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Objective: The novel HIN1 influenza pandemic renewed the concern that during a severe pandemic illness, criti-
cal care and mechanical ventilation resources will be inadequate to meet the needs of patients. Several pub-
lished protocols address the need to triage patients for access to ventilator resources. However, to our knowl-
edge, none of these has addressed the pediatric populations.

Methods: We used a systematic review of the pediatric critical care literature to evaluate pediatric critical care
prognosis and multisystem organ failure scoring systems. We used multiple search engines, including MEDLINE
and EMBASE, using a search for terms and key words including including multiple organ failure, multiple or-
gan dysfunction, PELOD, PRISM IlI, pediatric risk of mortality score, pediatric logistic organ dysfunction, pe-
diatric index of mortality pediatric multiple organ dysfunction score, “child+ multiple organ failure + scoring
system.” Searches were conducted in the period January 2010-February 2010.

Results: Of the 69 papers reviewed, 22 were used. Five independently derived scoring systems were evaluated
for use in a respiratory pandemic ventilator triage protocol. The Pediatric Logistic Organ Dysfunction (PELOD)
scoring system was the most appropriate for use in such a triage protocol.

Conclusions: We present a pediatric-specific ventilator triage protocol using the PELOD scoring system to comple-
ment the NY State adult triage protocol. Further evaluation of pediatric scoring systems is imperative to en-

sure appropriate triage of pediatric patients.

(Disaster Med Public Health Preparedness. 2012;6:131-137)
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! | Yhe recent novel HIN1 influenza pandemic

has once again raised the concern that during

a severe pandemic respiratory illness, critical
care (intensive care unit, ICU) and mechanical ven-
tilation resources will be inadequate to meet the
needs of patients. Fortunately, ventilator and ICU
resources were not universally strained during the
2009 pandemic; however, shortages of isolation
masks, vaccine doses, and other supplies led to
rationing in several centers.

Several protocols for initial and ongoing triage of adult
patients to critical care units or mechanical ventilator
use during a pandemic respiratory illness have been pub-
lished.!? After the severe acute respiratory distress syn-
drome (SARS) epidemic in Toronto, Canada, Chris-
tian and colleagues® proposed a triage system for
ventilator access based on preexisting health status and
Sequential Organ Failure Assessment (SOFA) scores.
The NY Department of Health was the first US gov-
ernmental body to issue a proposed triage system for ven-
tilator access during a pandemic influenza event.* This
system is similar to the Toronto proposal® but has fewer
exclusion criteria. Recent studies evaluating the per-
formance of Toronto guidelines, as applied to retrospec-
tive patient populations,’” have shown that these guide-

lines have overpredicted mortality. They have also shown
that some patients who may have a significant chance
of survival would be erroneously assigned to the “ex-
pectant management” category. The NY guidelines* use
less stringent exclusion criteria and may assign fewer pa-
tients to the expectant category.

None of the triage criteria designed for infectious
disease disasters has included pediatric-specific rec-
ommendations. As the 2009 pandemic showed, respi-
ratory illnesses do not spare, and may even dispropor-
tionately affect, children under the age of 18 years.
Children differ significantly from adults in their
physiologic and pathologic responses to respiratory
disease. Triage systems derived using only adult-based
criteria are clearly inappropriate for young children
and may be inappropriate for adolescents. A recent
review of the ethics literature addressing pediatric tri-
age suggests that exclusion criteria appropriate for
adults may not be appropriate for pediatric patients.’®
The Utah Department of Health has proposed pedi-
atric inclusion/exclusion criteria based on expert
opinion, and uses a clinical judgment component
during ongoing triage (www.uha-utah.org, accessed Oct
1, 2010). Kanter and Cooper’ highlighted the need for

pediatric-specific triage.
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We performed a systematic review of the pediatric literature
to evaluate possible pediatric critical care prognostic scoring
systems for use in triage guidelines for children. Based on the
findings of this review, we propose a modification of the NY
adult ventilator triage guidelines,* using appropriate pediatric
criteria. Thus, we present a comprehensive triage system for all
patients regardless of age. The results of the review and our pro-
posed triage classification guidelines are presented here.

METHODS

We used multiple search engines including MEDLINE and
EMBASE, using a search for terms and key words including mul-
tiple organ failure, multiple organ dysfunction, PELOD, PRISM
111, pediatric risk of mortality score, pediatric logistic organ dysfunc-
tion, pediatric index of mortality pediatric multiple organ dysfunc-
tion score, “child+multiple organ failure + scoring system.” Limits
on the searches included English language and patients younger
than18 years of age. Other references were obtained by review-
ing all reference bibliographies of the articles selected by the
searches.

Searches were conducted in the period January 2010-February
2010 by one of us (K.M.K.). All references were evaluated for
inclusion into the study by reading their abstracts. Articles were
included in the evaluation if they described scoring systems for
pediatric mortality or illness prediction in critically ill pa-
tients and if they had reasonably large validation and develop-
ment populations (more than 20 patients for each popula-
tion). Articles containing subsequent validations, applications,
and comparisons of different scoring systems were also in-
cluded. A report was excluded if it used the scoring system only
to describe severity of illness in a particular cohort of patients
rather than validating the scoring system. Articles were ex-
cluded if they examined only narrow diagnosis mortality (ie,
postoperative cardiac mortality) rather than a more general popu-
lation of critical care patients, with one exception. Reports look-
ing at sepsis as a proxy model for patients with multiple organ
failure were included, as sepsis is a general final pathway for many
pediatric critical care patients.

We reviewed the final set of articles with a focus on which prog-
nostic score would be most appropriate for use in a triage tool
for pediatric patients during a respiratory pandemic. Several re-
quirements must be met to have parity with the adult triage tools.
First, because this score may be used to deny access to lifesav-
ing care, the scoring system should be designed using a large
population and be validated in multiple institutions. Second,
the score should be easy and fast to calculate, as scores will be
needed for all presenting patients and staff resources will be lim-
ited during a pandemic. For the same reason, the scoring sys-
tem should use minimal radiology or laboratory resources. Third,
as the adult triage tools require a re-assessment of patient im-
provement as a requirement for continued resource use, the scor-
ing system must be able to follow the progress of the patient
throughout the course of the illness as well as on presentation.
The scoring systems found in our review were then evaluated

to determine if they met these criteria. The most appropriate
of the systems was used to modify the NY guidelines to be ap-
propriate for pediatric patients. As patient information was not
used either prospectively or retrospectively, no institutional re-
view board approval was needed.

RESULTS

The initial search resulted in 69 separate references with pub-
lication dates from 1988-2010. Articles that met the stipu-
lated requirements (22) were reviewed in full (K.M.K. and
M.M.L.) (Table 1). The search revealed eight scoring systems,
of which five were independently derived. All scoring systems
were pediatric-specific and include Pediatric Logistic Organ Dys-
function (PELOD) score,'®!! Pediatric Risk of Mortality Score
(PRISM),"? PRISM-III,"* PRISM-III-Acute Physiology Score
(PRISM-III-APS)," Pediatric Index of Mortality (PIM),"® PIM-
2,16 Pediatric Multiple Organ Dysfunction Score (P-MODS),!"
and Signs of Inflammation in Children that can Kill (SICK).!3%

Several recent articles have compared the use of different scor-
ing systems for description of multiorgan failure in pediatric popu-
lations. These articles were included in the review and were
used to inform the choice of scoring system. The report from
the 2002 International Pediatric Sepsis Consensus confer-
ence’® reviewed the existing organ dysfunction scoring sys-
tems that could be used to track changes in organ function. They
concluded that no single system was perfect but that the PELOD
score was the only multicenter validated scoring system. Kanter
and Cooper’ reviewed several scoring systems for use in initial
triage and determined that PIM-2 would be suitable for initial
triage of pediatric patients. Lacroix and Cotting?! reviewed the
predictive scoring systems and descriptive scoring systems avail-
able to describe pediatric multiorgan dysfunction. The au-
thors concluded that while PIM-2 and PRISM-III are both ap-
plicable for predicting mortality from initial presentation, only
PELOD is validated to quantify severity of illness throughout
the patient’s progress. Dominguez and Huh?? compared the
P-MODS and PELOD scoring systems and concluded that the
PELOD scoring system had the advantage of including neuro-
logic impairment and had a broader validation population.
PELOD was slightly better at predicting mortality than P-MODS.
Table 2 describes the scoring system, development and valida-
tion populations, advantages, and disadvantages of each sys-
tem for use in triage during a respiratory pandemic.

COMMENT

Of the possible scoring systems applicable for the generalized
pediatric critical care population, the only score that fulfills all
criteria required for use in modifying the NY state triage tool*
is the PELOD score.'®!! Although PIM-2 is easy to calculate
and can be determined at initial presentation, it does not fol-
low the patient course or allow interval calculation. Table 3
evaluates the criteria for each scoring system.

The PELOD score was developed and validated using a multi-
center, international design and has been validated in inter-
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national studies.'®!"!? It has not been validated in the US popu-
lation but has been evaluated in Canadian ICU studies. It is
easily calculated and is in the public domain, making it use-
able even in community hospitals with a small pediatric popu-
lation. Drawbacks to the PELOD score include the fact that it
requires laboratory values including arterial blood gases, ala-
nine aminotransferase/aspartate aminotransferase, prothrom-
bin time, creatinine, and complete blood cell count. It was de-
signed and tested in 1999; the field of pediatric critical care
medicine has improved during the past 10 years and thus PELOD
scores may overpredict mortality. A recent external valida-
tion study' showed that PELOD both overpredicted mortality
and cannot distinguish predicted mortality in the range of 40%
to 80% due to the discontinuous scoring system. These find-
ings become an issue when comparing pediatric to adult pa-
tients, as the concern is that the mortality predicted by PELOD
is too high compared with that of the SOFA scoring system.
However, even with these limitations, the PELOD score is the
best multiorgan failure prediction tool for ongoing triage of lim-
ited resources.

At this time, our recommendation is to base the pediatric tri-
age ventilator guidelines on the PELOD scoring system.!®!!

Table 4 shows the PELOD scoring system.

We suggest matching the pediatric triage level for mortality with
the adult SOFA mortality scoring to allow parity of triage guide-
lines for pediatric and adult patients. The calculation for deter-
mining predicted likelihood of mortality from PELOD scores is:

1
pP=
1 +exp(7.64—0.3 x PELOD score)

The PELOD scores are a discontinuous measure, and several
intervals of predicted mortality are not calculable (40%-
80%). To use the PELOD scoring system on a daily basis, the
daily score is calculated in the same fashion as it is calculated
at the initial presentation. If new data are not available (ie, new
laboratory values) the value can either be assumed to be
unchanged or normal, depending on the physician’s clinical
judgment.

The NY triage tool* uses SOFA score cutoff points of less than
11 (predicted mortality of >90%)** and 7 or less (predicted mor-
tality of <20%). To match the predicted mortality of greater
than 90% at a SOFA score greater than 11,74 we suggest using
a PELOD score of 33. This score is a compromise of the pre-
dicted mortality of 100% using the development population of
critical care patients in 1999 and using the recent validation
study from South America,'” which suggests that the actual mor-
tality at a PELOD score of 33 is 90.6%. Likewise, a PELOD score
of less than 21 has a predicted mortality of less than 20%, which
is on par with a SOFA score of less than 8. The predicted mor-
tality, as from the initial PELOD model,'®!" and the recent vali-
dation! are both less than 20% at the PELOD score of 21, and

no modification is needed.
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We propose a pediatric triage system for access to ventilators the modification of using a PELOD score less than 33 as a sub-
or ICU level care that mirrors the NY guidelines.* We would stitute for the SOFA score of less than 11. Appropriateness of
use the same exclusion criteria proposed in the guidelines, with these criteria for pediatric patients must be addressed in future
Possible Pediatric Scoring Systems for Use in Triage Assignment
Name Description Variables Used Advantages Drawbacks
PELOD'™ Logistic regression model SBP, HR Simple to calculate Multiple data points
of organ dysfunction; GCS, pupil reaction Can be used to follow Overprediction of
can be used initially and Prothrombin time patient course mortality
daily to predict WBC, platelets Multiple PICU Score is not continuous
mortality Creatinine development/ validation
Bilirubin,SGOT
Pa co,, Pa 0,/F 10, ratio
PRISM™ Logistic regression model; Proprietary
uses worst scores for Cannot be used to follow
first 24 h to predict patient course
mortality
PRISM- 111" Proprietary logistic SBP, HR Multiple PICU Proprietary; requires
regression model; use Temperature development/ validation purchase to use
either initial 12 h or GCS, pupil reaction Significant data collection
24 h worst scores for Creatinine, BUN burden
prediction of mortality WBC, platelets Cannot be used to follow
pH, P c0,,Pa 0, patient course
Acidosis
Glucose
€0y, K
Other factors?
PT or PTT
PRISM- I1I-APS™ Logistic regression model SBP, DBP, HR Multiple PICU Uses only first 24 h of
that predicts Temperature development/ validation data
physiologic state; not GCS, pupil reaction, Looks for illness severity 21 variables
appropriate for WBC, PIt, Hgb
prediction of mortality BUN, creatinine
pH, P co,, Pa 0,,
€0y, glucose, K, Ca, Na
PT, PTT
P-MODS' Uses varying levels of Lactic acid Simple to use Cannot be used to follow
organ dysfunction to Pa 0,/ F 10, ratio Accounts for varying patient course
predict mortality; uses Total bilirubin levels of organ Single-center
worst score for each Fibrinogen dysfunction development and
PICU stay BUN Does not include validation
neurologic system
PIM 21516 Revised version of PIM,; SBP-120 mm Hg Uses minimal laboratory Cannot be used to follow
logistic regression Pupil reaction data patient course
model to predict Absolute base Simple to use Not applicable to
mortality from initial eXCess Developed and validated pandemic conditions
evaluation; uses value F10,/Pa 0, ratio in multiple ICU’s in (nonemergent and
at presentation to PICU Ventilation several countries elective surgeries will
for each variable Elective admission? Recently revised likely be canceled)
Postop recovery admission
H/0 cardiac bypass
High-risk/low-risk diagnosis®
SICK'e2 Severity of illness score Temperature Uses no laboratory data Not validated outside of
using multiple logistic HR Uses only physical development population
regression to predict Respiratory rate variables Cannot be used to follow
mortality; developed in SBP patient course
India Sp o,
Capillary refill time
AVPU score
Abbreviations: PELOD, Pediatric Logistic Organ Dysfunction; PRISM, Pediatric Risk of Mortality Score; P-MODS, Pediatric Multiple Organ Dysfunction Score; PIM, Pediatric
Index of Mortality; SICK, Signs of Inflammation in Children that can Kill; SBP, systolic blood pressure; HR, heart rate; GCS, Glasgow coma scale; WBC, white blood cell; SGOT,
aspartate aminotransferase; Pa o, partial pressure of carbon dioxide, arterial; Pa 0,/F 10,, partial pressure of oxygen, arterial/fraction of inspired oxygen; PICU, pediatric intensive
care unit; BUN, serum urea nitrogen; K, potassium; PT, prothrombin time; PTT, partial throboplastin time; DBP, diastolic blood pressure; plt, platelets; Hbg, hemoglobin; Ca, cal-
cium; Na, sodium; H/0, hydrogen/oxygen; Sp 0,, saturation of peripheral oxygen; AVPU, alert, responding to voice, responding to pain, unconscious.
20ther factors include nonoperative cardiovascular disease, chromosomal anomaly, cancer, previous PICU admission, pre-ICU cardiopulmonary resuscitation, postoperative
acute diabetes, admission from inpatient unit (not postoperative).
bHigh-risk diagnosis: in-hospital cardiac arrest, liver failure; low-risk diagnosis: asthma, bronchiolitis, croup, obstructive sleep apnea, diabetic ketoacidosis.
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studies. We consider a similar four-category triage system using
the same categories of Blue—expectant/palliative care only,
Red— highest priority for scarce critical care resources, Yellow—
intermediate priority for critical care resources, and Green—
discharge from critical care (no significant organ failure). We
also use a re-assessment of the patient’s condition at 48 and 120
hours to ensure that patients demonstrate improvement with
use of the resource. Lack of improvement may require re-
assignment of the ventilator or other resource to other pa-
tients who are at higher priority for the resource. The triage de-
cision tool for pediatric patients is detailed in the Figure.

We acknowledge the significant limitations to the proposed pe-
diatric triage tool presented here. All of the scoring systems de-
scribed were developed to predict the likely prognosis for a co-
hort rather than individual patients. As with any mass disaster
protocol, it is impossible to fully test or validate the tool ex-
cept by simulation until the disaster happens. Several recent

Triage of Pediatric Patients in a Pandemic

reports have shown that the performance of the adult triage tools
using retrospective studies may inappropriately triage pa-
tients.>” The ease of implementation can be approximated but

Evaluation of Scoring Systems for Triage Tool Use

Follow
Calculate at  Patient
Presentation? Course?

Multicenter Simple to

Scoring System Validation? Calculate?

PELOD." Yes Yes Yes Yes
PRISM™ No No Yes No
PRISM-1["® No No Yes No
P-MODS' No No Yes Yes
PIM 21516 Yes No Yes Yes
SICK'823 Yes No No Yes

Abbreviations: PELOD, Pediatric Logistic Organ Dysfunction; PRISM, Pediatric Risk
of Mortality Score; P-MODS, Pediatric Multiple Organ Dysfunction Score; PIM, Pedi-
atric Index of Mortality; SICK, Signs of Inflammation in Children that can Kill.

PELOD Scoring System
Organ System Variable 0
Neurologic
Glasgow coma score 12-15
AND

Papillary reaction Both reactive

Cardiovascular

Heart rate
<12y =195 bpm
>12y =150 bpm
AND
Systolic blood pressure
<1mo >65 mm Hg
=1mo &<1y >75 mm Hg
=1y &<12y >85 mm Hg
=12y >95 mm Hg
Renal
Creatinine
<7d <1.59 mg/dL
=7d&<1y <0.62 mg/dL
=1y &<12y <1.13 mg/dL
=12y <1.59 mg/dL
Pulmonary
Pa 0,/F 10, ratio >70 mm Hg
AND
Pa co, =90 mm Hg
AND
Mechanical vent No
Hematologic
WBC =4.5K
AND
Platelets =35K
Hepatic
AST <950 IU/L
AND
Prothrombin time >60%

Score
Maximum
1 10 20 System Score
20
7-11 4-6 3
OR
Both fixed
20
>195 bpm
>150 bpm
OR
35-65 mm Hg <35 mm Hg
35-75 mm Hg <35 mm Hg
45-85 mm Hg <45 mm Hg
55-95 mm Hg <55 mm Hg
10
=1.59 mg/dL
=0.62 mg/dL
=1.13 mg/dL
=1.59 mg/dL
10
=70 mm Hg
OR
>90 mm Hg
Yes
10
1.5-4.4K <15
OR
<35
1
=950 IU/L
=60%

Abbreviations: PELOD, Pediatric Logistic Organ Dysfunction; bpm, blood pressure monitor; Pa 0,/F 10,, partial pressure of oxygen, arterial/fraction of inspired oxygen; Pa co,,
partial pressure of carbon dioxide, arterial; WBC, white blood cells; AST, aspartate aminotransferase.
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Critical Care Triage Tool — Pediatric Patients (<18 y) (Top), and Exclusion Criteria (Bottom).

Initial Assessment

48-h Assessment

120-h Assessment

Criteria

Color
Code

Priority/Action

Criteria

Priority/Action

Criteria

Priority/Action

Yellow | PELOD 21-33 Intermediate | PELOD <21 no Intermediate | PELOD <21 minimal Intermediate
change decrease (<3-point
decrease in past 72 h)
Green [ No significant Defer or No longer Discharge from | No longer ventilator Discharge
organ failure discharge, ventilator critical care dependent from critical
reassess as dependent care
needed

Exclusion Criteria

Patient is excluded from admission or transfer to critical care if any of the following is present:

A Severe trauma

e Age > 60y

e Inhalation injury

B | Severe burns of patient with any 2 of the following:

e > 40% of total body surface area affected

C Cardiac arrest
e Unwitnessed cardiac arrest

e Recurrent cardiac arrest

e Witnessed cardiac arrest, not responsive to electrical therapy (defibrillation or pacing)

Metastatic malignant disease with poor prognosis

Advanced and irreversible immunocompromise

Severe and irreversible neurologic event or condition with highly expected mortality

OQ(mMmm| O

Heart
e NYHA class Il or IV heart failure
Lungs

hypertension

Liver

End-stage organ failure meeting the following criteria:

e Child-Pugh score 7 or MELD score of >20

e Previously diagnosed primary pulmonary hypertension with NYHA class Il
or |V heart failure, or mean pulmonary arterial pressure >50 mm Hg

e Severe chronic lung disease with FEV, <25% predicted, baseline Pao, <565 mm Hg, or secondary pulmonary

end-stage liver disease.

NYHA, New York Heart Association; FEV, forced expiratory volume in the first second of expiration; MELD, model for
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cannot be fully tested under the controlled case of a time-
limited simulation. Christian et al® showed that for providers
not involved in the development of the Toronto’ triage tool,
there may be significant inter-rater variability. We are also con-
cerned that the significant progress and improvements in pe-
diatric critical care during the past 10 years may lead to the
PELOD scores being an overestimation of mortality risk for pe-
diatric patients, which may put them in higher jeopardy when
compared with adult patients using a SOFA scoring system. Sev-
eral recent reports have shown that the performance of the adult
triage tools using retrospective studies may inappropriately tri-
age patients.”’ Some recent evidence has shown that the To-
ronto’ triage guidelines may overestimate mortality for the ex-
cluded or expectant (Blue) group and poorly discriminate
between patients who should be in the Red vs Yellow group.®
We believe that we have somewhat ameliorated this aspect by
using the adjusted limit of PELOD =33 in keeping with the most
recent PELOD validation study.!” We believe that extensive
testing of our proposed pediatric tool using existing PICU pa-
tient groups concurrently with adult patient triage tools is needed
to ensure accurate and fair triage for adult and pediatric
patients.

CONCLUSIONS

After an extensive search of the literature, we found eight pe-
diatric multiorgan dysfunction scoring systems. Of these, the
one most amenable to use as a ventilator triage tool for pedi-
atric patients during a respiratory pandemic is the PELOD score
system. We have proposed a pediatric-specific triage protocol
that may be implemented in parallel with the NY state triage
protocol for adults* so that pediatric and adult patients can be
triaged for ventilator or critical care resources with parity dur-
ing an epidemic. Further evaluation of this tool for both adults
and children must be undertaken in the future to ensure an ethi-
cal distribution of critical resources. Re-evaluation and im-
provement in pediatric critical care prognostic scoring systems
is also needed to provide accurate estimates of mortality in pe-
diatric patients.
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