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Edinaldo Gomes de Oliveira Neto?, Danilo Delamare Lucena Nascimento'®, Tiago Vasques Bertoncini',
Arthur Ataide Lopes™, Alexandre Sérgio de Araujo Bezerra'®, Mayra Veloso Ayrimoraes Soares™'

1. Hospital Universitario de Brasilia/Universidade de Brasilia (HUB/UnB), Hospital Sirio-Libanés Brasilia, Laboratério Exame/DASA, Brasilia, DF,
Brazil, Hospital Santa Marta (HSM), Taguatinga, DF, Brazil.

Correspondence: Dr. Edinaldo Gomes de Oliveira Neto. Hospital Universitario de Brasilia. Setor de Grandes Areas Norte 605, Asa Norte. Brasilia,
DF, Brazil, 70840-901. Email: edinaldo6@gmail.com.

a. https://orcid.org/0000-0002-1087-0582; b. https://orcid.org/0000-0003-3267-5590; c. https://orcid.org/0009-0009-1715-7446;
d. https://orcid.org/0000-0001-5535-5317; e. https://orcid.org/0000-0001-6385-2954; e. https://orcid.org/0000-0003-0796-5123.

Submitted 18 July 2024. Revised 24 July 2024. Accepted 21 August 2024.

How to cite this article:

Oliveira Neto EG, Nascimento DDL, Bertoncini TV, Lopes AA, Bezerra ASA, Soares MVA. The role of the radiologist in the dengue endemic: a pictorial
essay. Radiol Bras. 2024;57:e20240077en.

Abstract

Resumo

The dengue virus, a member of the family Flaviviridae, is transmitted by Aedes mosquitoes and causes a viral disease known as
dengue fever that is prevalent in tropical and subtropical regions. It is estimated that there are 200-400 million new infections every
year, with underreporting due to limited surveillance systems. The presentation ranges from asymptomatic to dengue shock syn-
drome. Brazil is now facing an endemic of dengue, having seen a significant seasonal increase of over 4.5 million in the number of
probable cases reported. Imaging exams such as ultrasound, computed tomography, and magnetic resonance imaging are crucial
for detecting complications of dengue, aiding in the clinical management and differential diagnosis, especially in severe cases. The
aim of this study was to illustrate the radiological findings of dengue, focusing on emergency and critical care settings.

Keywords: Dengue; Diagnostic imaging; Emergencies.

0 virus da dengue, membro da familia Flaviviridae, causa uma arbovirose prevalente em regioes tropicais e subtropicais, trans-
mitida por mosquitos Aedes. Estima-se entre 100-400 milhdes de novas infec¢des anualmente, com subnotificacao devidas a
sistemas de vigilancia limitados. A infecgdo pode variar de assintomatica a sindrome do choque por dengue. Em 2024, o Brasil
enfrenta uma situagéo endémica de dengue, observando um aumento sazonal significativo com a notificacao de mais de 4,5 mi-
Ihdes de casos provaveis. Exames de imagem como ultrassonografia, tomografia computadorizada e ressonancia magnética sao
cruciais para detectar complicacoes, auxiliando no manejo clinico e no diagnéstico diferencial, especialmente em casos graves. O
objetivo deste ensaio iconografico € ilustrar os achados radiologicos da dengue, com énfase no cenario de urgéncia e emergéncia.

Unitermos: Dengue; Diagnostico por imagem; Emergéncias.

INTRODUCTION

The dengue virus is a member of the family Flaviviri-
dae that affects many individuals living in tropical and sub-
tropical regions'”). Humans are typically infected with this
arbovirus through bites from mosquitoes, especially those
of the genus Aedes. It is estimated that the annual num-
ber of new dengue virus infections is between 100 million
and 400 million worldwide. However, because most tropi-
cal countries do not have robust surveillance systems, it is
likely that the number of cases is underreported®.

Dengue virus infection can cause a wide range of
clinical symptoms, ranging from an asymptomatic phase
to dengue shock syndrome®. The recent exponential in-
crease in the prevalence of dengue puts almost half of the
global population at risk. Despite being endemic in Brazil,
dengue had low circulation in some states, especially in
the southern and central-west regions, until recently, when
those regions began to see significant seasonal increases
in the incidence of the disease®™. In the first months of
2024, Brazil showed a significant increase in the number
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of cases of dengue, which was addressed with public health
measures and a national vaccination plan®?)) although
more than 4.5 million probable cases were still reported.
Approximately 80% of individuals infected with the dengue
virus do not develop symptoms. When clinical manifesta-
tions are present, the disease can be classified, according to
a 2009 publication by the World Health Organization!®!?
as follows (Table 1): classic dengue; dengue with warning
signs; and severe dengue.

Examinations such as ultrasound, computed tomog-
raphy (CT), and magnetic resonance imaging (MRI) fa-
cilitate the recognition of complications of dengue and,
in select cases, even their diagnosis. Among these three
examinations, ultrasound stands out for its accessibility,
low cost, and portability">'®. The main radiological find-
ings in severe dengue are thickening of the gallbladder
wall, ascites, pleural effusion, hepatomegaly, and spleno-
megaly. However, those findings are not specific or pathog-
nomonic and can be associated with several diseases, one
example being diffuse thickening of the gallbladder wall,
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Table 1—Clinical and radiological manifestations of dengue, by type (severity). (Modified from the 2009 World Health Organization classification®®%),

Type Clinical manifestations

Radiological manifestations

Classic dengue
* Skin rash
* Vomiting/nausea
* Myalgia
¢ Leukopenia

Fever + two other symptoms:

None

Dengue with warning signs
* Abdominal pain
* Persisting vomiting
* Mucosa bleeding
e Fluid accumulation

* Increased hematocrit and thrombocytopenia

* Lethargy
* Hepatomegaly

Fever + any of the warning signs:

Pericardial effusion
Pleural effusion
Ascites
Hepatosplenomegaly
Encephalitis

Myelitis

Pericarditis

Bleeding
Pancreatitis
Cholecystitis
Thickening of intra-abdominal fat

Severe dengue Signs of shock
Severe bleeding

Organ dysfunction

Signs of shock

which could also be attributed to acalculous cholecysti-
tis!!. In this scenario, the radiologist plays an important
role. Through the use of imaging methods, radiologists aid
in the investigation of signs of severity, in the monitoring
of complications, and in the differential diagnoses.

RADIOLOGICAL MANIFESTATIONS

The main pathophysiological mechanism of severe
dengue is platelet destruction and consumption, together
with increased vascular permeability, resulting in polysero-
sitis!?. That explains, in part, the findings of diffuse gall-
bladder wall thickening, ascites, hepatosplenomegaly, and
pancreatitis. Unusual complications such as spontaneous
abdominal hemorrhage, especially retroperitoneal hemor-
rhage, can also occur in patients with severe thrombocy-
topenia.

The gallbladder is an elongated organ with a folded
fundus, and its primary function is to be a reservoir for bile

synthesized at the hepatocyte level. Its thickening can be
caused by inflammatory, benign, or malignant processes
and is defined as a wall thickness greater than 3 mm%.
In cases of dengue, that finding could lead to confusion
with other diagnoses, such as acalculous cholecystitis. On
ultrasound, gallbladder thickening presents as one of four
patterns'®: uniform echogenic; striated with multiple
hypoechoic layers with echogenic zones between them; a
central hypoechoic layer separated by two echogenic lay-
ers; and asymmetric with projection of echogenic tissue
into the lumen. In cases of severe dengue, the “honey-
comb” pattern (Figures 1, 2, and 3) has high sensitivity
and specificity when accompanied by ascites, pleural effu-
sion, hepatomegaly, or splenomegaly'®.

The processes associated with pancreatitis and chole-
cystitis after dengue infection are not yet fully understood.
One hypothesis is that direct viral invasion triggers a series
of processes that prevent the outflow of pancreatic fluid,

Figure 1. Diffuse thickening of the gallbladder in a six-year-old female patient diagnosed with dengue. Doppler ultrasound in the sagittal, axial, and sagittal planes
(A, B, and C, respectively), showing diffuse thickening of the gallbladder wall (white arrows), with a “honeycomb” pattern.
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Figure 2. Diffuse thickening of the gallbladder
in a nine-month-old female patient diagnosed
with dengue. Doppler ultrasound in the sagit-
tal and axial planes (A and B, respectively),
showing diffuse thickening of the gallbladder
wall, with a “honeycomb” pattern (arrows)).

Figure 3. Diffuse gallbladder thickening in a patient with abdominal pain and a diagnosis of dengue. Contrast-enhanced CT in the axial plane (A) showing diffuse
thickening of the gallbladder wall (white arrows) and free pericholecystic fluid (black arrows). Unenhanced CT in the axial and coronal planes (B and C, respectively),
also showing diffuse thickening of the gallbladder wall (white arrows), and free pericholecystic fluid (black arrows).

resulting in biliary stasis. Those processes include local
inflammation, tissue edema, and the death of pancreatic
acinar and gallbladder cells. Systemic inflammatory re-
sponses, secondary bacterial translocation, spasms of the
ampulla of Vater, and ischemic lesions are other potential
risk factors for acute cholecystitis. Acute pancreatitis (Fig-
ure 4) can be caused by an autoimmune response to pan-
creatic islet cells, provoked by the infection. The imaging
manifestations of pancreatic involvement in dengue are
indistinguishable from those seen in other viral diseases.
The authors of one epidemiological study concluded that
there is a significantly increased risk of acute cholecystitis
and pancreatitis during the acute phase of infection with
the dengue virus'*). The complication of such an inflam-
matory process in the gallbladder is necrosis of its mucosa,
with consequent intracavitary bleeding, as can be seen on
MRI and CT (Figure 5).

Ascites (Figures 6 and 7) is defined as the accumula-
tion of fluid of pathological origin in the abdominal cav-
ity!”. Patients with a large volume of ascites can present
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Figure 4. Pancreatitis in a patient with a confirmed diagnosis of dengue. Unen-
hanced CT in the axial plane, showing thickening of the pancreatic body (white
arrows) and infiltration of the peripancreatic fat (black arrows).
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Figure 5. Bleeding in the internal cavity of the gallbladder in a patient diagnosed with dengue. Axial T1-weighted MRI (A) showing the gallbladder with diffuse wall
thickening (white arrows) and contents with a diffuse hyperintense signal (black arrow). Coronal T2-weighted MRI with fat suppression (B), showing the gallbladder
with diffuse wall thickening (white arrows) and contents with a hyperintense signal (black arrows). Axial unenhanced CT (C), also showing the gallbladder with dif-
fuse wall thickening (white arrows) and hyperdense contents (black arrows).

abdominal distension (which can be painful), nausea, vom-
iting, dyspnea, and peripheral edema. This condition has a
wide range of etiologies and is a common finding in severe
dengue. Its pathophysiological mechanism in dengue is
based on an anomalous immune response, promoting in-
creased vascular permeability, resulting from dysfunction
of the vascular endothelium. Consequently, there is inter-
stitial extravasation of fluid, which lowers blood pressure,
and thrombocytopenia, which results in hemorrhagic man-
ifestations'®. Ascites can be related to changes in the liver
parenchyma and pleural effusion, accompanied by intra-
parenchymal and subcapsular bleeding in some cases!'?.
The pathophysiology of liver lesions in dengue is di-
rectly related to hepatocyte apoptosis caused by the virus,
hepatitis induced by immune-mediated hepatocyte le-
sions, and a cytokine storm'?). Hepatomegaly (Figures 8
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Figure 6. Ascites in a patient with abdominal pain
and a confirmed diagnosis of dengue. Ultrasound
in the sagittal plane (A), in the axial plane (B), and
again in the sagittal plane (C), showing a small to
moderate amount of free fluid in the abdominal
cavity (arrows).

Figure 7. Ascites in a patient with abdominal pain
and a confirmed diagnosis of dengue. Unenhanced
CT in the axial and sagittal planes (A and B, respec-
tively), showing a small to moderate amount of free
fluid in the abdominal cavity (arrows).

and 9) is a common finding in severe dengue and is com-
monly accompanied by splenomegaly??, as illustrated on
CT in Figure 10. In an autopsy study®", 58% of the cases
of dengue presented hepatomegaly associated with pa-
renchymal alterations (Figure 9), such as steatosis, focal
necrosis, and hemorrhage, findings that are not pathogno-
monic and can be observed in other viral diseases. Splenic
congestion and subcapsular hematomas were found in
15% of the cases.

Fluid accumulation in the cavities, resulting from
increased capillary permeability, can cause additional
unusual abdominal and extra-abdominal findings, such
as periportal edema (Figure 9), pleural effusion (Figure
11), pericardial effusion (Figure 12), and thickening of
the ligamentum teres, or round ligament of the liver (Fig-
ure 13). Early identification of these signs is important

Radiol Bras. 2024;57:€2024007 7en
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Figure 8. Hepatomegaly in a patient with a confirmed diagnosis of dengue. Unenhanced CT in the axial and coronal planes (A and B, respectively), showing hepa-
tomegaly and diffuse hypoattenuation of the liver parenchyma (arrows). Ultrasound in the sagittal plane (C), also showing hepatomegaly (arrows).

Figure 9. Hepatomegaly and periportal
edema in a patient with a confirmed diag-
nosis of dengue. T2-weighted MRI with fat
suppression (A) and unenhanced CT in
the axial plane (B), showing hepatomegaly
(white arrows) and mild periportal edema
(black arrows).

Figure 10. Splenomegaly in a patient with a
confirmed diagnosis of dengue. Unenhanced
CT in the coronal plane (A), showing spleno-
megaly. Ultrasound in the sagittal plane (B),
also showing splenomegaly (arrows).

Figure 11. Pleural effusion in a patient with
a confirmed diagnosis of dengue. Contrast-
enhanced axial CT in the portal phase (A),
showing bilateral pleural effusion, small to
moderate on the right and laminar on the left
(arrows). Ultrasound in the sagittal plane (B),
showing a small pleural effusion (arrows).

for effective therapeutic practice

. Although point-of-care

ultrasound has the potential to be an important tool in the

emergency setting, no protocols for its use have yet been
established®®. In 2024, the first structured ultrasound

Radiol Bras. 2024;57:€2024007 7en
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protocol for evaluating dengue-related complications was
described, aimed at the emergency department, which
could increase the efficacy of care of patients with more
severe disease?).
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Figure 12. Pericardial effusion in a patient
with a confirmed diagnosis of dengue. Unen-
hanced CT in the axial and sagittal planes (A
and B, respectively), showing a small pericar-
dial effusion (arrows) with a maximum thick-
ness of 13 mm.

planes (A,B) and axial T2-weighted MRI with fat suppression (C), showing densification of the fat planes adjacent to the round ligament of the liver (arrows).

Neurological (central nervous system) manifestations
are rare and are generally divided into encephalopathy,
related to systemic conditions; encephalitis (Figure 14),
caused by direct invasion of the virus; and immune-me-
diated demyelination or vasculitis. The changes caused by
encephalitis can be observed on MRI and are characterized
by areas of bilateral hyperintense signal on T2-weighted
MRI sequences®®, as shown in Figure 14. Although rare,

cardiac involvement can occur in dengue. The dysregulated

inflammatory response to the virus can affect the cardio-
vascular system, causing symptoms that range from mild,
such as palpitations and dyspnea, to severe, such as cardio-
genic shock, acute heart failure, arrhythmias, pericarditis,
and myocarditis®>, as depicted on MRI (Figure 15).

CONCLUSION

There is a broad spectrum of manifestations of dengue
and its complications on imaging. Radiological imaging

Figure 14. A 52-year-old patient with de-
creased consciousness and left hemi-
paresis, consistent with dengue-induced
encephalitis. Axial T2-weighted MRI with ce-
rebrospinal fluid saturation (A) and coronal
T2-weighted MRI (B), showing white matter
lesions (arrows), consistent with dengue-in-
duced encephalitis. (Images kindly provided
by Dr. Amina Muhamad Mota Mustafa and
Dr. Alexsandra Rossi).

Radiol Bras. 2024;57:€20240077en
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Figure 15. A 29-year-old patient with acute dengue-induced myocarditis. MRI with native T1 mapping of myocardial tissue (A), T2 mapping of myocardial tissue
(B), and depiction of myocardial extracellular volume (C), showing diffuse signal alteration, indicating a myocardial inflammatory process. (Images kindly provided
by Dr. Joalbo Matos de Andrade)..

methods are extremely important, especially in recognizing
complications related to the disease and monitoring the af-
fected patients. It is essential that the radiologist quickly
identifies signs of severity, assessing the complications and
possible differential diagnoses of this disease that is en-
demic in Brazil.

REFERENCES

1.

10.

11.

12.

Almeida RR, Paim B, Oliveira SA, et al. Dengue hemorrhagic fever:
a state-of-the-art review focused in pulmonary involvement. Lung.

2017;195:389-95.

. Tsheten T, Clements ACA, Gray D], et al. Clinical predictors of

severe dengue: a systematic review and meta-analysis. Infect Dis
Poverty. 2021;10:123.

. Bhatt S, Gething PW, Brady O], et al. The global distribution and

burden of dengue. Nature. 2013;496:504-7.

. Gularte JS, Sacchetto L, Demoliner M, et al. DENV-1 genotype V

linked to the 2022 dengue epidemic in Southern Brazil. ] Clin Virol.
2023;168:105599.

. Benito LAO, Benito RC, Silva ICR, et al. Dengue: apontamentos

histéricos, epidemia no Distrito Federal (DF) em 2024 e imuniza-
¢do com a vacina Qdenga®. REVISA. 2024;13:376-86.

. Dure LS, Mello PB, Garcia LVP, et al. Dengue prevention and control

measures in the state of Mato Grosso do Sul in the face os epidemics:
a question of environmental education. Concilium. 2024;24:404—11.

. Medeiros EA. Desafios no controle da epidemia da dengue no Bra-

sil. Acta Paul Enf. 2024;37.

. Elidio GA, Sallas J, Pacheco FC, et al. Atenc¢do primdria a saide:

a maior aliada na resposta a epidemia da dengue no Brasil. Rev
Panam Salud Publica. 2024;48:e47.

. Triunfol M. Brazil's dengue vaccine campaign falters. Lancet Infect

Dis. 2024;24:e358.

Tejo AM, Hamasaki DT, Menezes LM, et al. Severe dengue in the
intensive care unit. ] Intensive Med. 2023;4:16-33.

Muller DA, Depelsenaire ACI, Young PR. Clinical and laboratory
diagnosis of dengue virus infection. J Infect Dis. 2017;215(suppl
2):S89-895.

Pramuljo HS, Harun SR. Ultrasound findings in dengue haemor-
rhagic fever. Pediatr Radiol. 1991;21:100-2.

[@)er |

Radiol Bras. 2024;57:€2024007 7en

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

Oliveira RVB, Rios LTM, Branco MRFC, et al. Usefulness of ultra-
sonography in children with suspected dengue hemorrhagic fever: a
literature review. Radiol Bras. 2010;43:401-7.

Shih HI, Chi CY, Wang YP, et al. Risks of acute cholecystitis, acute
pancreatitis, and acute appendicitis in patients with dengue fe-
ver: a population-based cohort study in Taiwan. Infect Dis Ther.
2023;12:1677-93.

Motla M, Manaktala S, Gupta V, et al. Sonographic evidence of
ascites, pleura-pericardial effusion and gallbladder wall edema for
dengue fever. Prehosp Disaster Med. 2011;26:335-41.

Parmar ], Vora M, Mohan C, et al. “Honeycomb” pattern of gall-
bladder wall thickening — a forward step in early diagnosis of “se-
vere dengue fever”. Indian J Radiol Imaging. 2019;29:14-18.
Andrade Jr DR, Galvdao FHF, Alves dos Santos S. Ascite — state of
the art based on evidences. Rev Assoc Med Bras. 1992;55:489-96.

. Figueiredo LTM. Patogenia das infec¢des pelos virus do dengue.

Medicina (Ribeirdo Preto). 1999;32:15-20.

Leowattana W, Leowattana T. Dengue hemorrhagic fever and the
liver. World ] Hepatol. 2021;13:1968-76.

Vabo KA, Torres Neto G, Santos AASMD, et al. Achados ultra-
sonograficos abdominais em pacientes com dengue. Radiol Bras.
2004;37:159-62.

Bhamarapravati N, Tuchinda P, Boonyapaknavik V. Pathology of
Thailand haemorrhagic fever: a study of 100 autopsy cases. Ann
Trop Med Parasitol. 1967;61:500-10.

Liu RB, Donroe JH, McNamara RL, et al. The practice and implica-
tions of finding fluid during point-of-care ultrasonography: a review.
JAMA Intern Med. 2017;177:1818-25.

Tambelli RA, Silva PSM, Schubert DUC, et al. Extended focused as-
sessment sonography in dengue (E-FASD): protocolo de ultrassom
point of care para avalia¢do de pacientes com dengue. JBMEDE —
Jornal Brasileiro de Medicina de Emergéncia. 2024;4:¢24005.
Puccioni-Sohler M, Rosadas C, Cabral-Castro M]J. Neurological
complications in dengue infection: a review for clinical practice.
Arq Neuropsiquiatr. 2013;71:667-71.

Silva JS, Trindade AT, Pinto BF, et al. Envolvimento cardiaco na
infec¢do por dengue — uma revisdo abrangente sobre fisiopatologia,
epidemiologia, manifestacdes clinicas, diagnéstico e tratamento.
Brazilian Journal of Health Review. 2024;7:¢69473.



