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Objective: The aim of the study was to identify early predictors of mortal-
ity in children with severe dengue fever admitted to pediatric intensive care
unit (PICU).

Materials and Methods: All consecutive children with laboratory-con-
firmed severe dengue fever were enrolled in this prospective observational
study. Besides demographic data, disease severity and organ dysfunction
scores, laboratory investigations and interventions are done in PICU were
recorded and analyzed.

Results: During the study period of 42 months, 172 patients with dengue
fever were admitted to PICU. A total of 78 (45.3%) patients with severe
dengue fever were included and analyzed. There were 20 (25.6%) deaths.
There were significant differences in disease severity and organ dysfunc-
tion scores, transaminases, blood lactate level and serum creatinine between
survivors and nonsurvivors. A significantly higher number of nonsurvi-
vors required interventions in first 24 hours of admission. Platelet counts
(P value 0.22) and hematocrit (P value 0.47) were not statistically differ-
ent in 2 groups. There was a significantly high vasopressor—inotrope score
(VIS) (<0.001) and positive fluid balance >10% (0.002) in nonsurvivors.
Multivariate stepwise logistic regression analysis identified serum glutamic
pyruvic transaminases (= 284 IU/L; odds ratio [OR] 1.002, 95% confi-
dence interval [CI]: 1.001-1.003), blood lactate level (=2.73 mmol/L; OR
2.08, 95% CI: 1.354-3.202), Pediatric Risk of Mortality score at 12 hours
(=14.5; OR 1.35, 95% CI: 1.077-1.693), VIS (=22.5, OR 1.129, 95% CI:
1.059-1.204) and positive fluid balance >10% (OR 22.937, 95% CI: 2.393—
219.84) at 24 hours of admission as independent predictors of mortality.
Conclusion: Disease severity, hyperlactatemia at admission, need for mul-
tiple vasoactive drugs and positive fluid balance are predictors of mortality
in severe dengue infection in children admitted to PICU.
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(Pediatr Infect Dis J 2021;40:797-801)

Dengue fever, caused by single-stranded RNA virus (flavivi-
rus), is the most rapidly spreading mosquito-borne viral dis-
ease in the world.! It is a major cause of morbidity and mortality in
Southeast Asia, including India.? As per the National Vector Borne
Disease Control Program data, in 2017, 157,220 dengue infections
were reported in India with 250 deaths.? In 2009, the World Health
Organization (WHO) revised the classification of dengue infection
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and proposed 7 warning signs that can be used to identify whether
a person is at risk of severe dengue infection.* The utility and
limitation of these 7 warning signs had been highlighted in adult
and pediatric dengue infection.® Patients suffering from dengue
fever with warning signs and severe dengue need hospitalization.’
Patients with unstable hemodynamics, major bleeding, respiratory
distress and organ failure are often admitted to critical care unit.®
Lovera et al’ from Paraguay reported 12% dengue shock children
required at pediatric intensive care unit (PICU). Predicting out-
comes of patients with severe dengue admitted to the critical care
unit remain challenging. Very few studies have reported the predic-
tors of mortality in adults and children with severe dengue infection
admitted to the critical care units.'®!" There is a need to identify
early risk factors for death in children admitted to the PICU with
severe dengue fever. Recognition of early risk factors would enable
the critical care provider to triage, proper resource utilization and
prognostication. The objective of our study was to identify early
predictors of mortality in children with severe dengue fever admit-
ted to tertiary level III PICU.

MATERIALS AND METHODS

This study was conducted at Sir Ganga Ram Hospital,
New Delhi, located in the north part of India. It is a tertiary level,
multispecialty teaching hospital with 12-bedded multidiscipli-
nary medical and surgical PICU with separate 7-bedded pediatric
cardiac ICU. In this prospective observational study, consecutive
patients admitted to the PICU with laboratory-confirmed den-
gue infection between July 1, 2016 and December 31, 2019 were
enrolled. Diagnostic tests included were reverse transcription-
PCR amplification (Altona Diagnostics, Hamberg, Germany),
NSI1 antigen (Panbio Dengue Early ELISA, Standard Diagnostic
Inc, Republic of Korea) and DENG IgM and DENG IgG antibod-
ies (Dengue Duo, Standard Diagnostic Inc, Republic of Korea).
Patients suffering from co-infections like enteric fever, Rickettsial
fever, malaria, leptospirosis, septicemia and other viral hemor-
rhagic fevers along with dengue infection were excluded. The
following data were captured on excel sheet-demography, clini-
cal manifestations, Pediatric Index of Mortality (PIM) 2 score,'?
Pediatric Risk of Mortality (PRISM) scores at 12 and 24 hours,'
Pediatric Logistic Organ Dysfunction (PELOD) score,'* admis-
sion laboratory investigations, interventions were done within
24 hours of arrival to the PICU and final outcome. Vasopressor-
inotrope score (VIS) was used to objectively compare the severity
of shock." Institutional ethical committee approval was obtained
for the study.

Patients who had PCR or NS1 antigen test positive with
DENG IgM antibodies positive and DENG IgG antibodies negative
at admission were considered to have a primary dengue infection.
In the absence of PCR or NS1 antigen test positive, positive DENG
IgM antibodies with negative DENG IgG antibodies were also con-
sidered to be a primary infection. Patients with PCR or NS1 antigen
test positive at admission with DENG IgG positive (with or without
DENG IgM antibodies positive) were considered to have a second-
ary dengue infection.
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Initial Fluid Management

In our unit, we start initially with normal saline at 3—-5mL/
kg/h in hemodynamically stable, 5S—10 mL/kg/h in the presence of
poor perfusion with normal blood pressure and 10-20mL/kg/h in
hypoperfusion and hypotensive cases at the time of admission in
the PICU. Hourly urine output, hemodynamic parameters, point
of care hematocrit values, ultrasonography of lungs and func-
tional echocardiography to assess the status of inferior venacava,
ejection fraction and velocity—time integral were considered for
further intravenous fluid therapy. If shock remained unresolved
after 3 hours of fluid therapy, 1g/kg albumin infusion was initi-
ated over 2 hours. Intra-abdominal pressure was measured every 2
hours through indwelling urinary catheter in cases of nonresolving
shock, hypoxemia, oliguria and worsening acidosis. When indi-
cated, controlled drainage of peritoneal fluid under intra-abdominal
pressure monitoring was done. Pigtail catheter was inserted under
ultrasound guidance to minimize the risk of bleeding. Appropriate
blood components were also used to prevent bleeding. Intake—out-
put charting was done every hour and cumulative fluid balance was
calculated after 24 hours.

Respiratory Support

Patients with increased work of breathing were provided
with respiratory assist devices, high flow nasal cannulae, noninva-
sive ventilation with mask interface and invasive mechanical venti-
lation. The selection of the device was based on clinical assessment
and oxygen saturation which was targeted above 92%.

Blood Component Therapy

Appropriate blood components, packed red blood cells,
fresh frozen plasma, platelets transfusion, cryoprecipitate were
used only in patients with major bleeding and when invasive proce-
dures were performed. Platelet transfusion was also given in chil-
dren with platelet counts <10,000/mm?®.

Fluid Removal Methods and Dialysis

Diuretics and albumin infusion in the presence of hypoalbu-
minemia were used for fluid overload state in hemodynamically sta-
ble patients. Renal replacement therapy (RRT), peritoneal dialysis
(PD) or continuous RRT was used in diuretic resistant fluid over-
load state and in cases with established acute kidney injury (AKI).
Pediatric Risk, Injury, Failure, Loss and End-stage renal disease
(pRIFLE) criteria were used to identify AKI.!® Organ dysfunction
was defined according to previously published criteria.'”

STATISTICAL ANALYSIS

Statistical testing was conducted with the statistical package
for the Social Science System version SPSS 17.0 (SPSS, Chicago,
IL). Continuous variables are presented as mean + SD, and cat-
egorical variables are presented as absolute numbers and percent-
age. Nominal categorical data between the groups were compared
using y? test or Fisher exact test as appropriate. Data were checked
for normality before statistical analysis. Normally distributed con-
tinuous variables were compared using the unpaired 7 test, whereas
the Mann-Whitney U test was used for those variables that were not
normally distributed. For all statistical tests, a P value less than 0.05
was taken to indicate a significant difference.

To identify the potential factors associated with mortality,
multivariate logistic regression model was used to identify inde-
pendent risk factors for mortality after removing variables PIM2
and PRISM 24, which showed a strong sign of multicollinearity.
Hosmer and Lameshow test value was 0.756 and Nagelkerke R?
was 0.786. A stepwise approach was used to enter new terms into
the model, with a limit of P < 0.05 to enter the terms.
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RESULTS

During the study period of 42 months including 4 dis-
ease seasons, 172 patients with dengue fever were admitted to
the PICU. Seventy-eight (45.3%) patients with severe dengue
fever were included and analyzed (Supplemental Digital Content
1; http://links.lww.com/INF/E391). Of 78 patients, 27 (34.6%)
patients had primary dengue infection and the rest had the sec-
ondary infection. The majority were male (49/78, 62.8%) and the
median (interquartile range [IQR]) age was 10 (6.2—12) years.
There was no difference in age (median; IQR 10 [6.7-12]) vs. 10
(5.7-14.7); P = 0.67) and gender distribution (67.2% vs. 50%;
P =0.16) between survivors and nonsurvivors. There was no sig-
nificant difference (P value 0.5) in the duration of illness before
PICU admission between survivors (mean £ SD; 4.36 = 2.12
days) and nonsurvivors (4.7 &= 2.27 days). Admission characteris-
tics and laboratory parameters are summarized in Tables 1 and 2.
Fifty-four (69.2%) children had =2 organs dysfunction at admis-
sion. Respiratory and cardiovascular dysfunctions were com-
monest. AKI and multiorgan dysfunction syndrome (MODS)
were present in 16 (80%) and 100% of nonsurvivors at admis-
sion (P < 0.001). Interventions done after admission in the first
24 hours are compared as shown in Table 3. Fifty-seven (73%)
patients required mechanical ventilation at admission. Forty-
five (57.7%) children required inotropes at admission to man-
age shock whereas 12 cases had fluid responsive shock. Pleu-
ral drainage and paracentesis were performed in 5 cases within
24 hours of admission. Multivariate logistic regression analy-
sis identified admission serum glutamic pyruvic transaminases
(SGPTs = 284 IU/L), hyperlactatemia (=2.73 mmol/L), PRISM
score at 12 hours (214.5), VIS (=22.5) and positive fluid balance
>10% at 24 hours of admission as independent risk factors for
mortality (Table 4). Operative characteristics of significant clini-
cal and laboratory parameters are shown in Table 5. The nonsur-
vivors had a shorter stay in the PICU as compared with survivors
(median, IQR 2 [2-9] vs. 5.5 [4-10]; P = 0.03). Twenty (25.6%)
patients died, of which 11 (55%) expired within 48 hours of
admission. There was 100% mortality in children with 5 organs
dysfunction (Fig. 1).

TABLE 1. Comparison of Admission Parameters
and Disease Severity Scores Between Survivors and
Nonsurvivors

Variable Survivors (n =58) Nonsurvivors (n = 20) P
INR 1.3 (1.14,1.54) 1.94 (1.42,2.94) <0.001
Platelets 31,000 (20,000, 55,250) 39,000 (26,000, 70,750)  0.22
PaO/FiO, ratio 278 (227, 374.5) 256 (179.5, 344.5) 0.65
S.Cr 0.6 (0.48,0.92) 1.53(0.6,2.43) <0.001
SGOT 291(143,1343.2)  2211.5(357.7, 10,600) 0.001
SGPT 137 (62, 685.2) 1192.5 (291, 2864.2) <0.001
S. Lactate 2.15(1.6,3) 6.23 (2.95, 9.65) <0.001
PIM2 8.15(5.4,10.3) 19(17.1,21.4) <0.001
PRISM 12 9(5.7,13.2) 16 (10.28) 0.001
PRISM 24 6(3.7,8) 22 (14, 31.5) <0.001
PELODS Adm 3.5(2,12) 20 (5.2, 39.2) <0.001
PICU stay (d) 5.5 (4, 10) 2(2,9) 0.03

Arterial blood lactate level in mmol/L; FiO,, fraction of inhaled oxygen; INR, Inter-
national normalized ratio; PaO,, partial pressure of oxygen; PIM, Pediatric Index of
mortality; PRISM, Pediatric Risk of Mortality score at 12 and 24 hours; PELODS, Pedi-
atric Logistic Organ Dysfunction score at admission; PICU, pediatric intensive care
unit; S.Cr, serum creatinine (mg/dl); SGOT, serum glutamic oxaloacetic transaminases
(IU/L); SGPTSs, serum glutamic pyruvic transaminases (IU/L); VIS, vasopressor-ino-
trope score.
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TABLE 2. Comparison of Laboratory Parameters at
Admission Between Survivors and Nonsurvivors

Survivor Nonsurvivor
Parameter (n =58)n (%) (n=20)n (%) P
PCcv
<30 10 (17.2) 6 (30)
3045 35 (60.3) 10 (50) 0.47
>45 13 (22.4) 4(20)
Platelets
<50,000 16 (27.6) 8 (40)
10,000-50,000 41 (70.7) 11 (55) 0.38
<10,000 1(1.7) 1(5)
TLC
<4000 7(12.1) 3(15)
4000-10,000 40 (69) 7 (35) 0.01
>10,000 11 (19) 10 (50)
INR
>1.5 15 (25.9) 14 (70) 0.001
SGOT
40-120 12 (20.7) 1(5)
121-1000 27 (46.6) 8 (40) 0.11
>1000 19 (32.8) 11 (55)
SGPT
<40 10 (17.2) 0
41-120 18 (31) 5(25) 0.03
121-1000 20 (34.5) 6 (30)
>1000 10 (17.2) 9 (45)
S.Cr
<1 46 (79.3) 6 (30)
1.1-2.0 10 (17.2) 7(35)
>2.1 2(3.4) 7(35) <0.001
Lactate
<2 25 (43.1) 1(5)
>2 33 (56.9) 19 (95) 0.002

Arterial blood lactate level in mmol/L; INR, international normalized ratio; PCV,
packed cell volume in percentage; Platelet count in cumm; SGOT, serum glutamic
oxaloacetic transaminases in IU/L; SGPT, serum glutamic pyruvic transaminases in
IU/L; Serum creatinine in mg/dL; TLC, total leukocyte count in cumm.

DISCUSSION

In this prospective observational study spanning over three
and half years, we had 172 children admitted to PICU with den-
gue fever. All 94 children manifesting only warning signs survived
whereas 58 of 78 children with severe dengue survived. High SGPT
and serum lactate levels at admission, PRISM 12 score, high VIS
and fluid overloading >10% at 24 of admission were independent
predictors of mortality.

In 1997, WHO classified dengue infection into dengue fever,
dengue hemorrhagic fever (DHF) and dengue shock syndrome

TABLE 3. Comparison of Interventions in First 24
hours of Admission in Nonsurvivors and Survivors

Survivor Nonsurvivor

Parameter (n=58) (n =20) P
Albumin transfusion 30 (51.7)* 15 (75) 0.11
Mechanical ventilation 38 (65.5) 19 (95) 0.009
Platelet transfusion 27 (46.6) 18 (90) 0.004
Fluid balance (%)

<10 36 (62.1)F 4 (20)

>10 22 (37.9) 16 (80) 0.002
VIS 00 (0-10)% 40 (21.2, 65) <0.001
RRT 13 (22.4) 15 (75) <0.001

*Value in number and percentage.

FCumulative fluid balance at 24 hours of admission.

#Value median and interquartile range.

RRT, renal replacement therapy; VIS, vasopressor-inotrope score.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 4. Multivariate Logistic Regression Analysis

Parameter Odds Ratio (95% CI) P
Admission variable
SGPT 1.002 (1.001-1.003) 0.007
S. Lactate 2.08 (1.354-3.202) 0.001
PRISM 12 1.35(1.077-1.693) 0.009
Intervention variable
VIS 1.129 (1.059-1.2040 <0.001
Fluid balance (>10%) 22.937 (2.393-219.84) 0.007

CI, confidence interval; PRISM, Pediatric Risk of Mortality score at 12hr; SGPT,
serum glutamic pyruvic transaminases in IU/L; VIS, vasopressor-inotrope score.

(DSS).!® It emphasized the need for fluid administration and hemo-
dynamic instability. Considering its limitations, WHO revised the
classification in 2009.! The dengue infection cases were catego-
rized into dengue fever with or without warning signs and severe
dengue. A study categorizing cases using 1997 and 2009 classifica-
tions revealed sensitivity and specificity to capture ICU care for
DHE/DSS were 39.0% and 75.5%, respectively, while sensitivity
and specificity for severe dengue were 92.1% and 78.5%, respec-
tively.!”” The high sensitivity of 2009 revised classification is likely
to label large number of cases as severe dengue as suggested by
Narvaez et al (positive predictive value 67.4%) while some patients
may not be actually sick enough to require ICU care.”” So there
was a need to study clinical and laboratory parameters to capture
patients of severe dengue requiring ICU monitoring and treatment.

Clinical and routine laboratory findings had been studied to
assess the risk of DHF or DSS in patients with dengue fever.?*2*
Common clinical features and laboratory findings associated with
progression of severity of dengue were lethargy, hepatomegaly, per-
sistent vomiting, pain abdomen, major gastrointestinal bleeding,
hemoptysis, capillary leak, pleural effusion, ascitis, high transami-
nases, prolonged activated partial thromboplastin time and high
hematocrit. Presence of thrombocytopenia and high or low leuko-
cyte counts had inconsistent association with severity of dengue.”*
In present study, hematocrit and platelet counts were not different in
survivors and nonsurvivors but high SGPT level (=284 IU/L) dif-
ferentiated the outcome. A study on Brazilian children did not find
any abnormal laboratory finding as risk factor for death.”® Mortal-
ity had been associated with severe refractory shock, disseminated
intravascular coagulation, acute respiratory distress syndrome,
hepatic failure and neurologic complication singly or in combina-
tion.?® In present study, presence of AKI, need for high inotropes
and vasopressors, and use mechanical ventilation were significantly
higher in nonsurvivors.

With univariate analysis, we found disease severity and
organ dysfunction scores (PIM 2, PRISM 12, 24 hours and PELOD
score at admission) were significantly different in survivors and
nonsurvivors. Interestingly, only PRISM 12 score was found to be
independent predictors of mortality. In adult studies, APACHE II
and SOFA scores were determined as independent risk factor for
mortality in ICU."%?7 A study from Taiwan found Glasgow Coma
Score as determinant of mortality in adult ICU.?®

Blood lactate estimation is frequently measured in critical
care setting for the management of sick patients. With admission
arterial blood lactate level =2.73 mmol/L, the risk of death was
2 times higher in our study. In a retrospective study from Malay-
sia in adult cases of severe dengue reported serum bicarbonate and
lactate levels as mortality risk factors.?” It had been reported that
for every mmol/L increase in arterial lactates, the risk of mortality
increases by a factor of 1.27.3° We did not find any pediatric study
on dengue fever reporting blood lactate level as risk factor as mor-
tality predictor.
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TABLE 5. Outcome Predictors

Variable Cutoff Sn (%) Sp (%) PPV (%) NPV (%) Acc (%) AUC =+ SE (95% CI) P
SGPT (IU/L) <284 80 69 47 90 71.8 0.77 + 0.064 (0.64-0.89) <0.001
>284
S. Lactate (mmol/L)  <2.73 90 72.4 53 96 77 0.85 + 0.05 (0.75-0.95) <0.001
>2.73
PRISM 12 <14.5 65 79.3 52 86.8 75.6 0.75 + 0.07 (0.614-0.87) <0.001
>14.5 <0.001
VIS <22.5 75 94.8 83.3 91.7 89.7 0.88 + 0.05 (0.78-0.98) <0.001
>22.5
FB (% at 24 hr) <10 80 62 42 90 66.7 0.71 + 0.065 (0.58-0.84)  0.002
>10

Acc, accuracy; AUC, area under receiver operative characteristics curve; CI, confidence interval; FB, fluid balance at 24 hr of admission;
NPV, negative predictive value; PRISM, Pediatric Risk of Mortality score at 12hr of admission; PPV, positive predictive value; Sn, sensitivity;
Sp, specificity; SE, standard error; SGPT, serum glutamic pyruvic transaminases; VIS, vasopressor-inotrope score.

Shock in severe dengue results from capillary plasma leak
leading to hypovolemia, myocardial dysfunction and major hemor-
rhage particularly in gastrointestinal tract.®* Meticulous fluid therapy
with frequent clinical assessment, hourly urine output monitoring
and point-of-care hematocrit estimation are required for early rec-
ognition. Role of bed-side ultrasonography and functional echocar-
diography is gaining popularity and are very useful tools to assess
intravascular volume status, cardiac contractility including systolic
and diastolic dysfunction and pericardial and pleural effusion and
ascites.’!* Fifty-seven children in our cohort had shock at arrival in
PICU. VIS was calculated as an objective tool to compare the survi-
vors with nonsurvivors. Thirty patients had VIS =15 and 17 of these
patients did not survive. Presence of shock had been reported in adult
and pediatric literature as a poor outcome parameter but no previous
study had used objective criteria for the severity of shock.!%!1:2733

Fluid overload state is associated with increased morbid-
ity and mortality in critically ill children. It had been significantly
associated with duration of mechanical ventilation, duration of
PICU and hospital stay.** After adjustment for illness severity, there
was a 6% increase in odds of mortality for every 1% increase in
percentage fluid overload.”®> WHO emphasized meticulous fluid
therapy in children with severe dengue infection to avoid fluid
overload.’® Children presenting with hypoperfusion with or without
hypotension are at risk of fluid overload. Other risk factors include
inappropriate use of hypotonic fluids, large volume and rapid infu-
sion of fluid bolus, lack of fluid intake—output charting, continu-
ation of intravenous fluid after the resolution of critical phase of
illness, inappropriate use of blood components and presence of
comorbidity or complications particularly renal and hepatic failure.

Use of colloids is suggested in patients of refractory hypotension to
prevent fluid overload.”*537 We used 5% albumin instead of gela-
tins and starches in view of the potential adverse effects.’*° In our
study, fluid balance more than 10% at 24 hours was an independent
risk factor for poor outcome. This was in spite of conservative fluid
administration from the start of treatment, frequent point of care
hematocrit measurement and intensive hemodynamic monitoring
including functional echocardiography. It might be extrapolated
that liberal fluid administration in patients of dengue fever would
have significant adverse effect on the outcome. For fluid overload
state, frusemide infusion was used in hemodynamically stable
patients without AKI. RRT was used in hemodynamically unstable
patients and those with AKI. PD was initiated in 9 children and
19 children required continuous veno-venous hemodia-filtration.
Similar approach to tackle fluid overload in severe dengue was
reported previously.!' Selection of RRT modality was based on the
age, clinical status of the patient and feasibility and logistics. The
final decision was in consultation with pediatric nephrologist.
Organ dysfunction is a frequent complication in patients of
severe dengue infection. There may be a single or in combination
of 2 or more organ dysfunction.*” Severe organ impairment includ-
ing hepatic failure, encephalitis or encephalopathy, acute renal fail-
ure and myocardial dysfunction is associated with high mortality
even in the absence of plasma leakage and shock.! The mortality is
directly related to the number of organs involved, more the organs
dysfunctional higher is the mortality. In present study, 53 patients
had MODS at presentation. The commonest combination was pul-
monary and cardiovascular failure in 28.5%. There was also progres-
sive increase in mortality with increase in number of organ failure.

120

100

—— Non survivors{’)

Percentages
3

40 /
20 9.5

S ¢
-t
N

Number of organs

FIGURE 1. Association of number of organ dysfunction and proportion of nonsurvivors.
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In a study on pediatric MODS due to varied etiologies, patients with
higher organ failure index scores had higher mortality.*!

There are limitations and strengths in present study. It is a
single-center study and only admission parameters of organ dys-
function and disease severity were studied. We did not follow the
trends of these parameters during PICU course. Recently, there
had been evolving interest in the serum ferritin levels in dengue
infection.*” We did not include serum ferritin and other inflamma-
tory markers to avoid unnecessary financial burden on the parents.
The strength of study includes prospective design and inclusion of
patients with severe dengue who are at high-risk of mortality. We
also analyzed pertinent parameters and interventions which were
very important in the management of a critically ill child in the
PICU setting.

CONCLUSION

Disease severity, hyperlactatemia at admission, need for
multiple vasoactive drugs and positive fluid balance are predictors
of mortality in severe dengue infection in children in PICU. Mul-
ticenter studies with large cohort of severe dengue patients and to
correlate serial changes in organ dysfunction parameters with out-
come are desirable.

REFERENCES

1. World Health Organization. Special programme for research and training
in tropical diseases. Dengue Hemorrhagic Fever: Diagnosis, Treatment,
Prevention and Control. 3rd edn. Geneva: WHO and TDR; 2009.

2. Chacko B, Subramanian G. Clinical, laboratory and radiological parameters
in children with dengue fever and predictive factors for dengue shock syn-
drome. J Trop Pediatr. 2008;54:137-140.

3. Mutheneni SR, Morse AP, Caminade C, et al. Dengue burden in India:
recent trends and importance of climatic parameters. Emerg Microbes
Infect. 2017;6:¢70.

4. World Health Organization. Dengue: Guidelines for Diagnosis, Treatment,
Prevention and Control. Geneva: WHO; 2009.

5. Thein T-L, Gan VC, Lye DC, et al. Utilities and limitations of the World
Health Organization 2009 warning signs for adult dengue severity. PLoS
Negl Trop Dis. 2013;7:¢2023.

6. Adam AS, Pasaribu S, Wijaya H, et al. Warning sign as a predictor of dengue
infection severity in children. Med J Indones. 2018;27:101-107.

7. Soni A, Chugh K, Sachdev A, et al. Management of dengue fever in ICU.
Indian J Pediatr. 2001;68:1051-1055.

8. Ranjit S, Kissoon N. Dengue hemorrhagic fever and shock syndromes.
Pediatr Crit Care Med. 2011;12:90-100.

9. Lovera D, Martinez de Cuellar C, Araya S, et al. Clinical characteristics
and risk factors of dengue shock syndrome in children. Pediatr Infect Dis J.
2016;35:1294-1299.

10. Juneja D, Nasa P, Singh O, et al. Clinical profile, intensive care unit course,
and outcome of patients admitted in intensive care unit with dengue. J Crit
Care. 2011;26:449-452.

11. Ranjit S, Ramanathan G, Ramakrishnan B, et al. Targeted interventions
in critically ill children with severe dengue. Indian J Crit Care Med.
2018;22:154-161.

12. Slater A, Shann F, Pearson G; Paediatric Index of Mortality (PIM) Study
Group. PIM2: a revised version of the paediatric index of mortality.
Intensive Care Med. 2003;29:278-285.

13. Pollack MM, Ruttimann UE, Getson PR. Pediatric Risk of Mortality
(PRISM) score. Crit Care Med. 1988;16:1110-1116.

14. Leteurtre S, Martinot A, Duhamel A, et al. Validation of the paediatric logis-
tic organ dysfunction (PELOD) score: prospective, observational, multicen-
tre study. Lancet. 2003;362:192-197.

15. Gaies MG, Gurney JG, Yen AH, et al. Vasoactive-inotropic score as a pre-
dictor of morbidity and mortality in infants after cardiopulmonary bypass.
Pediatr Crit Care Med. 2010;11:234-238.

16. Akcan-Arikan A, Zappitelli M, Loftis LL, et al. Modified RIFLE cri-

teria in critically ill children with acute kidney injury. Kidney Int.
2007;71:1028-1035.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

. Goldstein B, Giroir B, Randolph A; International Consensus Conference on

Pediatric Sepsis. International pediatric sepsis consensus conference: defini-
tions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med.
2005;6:2-8.

. WHO. Dengue Haemorrhagic Fever: Diagnosis, Treatment, Prevention, and

Control. Geneva: World Health Organization; 1997.

. Narvaez F, Gutierrez G, Pérez MA, et al. Evaluation of the traditional and

revised WHO classifications of dengue disease severity. PLoS Negl Trop
Dis. 2011;5:¢1397.

Gupta V, Yadav TP, Pandey RM, et al. Risk factors of dengue shock syn-
drome in children. J Trop Pediatr. 2011;57:451-456.

Potts JA, Gibbons RV, Rothman AL, et al. Prediction of dengue disease
severity among pediatric Thai patients using early clinical laboratory indi-
cators. PLoS Negl Trop Dis. 2010;4:¢769.

Zhang H, Zhou YP, Peng HJ, et al. Predictive symptoms and signs of severe
dengue disease for patients with dengue fever: a meta-analysis. Biomed Res
Int. 2014;2014:359308.

Pongpana S, Wisitwongc A, Tawichasria C, et al. Prognostic indicators for
dengue infection severity. Int J Clin Pediatr. 2013;2:12—18.

Chieng JY, Aravan L, Arimuthu DA, et al. Factors associated with intensive
care attention of dengue patients. A retrospective cohort study from a single
center. Infect Dis Clin Pract. 2019;28:27-33.

Branco Mdos R, Luna EJ, Braga Junior LL, et al. Risk factors associated
with death in Brazilian children with severe dengue: a case-control study.
Clinics (Sao Paulo). 2014;69:55-60.

Kamath SR, Ranjit S. Clinical features, complications and atypical manifes-
tations of children with severe forms of dengue hemorrhagic fever in South
India. Indian J Pediatr. 2006;73:889-895.

Shastri PS, Gupta P, Kumar R. A prospective 3 year study of clinical spec-
trum and outcome of dengue fever in ICU from a tertiary care hospital in
North India. Indian J Anaesth. 2020;64:181-186.

Chen CM, Chan KS, Yu WL, et al. The outcomes of patients with
severe dengue admitted to intensive care units. Medicine (Baltimore).
2016;95:e4376.

Md-Sani SS, Md-Noor J, Han WH, et al. Prediction of mortality in severe
dengue cases. BMC Infect Dis. 2018;18:232.

Jog S, Prayag S, Rajhans P, et al. Dengue infection with multiorgan
dysfunction:-sofa score, arterial lactate and serum albumin levels are pre-
dictors of outcome. Intensive Care Med Exp. 2015;3(suppl):A830.

Venkata Sai PM, Dev B, Krishnan R. Role of ultrasound in dengue fever. Br
J Radiol. 2005;78:416-418.

Kirawittaya T, Yoon IK, Wichit S, et al. Evaluation of cardiac involvement in
children with dengue by serial echocardiographic studies. PLoS Negl Trop
Dis. 2015;9:¢0003943.

Lam PK, Tam DT, Dung NM, et al. A prognostic model for development of
profound shock among children presenting with dengue shock syndrome.
PL0S One. 2015;10:e0126134.

Arikan AA, Zappitelli M, Goldstein SL, et al. Fluid overload is associated
with impaired oxygenation and morbidity in critically ill children. Pediatr
Crit Care Med. 2012;13:253-258.

Alobaidi R, Morgan C, Basu RK, et al. Association between fluid balance
and outcomes in critically ill children: a systematic review and meta-analy-
sis. JAMA Pediatr. 2018;172:257-268.

World Health Organization. Handbook for Clinical Management of Dengue.
Geneva: WHO; 2012.

Nhan NT, Phuong CXT, Kneen R, et al. Acute management of dengue shock
syndrome: a randomized double-blind comparison of 4 intravenous fluid
regimens in the first hour. Clin Infect Dis. 2001;32:204-213.

Wills BA, Nguyen MD, Ha TL, et al. Comparison of three fluid solu-
tions for resuscitation in dengue shock syndrome. N Engl J Med.
2005;353:877-889.

Rajapakse S. Dengue shock. J Emerg Trauma Shock. 2011;4:120-127.

Nayak J, Behera S, Swain SK, et al. A study of multiorgan dysfunction in
patients with dengue and its clinic-hematological correlation with severity.
Asian J Pharm Clin Res. 2017;10:218-221.

Khilnani P, Sarma D, Zimmerman J. Epidemiology and peculiarities of pedi-
atric multiple organ dysfunction syndrome in New Delhi, India. /ntensive
Care Med. 2006;32:1856—-1862.

Soundravally R, Agieshkumar B, Daisy M, et al. Ferritin levels predict
severe dengue. Infection. 2015;43:13-19.

www.pidj.com | 801

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



