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ABSTRACT 
Dengue fever remains one of the most pressing vector-borne diseases across tropical and subtropical regions, with 
hemorrhagic complications posing a serious threat to patient outcomes. This research aimed to evaluate and correlate 
ultrasound (USG) and computed tomography (CT) findings in patients diagnosed with dengue-associated hemorrhagic 
manifestations. A prospective observational research was conducted at a tertiary care hospital in Bangalore between March 
2023 and February 2024. A total of 126 serologically confirmed dengue patients were enrolled, of whom 83 (65.9%) 
presented with hemorrhagic features classified under the WHO dengue hemorrhagic fever grading system. All 83 patients 
underwent abdominal ultrasonography, while 47 patients with more severe clinical presentations or diagnostic uncertainty 
received contrast-enhanced CT imaging. 
On USG, the most frequent findings were ascites (68.7%), gallbladder wall thickening (61.4%), and pleural effusion 
(54.2%). CT revealed ascites in 72.3%, pleural effusion in 59.6%, and hepatomegaly in 55.3% of scanned patients. GB 
wall thickening was better identified on USG (61.4%) compared to CT (38.3%), while CT showed higher detection rates 
for splenomegaly (40.4% vs 31.3%) and perinephric fluid collections (10.6% vs 8.4%). Agreement between the two 
imaging modalities was substantial for ascites (κ = 0.81), pleural effusion (κ = 0.76), and hepatomegaly (κ = 0.69). The 
overall Cohen's kappa for all findings combined was 0.73, reflecting substantial inter-modality agreement. Patients with 
dengue shock syndrome (DSS) showed a significantly higher burden of imaging abnormalities on both modalities (p < 
0.001). Lower platelet counts and elevated transaminases were independently linked to greater imaging severity. These 
results confirm that USG serves as an effective first-line imaging tool in dengue hemorrhagic fever, while CT provides 
added value in complicated or diagnostically challenging cases. A staged imaging protocol using USG as the initial 
modality and reserving CT for WHO Grade III–IV cases is recommended for resource-limited endemic settings.. 
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INTRODUCTION 
How reliably can bedside imaging predict the trajectory of 
dengue hemorrhagic fever before clinical deterioration sets 
in? This question has gained renewed urgency as global 
dengue incidence continues to rise, with an estimated 390 
million infections occurring each year and roughly a quarter 
of those becoming symptomatic [1]. Among symptomatic 
cases, hemorrhagic manifestations represent one of the 
most feared complications, driving morbidity and mortality 
particularly in endemic areas of South and Southeast Asia 
[2]. 
Dengue virus, a single-stranded RNA flavivirus transmitted 
by Aedes mosquitoes, can trigger a spectrum of disease 
ranging from mild febrile illness to life-threatening dengue 
hemorrhagic fever (DHF) and dengue shock syndrome 
(DSS). The pathogenesis of hemorrhagic manifestations 

involves increased vascular permeability, plasma leakage, 
and coagulopathy mediated through immune-complex 
deposition and cytokine storm [3]. These processes produce 
a range of imaging-detectable abnormalities including 
serous effusions, organ enlargement, and parenchymal 
changes that may precede overt clinical decline by several 
hours [4]. Early identification of these imaging markers can 
guide fluid resuscitation, trigger intensive monitoring, and 
help clinicians anticipate the critical phase of the illness 
before hemodynamic instability develops. 
Ultrasonography has long been the preferred initial imaging 
modality in dengue because of its portability, absence of 
ionising radiation, and real-time capability. Multiple groups 
have documented its ability to detect gallbladder wall 
edema, ascites, and pleural effusion as early markers of 
plasma leakage [5, 6]. However, USG is operator-
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dependent, and its sensitivity for deeper retroperitoneal or 
parenchymal hemorrhage is limited. Computed tomography 
offers superior anatomical resolution and can identify subtle 
findings such as bowel wall edema, mesenteric 
lymphadenopathy, and small perinephric collections that 
USG may miss [7]. Yet CT involves radiation exposure and 
contrast administration, raising the question of when it adds 
meaningful diagnostic value beyond what USG already 
provides. 
Prior research in this area has largely been retrospective or 
restricted to single-modality descriptions. Few 
investigations have directly compared USG and CT 
findings within the same patient cohort, and even fewer 
have quantified their agreement using appropriate statistical 
measures [8]. That gap limits evidence-based guidance on 
imaging workflows in dengue-endemic hospitals, where 
resources are often stretched during seasonal outbreaks. A 
structured comparison of USG and CT in dengue patients 
with hemorrhagic features can clarify each modality's 
strengths, guide triage decisions, and potentially shorten the 
interval between imaging and clinical intervention. In 
tropical countries where dengue admissions can overwhelm 
radiology departments during peak season, knowing when 
CT genuinely changes management—and when it does 
not—carries both clinical and economic significance [9]. 
This research was therefore designed with two objectives. 
First, it sought to characterise the spectrum of USG and CT 
findings in serologically confirmed dengue patients who 
developed hemorrhagic manifestations graded according to 
the WHO classification. Second, it aimed to measure the 
degree of agreement between the two modalities for each 
major imaging finding and to identify clinical or laboratory 
predictors of imaging severity. The results are expected to 
inform imaging protocols in resource-limited settings 
where dengue remains a seasonal burden [10]. 
 
MATERIAL AND METHODS 
Material 
This prospective observational research was conducted in 
the Department of Radiodiagnosis, Vydehi Institute of 
Medical Sciences and Research Centre, Nallurhalli, 
Whitefield, Bangalore, between March 2023 and February 
2024. The hospital is a 1,500-bed tertiary care centre that 
receives a substantial volume of dengue cases during the 
monsoon and post-monsoon seasons, typically between 
July and December. The research population comprised 
adults aged 18 years and above who were admitted with 
clinically suspected dengue and subsequently confirmed by 
serological testing (NS1 antigen, IgM ELISA, or both). A 
total of 148 suspected cases were screened during the 12-
month enrollment period; 126 met the inclusion criteria of 
serological confirmation. Among these 126 confirmed 
cases, 83 (65.9%) developed at least one hemorrhagic 
manifestation as defined by the 2009 WHO revised dengue 
classification, including spontaneous bleeding, positive 
tourniquet test, or evidence of plasma leakage [11]. 
Exclusion criteria included pre-existing coagulopathy or 
platelet disorders, chronic liver disease with baseline 
hepatic dysfunction, concurrent malaria or typhoid 
coinfection (confirmed by peripheral smear and Widal test), 

pregnancy, known hypersensitivity to iodinated contrast, 
and renal insufficiency (serum creatinine > 1.5 mg/dL) 
precluding safe contrast-enhanced CT. Twenty-two patients 
were excluded from the final analysis: eleven were 
seronegative on repeat testing, six had confirmed 
coinfections, three had chronic liver disease, and two 
refused to provide written consent. Equipment used for this 
research included a Philips Affiniti 70 ultrasound system 
fitted with a 3.5 MHz curvilinear transducer for abdominal 
scanning and a 7.5 MHz linear transducer for superficial 
assessments, alongside a Siemens SOMATOM Definition 
Edge 128-slice CT scanner [12]. Contrast-enhanced CT was 
performed using 80–100 mL of iohexol (Omnipaque 350) 
administered at 3 mL/s through an 18-gauge intravenous 
cannula via an automated power injector. 
 
Methods 
All 83 patients with hemorrhagic features underwent 
bedside abdominal USG within 24 hours of admission. A 
standardised scanning protocol evaluated the hepatobiliary 
system, spleen, both kidneys, pelvis, and bilateral pleural 
spaces in a systematic sequence. GB wall thickness 
exceeding 3 mm was classified as thickened; a 
measurement above 5 mm was considered markedly 
thickened. Hepatomegaly and splenomegaly were defined 
as craniocaudal measurements above 15.5 cm and 12 cm, 
respectively. Pleural effusion and ascites were graded as 
mild (trace or small pocket), moderate (fluid visible in two 
or more compartments), or severe (large-volume free fluid) 
using established sonographic criteria [13]. Each USG 
examination was performed by a second-year radiology 
resident and reviewed by a senior radiologist within 4 hours. 
CT imaging was requested for 47 of the 83 hemorrhagic 
patients who showed either clinical worsening (persistent 
hypotension, rising hematocrit above 20% of baseline), 
diagnostic uncertainty, or suspected internal hemorrhage 
not adequately evaluated by USG. CT protocols included 
portal venous phase acquisition at 70 seconds post-
injection, with 5 mm axial slices reconstructed at 1.25 mm 
and coronal/sagittal multiplanar reformats. Two 
radiologists, each with at least five years of cross-sectional 
imaging experience, independently reviewed all images on 
a PACS workstation; discordant readings were resolved by 
consensus discussion. Cohen's kappa statistic was used to 
assess inter-modality agreement for each finding category. 
Continuous variables were compared using the Mann–
Whitney U test, and categorical variables by chi-square or 
Fisher's exact test as appropriate, with p < 0.05 considered 
statistically significant. 
Ethical Considerations 
The research protocol received approval from the 
Institutional Ethics Committee of Vydehi Institute of 
Medical Sciences and Research Centre, approved 14 
February 2023) before patient enrollment began. Written 
informed consent was obtained from each participant at the 
time of admission. For patients who were 
haemodynamically unstable or too ill to provide consent 
personally, written assent was obtained from a first-degree 
relative, and direct patient consent was secured once 
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clinical improvement permitted meaningful 
communication. 
All imaging data were de-identified using a unique 
alphanumeric code before analysis, and patient records 
were stored in a password-protected institutional database 
accessible only to the principal investigator and designated 
co-investigators. No patient-identifying information was 
included in any data tables or figures. The research was 
conducted in accordance with the principles of the 
Declaration of Helsinki (2013 revision) and applicable 
national guidelines established by the Indian Council of 
Medical Research for biomedical research involving human 
subjects. Participation was voluntary, and patients were 
informed of their right to withdraw at any point without 
affecting their clinical care. 

 
RESULTS 
Among 126 confirmed dengue patients, 83 (65.9%) 
developed hemorrhagic manifestations and formed the 
primary research cohort. The mean age was 34.7 ± 12.3 
years (range 18–68), with a male-to-female ratio of 1.4:1. 
Peak presentation occurred between September and 
November 2023, coinciding with the post-monsoon season. 
Thrombocytopenia below 50,000/μL was present in 62 
patients (74.7%), and 29 patients (34.9%) required platelet 
transfusion during their hospital stay. USG was performed 
in all 83 hemorrhagic patients, and CT in 47. The median 
interval between USG and CT was 1.3 days (IQR 0.5–2.8). 

 
Table 1. Comparison of Ultrasound and CT Findings in Dengue Patients with Hemorrhagic Manifestations 
Imaging Finding Ultrasound (n=83) CT Scan (n=47) 
Ascites 57 (68.7%) 34 (72.3%) 
Pleural effusion 45 (54.2%) 28 (59.6%) 
GB wall thickening 51 (61.4%) 18 (38.3%) 
Hepatomegaly 35 (42.2%) 26 (55.3%) 
Splenomegaly 26 (31.3%) 19 (40.4%) 
Pericardial effusion 10 (12.0%) 7 (14.9%) 
Perinephric fluid 7 (8.4%) 5 (10.6%) 

 
Table 1 presents the prevalence of individual imaging 
findings across both modalities. Ascites was the most 
common abnormality on both USG (68.7%) and CT 
(72.3%). GB wall thickening showed a notable discrepancy, 
with USG detecting it in 61.4% of cases compared to only 

38.3% on CT, likely reflecting USG's superior resolution 
for thin-walled hollow viscera. Conversely, CT identified 
hepatomegaly and splenomegaly at higher rates than USG 
(55.3% vs 42.2% and 40.4% vs 31.3%, respectively), which 
aligns with CT's volumetric measurement capability

. 

 
 

Figure 1. Diagnostic flowchart illustrating patient selection, imaging workup, and correlation pathway for dengue 
hemorrhagic manifestations. 
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The diagnostic workflow (Figure 1) traces how 148 initially 
suspected cases were narrowed to 126 confirmed cases, 
with 83 meeting criteria for hemorrhagic manifestations. 

All 83 received USG screening, while 47 underwent 
additional CT based on clinical severity or diagnostic 
uncertainty

. 
Table 2. Summary Statistics of Laboratory Parameters in Patients with Hemorrhagic Manifestations (n=83) 

Parameter Mean ± SD Range Median p-value 
Platelet count 
(×10³/μL) 

38.4 ± 21.7 8–142 32 0.003* 

Hematocrit (%) 41.6 ± 5.3 29.1–54.8 41.2 0.017* 
AST (U/L) 187.3 ± 142.6 24–982 148 0.008* 
ALT (U/L) 124.8 ± 98.4 18–678 96 0.012* 
Serum albumin 
(g/dL) 

2.9 ± 0.6 1.8–4.2 2.8 0.021* 

Days of fever at 
imaging 

5.3 ± 1.8 2–12 5 0.091 

 
Laboratory parameters showed meaningful correlations 
with imaging findings (Table 2). Patients with platelet 
counts below 20,000/μL had a significantly higher 
frequency of polyserositis on both USG and CT (p = 0.003). 
Elevated transaminases were linked with hepatomegaly on 

CT (p = 0.008 for AST, p = 0.012 for ALT). Serum albumin 
levels below 3.0 g/dL were tied to moderate-to-severe 
ascites (p = 0.021), aligning with the plasma leakage 
mechanism central to dengue pathophysiology.

 

 
 

Figure 2. Comparative bar chart showing the percentage of patients with each imaging finding detected by 
ultrasound versus CT scan. 

The bar chart (Figure 2) visually highlights the 
complementary strengths of each modality. USG 
outperformed CT for GB wall thickening detection, while 

CT showed higher sensitivity for hepatomegaly, 
splenomegaly, and perinephric fluid. For ascites and pleural 
effusion, both modalities performed comparably
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Table 3. Distribution of Imaging Findings by WHO DHF Grade Among Hemorrhagic Patients (n=83) 

DHF Grade (WHO) n (%) USG Positive CT Performed Predominant Imaging 
Pattern 

Grade I 31 (37.3%) 29 (93.5%) 14 (45.2%) Ascites with pleural effusion 
Grade II 28 (33.7%) 28 (100%) 18 (64.3%) Polyserositis with 

organomegaly 

Grade III (DSS) 16 (19.3%) 16 (100%) 14 (87.5%) Multiorgan hemorrhage, 
effusions 

Grade IV (Profound 
DSS) 

8 (9.6%) 8 (100%) 8 (100%) Extensive hemorrhage, shock 
signs 

 
Table 3 shows a clear stepwise increase in imaging 
abnormality burden with rising WHO DHF severity grade. 
Grade I patients had USG positivity in 93.5%, while Grade 
III–IV (DSS) cases showed 100% positivity on both 
modalities. The pattern progressed from ascites with pleural 
effusion in Grade I to polyserositis with organomegaly in 
Grade II, and multiorgan hemorrhage in Grades III–IV. CT 
was performed more frequently in higher grades, reflecting 
clinical decision-making that reserved CT for more severely 
ill patients. 
 
INTEGRATED INTERPRETATION 
Overall inter-modality agreement was substantial, with a 
combined Cohen's kappa of 0.73. The strongest agreement 
was observed for ascites (κ = 0.81) and pleural effusion (κ 
= 0.76), both of which are readily detectable by either 
modality. Agreement was moderate for splenomegaly (κ = 
0.62) and hepatomegaly (κ = 0.69). The weakest agreement 
was for GB wall thickening (κ = 0.48), where USG clearly 
outperformed CT. Severity of hemorrhagic manifestations, 
as classified by WHO grading, was a strong predictor of 
imaging positivity on both modalities (Spearman's rho = 
0.79, p < 0.001). 
 
DISCUSSION 
The finding that ascites was the most common imaging 
abnormality on both USG (68.7%) and CT (72.3%) aligns 
with multiple prior reports. Venkata Sai et al. [5] reported 
ascites in 62% of their dengue cohort using USG alone, a 
somewhat lower rate likely explained by their inclusion of 
non-hemorrhagic cases. The underlying mechanism 
involves cytokine-mediated endothelial dysfunction 
leading to plasma leakage into the peritoneal cavity, a 
process that appears to start around the third to fifth day of 
fever [3]. This implies that timing of imaging relative to 
fever onset is important; earlier scans may underestimate 
effusion severity. 
GB wall thickening was detected far more frequently by 
USG (61.4%) than CT (38.3%), a discrepancy that hasn't 
been widely discussed in previous literature. Sharma et al. 
[6] noted GB wall edema in 58% of their USG cohort but 
didn't compare with CT. The mechanism is thought to 
involve direct viral inflammation of the gallbladder serosa 
combined with third-spacing of fluid. From a practical 

standpoint, this finding suggests that relying on CT alone 
may underestimate the true prevalence of GB involvement, 
making USG indispensable for this specific assessment. 
CT showed a clear advantage in detecting hepatomegaly 
(55.3% vs 42.2%) and splenomegaly (40.4% vs 31.3%). 
Santhosh et al. [7] similarly found that CT-based volumetric 
measurements exceeded USG craniocaudal estimates by 
roughly 12–15%. The likely explanation is CT's ability to 
capture three-dimensional organ volume rather than relying 
on a single linear measurement. But this advantage must be 
weighed against radiation exposure, cost, and the need for 
IV contrast, making CT most justifiable when clinical 
decision-making depends on precise organ size 
quantification or when hemorrhagic complications are 
suspected in the retroperitoneum. 
The substantial overall agreement (κ = 0.73) between USG 
and CT supports a staged imaging approach. Pramuljo et al. 
[15] proposed a similar tiered protocol in a Southeast Asian 
cohort and found that CT added clinically actionable 
information in only 18% of cases where USG was initially 
performed. And the present data reinforce that view—CT 
was most informative in severe grades (DSS) where 
hemorrhagic burden exceeded USG's detection capability. 
Fernando et al. [16] similarly observed that liver-related 
imaging abnormalities were grade-dependent, backing the 
argument that CT should be triaged based on clinical 
severity rather than applied universally. 
 
LIMITATIONS 
Several limitations warrant acknowledgment. First, CT was 
not performed on all 83 patients with hemorrhagic 
manifestations, creating a selection bias toward more 
severely ill individuals in the CT group. This may have 
inflated CT detection rates relative to what would be 
observed in an unselected hemorrhagic dengue population. 
Second, the research was conducted at a single tertiary 
centre in an urban setting, which limits generalisability to 
rural hospitals with different equipment, staffing models, 
and patient demographics. 
Third, inter-observer variability was addressed through 
consensus review between two senior radiologists, but 
formal inter-reader agreement statistics (such as individual-
level kappa) were not calculated for every imaging finding. 
Fourth, the sample size of 47 CT patients, while adequate 
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for comparative analysis, limits the statistical power to 
detect smaller differences in detection rates for less 
common findings like pericardial effusion and perinephric 
fluid. Fifth, the temporal gap between USG and CT (median 
1.3 days) means that disease progression during the interval 
could have contributed to some discrepancies between 
modalities. Future multi-centre investigations with larger 
sample sizes and protocol-driven CT for all hemorrhagic 
cases would help overcome these constraints 
. 
CLINICAL IMPLICATIONS 
The results of this research carry several practical messages 
for clinicians managing dengue patients in endemic regions. 
USG should remain the first-line imaging modality for all 
patients with suspected hemorrhagic dengue, given its high 
detection rates for the most common abnormalities (ascites, 
pleural effusion, GB wall thickening), absence of radiation, 
low cost, and bedside availability. Point-of-care USG 
performed by trained emergency physicians or residents can 
further speed up triage during outbreak surges when 
radiology departments face heavy workloads. 
CT should be reserved for patients classified as WHO DHF 
Grade III–IV, those with unexplained clinical deterioration 
despite adequate fluid resuscitation, suspected internal 
hemorrhage not visualised on USG, or diagnostic 
uncertainty regarding alternative abdominal pathology. 
Adopting this staged approach can reduce unnecessary CT 
use by an estimated 40–45% without compromising 
diagnostic accuracy, a relevant consideration for resource-
constrained settings during dengue outbreaks where 
scanner availability and contrast media supplies may be 
limited. 
 
CONCLUSION 
This research set out to characterise and correlate 
ultrasound and CT findings in dengue patients presenting 
with hemorrhagic manifestations at a tertiary hospital in 
Bangalore. The primary aim was to determine the 
diagnostic yield of each modality for individual imaging 
features and to measure their agreement across the spectrum 
of disease severity. 
The key findings confirm that both USG and CT can 
reliably identify the major imaging abnormalities of dengue 
hemorrhagic fever, with substantial overall agreement (κ = 
0.73). Ascites, pleural effusion, and GB wall thickening 
were the three most prevalent findings across the cohort. 
USG showed a clear advantage for detecting GB wall 
thickening (61.4% vs 38.3% on CT), a finding that carries 
particular clinical weight because GB wall edema is among 
the earliest imaging signs of plasma leakage and often 
precedes the onset of frank ascites. CT, on the other hand, 
was superior for hepatomegaly (55.3% vs 42.2%) and 
splenomegaly (40.4% vs 31.3%), reflecting its ability to 
provide precise volumetric organ assessment. Imaging 
burden increased in a stepwise fashion with WHO severity 
grading, and laboratory markers such as platelet count, 
transaminases, and serum albumin were independently 
linked to imaging severity. The combined kappa values 
ranged from 0.48 for GB wall thickening to 0.81 for ascites, 

with most findings falling in the substantial agreement 
range. 
From a practical standpoint, these data support a staged 
imaging protocol in dengue-endemic settings. USG should 
serve as the initial screening tool for all patients with 
suspected hemorrhagic dengue, performed at the bedside 
within 24 hours of admission. CT should be reserved for 
patients classified as DHF Grade III or IV, those with 
clinical deterioration despite USG-guided management, or 
when findings on USG are equivocal or fail to explain the 
clinical picture. This approach balances diagnostic 
thoroughness with resource conservation and radiation 
avoidance—an especially relevant consideration in 
paediatric-age populations and in hospitals that handle large 
dengue caseloads during seasonal peaks. 
Looking ahead, several questions remain open. Larger 
multi-centre research comparing USG and CT in protocol-
driven designs—where CT is performed on all hemorrhagic 
patients regardless of clinical grade—would remove 
selection bias and strengthen the evidence base. Point-of-
care USG training programmes for emergency physicians 
and general practitioners could further expand early 
detection capability in primary and secondary care 
facilities. The role of MRI as a radiation-free alternative to 
CT in complicated dengue also warrants investigation, 
particularly for paediatric populations. Serial imaging 
research tracking the temporal evolution of findings across 
the febrile, critical, and recovery phases of dengue would 
add another dimension to our understanding of how 
imaging correlates with disease progression and could help 
identify the optimal window for imaging intervention 
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