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A B S T R A C T

Introduction: The pathophysiology of severe dengue is related to increased capillary permeability and plasma
leakage into extracellular space. A simple, low cost risk prediction tool for plasma leakage will be useful for
clinicians practicing in rural areas without imaging facilities.
Study design: A prospective observational study was carried out over 12months at the National Hospital, Sri
Lanka enrolling patients with confirmed diagnosis (via NS1 antigen testing) of early dengue infection. Clinical
features on admission and investigation results on D3, D5 and D7 of the illness were recorded. Evidence of
plasma leakage was confirmed by ultrasonography.
Results: A total of 179 patients met the inclusion criteria (males; 91, 50.8%, mean age: 31.6 years, SD ± 14.7).
Sixty seven patients (67/173, 38.7%) had ultrasonographic evidence of plasma leakage. Several clinical features
(severe vomiting, severe diarrhoea, abdominal pain and liver tenderness) as well as mean differences of some
investigations were significantly associated with progression to plasma leakage. However, only liver tenderness
on day 3 emerged as independent significant predictors of critical phase in the adjusted analysis (specificity:
93%, sensitivity: 44%).
Conclusions: Having liver tenderness by day 3 of the illness is helpful to identify a subgroup of patients at risk of
plasma leakage.

1. Introduction

Incidence of dengue fever has increased globally over the last two
decades from an estimated 8.3 million cases in 1990 to 58.3 million in
2013.1 The total disability adjusted life years lost due to dengue was
1.14 million in 2013.1 In the first seven months of 2017, more than
100,000 confirmed dengue cases were reported in Sri Lanka resulting in
over 300 deaths with a case fatality rate of 0.2–0.3%.2

Clinically, manifestations of dengue fever vary from an asympto-
matic illness to the potentially lethal dengue shock syndrome. A ma-
jority of symptomatic patients will only have a flu-like illness3 and a
relatively smaller proportion of these patients will enter a “critical
phase” characterized by increased capillary permeability and loss of
intravascular fluid to the extravascular compartment.3 Repeated ob-
servational studies suggest that the plasma leakage is short lasting for
approximately 48 h.4 Close supervision and management is essential
during this period as hypovolaemia due to undetected loss of

intravascular volume can lead to shock, organ dysfunction and death.3

Similarly, over enthusiastic fluid administration during this time can
result in pulmonary oedema and fluid overload.

Detection of this short lasting phase of plasma leakage is a challenge
in resource-limited settings. The most reliable way to do this is to
conduct frequent ultrasound scans to demonstrate fluid accumulation in
the pleural or peritoneal cavities. Clinical examination is not sensitive
enough to pick up small fluid accumulations and chest radiographs will
not show a pleural effusion until 400–500ml of fluid has accumulated.
Attempts to identify the leakage phase by monitoring haematological
parameters such as the haematocrit (packed cell volume) can be un-
reliable unless assessment is repeated every few hours. A hallmark of
dengue fever is the transient thrombocytopaenia and many clinicians
consider thrombocytopaenia (a dip in platelet count to less than
100,000/μl) to precede the onset of plasma leakage by 24–36 h.
Recommendations based on this observation have been incorporated in
to guidelines to predict critical phase.4
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Due to financial constraints it is usually not possible to confirm a
diagnosis of dengue serologically or to confirm fluid leakage by ultra-
sound. During the dengue epidemic in Sri Lanka in 2017, a large
number of patients in various stages of dengue fever were admitted to
the National Hospital of Sri Lanka, the premier state sector, tertiary care
referral centre in the country. Due to facilities available in this hospital
it was possible to serologically confirm a diagnosis of dengue and to
confirm the onset of leakage phase via frequent ultrasonography thus
overcoming two major obstacles in clinical research on dengue leakage
phase. This study aims to identify the value of clinical features and
investigation findings in early dengue infection to predict the sub-
sequent occurrence of plasma leakage.

2. Material and methods

This prospective, hospital based cross-sectional, observational study
was conducted in two of the eight general medical wards of the
National Hospital of Sri Lanka (NHSL). All patients to the medical
wards are admitted randomly in rotation by an independent admitting
medical officer at the outpatients department. As mentioned previously,
the National Hospital of Sri Lanka is the premier public health care
centre and the largest tertiary care referral centre in the country. It is
located in the Western Province of Sri Lanka which has the highest
incidence of dengue in the country.2

All consenting adult patients with a diagnosis of dengue as con-
firmed by an NS1 (non structural region 1) antigen test and admitted
for in-ward management of the illness were included. NS 1 antigen test
has a high sensitivity and specificity in early dengue infection up to day
4 of the illness.5 The method of detection was through enzyme-linked
immunosorbent assay and all patients with suspicion of dengue fever
(acute onset of fever with headache, especially retro-orbital pain,
myalgia/arthralgia, rash, haemorrhagic manifestations, leukopenia
of< 5000/mm, rising haematocrit of 5–10% and platelet
count≤ 150,000/mm3) underwent NS1 testing.4

Exclusion criteria were as follows; a) non-consenting patients, b)
patients already discovered to have plasma leakage or in recovery stage
at admission, c) patients without a confirmed diagnosis by NS 1 antigen
testing. A selected set of clinical features and investigation results
(determined a priori) of included patients were recorded (see below).
The days of fever were counted by taking the first day of fever as day 1
(D1). When the patient already had fever on admission, D1 was de-
termined from the clinical history. All investigations were done ac-
cording to the dengue management guidelines4 by medical officers
under the supervision of the attending consultant. None of the in-
vestigations were done for the study per se as this was an observational
study. Most investigations included in this study can be done at a re-
source limited peripheral hospital in Sri Lanka. These tests were done at
D3, D5 and D7 of the illness and included; full blood count, serum
alanine aminotransferase (ALT), serum aspartate aminotransferase
(AST), serum proteins, C-reactive protein and serum ionized calcium.
Two derivatives of the raw data (ALT/AST ratio, neutrophil/lympho-
cyte ratio) were also recorded. Follow up data were not collected after
discharge from the hospital.

The presence or absence of plasma leakage (primary outcome)
during the illness was confirmed by ultrasonographic evidence of fluid
leakage. Ultrasonography was carried out a) when the platelet count
dropped below 100,000/μl or b) when serial haematocrit monitoring
showed haemoconcentration more than 20% of the baseline value or c)
when there was clinical evidence of pleural effusion or ascites. If the
initial scan did not show extravasated fluid, the scan was repeated
every 8–12 h until fluid leakage was confirmed or the clinical condition
improved.

Clinical features to be correlated with the presence or absence of
leakage were decided a priori. The clinical features selected included
severe diarrhoea (more than three times a day), severe vomiting (more
than 3 times a day), liver tenderness on palpation and abdominal pain.

Presence of these clinical symptoms was recorded if they were present
at any time prior to the onset of plasma leakage.

The statistical analysis was done with SPSS (version 20, IBM, USA)
statistical package. The descriptive statistics were summarized as sum
of counts for categorical variables and as mean and standard deviation
for continuous variables. Significant associations for the presence of
plasma leakage were evaluated with chi square test for categorical
variables and using mean differences for continuous variables (in-
dependent T test). Any significant findings on univariate analysis were
further assessed by logistic regression. Ethical clearance for the study
was obtained from the ethics review committee of the National Hospital
of Sri Lanka.

3. Results

This study was conducted over a period of 12 months from August
2016 to August 2017. NHSL does not admit paediatric patients (under
12 years of age) to its medical wards. One hundred and seventy nine (n-
179) patients met the inclusion criteria (males; 91, 50.8%, mean age:
31.6 years, SD ± 14.7). The mean number of days with fever on ad-
mission was 3.36 days (SD ± 1.12) and the total duration of fever was
4.51 days (SD ± 1.14) for the study cohort. Sixty seven patients (67/
173, 38.7%) had ultrasonographic evidence of plasma leakage during
the course of the illness and the mean estimate for the onset of plasma
leakage was 5.04 days (SD ± 1.04) since the onset of fever. In this
group, the platelet count dropped below 100,000/μl at 3.42 days
(SD ± 1.6). All patients recovered fully and were discharged from the
hospital. A detailed description of the clinical parameters of the study
sample is given in Table 1.

On univariate analysis all clinical features (vomiting, diarrhoea,
abdominal pain, liver tenderness) were significantly associated with
subsequent progression to plasma leakage (Table 2). However after
logistic regression only liver tenderness showed a significant associa-
tion with plasma leakage. Regarding the investigation results at D3,
only a lower platelet count had a significant association with progres-
sion to plasma leakage phase (94.84×103/μl vs. 123.95×103/μl,
p < 0.001). However, as the selection criteria for ultrasonography
included thrombocytopaenia, this result is biased was not analysed
further. By D5, the total mean WBC count, mean haematocrit, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were sig-
nificantly higher in patients that had plasma leakage (p < 0.05,
Table 3). Regarding the D7 investigation results, the total mean WBC
count and AST level were significantly higher in patients with plasma
leakage (p < 0.05) while the mean platelet count, ALT/AST ratio and
the serum albumin level were significantly lower (p < 0.05). After a
logistic regression, none of these parameters remained as significant

Table 1
Descriptive statistics of the clinical variables of the sample (N −179)a.

Variable Mean (± SD) Number (%)

Age 31.6 (14.7)
Sex

Male 91 (50.8)
Female 88 (49.2)

Number of days of fever at presentation (n-176) 3.36 (1.1)
Number of patients entering critical phase 67 (38.7)
The day of having the first platelet count below

100,000/μl**
3.42 (1.6)

The day of entering critical phase** 5.04 (1.0)
Total number of days with fever (n-170) 4.51 (1.1)
Clinical features

Severe vomiting (> 3/day, n-166) 76 (45.8)
Severe diarrhoea (> 3/day, n-165) 36 (21.8)
Abdominal pain (n – 164) 39 (23.8)
Liver tenderness (n - 161) 36 (22.4)

a The first day of fever is taken as day 1,**only for patients that entered the
critical phase (n-67).
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predictors for having plasma leakage.
Overall, liver tenderness had 93% (95% CI: 85–97%) specificity and

44% (95% CI: 32–58%) sensitivity in predicting plasma leakage. The
positive and negative predictive values were 79% (95% CI: 64–89%)
and 72% (95% CI: 67–76%) respectively.

4. Discussion

In this prospective observational study abdominal pain and liver
tenderness were selected as previous authors have identified hepatic
inflammation to be associated with severe dengue infections6–8 Vo-
miting and diarrhoea were selected as it may exacerbate intravascular
hypovolaemia leading to an adverse outcome. Demographic factors
(ethnicity, level of income, educational level) other than age and
gender were not considered as the influence of these factors would vary
in different communities limiting their usefulness in a generalized risk
prediction algorithm. In this study liver tenderness in early infection
was independently and significantly associated with plasma leakage
during the illness. While this was not sensitive enough to identify all
patients with leakage, in resource limited settings where ultra-
sonography is not available, it may be useful to identify a subgroup of
patients more likely to have plasma leakage. Unfortunately not having
liver tenderness does not guarantee patient safety.

Dengue hepatitis is a relatively uncommon but a well recognized
complication of the infection.6 Asymptomatic elevation of serum ami-
notransferase levels of hepatic origin is more common and has been
associated with lower platelet counts previously in a large cohort of
patients in India (n- 327).9 However, the authors had not assessed its
relationship to the onset of the plasma leakage which is an important
outcome when it comes to patient management. The liver enzymes may
continue to rise after the critical phase and may even peak during the
convalescent phase.7,8,10 Several other studies (both prospective and
retrospective) have found a more direct link between elevated liver
enzymes and severe disease as defined by outcomes such as bleeding,

mortality and increased hospital stay both in adult and paediatric pa-
tients.8,11–13 Almost all complications of dengue including bleeding
and death occur in patients who have plasma leakage and therefore it
would be more useful to seek predictors of leakage rather than that of
complications for purposes of prevention of the latter. In this study we
demonstrate that liver enzymes per se were not useful as predictors but
clinical evidence of liver tenderness to palpation was a strong and in-
dependent predictor of impending leakage phase.

Current guidelines in dengue management suggest that a 20% rise
in haematocrit or a drop in platelet count below 100,000/μl are likely
to precede the onset of critical phase by 24–48 h.4 There are many
studies that provide observational data to confirm these recommenda-
tions.14–17 In our analysis, a rise in haematocrit at D3 was significant on
univariate analysis but it was not an independent predictor on regres-
sion analysis. This finding does not underestimate the usefulness of
haematocrit measurements. Changes in haematocrit are very dynamic
and are often used to confirm the plasma leakage when it has occurred
(unless there is concurrent bleeding). At least 6–8 hourly haematocrit
assessments should be done in high risk patients to pick up the onset of
leakage phase when ultrasonography is not available. However, be-
cause of these very dynamic fluctuations it may not be useful as a
predictive indicator up to 36 h prior to the onset of leakage. In this
regard platelet count was observed to be a more robust and early in-
dicator than the more dynamic haematocrit measurements.

Risk prediction algorithms in a clinical setting have value only if
they are simple, quick and inexpensive to be applied on a mass scale at
times of epidemics even in rural hospitals without imaging facilities. In
this regard, expensive investigations such as interleukin −10, soluble
cell adhesion molecules, thrombomodulin or even dengue serotyping
are not useful despite being potential predictors of plasma
leakage.15,18,19 Several authors have discussed the role of demographic
factors (ethnicity, income and education) and co-morbidities (diabetes
and hypertension) in predicting leakage phase.20 Given that dengue is
an acute illness, it is very difficult to differentiate between spurious
statistical associations and true associations when too many variables
are assessed. As mentioned previously including demographic variables
could have affected the generalizability of a risk prediction algorithm.
Therefore we avoided demographic variables (other than gender and
age) in our a priori selection and only included easily assessable, pa-
thophysiologically relevant clinical features and investigation results.
Though some studies have found older age to be a significant predictor
of disease severity,21 we did not observe such an association probably
as our cohort was a relatively younger with a mean age of 31.6 years
(SD ± 14.7 years). Similar risk prediction algorithms based on WBC
counts and platelet levels (for paediatric patients)22 or history of
bleeding, blood urea and total protein levels (by a retrospective ana-
lysis)23 have been published previously to predict dengue shock syn-
drome. While both algorithms had high specificity (97–100%) the
sensitivity was low (46–48%).

5. Limitations

This study only included patients above 12 years of age. The ul-
trasonography carried out during the time of epidemic was a focussed
limited sonographic examination subject to inter-observer bias.
However, all scans were performed by trained medical officers in the
radiology department. Similarly there is a potential inter-observer bias
in detecting liver tenderness. All medical officers involved in the study
were well trained on clinical examination skills. Due to limited re-
sources we could not offer ultrasonography to all patients. Instead,
patients were screened based on thrombocytopaenia to observe a
higher yield in detecting plasma leakage. Though the final results
showed an association with thrombocytopaenia and plasma leakage in
the analysis, this was not included as a result due to the selection bias.

The only outcome defined in this study is the presence or absence of
plasma leakage. Data on disease severity or follow up data were not

Table 2
Clinical predictors of having a critical phase.

Variablea Unadjusted odd
ratio (± 95% CI)

P value Adjusted odd ratio
(± 95% CI)

P value

Severe vomiting 3.51 (1.81–6.82) < 0.001
Severe diarrhoea 2.71 (1.24–5.94) 0.015
Abdominal pain 4.55 (2.07–10.01) < 0.001
Liver tenderness 9.87 (3.93–24.79) < 0.001 7.87 (2.58–24.39) < 0.001

a Odds are compared for those with the clinical feature vs. others and only
shown for statistically significant associations.

Table 3
Investigation results with significant associations for critical phase (CP) as as-
sessed by mean difference*.

Variable* Mean values (± SD) P value

Patients with CP Patients without CP

D5 white cell count 4.19× 103/μl (2.72) 3.34× 103/μl (1.81) 0.029
D5 haematocrit 41.11% (5.44) 39.39% (4.17) 0.037
D5 AST*** 361.46 IU/l (770.27) 108.71 IU/l (97.62) 0.020
D5 ALT*** 220.46 IU/l (356.69) 80.09 IU/l (74.98) 0.007
D7 white cell count 6.78× 103/μl (3.53) 5.15× 103/μl (2.71) 0.002
D7 AST 274.92 IU/l (439.72) 109.16 IU/l (113.44) 0.031
D7 serum albumin 32.77 g/l (5.69) 36.53 g/l (3.18) 0.038

*Only statistically significant associations are shown, platelet count at D3, D5
and D7 all showed a significantly low value in those with leakage. However as
the selection criteria for ultrasonography included platelet count this observa-
tion is biased and hence not mentioned, ** First day of fever is counted as day 1
(D1), *** AST – aspartate aminotransferase, ALT – alanine aminotransferase
measured in international units per litre (IU/l).
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collected. Including body mass index as a potential predictor would
have been useful as this can be an indirect indicator of hepatic steatosis.
Unfortunately this was not included in the initial study protocol.

6. Conclusions

An assessment of 179 patients with confirmed early dengue infec-
tion showed that having severe vomiting, diarrhoea, abdominal pain
and liver tenderness was significantly associated with progression to
plasma leakage during the illness. Similarly there were significant mean
differences of AST, ALT, WBC and haematocrit values on D5; AST, WBC
and serum albumin level on D7 in patients with plasma leakage com-
pared to others. However, only liver tenderness on D3 emerged as an
independent significant predictor for plasma leakage in the adjusted
analysis. This will be useful for clinicians working in resource limited
peripheral hospitals without imaging facilities to identify a subset of
patients with a high likelihood of having plasma leakage.

List of abbreviations

AST: aspartate aminotransferase, ALT: alanine aminotransferase,
CP: Critical phase, NHSL: National Hospital of Sri Lanka, NS1: Non
structural region 1, WBC: While blood cell
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