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Abstract Objective: To determine
the epidemiological features, course,
and outcomes of critically ill pediatric
patients with Influenza A (HIN1)
virus. Design: Prospective cohort of
children in pediatric intensive care
units (PICUs) due to Influenza A
(HIN1) virus infection.

Setting:  Seventeen medical-surgical
PICUs in tertiary care hospital in
Argentina. Patients: All consecu-
tive patients admitted to the PICUs
with influenza A (HIN1) viral infec-
tion from 15 June to 31 July 2009.
Measurements and main results: Of
437 patients with acute lower respi-
ratory infection in PICUs, 147 (34%)
were diagnosed with influenza A
(HINT1) related to critical illness. The
median age of these patients was

10 months (IQR 3-59). Invasive
mechanical ventilation was used in
117 (84%) on admission. The rate of
acute respiratory distress syndrome
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(ARDS) was 80% (118 of 147
patients). Initial non-invasive venti-
lation failed in 19 of 22 attempts
(86%). Mortality at 28 days was 39%
(n = 57). Chronic complex condi-
tions (CCCs), acute renal dysfunction
(ARD) and ratio PaO,/FiO, at day 3
on MV were independently associ-
ated with a higher risk of mortality.
The odds ratio (OR) for CCCs was

Introduction

Severe acute respiratory failure due to influenza A virus
(HIN1) is a newly recognized illness that has spread
quickly all over the world, and the morbidity and mor-
tality associated with this virus have caused international
concern.

In Argentina, 5,710 cases (both adults and children)
with 337 deaths were confirmed as of 31 July 2009 [1].
The outbreak began in June, which in this country is a
winter month when pediatric intensive care units (PICUs)
generally find their resources strained by a seasonal
increase in acute lower respiratory infection (ALRI). In
view of the impact of this illness in Mexico, it was
thought that the number of patients here would be even
greater than usual, and measures were taken to prepare
PICUs for the possibility of an epidemic. The effective-
ness of these measures, however, was potentially limited
by a lack of information on the incidence of severe
respiratory disease requiring mechanical ventilation (MV)
concurrent with the circulation of the HINI virus.
Though this information already existed for adult patients,
to this day it has still not been described in pediatric ICU
populations.

Faced with this situation, we decided to perform a
prospective multicenter study in order to characterize the
epidemiology, clinical aspects, and 28-day outcomes of
pediatric patients with influenza A (HIN1) admitted to
PICUs.

Methods
Study design

Anticipating that most patients admitted to PICUs with
influenza A HIN1 would probably need MV as well, we
decided to activate the protocol from a previous multi-
center study of the characteristics of ventilated children
during outbreaks of ALRI in 2007 and 2008 [2]. This
protocol had been reviewed and approved by the review
boards and ethical committees of all the participating

3.06, (CI 95% 1.36-6.84); OR for
ARD, 3.38, (CI 95% 1.45-10.33); OR
for PaO,/FiO,, 4 (CI1 95% 1.57-9.59).
The administration of oseltamivir
within 24 h after admission had a
protective effect: OR 0.2 (CI 95%
0.07-0.54). Conclusions:
dren with ARDS, HINI1 as an
etiologic agent confers high

mortality, and the presence of CCCs
in such patients increases the risk of
death.

Keywords Critically ill -
Influenza A (HIN1) -
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Mechanical ventilation - Survey

In chil-

hospitals. We were thus able to rapidly survey consecu-
tive critically ill pediatric patients with confirmed
influenza A (HIN1) admitted to 17 PICUs from 15 June
to 31 July 2009 (Fig. 1).

Confirmed influenza A (HIN1) was defined as an
individual with the symptoms of suspected cases [3] with
confirmation by real-time reverse polymerase chain
reaction. We defined critically ill patients as those
admitted to the PICUs and requiring invasive or non-
invasive MV, fraction of inspired oxygen (FiO,) on face
mask greater than or equal to 60%, and/or administration
of intropic or vasopressors.

Study site personnel entered the data into an Internet
database, and these data were then sent to the coordinat-
ing center in Buenos Aires where they were checked daily
during the study period by the coordination center team
(JAF, AF, EM, PA), which identified and corrected
omissions and inconsistencies.

Data on age, weight, and sex were collected for each
patient diagnosed with influenza A (HIN1). The PIM II
score was used to evaluate the severity of illness upon
admission to the PICUs [4]. Prematurity, presence of
complex chronic conditions (CCCs) [5], the acquisition of
HIN1 (community or nosocomial), and the presence of
co-infections (defined as positive microbial culture
obtained in blood or pleural effusion or bronchial aspi-
ration samples during the first 24 h after admission to a
PICU, and/or positive indirect immunofluorescens to
other viral agents) were also registered. Dates of hospital
and PICU admissions, dates of initiation of MV (invasive
or non invasive), and liberation from MV were recorded
in due time. For each of the first 28 days after a patient’s
admission to the PICU, physiological markers of organ
dysfunction, ventilatory parameters, X-rays, blood gases,
and treatment-related variables were also registered. All
of these variables included: mode of ventilation, FiO,,
positive end expiratory pressure, peak airway pressure,
plateau airway pressure, mean airway pressure, and
adjuncts to MV such as prone positioning, inhaled nitric
oxide, or extra-corporeal membrane oxygenation
(ECMO). Daily arterial blood gas values included pH,
PaCO,, PaO,, and oxygen saturation. When multiple
daily measurements were performed, those closest to
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Fig. 1 Identification of infants
and children who would be

437 Acute respiratory failure due to Acute Lower Respiratory Infection

eligible for studies of severe
acute respiratory failure by
HINT influenza A across 17

pediatric ICUs from 15 June
2009 to 31 July 2009. *RSV
respiratory syncytial virus
181
18
11

RSV *

Seasonal Influenza A
Parainfluenza
Adenovirus

Bacteria

Others

Total

36
38
290

Mechanical ventilation
PICU Mortality; n (%)

Invasive Non invasive
169 15 24(13)
12 1 2(11)
10 1 --
6 0 2(33)
23 -- 5(14)
27 8 3(8)
247 25 36 (14.6)

57 (39 %) died

147 patients were admitted to PICUs with confirmed Influenza A (HIN1)

139 ventilated children requiring invasive
and non invasive mechanical ventilation

8 none required mechanical ventilation
during PICUs stay and were discharged to
hospital alive

0800 hours were recorded. The presence of barotrauma,
previously defined, was documented [6]. Acute respira-
tory distress syndrome (ARDS) was defined according to
the American-European Consensus Conference on ARDS
[7], and ventilator-associated pneumonia was defined
using the criteria of the CDC [8]. Sepsis and organ dys-
functions were defined according to the International
Consensus Conference on Sepsis in Pediatric Patients [9].
Specific treatments were recorded, including the admin-
istration of oseltamivir, inotropic or vasopressor drugs,
and antibiotics. The primary outcome was mortality at
28 days after admission to the PICU.

Statistical analysis

Data are shown as mean and standard deviation, median
with the interquartile range (IQR), and proportions as
appropriate. All categorical variables were analyzed with
the chi-square test, except where small sizes required the
use of Fisher’s exact test. The comparison of continuous
variables was made with the Student’s ¢ test for variables
with normal distribution or the Mann-Whitney U test for
variables with non-normal distribution. The Kruskal-
Wallis test was used to compare continuous variables
among more than two groups. Multivariate logistic-
regression analysis was used to identify factors indepen-
dently associated with mortality, and stepwise selection
and backward elimination techniques were used to con-
struct the multivariate model. We included the following
variables that were significant in the univariate analysis:
hospital acquisition of HIN1, presence of at least one

chronic condition, presence of cardiovascular, renal, or
hematological dysfunctions, use of oseltamivir within the
24 h of hospital admission, and a PaO, to FiO, ratio at the
3rd day of less than 100 (we chose this cutoff point because
a previous study showed that a PaO, to FiO, ratio value of
<100 was that which could best be used to discriminate
between surviving and non-surviving mechanically venti-
lated pediatric patients [6]). Goodness of fit was
determined using the Hosmer-Lemeshow statistic. A two-
sided p value below 0.05 was considered statistically sig-
nificant, except in the multivariate model, where a p-value
of less than 0.01 was considered statistically significant.

Results

Characteristics of the population

During the study period, 437 critically ill patients with
acute respiratory failure due to ALRI were admitted to the
participating PICUs, and 147 of these (34%) were con-
firmed cases of influenza A (HIN1). The median number
of patients with ALRI admitted to each PICU was 24
(IQR 15-39), of which the median number of patients
with confirmed influenza A (HIN1) was 5.5 (IQR 4-11).

Ventilatory requirements

MYV was used in 139 (94%) of the patients with confirmed
influenza A (HINI1). One hundred seventeen (84%)
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Table 1 Comparison of the

: ot Survivors at 28 days Non-survivors at 28 days p Value
g&?br;v%l;irz%eﬁf)t:::u(r)f,ivors after PICU admission after PICU admission
upon admission to the PICUs (n = 90) (n = 57)

Age, median (IQR) 9 (3-36) 15 (4-70) 0.26

Weight, kg, median (IQR) 7.3 (5-14.2) 8.9 (4.9-20) 0.83

Sex, female/male, n (%) 34 (38)/56 (62) 28 (49)/29 (51) 0.17

PIM 2 score, median (IQR) 7 (3.6-11.8) 12.9 (6-44) <0.01

Nosocomial acquisition; n (%) 13 (15) 16 (28) <0.043

At least one complex chronic 34 (38) 34 (59) <0.01

condition, n (%)

Complex chronic condition, n (%)

Neuromuscular 12 (13) 12 (21) 0.21
Cardiovascular 5(12) 5(13) 0.45
Renal/metabolic - 2 (3.5) -
Respiratory 10 (11) 6 (10.5) 0.91
Genetic defect 303) 509) 0.26
Malignancy-immunodeficiency 44 4 (7 0.7

Multiple complex chronic 10 (11) 7 (12) 0.82

conditions, n (%)

Ex-premature, n (%) 7 (8) 6 (10.5) 0.56
ggrg;ﬁizaggg?gz;?;eﬁst?znd Survivor at 28 d.ay.s Non-survivors at 2.8 days p Value
outcomes of survivors and non- after PICU admission  after PICU admission
survivors (n = 90) (n = 57)

Complications during PICU stay; n (%)

Cardiovascular dysfunction 48 (55) 46 (77) <0.01
Hepatic dysfunction 5 (6) 7 (12) 0.21
Renal dysfunction 10 (11) 20 (35) <0.01
Hematologic dysfunction 6 (7) 16 (28) <0.01
Barotrauma 11 (13) 16 (28) 0.03
Ventilation-associated pneumonia 15 (17) 13 (23) 0.54

Acute respiratory distress syndrome 59 (65) 53 (93) <0.01

Treatments; n (%)

Antibiotic 89 (99) 54 (95) 0.3

Oseltamivir 83 (92) 52 91) 1

Oseltamivir <24 h 77 (86) 39 (68) 0.01

Inotropes or vasopressors 56 (62) 49 (86) <0.01

Outcomes; days, median (IQR)

Length of mechanical ventilation 11.5 (6-22) 8 (3-15) 0.01

Length of stay in the hospital 19 (13-31) 12 (5-19) <0.01

Length of stay in the PICU 12 (8-25) 8 (3-15.5) <0.01

received invasive MV and 22 (16%), NIV. Of these, 19
(86%) subsequently received invasive MV. Prone position
and high frequency oscillatory ventilation were employed
in 50 and 11 patients, respectively. None of the patients
received inhaled nitric oxide, and only two were given
extra-corporeal membrane oxygenation.

Seventy-nine patients were weaned from MV. The
methods most frequently used were the spontaneous
breathing trial (SBT) and the gradual reduction of venti-
latory support (GRVS). The SBT (T-piece, pressure
support <10 cm of H,O or CPAP = 5 cm H,0) was used
in 58 patients (73%) and GRSV in 6 patients (7%). The
overall rate of reintubation was 24% (19/79). Reintubated
patients had higher mortality than successfully extubated
patients: 16 versus 2%, p = 0.04.

Comparison between survivor and non-survivors
(Tables 1, 2)

The PIM score was significantly higher in non-survivors
(22.8 & 22 vs. 10.6 £ 11.3, p = 0.01), as was also the
incidence of nosocomial acquired HIN1 influenza A (28
vs. 15%, p = 0.04). The rate of co-infections for the
whole population upon admission was 34% (50 out of 147
patients), and there were no differences between the two
groups. The agents most frequently isolated were respi-
ratory syncytial virus (48%), Staphylococcus aureus
(10%), Streptococcus pneumoniae (6%), and Haemophi-
lus (6%).

We also found that the rate of at least one CCC in the
group of non-survivors was higher than in the survivor
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Table 3 Ventilatory parameters during the first 15 days of MV, median [interquartile range (IQR)]

Day 15

Day 7

Day 3

Day 1

p Value

Non-survivors

p Value Survivors

Non-survivors

p Value Survivors

Non-survivors

Non-survivors ~ p Value Survivors

Survivors
n =80

28

58

43

75

56

0.29

28.5 (25-34.5) 385 (33.7-45) <0.01 26 (22.2-30.5) 35 (16.5-41)

<0.01

34 (27.5-41)

30 (25-33)

0.10

33 (28-39.2)

32 (25-35.2)

eak inspiratory

pressure (cm H,0)

Plateau pressure

23

0.

24 (20.2-27.7) 32.5 (18.7-38.2)

32.5 (28.2-39.7) <0.01

<0.01 25 (22-30) 32 (28-37.7) <0.01 26 (20.7-30)

32 (28-36)

29 (23-32)

(cm H,0)
Mean airway pressure

12 (10-15) 21 (19-23) <0.01 13 (10-15) 19.5 (15.7-21.5)  0.06

<0.01

20 (15-23)

<0.01 125 (10-14)

20 (14.5-22)

12 (9.7-15)

(cm H,0)
Applied positive end

<0.01

14 (11.5-15)

<001 7.5 (5-9.7)

13 (8.7-15)

<0.01 8.5 (5-10)

12 (8.5-13)

<0.01 7 (5-10)

10 (7-12)

7 (5-10)

expiratory pressure

(cm H,0)
Pa0, to FiO,

<0.01

60 (50-118)

38 (32-40)

7.40 (1.33-7.44) 7.28 (7.26-7.39)

164 (130-220)

<0.01

85 (52-120)
25 (11-43)

144 (118-181)

<0.01 150 (100-202) 85 (57-114) <0.01
25 (12-41)

80.5 (63-122)

121.5 (101-169)

0.01
0.05
0.

5 (4-12)

<0.01

8 (5-15)
7.40 (1.36-7.42) 7.35 (7.32-7.38)

58 (50-62)

<0.01

9 (5.5-11)
7.37 (1.30-7.41) 7.27 (1.22-7.40)

<0.01
50 (41-65)

27 (16-35)

9 (7-13)
733 (7.25-7.40) 7.27 (7.20-7.38)

48 (42-62)

Oxygenation index

pH

0.10
0.95

0.10

0.57

0.15
0.

76 (68-87) 02

50 (44-0.56)

45 55 (43-66) 58 (45-64)

57 (38-74)

PCO, (mmHg)

group (59 vs. 38%, p = < 0.01). There was a high rate of
ARDS in the entire population (80%), and this condition
was more frequent in non-survivors: 93 versus 65%
(p = <0.01). These patients also had a lower ratio of
PaO, to FiO, in the first 15 days of MV and needed
higher inspiratory pressures (peak and plateau), applied
PEEP, and mean airway pressure, (Table 3). The rates of
renal, cardiovascular, and hematological dysfunctions
were significantly higher in non- survivors.

More patients in the non-survivor group needed ino-
tropic infusion (86 vs. 62%, p = < 0.001). In this group,
39 (68%) received oseltamivir within 24 h after admis-
sion to the hospital, while in the survivor group the
number was 77 (86%) p = 0.01, and the medians of the
lengths of MV, PICU, and hospital stays were higher.

The mortality rate for influenza A (HIN1) patients
admitted to the PICUs was 39% (57/147). The most
common causes of death were refractory hypoxia in 27
patients (47%), followed by multiple organ failure (16/
57:28%) and refractory septic shock (11/57:19%). Of
those patients who died of refractory hypoxia, 16 (59%)
were ventilated in prone position, and 6 (22%) received
HFOV. Both of the two patients on ECMO for refractory
hypoxia after receiving HFOV died of multiple organ
dysfunctions. In all those patients who died or were dis-
charged alive, four factors were found to be independently
associated with mortality: CCCs [odds ratio (OR) 3.06, CI
95% 1.36-6.84, p < 0.01)]; acute renal dysfunction (OR
3.88, CI 95% 1.45-10.33, p > 001); ratio PaO, to FiO2
<100 at day 3 on MV (OR: 4, C195% 1.7-9.59, p < 0.01;
the administration of oseltamivir, which had a protective
effect when administered within 24 h after hospital
admission (OR 0.20, CI 95% 0.07-0.54; p < 0.01). A
Hosmer-Lemeshow test showed that the data were well
fitted for the model (p = 0.82).

Discussion

This prospective and multicenter study presents the
largest cohort to date of critically ill pediatric patients
with confirmed influenza A (HIN1) infection in the 2009
pandemic in South America. It describes the epidemiol-
ogy, clinical features, and mortality-associated risk
factors of the sickness in children in PICUs.

Our study shows that most patients (94%) admitted to
PICUs with influenza A (HIN1) were submitted to MV.
The use of NIV was unsuccessful in 19 of 22 (86%)
attempts, and this corroborates the scarce evidence of the
usefulness of NIV in ARDS [10, 11]. The rate of utili-
zation of MV reported in adult patients with this infection
varies from 65 to 96% [12-14]. In Australia and New
Zealand, the ANZIC Influenza Investigators recently
found that 456 of 706 (65%) adult patients underwent MV
[12], and in Mexico, Dominguez-Cherit et al. [14] have
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reported an even higher rate of 96% (56 out of 58) in
adults, a rate that is similar to that of the children in our
study. Such figures give us reason to fear that, at least in
winter, this illness could result in a worrisome strain on
the resources of PICUs.

The overall mortality rate of 39% in this study is
higher than that reported for pediatric ARDS, and it is
evident that the most common cause of death is not multi-
organ dysfunction or septic shock but rather refractory
hypoxia. Of 147 patients with severe acute respiratory
failure during their PICU stay, 118 (80%) met the criteria
for ARDS. Hence, the non-survivors had more serious
lung injury, characterized by a lower PaO,/FiO, ratio and
a higher oxygenation index. The mortality rate of pedi-
atric patients with HIN1 infection is clearly higher than
the rate for those with ALI of other causes [15, 16]. Our
findings are comparable to previously reported rates of 42
and 50%, respectively, of ventilated children with HIN1
infection [17, 18], though a recent Canadian study has
reported a lower mortality rate of almost 8% [13]. These
differences in mortality rates could be well explained, at
least in part, by the fact that the studies were carried out in
different seasons of the year and had different inclusion
criteria that might have been reflected in the incidences of
ARDS and the use of MV.

Patients more seriously ill upon admission with a
higher PIM score made up the majority of non-survivors.
Many of the patients in our study had histories of CCCs.
Of the non-survivors, these conditions were present in 34
(59%). Although this rate is lower than those reported for
adult patients, which vary from 50 to 90% [19-21], as
well as those reported for children, which vary from 67 to
T7% [17, 22], it is nonetheless clearly associated with
higher mortality. Influenza A (HIN1) infection-related
acute renal dysfunction has been said to affect up to 38%
of mechanically ventilated adult patients [23-25], 90% of
whom require renal replacement therapy [24, 25]. As we
reported in another study, acute renal dysfunction (ARD)
is an independent factor associated with lower survival in
ventilated pediatric patients [6]. ARD in ICUs is seen less
frequently in children than in adults, and this study, not
unexpectedly, shows a lower need for renal replacement
therapies.

There are some studies on adults and children in
ambulatory settings reporting reduced intensity and/or
duration of symptoms after the administration of oseltam-
ivir in avian influenza [26] and influenza A or B [27-30],
but this benefit was found to be very small in a meta-
analysis that included three randomized controlled trials
[31]. In critically ill adults with influenza A, treatment with
oseltamivir was associated with a significant reduction in
mortality [32]. Our study shows a positive impact in
patients receiving the drug within 24 h of hospital admis-
sion. Nevertheless, this finding should be taken with
caution since our study was not designed to evaluate the
effectiveness of oseltamivir in HIN1 patients.

Libster and coworkers [33] have recently reported the
epidemiological aspects of HINTI infection in pediatric
patients in Argentina. Our present study complements
their findings by providing a more complete picture of the
course of this illness in the PICU with a much larger
cohort of critically ill patients (147 vs. 47) in a greater
number of PICUs (17 vs. 5). Since only three of the PI-
CUs that participated in the Libster study were included
in this study, any possible overlap between the two
studies is minimal. Both studies show similar rates of MV
utilization (89% in [33] vs. 94%) and different mortality
rates in spite of lacking statistical significance (29% in
[33] vs. 39%). It is worth noting that both of these rates
are much higher than the mortality rates for seasonal
influenza.

Summary

When mechanical ventilation is necessary in critically ill
HINI1 infants and children, it is best to use invasive MV
at the onset. Mortality is high in children with severe
acute respiratory failure due to influenza A (HIN1). The
risk of death is higher in pediatric HIN1 patients with a
history of CCCs.
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