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INTRODUCTION

Abstract: Myocarditis remains a significant cause of acute cardiac
dysfunction, with viral and dengue-related etiologies contributing
widely in tropical and subtropical regions. Both conditions present
with variable clinical severity and myocardial involvement, yet direct
comparative data delineating differences in left ventricular (LV)
function and outcomes are limited. Aim: To compare left ventricular
function and clinical outcomes in patients with viral myocarditis
versus dengue-related myocarditis. Methods: This observational
comparative study included 140 patients (70 viral myocarditis, 70
dengue myocarditis) admitted to a tertiary-care hospital. Clinical
parameters, laboratory ~ markers, and echocardiographic
measurements including LVEF, LV dimensions, diastolic indices,
and presence of global hypokinesia were recorded. Clinical outcomes
such as acute heart failure, arrhythmias, cardiogenic shock, ICU stay,
LV recovery at three months, and mortality were evaluated.
Statistical analyses included t-tests, Chi-square tests, and logistic
regression for predictors of adverse outcomes. Results: Viral
myocarditis patients exhibited significantly lower LVEF (43.7
8.9% vs. 48.1 £ 7.6%, p = 0.001), larger LV dimensions, higher E/e’
ratio, and greater prevalence of global hypokinesia (51.4% vs. 30.0%,
p = 0.009). Dengue myocarditis was associated with significantly
lower platelet counts and higher inflammatory markers. Acute heart
failure was more frequent in viral myocarditis (40% vs. 24.3%, p =
0.047), and viral patients had longer ICU stays and hospitalizations.
LV recovery at three months was significantly better among dengue
myocarditis patients (75.7% vs. 58.6%, p = 0.027). Predictors of
adverse outcomes included older age, viral etiology, LVEF <40%,
elevated E/e’, increased troponin, higher CRP levels, and reduced
platelet counts. Conclusion: Viral myocarditis is associated with
more severe LV dysfunction, prolonged recovery, and higher
complication rates compared with dengue myocarditis, which
generally demonstrates a more reversible myocardial injury pattern.
Early differentiation using clinical and echocardiographic markers is
essential to optimize management and prognostication.

Keywords: Viral myocarditis; Dengue myocarditis; Left ventricular
function; Cardiac outcomes.

myocardial injury and

immune-mediated

Myocarditis is an inflammatory disease of the
myocardium characterized by myocyte necrosis,
ventricular dysfunction, and a wide spectrum of
clinical presentations ranging from subclinical illness
to fulminant heart failure and sudden cardiac death.
Viral infections remain the most common cause of
myocarditis worldwide, with cardiotropic viruses
such as enteroviruses, adenoviruses, parvovirus B19,
and more recently SARS-CoV-2 implicated in direct

inflammatory responses. Viral myocarditis poses
significant diagnostic and therapeutic challenges due
to its heterogeneous clinical manifestations, variable
natural course, and the absence of highly specific
noninvasive diagnostic modalities. Left ventricular
(LV) dysfunction is a key determinant of prognosis in
viral myocarditis, influencing the risk of arrhythmias,
heart failure progression, and long-term adverse
outcomes. Echocardiography, including tissue
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Doppler and strain imaging, has emerged as a
frontline tool for assessing myocardial involvement,
allowing clinicians to evaluate both systolic and
diastolic abnormalities at presentation and during
follow-up.[1]

Dengue-related myocarditis represents a unique and
increasingly recognized subset of myocardial
inflammation, particularly in tropical and subtropical
countries where dengue fever remains endemic.
Myocardial involvement in dengue is multifactorial,
attributed to direct viral invasion, cytokine storm,
capillary leak, and immune-mediated myocardial
damage. Unlike classical viral myocarditis, dengue
myocarditis often occurs in the context of
thrombocytopenia,  hepatic  dysfunction, and
profound systemic inflammation, creating additional
diagnostic and therapeutic complexities. Left
ventricular dysfunction in dengue patients can
manifest as global hypokinesia, reduced ejection
fraction, diastolic dysfunction, arrhythmias, and
conduction abnormalities. Although many patients
recover ventricular function, a subset may progress to
severe outcomes including cardiogenic shock, acute
heart failure, and mortality.[2]

Comparative research examining conventional viral
myocarditis and dengue-related myocarditis is scarce,
despite the distinctly different pathophysiological
mechanisms, clinical course, and prognosis of these
two conditions. Identifying variations in left
ventricular systolic and diastolic impairment,
biomarker trends, recovery trajectories, and clinical
outcomes may improve risk stratification and inform
tailored management strategies. Understanding how
dengue myocarditis differs from classical viral
myocarditis is particularly important in regions
where dengue outbreaks contribute significantly to
cardiovascular  morbidity.  Furthermore, such
comparisons may elucidate whether dengue-induced
myocardial injury is transient and reversible or
comparable in severity to traditional viral
etiologies.[3][4]

Aim

To compare left ventricular function and clinical
outcomes between patients with viral myocarditis
and dengue-related myocarditis.

Objectives

1. To assess and compare left ventricular
systolic and diastolic function in patients with viral
myocarditis and dengue-related myocarditis.

2. To evaluate clinical outcomes, including
complications, recovery of LV function, and
mortality, in both patient groups.

3. To identify factors associated with adverse
outcomes in viral versus dengue-related myocarditis.

MATERIAL AND METHODOLOGY

Source of Data

Data were obtained from medical records of patients
diagnosed with myocarditis and admitted to the
Department of Cardiology and Internal Medicine at
the study center. Echocardiography logs, laboratory
records, and electronic hospital case files were
reviewed.

Study Design

This was a hospital-based comparative observational
study conducted retrospectively and prospectively.
Study Location

The study was carried out at a tertiary care teaching
hospital equipped with advanced cardiology,
echocardiography, and intensive care facilities.

Study Duration

The study was conducted over a 4-year period,
including retrospective data (first 2 years) and
prospective enrollment (last 2 years).

Sample Size

A total of 140 patients were included in the study,
with 70 diagnosed with viral myocarditis and 70 with
dengue-related myocarditis.

Inclusion Criteria

1. Patients aged >18 years diagnosed with
myocarditis based on clinical, laboratory, ECG, and
echocardiographic findings.

2. Viral myocarditis patients confirmed by
clinical presentation and relevant
serological/virological tests.

3. Dengue myocarditis patients confirmed by
NS1 antigen/IgM positivity and compatible cardiac
involvement.

4. Patients who underwent echocardiography
within 48 hours of admission.

Exclusion Criteria

1. Patients with pre-existing cardiomyopathy
or structural heart disease.

2. Known coronary artery disease or prior
myocardial infarction.

3. Chronic kidney disease stage >3 or hepatic
failure.

4. Incomplete medical records or missing
echocardiographic data.

5. Pregnant women.

MATERIAL AND METHODS

Procedure and Methodology

All eligible patients were identified from the hospital
database. Detailed demographic, clinical, laboratory,
electrocardiographic, and echocardiographic
parameters were recorded. Viral myocarditis cases
were classified based on clinical history, viral
markers, ECG changes, elevated cardiac enzymes,
and echocardiographic LV dysfunction. Dengue
myocarditis cases were diagnosed using positive
dengue  serology combined with  cardiac
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abnormalities such as  elevated troponin,
arrhythmias, or LV dysfunction.

Echocardiography was performed using standardized
protocols. Measurements included LVEF (Simpson’s
method), LVEDD, LVESD, fractional shortening,
E/A ratio, E/e’ ratio, global hypokinesia or
segmental wall motion abnormalities, and presence
of pericardial effusion. Hemodynamic status and
clinical progression were documented throughout
hospitalization.

Sample Processing

Blood samples were analyzed for cardiac biomarkers
(troponin I/T), CK-MB, complete blood count, liver
and renal function tests, and inflammatory markers.
Dengue serology (NS1, IgM, IgG) and viral markers
were processed using ELISA-based assays. ECG and

Statistical Methods

Data were entered into Microsoft Excel and analyzed
using SPSS version 25. Continuous variables were
expressed as mean * SD and compared using
Student’s t-test or Mann—Whitney U test. Categorical
variables were presented as frequencies and
percentages and compared using Chi-square or
Fisher’s exact test. Multivariate logistic regression
was used to identify predictors of adverse outcomes.
A p-value <0.05 was considered statistically
significant.

Data Collection

Data were collected using a structured proforma that
included demographic details, clinical presentation,
laboratory parameters, ECG findings,
echocardiographic measurements, treatment given,
hospital stay duration, complications, and outcomes

chest X-ray findings were recorded. at discharge.
RESULTS

Table 1: Baseline Characteristics of Patients with Viral vs Dengue-Related Myocarditis (N = 140)
Variable Viral Myocarditis | Dengue Myocarditis | Test 95% CI of | p-

(n=70) (n=70) Statistic Difference value
Age (years), Mean £ SD | 418 + 12.7 364 +11.9 t=252 0.98 t0 9.82 0.013
Male Sex, n (%) 44 (62.9%) 39 (55.7%) =078 0377
ngg Rate (bpm), Mean | 14 ¢4 1g 4 108.7 +21.2 t=2.12 0.53 to 13.64 0.036
Systolic. BP  (mmHg), | 153, 53 96.1 + 14.2 t=231 | 1.02t011.38 0.022
Mean *+ SD
(To/ro‘;pomn'l Positive, 1| 57 81 404 48 (68.6%) 2 = 3.36 0.067

9
Platelet Count (x10°/L), | 176 ¢+ 62 4 92.8 +38.7 £=9.05 | 67.09t0105.51 | <0.001
Mean = SD
+

%{P (mg/L), Mean £ | 534, 177 31.8+14.6 t=342 | 3.20t012.50 0.001
Creatinine — (mg/dL), | | 15 4 4p 0.94 + 0.28 t=271 | 0.05t00.31 0.008
Mean *+ SD

Table 1 compares the baseline characteristics of patients with viral myocarditis and dengue-related myocarditis.
Patients with viral myocarditis were significantly older than those with dengue myocarditis (41.8 + 12.7 vs. 36.4 +
11.9 years, p = 0.013), indicating a modest but meaningful age difference favoring younger dengue patients. The
distribution of male sex was comparable between the groups (62.9% vs. 55.7%, p = 0.377), suggesting no significant
sex-based predisposition. Dengue myocarditis patients demonstrated significantly higher heart rates (108.7 £ 21.2
bpm vs. 101.6 = 18.4 bpm, p = 0.036), likely reflecting the systemic inflammatory response and autonomic
imbalance typical of dengue infection. Conversely, systolic blood pressure was significantly lower in dengue
myocarditis (96.1 + 14.2 mmHg vs. 102.3 £ 15.8 mmHg, p = 0.022), consistent with plasma leakage and capillary
permeability changes observed in dengue.

Although troponin-I positivity was more common in viral myocarditis (81.4% vs. 68.6%), the difference did not
reach statistical significance (p = 0.067). As expected, platelet counts were markedly lower in dengue myocarditis
(92.8 £ 38.7 x10°/L vs. 178.6 = 62.4 x10°/L, p < 0.001), reflecting typical dengue-related thrombocytopenia. CRP
levels were significantly higher in dengue patients (31.8 + 14.6 vs. 23.9 £ 11.7 mg/L, p = 0.001), indicating greater
systemic inflammation. Serum creatinine was slightly higher in viral myocarditis (1.12 £ 0.42 mg/dL vs. 0.94 *
0.28 mg/dL, p = 0.008), possibly due to reduced renal perfusion or associated viral sepsis.
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Table 2: Comparison of LV Systolic and Diastolic Function (N = 140)

. Viral Myocarditis Dengue Test 95% CI of P-
LV Function Parameter (n=70) Myocarditis (n=70) Statistic Difference value
LVEF (%), Mean + SD 437+ 8.9 481+7.6 t=3.23 1.77t0 7.17 0.001
+
LVEDD (rggl)’ Mean * 53.6+5.8 493 +5.1 t=4.37 240t06.07 | <0.001
+
LVESD (nslg)’ Mean + 38.9+5.9 35.4+5.0 t=3.52 153t05.25 | <0.001
: —
Fractional Shortening (%), 19.8+42 23.1+48 t=4.33 1.76t0 4.82 | <0.001
Mean + SD
E/A Ratio, Mean * SD 1.24 * 0.38 1.07  0.30 t=3.00 0.06 to 0.29 0.003
E/e’ Ratio, Mean * SD 14.6 + 3.1 128 2.7 t=3.46 0.77t02.53 | <0.001
Global Hypokinesia, n (%) 36 (51.4%) 21 (30.0%) 2 =685 0.009
Pericardial Effusion, n (%) 19 (27.1%) 11 (15.7%) x> =2.86 0.091

Table 2 evaluates and compares echocardiographic parameters of left ventricular systolic and diastolic function
between viral and dengue myocarditis patients. LVEF was significantly lower in viral myocarditis (43.7 = 8.9%)
compared with dengue myocarditis (48.1 = 7.6%, p = 0.001), suggesting more severe systolic dysfunction in viral
etiologies. Supporting this, LV dimensions were significantly larger in viral myocarditis, with higher LVEDD (53.6
+ 5.8 mm vs. 49.3 £ 5.1 mm, p < 0.001) and LVESD (38.9 £ 5.9 mm vs. 35.4 + 5.0 mm, p < 0.001). Fractional
shortening was also lower in viral myocarditis (19.8 + 4.2% vs. 23.1 £ 4.8%, p < 0.001), reinforcing the presence of
greater systolic impairment.

Diastolic function indices showed that viral myocarditis patients had significantly higher E/A ratios (1.24 £ 0.38
vs. 1.07 = 0.30, p = 0.003) and significantly elevated E/e’ ratios (14.6 3.1 vs. 12.8 + 2.7, p < 0.001), indicating
increased LV filling pressures and diastolic dysfunction. Global hypokinesia was more common in the viral group
(561.4% vs. 30.0%, p = 0.009), consistent with diffuse myocardial involvement. Pericardial effusion occurred more
frequently in viral myocarditis (27.1% vs. 15.7%), though the difference was not statistically significant (p = 0.091).

Table 3: Clinical Qutcomes in Viral vs Dengue Myocarditis (N = 140)

. Viral Myocarditis Dengue Myocarditis Test o p-
Outcome Variable (n=70) (n=70) Statistic 95% CI value
Acute Heart Failure, n (%) 28 (40.0%) 17 (24.3%) x> = 3.96 0.047
Arthythmias (AF/VT), n (%) 19 (27.1%) 11 (15.7%) 72 = 2.86 0.091
Cardiogenic Shock, n (%) 12 (17.1%) 5(7.1%) ¥> = 3.07 0.080
ICU Stay (days), Mean + SD 48+23 32417 =453 0;2;0 <0.001
Full LV Rec‘;;’(eo% at 3 months, 41 (58.6%) 53 (75.7%) 2 = 4.87 0.027
Mortality, n (%) 8 (11.4%) 3 (4.3%) P =229 0.130
Length of Hospital Stay (days), _ 0.29to
Mean + SD 7329 6.1t24 t=2.57 217 0.011

Table 3 compares clinical outcomes between the two groups and reveals several important differences. Acute heart
failure occurred significantly more frequently in viral myocarditis (40.0% vs. 24.3%, p = 0.047), reflecting the more
profound systolic impairment observed in this group. Although arrhythmias (27.1% vs. 15.7%) and cardiogenic
shock (17.1% vs. 7.1%) were numerically higher in viral myocarditis, the differences did not reach statistical
significance. ICU stay was significantly longer among viral myocarditis patients (4.8 + 2.3 vs. 3.2 £ 1.7 days, p <
0.001), indicating greater severity of illness.

Interestingly, dengue myocarditis patients demonstrated higher rates of full LV functional recovery at 3 months
(75.7% vs. 58.6%, p = 0.027), suggesting better myocardial reversibility in dengue-associated injury compared with
classical viral myocarditis. Mortality was higher in viral myocarditis (11.4% vs. 4.3%), although the difference was
statistically nonsignificant (p = 0.130). Length of hospital stay was also significantly greater in the viral group (7.3
+2.9vs.6.1 £24days,p=0.011).
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Table 4: Factors Associated with Adverse Qutcomes (N = 140)

. . Adverse Outcome | No Adverse Outcome Test o p-
Predictor Variable (n=45) (n=95) Statistic 95% CI value
Age (years), Mean + SD 449+ 13.1 382+11.7 t=3.04 21'?901'10 0.003
Viral Myocf‘(i;/?)s Diagnosis, 29 (64.4%) 41 (43.1%) 2 =5.73 0.017
LVEF <40%, n (%) 22 (48.9%) 17 (17.8%) 2 =13.26 <0.001
E/e' > 15, n (%) 24 (53.3%) 20 (21.0%) = 13.42 <0.001
Troponin-I Level (ng/mL), _ 0.39to
e s 1824071 121 +0.54 =522 Jas2 | <0.001
Platelet Count (x10°/L), + + _ 8.08 to
Moo o 112.4 + 55.9 144.6 + 68.2 t=2.73 ceqr | 0007
CRP (mg/L), Mean + SD 345+ 13.4 25.6 +11.2 t=3.98 41'28;10 <0.001

Table 4 analyzes factors associated with adverse outcomes and demonstrates clear differences between patients
who experienced complications and those who did not. Patients with adverse outcomes were significantly older
(44.9 £ 13.1 vs. 38.2 £ 11.7 years, p = 0.003), indicating age as a key vulnerability factor. A significantly higher
proportion of these patients had viral myocarditis (64.4% vs. 43.1%, p = 0.017), underscoring the more aggressive
nature of viral etiologies. Markers of systolic and diastolic dysfunction were strongly associated with poor
outcomes: LVEF <40% was present in 48.9% of the adverse-outcome group compared to only 17.8% of those
without complications (p < 0.001), and E/e' > 15 was significantly more common among adverse outcomes

(53.3% vs. 21.0%, p < 0.001).

Biomarkers also played a predictive role. Troponin-I levels were significantly higher among patients with adverse
events (1.82 £ 0.71 vs. 1.21 = 0.54 ng/mL, p < 0.001), indicating more extensive myocardial injury. Platelet counts
were lower in the adverse-outcome group (112.4 = 55.9 vs. 144.6 £ 68.2 x10°/L, p = 0.007), suggesting coexisting
inflammatory or hematological derangements. CRP levels were markedly elevated among adverse outcomes (34.5

+13.4vs.25.6+11.2mg/L, p <0.001).

DISCUSSION

Table 1 The baseline characteristics in the present
study demonstrate clear epidemiological and clinical
differences between viral and dengue-related
myocarditis. The significantly younger age in dengue
myocarditis (36.4 vs. 41.8 years) aligns with findings
by Nerella S et al. (2022)[5], who reported that
dengue myocarditis disproportionately affects young
adults during epidemic outbreaks. The comparable
distribution of males between groups mirrors the
observations of Nicacio JM et al. (2022)[3], who
noted no strong sex predilection in viral myocarditis.
Higher heart rates and lower systolic blood pressures
among dengue myocarditis patients in our study
reflect the hemodynamic consequences of dengue
plasma leakage and cytokine surge, consistent with
Baqgi A et al. (2022)[1], who described tachycardia
and hypotension as hallmarks of severe dengue.
Thrombocytopenia was profoundly lower in dengue
patients, which aligns with et al. (20)[4], reaffirming
platelet suppression as a key diagnostic indicator.
Additionally, higher CRP values in dengue
myocarditis agree with Mansanguan C et al.
(2021)[2], who demonstrated augmented systemic
inflammation in dengue-related cardiac involvement.
Elevated creatinine levels in viral myocarditis
support findings by Ingole K et al. (2022)[6], who
identified renal dysfunction as a common

complication in systemic viral infections.

Table 2 The present study demonstrates more
pronounced systolic dysfunction in viral myocarditis,
with significantly lower LVEF, higher LV dilation
indices (LVEDD and LVESD), and reduced
fractional shortening. These observations are strongly
supported by Huits R et al. (2023)[7], who described
viral myocarditis as a diffuse inflammatory process
causing reversible or irreversible LV remodeling.
Conversely, dengue myocarditis showed relatively
preserved LVEF and smaller LV dimensions, which
is consistent with the work of Politi MT et al.
(2025)[8], who found that dengue myocarditis
frequently presents with transient myocardial
depression  rather than  structural chamber
abnormalities.

The significantly higher E/e’' ratios in viral
myocarditis indicate impaired relaxation and
increased filling pressures, paralleling findings by
Ingole K et al. (2022)[6], who associated viral
myocarditis with diastolic dysfunction due to
inflammatory infiltration. Global hypokinesia was
more prevalent in the viral group, matching the
pattern described in cardiac MRI studies by Parveen
S et al. (2023)[9].

Table 3 The clinical outcomes show more severe
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complications acute heart failure, longer ICU stay,
and delayed recovery in viral myocarditis. Similar
findings were reported by Shah TA et al. (2023)[11],
who documented higher heart failure and mortality
rates in viral myocarditis due to more extensive
myocardial necrosis.

The present study found significantly higher LV
recovery rates in dengue myocarditis (75.7% vs.
58.6%), consistent with Nicacio JM et al. (2022)[3],
who described dengue myocarditis as typically
reversible once systemic inflammation resolves.
Mortality, although not significantly different, was
numerically higher in viral myocarditis (11.4%),
supporting the meta-analysis by Caetano CC et al.
(2024)[12], which associated viral myocarditis with
poorer long-term prognosis compared to non-viral
inflammatory cardiomyopathies.

Length of hospital stay was longer among viral
myocarditis patients, consistent with the findings
Bhattacharjee S et al. (2023)[13], indicating
prolonged hemodynamic instability in viral
etiologies.

Table 4 highlights several predictors of adverse
outcomes, including older age, viral etiology,
reduced LVEF, elevated E/e¢’, increased troponin
levels, and high CRP. These factors have been
repeatedly described as prognostic markers in prior
studies.

Age as a risk factor parallels evidence by Shah TA et
al. (2023)[11], who demonstrated worse outcomes in
older myocarditis patients. Viral myocarditis being
strongly associated with complications agrees with
Caetano CC et al. (2024)[12], who reported stronger
myocardial cytotoxic damage and arrhythmogenicity
in viral etiologies. LVEF <40% correlates with poor
outcomes as previously established by Mansanguan
C et al. (2021)[2], whereas elevated E/e’ is consistent
with the prognostic framework outlined by Parveen S
et al. (2023)[9], signifying elevated filling pressures
and diastolic dysfunction.

Increased troponin levels in adverse-outcome
patients reflect more extensive myocardial necrosis,
matching the findings of Caetano CC et al.
(2024)[12]. Significantly lower platelet counts in the
adverse-outcome group support Nerella S et al
(2022)[5], who linked thrombocytopenia with severe
dengue cardiac involvement. Elevated CRP mirrors
inflammatory burden and is consistent with the work
of Bhattacharjee S et al. (2023)[13].

CONCLUSION

The present comparative study of 140 patients
provides important insights into the distinct clinical,
laboratory, and echocardiographic profiles of viral

myocarditis and dengue-related myocarditis. Viral
myocarditis was associated with more profound left
ventricular systolic and diastolic dysfunction, greater
chamber dilation, higher prevalence of global
hypokinesia, longer ICU and hospital stay, and a
higher though statistically nonsignificant mortality
rate. In contrast, dengue-related myocarditis
demonstrated relatively preserved systolic function,
milder structural alterations, and significantly better
recovery of left ventricular function at three months,
reflecting the predominantly transient myocardial
involvement typical of dengue infection. Predictors
of adverse outcomes across the cohort included older
age, viral etiology, reduced LVEF, elevated E/e’
ratio, higher troponin levels, increased inflammatory
markers, and lower platelet counts.

Overall, the study highlights that while both viral and
dengue myocarditis contribute substantially to
cardiac morbidity, viral myocarditis tends to follow a
more severe and prolonged course, whereas dengue
myocarditis usually exhibits more favorable cardiac
recovery. Early differentiation between these
etiologies, guided by echocardiographic parameters
and biochemical markers, is essential for timely risk
stratification, appropriate monitoring, and
individualized management strategies.

LIMITATIONS

1. The study was conducted at a single tertiary-
care center, which may limit generalizability to other
populations and healthcare settings.

2. A combination of retrospective and
prospective data collection may have introduced
variability in clinical documentation and diagnostic
completeness.

3. Viral etiologies were not uniformly
confirmed with advanced molecular testing (PCR or
cardiac MRI), leading to potential underdiagnosis or
misclassification of viral myocarditis.

4. Cardiac MRI the gold standard for tissue
characterization was not feasible for all patients due
to resource constraints, limiting the ability to validate
echocardiographic findings.

5. Long-term follow-up beyond three months
was not performed, restricting assessment of chronic
remodeling, persistent dysfunction, or late
arrhythmic events.

6. Treatment variations between clinicians
were not controlled for and may have influenced
outcomes such as LV recovery and hospitalization
duration.

7. The impact of comorbidities, nutritional
status, and concurrent infections was not fully
evaluated, although these factors may influence
myocardial recovery.

8. Sample size, although adequate for primary
comparisons, may still be insufficient for detecting
small differences in rare outcomes such as mortality.
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