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ABSTRACT
Objective Dengue shock syndrome (DSS) is a serious
health condition leading to paediatric intensive care unit
(PICU) admissions and deaths in tropical countries. Acute
respiratory failure (ARF) is associated with DSS and is a
major cause of dengue deaths. We aimed to identify risk
factors associated with ARF in children with DSS.
Methods We retrospectively reviewed children with
DSS admitted to a PICU from 2010 to 2020 at a tertiary
level hospital in Bangkok, Thailand. Patient characteristics,
clinical parameters and laboratory data were collected.
Multivariable logistic regression analysis was used to
identify factors associated with ARF.
Results Twenty-six (43.3%) of 60 children with DSS
developed ARF and 6 did not survive to day 28. The median
(IQR) age was 8.1 years (IQR 4.0–11.0). Fluid accumulation
during the first 72 hours of PICU admission was greater in
the ARF group compared with the non-ARF group (12.2%
(IQR 7.6–21.7) vs 8.3% (IQR 4.4–13.3), p=0.009). In a
multivariate analysis at 72 hours post PICU admission, the
presence of ˃15% fluid accumulation was independently
associated with ARF (adjusted OR 5.67, 95% CI 1.24 to
25.89, p=0.025).
Conclusion ARF is an important complication in children
with DSS. A close assessment of patient fluid status is
essential to identify patients at risk of ARF. Once the
patient is haemodynamically stable and leakage slows,
judicious fluid management is required to prevent ARF.

INTRODUCTION
borne viral
Dengue infections, a mosquito-
disease, range from subclinical illness to fatal
outcomes. Dengue shock syndrome (DSS) is
a dangerous complication of dengue infection that is associated with admission to the
paediatric intensive care unit (PICU) and
mortality rates of 1%–26%.1–4 In addition to
shock, uncontrolled bleeding, and multiple
organ failure, acute respiratory failure (ARF)
is an important complication that can lead to
death.5 6 An improved understanding of risk
factors for ARF in paediatric DSS will help
improve patient care and clinical outcomes.
We aimed to identify factors associated with
ARF in children with DSS admitted to a PICU
in a Thai tertiary university referral hospital.

Key messages
⇒ Acute respiratory failure (ARF) is not an uncommon

complication in paediatric dengue shock syndrome
(DSS).
⇒ This study demonstrated that fluid accumulation is a
strong risk factor for developing ARF among children
with DSS.
⇒ Once shock stabilised, early recognition of fluid accumulation and prompt management of fluid removal are needed to prevent unfavourable respiratory
outcomes.
⇒ However, further larger prospective cohort studies
are required to establish evidence for the causal
relationship.

METHODS
Study design, setting and patients
This retrospective study was conducted
at a PICU in a tertiary university referral
hospital in Bangkok, Thailand. All children
aged 1 month to 18 years with DSS admitted
from January 2010 to December 2020 were
included. The primary outcome was ARF.
Data collection
Data were obtained from medical records,
nursing flow sheets, physician notes and physician orders. The patients were divided into
ARF and non-ARF groups. The data include
demographic characteristics, underlying
complex chronic conditions,7 8 severity at the
time of admission represented by the Pediatric Risk of Mortality III score9, features of
severe dengue,6 10 multiple organ dysfunction
syndrome defined as the presence of two or
more dysfunctional organs at any time during
PICU admission according to the International Pediatric Sepsis Consensus Conference
definition,11 12 clinical variables (table 1) and
laboratory results (table 2). Percentage of
fluid accumulation adjusted for body weight
(table 3), and therapeutic interventions and
PICU resources used were also recorded.
These include fluid administration, vasoactive/inotropic agents, continuous renal
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Table 1 Demographic and clinical characteristic
Acute respiratory failure
Variables

Total patients (n=60) Absent (n=34)

Present (n=26)

P value‡

Age, year, median (IQR)
Male gender, n (%)

8.1 (4.0–11.0)
33 (55.0)

8.3 (4.3–11.1)
21 (61.8)

7.9 (3.4–11.1)
12 (46.2)

0.602
0.297

BMI, kg/m2, median (IQR)

16.0 (13.9–21.0)

15.8 (13.6–20.8)

16.6 (14.1–21.6)

0.864

Complex chronic conditions, n (%)

18 (30.0)

11 (32.4)

7 (26.9)

0.779

PRISM III score at PICU admission, median (IQR)

10.0 (7.0–12.0)

9.0 (5.0–11.3)

12.0 (8.8–18.5)

0.015

Numbers of patients with MODS on day 1, n (%)

43 (71.7)

20 (58.8)

23 (88.5)

0.019

Severe bleeding (required transfusion), n (%)

22 (36.7)

7 (20.6)

15 (57.7)

0.006

AST or ALT≥1000 U/L, n (%)

16 (26.7)

5 (14.7)

11 (42.3)

0.021

Impaired consciousness, n (%)

17 (28.3)

3 (8.8)

14 (53.8)

< 0.001

Acute kidney injury†, n (%)

25 (41.7)

12 (35.3)

13 (50.0)

0.298

Evidence of fluid leakage

43 (71.1)

21 (61.8)

22 (84.6)

0.082

Acute liver failure, n (%)

8 (13.3)

1 (2.9)

7 (26.9)

0.016

Haemophagocytic syndrome, n (%)

2 (3.3)

1 (2.9)

1 (3.8)

1.000

Coinfection (pathogen identified), n (%)

11 (18.3)

2 (5.9)

9 (34.6)

0.006

28-day mortality, n (%)

6 (10.0)

0 (0)

6 (23.1)

0.005

PICU stay, days, median (IQR)
Hospital stay, days, median (IQR)

3.8 (2.3–5.8)
7.3 (4.8–10.8)

3.0 (2.1–5.0)
6.7 (4.4–10.6)

5.2 (3.4–8.5)
8.8 (6.2–13.7)

0.004
0.081

Features of severe dengue*

Complications during PICU admission

*Features of severe dengue are defined by 2009 WHO guidelines.
†Acute kidney injury is defined according to 2012 Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines for acute
kidney injury.
‡Pearson’s χ2 test or Fisher’s exact test for qualitative data whereas Mann-Whitney U test for quantitative data.
§MODS = multiple organ dysfunction syndrome, defined by 2 or more organ dysfunction. Organ dysfunction, defined according to IPSCC
definitions for sepsis and organ dysfunction in paediatrics.
¶
ALT, Alanine transaminase; AST, Aspartate transaminase; BMI, body mass index; CCC, complex chronic conditions; KDIGO, Kidney Disease:
Improving Global Outcomes; PICU, paediatric intensive care unit ; PRISM III, Paediatric Risk of Mortality Score.

replacement therapy, blood component transfusion,
haemodynamic monitoring, length of PICU stay, length
of hospital stay and 28-days mortality. The vasoactive/
inotropic score obtained during the PICU stay was calculated based on the following formula13 14:
VIS = dopamine dose + dobutamine dose +
100 (adrenaline dose) + 100 (noradrenaline dose) +

10 (milrinone dose)
The units are measured in μg/kg/min.

*



Definition
The case definition was based on the WHO classification.6 15 DSS was defined as Dengue haemorrhagic fever
(DHF) or laboratory-confirmed dengue infection with
evidence of circulatory failure described as rapid, and/
or weak pulse with narrow pulse pressure (≤ 20 mm Hg),
or hypotension for age with cold, clammy skin with restlessness.
In terms of fluid assessment, fluid accumulation was
measured as the net balance between fluid intake and
2

output. Intake fluid were measured by volume in mL,
which included intravascular fluid, water and liquid
formula feeding either via oral route or tube feeding.
Routine output measurement in PICU included urine
output, NG content and stool volume in case of watery
stool. Insensible fluid loss during respiration could not
be estimated, so, it was not taken into account.
The degree of fluid accumulation was calculated using
the formula16 17

Degree

of

fluid

accumulation =

[fluid

intake (L) −
PICU admission

fluid output
weight (kg)

(L)]

×

100



Early fluid accumulation was defined as≥10% in the
first 24 hours after PICU admission.18
ARF was diagnosed when a patient developed clinical
symptoms of severe acute respiratory distress, either
hypoxaemic or hypercapnic, that could not be maintained with oxygen therapy (e.g. low-flow oxygen cannula,
non-rebreathing mask, and high-flow oxygen cannula),
and required an escalation of respiratory support
including non-invasive ventilation (NIV) and mechanical
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Table 2 Laboratory results during the first 24 hours after PICU admission
Total patients
(n=60)

Acute respiratory failure
Absent (n=34)

Present (n=26)

P value‡

Haemoglobin, g/dL
Haematocrit, %

13.0 (10.4–15.0)
38.3 (31.7–44.7)

12.7 (10.0–15.1)
37.6 (30.7–44.9)

13.4 (10.7–14.9)
39.8 (33.7–44.1)

0.665
0.743

White blood cell count, 103/mm3

6.2 (3.1–9.2)

4.6 (2.9–8.0)

8.0 (4.4–16.0)

0.022

Neutrophil, %

50.3 (31.3–63.3)

44.5 (18.8–59.5)

56.4 (46.0–64.2)

0.023

Lymphocyte, %

27.0 (14.3–42.1)

31.9 (16.8–51.5)

18.5 (14.0–35.7)

0.205

Band form, %

2.3 (0.0–11.3)

2.7 (0.0–10.7)

1.0 (0.0–13.3)

0.880

Atypical lymphocyte, %

4.5 (1.3–8.8)

4.9 (1.3–12.6)

4.2 (1.3–6.8)

0.361

Platelet, 103/mm3

22.0 (15.0–46.0)

21.5 (13.0–46.0)

23.5 (15.0–49.3)

0.571

Prothrombin time, s

14.6 (12.7–16.5)

14.0 (12.5–15.2)

16.2 (13.8–25.6)

0.007

INR, s

1.3 (1.1–1.5)

1.3 (1.1–1.3)

1.4 (1.2–2.3)

0.345

Partial thromboplastin time, s

42.5 (35.6–54.5)

38.5 (32.1–43.3)

57.0 (42.7–60.5)

< 0.001

Fibrinogen, mg/dL

117.4 (87.2–171.4)

130.0 (82.1–172.7)

113.8 (87.4–170.2)

0.687

Albumin, mg/dL

2.8 (2.3–3.4)

2.8 (2.2–3.5)

2.8 (2.3–3.4)

0.811

AST, U/L

215.5 (105.3–1253.3)

185.5 (90.5–433.3)

446.5 (113.5–
3292.0)

0.080

ALT, U/L

73.0 (37.0–296.5)

63.5 (28.8–146.5)

120.0 (37.0–894.8)

0.187

ALP, U/L

102.0 (69.0–125.0)

100.0 (68.0–121.0)

115.5 (73.5–142.5)

0.303

Total bilirubin, mg/dL

0.40 (0.21–1.33)

0.31 (0.20–0.78)

0.63 (0.22–2.58)

0.136

Direct bilirubin, mg/dL

0.20 (0.10–0.59)

0.17 (0.10–0.41)

0.23 (0.10–1.86)

0.135

BUN, mg/dL

10.8 (7.5–19.3)

9.9 (7.2–15.8)

11.4 (7.5–24.9)

0.447

0.52 (0.36–0.85)

0.49 (0.38–0.82)

0.57 (0.36–1.02)

0.660

Creatinine, mg/dL
2

Estimated GFR, mL/min/1.73 m *

86.4 (69.5–124.2)

95.0 (71.0–125.2)

82.9 (57.2–117.8)

0.257

Bicarbonate, mmol/L

17.0 (14.0–19.0)

17.5 (14.0–20.0)

16.0 (13.0–18.0)

0.096

Lactate, mmol/L (N1=13/34, N2=12/26)†
Arterial pH (N1=17/34, N2=22/26)†

3.3 (2.2–5.8)
7.40 (7.34–7.42)

2.5 (1.6–3.9)
7.42 (7.38–7.46)

4.7 (2.4–8.7)
7.36 (7.25–7.41)

0.087
0.006

*Estimated GFR is calculated using modified Schwartz formular.
†N1=number of patients who did not require respiratory support. N2=number of patients who were supported with NIV/MV.
‡Pearson’s χ2 test or Fisher’s exact test for qualitative data whereas Mann-Whitney U test for quantitative data.
§
ALP, Alkaline phosphatase; BUN, blood urea nitrogen; GFR, glomerulous filtration rate; MV, mechanical ventilation; NIV, non-invasive
ventilation; PICU, paediatric intensive care unit.

ventilation (MV), either conventional or high-frequency
oscillatory ventilation.
The decisions in the utilisation of either NIV or MV
and fluid administration were made by an attending
physician.
Statistical analysis
Data were analysed using SPSS V.20.0 (IBM). Data were
presented as numbers and percentages for categorical
variables and as the median and IQR for continuous variables. Quantile normal plots and density plots were used
to assess normality and they showed non-normal distributions. Comparison between patient groups was performed
using the χ2 test or the Fisher’s exact test for categorical
variables, and the Mann-Whitney U test for continuous
variables based on the distribution of data. Not all laboratory results were available for all patients. No data

imputation was performed for missing data. For a bivariate analysis, simple logistic regression was performed to
identify any potential predictor variables. Variables with a
bivariate p value<0.1 and variables considered to be clinically relevant were included in the multivariate analysis to
identify factors independently associated with ARF.
RESULTS
Sixty patients were included and 33 (55%) were male.
The median (IQR) age was 8.1 (4.0–11.0) years, and the
overall 28-day mortality rate was 10%. Twenty-six (43%)
patients had ARF. Among patients who developed ARF,
NIV was used in 6 patients, while MV was used in the
remaining 20 patients. Overall, the median (IQR) time
of ventilatory support was 2.8 days (IQR 1.8–4.9), and
no patient required supplemental oxygen at the time of
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Table 3 Interventions and resource utilisation
Total patients
(n=60)

Acute respiratory failure
Absent (n=34)

Present (n=26)

P value§

Fluid accumulation*, (%)
At 24 hours

11.1 (5.6–16.8)

9.3 (4.8–14.8)

14.2 (8.2–22.6)

0.018

At 48 hours

10.4 (5.9–15.3)

8.8 (4.4–14.0)

11.7 (6.9–23.7)

0.077

At 72 hours

10.5 (5.6–15.1)

8.3 (4.4–13.3)

12.2 (7.6–21.7)

0.009

Early fluid accumulation†, n (%)

33 (55.0)

15 (44.1)

18 (69.2)

0.069

Patients with>15% fluid accumulation at 72 hours*,
(N1=33/34, N2=25/26)‡

14 (24.1)

3 (9.1)

11 (44.0)

0.004

None, n (%)

20 (33.3)

15 (44.1)

5 (19.2)

0.004

Diuretic administration only, n (%)

31 (51.7)

18 (52.9)

13 (50.0)

Renal replacement therapy, n (%)

9 (15.0)

1 (2.9)

8 (30.8)

≥ 1 agent (s), n (%)

23 (38.3)

10 (29.4)

13 (50.0)

0.118

≥ 2 agents, n (%)

10 (16.7)

Fluid removal, n (%)

Vasoactive-inotropic agent administration
3 (8.8)

7 (26.9)

0.085

Duration of vasoactive-inotropic administration (hours), 47.0 (22.7–93.2)
median (IQR)

46.0 (28.9–82.7)

51.0 (17.2–94.5)

0.976

Maximum VI scores, median (IQR)

12.5 (8.0–26.0)

10.0 (8.0–20.0)

20.0 (10.0–70.0)

0.131

PRC transfusion (mL/kg), median (IQR)

17.0 (9.3–31.6)

10.0 (7.8–24.6)

20.5 (10.0–43.1)

0.146

Platelet transfusion (mL/kg), median (IQR)

11.3 (5.3–25.5)

9.0 (5.3–20.2)

18.7 (5.3–41.3)

0.370

FFP transfusion (mL/kg), median (IQR)

16.6 (10.0–25.6)

10.9 (7.7–20.5)

18.8 (10.0–28.3)

0.220

Cryoprecipitate transfusion (mL/kg), median (IQR)

6.7 (3.8–13.6)

5.7 (4.5–8.5)

6.8 (3.2–18.3)

0.799

Antibiotic administration, n (%)

57 (95.0)

31 (91.2)

26 (100)

0.251

Thoracentesis, n (%)

3 (5.0)

0 (0)

3 (11.5)

0.076

Chest tube placement, n (%)

2 (3.3)

0 (0)

2 (7.7)

0.184

Arterial blood pressure monitoring, n (%)

12 (20.0)

4 (11.8)

8 (30.8)

0.104

Central venous access, n (%)
Intra-abdominal pressure, n (%)

37 (61.7)
2 (3.4)

16 (47.1)
1 (2.9)

21 (80.8)
1 (4.2)

0.015
1.000

Blood and blood component transfusion

Other interventions

Invasive monitoring

*Fluid accumulation (%) was calculated by the formula ((fluid intake – fluid output)/BW at PICU admission)×100.
†Early fluid accumulation was defined as fluid accumulation>10% on the first 24 hours after PICU admission.
‡N1=number of patients who did not require respiratory support. N2=number of patients who were supported with NIV/MV.
§Pearson’s χ2 test or Fisher’s exact test for qualitative data whereas Mann-Whitney U test for quantitative data.
FFP, Fresh frozen plasma; MV, mechanical ventilation; NIV, non-invasive ventilation; PICU, paediatric intensive care unit; PRC, Packed red
cells.

hospital discharge. Among patients using NIV, median
expiratory positive airway pressure (EPAP) used was
5.0 cmH2O (IQR 4.8–6.5). Among patients using MV,
median PEEP used was 7.5 cmH2O (IQR 5.3–10.0) and
median MAP was 12.6 cmH2O (IQR 10.9–17.8). Dengue
NS1 Ag were tested in 52 patients, and 28 of them were
positive. Dengue IgM were tested in 50 patients, and 32
of them were positive. There were missing data in 2 variables: 21/60 missing for arterial pH and 35/60 missing for
lactate, which may contribute to interpretative limitation
of the results.
4

The demographic and clinical characteristics are
presented in table 1. All patients who died had ARF. Patients
in the ARF group exhibited higher white blood cell counts
(p=0.022) and neutrophils percentages (p=0.023), more
prolonged prothrombin time (p=0.007), more prolonged
partial thromboplastin time (p<0.001) and lower blood
pH (p=0.006). (table 2) Two patients had no data on fluid
balance at 48 hours and 72 hours due to a short PICU stay.
One patient clinically improved was transferred to the
general floor, and then discharged the following day. The
other died within 24 hours of PICU admission.
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Figure 1 Percentages of fluid accumulation at 24, 48, and
72 hours, median (IQR). ARF, acute respiratory failure.

The median fluid accumulation during the first 72
hours of PICU admission was greater in the ARF group
compared with the non-ARF group (12.2%, IQR 7.6–21.7
vs 8.3%, IQR 4.4–13.3, p=0.009). (figure 1) The proportion of patients in the ARF group having a cumulative
fluid balance of>15% at 72 hours after PICU admission
was higher compared with patients in the non-ARF group
(44.0% vs 9.1%, p=0.004, table 3). Multivariate logistic
regression analysis (table 4) revealed that a presence
of>15% fluid accumulation at 72 hours after PICU admission was independently associated with ARF in paediatric patients with DSS (aOR 5.67, 95% CI 1.24 to 25.89,
p=0.025).
DISCUSSION
The 43% incidence of ARF in our cohort was much
higher compared with other reports in Vietnam
(17.1%)19 and from another study in Thailand (18.8%)5 .
This may be explained by many reasons. First, case definitions for acute respiratory distress and ARF vary between
studies. Second, by defining ARF as requiring the use of
respiratory support including NIV which is increasingly

used as an alternative to MV, this may affect the overall
numbers of patients having of ARF in different cohorts.
Finally, because our facility is a tertiary referral hospital,
our cohort may have more severe disease than in other
studies. Unfortunately, illness severity was not assessed
in the two previous studies, making direct comparisons
difficult.
An increase in capillary permeability contributing
to plasma leakage makes prompt fluid resuscitation
a key DSS management strategy that aims to restabilise circulation in these haemodynamically unstable
patients.20 21 Nevertheless, excessive fluid often accumulates in the extravascular space leading to unfavourable
clinical outcomes including ARF. We focused on the first
72 hours after admission because shock episodes in DSS
generally last 24–48 hours22 and the probability of fluid
accumulation is highest during that period.
We found that more than 15% fluid accumulation at
72 hours after PICU admission was strongly associated
with ARF in children with DSS. Consistent results were
reported in a prospective interventional study conducted
by Ranjit et al.23 In that study, restrictive fluid resuscitation
and fluid removal were included in targeted interventions. They found lower degrees of positive fluid balance
during the first 3 days, and fewer patients required positive pressure ventilation in the targeted intervention
group compared with standard treatment. Finally, the
study demonstrated a lower incidence of organ dysfunction and mortality in the intervention arm.
Few published articles have addressed DSS and adverse
respiratory outcomes. However, a number of previous
studies have reported associations between fluid overload and adverse respiratory outcomes in patients with
critical illness. Septic shock, a condition that also involves
massive capillary leakage, also requires careful fluid
management. Our findings are consistent with other
studies that showed that higher fluid accumulation,

Table 4 Factors associated with acute respiratory failure in paediatric dengue shock syndrome
Bivariate analysis

Multivariate analysis

Factors

P value Unadjusted OR (95% CI)

P value

Adjusted OR (95% CI)

Age
BMI (kg/m2)

0.540
0.413

0.97 (0.86 to 1.08)
1.04 (0.95 to 1.13)

Presence of complex chronic conditions

0.650

1.30 (0.42 to 4.00)

PRISM III

0.013

1.16 (1.03 to 1.30)

Presence of MODS (≥ 2 ODs)

0.017

5.37 (1.35 to 21.41)

0.201

3.14 (0.54 to 18.06)

Prothrombin time, s

0.031

1.15 (1.01 to 1.30)

0.128

1.10 (0.97 to 1.25)

Estimated GFR (mL/min/1.73 m2)

0.404

0.99 (0.98 to 1.01)

Presence of>15% fluid accumulation at 72 hours

0.005

7.86 (1.89 to 32.69)

0.025

5.67 (1.24 to 25.89)

Blood transfusion (mL/kg)

0.207

1.02 (0.99 to 1.06)

Platelet transfusion (mL/kg)
FFP transfusion (mL/kg)

0.176
0.317

1.03 (0.99 to 1.06)
1.02 (0.98 to 1.06)

BMI, body mass index; MODS, multiple organ dysfunction syndrome; PRISM III, Pediatric Risk of Mortality III Score.
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ranging from more than 10% to 20%, is associated with a
higher proportion of patients requiring MV and a longer
duration of MV.24–28
Variable aetiologies of ARF have been reported to
concomitantly occur with features of severe dengue.
These include significant pleural effusion from fluid
leakage, pulmonary haemorrhage from thrombocytopenia and coagulopathy, transfusion-related acute lung
injury from massive blood product transfusions, acute
lung injury/ARDS and from hepatic dysfunction, and
decreased level of consciousness and airway protective
reflexes in dengue encephalopathy. In our cohort, we
found the association between ARF and some features of
severe dengue/complications including evidence of fluid
leakage, severe bleeding, acute liver injury and impaired
consciousness. However, those factors were not proven
independent risk factors according to multivariable
logistic regression analysis.29–32
Our study had certain limitations. First, this is a retrospective study in a single centre which may limit the
generalisability of our findings. Second, a larger prospective cohort study is needed to provide better evidence of
a causal relationship. Finally, we decided to use the presence of ARF as an outcome instead of mortality because
of our small sample and the low fatality rate in our cohort.
A larger sample size could overcome this limitation with
respect to mortality.

CONCLUSION
The incidence of ARF among children with DSS in our
cohort was high (43%). A presence of more than 15%
fluid accumulation during the initial 72 hours after PICU
admission was an independent risk factor for ARF. A
careful assessment of the patient’s fluid status and fluid
balance is necessary. Attention must be focused not only
on fluid intake, but also on excessive fluid removal to
mitigate the risk of devastating fluid accumulation and
ARF in paediatric DSS.
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