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Abstract

Objectives: Meningitis is associated with a high mortality rate and neurologic sequelae are common among survivors. However, it is a diagnostic challenge 
and can be under-recognized at the Emergency Department (ED). We aimed to determine the accuracy of the diagnosis of meningitis made in the ED and 
identify features associated with diagnostic accuracy. 

Methods: A retrospective review of case records was carried out. Cases presenting to the ED an urban tertiary center from 2013 to 2017 with a diagnosis 
of meningitis in its records were selected. Information about patient demographics, clinical features and course were collected for analysis. Accuracy was 
determined by comparing the ED diagnosis with discharge diagnosis on inpatient record. 

Results: There were 83 cases of meningitis diagnosed in the ED during the study period. The median age was 36 (range 15 to 96) years old and 54 (65.1%) of 
the patients were male. Fever (n=76, 91.6%), headache (n=50, 60.2%) and altered mental status (n=24, 28.9%) were the most common symptoms and neck 
stiffness (n=28. 33.7%), Glasgow Coma Score less than 15 (n=16, 19.3%) and Kernig’s sign (n=11, 13.3%) were the most common signs. The accuracy of ED 
diagnosis of meningitis was 28.9%. Among the cases which were not meningitis, the most common diagnoses were other infections followed by conditions 
involving the musculoskeletal and central venous systems. Vomiting (OR 3.33, 1.24-9.09, p=0.021) was the only feature associated with diagnostic accuracy. 

Conclusion: Meningitis is a great mimicker and can be difficult to diagnose in the ED. Given the lack of clinical features which can be used to differentiate 
meningitis from other conditions, a high index of suspicion is required so that interventions can be promptly initiated to reduce mortality and morbidity.

Keywords: Diagnosis, Emergency Department, Meningitis

Original Article
Eurasian Journal of Critical Care

Jen Heng PEK1, Dennis Clement FORSYTHE2, Ling TİAH2

1Department of emergency Medicine, Sengkang, general Hospital, SingHealth, Singapore
2Department of accident and emergency Changi general Hospital, SingHealth, Singapore

Diagnosing Meningitis   at the 
Emergency Department – How Accurate 
are we?

Introduction

Meningitis is defined as the inflammation of the meninges 
which consist of the pia, arachnoid and dura mater. It is typ-
ically characterised by an elevated number of white blood 
cells in the cerebrospinal fluid. Causes include infection due 
to bacteria, viruses, fungi and parasites, as well as medica-
tions such as non-steroidal anti-inflammatory drugs. Strep-
tococcus pneumoniae and Neisseria meningitidis are the 
main causative organisms responsible for community-ac-
quired bacterial meningitis in adults. 

There are approximately 1.2 million cases of meningitis per 
annum worldwide1. Meningitis is associated with high mortali-
ty rates in the world and is among the 10 most common infec-
tious disease contributors. It is responsible for approximately 
135,000 deaths throughout the world each year2. Mortality is 
higher in the elderly and healthcare associated bacterial menin-
gitis3. Neurologic sequelae are common among survivors.

The diagnosis of meningitis is crucial but may prove to 
be challenging at the Emergency Department (ED) as pa-
tients may present with non-specific signs and symptoms. 
A study of 650 patients showed mimics were common and 

included right-sided pneumonia, gastroenteritis, otitis, ton-
sillitis, exanthema subitum, and urinary tract infections4. 
Therefore, the aims of this observational study are to deter-
mine the diagnostic accuracy of meningitis in the ED and 
to identify features associated with diagnostic accuracy. We 
hypothesize that the accuracy was low as diagnosis of men-
ingitis can be difficult in the ED.

Materials and Methods

Setting

This study was conducted in the ED of an urban tertiary 
hospital which had an annual attendance of about 150,000 
patients. 

Design

This was a retrospective study based on the review of case 
records. All cases that presented to the ED from 1 January 
2013 to 31 December 2017 with the ICD-10 diagnosis codes 
containing meningitis were included. The patients’ medical 
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records were accessed for data collection and tabulated in 
a standardized form. Information including demographics, 
clinical features, investigations performed, clinical progress 
in the ED and hospital, length of the patient’s stay in the hos-
pital, as well as the diagnosis in ED and at discharge were 
collected for analysis. Any information which was not doc-
umented was analysed as not present. The discharge diagno-
sis on inpatient record was used as the standard to determine 
the accuracy of the diagnosis at the ED. 

This study was approved by Institutional Review Board 
(CIRB 2018/2241). Waiver of patient consent was granted. 

Statistical Methods

Statistical analysis was performed using SPSS version 22 
(SPSS, Chicago, L). Categorical and continuous data were 
presented as frequency with percentage and median with 
range respectively. Association between categorical variable 
was assessed using chi-square test.

RESULTS

Patient Characteristics

There were 83 cases of meningitis diagnosed in the ED during 
the study period, average to about 17 cases per year. (Table 1).

Clinical Features

At presentation to the ED, fever, headache and altered men-
tal status were the most common symptoms, whereas neck 
stiffness, Glasgow Coma Score less than 15 and Kernig’s 
sign were the most common signs (Table 2). The classic tri-
ad of fever, headache and neck stiffness was only present in 
16 (19.3%) patients. 

Investigations Performed

Computed Tomography of the head (CT head) was per-
formed at the ED for 79 (95.2%) patients. Only 2 scans 
showed features suggestive of meningitis – one was report-
ed as mild diffuse brain parenchymal edema as evidenced 
by crowding of sulci and relative narrowing of the basal 
cisterns, the other was reported as suggestion of diffuse lep-
tomeningeal enhancement, which may be due to meningitis 
in the context of sepsis.

Blood culture was taken for 77 (92.7%) patients, with 
Streptococcus agalactiae (n=3, 3.6%) being the most com-
mon organism detected. Lumbar puncture was performed in 
29 (34.9%) patients. Among these, cerebrospinal fluid cul-
ture grew Streptococcus agalactiae, Streptococcus interme-
dius and Eikenella corrodens. (Table 3)

Clinical Management at the ED

All patients were admitted to the hospital for further care. 
Empirical antibiotic coverage was initiated at the ED ac-
cording to institutional guidelines in 73 (88.0%) patients. 
Acyclovir was given in 28 (33.7%) patients and dexametha-
sone in 3 (3.6%) patients. One (1.2%) patient required emer-
gent right frontal extra ventricular drain insertion for relief 
and monitoring of raised intracranial pressure. 

Clinical Outcome

The mortality in this case series was 3.6%. Two (2.4%) pa-
tients had residual neurological deficits at discharge from 

Table 1. Patient Characteristics

Median age, in years 
(range)

36 (15 to 96)

Gender n (%)
Male 54 (65.1)
Female 29 (34.9)
Race n (%)
Chinese 37 (44.6)
Malay 25 (30.1)
Indian 13 (15.7)
Others 8 (9.6)

Table 2. Clinical features

Clinical symptoms n (%)
Fever 76 (91.6)
Headache 50 (60.2)
Altered Mental Status 24 (28.9)
Vomit 22 (26.5)
Neckache 18 (21.7)
Lethargy 9 (10.8)
Photophobia 8 (9.6)
Seizure 7 (8.4)
Giddy 5 (6.0)
Clinical signs   n (%)
Neck stiffness 28 (33.7)
Glasgow Coma Score less than 15 16 (19.3)
Kernig’s sign 11 (13.3)
Abnormal pupils  3 (3.6)
Neurological deficit 3 (3.6)
Brudzinski’s sign 2 (2.4)
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the hospital. The median length of hospital stay was 4 (range 
1 to 42 days), including time spent in the rehabilitation ward. 

Accuracy of ED Diagnosis

Among these 83 cases with meningitis diagnosed at the ED, 
24 were diagnosed with meningitis based on the discharge 
diagnosis on inpatient record, giving an accuracy of 28.9%. 
The most common diagnoses at discharge for those without 
meningitis included other infections followed by conditions 
involving the musculoskeletal and central venous systems 
(Table 4). 

Vomiting was the only significant predictor for an accu-
rate ED diagnosis of meningitis among all cases of meningi-
tis suspected in ED, OR 0.30 (95% CI 0.11-0.83, p=0.021). 

Reattendance 

Thirteen (15.7%) cases were diagnosed by ED as meningitis 
at a second attendance. The median number of days between 
the first and second attendances was 2 (Range 0 to 5). The 
misdiagnoses at the first attendance included upper respira-
tory tract infection (n=6, 46.2%), viral fever (n=5, 38.6%), 
benign paroxysmal position vertigo (n=1, 7.6%) and seizure 
(n=1, 7.6%). Among these, 6 (46.2%) patients were diag-
nosed with meningitis based on the discharge diagnosis on 
inpatient record. The accuracy of ED diagnosis of meningi-
tis was not significantly different for this group of patients 
(p=0.135). 

Discussion

In our study, the accuracy of meningitis diagnosed at the 
ED was low. Although meningitis was diagnosed in the ED, 

the inpatient team had decided otherwise following hospital 
admission. We postulated that the low accuracy could be due 
to 4 main reasons. Firstly, ED physicians might have erred 
on the side of caution by assuming the worst and treating the 
patients as for meningitis. This lower threshold for diagno-
sis and treatment was likely due to the significant morbid-
ity and mortality associated with this condition. Next, ED 
physicians could not rely on pertinent features of history or 
physical examination to make the diagnosis as these patients 
had non-specific signs and symptoms. For instance, the clas-
sic triad of fever, headache and neck stiffness was present 
in less than 20% of the patients. Similarly, meningeal signs 
such as neck stiffness was present in about a third of patients 
while Brudzinski’s sign and Kernig’s sign were present less 
commonly. Furthermore, even when present, no isolated 
feature had been reported to be diagnostic of meningitis5-7. 

Table 3. Patient Characteristics

Blood Culture n (%)
No bacterial growth 67 (80.7)
Streptococcus agalactiae 3 (3.6)
Klebsiella pneumonia 2 (2.4)
Streptococcus pneumonia 1 (1.2)
Mixed bacterial growth 1 (1.2)
Skin contaminant 3 (3.6)
Cerebrospinal Fluid 
Culture 

n (%)

No bacterial growth 27 (32.5)
Streptococcus agalactiae 1 (1.2)
Mixed bacterial growth 1 (1.2)

Table 4. Diagnosis at Hospital Discharge

Diagnosis n (%)
Meningitis 24 (28.9
Other infections 33 (39.8)
Upper respiratory tract infec-
tion

11

Viral fever 7
Sepsis, source unspecified 4
Pneumonia 4
Sinusitis 2
Cellulitis 2
Urinary tract infection 1
Otomastoiditis 1
Dengue    1
Musculoskeletal conditions 12 (14.5)
Headache 11
Neck pain 1
Neurological conditions 9 (10.8)
Seizure 3
Cerebral abscess 1
Intracranial hypertension 1
Transient ischemic attack 1
Encephalopathy 1
Syncope 1
Central cord stenosis 1
Psychiatric conditions 3 (3.6)
Drug withdrawal 1
Schizophrenia   1
Bipolar disorder 1
Metabolic conditions 2 (2.4)
Diabetes mellitus 1
Gout 1
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Lastly, the length of stay at the ED was shorter than at the 
inpatient unit. Additional time may be necessary for further 
clinical evaluation, performing additional investigations and 
observing the patient’s clinical progress in order to improve 
the diagnostic accuracy of meningitis. 

We also found that patients who had experienced vomit-
ing were more likely to have an accurate diagnosis of men-
ingitis at the ED. This could be explained by the following 
mechanism in meningitis, the intracranial pressure may be 
elevated as a result of the infectious and/or inflammatory pro-
cesses, thus stimulating area postrema which is the vomiting 
centre of the brain, leading to vomiting. However, further re-
search involving different patient populations in the ED set-
ting would be necessary to evaluate this finding before any 
recommendation can be made for its utility in the ED. For 
now, we emphasize that ED physicians would need to take 
into consideration the entire clinical context of the patient and 
use relevant investigations to confirm or refute the diagnosis.

CT head may be performed when evaluating a patient for 
meningitis. Potential findings include acute cerebral swelling; 
moderate widening of basal cisterns, interhemispheric fissure, 
and subarachnoid convexity space; ventricular widening; 
subdural collection; focal cortical necrosis; cerebral infarcts; 
contrast enhancing basal meninges, ependymitis, or general-
ized cerebral atrophy8. CT head could also be used to exclude 
other intracranial pathology such as a mass lesion which may 
account for the patient’s presentation. In our study, CT head 
was performed in more than 95% of patients but the incidence 
of positive finding for meningitis was very low. As with pre-
vious reports, CT scan findings may be normal in more than 
50% of patients, hence the diagnosis of meningitis could not 
made on the basis of imaging studies alone9,10.

Another important diagnostic study to perform in a pa-
tient with meningitis would be lumbar puncture. However, 
caution must be taken in selecting appropriate patients as 
lumbar puncture was responsible for up to 30% of deaths 
in the acute stages of meningitis as a result of coning from 
raised intracranial pressure11. Thus, CT head should be done 
in patients showing signs of raised intracranial pressure be-
fore performing lumbar puncture to avoid this fatal com-
plication. In our setting, lumbar puncture was not routinely 
performed in our ED but was carried out by the inpatient 
team upon admission. As a result, not all patients had lumbar 
puncture performed. Lumbar puncture was performed in 29 
patients after evaluation by the inpatient team. Of these, 24 
patients were eventually diagnosed with meningitis. Cere-
brospinal fluid culture was only positive in 2 patients and 
this was likely due to our institutional practice as antibiotics 
were administered early at the ED before lumbar puncture 
was performed at the inpatient unit. 

In our study, 88% of patients who were admitted by the 
ED with presumed meningitis were commenced on guide-
line-appropriate antibiotics for meningitis. In comparison 
to this, a study conducted in Netherlands showed that only 
33% of patients received appropriate antibiotics in compli-

ance with the Dutch guidelines12. The need to administer an-
tibiotics quickly in meningitis must be highlighted as delay 
between presentation and antibiotic administration was asso-
ciated with worse patient outcomes13,14. Therefore, ED physi-
cians must be aware of institutional guidelines for coverage. 
An accessible reference guide or use of an electronic prompt 
are viable options which can serve as a useful reminder as 
meningitis was uncommonly encountered in the ED. On the 
other hand, there was no well-designed studies available to as-
sist the ED physician in deciding when to withhold antibiotics 
when viral meningitis is suspected. In our institution, all cases 
of meningitis would be admitted for inpatient evaluation. It 
may be possible to discharge a patient with viral meningitis 
to an early outpatient follow-up, with advice to return to the 
ED immediately if unwell15. However, risk assessment must 
be performed and discussed with the patient and/or family.

Adjunctive therapies of meningitis included acyclovir and 
dexamethasone. Acyclovir was indicated when there was con-
cern for concomitant encephalitis due to herpes simplex virus. 
Dexamethasone should be given for meningitis due to Strep-
tococcus pneumonia as it would reduce inflammation in the 
brain and subsequently the incidence of permanent neurologic 
sequelae such as hearing loss or focal neurological deficit16-20. 
However, dexamethasone was not shown to reduce mortality21. 
Interestingly, the use of adjunctive dexamethasone did not show 
significant benefit in developing regions. This was attributable 
to poor nutrition, delayed presentation, presence of chronic dis-
eases such as HIV, or the inadvertent inclusion of cases of tu-
berculous meningitis22,23. The administration of dexamethasone 
in our study was only done for 3.6% of admissions suspected 
of meningitis. We postulated that this could be a reflection of 
the uncertainty surrounding the diagnosis of meningitis. Fur-
ther efforts at quality improvement in care delivery would be 
necessary to ensure that dexamethasone was given along with 
antibiotics when meningitis was suspected in the ED.

Neurosurgical intervention was rare and may be indicated 
for monitoring or relieving raised intracranial pressure in pa-
tients with meningitis24. In our study, only 1 patient required 
an emergent right frontal extra-ventricular drain insertion for 
relieving and monitoring of raised intracranial pressure. Al-
though uncommon, ED physicians should be aware of the in-
dications for neurosurgical referral. Raised intracranial pres-
sure and hydrocephalus should be promptly detected so that 
timely neurosurgical referral could be made for placement 
of an extra-ventricular drain or ventriculo-peritoneal shunt to 
improve clinical outcomes for patient25,26.

Study Limitations

Our study was based on a single centre’s experience and 
therefore would not be able to give a full perspective of men-
ingitis in ED with a different setting and beyond the ED. 
Furthermore, aspects of clinical management were guided by 
institutional practices which may not be applicable in other 
centres, thus affecting generalizability of our results. A major 
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variation should be highlighted – lumbar puncture was not 
performed at the ED but at the inpatient unit. Therefore, all 
patients with an ED diagnosis of meningitis would be admit-
ted to the hospital. Consequently, it was not necessary to dif-
ferentiate between the various causes of meningitis at the ED 
as this would be further evaluated at the inpatient unit. None-
theless, we believed that the results of our study had provided 
a glimpse into challenges of diagnosing meningitis in the ED. 
This knowledge would be useful for ED physicians in their 
assessment of patients with suspected meningitis. 

Next, a retrospective study was carried out as meningitis 
was not a common condition with only about 17 cases a year 
in our context. Therefore, we could only identify patients at 
the ED who were diagnosed with meningitis and not patients 
who were assessed not to have meningitis. This thus preclud-
ed us from reviewing case records, performing phone follow 
up, sending out letters or checking the registry of deaths to 
ascertain the outcome for this group of unidentified patients. 
We have hence limited the definition of accuracy to the num-
ber of patients who had meningitis among all who were diag-
nosed with meningitis at the ED. We attempted to address this 
limitation by identifying 13 patients who had a second atten-
dance to the ED which prompted a diagnosis of meningitis. 

Also, due to the retrospective nature of this study, data 
was collected based on the documentation of various med-
ical personnel in the ED record instead of forms with pre-
defined data fields. The robustness of the data would be af-
fected by inconsistency in documentation as well as missing 
and incomplete information. For instance, details about co-
morbidities and other risk factors such as diabetes mellitus, 
alcoholism, human immunodeficiency virus and other im-
munocompromised states could not be obtained for an accu-
rate presentation and meaningful discussion. 

Conclusion

Meningitis was difficult to diagnose accurately in the ED 
setting. Given the lack of clinical features which could be 
used to differentiate meningitis from other conditions, a high 
index of suspicion would be required so that interventions 
may be promptly initiated to reduce mortality and morbidity.

References

1. Scheld W, Koedel U, Nathan B et al. Pathophysiology of Bacte-
rial Meningitis: Mechanism(s) of Neuronal Injury. J Infect Dis. 
2002;186(s2):S225-33. 

2. WHO Report on Global Surveillance of Epidemic-prone Infec-
tious Diseases. World Health Organization. Website. Available 
at: https://www.who.int/csr/resources/publications/surveil-
lance/Meningitis.pdf . Accessed 12 April 2019. 

3. Thigpen M, Whitney C, Messonnier N et al. Bacterial Men-
ingitis in the United States, 1998–2007. N Engl J Med. 
2011;364(21):2016-25. 

4. Levy M, Wong E, Fried D. Diseases That Mimic Meningitis. Clin 
Pediatr (Phila). 1990;29(5):254-61. 

5. Rømer F. Difficulties in the Diagnosis of Bacterial Meningitis. 
Lancet. 1977;310(8033):345-7. 

6. Thomas K, Hasbun R, Jekel J et al. The Diagnostic Accuracy of 
Kernig’s Sign, Brudzinski’s Sign, and Nuchal Rigidity in Adults 
with Suspected Meningitis. Clin Infect Dis. 2002;35(1):46-52. 

7. Curtis S, Stobart K, Vandermeer B, et al. Clinical Features Sug-
gestive of Meningitis in Children: A Systematic Review of Pro-
spective Data. Pediatrics. 2010;126(5):952-60.

8. Stovring J, Snyder R. Computed Tomography in Childhood 
Bacterial Meningitis. J Pediatr. 1980;96(5):820-3.

9. Akhvlediani T, Shakarishvili R, Tsertsvadze T. The Role of 
Imaging Studies in CNS Infections. Georgian Med News.   
2008;(165):94-8.

10. Minonzio G, Paolucci Colico M, Ghezzi A et al. Imaging of Cra-
nio-meningeal Infectious and Inflammatory Involvement. 
Neurol Sci. 2008;29(S2):279-82. 

11. Haslam R. Role of Computed Tomography in the Early Man-
agement of Bacterial Meningitis. J Pediatr. 1991;119(1):157-9. 

12. van de Beek D, de Gans J, Spanjaard L et al. Antibiotic Guide-
lines and Antibiotic Use in Adult Bacterial Meningitis in The 
Netherlands. J Antimicrob Chemother. 2002;49(4):661-6.

13. Proulx N, Frechette D, Toye B et al. Delays in the Administra-
tion of Antibiotics Are Associated With Mortality From Adult 
Acute Bacterial Meningitis. QJM. 2005;98(4):291-8. 

14. Bryan C, Reynolds K, Crout L. Promptness of Antibiotic 
Therapy in Acute Bacterial Meningitis. Ann Emerg Med. 
1986;15(5):544-547. 

15. Fitch M, van de Beek D. Emergency Diagnosis and Treatment 
of Adult Meningitis. Lancet Infect Dis. 2007;7(3):191-200. 

16. Bacterial Meningitis. Centers for Disease Control and Preven-
tion. Web site. Available at: https://www.cdc.gov/meningitis/
bacterial.html. Accessed August 12 April 2019. 

17. Aronin S, Peduzzi P, Quagliarello V. Antibiotic Timing and 
Risk Stratification System in the Management of Commu-
nity-acquired Bacterial Meningitis. J Am Osteopath Assoc. 
1999;99(2):83.

18. Mclntyre P. Dexamethasone as Adjunctive Therapy in Bacteri-
al Meningitis. JAMA. 1997;278(11):925.

19. Havens P. Corticosteroids as Adjunctive Therapy in Bacterial 
Meningitis. Am J Dis Child. 1989;143(9):1051. 

20. Brouwer M, Heckenberg S, de Gans J et al. Nationwide Imple-
mentation of Adjunctive Dexamethasone Therapy for Pneu-
mococcal Meningitis. Neurology. 2010;75(17):1533-9.

21. Brouwer M, McIntyre P, Prasad K et al. Corticosteroids for 
Acute Bacterial Meningitis. Cochrane Database of Syst Rev. 
2015 Sep 12;(9):CD004405.

22. Scarborough M, Gordon S, Whitty C et al. Corticosteroids for 
Bacterial Meningitis in Adults in Sub-Saharan Africa. N Engl J 
Med. 2007;357(24):2441-50.

23. Mai N, Chau T, Thwaites G et al. Dexamethasone in Vietnam-
ese Adolescents and Adults with Bacterial Meningitis. N Engl 
J Med. 2007;357(24):2431-40.

24. Hand W. Posttraumatic Bacterial Meningitis. Ann Intern Med. 
1970;72(6):869. 

25. Park M, Hospenthal D, Bennett J. Treatment of Hydrocepha-
lus Secondary to Cryptococcal Meningitis by Use of Shunt-
ing. Clin Infect Dis. 1999;28(3):629-33. 

26. De Wytt C, Dickson P, Holt G. Cryptococcal meningitis. J Neu-
rol Sci. 1982;53(2):283-92. 




