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Abstract

Objectives: To evaluate the association between ultrasound assessment of gallbladder wall thickness (GBWT)
among severe dengue patients and dengue patients with warning signs to their clinical outcomes.

Methods: A prospective, cross-sectional study involving adult dengue patients presented to our emergency depart-
ment between March until September 2018. The patients were classified based on WHO classification. A gallbladder
wall scan was performed on all patients.

Results: A total of 44 patients were enrolled into the study; majority of the patients with GBWT had severe dengue,
significantly more than the dengue patients with warning signs (90.5% sensitivity; 69.6% specificity). The sensitivity of
GBWT in determining admission to critical care areas or general ward was 100% with a specificity of 62.1%. Our analy-
sis showed that the two variables significant in determining the severity of dengue were age (p=0.045) and GBWT
(p<0.001). Both factors together gave 81.0% sensitivity and 78.3% specificity in predicting patients for severe dengue.

The receiver operator characteristic curve revealed that using variable GBWT status can discriminate 87.19% (95%Cl
66.3, 93.7%) of having severe dengue or dengue with warning signs.

Conclusion: The finding of GBWT when consolidated with other clinical parameters may assist clinicians to perform
risk stratification in the emergency department and become another adjunct to the assessment of severe dengue.
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Introduction

Over the last decade, the global prevalence of dengue
has risen significantly. It has become the most common
arthropod-borne viral disease which carries high mor-
bidity and mortality. The incidence in Malaysia has con-
tinued to rise from 19,884 cases in 2011 to 13,0101 cases
in 2019. This is associated with increased mortality, from
147 deaths in 2018 to 182 deaths in 2019 [1]
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Dengue has a broad spectrum of illnesses ranging from
being asymptomatic to developing high-grade fever with
or without warning signs of dengue and even severe dis-
ease associated with plasma leakage. The mechanism that
caused individuals to progress to severe dengue is poorly
understood, and the study of its predictors is rather com-
plex [2]. Currently, there are no routine laboratory bio-
markers to predict the severity of dengue infection or
monitor the effectiveness of standard management [3].

During an upsurge of dengue cases, a rapid bedside
investigation would be invaluable. The ability to per-
form risk stratification early in the patient’s course of
illness may assist physicians in deciding how intensively
the patient should be observed and treated. A focused
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ultrasound assessment among patients with warning
signs, for example, can be used to look for those who
are at risk of developing severe dengue or plasma leak-
age [4]. This has also been shown to coincide with clini-
cal improvement whereby resolving ultrasound findings
were found at the time of discharge [5]. These sono-
graphic features include gallbladder wall thickening
(GBWT), pleural effusion, ascites, hepatomegaly, and
splenomegaly [6]. Among these, GBWT was found to be
the most common [7-9] and most specific in severe den-
gue patients [5].

Despite the increasing prevalence of dengue in Malay-
sia which causes more deaths, there has never been a
local study looking at GBWT and outcome. Therefore,
our study aims to look at the association between GBWT
among severe dengue patients and patients with warning
signs from our center and its relevance to their outcomes.

Methodology

This study was conducted at Hospital Sungai Buloh
(HSB), Malaysia, a large suburban tertiary care hospital
with a total of 160,000 emergency attendance annually.
The study was prospective and cross-sectional in nature
with convenience sampling. All scans were performed in
the Emergency Department (ED) of HSB by the principal
investigator who has completed a national ultrasound fel-
lowship in point-of-care ultrasound. This study received
ethical approval from the Malaysian Medical Research
and Ethics Committee (MREC) and registered with
National Medical Research Registry (NMRR).

Sample size

The method used to calculate sample size indicates that
the proportion of the difference in gallbladder wall more
than 0.3 cm in severe dengue group was 0.965, whereas
the proportion in dengue with warning signs group was
0.576 [7]. With an additional 10% dropout rate, the sam-
ple size is 20 samples per group (severe dengue and den-
gue with warning signs).

Patient selection

From March to September 2018, all adult dengue patients
treated for dengue fever with warning signs or severe
dengue were selected for this study. The diagnosis of den-
gue was made using point-of-care Dengue Combo Kit
test, with a positive NS1-antigen, or positive dengue IgM.
Based on the World Health Organization (WHO) 2009
definitions of dengue, the patients were then grouped
into (i) dengue with warning signs, (ii) severe dengue.

All patients who consented for the study were recruited
in the emergency department and communicated in
either Malay or English. Patients with pre-existing gall-
bladder disease were excluded from this study and the
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written consent was obtained before the ultrasound
examination.

The principal investigator performed a gallbladder
ultrasound examination on all patients enrolled. The
investigator was not involved with the management of
these patients. The in-hospital physicians treating the
patients were also blinded to the findings of the ultra-
sound. All patients were followed up until discharge to
identify the details of the admission, the length of hospi-
tal stay, and in-hospital mortality.

Gallbladder ultrasound examination

GE Logiq P9 ultrasound machine with a convex probe
4C-SC 5 MHz was used. The scan was performed with
patients lying in a supine position, using the intercostal
approach with the probe placed over the right hypochon-
drium region. GBWT was measured at the anterior part
of the gallbladder. GBWT <0.3 c¢m is considered normal.
The pattern of the gallbladder wall was also described.

Data analysis

Statistical analysis was carried out using SPSS 25.0 IBM
(SPSS Inc, Chicago, IL, US). The descriptive statistics
were presented using mean and standard deviation for a
continuous variable, while the absolute number and per-
centage for the categorical variable. The difference in the
length of stay with GBWT was analyzed using an inde-
pendent t-test. The difference of GBW T with the severity
of dengue and admission toward and critical care areas
was analyzed using a Chi-square test. The predictors for
severe dengue were analyzed using univariate and multi-
variable logistic regression. The discrimination of having
severe or not severe dengue was determined by calculat-
ing and plotting the receiver operative characterization
(ROC) curve. All reported p-values are two-sided and
deemed statistically significant at @ =0.05.

Results

From March to September 2018, 44 patients were
enrolled in the study. All cases were confirmed as dengue
with NS1 and IgM tests done during the presentation.
According to the definition by WHO, the phases of ill-
ness were equally divided into febrile and critical phases.

Figure 1 is a typical GBWT found in a dengue patient.
The wall appears to have two layers with striated or retic-
ular pattern in between.

The variable assessed including the severity of dengue,
admission, gallbladder wall thickening (GBWT), and
length of stay. Table 1 shows the clinical characteristics
of the patients. The majority of patients with GBWT
were in severe dengue (73%), and those with severe den-
gue mainly were admitted to the high dependency ward
(HDW)/intensive care unit (ICU) (66.7%). The mean
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length of stay (LOS) was also relatively longer in the
severe dengue group [mean 4.43 days (1.12)].

On further analysis, there was a significant difference in
GBWT between severe dengue and dengue with warning
signs (p <0.001) with 90.5% sensitivity and 69.6% specific-
ity, as shown in Table 2. The admission to a general ward
and HDW/ICU were also significantly different with
GBWT (p<0.001). The sensitivity of GBWT in determin-
ing admission to ICU/HDW or general ward is 100% with
a specificity of 62.1%. However, there was no significant
difference in the length of stay with GBWT (p=0.38).

Table 3 demonstrates that using univariate logistic

regression to analyze variables that are more prevalence
in severe dengue, the GBWT and admission to HDW/
ICU were significantly higher in prevalence with both
P<0.001, in contrast with the phase of dengue fever.
Fig. 1 The gallbladder wall is thickened, appearing as though the With multivariable analysis as shown in Table 4, there
wall has separated looks with striated structure in between were two variables found significant in determining
the severity of dengue, i.e., age (p=0.045) and GBWT
(»<0.001). Combining both factors bring 81.0% sensi-
tivity and 78.3% specificity of predicting someone with
severe dengue.

The receiver operator characteristic (ROC) curve in

Table 1 Baseline clinical characteristic of 44 patients

Characteristics Dengue with Severe dengue All cases Fig. 2 revealed that using variable GBWT status only can
‘(';'fzmz";)g signs (n=21) discriminate 87.1% (95% CI 66.3, 93.7%) of having severe
dengue or dengue with warning signs. However, by com-
Age, mean 41415 36+15 39+15 bining GBWT and age, it can discriminate 87.1% but
Day ofillness during - 5.04+1.89 4294135 468+168  with a narrower confidence interval (95% CI 76.3, 97.9%)
presentation, mean of having severe dengue.
Phase
Febrile 15 (65.2%) 7 (33.3%) 22 (50%) Discussion
Critical 8 (34.8%) 14 (66.7%) 22 (50%) The changes in dengue fever such as generalized vascu-
GBWT lar damage increased permeability of blood vessels to
Yes 7(304%) 19.(90.5%) 26 (59.1%) plasma protein, and effusion in the pericardial, pleural,
No 16 (69.6%) 2(9.5%) 18(40.9%)  and peritoneal cavity was first described by Bhamarapra-
Admission vati et al. in their retrospective analysis of autopsy find-
General ward 22 (95.7%) 7 (33.3%) 29 (65.9%)

ings [10]. Wang et al,, later on, identified these findings
HDW/ICU 1(4.3%) 14 (66.7%) 15341%)  through ultrasound with the addition of thickened gall-
I':se”agrfh of stay, 3834250 443£112 41T+£1.97  bladder in dengue. In our study, the overall frequency
of thickened gallbladder walls was 59.1%. Other studies

Table 2 The significance of GBWT in relation to dengue severity and admission type

Variable GBWT P value OR (95%(Cl)
Yes (n=26) No (n=18)
Severity <0.001 21.7(3.9,119.6)
Severe dengue 19 (73.1%) 2(11.1%)
Dengue with warning signs 7 (26.9%) 16 (88.9%)
Admission <0.001 -
HDW/ICU 15 (57.7%) 0 (0.0%)

General ward 11 (42.3%) 18 (100.0%)
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Table 3 Predictors of severe dengue as assessed by univariate
logistic regression

Variable Dengue with Severe dengue  Pvalue
warning signs
Age, mean 414153 3564151 0.244
Day of illness during 504+£1.89 4294135 0.147
presentation, mean
Phase 0.038
Febrile 15 (65.2%) 7 (33.3%)
Critical 8 (34.8%) 14 (66.7%)
GBWT <0.001
Yes 7 (30.4%) 19 (90.5%)
No 16 (69.6%) 2(9.5%)
Admission 0.001
General ward 22 (95.7%) 7 (33.3%)
HDW/ICU 1(4.3%) 14 (66.7%)
Length of stay, mean ~ 3.83£2.50 443+£1.12 0.333

Table 4 Predictors of severe dengue using multivariate logistic
regression

Variable Adjusted odds 95% Cl P value
ratio

Age, mean 1.05 1.01-1.07 0.045

GBWT, Yes 33.12 4.82-27.62 <0.001

have quoted the incidence ranging from 32% to as high
as 89.2% [11-14]. There was no mortality reported in our
patients. We found a difference in length of hospital stay,
but this difference was not statistically significant.

Our study showed that GBWT is sensitive in predict-
ing severe dengue with a high sensitivity of 90.5%. To our
knowledge, this is the first study written from a Malay-
sian sample. A gallbladder wall of more than 0.3 cm
is taken as the cut-off point. Although thickened gall-
bladder wall is not specific and is associated with other
conditions [15], it has to be taken into clinical context.
Studies over the last 3 decades have consistently proven
the association of GBWT and severity of dengue [13,
16-18]. Kim et al. reported that dengue patients with
signs of fluid leakage were higher in the patients with
GBWT than those without GBWT [19]. This finding is
important as GBWT is likely to be one of the few find-
ings that cannot be identified through clinical examina-
tion. The introduction of dengue with warning signs in
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WHO 2009 guideline stated that all patients with warn-
ing signs require admission. However, it was found that
no single warning signs can predict disease progression
[20]. GBWT can therefore become another adjunct to the
assessment of severe dengue.

GBWT also showed a significant difference in deter-
mining admission either to the general ward or critical
care areas. This study demonstrated that all the patients
admitted to critical care areas had GBWT, leading to a
sensitivity of 100%. However, there were patients with
GBWT that were admitted to a general ward which
explains the low specificity of GBWT. This is almost
similar to the findings by Setiawan et al, whereby a
sonographic finding of GBWT >0.3 cm had 93.8% sen-
sitivity to indicate the need for admission and monitor-
ing, while>0.5 cm had 91.7% specificity in identifying
dengue patient who is at risk of developing hypovolemic
shock [21]. In addition to that, we were able to build
ROC curves, as shown in Fig. 2, to predict severe dengue
based on GBWT alone. The combination of GBWT and
age increased the sensitivity of predicting severe dengue.
Putting into context the clinical findings, hematocrit level
and the addition of a specific sonographic finding among
dengue patients can be a predictive tool for early selec-
tion of patients to critical care area.

As with many ultrasound studies, the sample number is
small. However, we did calculate the sample size needed
to reach a meaningful number. This study was performed
in ED, to be pragmatic and assist doctors in ED. Hence
there was no ultrasound follow-up study to determine if
the dengue patients with warning signs developed thick-
ening of the gallbladder wall later on in the ward. There
was also no repeated ultrasound at discharge to look for
resolution of GBWT.

Conclusion

Our findings affirm a previous study that shows an asso-
ciation between GBWT and the severity of dengue.
GBWT and age can predict the severity of dengue with
high sensitivity. When consolidated with clinical presen-
tations, this finding may assist clinicians in further man-
agement of severe dengue.

Dissemination of results

Results from this study were shared with the staff mem-
bers at the data collection site and Universiti Teknologi
MARA through formal presentations by the authors.



Ibrahim et al. The Ultrasound Journal (2022) 14:13

Page 5 of 6

0.8

0.6

Sensitivity

0.4

Source of the Curve

e PrECliCted] probability
(Gallbladder and age)

e Predlicted probability
(Ballbladder only)
Reference Line

0o T

Fig. 2 ROC curves for GBWT and age

00 02 04 06
1 - Specificity

08 1.0

Acknowledgements
The authors would like to acknowledge Hospital Sg Buloh and Ministry of
Health Malaysia.

Authors’ contributions

The authors contributed as follow to the conception or design of the work;
the acquisition, analysis, or interpretation of data for the work; and drafting the
work or revising it critically for important intellectual content. MAI contributed
30%; JMN contributed 20%; SSH, MIKM and MFM contributed 15% each, and
MRI'and MFAR contributed 5%. All authors approved the version to be pub-
lished and agreed to be accountable for all aspects of the work. All authors
read and approved the final manuscript.

Authors information

The authors would like to acknowledge Dr. Sabariah Faizah Jamaluddin as
the Head of Department of Emergency and Trauma Hospital Sungai Buloh,
Ministry of Health Malaysia, Universiti Teknologi MARA, and Hospital Sungai
Buloh who have supported this study.

Funding
This study did not receive any direct funding.

Availability of data and materials
All data and materials are kept by the first and corresponding authors.

Declarations

Ethics approval and consent to participate

This study has received ethics approval from Malaysian Medical Research
& Ethics Committee (MREC) and registered with National Medical Research
Registry (NMRR). All the participants consented to this study.

Consent for publications
Consent for publications is per ethics approval.

Competing interests
The authors disclose no competing of interest.

Author details

'Department of Emergency and Trauma, Hospital Sungai Buloh, Sungai Buloh,
Malaysia. “Emergency Department, Faculty of Medicine, Universiti Teknologi
MARA, Sungai Buloh, Malaysia. 3public Health and Preventative Medicine,
Faculty of Medicine, Universiti Teknologi MARA, Sungai Buloh, Malaysia.
4Departmeﬁ‘[ of Internal Medicine, Faculty of Medicine, Universiti Teknologi
MARA, Sungai Buloh, Malaysia.

Received: 2 May 2021 Accepted: 9 March 2022
Published online: 24 March 2022

References

1. Malaysian Crisis Preparedness and Response Centre (2020). https://ideng
ue.mysa.gov.my/ide_v3/pdf/statistik.pdf#tpage=3

2. Jaenisch T, Tam DTH, Kieu NTT et al (2016) Clinical evaluation of dengue
and identification of risk factors for severe disease: protocol for a multi-
centre study in 8 countries. BMC Infect Dis 16(1):120. https://doi.org/10.
1186/512879-016-1440-3

3. Soo K-M, Khalid B, Ching S-M, Tham CL, Basir R, Chee H-Y (2017) Meta-
analysis of biomarkers for severe dengue infections. PeerJ 5:3589.
https://doi.org/10.7717/peer}.3589

4. Clinical Practice Guidelines: Management of dengue infection in adults
(2015) Ministry of Health & Academy of Malaysia, 3rd edn. http://www.
acadmed.org.my


https://idengue.mysa.gov.my/ide_v3/pdf/statistik.pdf#page=3
https://idengue.mysa.gov.my/ide_v3/pdf/statistik.pdf#page=3
https://doi.org/10.1186/s12879-016-1440-3
https://doi.org/10.1186/s12879-016-1440-3
https://doi.org/10.7717/peerj.3589
http://www.acadmed.org.my
http://www.acadmed.org.my

Ibrahim et al. The Ultrasound Journal (2022) 14:13

5. Pothapregada S, Kullu P, Kamalakannan B, Thulasingam M (2016) Is ultra-
sound a useful tool to predict severe dengue infection? Indian J Pediatr
83(6):500-504. https://doi.org/10.1007/512098-015-2013-y

6. Santhosh VR, Patil PG, Srinath MG, Kumar A, Jain A, Archana M (2014)
Sonography in the diagnosis and assessment of dengue fever. J Clin
Imaging Sci 4:14-14. https://doi.org/10.4103/2156-7514.129260

7. Parmar J, Mohan C, Vora M (2017) Patterns of gall bladder wall thickening
in dengue fever: a mirror of the severity of disease. Ultrasound Int Open
03(02):E76-E81. https://doi.org/10.1055/5-0043-105262

8. Quiroz-Moreno R, Méndez G, Ovando-Rivera K (2006) Clinical utility of
ultrasound in the identification of dengue hemorrhagic fever. Rev Med
Inst Mex Seguro So 44(3):243-248

9. Venkata Sai PM, Dev B, Krishnan R (2005) Role of ultrasound in dengue
fever. Br J Radiol 78(929):416-418. https://doi.org/10.1259/bjr/54704044

10. Bhamarapravati N, Tuchinda P, Boonyapaknavik V (1967) Pathology of
Thailand haemorrhagic fever: a study of 100 autopsy cases. Ann Trop Med
Parasitol 61(4):500-510. https://doi.org/10.1080/00034983.1967.11686
519

11. Setiawan MW, Samsi TK, Wulur H, Sugianto D, Pool TN (1998) Dengue
haemorrhagic fever: ultrasound as an aid to predict the severity of the
disease. Pediatr Radiol 28(1):1-4. https://doi.org/10.1007/5002470050281

12. Manam G, Godavarthi RM, Baru R, Sunitha S, Duddu GS (2018) Evaluation
of ultrasonographic findings in dengue fever cases during an outbreak
at a tertiary care hospital of South India. Int J Contemp Med Surg Radiol.
https://doi.org/10.21276/ijcmsr.2018.3.2.26

13. Motla M, Manaktala S, Gupta V et al (2011) Sonographic evidence of
ascites, pleura-pericardial effusion and gallbladder wall edema for den-
gue fever. Prehosp Disaster Med 26(5):335-341. https://doi.org/10.1017/
$1049023X11006637

14. Oliveira GA, Machado RC, Horvat JV et al (2010) Transient reticular
gallbladder wall thickening in severe dengue fever: a reliable sign of
plasma leakage. Pediatr Radiol 40(5):720-724. https://doi.org/10.1007/
500247-009-1489-x

15. Shlaer W, Leopold G, Scheible F (1981) Sonography of the thickened gall-
bladder wall: a nonspecific finding. AJR Am J Roentgenol 136(2):337-339

16. Colbert JA, Gordon A, Roxelin R et al (2007) Ultrasound measurement of
gallbladder wall thickening as a diagnostic test and prognostic indicator
for severe dengue in pediatric patients. Pediatr Infect Dis J 26(9):850-852.
https://doi.org/10.1097/INF.0b013e3180619692

17. Setiawan MW, Samsi TK, Pool TN, Sugianto D, Wulur H (1995) Gallbladder
wall thickening in dengue hemorrhagic fever: an ultrasonographic study.
J Clin Ultrasound JCU 23(6):357-362. https://doi.org/10.1002/jcu.18702
30605

18. de Tavares M, Joao GA, Bastos MS et al (2019) Clinical relevance of gall-
bladder wall thickening for dengue severity: a cross-sectional study. PLoS
ONE 14(8):e0218939. https://doi.org/10.1371/journal.pone.0218939

19. Kim YO, Chun KA, Choi JY et al (2001) Sonographic evaluation of gallblad-
der-wall thickening in hemorrhagic fever with renal syndrome: prediction
of disease severity. J Clin Ultrasound JCU 29(5):286-289. https://doi.org/
10.1002/jcu.1035

20. LeoYS, GanVC, Ee-Ling Ng et al (2013) Utility of warning signs in guiding
admission and predicting severe disease in adult dengue. BMC Infect Dis.
https://doi.org/10.1186/1471-2334-13-498

21. Setiawan MW, Samsi TK, Pool TN, Sugianto D, Wulur H (1995) Gallbladder
wall thickening in dengue hemorrhagic fever: an ultrasonographic study.
J Clin Ultrasound 23(6):357-362. https://doi.org/10.1002/jcu.1870230605

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s12098-015-2013-y
https://doi.org/10.4103/2156-7514.129260
https://doi.org/10.1055/s-0043-105262
https://doi.org/10.1259/bjr/54704044
https://doi.org/10.1080/00034983.1967.11686519
https://doi.org/10.1080/00034983.1967.11686519
https://doi.org/10.1007/s002470050281
https://doi.org/10.21276/ijcmsr.2018.3.2.26
https://doi.org/10.1017/S1049023X11006637
https://doi.org/10.1017/S1049023X11006637
https://doi.org/10.1007/s00247-009-1489-x
https://doi.org/10.1007/s00247-009-1489-x
https://doi.org/10.1097/INF.0b013e3180619692
https://doi.org/10.1002/jcu.1870230605
https://doi.org/10.1002/jcu.1870230605
https://doi.org/10.1371/journal.pone.0218939
https://doi.org/10.1002/jcu.1035
https://doi.org/10.1002/jcu.1035
https://doi.org/10.1186/1471-2334-13-498
https://doi.org/10.1002/jcu.1870230605

	The association of ultrasound assessment of gallbladder wall thickness with dengue fever severity
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methodology
	Sample size
	Patient selection
	Gallbladder ultrasound examination
	 Data analysis

	Results
	Discussion
	Conclusion
	Dissemination of results
	Acknowledgements
	References




