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Objective: A pediatric triage tool is needed during times of resource scarcity to optimize critical care utilization.
This study compares the modified sequential organ failure assessment score (M-SOFA), the Pediatric Early
Warning System (PEWS) score, the Pediatric Risk of Admission Score Il (PRISA-II), and physician judgment
to predict the need for pediatric intensive care unit (PICU) interventions.

Methods: This retrospective cohort study evaluates three illness severity scores for all non-neonatal pediatric
patients transported and admitted to a single center in 2006. The outcome of interest was receipt of a PICU
intervention (mechanical ventilation, acute dialysis, depressed consciousness, or persistent hypotension). Pre-
dictive ability was assessed using receiver operating curves (ROCs).

Results: Of 752 patients admitted to the hospital, 287 received a PICU intervention. Median scores for all tools
were significantly higher for children receiving an intervention than for those who did not. ROCs showed PEWS
had the least discriminatory ability, followed by PRISA-II and pediatric M-SOFA. No value of the pediatric M-
SOFA produced both positive and negative predictive values better than clinician judgment.

Conclusions: No score had a clinically acceptable discriminate ability to predict patients who required a PICU
intervention from those who did not. Physician judgment outperformed all three triage scores.

(Disaster Med Public Health Preparedness. 2012;6:126-130)
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! I Yhe emergence of the novel HIN1 influenza vi-
rus in the spring of 2009 forced hospitals to ac-
celerate preparations for a potential pandemic

and the accompanying surge of ill patients requiring
emergency department and hospital care.! As na-
tional, state, and local institutions developed poten-
tial estimates of the number of casualties that could arise
from a pandemic, it became clear that a shortfall of criti-
cal hospital resources for both adults and children was
likely.2® Given this potential shortage of critical care
resources, triage plans were developed to prioritize pa-
tient admissions to critical care units.

The goal of critical care triage is to provide resources
to patients most likely to benefit from them. Triage plans
must determine who is too ill to benefit from intensive
therapies as well as those likely to survive without criti-
cal care. One triage tool, the sequential organ failure
assessment (SOFA) score, was incorporated into many
adult critical care triage plans.*® The SOFA score, which
relies on six elements of physiologic data, was designed
to assess organ function and failure in septic patients
and has been validated in adult critical care patients to
predict outcome and mortality.” Use of the SOFA to
predict mortality made it an attractive method to tri-
age patients out of the ICU in a resource-scarce sce-
nario. Subsequently, the SOFA score was simplified to

five variables, including one easily obtainable labora-
tory value (modified-SOFA, M-SOFA).® The M-
SOFA has been suggested for use both as an admission
tool for adult patients into a critical care unit and as a
tool to allocate daily critical care resources.’

Pediatric critical care resources are also likely to be
stressed during a pandemic, as children are predicted to
suffer higher infection rates compared to adults.'® As no
validated critical care triage tools currently exist for chil-
dren, planners considered incorporating the M-SOFA
for triage into the pediatric intensive care unit (PICU).

Triage of patients into the PICU has both practical and
ethical difficulties. Practically, pediatric patients have
an overall lower mortality rate than adult critical care
patients, making it more difficult to decide who is un-
likely to benefit from critical care. In addition, the pre-
diction of death among PICU patients is less certain than
in adults, making decisions to limit support for pa-
tients no longer expected to benefit from critical care
problematic. Ethically, triaging patients in a resource-
scarce environment will require a dramatic change in
the way pediatricians practice. Triage plans need to be
accepted by the medical and general community as fair
to preserve the relationship of trust that exists be-
tween physicians and patients.!!
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Our objective in this study was to test the M-SOFA as a triage
tool for admission to pediatric critical care units and to com-
pare it to two other available pediatric severity of illness scores
and to routine clinician judgment. We compared the pediatric
M-SOFA, the Pediatric Early Warning System (PEWS) score,
and the Pediatric Risk for Hospital Admission score II (PRISA-
II) for their ability to discriminate between patients who re-
ceived and those who did not receive a medical intervention
in the PICU.!>"> We hypothesized that one of the three scores
would reliably predict the need for a critical care intervention
during the first 48 hours of hospitalization among a group of
acutely ill hospitalized children.

METHODS

This retrospective cohort study assessed patients transported by
a pediatric transport team to the sole tertiary pediatric hospi-
tal in Utah between January 1, 2006, and December 31, 2006,
via ground or air. The transport team consisted of one to two
flight nurses trained in neonatal or pediatric critical care as well
as a pediatric respiratory therapist. The transport team dis-
cussed the management of children with the physician who di-
rected the transport. The physician director for non-neonatal
transports was either a pediatric emergency department or in-
tensive care attending or fellow. The hospital was a regional
referral center serving the children of Utah, Idaho, Wyoming,
Nevada, and Montana. Children were identified from trans-
port logs. To be included, children had to be aged from 1 day
to younger than 19 years and admitted to the hospital. Infants
admitted to the neonatal ICU were excluded.

The M-SOFA is a physiology-based score that assigns points
for five variables, including the amount of oxygen required to
maintain an oxygen saturation of greater than 90%; presence
of jaundice; the level of support necessary to achieve a speci-
fied blood pressure; the patient’s level of consciousness; and cre-
atinine concentration.® The variables in the M-SOFA score were
adjusted for pediatric patient age category norms and called the

pediatric M-SOFA!*!"> (Online Data Supplement 1).

The PEWS score was developed to identify hospitalized pa-
tients needing resuscitation from impending cardiopulmonary
arrest.!? Because this score is generally applied to children in
an inpatient setting, some variables such as the number of con-
sultants were less applicable to transported patients. (Online
Data Supplement 2) The PRISA-II score was developed for use
in the emergency department to aid in the prediction of need-
ing hospital admission.!® (Online Data Supplement 3)

Trained medical personnel abstracted patient demographics and
variables for the three triage tools from each patient’s trans-
port record and hospital medical chart. The earliest laboratory
values obtained were used. If a laboratory value was not ob-
tained within six hours of admission, it was assumed to be nor-
mal. Missing variables were assumed to be normal for age, as
instructed by the scores. Every 10th chart was reviewed inde-
pendently to ensure accuracy of data entry. Pediatric risk of mor-
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tality III (PRISM-III) scores, validated scores to predict mor-
tality of children in the PICU, were obtained from an electronic
database for patients admitted to the PICU.'® The initial ad-
mission disposition (PICU or ward) was decided routinely by
physicians without support tools. Any subsequent transfers within
48 hours to the PICU were also examined for possible incor-
rect physician triage.

The primary outcome was the receipt of a PICU intervention
within 48 hours of hospital admission. Qualifying interven-
tions were those that could be provided safely only in an in-
tensively monitored setting and included (1) acute dialysis, (2)
treatment for hypotension unresponsive to 60 ml/kg of vol-
ume resuscitation, (3) invasive respiratory support exceeding
continuous or bilevel positive airway pressure, and (4) moni-
toring of a depressed level of consciousness (Glasgow Coma Score
[GCS] of <13).!7 We excluded patients receiving noninva-
sive respiratory support, often currently provided in the PICU,
as these interventions could likely be applied safely on the ward
during resource scarcity. The secondary outcome was the rela-
tionship of each tool to the PRISM-III score among patients
admitted to the PICU.

Patient demographics are described using summary statistics and
reported as medians with interquartile ranges (IQR). Continu-
ous data are compared using the Wilcoxon test for nonpara-
metric data. Logistic regression was performed to calculate the
area under the receiver operating curves (AUC) for each tool
with 95% confidence intervals (CI). The positive and nega-
tive predictive values (PPV and NPV, respectively) of the best
performing score and physician disposition for requiring an ICU
intervention were calculated. The relationship of the triage tools
to the PRISM-III was evaluated using linear regression. Sig-
nificance was defined as P<.05.

RESULTS

A total of 1365 children were transported to the hospital from
January 1, 2006, to December 31, 2006. Of these children, 752
(55.1%) were admitted to either the general pediatric floor
(n=310,22.7%) or PICU (n=442, 32.4%) and constituted the
study cohort (Table 1). The remaining patients were admitted
to the neonatal ICU (n=553, 40.5%), sent home (n=24, 1.7%),
died prior to admission (n=7,0.5%), were excluded due to age
(n=2,0.1%), or were taken to a different hospital (n=2,0.1%).
Twenty-five (1.8%) cases were excluded due to inability to link
the transport records with hospital records accurately. Of the
study cohort, 482 (64.1%) were transported to our emergency
department before being triaged, while 270 (35.9%) were tri-
aged to either the floor or PICU prior to arrival.

The median patient age was 2.8 years (interquartile range [IQR],
0.5-8.9), with slightly more male (56.5%) than female pa-
tients. Thirty-seven patients (4.9%) died during the hospital-
ization. Of the 442 patients initially admitted to the PICU, 280
(63.3%) received a PICU intervention. Eleven (3.5%) of the
310 patients admitted to the ward were transferred to the PICU
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Characteristics of Study Cohort Patients (N=752)
Patient Characteristics N %
Male gender 425 56.5
Age, y (median) 2.8 N/A
Age, y (IQR?) 0.5,8.9 N/A
Admitted to pediatric intensive care unit 442 58.8
Admitted to ward 310 41.2
Required pediatric intensive care intervention 287 38.2
Age categories®
0-3mo 150 19.9
3mo-1y 96 12.8
1-4y 180 23.9
4-12y 204 271
>12y 122 16.2
Deaths 37 49
Interventions
Mechanical ventilation 253 88.1
Acute dialysis 5 1.7
Persistent hypotension 146 50.8

2|nterquartile range.
bCategories based on age ranges for the pediatric modified sequential organ failure
assessment.

Scores of the Three Triage Tools with Receiver
Operating Curve Characteristics
Pediatric
Intensive Care
Intervention
Area Under
Median the Curve
Score Yes No P (95% Confidence
Tool (Range) Median Median Value Interval)
PEWS 3(0-13) 5 2 <.0001 0.756 (0.721,0.792)
PRISA-Il  19(3-60) 28 14 <.0001 0.812(0.781, 0.842)
Pediatric 2 (0-14) 5 1 <.0001 0.826 (0.794, 0.857)
M-SOFA

Abbreviations: PEWS, pediatric early warning system; PRISA-II, pediatric risk of
admission; M-SOFA, modified sequential organ failure assessment.

in the first 48 hours of hospitalization, 7 of whom received a PICU
intervention and were considered incorrectly triaged. Thus, a total
of 287 (38.2%) patients received at least one PICU interven-
tion. Of this group, 253 (88.1%) underwent mechanical venti-
lation, 5 (1.7%) received acute dialysis, 146 (50.8%) had per-
sistent hypotension, and 157 (54.7%) had a GCS less than 13.

All three tools had scores that were significantly different for
patients who received a PICU intervention compared to those
who did not (Table 2). The pediatric M-SOFA had the best
discriminant ability (AUC 0.826; 95%CI: 0.794, 0.857), fol-
lowed by the PRISA-II (AUC 0.812; 95%CI: 0.781,0.842), al-
though these tools were not statistically different. The PEWS
had the least discriminant ability (AUC 0.756; 95%CI: 0.721,
0.792). No tool had high correlation with PRISM-III scores:

pediatric M-SOFA (R2=0.0018), PRISA-II (R2=0.0462), and
PEWS (R2=0.0222).

Figure 1 shows the ROC curve for the Pediatric M-SOFA with
the sensitivity and specificity labeled for each potential cutoff
point. The predictive value of the model varies with the cho-
sen cutoff point. A cutoff point of 1 for the pediatric M-SOFA
score, which maximizes sensitivity (93%) but has low specific-
ity (34%), has a PPV of 47% and an NPV of 89%. Therefore,
using a cutoff point of 1 would mean that more than one-half
of the children admitted to the PICU would not need an ICU
intervention, but few patients sent to the ward would require
an intervention. In contrast, setting a cutoff point of 8 gives a
low sensitivity (27%) and a higher specificity (99%), resulting
ina PPV of 98% and an NPV of 69%. This would result in nearly
one-third of patients admitted to the ward subsequently requir-
ing transfer to the PICU. A cutoff point of 3, which maximizes
both sensitivity (76%) and specificity (72%), resulted in a PPV
of 64% and an NPV of 84%. Routine clinician triage to the
ward or PICU achieved a sensitivity of 98% and a specificity
of 65%. The PPV and NPV of physician triage were 63% and
98%, respectively.

COMMENT

We compared three pediatric scores and physician judgment
for their ability to predict the receipt of intensive care re-
sources. To be useful for triage, a tool should have high posi-
tive and high negative predictive values. A low PPV may in-
appropriately triage low-risk patients to the ICU, resulting in
lack of bed availability. A low NPV may put a child at risk by
inappropriately triaging the patient to the ward. No tool ex-
ceeded both the PPV and NPV of routine clinician decisions.

The potential need to triage pediatric patients is a real one. The
capacity of current pediatric critical care resources may be in-
adequate during a pandemic. Of the estimated 350 pediatric [CUs
in the United States, more than 50% have fewer than eight
beds, with most PICUs normally operating at a high cen-
sus.'8" Currently, ill patients are frequently admitted to the PICU
for monitoring and to prevent the need for an intervention; how-
ever, this may not be possible in a pandemic or disaster set-
ting. Our results showed that approximately one-third of pa-
tients admitted to the PICU did not require a PICU intervention.
This finding suggests that intensive monitoring of some pa-
tients outside of the PICU may be a way to safely increase bed
capacity during a patient surge. Ventilators and personnel are
thought to be the limiting critical care resources.?® Of note in
our study, 88.1% of patients who received a PICU interven-
tion received mechanical ventilation.

A triage tool is desirable in a resource-limited environment, as
it ideally removes the individual clinician from making poten-
tially contentious decisions, can be equally applied to all pa-
tients, and can be rapidly used in a time when capacity is over-
whelmed. The ideal triage tool would be easy to apply from
readily available clinical data and have both high sensitivity
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and high specificity to assign patients who require hospital ad-
mission to the pediatric ward or to the PICU. Our results showed
that the PEWS score is fair in its ability to distinguish moder-
ately ill patients from those who are critically ill. The PRISA-II
and pediatric M-SOFA performed better than PEWS, but still
discriminated inadequately among patients. The M-SOFA was
attractive for its ease of use with five easily obtainable vari-
ables. However, when assessing its predictive value, it became
clear that there was no cutoff point score at which the predic-
tive values both placed children correctly into the PICU and
relieved the burden on the PICU of unnecessary admissions.

Physician judgment outperformed all of the tools for pediatric pa-
tient triage; however, in this routine setting physicians prefer not
to miss any child who might need an intervention (high sensi-
tivity) contributing to the low PPV; thus, while only 7 of the 310
(2.2%) patients triaged to the ward by physicians subsequently
required a PICU intervention, 36.7% who were admitted to the
ICU did not receive an intervention. In a resource-scarce envi-
ronment, when filling an ICU bed might involve the need to deny
another patient access to ICU care, physicians would likely change
their behavior to obtain higher specificity. However, clinician-
driven triage could prove to be ethically challenging for medical
providers. To be perceived as fair, triage decisions need to be con-
sistent among physicians, which may be difficult.’!

The M-SOFA and SOFA have both been shown to correlate
with mortality in adult patients and were proposed as tools to
triage adult patients into the ICU as well as to palliative care
or ongoing care on the hospital ward due to high risk of death.’5°
Use of the pediatric M-SOFA would be inappropriate for de-
ciding that a child could no longer benefit from ICU care, given
its lack of correlation with a validated predictor of mortality,
the PRISM-III.'® The overall low rate of mortality in pediatric
ICUs compared to adult ICUs limits the use of mortality as a
primary outcome in pediatric studies and would make deci-
sions to triage to palliative care based on a physiologic scoring
system problematic.?

LIMITATIONS

Thisstudy hasseveral limitations. First, none of the three tools tested
was developed for triage into the PICU. The M-SOFA is an in-
herently problematic tool, as some variables are also outcomes. For
example, a patient receiving a vasoactive medication is both a pre-
dictor that a patient needs the [CU and the intervention outcome.
We chose to evaluate the M-SOFA because it was under active con-
sideration for pediatric triage in some state plans.

Second, the population of patients transported to the hospital is
not representative of the general emergency department popula-
tion requiring hospital admission. The higher acuity of patients
transported toa tertiary care center would tend to increase the preva-
lence of children requiring a PICU intervention, thus increasing
the PPV and decreasing the NPV of the scores studied. Therefore,
results of this analysis may be an overestimate of the predictive
ability of the tested tools when applied to a less acutely ill sample
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Receiver Operating Curve for Pediatric Modified
Sequential Organ Failure Assessment.
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of hospitalized patients. However, the studied cohort did yield
a large range of patient illness severity, as well as patient age, and
similar mortality rate to the overall PICU population.

During a pandemic, patient triage will be carried out by prac-
titioners with varying levels of expertise in pediatrics. In our
study, patient triage was ultimately decided by a board-
certified pediatric emergency department or pediatric critical
care physician. It is unclear if practitioners with less pediatric
experience would also outperform these scoring tools. The abil-
ity to appropriately triage patients also depends on the infor-
mation provided to the physician by the transport personnel.
Qur transport team nurses have specific training in pediatric
and neonatal transports and a minimum of three years of prior
nursing experience, and thus represent a very highly qualified
transport team, which is not available in many locations.

Finally, our study had 162 patients admitted to the PICU who
did not receive an intensive care intervention. An argument could
be made that these children were appropriately triaged, and the
care they received in the PICU allowed them to avoid receiving
an intervention. Avoiding patient deterioration is a goal of PICU
care and will make it very difficult to triage patients when re-
sources are scarce. Indeed, in a very severe pandemic, only chil-
dren requiring an intervention might be admitted to the hospi-
tal. This last point emphasizes the need for a rational approach
to triage. Clinicians may differ on the benefit of avoiding inter-
ventions for some children that will cost the availability of re-
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sources for other children who need to receive an intervention.
Balancing these competing demands is not in the clinical expe-
rience of most physicians in developed countries.

CONCLUSION

This study describes the ability of three different tools to tri-
age children transported to a tertiary care center to the
PICU or the ward. None of the three tools had all the char-
acteristics of an ideal triage tool: a high PPV and high NPV
with simplicity of use. Thus, none can be recommended for
triage into the PICU. Even though a simple and accurate
method of triaging pediatric patients is greatly needed, no
scoring system is currently validated. At present, physician
discretion appears to be the best method of pediatric patient
triage to the PICU.
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