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Abstract

The frequency or trajectory of vital sign abnormalities in children with pneumonia has not been
described. In a cohort of 2,714 patients with severe pneumonia identified and treated as per the
World Health Organization definition and recommendations, tachypnea, fever and hypoxia were
found in 68.9%, 23.6% and 15.5% of children, respectively. Median oxygen saturation returned to
a normal range by 10 hours following initiation of treatment, followed by temperature at 12 hours
and respiratory rate at 22 hours for subjects less than 12 months and at 48 hours for those greater
than or equal to 12 months of age.
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INTRODUCTION

Acute lower respiratory tract infections are a common cause of morbidity and the principal
cause of mortality in children less than 5 years of age in developing countries'2. Vital signs
including respiratory rate, temperature and oxygen saturation are often measured routinely
in acute care settings and help to guide the management of lower respiratory tract infections.
Respiratory rates are additionally used in World Health Organization (WHO) case
management guidelines for management decisions3. Until recently little evidence supported
the established normal ranges for such vital signs. Meta-analyses of observational studies of
children have now led to age-specific percentiles for normal respiratory rate and heart
rate:>. Data on normal ranges for oxygen saturation measured by pulse-oximetry and
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temperature, however, remain limited despite widely accepted definitions of hypoxia and
fever in the pediatric population®”.

The frequency of abnormalities in respiratory rate, temperature and oxygen saturation
among children with acute lower respiratory tract infection has not been described.
Furthermore, the resolution of vital sign abnormalities with appropriate treatment has never
been demonstrated despite the common use of persistent fever and tachypnea as markers of
treatment failure®-11, In this study we set out to demonstrate the ranges of abnormalities
seen in respiratory rate, temperature, and oxygen saturation in a population of children with
severe pneumonia. In these patients, severe pneumonia was identified as per the Integrated
Management of Childhood IlIness (IMCI) algorithm using the standard World Health
Organization case definition of cough or difficulty breathing and lower chest indrawing that
persists despite a bronchodilator triall2,

MATERIALS AND METHODS
Study Design and Population

This study is an observational cohort study using a pooled, individual level dataset from
2,714 subjects enrolled in two randomized clinical trials of therapeutic interventions for
severe pneumonial314, Subjects were recruited from sixteen sites within eight countries:
Colombia, Ghana, India, Mexico, Pakistan, South Africa, Vietnam and Zambia. Recruitment
spanned from May 1999 to May 2002 for the first study and February 2005 to August 2006
for the second study. Both trials recruited patients aged 2-59 months with WHO-defined
severe pneumonia from pediatric referral hospitals and used standardized clinical methods
which were intentionally similar'3-14, Those with non-severe pneumonia or very severe
pneumonia were excluded from both studies. To minimize the impact of reactive airway
disease, both studies uniformly excluded patients with a known history of asthma and those
whose symptoms resolved after up to three bronchodilator treatments at screening.

Children were exposed to one of three therapeutic regimens with demonstrated equivalence
given at or within 2 hours of baseline evaluation: parenteral ampicillin, parenteral penicillin,
or oral amoxicillin. In all sites, subjects were hospitalized for the first 48 hours of treatment
and reevaluated in the community 6 and 14 days following enrollment. Standardized
measurements of respiratory rate by timer and axillary temperature by digital thermometer
were performed every 6 hours in the hospital and once at each follow-up visit.

For the purpose of analysis we define tachypnea as values above the 99t percentile as
established by Fleming and colleagues approximately equating to greater than 60 breaths per
minute in those less than 12 months of age and greater than 40 breaths per minute in those
greater than or equal to 12 months of age®. We define fever (abnormally high temperature)
as greater than 38 degrees centigrade regardless of agel®.

Data on oxygen saturation were collected in only one of the two cohorts contributing to this
pooled analysis!4. Oxygen saturation was measured in a non-crying child on room air
(Nellcor N-20E, N-25 sensor, Pleasanton, CA, USA). Measurements were only made during
hospitalization and are thus not available for day 6 and 14 community visits. Oxygen
saturation measurements in two sites at high elevation (> 2000 m) were excluded from the
pooled analysis. Hypoxia (abnormally low arterial oxygen saturation) was defined as a pulse
oximeter measurement less than 92% regardless of age.

Statistical Methods

We calculated median estimates of respiratory rate, axillary temperature and oxygen
saturation over time and present them with a distribution plot identifying the 5%, 25t 75th,
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and 95™ percentiles. Analyses were limited to children with the condition at baseline (e.g.
temperature measurements limited to those with fever at baseline). Children were stratified
by whether or not they had the outcome of interest (e.g. tachypnea, fever, low oxygen
saturation) to assess when median results fell within normal ranges.

Of 2,714 included subjects, 61.1% (1,659) were male and 62.7% (1,703) were between 2
and 11 months of age.

Respiratory Rate

Approximately 70% of subjects (n=1,861) were tachypneic at baseline by our age-adjusted
definition. Among these, the median (50t percentile) respiratory rate had returned to normal
at approximately 22 hours for children <12 months and at approximately 48 hours for
children =12 months. In both age groups, median respiratory rates trended downwards
through hospitalization and discharge (Figure 1a and 1b). At time of discharge from the
hospital (48 hours), 14.5% of children <12 months (n=135) and 43% of children =12 months
(n=381) had persistent tachypnea. By the final follow-up visit (day 14), these values were
1.3% (n=11) for children < 12 months and 8.2% (n=70) for children =12 months.

Temperature

A total of 23.6% of subjects (n=644) were febrile at baseline by our definition. Among
these, median temperature had returned to the normal range at approximately 12 hours of
treatment. Temperature measurements plateaued at a median value of 36.7° (day 6 and day
14) following discharge from the hospital (Figure 1c). Among these children 2.4% (n=15)
remained febrile at time of discharge from the hospital.

Oxygen Saturation

Oxygen Saturation was recorded on 1,439 subjects, of which 223 (15.5%) were hypoxic at
baseline by our definition. Among these, median oxygen saturation had returned to greater
than 92% at approximately 10 hours of treatment. At 48 hours following study enrollment,
the median oxygen saturation was found to be 95% and 13.6% (31/223) had persistent
hypoxia (Figure 1d).

DISCUSSION

Although the World Health Organization definition of severe pneumonia does not rely on
the presence of tachypnea, we found that the majority of subjects (68.9%) were tachypneic
on enrollment. Significantly smaller proportions, however, presented with fever (23.6%) or
hypoxia (15.5%), two vital signs that commonly increase the clinical suspicion of
pneumonia and have been shown to contribute to specificity of the diagnosis when a
radiographic infiltrate is taken as the gold standard16:17.

Among the three investigated vital sign abnormalities, oxygen saturation was the first to
correct from the abnormal range, despite median values not returning to expected norms of
97-100% within the 48 hour follow-up. Oxygen saturation has been previously shown to be
an accurate estimate of functional arterial hemoglobin saturation and in the setting of
pneumonia is known to be associated with disease severity and greater ventilation/perfusion
(V/Q) mismatchl8, The relatively rapid resolution of low oxygen saturation noted in our
analysis may be related to this being an initial sign of convalescence. However, the absence
of a longer follow-up period for this measurement (48 hours vs. 14 days for respiratory rate
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and temperature) precludes our ability to demonstrate a true plateau indicating a return to
baseline values.

Despite its relatively low prevalence among subjects, the persistence of low oxygen
saturations at 48 hours underscores the importance of supplemental oxygen in the treatment
of patients with pneumonia. This is consistent with recent published guidelines for
management of Community Acquired Pneumonia by the Infectious Diseases Society of
America and The British Thoracic Society which integrate oxygen saturation measurement
and supplemental oxygen treatment into decisions regarding patient care and
disposition19:20,

Our study demonstrated similar trajectories in resolution of tachypnea regardless of age. The
specific timing for correction from an abnormal range however was different between the
two age groups. This finding may be due to the crude nature of identifying a single cut-off
for an age range over which there is significant difference in baseline respiratory rate. A
systematic review of observational studies measuring normal respiratory rate proposed rates
as high as 64 and as low as 29 serving as the 99t percentile for ages 2 and 59 months,
respectively?. In general however, the subjects aged greater than 12 months took longer to
return to reported norms as their degree of tachypnea was relatively higher than age-adjusted
norms on enrollment. Among the vital signs studied, temperature had the most reliable
stabilization and plateau at 36.7°C. The relatively rapid decline of temperature in response to
antibiotic treatment among febrile subjects supports the use of persistent fever as a sign of
treatment failure among similar patients.

Overall, our analysis demonstrated low rates of vital sign abnormalities. Even among
children with vital signs defined as abnormal, there was a relatively rapid return to normal
ranges with the initiation of hospitalization and treatment. Furthermore, the rate of return to
normal values was found to be relatively parallel within a narrow timeframe. This is not
surprising as it is well known that vital signs are closely inter-related and often have similar
trajectories in convalescence®’. Specifically, fever and hypoxia in response to pneumonia
can both increase the respiratory drive and lead to tachypnea. Conversely, resolution of
tachypnea may require the initial resolution of hypoxia and fever as demonstrated in the
attached figure.

The relatively low baseline prevalence of vital sign abnormalities in our study likely reflects
the poor specificity of WHO-defined severe pneumonia and may have been improved if
children with WHO-defined very severe pneumonia were also included3. Additionally, the
relatively rapid return to normal values within our study may reflect the high efficacy of beta
lactam antibiotics in the treatment of acute lower respiratory tract infection assuming that
subjects with fever, hypoxia and tachypnea were more likely to be true cases of bacterial
pneumonia. Unfortunately, our study did not investigate the etiology of pneumonia in each
patient and we are thus unable to comment on vital sign trajectories in patients with bacterial
causes as compared with those with viral or mixed causes of pneumonia. Further studies of
vital sign abnormalities particularly among children with a more specific and
microbiological diagnosis of pneumonia are needed in order to understand the true trajectory
of disease and convalescence.
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