12,14,16]

Lumbar Puncture

LP has traditionally been used as a secondary test
to remove any doubts of a negative CT scan.[23]
Patients that have a negative CT scan (38.3%) may
have a positive LP indicative of SAH (shown by
increased RBC or presence of xanthochromia).[24]
Conversely, it is estimated that virtually all patients
with negative LP following a negative CT scan does
not have a SAH.[25]

Despite that, LP is not a perfect test. It is prone to
error due fo traumatic tap being a considerable factor
for false positives,[9,26] and it is also associated
with certain risks, from the common low back pain
and postdural puncture headache, to epidural nerve
injury, iatrogenic infections, epidural hematoma and
brainstem herniation. Moreover, it is an invasive test
that is anxiety provoking and painful to most patients.
Therefore, it is understandable that physicians who
believe in the high accuracy of modern CT scans to
forgo LP in their patients, fearing it would do more
harm than good.[8,9]

Traumatic taps are estimated to happen in about
one in six LPs. This is a significant amount and
therefore requires strategies to correctly rule out or
diagnose SAH while minimizing false positive results.
[9] It has been suggested that spectrophotometry
has better performance over visual inspection
because it can differentiate xanthochromia from the
oxyhemoglobin of traumatic tap with the bilirubin
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of SAH.[10,27] While spectrophotometry has
superior sensitivity over visual inspection (87% [?5%
Cl = 71%96%)] and 83% [95% Cl = 59%-96%)],
respectively), it is also more prone to false positives.
Interestingly, when combined with red blood cell
(RBC) count, visual inspection for the presence
of xanthochromia makes for 100% sensitivity to
exclude SAH, higher than both spectrophotometry
alone and visual inspection alone.[26] Perry, et al.
determined the most reasonable cut-off for RBC was
the presence of fewer than 2000 x 10¢/L red blood
cells in addition to no xanthochromia in the final
tube, which excluded the diagnosis of aneurysmal
SAH with a sensitivity of 100% and specificity of
91.2%.[2,10,26] Currently, most institutions, as with
ours, still rely solely on visual inspection.[10] In the
cerebrospinal fluid sample taken from our patient,
we found visible xanthochromia on all tubes, but only
730 cells/pL, which is equivalent to 730 x 10¢/L,
below the cut-off of 2000 x 10¢/L, which could be
caused by the combination of the subacute nature
of presentation in our patient causing less RBCs to
enter the cerebrospinal fluid, or the prolonged delay
from onset allowing lysis of more RBCs.

There are different practice variations regarding
the timing of LP. The United Kingdom guidelines
require LP to be performed >12 hours from headache
onset,[28] which is supported by the study from the
UK National External Quality Assessment Scheme
for Immunochemistry Working Group. The rationale
for the 12 hours wait is to allow for the breakdown
of RBC in vivo and allow xanthochromia to develop,
thus increasing sensitivity.[29] This study, however,
uses spectrophotometry and not visual inspection,
which may not be widely available. More research
needs to be done to have conclusive evidence for
waiting 12 hours before performing LP, as the delay
in diagnosis will also increase patient wait time in
the ED and may delay treatment. Current guidelines
do not recommend a specific timing for performing
LP after a negative CT scan.[12,30] In our case,
waiting would provide no benefit as she presented
after three days of headache onset.

LP will have greater benefit when performed in
certain circumstances, for example, when there is no
attending radiologist or neuroradiologist to interpret
the scan, the use of older generation CT scans, or
patients with a low hematocrit level. These factors
could cause false negative CT results; therefore,

performing an LP is highly encouraged.[12,16] LP
will also have greater benefit when there is a very
high suspicion of SAH with a negative CT, specifically
when there is a pre-test probability of >20% before
the CT scan, as determined by Carpenter, et al.,
although patients with such a high probability
would more likely than not have a positive CT scan.
Also, there are currently no studies showing pre-CT
findings or criteria (from patient history or physical
examination) that would significantly increase the
pre-test probability of SAH to 20% or higher.[9]

Other potential causes of false negative CT
scans include: CT uses imaging slices >5 mm when
imaging through the base of the brain, motion
artifact in imaging results, or artifacts owing to metal
in the surrounding bone or soft tissue.[?]

Computed Tomography Angiography

Computed tomography angiography (CTA) s
an invaluable tool to visualize cerebrovascular
anatomy. As a non-invasive test that could detect
aneurysms, CTA has also been tested as a possible
replacement for the use of LP in ruling out SAH,
with a sensitivity of up to 98% and specificity of
100% for aneurysms in patients with SAH.[11]
However, aneurysms detected may be unrelated
to the headache.[10,12] This could lead to more
tests being performed without bringing benefit to
the patient, increase patient anxiety for ruptured
SAH, and influence the patient’s ability to obtain
life insurance.[30] The patient can also be at risk
for complications of CTA including nephrotoxicity,
increased radiation exposure and allergic reaction.
[31] On the other hand, one survey showed that
79.2% of patients favored the use of CTA over LP to
exclude SAH.[32] Additionally, CTA can be helpful
in certain conditions where performing a LP would
be difficult or harmful, such as in an obese, agitated
and/or coagulopathic patient.

A negative non-contrast head CT followed by a
CTA showing no aneurysm has a post-test probability
of SAH <1%.[10,11] While this percentage falls
below most clinicians’ test threshold (in which
no further testing would be required),[10,20] an
analysis estimated the sensitivity of CTA for ruptured
aneurysms <3 mm at <61%,[12,33] and aneurysms
<4 mm at 92%.[10,34] While a larger aneurysm

size would increase the risk of hemorrhage, a study
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found that 26% of SAH are caused by aneurysms <5
mm.[35] This raises the question of whether LP should
still be performed after both a negative non-contrast
CT scan and CTA, but it is doubtful that LP would be
beneficial in that scenario, as the probability of SAH
is extremely low.[11]

Guidelines from AHA/ASA recommend the use of
CTA after ruling in SAH with a positive CT scan or
LP to aid in choosing the treatment modality for each
patient. DSA, however, is still the gold-standard for
evaluation of cerebrovascular anatomy.[12]

Magnetic Resonance Imaging/Magnetic
Resonance Angiography

Magnetic resonance imaging and angiography
(MRI/MRA) has a pooled sensitivity and specificity of
95% and 89%, respectively for detection of cerebral
aneurysms.[36] However, it has limited sensitivity
in more acutely presenting patients and is of more
use in subacute (three days after headache onset) or
chronic SAH,[10,31] which is the case in our patient.
Additionally, MRI/MRA is costly. A cost-effectiveness
study for SAH diagnostic strategies comparing CT
followed by LP (CT/LP), CT followed by CTA (CT/
LPA) and CT followed by MRA (CT/MRA) showed
that CT/MRA was the costliest while inferior to CT/
LP in effectiveness. The study also suggests the non-
inferiority of CT/LP compared to other approaches

and advises against the change of current guidelines
supporting the CT/LP strategy.[37]

CONCLUSION

LP is still relevant in the diagnostic approach of
SAH, despite technological advances in CT/CTA
and MRI/MRA imaging. Following guidelines from
AHA/ASA, LP should be done after a negative
CT on patients with acute onset severe headache
presenting with a new neurological deficit, or
presenting after 6 hours of headache onset.[12]
ACEP also recommends shared decision-making
for the use of CTA as an alternative for LP after a
negative CT (level C recommendation),[30] but
more high-quality studies are needed to confirm the
superiority of one over the other. In our patient, the
use of LP and CTA both played a role in diagnosis
of SAH, but perhaps standardized thresholds, and
also testing (with use of spectrophotometry over
visual inspection) can further maximize the utility
of LP. CTA can be used instead in certain patients
when performing LP would be difficult or harmful,
such as obese, agitated and/or coagulopathic
patients. MRI/MRA has limited sensitivity in patients
presenting <48 hours and therefore might be less
useful in most scenarios,[10,31,36] but in our case
has been useful in diagnosing SAH.
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