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NEONATAL AND PEDIATRIC INTENSIVE CARE

Acute hypoxemic respiratory failure
in children: case mix and the utility
of respiratory severity indices

Abstract Objective: Acute hypoxe-
mic respiratory failure (AHRF) is a
common reason for emergency pe-
diatric intensive care. An objective
assessment of disease severity from
acute physiological parameters
would be of value in clinical practice
and in the design of clinical trials.
We hypothesised that there was a
difference in the best early respira-
tory indices in those who died com-
pared with those who survived.
Design: A prospective observational
study of 118 consecutive AHRF ad-
missions with data analysis incorpo-
rating all blood gases.

Seiting: A pediatric intensive care
unit in a national children’s hospital.
Interventions: None.

Results: Mortality was 26/118, 22 %
(95% confidence interval 18-26 % ).
There were no significant differenc-
es in the best alveolar-arterial oxy-
gen tension gradient (A-aDO,,
torr), oxygenation index (OI), ven-
tilation index {VT}, or PaO,/FI0O,
during the first 2 days of intensive
care between the survivors and non-
survivors. Only the mean airway
pressure (MAP, cm H,O) used for
supportive care was significantly
different on days 0 and 1 (p < 0.05)

Introduction

Acute hypoxemic respiratory failure (AHRF) remains a
common reason for emergency pediatric intensive care.,
Even with currently available ventilatory support it re-

with higher pressure being used in
non-survivors. Multiple logistic re-
gression analysis did not identify any
gas exchange or ventilator parame-
ter independently associated with
mortality. Rather, all deaths were
associated with coincident patholo-
gy or multi-organ system failure, or
perceived treatment futility due to
pre-existing diagnoses instead of
unsupportable respiratory failure.
When using previously published
predictors of outcome (VI > 40 and
OI > 40; A-aDO, > 450 for 24 h;
A-aDQO, > 470 or MAP > 23; or
A-aDO, > 420) the risk of mortality
was overestimated significantly in
the current population.

Conclusion: The original hypothesis
was refuted. It appears that the
outcome of AHRF in present day
pediatric critical care is principally
related to the severity of associated
pathology and now no longer solely
to the severity of respiratory fail-
ure. Further studies in larger series
are needed to confirm these find-
ings.
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tains a significant morbidity and mortality with one sub-

group, those with acute respiratory distress syndrome

(ARDS), having a mortality rate of 40-75% [1-6].
However, it has also been suggested that much lower
mortalities (< 10%) may occur in specific conditions
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such as respiratory syncytial virus-related ARDS [7]. In
this setting, promising new interventions, including per-
missive hypercarbia, exogenous surfactant, inhaled ni-
tric oxide, high frequency oscillatory ventilation, extra-
corporeal membrane oxygenation and perfluorocar-
bon-assisted gas exchange have been described with
the purpose of ‘rescuing’ potential survivors from severe
pathology. In order to evaluate effectively such thera-
pies, clinical trials have adopted assessments of disease
severity for patient recruitment. Such an approach is
based on the hypothesis that the initial magnitude of
acute severe physiological derangement equates with
subsequent mortality. Thereby warranting the experi-
mental intervention as well as providing a measure for
verifying the similarity between treatment patients and
control patients.

Our experience from a retrospective study of chil-
dren with severe AHRF [8] questioned the usefulness
of the previously reported respiratory predictors of out-
come [2-5]. Rather, in common with Sarnaik and col-
leagues [9], who found in their pediatric study that re-
sponse to an intervention better predicted intensive
care outcome, we reported that greater improvement
in oxygenation to an intervention (a standard dose of in-
haled nitric oxide) was associated with improved out-
come [8]. This suggests that with current clinical exper-
tise, a test of potential ventilation-perfusion mismatch,
shunt and lung injury reversibility is a more appropriate
predictor of outcome than the status prior to any inter-
vention. In an individual patient, such a response to in-
tervention should be indicated by their best, rather
than worst, measure of gas exchange. Therefore, the
purpose of the present prospective, single institution
study of AHRF in children was to assess whether the
best, early respiratory indices in non-survivors were sig-
nificantly different from those who survived.

Patients and methods

Approval for this observational study was obtained from our insti-
tution’s Ethics Committee and patient data was stored according
to the requirements of the Data Protection Act. Between August 1
1995 and March 31 1997, all children older than 1 month and less
than 16 years of age admitted to our Pediatric Intensive Care Unit
(PICU) were eligible for inclusion in this prospective study. Inclu-
sion criteria were modified from the American-European Consen-
sus Conference diagnostic criteria for ARDS [10]: a) acute onset of
respiratory failure over less than 48 h, b) evidence of a severe de-
fect in oxygenation (arterial oxygen tension to fraction of inspired
oxygen ratio (PaO,/FI10,) of less than 200 mm Hg) for at least six
consecutive hours on the day of PICU admission, ¢) no evidence
of left atrial hypertension and d) four quadrant interstitial shadow-
ing on chest X-ray. Children without the characteristic chest X-ray
appearances of ARDS, but meeting the other criteria for ARDS,
were described as cases of AHRE.

Details of the patients’ acute diagnoses as well as any underly-
ing conditions were recorded. An electronic patient charting sys-

tem (CareVue, Hewlett Packard) was reviewed daily and ventila-
tor and physiological parameters recorded and stored on a sepa-
rate data base. Every blood gas analysis performed throughout
the patients’ admissions was reviewed and the oxygenation index
(OI = mean airway pressure (MAP) x FIO,/PaQ,), alveolar-arteri-
al oxygen tension gradient (A-aDQO,), PaO,/FI1O, ratio and ventila-
tion index (VI = respiratory rate x PaCO, x peak inspiratory pres-
sure / 1000) were calculated for each blood gas measurement.
Analyses carried out used the best value obtained over the period
under assessment. For the comparison with previously reported
studies [2-5] every blood gas was reviewed and the respective
study criteria applied for patient selection.

The ventilatory strategy employed in these patients was one of
permissive hypercarbia (target PaO, < 8 Kpa, provided pH
> 7.25) with limitation of peak inspiratory pressure (< 35 cmH,0)
while employing high MAPs to ensure maximum lung volume re-
cruitment via the use of peak end expiratory pressure and inverse
inspiratory : expiratory ratios. High frequency oscillatory ventila-
tion was employed if oxygenation was inadequate with a MAP of
20 cmH,O or greater. The use of inhaled nitric oxide therapy
throughout the last 12 months of the study was controlled by an in-
stitution approved multi-center randomisation protocol. Extra-
corporeal membrane oxygenation was employed when no stability
could be achieved with the above techniques. Death or survival to
discharge from the PICU were the end points of the study. In chil-
dren who died, the mode of death was recorded: failed resuscita-
tion, limitation or withdrawal of support or brain death. The clini-
cal course of patients with AHRF was categorised according to
the severity of disrupted gas exchange and whether or not im-
provement occurred within 3 days.

The data were stored in a Microsoft Access 2.0 data base and
analysed with Microsoft Excel 7.0 and statistical software (Statisti-
cal Package for Social Sciences 6.13. SPSS Inc.). Comparisons be-
tween non-survivor and survivor data were performed with an in-
dependent sample ¢-test after transformation to normality if re-
quired. Multiple logistic regression analysis was performed against
survival for a range of respiratory parameters from days 0, 1 and 2
in those patients with available data for those days. Parameters
found to be significant in the univariate analysis were tested as
well as those indices previously suggested to be associated with
outcome from ARDS or AHRF [2-5]. In addition, age, weight,
multi-organ system failure (MOSF) score [11] and the presence of
underlying immunodeficiency were also tested in the model. Beta
coefficients from significant independent predictors were convert-
ed to adjusted odds ratios with 95 % confidence intervals. Compar-
ison with published series [2-5] included a meta-analysis of report-
ed results, calculation of the likelihood ratio for a positive test re-
sult, and the two-sample test for proportions.

Resuits

Out of 850 admissions to the PICU, 118 patients were
admitted with AHRF over the 20 months of the study.
The median age was 9 months (range 1-167 months),
and weight 43 kg (1-53 kg). The median length of
PICU stay was 8 days (range 0-80 days). The PICU
mortality was 39/732, 5% (95% confidence interval
4-7%) in the non-AHREF cases, and significantly great-
er in the AHRF cases, 26/118, 22% (14-30%, p <
0.001). One patient with AHRF died within 6 h of ad-
mission, having been inappropriately intubated and re-
suscitated: since treatment was limited from the time of
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Fig.1 PaCO, and mean airway pressure (MAP) (median + inter-
quartile range) versus study day for survivors and non-survivors

admission, his respiratory indices data were excluded
from analysis. Fifty-two children who fulfilled the full
criteria for ARDS in addition to AHRF had a signifi-
cantly higher mortality in comparison to the non-
ARDS, AHREF patients: 36.5% (19/52) and 10.6%
(7/66), respectively (p < 0.001).

The ventilatory strategy in these patients is reflected
in the group median PaCO, and MAP for survivors and

Table 1 Univariate analysis of respiratory parameters and surviv-
al. The best daily respiratory parameters are analysed for each of
the first 3 days of admission and values are expressed as mean
(95% confidence interval). (S survived; D died, A-aDO, alveolar

non-survivors for each day of the study (Fig.1). Non-
conventional or specialised intensive care treatments in-
cluded extra-corporeal membrane oxygenation (4 cases,
1 death), high frequency oscillatory ventilation
(25 cases, 9 deaths), artificial surfactant (15 cases,
4 deaths) and intention to use nitric oxide (38 cases,
12 deaths).

Outcome and acute physiological disturbance

The range of physiological parameters most widely sug-
gested to be associated with outcome are shown as a uni-
variate analysis (Table 1) for the day of admission
(day 0), and the subsequent two complete days on the
PICU. On days 0 and 1 the eventual survivors do not
differ significantly from non-survivors in terms of early
A-aDO,, PaO,/FI10,, OI or VI (when using the best val-
ues from all blood gases over the particular time period).
By day 2, however, the A-aDO, just reached significance
(p = 0.05). Although it should be noted that up to this
time there had been significant attrition in patient num-
bers with nine of the patients present on day 0 not surviv-
ing and seven others improving to extubation, and there-
fore beyond the need for blood gas monitoring. In rela-
tion to the ventilatory parameters, there were significant
differences between survivors and non-survivors in the
maximum MAP employed on day 0 and day 1, and the
highest peak inspiratory pressures employed on day 0.

In stepwise multiple logistic regression analysis, best
and worst gas exchange parameters (A-aDO,, PaO,/
FI10,, OI, VI, PaCO,, peak inspiratory pressure, posi-
tive end expiratory pressure and MAP) were not inde-
pendently associated with poor outcome on days 0, 1 or
2 of admission. The findings were not altered by correc-
tion for age, weight, MOSF score or the presence of im-
munodeficiency. The association between ARDS and
increased mortality noted on univariate analysis was
not significant when corrected for the presence of
MOSF score = 2.

arterial oxygen gradient (mm Hg), OI oxygenation index, VI venti-
lation index, PIP peak inspiratory pressure (cmH,0), PEEP posi-
tive end expiratory pressure (cmH,0), MAP mean airway pressure
(cmH,0))

Day 0 1 2

Outcome S D pvalue S D pvalue S D p value
n 91 26 90 20 84 17

A-aDO, 234 (159-335) 263 (197-234) 0.42 146 (94-243) 207 (137-324) 025 151 (75-233) 205 (137-362) 0.05
PaO,/FI10, 170 (112-240) 145(99-272) 0.60 203 (148-300) 147 (105-303) 0.70 217 (154-297) 178 (86-281) 0.25
Ol 6 (6-18) 9 (5-15) 0.33 6 (4-9) 9 (5-13) 0.28 6 (4-9) 12 (6-14) 0.09
VI 23 (16-31) 24 (19-49) 0.84 18 (11-27) 21 (14-37) 0.13 21 (10-27) 22 (19-32) 0.47
PIP 30 (26-34) 34 (30-38) 0.01 29 (25-32) 31 (27-34) 0.35 28 (23-31) 27 (25-30) 0.33
PEEP 6 (5-8) 8 (5-10) 0.20 7 (6-8) 6 (6-10) 0.18 7 (6-8) 6 (5-9) 0.88
MAP 14 (11-16) 18 (15-21) 0.05 15 (12-18) 17 (16-20) 0.05 14 (11-17) 15 (12-19) 0.15
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Fig.2 Mortality by acute diagnosis precipitating admission (up-
per) and by pre-existing or underlying diagnosis (lower). (MOSF
multiple organ system failure (= 2 systems failing) and ex-prema-
ture babies (< 31 weeks gestation at birth)). The numbers of pati-
ents in each group are in parentheses. Comparisons have been
made between the diagnostic groups and the rest of the population
(*p<0.01)

Outcome in relation to diagnosis

The acute diagnosis associated with admission and the
mortality in each category is shown in Fig.2 as well as
the underlying or associated diagnosis. The presence of
MOSF (score = 2) was the only pattern of acute diag-
nosis associated significantly with death: 45 % mortality
rate (18/40) with an odds ratio (95 % confidence inter-
val) of 4.4 (1.5-13.5). Of special note is the favorable
outcome for previously healthy children with only
3 deaths from 34 cases (9.6 % ) compared with the 23/83
(27.7%) in cases with pre-existing disease (p < 0.001).
As with previous reports {1, 4-6], the outcome for im-
munodeficient children who develop AHRF was signifi-
cantly worse than for the rest of the study population:
13 deaths from 29 cases (45 %) versus 13 deaths from
89 cases (15%), p < 0.001; odds ratio 3.1 (95% confi-
dence interval 1.1-8.0). In the stepwise multiple logistic
regression analysis, adjustment for gas exchange param-
eters (A-aDO,, PaO,/FI10,, Ol, VI, PaCO,, peak in-
spiratory pressure, positive end expiratory pressure and
MAP) did not alter the association of MOSF and immu-
nodeficiency with non-survival.

Outcome and clinical course

The clinical course of patients with AHRF was categor-
ised according to the severity of the disruption of gas ex-
change. Using the best daily A-aDO, (but the classifica-
tion is identical if PaO,/FIO, or OI are used), five dis-
tinct patterns of AHRF were identified (Fig.3). Survi-
vors follow one of three clinical patterns: a course of
mild disease only (pattern A: n =45), early improve-
ment within 3 days (pattern B: n = 23) or later improve-
ment longer than 3 days (pattern C: n = 24). Non-survi-
vors die with persistent, severe, hypoxemic, respiratory
failure (pattern D: n = 17) or during or following resolu-
tion of AHRF (pattern E: n = 9).

The majority of deaths occur in children with persis-
tently severe abnormal gas exchange (pattern D). Of
these children, none were previously healthy (ten were
immunodeficient, three were ex-premature infants and
the others had inherited metabolic disorders or major
chromosomal abnormalities). Further, only six of these
patients died whilst receiving full supportive treatment
including cardiopulmonary resuscitation, the remainder
had either support withdrawn (4/17) or a limitation of
intensive care therapy (7/17) because of the severity of
the associated conditions or co-incident organ failure.
Therefore only six cases with AHRF reached a point of
unsupportable respiratory failure, and none of these
were previously normal children. The other children
who died (pattern E) most frequently did so from severe
cerebral injury (5/9 from brain death including the three
previously normal children who died) with the other
four cases having supportive treatment withdrawn or
limited because of the severity of associated diseases.

Discussion

The principal observation in this preliminary report of
AHREF in children is that associated or underlying diag-
noses — case mix — have significant bearing on popula-
tion outcomes. Not surprisingly, children meeting crite-
ria for ARDS had a poorer outcome. Further, when us-
ing a defined ventilatory strategy, which in our practice
emphasises permissive hypercarbia and lung volume re-
cruitment, severity of ventilatory parameters (i.e., high
MAP) rather than indices of gas exchange, reflected
better the likelihood of poor outcome. Most important-
ly, where the acute physiological parameters fail to dif-
fer between good and poor outcome patients, we pro-
pose that the presence of severe pre-existing disease or
associated pathology, rather than severity of respiratory
failure alone is associated with outcome in modern pe-
diatric practice. This hypothesis should be tested in a
larger series since, although we recruited 118 patients,
there were only 26 deaths on which many of our conclu-
sions are based.
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Fig.3 Five patterns (A-F) of
evolving clinical course of
AHREF identified by the serial
best daity PaO,/FIO, (best
PaO,/FIO, — upper traces) and
serial best daily alveolar-arteri-
al oxygen tension gradient (best
A-aDQO, - lower traces) in sur-
vivors (left) and non-survivors
(right). The median of each
group is plotted, as well as the
upper or lower interquartile
ranges. The total numbers of
patients in each group, as well
as those with multiple organ
system failure (= 2 systems 0 v

Best PaO2 /FiO2

Non-survivors

Survivors

failing) - MOSF - or immuno-
deficiency (ID) are shown in
parentheses

Best A-aDO2

—0— A (45): MOSF (7), ID (2)

ceeef\eee-

Comparative assessment of respiratory indices

Comparisons with previously published respiratory pre-
dictors of outcome from studies of AHRF and ARDS in
childhood are shown in Table 2. None of the proposed
physiological correlates of outcome were applicable to
our series. Reviewing every blood gas and applying the
published criteria we found in each case. the predictor
overestimated our patients’ risk of mortality, excepting
the very severe criteria from the Melbourne study in
1991, which used a peak inspiratory pressure greater
than 40 cmH,0 and A-aDQO, more than 580 mmHg
[4]. These were rarely achieved in our population
(7 cases) and hence the confidence intervals remain so
wide (18-90%) that no useful conclusion could be
drawn.

The largest study of pediatric AHRF [6], a multi-cen-
ter retrospective study including 470 cases from 1991,
identified an association between acute respiratory
physiological disturbance and outcome. However, chil-

B (23): MOSF (7), ID (6)

3 4

3 4 5 6 7
Days

o -
*
|
<
—
[ S

Days
—&— D (17): MOSF (11), ID (10)

....... @ E (9): MOSF (7), ID (3)

C (24): MOSF (8), ID (8)

dren who became brain dead or had treatment with-
drawn because of perceived treatment futility — in the
setting of severe neurological insult — were excluded
from the subsequent analysis. Such an approach (includ-
ed because the study was principally designed to identi-
fy extra-corporeal membrane oxygenation candidates)
would have excluded from our analysis all the normal
children who died. Since brain injury is a possible com-
plication of severe hypoxemia or the disease processes
that initiated hypoxemia, our view was that these pati-
ents should be included in our attempt to identify fac-
tors associated with outcome.

The difference between our current findings and
those of scores or predictors identified in the late 1980s
and early 1990s may, in fact, relate to a fundamental
change in ventilatory strategy. As shown in Fig.1, our
median PaCO, was 6-8 kPa instead of the 5.3-6 kPa re-
ported in the Pediatric Critical Care Study Group mul-
ti-center retrospective study of children managed in
1991 [6].
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Table 2 Comparison of previously published [2-5] respiratory se-
verity parameters with the present series (PPV positive predictive
value for mortality, VI ventilation index, OI oxygenation index,
PIP peak inspiratory pressure (cmH,0), A-aDO, alveolar arterial

oxygen gradient (mm Hg), MAP mean airway pressure (cmH,0),
LR + the likelibood ratio for a positive test result, i.e. the ratio of
finding the predictor in non-survivors to finding it in survivors) * in-
dicates intermediate to high diagnostic impact, ns not significant

Proposed PPV LR + PPV p
predictors (95% confidence interval) in present study
Melbourne 1991 2] VI> 40 and OI > 40 77 (55-92) % 2.5 6/15=40 (16-68)%  <0.05

PIP > 40 and A-aDO, >580 81 (58-95)% 3.5% 4/7=57(18-90)% s
Memphis 1991 [3] A-aDO, > 450 for 24 h 100 (69-100) % very high*  9/22=41(21-64)%  <0.01
Salt Lake City 1991 [4]  A-aDO, > 470 81 (61-92) % 14 17/42 =42 26-5T)%  <0.01
MAP >23 90 (72-98) % 3.0% 8/22=32(17-59)%  <0.01
Philadelphia 1993 [5] A-aDO, > 420 87 (72-97) % 6.2% 17/44 = 40 (26-5T)% < 0.01

Pattern of disease and outcome

The patients in our series exhibited one of five patterns
in their clinical course. Deaths amongst children admit-
ted in AHRF can occur with active and progressive
lung disease (pattern D) or in spite of resolving lung dis-
ease (pattern E). In children who survive, recovery may
be slow or fairly rapid. On inspecting the data, it is ap-
parent that there are similarities in the initial respiratory
indices in children who survive despite severe, pro-
longed gas exchange disruption (pattern C) and those
who die despite improving or improved gas exchange
parameters (pattern E). The relative proportion of the
patients with these patterns in a population being stud-
ied will clearly determine the utility of gas exchange pa-
rameters in predicting survival: conversely, as is our ex-
perience when including patients with underlying im-
munodeficiency or other associated diseases, these pro-
portions may confound their use. Of further note is the
mode of death in children with persistently, severely ab-
normal gas exchange (pattern D): cases rarely reached a
level of respiratory failure which was unsupportable by
current techniques. Instead, in the majority of cases
(11/17) treatment was discontinued or limited as a result
of other aspects of the clinical situation. Worth re-em-
phasising in this context is the observation that no previ-
ously normal child died of unsupportable respiratory
failure.

Observations from adult intensive care studies of
lung injury have indicated that outcome is not necessar-
ily related to the level of arterial oxygenation [12, 13].
In contrast, many previous pediatric studies in defined
populations have supported a contrary notion [1, 2-6].
In the present pediatric study, we have observed that
mortality from respiratory failure appears to be related
to associated discase rather than the severity of initial
gas exchange per se. The implications of such a hypoth-
esis are wide. Firstly, is there much to be gained by refin-
ing further the techniques of respiratory support when
mortality is frequently determined by non-pulmonary
factors? Indeed, it has been suggested that mechanical

ventilation should now be considered less a form of
treatment than a form of organ support during disease
resolution [14].

Secondly, can severity systems that solely employ
acute pulmonary physiological parameters and do not
incorporate underlying etiology be used to good effect,
specifically in pediatric AHRF? Perhaps the reported
value of such pulmonary physiological predictors, with
their institution specificity, are more a reflection of phy-
sician behavior, i. e. patient selection and local ventilato-
ry strategy employed, than patient pulmonary patho-
physiology. In this context, it is of interest that we found
the presence or absence of AHRF in all PICU patients
to be a discriminator. More recently developed non-lin-
ear, multiple logistic regression models that predict the
risk of death for children less than 16 years of age (e.g.,
the ‘Pediatric Risk of Mortality III’ - PRISM III [15]
and the ‘Paediatric Index of Mortality’ - PIM [16]) may
improve the outcome prediction since they incorporate
both diagnostic and disease categories as well as acute
physiological respiratory parameters. However, these
two severity scoring systems do differ: not least in their
ability, possibly, to be influenced by the ventilatory
strategy employed. PRISM I1II utilizes pH, PCO,, PO,
and FIO, and respiratory rate, whereas PIM utilizes
PO, and FIO,, and whether or not mechanical ventila-
tion is being used.

Thirdly, how can clinical trials be designed to assess
the impact of new respiratory therapies? It is possible
that a comparison between heterogeneous treated and
control groups using only early respiratory parameters
to confirm similarity of disease severity is invalid. In
keeping with other reports [17], the present series indi-
cates that case mix should not be ignored, e.g., AHRF
in an ex-premature infant with respiratory syncytial vi-
rus is not the same as AHRF in an infant with aspiration
pneumonia — even if the respiratory indices suggest they
are similar. Therefore, is it not time to reconsider dis-
ease-specific stratification criteria in any future treat-
ment evaluation, even though this will inevitably mean
that studies will take much longer to recruit sufficient
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patients. Finally, since death in a previously normal
child is now an infrequent end point in AHREF, our data

sought.

reiterates a previously discussed idea [18], that other

markers of ventilation-related outcome should be
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