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Abstract:

OBJECTIVES: To describe the change in the management, and outcome of children with acute severe asthma
(ASA) admitted to Pediatric Intensive Care Unit (PICU) at tertiary institute, as compared to previously published
report in 2003.

METHODS: This is a retrospective observational study. All consecutive pediatric ASA patients who were admitted
to PICU during the study period were included. The data were extracted from PICU database and medical records.
The Cohort in this study (2013 Cohort) was compared with the Cohort of ASA, which was published in 2003 from
the same institution (2003 Cohort).

RESULTS: In comparison to previous 2003 Cohort, current Cohort (2013) revealed higher mean age (5.5 vs.
3.6 years; P < 0.001), higher rate of PICU admission (20.3% vs. 3.6%; P < 0.007), less patients who received
maintenance inhaled steroids (43.3% vs. 62.4%; P < 0.03), less patients with pH <7.3 (17.9% vs. 42.9%;
P < 0.001). There were more patients in 2013 Cohort who received: Inhaled Ipratropium bromide (97% vs.
68%; P < 0.001), intravenous magnesium sulfate (68.2% vs. none), intravenous salbutamol (13.6% vs. 3.6%;
P < 0.015), and noninvasive ventilation (NIV) (35.8% vs. none) while no patients were treated with theophylline
(none vs. 62.5%). The median length of stay (LOS) was 2 days while mean LOS was half a day longer in the
2013 Cohort. None of our patients required intubation, and there was no mortality.

CONCLUSION: We observed slight shift toward older age, considerably increased the rate of PICU admission,
increased utilization of Ipratropium bromide, magnesium sulfate, and NIV as important modalities of treatment.
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he prevalence of childhood asthma is

increasing worldwide.l"? This is also true in
Saudi Arabia, where it has increased from 8% to
23% in less than a decade.?!

Status asthmaticus refers to an acute severe
asthma (ASA) exacerbation, in which bronchial
obstruction is severe and continues to worsen,
or not improve, despite the institution of
adequate standard therapy. Respiratory
mucosal inflammation and bronchospasm
result in dyspnea, increased work of breathing,
hypoxemia, and hypercapnia that may progress
to respiratory failure. Although the majority
of acute asthma attacks are managed at the
emergency department (ED) or general ward,
admission to Pediatric Intensive Care Unit
(PICU) for severe cases may be life-saving.
Early and appropriate therapy of ASA result in
improved outcome.*”1Over the last decade, there
have been changes in treating acute asthma in
view of recently published studies, moving more
toward evidence-based medical practices.!412
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To the best of our knowledge, the only local
study available to describe the clinical course and
outcome of pediatric ASA patients who required
admission to PICU was published 10 years ago.!"
The purpose of this current study is to describe
the clinical course and outcome of children with
ASA admitted to PICU, and to describe change
of practice in their management at our institute
compared to previously published report in 2003.
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Methods

This is a retrospective observational quantitative study. The
study was conducted at King Khalid University Hospital,
a tertiary teaching hospital in Riyadh, Saudi Arabia. The
pediatric service has more than 1400 inpatient admissions
and more than 50,000 pediatric ED visits each year. The PICU
consists currently of 13 beds, with more than 400 annual
admissions.

All consecutive patients 14-year-old or younger with ASA,
who were admitted to PICU during the period from November
2011 to October 2013, were included. The patients were either
admitted directly to PICU from ED or transferred from pediatric
inpatient ward. We identified children with ASA by reviewing
the admission diagnosis to PICU. The admission criteria to
PICU include one or more of the following: Worsening hypoxia
or hypercarbia, requirement for intense (<2 h) or continuous
nebulization therapy, exhaustion with shallow respiration,
altered mental state, air leak syndrome, or respiratory failure.
The criteria to transfer patient out of PICU include: Oxygen
requirement <40% to maintain oxygen saturation equal or
more than 92%, time between nebulization of 3 h or more, no
requirement of noninvasive ventilation (NIV) support, absence
of air leak syndrome.

The data were extracted from PICU database, and medical
records using predesigned data collection sheet. The obtained
information included age, gender, asthma maintenance
medication, vital signs on admission, pediatric index of
mortality II (PIM II),"! pediatric respiratory assessment
measure (PRAM) scorel™'® upon PICU admission, initial
blood gas, Chest X-ray, need of invasive or NIV, medications,
complication, length of stay (LOS), and mortality. The Cohort
in this study (2013 Cohort) was compared to the Cohort of
ASA, which was published in 2003 from our institution (2003
Cohort). The study was approved from the Institutional Review
Board for Research at King Saud University.

Descriptive statistics of all variables were expressed using
median and inter-quartile ranges for continuous variables or
mean + standard deviation depending on the distribution of
the variable. Ten years ago, the data from the current study
was compared with our previous study. For categorical data,
the Pearson Chi-squared test was used. For continuous data,
the Mann-Whitney U-test or Student’s t-test was used for
nonparametric and parametric data, respectively. Logistic
regression analysis was used to identify risk factors for
mechanical ventilation (MV). Statistical significance was
defined as P < 0.05 and all computations were made using the
Statistical Package for the Social Sciences (version 21.0; SPSS,
Inc., Chicago, IL, USA).

Results

During the 2 years period (November 2011 to October 2013),
67 (20.3%) children were admitted to PICU out of 330 patients
admitted to the pediatric ward with the diagnosis of ASA. The
admission criteria to PICU were: Severe respiratory distress,
hypoxemia, and requirement for frequent or continuous
salbutamol nebulization therapy. For the current study
Cohort, demographic and clinical profile data are presented
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in Table 1. These include: Age, gender, PIM II score, PRAM
score, initial vital signs, and blood gas upon admission to
PICU. Of 67 patients, 29 patients (46%) were on maintenance
treatment with inhaled steroids upon admission while 34 (54%)
patients were receiving inhaled salbutamol intermittently.
Poor compliance to medication was documented in 36 (53.7%)
patients. Sixteen patients (23.9%) had a history of previous
PICU admission with a similar diagnosis.

Comorbidities were present in 19 (28.4%) patients and
included: Type 1 diabetes mellitus, gastroesophageal reflux
disease, ex-prematurity, cerebral palsy, seizure disorder, Down
syndrome, food allergy, and obesity.

The median asthma score was 7, and the medians PIM II
score was 0.5. Only one-third of patients 19 (28.8%) received
antibiotics. Lung hyperinflation was the most common finding
in chest X-ray 45 (67.2%) while other findings included:
Infiltrations 9 (14.9%) or collapse 16 (23.9%). Spontaneous air
leak syndromes were observed upon presentation in 3 cases;
namely subcutaneous emphysema in two patients, and
pneumomediastinum in one.

The number of patients who required NIV, such as bi-level
positive airway pressure (BiPAP) or continuous positive
airway pressure (CPAP) was 24 (35.8%). The median
duration of BiPAP was 24.5 h while the CPAP was 48.1 h.
Table 2 shows the multivariate logistic regression analysis
for factors associated with NIV requirement. None of our
patients required intubation, and there was no mortality.
There were more cases admitted during fall and winter
seasons, as compared to summer and spring. This seasonal
variation is illustrated in Figure 1. Comparison between our
previous 2003 Cohort and current Cohort (2013) is shown
in Table 3.

Table 1: Demographic and clinical profile data for
current study (2013 Cohort)

Variables Frequency
Age (years)
Mean (+SD) 5.5+3.6

Median (1Q25-1Q75)
Gender: n (%)

M 30 (44.8%)

F 37(55.2%)
Vital signs:- Mean+SD

4.52. (2.25-8.0)

Temperature (°C) 37.12+0.7
Heart Rate (beats /minute) 153+20.84
Respiratory Rate (breaths /minute) 49+12.91
Mean Arterial Pressure (mmHg) 77.3 (12.01)

Severity: median (1Q: 25, 75)
PIM score
Asthma score

Blood Gas: Mean+SD
PH 7.26+0.56

0.22 (0.12, 0.5)
7(5,8)

PCO2 (mmHg) 52.3+7.04
Base Excess (mmol/L) -3.19+4.93
Lactate (mmol/L) 3.14+1.81

HCO3 (mmol/L) 21.04+2.65
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Table 2: Multivariate logistic regression analysis
for factors associated with noninvasive ventilation
requirement *B = Beta Coefficient

Covariate B SE P-value OR 95% C.l.
lower Upper
Age (Years) 243 .098 .013 1.020 1.053 1.543
Lung collapse 1.989 717 .006 7.306 1.793 29.778
Respiratory rate  .061 .026 .017 1.063 1.011 1.117
Base excess 142 .084 .090 1.152 978 1.357

Constant -5.065 1.672 .002 .006 _

tSE = Standard error; *OR = Odds ratio; $C.l.=Confidence interval

Table 3: Comparison between our previous 2003
Cohort and current Cohort (2013)

Variable 2003 N =57 2013 N=67 P-value
Age (Years)

Mean 3.6+2.8 5.5+3.6 0.001
Gender: n (%)
Male 32 (57.1%) 30(44.8%) 0.12

Maintenance treatment n (%)

Inhaled steroids 35 (62.4%) 29 (43.3%) 0.03

Inhaled Salbutamol 26 (46.2%) 34 (50.7%) 0.255
Has Previous PICU admission 13 (23.2%) 16 (23.9%) 0.552
n (%)

Blood Gas:

pH7-7.3 24 (42.9%) 12 (17.9%) <0.001

PCO2>45 mmHg
Treatment Frequency (%)

26 (46.4%) 7 (10.4%) <0.001

Continuous salbutamol inhaler 41 (73%) 57 (85.1%) 0.08
Systemic steroids 56 (100%) 67 (100%) -
Ipratropium bromide inhaler 38 (68%) 64 (97%) <0.001
Intravenous Magnesium 0 45 (68.2%) -
Sulfate

Intravenous salbutamol 2 (3.6%) 9(13.6%) 0.0151
NIV* 0 24 (35.8%) -
Intravenous Aminophylline 35 (62.5%) 0 -

PICU Length of Stay (days)

Mean=(SD) 2+0.9 2.58+3.58 0.0151
Median (1Q: 25, 75) NA 2(1,23) -
Air leak Syndrome 2 (3.6%) 3 (4.5%) 0.577

Mortality 0 0 -

*NIV: Non-invasive ventilation, TNA: Not available
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Figure 1: Monthly distribution of children admitted with asthma to Pediatric
Intensive Care Unit
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The mean age for 2013 Cohort is 5.5 years while it was
3.6 years in 2003 Cohort (P < 0.001). The age distribution
among patients in both groups is shown in Figure 2. There
were less patients who received maintenance inhaled
steroids, had lower pH and higher PCO, in 2013 Cohort.
Considering therapeutic options, there were more patients
in 2013 Cohort who received inhaled Ipratropium bromide,
intravenous magnesium sulfate, intravenous salbutamol,
and NIV while no patients were treated with theophylline.
In 2013 Cohort, the median and mean LOS was 2 and
2.5 days, respectively, compared to mean LOS of 2 days in
2003 Cohort. Average number of asthmatics admitted to
ward and percentage of PICU admission for both Cohorts
are shown in Table 4.

Discussion

ASA is a life-threatening condition that can lead to death
in severe cases. Thus, it necessitates management in acute
care settings, such as ED or PICU. This study demonstrates
significant findings when compared to our previous report
that was published in 2003. Despite a decrease in the number
of asthmatics who were admitted to our pediatric ward, there
was a noticeable increase in the number of patients who
required PICU admission. The lack of significant increase in
other severity indicators, such as rate of PICU readmission,
complications, rate of intubation, or mortality, makes it difficult
to explain such increment in PICU admission based solely on
increased severity of the disease overtime. In addition, this
finding may indicate improvement in ED management of ASA,
leading to less in-patient admission, and only severe cases
were admitted. On the other hand, a lower threshold for PICU
admission might be a contributing factor to the increase in PICU
admission rate. A similar observation was reported by Hartman
et al. upon review of asthma cases at New Jersey. They found
a decrease in hospital admission by half but associated with
tripled rate of PICU admission.'” Both of our 2003 and 2013

Table 4: Average number of asthmatics yearly
admitted to ward and percentage of Pediatric
Intensive Care Unit admission for both Cohorts

Variable 2003 2013 P-value
Average admission to ward per year 195 165 <0.001
PICU admission-to-ward admission (%) 3.6% 20.3% 0.007
40%
35%
30%
25%
20% -8 2003
——2013

15%

10% -

O-lyears 1-2years 2-3years 3-6years 6-10years >10years

Figure 2: Percentage of age groups of asthmatic children admitted to the Pediatric
Intensive Care Unit for both Cohorts (2003, 2013)
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Cohorts, demonstrated similar peaks for PICU admission: First
peak during the second year of life and the second, relatively
higher peak, was among the preschool age group. However,
our current study showed a mean age of children requiring
PICU admission of 5.5 years, as compared to a mean of 3.6 years
in 2003 Cohort from our institution."® This may indicate a slight
shift toward higher age in children with ASA requiring PICU
admission. However, there is a need to evaluate this finding in
other Cohorts and centers across the region. On the other hand,
most of other recent studies reported mean or median age of
admission to PICU in the range of 6-11 years.!"”?

There were similar seasonal variation in both Cohorts,
with more ASA patients being admitted to PICU between
November and March, leading to peak admission rate during
fall and winter. Pendergraft et al. observed a similar increase in
hospitalization, ICU admission, and ED visit of asthma patients
during the winter. This is likely to be due to the increase in the
prevalence of respiratory viral infections, the most common
trigger for acute asthma exacerbation.??! In contrast, countries
without significant seasonal variation in climate showed
the unremarkable prevalence of asthma admission to PICU
during the winter season."” This study also demonstrates a
similar finding to the 2003 Cohort, where almost one-quarter
of our patients had previous PICU admission. Other studies
reported readmission to PICU in the range of 12-63% of
patients.["?%! Although results are variable, but readmission to
PICU with ASA may alert healthcare providers about possible
suboptimum outpatient follow-up and compliance. This is
further supported by our observation that less than half of
our current Cohort were prescribed inhaled steroid prior to
their study period admission, and only half of them had good
compliance. These were common findings among asthmatics
that required PICU admission in other published results.'#’]
Thus, such risk factors should be considered in the evaluation
of sick asthmatics. Implementation of educational programs
and efforts to improve compliance of asthma prophylaxis
may be an essential tool to improve outpatient follow-up and
medication compliance among these children. Other reported
risk factors included poor asthma control, parental history
of allergic disease, and the usage of steroids during the first
admission, and ventilation at admission.

In our study, the presence of hyperinflation and segmental or
lobar lung collapse were the most frequent findings on chest
radiographs. These findings correlate with the pathophysiology
of asthma, that includes increased airway resistance and mucus
plugs formation. Although routine radiologic evaluation is
not recommended for all acute exacerbation of asthma, it
remains an important diagnostic tool in these subgroup of
patients requiring PICU admission, to rule out complications,
such as air-leak syndrome or major lung collapse, or if other
diagnosis is considered. Narayanan et al. in a recent review of
patients, who were hospitalized for asthma reported that out
of 44% of patients who had chest X-ray, only 10% of patient
had modified treatment plan after the chest X-ray."*"

The lack of severity scores and vital signs in 2003 Cohort report
putsome limitations on interpreting the reported lower pH and
higher PCO, at PICU admission as compared to our current
Cohort. The improvement in blood gas findings in our current
Cohort may be partially due to having lower threshold for
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admission to PICU, or due to truly better initial stabilization
at ED in view of recent modification of management of
ASA 16111225]

Systemic steroids and inhaled salbutamol remained the cornerstone
in the management of ASA.B10%I All patients during the study
period from both Cohorts received both medications. Among
our current Cohort, we found that the majority of patients were
treated initially with continuous salbutamol nebulization rather
than intermittent doses, with no adverse complication reported.
Papo et al. has reported that the use of continuous salbutamol
nebulization showed improvement in outcomes and better cost
effectiveness than intermittent therapy.” However, the use of such
approach should be carefully accompanied by close monitoring
for potential side effects. Sarnaik et al. reported that diastolic
hypotension and tachycardia are dose-dependent side effects
of high dose B2-agonist, and may be associated with increased
troponin levels in high-risk patients, a marker of myocardial
injury.? In addition, transient intrapulmonary shunting associated
with f2-agonist therapy may contribute to arterial hypoxemia.”!

On the other hand, we observed changes in other therapies
in our current Cohort as compared to 2003 Cohort. These
changes included: Trends toward increased use of Ipratropium
bromide nebulization and intravenous salbutamol infusion.
Furthermore, we observed the emergence of intravenous
magnesium sulfate as a second-line treatment, with a significant
decline in the use of Aminophylline. These trends are
correlating with the changes in asthma management guidelines
during the 10 years period between the two Cohorts.#**" The
optimum intravenous bronchodilator has been an area of
debate, with concerns about effectiveness, safety, and cost. This
controversy has been a focus for many publications.®*! The
use of intravenous magnesium sulfate in ASA, when the initial
management fails, can reduce hospitalization and improve
outcome 2?3354 In contrast, use of methylxanthines in
treatment of ASA has decreased, probably due to lack of proven
superiority to intravenous magnesium sulfate or B2-agonist
in the literature, in addition to unfavorable side effects and
narrow therapeutic window.[**%414 Nevertheless, its use in
refractory cases is variably considered.¢43-4l

NIV was used in 35.8% of our patient. Its use was safe, and
none of our 2013 Cohort patients required invasive ventilation.
Furthermore, there was no associated complication or air leak
syndrome among these patients. The multivariate logistic
regression analysis for factors associated with NIV requirement
revealed: older age, the presence of lung collapse on chest X-ray,
and higher respiratory rate. In contrast, NIV was not used in
2003 Cohort. The main indication for its use is to improve the
work of breathing and facilitate gas exchange. Basnet et al.
published his prospective randomized controlled trial that
reported a safe profile and favorable outcome for asthmatic
children treated with NIV.H” Therefore, NIV became a popular
tool to minimize the need for tracheal intubation. However, in
severe and progressive cases, intubation and MV are inevitable.

In this study, we found that the PICU LOS of our patients
was variable, with a mean of 2.58 days. Although this may
indicate change toward slightly higher LOS as compared to
a mean of 2 days in 2003 Cohort, but this could be due to
skewed distribution curve with outliers. This assumption is
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supported by the fact that the two-third of patients stayed
for 2 days or less and the computed median for this Cohort
is 2 days. On the other hand, due to lack of severity scores in
2003 Cohort, it will be difficult to adjust LOS for the severity to
make it clinically meaningful. Nevertheless, despite using PICU
discharge criteria, it remains vulnerable to assessing physician’s
subjectivity. Our findings are consistent with reported LOS in
the literature in the range of 1-3 days.['7-202348]

The presence of air leak syndrome was observed in both
Cohorts upon admission before the initiation of treatment, and
they were probably related to the air trapping pathophysiology
and disease severity. Fortunately, all patients in both Cohorts
had a smooth recovery, without the need of intercostals tube
drainage. A previous study revealed that 8% of asthmatic
children admitted to PICU developed complications and needed
a longer stay. Bronchopneumonia, aspiration pneumonia,
ventilator-associated pneumonia, pneumo-mediastinum,
pneumothorax, and hemodynamic compromise were the most
encountered adverse events.[84

There was no mortality in both Cohorts from our institution.
The outcome of childhood ASA is relatively good, with low
mortality, ranging from 0% to 4%.2'8205051 The need for MV
has been significantly associated with higher mortality. Rampa
et al. described in hospital mortality of 4% for those with MV,
as compared to 0.03% for those without MV Furthermore,
delay in arrival to ED is consistently associated with increased
morbidity and mortality.[*”]

The limitation of our study lies mainly in the design of
retrospective analysis from a single center experience. However,
it highlights the changes over one decade in the population
and clinical management practices of ASA requiring admission
to PICU. Further prospective studies with larger number of
patients representing multicenter experience are recommended.

In summary, we observed slight shift toward older age for
children with ASA, who required admission to PICU, with
peak admission at fall and winter. Although the rate of ward
admission due to acute asthma has decreased, the rate of PICU
admission has considerably increased. The clinical course and
outcomes of patients with ASA, who required PICU admission
varied according to the severity. This study demonstrates
an increase in utilization of magnesium sulfate and NIV as
important modalities of treatment. On the other hand, there
is a significant decrease in the use of aminophylline in severe
asthmatics. This study also reports low rate of complications and
no mortality among these asthmatic children in our institute.
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