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ORIGINAL RESEARCH
ADULT BRAIN

Brain Imaging in Cases with Positive Serology for Dengue with
Neurologic Symptoms: A Clinicoradiologic Correlation

X H.A. Vanjare, X P. Mannam, X A.K. Mishra, X R. Karuppusami, X R.A.B. Carey, X A.M. Abraham, X W. Rose, X R. Iyyadurai, and
X S. Mani

ABSTRACT

BACKGROUND AND PURPOSE: Dengue is a common arboviral disease, which uncommonly involves the brain. There has been a recent
surge in dengue cases and dengue-related deaths in tropical countries. The aim of this study was to describe brain imaging findings in
patients with dengue infection having neurologic symptoms.

MATERIALS AND METHODS: Thirty-five patients with positive serology for dengue with CNS symptoms undergoing imaging of the brain
were included in the study. Clinical, laboratory, and imaging parameters were assessed and correlated to poor outcome.

RESULTS: A Glasgow Coma Scale score of �12 at presentation, clinical classification of severe-type dengue, and the presence of acute
renal failure were associated with poor outcome. Imaging parameters associated with poor outcome were involvement of the thalami and
cerebellar peduncles and the presence of diffusion restriction and hemorrhagic foci in the brain parenchyma.

CONCLUSIONS: Although not specific, dengue infection has imaging findings that can be used to narrow down the differential list and
help in prognostication.

ABBREVIATIONS: GCS � Glasgow Coma Scale; PRES � posterior reversible encephalopathy syndrome

Dengue is an arboviral disease found in the tropics; it is the

second most common mosquito-borne disease. It is trans-

mitted by the bite of Aedes mosquitoes, which are primarily found

in the tropics where the mosquitoes flourish in stagnant water.1

The virus has 4 different serotypes. Infection with 1 serotype (pri-

mary infection) does not provide life-long immunity from infec-

tion through other serotypes. Other serotypes can subsequently

infect the same person and cause secondary infection. There has

been a recent surge in dengue cases, and it has been reported from

�100 countries.2 Fifty million cases are estimated to occur glob-

ally per year.1 Following a bite from an infected mosquito, symp-

toms can occur after 4 –10 days of incubation with abrupt onset of

fever called the “febrile phase.” Patients can have nonspecific

symptoms such as myalgia, headache, skin erythema, and vomit-

ing. Petechiae and mucosal hemorrhage can occur during this

phase. This is followed by the “critical phase,” in which capillary

permeability increases, leading to hemoconcentration with asso-

ciated thrombocytopenia. Significant plasma leak can occur dur-

ing this phase with associated multiorgan dysfunction. Most pa-

tients gradually improve during the “recovery phase,” in which

extravascular fluid is reabsorbed with improvement in platelet

count. Neurologic involvement of dengue infection is uncom-

mon and can be seen in 4%–5% of those infected, and includes

encephalopathy, acute disseminated encephalomyelitis, branchial

neuritis, myelitis, hypokalemic paralysis, opsoclonus myoclonus,

and Guillain-Barré syndrome.3-5 Dengue is known to cause en-

cephalitis (for which the hallmark is altered sensorium and sei-

zures); however, multiple metabolic derangements, which usually

occur with dengue infection, can also lead to a similar clinical

presentation (encephalopathy). Therefore, clinical distinction be-

tween dengue encephalitis and encephalopathy is often not pos-

sible. Because of rare CNS involvement in dengue, primary care

physicians may be unfamiliar with its neurologic manifestations;

in addition, there are insufficient data with respect to brain imag-

ing findings in dengue infection, with most of the data published

as case reports or short case series.

These cases were included from a tertiary care nongovernment

medical college hospital in South India. Cases presenting to this

institution are often referrals from surrounding primary and sec-
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ondary care medical facilities where management of complicated

cases is difficult. Patients seen in this hospital are from poor so-

cioeconomic backgrounds. This causes constraint on the investi-

gation that a physician can request because most patients are

self-paid.

MATERIALS AND METHODS
A single-center retrospective chart review was performed with

the cases identified using the case data base of the radiology

department. Thirty-five patients with acute dengue infection

with symptoms suggestive of CNS involvement undergoing

imaging of the brain were included in the study (duration,

2006 to 2017). Both CT and MR imaging scans were included.

There were an additional 4 patients for whom there was no

imaging available during the acute phase of the illness; how-

ever, follow-up imaging was available. These cases were not

included in the data analysis but are described briefly.

Clinical parameters assessed were the following: age and sex

of the patients; type of dengue infection (primary versus sec-

ondary); Glasgow Coma Scale (GCS) score at presentation; the

presence of seizures, vomiting, and hemorrhagic manifesta-

tions (such as mucosal hemorrhage, hematemesis, hematoche-

zia or excessive menstrual flow); the requirement of intubation

and inotropic support; the presence of hospital-acquired

pneumonia; the World Health Organization (2009) classifica-

tion of dengue infection; the lowest documented platelet

count; liver dysfunction (hyperbilirubinemia and transamini-

tis); deranged prothrombin time and activated partial throm-

boplastin time; acute renal failure; sepsis (positive blood cul-

ture); urinary tract infection; and CSF analysis if performed.

Indications for imaging were documented. MR imaging was

performed on 1.5T (Magnetom Avanto; Siemens, Erlangen,

Germany) or 3T (Intera Achieva; Philips Healthcare, Best, the

Netherlands) scanners while CT was performed on 6-slice

(Brilliance 6; Philips Healthcare) or 64-slice (Discovery 750

HD; GE Healthcare, Milwaukee, Wisconsin) scanners. Scans

were reviewed by 2 radiologists with 2 and 4 years of experience

in neuroradiology working simultaneously on a single work-

station. Any disagreement was resolved by consensus. In

the absence of consensus, images were reviewed by a neurora-

diologist with 10 years’ experience whose decision was

considered final. Studies were assessed for the following: su-

pratentorial white matter changes (periventricular, deep, and

subcortical white matter; assessed for symmetricity), infraten-

torial white matter (brain stem, middle cerebellar peduncles,

and cerebellar white matter; assessed for symmetricity), in-

volvement of gray matter (cortical gray matter, basal ganglia,

and thalami), the presence of diffusion restriction (cerebral

white matter, deep gray matter, brain stem, and cerebellum),

and the presence of hemorrhage (micro- [small foci of hemor-

rhage on CT or small foci of blooming of susceptibility-

weighted images on MR imaging] and macro-

hemorrhage).

Final outcome was assessed and divided into good outcome

for patients discharged in stable condition with no neurologic

deficit versus poor outcome for death or the presence of neuro-

logic deficits at discharge.

Statistical Analysis
All the cases were divided into 2 categories of poor-versus-good

outcome, and each of the clinical, laboratory, and imaging param-

eters was assessed individually using �2 and Fisher exact tests to

look for any significant association with poor outcome (On-

line Table). All analyses were performed using the Statistical

Package for Social Sciences software, Version 21.0 (IBM, Ar-

monk, New York). A GCS score of �12 at presentation, World

Health Organization (2009) classification of dengue as severe

type, and the presence of acute renal failure had significant

association with poor outcome (P � .04, .02, and .03 respec-

tively). Imaging parameters that had significant association

with poor outcome were thalamic involvement (P � .005),

cerebellar peduncle involvement (P � .01), the presence of

diffusion restriction (P � .01), and the presence of hemorrhage

(both micro- and macrohemorrhage, P � .003).

RESULTS
Fourteen (40%) patients were children (15 years of age or young-

er; mean, 6.8 years) and 21 (60%) were adults (mean, 33.2 years).

Clinical and laboratory parameters were assessed as described in

the On-line Table. CSF analysis was performed in 6 cases. Three

patients had normal CSF analysis and 2 had a marginal increase in

white blood cells with normal proteins, and 1 patient had normal

cells but marginally elevated proteins. CSF was not tested for the

dengue antigen.

Type of Dengue Infection
There were 8 cases with primary infection (positive for serum

immunoglobulin M and negative for immunoglobulin G for

dengue. In 1 case, both immunoglobulin M and immunoglob-

ulin G were negative; however, the nonstructural protein 1

antigen was positive). Twenty-seven cases had secondary in-

fection (serum immunoglobulin G–positive with or without

positive serum immunoglobulin M). Of the 22 patients in

whom the serum nonstructural protein 1 antigen test was

available, it was positive in 9.

World Health Organization (2009) Classification of
Dengue
One case was classified as dengue without warning signs, 3 cases

were classified as dengue with warning signs, and 31 cases were

classified as severe dengue.

Indications for Imaging
One case had an acute drop in sensorium, 18 cases had altered

sensorium, 8 cases had altered sensorium with seizures, 5 cases

had acute onset headache, and intracranial hemorrhage was sus-

pected in 3 cases.

Imaging Findings
Nine cases had both MR imaging and CT scans, 7 cases had only

MR imaging, and 19 cases had only CT scans. Fifteen (42.9%)

cases did not have any significant abnormality on imaging (On-

line Figures 1– 4).
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Involvement of White and Gray Matter on
T1-Weighted/T2-Weighted Sequences and CT
Of the 9 patients who had both MR imaging and CT scans performed

in a short interval (within 1 week), there was concordance of the

imaging findings in 8 cases. One case demonstrated involvement of

the substantia nigra on MR imaging, which could not be appreciated

on CT.

Dengue infection is known to involve cortical gray matter, sub-

cortical and deep white matter, the basal ganglia, thalami, brain stem,

and cerebellum.6-8 In 1 series, all (n�8) cases had involvement of the

cerebellum.9 In our series (Table 1), posterior structures such as the

brain stem and cerebellum were more commonly involved than an-

terior structures such as the basal ganglia. A clear gradient was found

in which there was progressive involvement of basal ganglia, thalami,

brain stem, and cerebellum in an increasing order. While involve-

ment of thalami is commonly seen in patients with Japanese enceph-

alitis and is considered quite specific for this disease,10,11 there were 9

cases (25.7%) with involvement of thalami in the current series with

1 case showing pure thalamic involvement. With respect to involve-

ment of the cerebellum (31.4% of the cases), peripherally located

structures were involved more commonly, either in isolation or in

combination with central structures rather than central structures

alone. Involvement of cerebral white matter was also found in 40% of

the cases. Again, a superficial-to-deep gradient was observed in

which subcortical white matter was involved more commonly than

deep white matter. Cerebral white matter involvement was found to

be predominantly asymmetric.

Involvement of the Substantia Nigra
Viral encephalitis is very rarely known to involve the substantia nigra

with Parkinsonism-like late clinical presentation.12 Encephalitis re-

lated to West Nile virus, Murray Valley encephalitis, Epstein-Barr

virus, and, more commonly, Japanese encephalitis is known to in-

volve the substantia nigra as an exception rather than a rule.13-16 In

the current series, 3 cases were found to have substantia nigra

involvement.

Diffusion Restriction
Eleven (68.8%) of the 16 patients who underwent MR imaging

had focal areas of diffusion restriction. Areas of diffusion restric-

tion were found to involve both gray and white matter in both

supra- and infratentorial regions (Table 2). In 1 case, there was

diffusion restriction involving the head of the bilateral hip-

pocampi, while 1 case had focal splenial hyperintensity with asso-

ciated diffusion restriction. In patients with thalamic involve-

ment, thalami were symmetrically swollen, with T2-weighted

hyperintensity and central diffusion restriction.

Diffusion restriction is known to be involved in cases with viral

encephalitis with studies describing areas of diffusion restriction

in cytomegalovirus, herpes simplex, influenza, enterovirus 71–

related encephalitis, and John Cunningham virus–related pro-

gressive multifocal leukoencephalopathy among others.17-21

There are few data with respect to diffusion restriction with den-

gue infection, with case reports describing the presence of diffu-

sion restriction in the thalami, splenium of the corpus callosum,22

and pons.23

Acute arterial territory strokes have been described as a rare

complication in dengue infection.24 In the current series, there

was 1 case for which only follow-up imaging was available, show-

ing chronic lacunar infarcts in the bilateral basal ganglia region.

Microhemorrhages
Of the 10 cases, 8 had MR imaging scans in which microhemor-

rhages were seen as small foci of blooming on susceptibility-

weighted images, while they were seen as high-density foci on CT.

Microhemorrhages were seen involving the thalami in 5 cases, the

pons in 4 cases, and the cerebral and cerebellar white matter in 2

cases each. Six patients who had microhemorrhages on MR im-

aging also underwent CT at close intervals (within 1 week). Mi-

crohemorrhages could not be appreciated on these CT scans.

Macrohemorrhages
Macrohemorrhage was found in 3 cases on CT. In the first case,

there was acute intraventricular hemorrhage with a normal plate-

let count at the time of imaging. In the second case, there was

acute left cerebellar hematoma with posteriorly located subdural

hemorrhage along the posterior fossa and extension along bilat-

eral tentorial leaves. In the third case, there was acute right cere-

bellar hematoma with associated right parietal subdural hemor-

rhage extending along the tentorium. Both cases with acute

cerebellar hematoma had low platelet counts (5000 and 29,000/

mm3) at the time of imaging.

Dengue encephalitis with associated acute hemorrhage is

termed “dengue hemorrhagic encephalitis.” These hemorrhages

can be tiny or large and intra- or extra-axial. Hemorrhages are

known to rarely occur in the basal ganglia, pituitary gland, pons,

cerebellum, and subdural or intraventricular locations or may

Table 1: White and gray matter abnormalities in different brain
regions on both CT and MRI scans (35 cases)

Patterns of Involvement No. %
White matter

Cerebral white matter 14 40.0%
Symmetric 3
Asymmetric 10
Periventricular white matter 4
Deep white matter 9
Subcortical U-fibers 11

Cerebellar white matter 11 31.4%
Peripheral 3
Both central and peripheral 5
Symmetric 4
Asymmetric 7

Middle cerebellar peduncles 8 22.9%
Basal ganglia 2 5.7%
Thalamus 9 25.7%

Symmetric 6
Asymmetric 3

Substantia nigra 3 8.6%
Asymmetric 1
Symmetric 2

Brain stem 10 28.6%

Table 2: Diffusion restriction in cases with MRI scans (16 cases)
Patterns No. %

Diffusion restriction present 11 68.8%
Cerebral white matter involvement 7 43.8%
Deep gray matter involvement 8 50.0%
Brain stem involvement 6 37.5%
Cerebellar involvement 6 37.5%

AJNR Am J Neuroradiol 39:699 –703 Apr 2018 www.ajnr.org 701



present as multiple small intraparenchymal hemorrhagic fo-

ci.25-28 In the current series, there were 13 (37.1%) cases with

hemorrhages, the pattern suggestive of posterior predominance

(involvement of thalami, pons, and cerebellar white matter).

Posterior Reversible Encephalopathy Syndrome
Two patients had white matter edema involving the bilateral oc-

cipital and parietal regions in a fairly symmetric distribution with

associated increases in blood pressure during their hospital stay

suggestive of posterior reversible encephalopathy syndrome

(PRES). The presence of PRES in a case with dengue infection has

been described previously.29

Outcome following an Acute Episode
Poor outcome was seen in 21 patients There were 9 deaths in the

hospital, 2 patients were discharged at their request in a critical

state for end-of-life care at home, 4 patients had decreased senso-

rium at discharge (1 of whom had gaze palsy), 6 patients were alert

at discharge with varying deficits (1 right hemiparesis, 1 ataxia, 2

swallowing dysfunctions requiring nasogastric feeding, 1 truncal

weakness, and 1 patient with psychiatric symptoms in the form of

anger outbursts, irritability, memory deficits, and delusions of

infidelity causing loss of employment on follow-up). Of the 15

cases with normal findings on imaging studies, 9 cases had good

outcome and 6 cases had poor outcome.

Cause of Death
No postmortem examination was performed. All the cases had

multiorgan dysfunction with 3 cases documented with dissemi-

nated intravascular coagulation.

Follow-Up Imaging
Follow-up imaging was available in 6 cases at mean interval of 4.7

months. On the initial scans, swelling and T2-weighted hyperin-

tensity were seen in the pons in 5 cases; the cerebellum in 4 cases;

the thalami in 3 cases; and periventricular, deep, and subcortical

U-fibers in 2 cases each with cortical gray matter involvement in 1

case. On follow-up imaging, the swelling in these regions had

resolved with volume loss and residual gliotic changes. In 1 case

with symmetric involvement of the substantia nigra and another

case with cortical gray matter involvement, no residual gliotic

changes could be appreciated.

Additionally, in 4 cases (not included in data analysis) only

follow-up imaging was available. The first case was a 2-year-old

boy admitted with severe dengue infection. At discharge, he had

regression of developmental milestones in the form of partial loss

of head control and required support to sit. MRI at 1 month after

the acute episode demonstrated chronic lacunar infarcts in the

bilateral caudate nuclei, left lentiform nucleus, and anterior limb

of the left internal capsule. The second case was a 4-year-old boy

admitted with severe dengue infection. At discharge, he had swal-

lowing dysfunction and required feeding via a nasogastric tube.

One month after the acute episode, MRI scan showed normal

imaging findings. The third and fourth patients, 18 and 22 years of

age respectively, were both admitted with severe dengue but were

discharged in stable condition with no neurologic deficits. MR

imaging was performed at 2 months and 2 weeks, respectively, for

both the patients after the acute episode. Findings of these scans

were normal.

DISCUSSION
Dengue is an RNA virus and has come into prominence due to the

high social and economic cost associated with the infections it

causes, especially because it involves underdeveloped parts of the

world.30 Although dengue virus causes multisystem disease,

which can lead to multiorgan dysfunction, it rarely has neurologic

manifestation. Neurologic involvement is of concern because of

long-term sequelae that can be seen in such cases.

Following a bite by an infected mosquito, the dengue virus can

replicate in lymph nodes, muscles, and fibroblasts. Macrophages

can also be infected. The virus can access the brain parenchyma

either by disruption of the blood-brain barrier or secondary to

movement of the infected macrophage from peripheral blood

into the CSF or brain parenchyma.31 Postmortem studies have

isolated the dengue antigen from the brain tissue.32 The actual

mechanism of brain injury is still debated and can be attributed to

direct viral invasion, metabolic imbalance, hemorrhagic diathesis,

or postinfection autoimmunity.31 Current research is limited by

the lack of a good animal model. Therefore, in vivo imaging stud-

ies can help further our understanding.

A large proportion of cases in the current series did not have

any significant abnormal findings on their cranial scans (15 cases,

42.9%). The apparent lack of correlation between CNS symptoms

and normal imaging findings could be related to metabolic de-

rangement that was present in these cases.

Among the cases with abnormal brain imaging findings, this

study demonstrates involvement of important brain structures such

as the brain stem, cerebellum, thalami, and cerebral white matter,

which could explain the significant morbidity (12 cases, 34.3%) and

mortality (9 cases, 25.7%). The imaging findings in this series can also

be seen in other Flavivirus infections such as Japanese encephalitis,

West Nile virus encephalitis, and Murray valley virus encephalitis,

suggestive of similar pathophysiology.10-14

Therefore, although accurate identification of dengue-related

brain changes cannot be made purely on the basis of imaging

findings, the differential diagnosis can be significantly reduced.

With the additional input of typical clinical presentation, throm-

bocytopenia, and local prevalence of the disease, one cannot only

suggest the possibility of dengue infection but can also help in

prognosis based on involvement of the thalami and cerebellar

peduncles, and the presence of diffusion restriction and intrapa-

renchymal hemorrhage.

Limitations
This was a retrospective study with selection bias because only

very sick individuals with CNS symptoms underwent imaging of

the brain. Therefore, the results can be extrapolated to only a

small similar subgroup of patients.

CONCLUSIONS
Although imaging findings are not unique, in the presence of CNS

symptoms, dengue infection has radiological findings that can be

used to narrow down the differential diagnosis list and help in

prognostication. Development of an animal model will help to
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better understand the pathophysiology of CNS involvement in

dengue infection. This could also help in the development of neu-

roprotective measures.
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15. Çelik T, Çelik Ü, Tolunay O, et al. Epstein-Barr virus encephalitis
with substantia nigra involvement. J Pediatr Neurosci 2015;10:
401– 03 CrossRef Medline

16. Ogata A, Tashiro K, Pradhan S. Parkinsonism due to predominant
involvement of substantia nigra in Japanese encephalitis. Neurology
2000;55:602 Medline

17. Renard T, Daumas-Duport B, Auffray-Calvier E, et al. Cytomegalo-
virus encephalitis: undescribed diffusion-weighted imaging char-

acteristics— original aspects of cases extracted from a retrospective
study, and from literature review. J Neuroradiol 2016;43:371–77
CrossRef Medline

18. Sener RN. Herpes simplex encephalitis: diffusion MR imaging find-
ings. Comput Med Imaging Graph 2001;25:391–97 CrossRef Medline

19. Bulakbasi N, Kocaoglu M, Tayfun C, et al. Transient splenial lesion
of the corpus callosum in clinically mild influenza-associated
encephalitis/encephalopathy. AJNR Am J Neuroradiol 2006;27:
1983– 86 Medline

20. Lian Z, Huang B, He S, et al. Diffusion-weighted imaging in the
diagnosis of enterovirus 71 encephalitis. Acta Radiol 2012;53:
208 –13 Medline

21. Barata Tavares J, Geraldo AF, Neto L, et al. Diffusion-weighted MR
imaging characterization of progressive multifocal leucoencefa-
lopathy (PML) lesions [in Portuguese]. Acta Med Port 2012;25(Suppl
1):34 –37 Medline

22. Pal S, Sen K, Biswas NM, et al. Clinico-radiological profile and
outcome of dengue patients with central nervous system
manifestations: a case series in an Eastern India tertiary care
hospital. J Neurosci Rural Pract 2016;7:114 –24 CrossRef Medline

23. Mehta A, Mahale RR, Javali M, et al. Diffusion restriction in pons
resembling “reverse moustache” in dengue encephalitis. Neurol In-
dia 2014;62:683– 84 CrossRef Medline

24. Mathew S, Pandian JD. Stroke in patients with dengue. J Stroke Cere-
brovasc Dis 2010;19:253–56 CrossRef Medline

25. Kumar R, Prakash O, Sharma BS. Intracranial hemorrhage in den-
gue fever: management and outcome: a series of 5 cases and review
of literature. Surg Neurol 2009;72:429 –33; discussion 433 CrossRef
Medline

26. Kumar V, Kataria R, Mehta VS. Dengue hemorrhagic fever: a rare
cause of pituitary tumor hemorrhage and reversible vision loss. In-
dian J Ophthalmol 2011;59:311–12 CrossRef Medline

27. Kumar R, Prakash O, Sharma BS. Dengue hemorrhagic fever: a rare
presentation as atypical acute subdural hematoma. Pediatr Neuro-
surg 2008;44:490 –92 CrossRef Medline

28. de Souza LJ, Martins AL, Paravidini PC, et al. Hemorrhagic enceph-
alopathy in dengue shock syndrome: a case report. Braz J Infect Dis
2005;9:257– 61 Medline

29. Sohoni CA. Bilateral symmetrical parieto occipital involvement in
dengue infection. Ann Indian Acad Neurol 2015;18:358 –59 CrossRef
Medline

30. Dengue: Guidelines for Diagnosis, Treatment, Prevention and Control:
New Edition. Epidemiology, Burden of Disease and Transmission.
https://www.ncbi.nlm.nih.gov/books/NBK143159/. Accessed Novem-
ber 14, 2017

31. Puccioni-Sohler M, Rosadas C. Advances and new insights in the
neuropathogenesis of dengue infection. Arq Neuropsiquiatr 2015;73:
698 –703 CrossRef Medline

32. Bhoopat L, Bhamarapravati N, Attasiri C, et al. Immunohisto-
chemical characterization of a new monoclonal antibody reac-
tive with dengue virus-infected cells in frozen tissue using im-
munoperoxidase technique. Asian Pac J Allergy Immunol 1996;14:
107–13 Medline

AJNR Am J Neuroradiol 39:699 –703 Apr 2018 www.ajnr.org 703

http://www.ncbi.nlm.nih.gov/books/NBK143157/
http://www.ncbi.nlm.nih.gov/books/NBK143157/
http://www.who.int/denguecontrol/epidemiology/en/
http://www.who.int/denguecontrol/epidemiology/en/
http://dx.doi.org/10.1016/S0140-6736(00)02036-5
http://www.ncbi.nlm.nih.gov/pubmed/11556587
http://dx.doi.org/10.4103/0972-2327.91946
http://www.ncbi.nlm.nih.gov/pubmed/22346016
http://dx.doi.org/10.1016/j.jns.2014.04.018
http://www.ncbi.nlm.nih.gov/pubmed/24814949
http://dx.doi.org/10.4103/0028-3886.37103
http://www.ncbi.nlm.nih.gov/pubmed/18040126
http://dx.doi.org/10.1016/j.clineuro.2008.03.011
http://www.ncbi.nlm.nih.gov/pubmed/18467022
http://dx.doi.org/10.1007/s00330-014-3473-6
http://www.ncbi.nlm.nih.gov/pubmed/25361825
http://dx.doi.org/10.1016/j.jns.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/23260319
http://dx.doi.org/10.1016/j.pneurobio.2010.01.008
http://www.ncbi.nlm.nih.gov/pubmed/20132860
http://dx.doi.org/10.1016/j.braindev.2014.03.009
http://www.ncbi.nlm.nih.gov/pubmed/24745788
http://dx.doi.org/10.1001/archneur.60.10.1448
http://www.ncbi.nlm.nih.gov/pubmed/14568817
http://www.ncbi.nlm.nih.gov/pubmed/12917132
http://dx.doi.org/10.4103/1817-1745.174436
http://www.ncbi.nlm.nih.gov/pubmed/26962357
http://www.ncbi.nlm.nih.gov/pubmed/10953209
http://dx.doi.org/10.1016/j.neurad.2016.03.004
http://www.ncbi.nlm.nih.gov/pubmed/27137084
http://dx.doi.org/10.1016/S0895-6111(01)00005-2
http://www.ncbi.nlm.nih.gov/pubmed/11390193
http://www.ncbi.nlm.nih.gov/pubmed/17032879
http://www.ncbi.nlm.nih.gov/pubmed/22184685
http://www.ncbi.nlm.nih.gov/pubmed/23177580
http://dx.doi.org/10.4103/0976-3147.165410
http://www.ncbi.nlm.nih.gov/pubmed/26933357
http://dx.doi.org/10.4103/0028-3886.149408
http://www.ncbi.nlm.nih.gov/pubmed/25591689
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2009.05.003
http://www.ncbi.nlm.nih.gov/pubmed/20434057
http://dx.doi.org/10.1016/j.surneu.2009.01.021
http://www.ncbi.nlm.nih.gov/pubmed/19328535
http://dx.doi.org/10.4103/0301-4738.82002
http://www.ncbi.nlm.nih.gov/pubmed/21666319
http://dx.doi.org/10.1159/000180305
http://www.ncbi.nlm.nih.gov/pubmed/19066441
http://www.ncbi.nlm.nih.gov/pubmed/16224633
http://dx.doi.org/10.4103/0972-2327.160096
http://www.ncbi.nlm.nih.gov/pubmed/26425023
https://www.ncbi.nlm.nih.gov/books/NBK143159/
http://dx.doi.org/10.1590/0004-282X20150074
http://www.ncbi.nlm.nih.gov/pubmed/26222363
http://www.ncbi.nlm.nih.gov/pubmed/9177824

	Brain Imaging in Cases with Positive Serology for Dengue with Neurologic Symptoms: A Clinicoradiologic Correlation
	MATERIALS AND METHODS
	Statistical Analysis

	RESULTS
	Type of Dengue Infection
	World Health Organization (2009) Classification of Dengue
	Indications for Imaging
	Imaging Findings
	Involvement of White and Gray Matter on T1-Weighted/T2-Weighted Sequences and CT
	Involvement of the Substantia Nigra
	Diffusion Restriction
	Microhemorrhages
	Macrohemorrhages
	Posterior Reversible Encephalopathy Syndrome
	Outcome following an Acute Episode
	Cause of Death
	Follow-Up Imaging

	DISCUSSION
	Limitations

	CONCLUSIONS
	REFERENCES


