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Abstract: 
 

This article presents a case that highlights the importance of excluding underlying intracranial 
pathology in a patient presenting with severe headache and positive xanthochromia. This case report 
demonstrated that false-positive xanthochromia without subarachnoid haemorrhage (SAH) is 
possible in acute bacterial meningitis when there is a combination of traumatic lumbar puncture and 

either hyperbilirubinaemia or raised cerebrospinal fluids (CSF) protein.  
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Résumé: 
 
Cet article présente un cas qui met en évidence l'importance d'exclure une pathologie intracrânienne sous-jacente 
chez un patient présentant une céphalée sévère et une xanthochromie positive. Ce rapport de cas a démontré 
qu'une xanthochromie faussement positive sans hémorragie sous-arachnoïdienne (HSA) est possible dans la 
méningite bactérienne aiguë lorsqu'il existe une combinaison de ponction lombaire traumatique et 
d'hyperbilirubinémie ou d'augmentation de la protéine du liquide céphalo-rachidien (LCR). 
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Introduction: 
 

 Otitis media, and less commonly otitis 
externa, is a well-known cause of bacterial 
meningitis (1) . Common clinical presentations 
of acute bacterial meningitis following otitis 
infection are fever, otalgia, neck stiffness, 

headache, and confusion (1). One important 

differential is subarachnoid haemorrhage (SAH), 
which typically occurs between ages 40 and 
60, with the peak frequency between 55 and 

60 years (2). The Cooperative study found that 

intracranial aneurysms were the causative 
factors in 54% of the initial SAH, while arterio- 
venous malformations (AVMs) accounted for 
6%, and other aetiologies for the remaining 
40% (3). After negative computed tomo- 
graphy (CT) of brain for SAH, CT angiography 

(CTA) is the next line of investigation to iden- 

tify and characterise berry aneurysms or AVMs 
(Fig 1). Therefore, there is a clinical justifica- 
tion for patients to have an outpatient magnetic 
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Fig 1: Diagnostic flowchart for suspected subarachnoid haemorrhage and central nervous system infections 

 
Table 1: Causes of false-positive and false-negative cerebrospinal fluid xanthochromia for subarachnoid haemorrhage 

 

False positive result False negative result 

1. Increased oxyhaemoglobin and bilirubin typical of SAH 

i. Repeat LP  

ii. Traumatic LP and increased CSF protein 

iii. Traumatic LP and hyperbilirubinaemia 

i. LP performed < 12 hours after onset of symptoms 

ii. CSF sample exposed to light 

iii. Prolonged delay in CSF sample analysis 

2. Increased bilirubin (late presenting SAH) 

i. Raised CSF protein 

ii. Hyperbilirubinaemia 

i. CSF sample exposed to light 

ii. Prolonged delay in CSF analysis 

 LP=Lumbar puncture; CSF=cerebrospinal fluid; SAH=subarachnoid haemorrhage 

 

 

resonance imaging (MRI) of head with cont- 
rast carried out to exclude any underlying 
cause. 
 It is possible that a combination of 
traumatic lumbar puncture (LP) and either 

hyperbilirubinemia or raised CSF protein may 
lead to false-positive tests for xanthochromia 
(4,5). Notable causes of false-positive and 
negative CSF results for SAH are shown in 
Table 1. In this report, we discuss a case which 
highlights the importance of excluding under- 

lying intracranial pathology in a patient pre- 
senting with severe headache and positive 
xanthochromia.  
 

Case presentation:  
  

 A 61-year-old man with a past medical 
history of systemic hypertension and bilateral 
hip replacements presented to the Emergency 
department (ED) after a few weeks of expe- 
riencing tinnitus, ear ache and giddiness. He 
was managed as otitis externa a week before 
his admission. A day before admission, he had 

an MRI brain in a private hospital to rule out 
acoustic neuroma. He presented to the ED 
following a collapse episode, which according 
to his wife, had prior complaints of severe 
headache and acute confusion but no previous 
fever. At ED triage, he was noted to have 

slurred speech, slight facial droop on the right 
with temperature of 39.4oC. On examination, 
he had a left-sided hemiparesis with power of 
4/5, Glasgow Coma Score of 13/15, and was 

deaf in the right ear. The report of the stan- 
dard MR brain and both internal auditory 
meatus (IAM) were normal for age, except for 
a minor paranasal sinus mucopolyposis.  
 On admission to the ED, the CT head 

(axial view) revealed no acute abnormality. 
The patient’s blood sample analysis showed 
raised inflammatory markers (Table 2). The 
CSF collected in aliquots of 4 bottles following 
 
    Table 2: Blood sample analysis results of the patient 
 

Test (Normal values) Day 1 Day 12 

Hydrogen ions (35-45 nmol/l)                                                    29.3  

Glucose (3.2-6.1 mmol/l) 10.7  

Lactate (0.7-2 mmol/l) 2.4  

White cell count (3.7-9.5 x109/l)                          17.2 9.6 

Neutrophils (1.5-6.5 x109/l)                                                 15.2 6.5 

Lymphocytes (1.1-5 x109g/l)                                                                0.5 0.8 

C-reactive protein (2-10 mg/l)                          59 39 

Urea (2.5-7.5 mmol/l) 6.1 4.4 

Creatinine (50-125 mmol/l) 96 79 

Ferritin (20-100 U/l) 1305 1102 

 

Platelet (150-400 ng/ml) 124 347 

 

lumbar puncture, was cloudy macroscopically 
(but not blood-stained) with subsequent anal- 
ysis revealing white cell count of 1530 cells/ 

ml; 95% polymorphs and 5% lymphocytes. 

The detailed results of the CSF analysis are 
shown in Table 3. The CSF and blood cultures 
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grew Streptococcus pneumoniae and the CSF 
pneumococcal antigen was also positive. The 
4th sample bottle which was used for CSF 
xanthochromia spectrophotometry analysis 
revealed the presence of oxyhaemoglobin and 

bilirubin, indicative of xanthochromia. Blood 
borne viruses (BBV) screening was negative 
for HIV and hepatitis, and ECG shows only 
sinus tachycardia. 
 

Table 3: Cerebrospinal fluid sample analysis results of the 

patient 
 

Parameter Test 

sample 

Bottle 

2 

Bottle 

3 

Bottle 

4 

 

CSF RBC count  - 423 403 209 

 
CSF protein 5.4    

 

CSF glucose 1.4    

 
Blood glucose 10.3    

 

 

 Based on the history and examination 
findings at the ED, the patient was treated for 
possible CSF infection and started on treat- 

ment to cover for both bacterial meningitis 
and encephalitis, after the initial CT head exc- 
luded SAH, intracranial bleed or space-occu- 
pying lesion (SOL). The patient received intra- 
venous (IV) crystalloids infusion, empirical IV 
ceftriaxone 2g and acyclovir 800mg as well as 
antipyretics, until his fever subsided, and was 

thereafter admitted into the medical ward. The 
positive finding of CSF xanthocromia necessi- 
tated request for an outpatient MRI brain (or 
the ‘goal standard’ CTA or MRA brain) to exc- 
lude AVM or berry’s aneurysm underlying pro- 
bable SAH, judging by the fact that CT head 
diagnosis of SAH diminishes with time (5).  

 On day 3 of admission, he was comm- 
enced on IV dexamethasone to mitigate the 
possibility of cerebral edema developing. On 
day 10 of admission, the patient became posi- 
tive for coronavirus disease-19 (COVID-19), 
which was likely from cross-infection, and was 

transferred to the COVID ward where he rem- 
ained asymptomatic. The patient was dischar- 

ged home on day 12 with a request for out- 
patient MRA brain to exclude AVM/berry's 
aneurysm.      
 The MRI reported a subtle subcenti- 
metre focus of T2 hyperintensity within the 

subcortical white matter of the right frontal 
lobe on the FLAIR sequence only. This was 
considered non-specific and of doubtful signifi- 
cance with no apparent underlying mass lesion. 
There were no evidences of haemorrhage, inf- 
arct, expansible mass lesion, gross atrophy or 
small vessel ischaemia, diffusion restriction, 

arterial or venous sinus lesion, and no AVM or 
berry aneurysm was identified. Only mucosal 
retention cysts were noted in the right maxil-  

lary sinus.  

Discussion: 
 
 The ‘gold standard’ investigation for 

the diagnosis of SAH in 98% of patients 
presenting within 12 hours is CT of the brain, 
but the sensitivity drops to 50% if patients 
present one week after onset of SAH (6). CSF 
xanthochromia may remain positive up to 2 
weeks post-SAH event (6). The diagnostic test 
for both meningitis and SAH is LP for CSF 

analysis. LP should be performed less than 12 
hours after the SAH event ideally and this 
typically reveals xanthochromia to confirm the 
diagnosis, which is usually detected by CSF 
spectrophotometry (7).  

 Researchers in Aberdeen have previ- 
ously reported a review of 316 CSF samples 

analysed by spectrophotometry between 1 
February 2011 and 31 January 2012, with 26 
patients positive for CSF xanthochromia, 6 of 
whom had aneurysms on CTA (all 6 aneurysms 
were subsequently clipped or coiled), one pati- 
ent had encephalitis and another one had 

malignant meningitis (8). Therefore, it is ideal 
to determine in CT brain-negative patients in 
whom clinical suspicion of SAH remains high, 
the need for further imaging in form of angio- 
graphy.  
 The guideline for diagnosis of SAH is 
CSF with increased oxyhaemoglobin and bili- 

rubin spectrophotometry (6). Isolated eleva- 
tion of CSF bilirubin spectrophotometry finding 
however occur when either CSF proteins or 
serum bilirubin are raised (6). Traumatic LP 
which occurs commonly can cause raised CSF 
oxyhaemoglobin, however, this does not cause 
CSF bilirubin rise, as CSF bilirubin needs to be 

synthesized in vivo (9). The basis of CSF ana- 
lysis using UV-Vis spectrophotometer is to 
determine oxyhaemoglobin at the maximum 
absorbance between 410 and 418 nm while 
CSF bilirubin is determined at broad absorp- 
tion maximum in the range of 450 to 460 nm 

or as a shoulder adjacent to the oxyhaemo- 
globin peak (Fig 2). 

 As second line to CT brain, MRI brain 
is the preferred option. In the case presented, 
subsequent outpatient MRI brain turned out 
normal, excluding the possibility of underlying 
AVM or berry’s aneurysm causing an intra- 

cranial bleed. This case report described the 
basis of CSF analysis in form of spectro- 
photometry and highlighted the need to use 
MRI/MRA brain to exclude relevant intracra- 
nial pathology. It also emphasized the need to 
confirm the CSF xanthochromia seen in this 
patient as a red herring, not indicative of SAH, 

and is in fact due to raised CSF protein from 
bacterial meningitis, inspite of clinical features 
suggestive of intracranial bleed. 
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Fig 2: Specifics of CSF analysis in SAH/CNS infections using UV-Vis spectrophotometer 
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