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Abstract
Headache is a major presenting symptom of subarachnoid hemorrhage (SAH) along with nausea/vomiting, 

photophobia, meningeal signs and even loss of consciousness and seizures. In this paper we discuss the standard 
evaluation of SAH, including how to distinguish true SAH from traumatic lumbar puncture (LP). Also, we discuss how 
to interpret computed tomography (CT) of the brain and LP results in relation to the onset of symptoms.
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Introduction
A spontaneous Subarachnoid hemorrhage (SAH) usually arises 

from non-traumatic causes such as berry aneurysms or arteriovenous 
malformations (AVM). Headache is a major presenting symptom of 
SAH along with nausea/vomiting, photophobia, meningeal signs (neck 
stiffness or back pain) and even loss of consciousness and seizures. SAH 
has a worldwide incidence of 6-9 cases per 100,000 patients, with a case 
fatality rate from 30-60% [1-3]. Approximately, 2% of all emergency 
visits have the complaint of headache [4]. It is estimated that 11-25% 
of patients presenting to the emergency department (ED) with sudden 
onset, severe headaches may have a SAH [5]. There are approximately 
30,000 patients in the United States each year that have a non-traumatic 
SAH of which 25% are misdiagnosed on initial presentation [4]. Among 
these patients, two thirds go on to develop permanent neurological 
disability or death [6]. As a result, early diagnosis and treatment are 
extremely important. 

Case Presentation
A 40 year old healthy male with no past medical or surgical history 

presented to the ED with a three day history of worsening headache. 
He reported that the headache started out mild in his occipital area 
and progressively worsened over the last three days. Additionally, he 
developed persistent a traumatic lower back pain over the last day. The 
headache was accompanied by nausea and one episode of non-bloody, 
non-billous vomiting. He denied any fevers, chills, diarrhoea, recent 
travel, nor a family history of brain tumors or aneurysms. On physical 
examination, he was afebrile with normal vital signs, but looked 
very uncomfortable. His neurological examination demonstrated 
photophobia and neck stiffness without focal deficit. The remainder of 
his physical examination was unremarkable. Routine laboratory tests 
and a computed tomography (CT) of his brain were normal (Figure 1). 
The lumbar puncture (LP) showed pink-colored cerebral spinal fluid 
(CSF) in all four tubes (Figure 2) concerning for SAH or traumatic LP. 
Laboratory analysis of the CSF showed 90,000 red blood cells (RBCs) 
in the first tube and 60,000 RBCs in the fourth, with xanthochromia 
reported as positive. The patient was admitted to the neurosurgical 
intensive care unit (ICU), where a confirmatory CT angiogram and 
interventional angiogram of the brain showed a large 4-5mm aneurysm 
in the anterior communicating artery aneurysm (Figure 3). The 
aneurysm was coiled and the patient was discharged home on hospital 
day six.

Discussion
Our patient was ultimately diagnosed with a SAH from a bleeding 

aneurysm. Headache is a major presenting symptom of SAH along with 

nausea/vomiting, photophobia, meningeal signs (neck stiffness or back 
pain) and even loss of consciousness and seizures. Unfortunately, many 
times SAH is only one of many diagnoses being considered. Below, we 
discuss the standard evaluation of SAH, including how to distinguish 
true SAH from traumatic LP. 

CT Scan and LP

When a patient presents with a possible SAH, the first test to 
obtain is a non-contrast CT scan of the brain. During the first 24 hours 
after ictus, the sensitivity of a CT to diagnose a SAH is reported to be 
around 90-98%, and possibly higher if the CT is completed within 6-12 
hours [7,8]. As time from onset of headache increases, the sensitivity 
of CT decreases [7,8]. The ability for CT to detect SAH decays due 
to circulation of cerebrospinal fluid and subsequent dilution and 
catabolism of blood in the CSF [7]. Since the sensitivity of CT is not 
100%, a negative CT does not completely rule out this serious disease 
[9]. Therefore, in cases of suspected SAH, a LP should be performed in 
the setting of a negative CT. Our patient presented three days after the 
onset of headache and had a CT that was negative for haemorrhage. In 
this setting, CT is only 80% sensitive and as a result, we performed an 
LP that was positive for blood and highly suggestive of SAH, ultimately 
resulting in the diagnosis of bleeding aneurysm.

Figure 1: Normal non-contrast Computed Tomography Scan of the Brain.
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LP Considerations

As discussed, an LP should be considered when patients are very 
high risk of a subarachnoid hemorrhage, however has negative CT of 
the head. However, LPs are not benign and carry a small, but significant 
risk of bleeding that result in an epidural hematoma, infections 
including meningitis, and brain stem herniation when there is a space-
occupying lesion in the brain. More commonly, patients report back 
discomfort from the local trauma and post-dural puncture headaches 
that typically resolve spontaneously with conservative treatment. 
Occasionally these headaches require the instillation of a blood patch. 
All these risks of an LP must be weighed against the consequences of 
missing a life-threatening subarachnoid haemorrhage from a cerebral 
aneurysm.

Evaluating LP Results

The algorithm for evaluation of a possible SAH is simple, 
unfortunately interpretation of the LP results can be challenging. 
Currently, the standard practice is to send three or four samples of 
CSF for microscopic analysis. Comparison of RBC results of the first 
and last samples is then used to diagnose or exclude SAH. Difficulty 
arises when there is a traumatic LP and there are RBCs in both the first 
and last samples. Unfortunately, there is no criterion standard for how 
many RBCs should be in the CSF to reliably diagnose or exclude SAH. 
Byyny et al. [8] performed a retrospective review of 149 patients with 
diagnosed spontaneous SAH [9]. In this study, CT diagnosed 139 of 
the cases and 10 were diagnosed by LP. Of these 10 LPs, the amount 
of RBCs in the last tube varied greatly, with some as low as 700 when 
presenting in less than 24 hours and 300 among those presenting at 
three days. 

Returning to our case, the microscopic analysis of the CSF showed 

90,000 RBCs in the first tube and 60,000 RBCs in the fourth tube. 
Although there was a decline in the number of RBCs, the absolute 
number was high and the drop off was minimal. In combination 
with the clinical presentation, our post-test probability for SAH was 
very high and we admitted the patient to the neurosurgical service for 
further evaluation.

What is a Traumatic Tap?

Traumatic taps are caused by puncture of the venous plexuses 
accompanying the spinal sac or cauda equina. When CSF is analyzed, 
one parameter that is measured is the number of RBCs. Fortunately, the 
testing of RBCs in the CSF has a sensitivity of 100% (there should be no 
concern for SAH when there are no RBCs in the last CSF tube), however 
the specificity is approximately 80%, due to an estimated 20% incidence 
of traumatic taps [10]. Most practitioners interpret a significant drop in 
RBCs between the first tube and last tube as a traumatic tap. However, 
the exact definition of “significant drop” has never been clearly defined. 
In this scenario, testing for xanthochromia may assist in diagnosing 
SAH.

What is Xanthrochormia?

Xanthrochromia is a yellow discoloration of CSF due to catabolism 
of hemoglobin.

When RBCs degrades, hemoglobin is released into the CSF and 
forms oxyhemoglobin. This gives the CSF a pink or pink-orange color. 
Oxyhemoglobin can be formed in-vivo or in-vitro and happens in the 
first few hours after RBCs are introduced into the CSF. Oxyhemoglobin 
is then enzymatically metabolized to bilirubin, which is the substance 
that gives CSF the yellow hue. Since this process is enzyme-dependent, 
the presence of bilirubin signifies blood was present prior to LP. Though 
bilirubin is absent in the first hours, it usually forms within 12 hours 
and remains in CSF for a couple of weeks. As a result, xanthochromia 
can be absent in the first few hours immediately after ictus. Our 
patient presented 3 days after onset of the headache and therefore 
we would expect xanthochromia, which was present. Other causes 
of xanthochromia to consider are jaundice, increased CSF proteins, 
rifampin intake, and excess carotenoids ingestion [11].

Most hospitals identify xanthrochromia with visual inspection, 
while a minority utilizes a spectrophotometer. Sidman et al. [4] 
conducted a blinded study in which experienced laboratory technicians 
visually examined unmarked samples for the presence or absence of 
xanthrochromia [4]. RBCs were lysed in vitro and serial dilutions were 
prepared for inspection. Technicians were asked to interpret samples in 
standard sized tubes and then in larger diameter tubes. The absorbance 
of each sample was measured in a spectrophotometer. Sensitivity of 
visual inspection in standard diameter tubes was 26.6%. In the larger 
tubes, the sensitivity slightly increased to 55%. The spectrophotometer 
had a sensitivity of 97.9 %. Therefore, it appears that using a 
spectrophotometer is much more sensitive than visual inspection, but 
most hospitals continue to use visual inspection alone.

Is Opening Pressure Helpful?

Additionally, opening pressure can be a useful tool in distinguishing 
traumatic tap from a true SAH. A study performed in the pre-CT era 
looked at 213 patients with SAH and found that 60% had pressures 
above 20cm of H2O [10]. As stated previously, CSF may appear clear in 
cases of true SAH. In this case, the opening pressure was high at 26cm, 
which increased our clinical suspicion for SAH.

Figure 2: Cerebral Spinal Fluid: traumatic tap or true SAH?

Figure 3: CT angiogram of the Brain with an Aneurysm
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MR Angiography and CT Angiography

Technology continues to improve drastically, with CT scanners 
able to visualize smaller and finer structures. This is especially true 
when contrast is given and CT angiography has replaced conventional 
angiography for many procedures, including evaluation of cerebral 
aneurysm. This is also true of MR technology, where MR angiography 
and MRI with FLAIR imaging can detect smaller lesions and at times 
with better sensitivity than CT angiography. However, getting an MRI 
quickly done and read by a radiologist in the acute setting is difficult in 
many emergency departments and other out-patient settings. Generally, 
an MR is reserved for very specific and limited indications in the 
emergency department because of limited resources, which typically 
does not include evaluation of cerebral aneurysm rupture. Additionally, 
many patients cannot receive an MR because of implanted hardware, 
or other contraindications. Lastly, very few patients that arrive to the 
ED with a headache have a subarachnoid hemorrhage. Even in the 
most resource avid system with multiple MRIs available, if all patients 
that required a rule-out for subarachnoid hemorrhage received an 
MRI, the system’s resources would be quickly over-loaded and those 
MRI scanners could not be used for other non-urgent and urgent 
indications. As with everything in medicine, the risk and benefits of 
an MRI versus other testing modalities must be considered carefully, 
in discussion with the patient and in conjunction with your pre-test 
probability of disease. 

Summary
CT scan is highly sensitive in patients presenting within 6 hours of 

headache onset or ictus. If CT is negative, an LP should still be performed 
to determine if RBCs or xanthrochromia are present. When evaluating 
headache patients, the suspicion of SAH should be considered and any 
CT and LP results should be analyzed in the context of the timing of 
presentation. If an LP is performed in the first 12 hours, CSF should 
exhibit RBCs and might not have xanthrochromia. Between 12hrs and 
2 weeks, CSF may not have RBCs however it should be positive for 

xanthrochromia. If the LP was performed after 2 weeks, both RBCs and 
xanthrochromia may be nonexistent. If your clinical suspicion is still 
high, consider neurosurgical consultation or angiography. 
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