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Abstract 

Background  The prevalence of dengue fever (DF), a mosquito-borne viral disease, is rising worldwide. Its 
severe manifestations like thrombocytopenia and plasma leakage are associated with increased mortality. Ultra-
sound-detected gallbladder wall thickening (GBWT) has been suggested as a potential indicator of the severity 
of the disease.

Aims  This systematic review and meta-analysis evaluated the predictive value of GBWT in identifying patients at risk 
for severe dengue.

Methods  Following the PRISMA 2020 guidelines, we conducted a systematic search of Web of Science, PubMed, 
Embase, and Scopus. Among the inclusion criteria were original studies that assessed GBWT across various dengue 
severity categories. Then, we performed a meta-analysis using a random effects model and subgroup analyses based 
on severity criteria to determine the relationship between GBWT and severe dengue.

Results  For the meta-analysis, 19 studies qualified for the inclusion criteria. There was a significant association 
between GBWT and severe dengue, according to the odds ratio (OR) of 2.35 (95% CI 1.88–2.82, p < 0.001). The 
subgroup analysis revealed consistent results for thrombocytopenia (OR: 2.65) and plasma leakage (OR: 2.26), 
among other severity criteria.

Conclusions  A reliable ultrasound indicator, GBWT can help identify patients at risk for severe dengue early on, 
improving clinical decision-making and patient outcomes. However, the possibility of differential diagnosis requires 
cautious interpretation.
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Introduction
The dengue virus, which causes dengue fever (DF), pri-
marily spreads through Aedes mosquitoes. Over the 
past several decades, the prevalence of DF has dra-
matically grown globally [1, 2]. Of all arthropod-borne 
viral infections, dengue virus, which contains serotypes 
DENV-1–DENV-4, has the highest disease burden 
globally and causes a self-limiting febrile illness [3].

DF can manifest in an extensive variety of conditions, 
ranging from asymptomatic cases to severe fever, with 
or without warning signs. In 1986, the World Health 
Organization (WHO) established the inaugural classifi-
cation for dengue severity, differentiating between non-
severe and severe cases. A significant change occurred 
in 1997, improving the classification criteria. Subse-
quent changes issued in 2009 and 2011 enhanced den-
gue diagnostics and management strategies. The initial 
clinical manifestations of dengue are fever, headache, 
myalgia, and arthralgia. The WHO identifies seven 
warning signs: abdominal pain, continuous vomiting, 
accumulation of fluid, mucosal bleeding, lethargy, liver 
enlargement, and a rise in hematocrit coupled with a 
drop in platelets [3, 4]. According to the WHO, severe 
dengue is characterized by significant plasma leakage, 
severe hemorrhaging, or severe organ involvement. 
Thrombocytopenia and plasma leakage are signifi-
cant indicators of complications. Thrombocytopenia 
is an immune system response to the dengue virus that 
raises the risk of bleeding. Increased vascular perme-
ability causes plasma leakage, another sign of severe 
dengue, which could lead to shock and organ failure [5]. 
Therefore, the path to severe dengue and its determi-
nants is intricate.

Recent epidemics have shown that the non-specific or 
undifferentiated clinical findings cause delays in diag-
nosis and treatment [6]. There is currently no validated 
clinical test or investigation that can predict patients at 
risk of developing severe dengue and its associated clini-
cal features, but there are some studies suggesting some 
probable predicting factors for severe dengue [7, 8]. Early 
risk stratification may help physicians decide on the 
intensity of observation and treatment for patients, high-
lighting the need to refine criteria for early identification 
of those at risk of severe dengue.

Some studies [9–11] suggest abdominal ultrasonogra-
phy as an effective tool for predicting severe dengue at 
an early stage of the illness. The gallbladder wall thicken-
ing (GBWT) is a relatively common finding in DF [12]. 
Recent studies suggest that measuring GBWT can serve 
as a predictive indicator to assess patients at risk of pro-
gressing to the critical phase [10, 11, 13]. Studies show a 
strong link between GBWT levels above 3 mm and more 
severe dengue cases. A thickness above 5 mm could help 

physicians find dengue patients who are at a high risk of 
going into hypovolemic shock [11].

This systematic review and meta-analysis aimed to 
assess the effectiveness of GBWT, measured using ultra-
sound, in predicting the likelihood of severe dengue in 
patients. The existing literature review indicates the need 
for more comprehensive studies and meta-analyses to 
fully investigate this possibility. Our aim was to clarify 
the predictive role of GBWT in dengue severity to facili-
tate enhanced treatment decisions and improve patient 
outcomes.

Methodology
Protocol and registration
This systematic review and meta-analysis followed the 
PRISMA 2020 guidelines for reporting and was con-
ducted based on a protocol registered with PROSPERO 
(No. CRD42024598379).

Search strategy and study selection
In this meta-analysis, we used the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses) 2020 guidelines [14]. We searched the 
PubMed, Embase, Scopus, and Web of Science data-
bases  on August 2, 2024. We selected keywords related 
to (“Severe Dengue”) AND (“gallbladder” OR “wall 
thickening”) and the related medical subject headings 
(MeSH) terms to develop our search strategy (Supple-
mentary file, Table  S1). The study involved exporting 
titles and abstracts into EndNote v.21 software, screening 
based on titles and abstracts, and full-text screening. The 
screening process was conducted independently by two 
authors, with disagreements resolved by a senior author. 
Additionally, a manual review search of related articles 
was conducted to identify potential studies.

Inclusion and exclusion criteria
We incorporated all the original English studies that 
evaluated the severity of gallbladder wall thickening in at 
least two groups of dengue patients and included stud-
ies that classified dengue severity using WHO classifi-
cation tools, thrombocytopenia, or plasma leakage. The 
exclusion criteria were as follows: (1) studies that did not 
report dengue severity; (2) studies that did not report 
gallbladder wall thickening; (3) case reports and case 
series with fewer than five cases; (4) non-original studies 
(e.g., reviews or commentaries); (5) abstracts or studies 
without full text; (6) studies with a duplicate database; (7) 
non-human studies; and (8) non-English studies.

Data extraction
Before starting the data extraction process, we designed 
an Excel sheet. Three authors independently extracted 
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the data from the included studies and put it into an Excel 
sheet. After rechecking its validity, we used the extracted 
data to synthesize the systematic review and meta-anal-
ysis. We included the following information in the data 
extraction Excel sheet: Study ID, Study design, Study 
country, Follow-up period, Dengue diagnostic criteria, 
Mean age of participants with dengue, Male percentage 
of participants, Imaging modality, Criteria of gallbladder 
wall thickening, A summary of study conclusions, Den-
gue severity criteria, each severity classification includes 
the total number of participants, the number of partici-
pants with gallbladder wall thickening, and the number 
of participants without gallbladder wall thickening (Sup-
plementary file, Table S2). We also construct contingency 
figures (true positives, false positives, true negatives, 
and false negatives) for each study and subsequently cal-
culated sensitivity, specificity, positive likelihood ratio 
(PLR), negative likelihood ratio (NLR), and diagnostic 
odds ratio (DOR) (Supplementary Figs. 6 to 11).

Ultrasound protocols for GBWT examination
The studies evaluated gallbladder wall thickening 
(GBWT) using various ultrasonography procedures. 
Qualified radiologists or sonographers performed 
transabdominal ultrasonography in the majority of stud-
ies. To minimize variability related to gallbladder con-
traction or postprandial thickening, some investigations 
followed established protocols, such as a 4- to 6-h fast 
before imaging [15, 16]. In both longitudinal and trans-
verse orientations, measurements were typically taken 
at the gallbladder wall’s most reliant region. Most of 
the time, a thickness of 3  mm or more is used to iden-
tify GBWT. However, some studies have looked at using 
higher thresholds (like 5 mm) or unique patterns (like the 
"honeycomb" appearance) to make the diagnosis more 
accurate. Methodological heterogeneity may account for 
the observed variability, highlighting the need for imag-
ing procedure standardization in future studies.

Statistical analysis, quality assessment, and publication 
bias
We conducted a meta-analysis using Stata version 17. We 
compared the presence of gallbladder wall thickening in 
the most severe cases of dengue with those with milder 
severity levels. The severe groups consist of patients with 
dengue shock syndrome (DSS) in 1986, 1997, and 2011 
WHO criteria, and severe dengue (SD) in 2009 WHO 
criteria. Furthermore, according to WHO guidelines 
[17], patients with plasma leakage and thrombocytopenia 
(platelet counts below 100,000) were considered to have 
severe dengue. We employed a random-effects model and 
log odds ratio (OD) to assess the relationship between 
two distinct binary variables. Random-effect models are 

a better choice to address the high heterogeneity between 
studies, with an I2 value exceeding 40%. Next, we con-
ducted a subgroup analysis using various dengue severity 
classification tools. For diagnostic accuracy meta-analy-
sis, we employed the MIDAS package in Stata to conduct 
bivariate random-effects modeling. Pooled diagnostic 
accuracy parameters were calculated with corresponding 
95% confidence intervals (CIs), and the results were pre-
sented using a summary receiver operating characteristic 
(SROC) curve (Table 1). We also assessed the heteroge-
neity of the included studies using a Galbraith plot and 
also designed a funnel plot to illustrate the publication 
bias among the included studies. To assess the quality 
of the included studies, we used the Newcastle–Ottawa 
scale (NOS) and the NOS modified version for cross-sec-
tional studies [18, 19].

Results
Study selection
The PRISMA flow diagram, presented in Fig. 1, illustrates 
the comprehensive search strategy employed in this 
study. According to the Fig.  1, this systematic approach 
resulted in the identification of 535 publications follow-
ing the initial search. After removing duplicates, a total 
of 385 publications remained. These publications under-
went a screening process, with two independent authors 
evaluating titles and abstracts. The initial title/abstract 
screening determined the irrelevance of 303 studies to 
the research question, leading to their exclusion at this 
stage. The remaining 82 studies underwent a thorough 
full-text review for eligibility criteria, which led to the 
exclusion of an additional 52 articles. Ultimately, this rig-
orous process produced 30 publications that satisfied all 
inclusion criteria, and this meta-analysis included 19 of 
them.

Study characteristic
Table  2 presents a summary of the characteristics of 
the studies included in this meta-analysis. This system-
atic review included 30 studies that met the predeter-
mined inclusion criteria. They published the included 

Table 1  Diagnostic accuracy of gallbladder wall thickening for 
predicting severe dengue

Parameter Estimation 95% confidence 
interval (95% CI)

Sensitivity 0.88 [0.77, 0.94]

Specificity 0.63 [0.48, 0.76]

Positive likelihood ratio 2.4 [1.7, 3.3]

Negative likelihood ratio 0.19 [0.11, 0.33]

Diagnostic odds ratio 12 [7, 21]
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studies between 1995 and 2024. Asian and South Ameri-
can countries conducted the majority of the included 
studies. The designs of all of the included studies were 
cross-sectional and cohort. Most of the studies used 
serology testing and NS1 antigen detection as their diag-
nostic criteria for dengue (10–13, 16, 20–42). Some stud-
ies [10, 11, 26, 38, 39, 43] utilized real-time PCR and 
virus isolation. One study [44] did not report the tests 
used for dengue diagnosis. In Table 3, the different ways 
that GBWT severity is defined. It also shows all the cri-
teria that are used to classify dengue severity, such as the 
WHO criteria, thrombocytopenia, bleeding episodes, 
severe plasma leakage, and patient outcome, which are 
shown in Table 2. Table 3 provides a critical reference for 
understanding the criteria used. In studies aimed at clas-
sifying dengue severity, it’s crucial to ensure consistency 
in the synthesis of data and the interpretation of findings 
in meta-analyses.

Quality assessment and publication bias
Supplementary files, Tables S3 and S4 also displays the 
results of the quality assessment of the included studies. 
The quality of the included studies was evaluated using 
the Newcastle–Ottawa Scale (NOS) for cohort studies 
(Table S3) and a modified version of the NOS for cross-
sectional studies (Table S4).

Meta‑analysis
In Supplementary Fig. 2 demonstrates that 19 study arms 
within the included studies explored the correlation 
between gallbladder wall thickening and disease severity. 
A significant association was observed between increased 
GBWT and severe dengue infections, with an odds ratio 
(OR) of 2.35 (95% CI 1.88–2.82, p < 0.001, I2 = 58.90%).

Additionally, a subgroup analysis focused on alternative 
severity markers employed in the included studies. The 
subgroup analyses using alternative dengue severity cri-
teria yielded results consistent with the overall analysis. 
For thrombocytopenia, the OR was 2.65 (95% CI 1.66–
3.64). The odds ratio for the WHO 1997 criteria was 1.87 
(95% CI 0.77–2.97), for the WHO 2009 criteria 2.29 (95% 
CI 1.60–2.98), and for plasma leakage 2.26 (95% CI 0.54–
3.99). The single study employing the WHO 1986 criteria 
reported an OR of 3.65 (95% CI 2.53–4.77) (Supplemen-
tary Fig. 3).

All subgroups demonstrated a statistically significant 
difference in GBWT between severe and non-severe 
groups, as summarized in Table 4.

Here, we employed a visual assessment of the funnel 
plot to evaluate the extent of publication bias. The funnel 
plot revealed no evidence of publication bias concerning 
the outcome, as shown in Supplementary Fig. 4. The Gal-
braith plot for the heterogeneity assessment indicated the 

Fig. 1  PRISMA flow diagram process and the systematic review methodology
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presence of only minor outlier studies (Supplementary 
Fig. 5).

Discussion
In this systematic review and meta-analysis, we found 
that patients with severe dengue disease have higher gall-
bladder wall thickening (GBWT) compared to patients 
with non-severe dengue. In the setting of confirmed 
dengue patients without any comorbidity, GBWT has 
estimated sensitivity and specificity of 88 and 63%, 

respectively. These findings underscore the association 
between GBWT and dengue severity. We also found that 
the severity of plasma leakage and thrombocytopenia is 
associated with GBWT. Therefore, GBWT could serve 
as a potential severity indicator and a reliable predictive 
marker for better classification and management of den-
gue cases.

Dengue fever (DF) is an acute, febrile illness that is 
typically self-limiting, with a mortality rate of less than 
1% [45]; however, some patients progress into severe 

Table 3  WHO severity classification. It provides a detailed overview of the WHO severity classification criteria for dengue across 
different iterations (1986, 1997, 2009, and 2011)

Each classification outlines the clinical and laboratory features used to distinguish between mild, moderate, and severe forms of the disease, with specific emphasis on 
parameters such as plasma leakage, thrombocytopenia, and organ involvement

DF Dengue Fever, DHF Dengue Hemorrhagic Fever, DSS Dengue Shock Syndrome, DWoS Dengue Without Warning Signs, DWWS Dengue with Warning Signs, SD 
Severe Dengue, HCT Hematocrit

Severity criteria Severity group Group Definition

1986 WHO criteria DHF Mild Grade 1 Fever accompanied by non-specific constitutional symptoms; the only haemorrhagic 
manifestation is a positive tourniquet test

Grade 2 Spontaneous bleeding in addition to the manifestations of Grade I patients, usually 
in the form of skin and/or other haemorrhages

Severe (DSS) Grade 3 Circulatory collapse manifested by rapid and weak pulse, narrowing of pulse pressure 
(20 mmHg or less) or hypotension, with the presence of cold clammy skin and restless-
ness

Grade 4 Profound shock with undetectable blood pressure and pulse

1997 WHO criteria Mild DF An acute illness characterized by fever and at least two or more of the following 
symptoms: headache, pain behind the eyes, muscle pain, joint pain, skin rash, bleeding 
manifestations, or a low white blood cell count

DHF
(Grade 1 and 2)

All of the following must be present: fever or a recent history of fever, signs of bleeding 
(such as a positive tourniquet test, petechiae/purpura/ecchymoses, mucosal bleed-
ing), low platelet count, and plasma leakage indicated by an increase in hematocrit 
or the presence of pleural effusion or ascites

Severe DSS
(Grade 3 and 4)

Dengue Shock Syndrome requires all the criteria for DHF in addition to signs of circula-
tory collapse such as a rapid, weak and narrow pulse (less than 20 mm Hg) and hypo-
tention with the presence of cold clammy skin and restlessness

2009 WHO criteria Mild DWoWS A fever accompanied by two or more of the following symptoms: nausea or vomiting, 
a rash, body aches, a positive tourniquet test, or a low white blood cell count

DWWS Similar to DWoWS, but with additional warning signs, suach as abdominal pain, per-
sistent vomiting, lethargy or restlessness, liver enlargement, an increase in hematocrit, 
and a drop in platelet count

Severe SD Severe dengue is identified by one or more of the following: severe plasma leakage 
causing shock, fluid overload leading to respiratory distress, severe bleeding, or serious 
organ dysfunction

2011 WHO guideline DF Fever with two of the following: Headache, Retro-orbital pain, Myalgia, Arthtralgia/bone 
pain, Rash, Haemorrhagic Manifestations, No evidence of plasma leakage. Leucopenia 
(wbc ≤ 5000cells/mm3). Thrombocytopenia (Platelet
Count < 150 000 cells/mm3), Rising haematocrit (5–10%), No evidence of plasma loss

DHF Grade 1 Fever and haemorrhagic manifestation (positive tourniquet test) and evidence 
of plasma leakage and laboratory finding like Thrombocytopenia < 100 000 cells/mm3 
and HCT rise ≥ 20%

Grade 2 Similar to Grade I plus spontaneous bleeding and laboratory finding like Thrombocyto-
penia < 100 000 cells/mm3 and HCT rise ≥ 20%

DSS Grade 3 Similar to Grade I or II plus circulatory failure (weak pulse, narrow pulse pressure (≤ 20 
mmHg), hypotension, restlessness) and laboratory finding like Thrombocytopenia < 100 
000 cells/mm3 and HCT rise ≥ 20%

Grade 4 Similar to Grade III, plus profound shock with undetectable Blood Pressure and labora-
tory finding like Thrombocytopenia < 100 000 cells/mm3 and HCT rise ≥ 20%
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dengue manifestations, including dengue hemorrhagic 
fever (DHF) and dengue shock syndrome (DSS). Severe 
dengue has a higher mortality rate; without treatment, 
severe dengue can lead to mortality in 10–20% of 
patients [46, 47], but early detection and proper man-
agement can reduce the mortality rate to 2–5% [48]. 
Diagnosis of DF relies on clinical findings, laboratory 
tests, and serological examinations [49]. The rapid pro-
gression of dengue can potentially outpace many labo-
ratory tests [33, 41], this underscores the importance 
of employing sensitive diagnostic tools and practical 
guidelines for identification and severity-categorization 
of dengue patients, especially in emergency settings 
[41, 43].

Management of severe dengue critically depends on 
the early detection of warning signs before the onset of 
shock [50]. Patients with predisposing factors such as 
older or younger age [51, 52], higher weight [53], female 
sex, white ethnicity [52], secondary dengue infection 
[51, 52, 54], and underlying comorbidities like cardio-
vascular disease, diabetes, renal disease, hypertension, 
and pulmonary disease [51, 52, 54], are more prone 
to develop severe dengue. Clinical findings associated 
with severe dengue includes abdominal pain, lethargy, 
nausea and vomiting, headache, myalgia or arthral-
gia [51, 54]. Early indicators of severe dengue include 
laboratory findings such as elevated c-reactive protein 
(CRP), elevated aspartate aminotransferase (AST) [55], 
decreased serum albumin, and decreased platelet count 
[52, 55]. Imaging findings, such as pleural effusion and 
ascites, are also significant markers of severity [50, 52]. 
The association between increased hematocrit levels 
and severe dengue remains controversial, with vary-
ing evidence on its predictive value [52, 54]. GBWT is 
suggested to “precede the clinical detection” of severe 

dengue [50], however, the utility of GBWT in early pre-
diction of severe dengue has not been comprehensively 
reviewed before our study.

The 2011 WHO guidelines for dengue management 
highlight the presence of plasma leakage to differentiate 
between DF and DHF/DSS [50].

The 3 mm threshold for GBWT has been used in 
many studies since it was first described in the lit-
erature as a key indicator for plasma leakage and the 
prediction of severe dengue. Early ultrasonographic 
studies of dengue patients found the threshold. These 
studies showed a strong link between high GBWT and 
severe disease symptoms like low blood pressure and 
plasma leakage [15, 56].The consistency of this cut-off 
across various demographic and geographic contexts 
illustrates its utility in early risk stratification for thera-
peutic purposes. However, various organizations have 
suggested alternative criteria, like 5 mm, to improve 
diagnostic specificity [16]. These variations may arise 
due to differences in patient characteristics, ultrasound 
techniques, or comorbid conditions affecting GBWT. 
Additional research is required to validate these crite-
ria across larger populations to enhance their predic-
tive utility for severe dengue. Plasma leakage can be 
detected through GBWT at the first stages before it 
manifests as clinical symptoms and progresses to criti-
cal phase and shock [39]. Plasma leakage is a significant 
contributor to dengue-related mortality and remains 
the leading cause of severe complications [57, 58]. 
GBWT serves as an early marker of plasma leakage, 
often preceding the appearance of ascites, pleural effu-
sion, and serological confirmation of IgM. Ultrasonog-
raphy can detect GBWT as early as the 2nd or 3rd 
day of febrile illness [16, 38, 39]. Plasma leakage and 
GBWT are temporary events in the course of dengue 

Table 4  Subgroup analysis results to explore the association between gallbladder wall thickening (GBWT) and severe dengue based 
on various severity classification criteria

GBWT Gallbladder wall thickness

Subgroup: The specific severity criteria or classification used (e.g., WHO 1997, WHO 2009, thrombocytopenia, plasma leakage)

Number of studies: The total number of studies contributing data to each subgroup

GBWT + and GBWT − : Number of patients with and without gallbladder wall thickening in both severe and mild dengue groups

Statistical results: Odds ratios (OR), confidence intervals (CI), and significance values (e.g., Z and P-values) highlighting the strength of association

Heterogeneity indicators: Metrics such as Tau2, I2, and H2, indicating the variability across studies

Subgroup Number of 
studies

Severe dengue Mild dengue Test of teta Heterogeneity

GBWT +  GBWT − GBWT +  GBWT –− Z P T2 I2 H2

WHO 1997 4 196 28 327 481 3.33  < 0.01 0.70 63.56% 2.74

WHO 1986 1 71 4 23 50 6.38  < 0.01 – –

WHO 2009 8 230 98 313 339 6.47  < 0.01 0.43 47.63% 1.91

Thrombocytopenia 4 174 35 107 157 5.23  < 0.01 0.43 42.03% 1.73

Plasma leakage 2 53 88 9 173 2.57 0.01 1.13 72.29% 3.61
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disease [26, 38, 59]. GBWT resolves spontaneously 
at approximately the same time as the other markers 
of plasma leakage-ascites and pleural effusions [38]. 
However, ascites and pleural effusion might be absent 
before fluid therapy, even in severe shock syndrome 
[50]. These findings, alongside with relatively high sen-
sitivity (88%) of GBWT, highlight the importance of 
GBWT as a predictor of dengue severity and an early 
warning sign of plasma leakage. The underlying mecha-
nisms driving plasma leakage are not fully understood 
but are hypothesized to involve multiple pathways: (1) 
elevated cell-mediated and humoral immune response 
to dengue disease, especially in cases of dengue rein-
fection; (2) secretion of pro-inflammatory molecules 
(including tumor necrosis factor α, interleukin 6, inter-
leukin 8 and platelet activating factor); (3) destruction 
of the endothelial glycocalyx due to dengue virus non-
structural protein-1 (NS1); and (4) formation of exces-
sive reactive oxygen species [59–61]. The results of our 
study support this because they show that GBWT is an 
early sign of plasma leakage that is linked to basic pro-
cesses like immune system reactions and endothelial 
damage caused by DF.

Tsheten et  al. [54] and Yuan et  al. [8] have previously 
shown that ultrasound markers such as pleural effusion 
(OR = 5.72–15.84), ascites (OR = 6.30–24.30), and hepa-
tomegaly (OR = 4.40–5.92) have strong association with 
severe dengue. In comparison, we estimated that GBWT 
has odds ratio of 2.65 for prediction of severe dengue. 
Strong association of these markers with the severity of 
dengue highlights the clinical utility of ultrasound imag-
ing in follow-up of dengue patients.

However, detection and follow-up of severe dengue 
patients using GBWT alone may result in overdiagno-
sis, since GBWT is a non-specific finding and can result 
in false-positive estimations [11]. GBWT can be caused 
by several conditions other than dengue disease, such as 
cholecystitis, liver diseases, heart failure [62], leptospi-
rosis [63], and malaria infection [64]. In our meta-anal-
ysis, even if some of the included studies had excluded 
patients with comorbidities that could have potentially 
resulted in GBWT, the specificity of GBWT for the pre-
diction of severe dengue was estimated at 63%, which 
is relatively low. However, making some adjustments in 
the assessment of GBWT might increase its specific-
ity for detection and follow-up of severe dengue disease, 
including fasting for 4–6 h prior to ultrasonography [11, 
41, 42], raising the thickening threshold from 3 to 5 mm 
[13], and recognizing certain patterns of GBWT such as 
the “honeycomb” pattern [16, 41]. In confirmed cases of 
dengue disease, GBWT can serve as a predictive factor 
for the severity of dengue considering its high sensitivity 
for the prediction of severe dengue; however, it should be 

employed with increased caution, especially in patients 
with comorbidities affecting GBWT, and in patients 
without definitive dengue diagnosis.

We suggest that GBWT might be a valuable tool for 
monitoring the progression of severe dengue [27, 38]. The 
detection of GBWT is cost-effective, safe, sensitive, and 
readily available through ultrasonography at the patients’ 
bedside [36, 38, 50]. Serial evaluation of GBWT could be 
integrated as a standard part of treatment protocols for 
hospitalized patients with dengue [38, 42]. Even in mild 
cases, the presence of GBWT should raise suspicion for 
progression to severe dengue [16, 38]. We also suggest 
that GBWT might be associated with the prognosis of 
dengue disease, and its incorporation into dengue man-
agement may reduce the risk of overlooking potentially 
severe cases and dengue-related mortality [36]. However, 
further studies are necessary to characterize the asso-
ciation between GBWT progression and the outcome of 
dengue disease.

There are certain limitations to our study. Most of 
the participants included in the study were hospitalized 
patients, which may not represent outpatient cases of 
dengue disease. Therefore, the general population of den-
gue patients may not benefit from our findings. Some of 
the included studies in our review excluded patients with 
comorbidities that could potentially affect GBWT, while 
others did not. We are uncertain about the overall effect 
of this on our overall analysis. The included studies were 
substantially heterogeneous in terms of diagnostic and 
management criteria. Nevertheless, our subgroup analy-
sis showed a uniform pattern of GBWT association with 
dengue severity, regardless of severity classification crite-
ria. The heterogeneity of the study structures prevented 
us from tracking GBWT’s onset and progression. Future 
research could address this issue.

Conclusion
Severe dengue is associated with higher GBWT. The 
presence of GBWT in the context of dengue disease, 
even in mild cases, should raise suspicion for worsen-
ing in dengue severity. Using GBWT to detect cases 
with greater potential for severity may improve patient 
care and outcomes. However, we should approach the 
interpretation of GBWT carefully, taking into account 
its numerous potential differential diagnoses and low 
specificity.
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