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ABSTRACT: Sepsis is a major cause of morbidity and mortality in children. While adverse outcomes can be reduced through prompt
initiation of sepsis protocols including fluid resuscitation and antibiotics, provision of these therapies relies on clinician recognition
of sepsis. Recognition is challenging in children because early signs of shock such as tachycardia and tachypnea have low specificity
while hypotension often does not occur until late in the clinical course. This narrative review highlights the important context that
has led to the rapid growth of pediatric sepsis screening in the United States. In this review, we (1) describe different screening
tools used in US emergency department, inpatient, and intensive care unit settings; (2) highlight details of the design,
implementation, and evaluation of specific tools; (3) review the available data on the process of integrating sepsis screening into an
overall sepsis quality improvement program and on the effect of these screening tools on patient outcomes; (4) discuss potential
harms of sepsis screening including alarm fatigue; and (5) highlight several future directions in sepsis screening, such as novel tools
that incorporate artificial intelligence and machine learning methods to augment sepsis identification with the ultimate goal of

precision-based approaches to sepsis recognition and treatment.

Pediatric Research (2022) 91:351-358; https://doi.org/10.1038/s41390-021-01708-y

IMPACT:

® This narrative review highlights the context that has led to the rapid growth of pediatric sepsis screening nationally.
® Screening tools used in US emergency department, inpatient, and intensive care unit settings are described in terms of their

design, implementation, and clinical performance.

® Limitations and potential harms of these tools are highlighted, as well as future directions that may lead to a more precision-

based approach to sepsis recognition and treatment.

INTRODUCTION
Sepsis, a life-threatening response to infection with organ dysfunc-
tion, is a major cause of morbidity and mortality in children.'™ While
adverse outcomes can be reduced through prompt initiation of
sepsis protocols including fluid resuscitation and antibiotics,
provision of these therapies relies on clinician recognition of sepsis.
This recognition is particularly challenging in children due to the low
specificity of abnormal vital signs such as fever, tachycardia, and
tachypnea for identifying children in the early stages of septic
shock.5™®

Unlike existing algorithms that risk-stratify children upon
likelihood of bacterial infection'® or general clinical deteriora-
tion'', sepsis screening tools specifically focus on differentiating
the small number of patients who have or will develop severe
sepsis or septic shock from the many children with abnormal
vital signs due to uncomplicated infection without associated
organ dysfunction.'>'* Existing tools vary significantly in the
framework they use for sepsis identification, how they interface
with clinicians and the electronic health record (EHR), and how
they are implemented into clinical workflows. An ideal sepsis
screening tool should detect sepsis accurately, with sufficient
sensitivity to prevent missed cases but a high enough positive

predictive value (PPV) to minimize false positive alerts and the
ensuing risk of alarm fatigue. It should also provide an alert early
enough in the patient’s course to add value to the clinical team,
rather than identifying a patient already suspected by the
clinician to have sepsis. Finally, it should be easy to use, have
minimal inter-rater variability, and incorporate seamlessly into
clinical workflows.

This manuscript highlights the important context that has led to
the rapid growth of pediatric sepsis screening nationally. In this
narrative review, we (1) describe different screening tools used in
US emergency department (ED), inpatient, and intensive care unit
(ICU) settings; (2) highlight details of design, implementation, and
evaluation of specific tools; (3) review the available data on the
process of integrating sepsis screening into an overall sepsis
quality improvement (Ql) program and on the effect of these
screening tools on patient outcomes; (4) discuss potential harms
of sepsis screening including alarm fatigue; and (5) explore several
future directions in sepsis screening. These include developing
novel tools that incorporate artificial intelligence/machine learn-
ing methods to augment sepsis identification, with the ultimate
goal of a precision-based approach to sepsis recognition and
treatment.
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GUIDELINES AND LEGISLATION

While efforts at systematic screening of children for sepsis date
back more than a decade, much of the recent impetus for
screening can be traced to the case of Rory Staunton, a 12-year-
old New York boy who died of septic shock caused by Group A
Streptococcus in 2012.'> Rory’s death received considerable
publicity nationally and led his family to launch an advocacy
campaign to increase awareness of sepsis and improve sepsis
recognition and treatment in pediatric care. The culmination of
this effort was the 2013 passage by the New York state legislature
of Rory’s Regulations, which required all New York hospitals to
implement evidence-based protocols to facilitate early recognition
of sepsis through screening tools, identify individuals who qualify
for sepsis care, and ensure they receive a care bundle consisting of
fluid resuscitation, intravenous (IV) antibiotics, and a blood culture
sample.'®

Due in part to the success of Rory’s Regulations,® other states
enacted similar protocols. In 2016, lllinois passed Gabby's law,
named after 5-year-old Gabrielle Calbo who died of sepsis in 2012.
The law requires lllinois hospitals to implement evidence-based
guidelines to facilitate rapid recognition and treatment of adults
and children with sepsis, train staff on sepsis treatment and
identification, and report sepsis data.'” Several other states are
considering similar legislation or have sponsored QI initiatives
aimed at improving sepsis identification and treatment within
their hospitals.'® Most recently, federal legislation based on
Gabby's law has been proposed that would mandate evidence-
based sepsis identification and treatment protocols for all
hospitals in the United States as a condition of Medicare
enrollment.'

Along with legislative mandates, pediatric sepsis screening has
been buoyed by the recommendations of professional organiza-
tions. In 2017, the American College of Critical Care Medicine
recommended routine pediatric sepsis screening as part of its
Clinical Practice Parameters for Hemodynamic Support of Pediatric
and Neonatal Septic Shock.?® Specifically the national practice
guideline recommends that each institution implement sepsis
care bundles for children that include a “recognition bundle
containing a trigger tool for rapid identification of patients with
suspected septic shock at that institution.” This was followed in
2020 by the recommendation of the Surviving Sepsis Campaign
that hospitals implement “systematic screening for timely
recognition of septic shock and other sepsis-associated organ
dysfunction” in acutely unwell children, though this recommenda-
tion was noted to be weak and based on a low quality of
evidence.?’

TYPES OF SCREENING

Given this pressure from regulators, legislatures, and professional
societies, as well as increasing recognition of the value of sepsis QI

8,22,23 . . . . . .

programs, sepsis screening has proliferated in US pediatric
acute care settings in the past decade. However, the tools
employed vary significantly in terms of their parameters and form,
with little consensus as to which tool best identifies children at

high risk of septic shock while also minimizing false positive alerts.
Additionally, reports of these tools in the medical literature have
used different criterion standards for sepsis, making direct
comparison of their performance difficult. Here we review the
differences in sepsis screening tools that have been reported in
the literature.

Framework for sepsis identification

While all sepsis screening tools rely on combinations of abnormal
vital signs and physical exam findings in the presence of
suspected infection, there are substantial differences between
them depending on the framework they utilize for sepsis
prediction and/or identification. Tools such as the Pediatric Septic
Shock Collaborative’s (PSSC) sepsis trigger tool rely on abnormal
vital signs and physical exam findings as well as the presence of
medical conditions that confer increased risk of sepsis and in so
doing aim to identify patients prior to the onset of septic shock or
severe sepsis.”* Other screening tools utilize a framework for
defining sepsis, such as the systemic inflammatory response
syndrome (SIRS)/sepsis/severe sepsis definitions set out by the
International Pediatric Sepsis Consensus Conference (Table 1).%°
Some researchers created homegrown models of sepsis predic-
tion, then used those models to create de novo screening
tools.'?% As a result, the various screening tools differ not just in
which parameters they utilize but how they define the thresholds
at which those parameters signify increased sepsis risk.

Form of tool

Even tools that share frameworks of sepsis identification can vary
significantly in their form, how they are utilized clinically, and how
they are incorporated into the EHR. In so doing, identical sets of
criteria can actually have different clinical performance. The
earliest screening tools, such as the PSSC trigger tool, were paper
forms designed to be completed at the time of ED triage.* After
such tools are embedded in practice, the next step is usually
incorporation into the EHR in electronic form.?” In addition to
better integration into electronic documentation, EHR-embedded
tools facilitate repeated screening, rather than only at the time of
triage. Such repeat assessments can be triggered by clinician
concern or by the patient meeting some other objective criteria,
such as new onset of fever or a higher Pediatric Early Warning
Score."" Leveraging the learning health system, more recent
automated tools continuously incorporate new data from the
patient’s EHR and can therefore alert at any time in an encounter
that pre-specified criteria are met.'>™

Population screened

A final difference in available screening tools is in the population
screened. Some tools are utilized as part of a broad screening
strategy for all patients. Other tools are designed for a more
targeted approach—for instance, only those children with
suspected infection or only those who have abnormal vital signs
or other concerning clinical findings. The more targeted
approaches have the advantage of fewer false positive alerts
(since sicker patient groups will have a higher sepsis prevalence),

Abnormal values for at least two of the following, one of which must be temperature or leukocyte count

Table 1. Summary of International Pediatric Sepsis Consensus Conference definitions.”
SIRS

» Temperature

* Leukocyte count

* Heart rate

* Respiratory rate
Sepsis SIRS in the presence of a suspected or proven infection

Severe sepsis

Septic shock Sepsis and cardiovascular organ dysfunction
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Sepsis plus cardiovascular organ dysfunction and/or acute respiratory distress syndrome and/or two or more organ dysfunctions
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but at the risk of missing sepsis cases in patients in whom the
provider has not already identified a higher severity of illness.

AVAILABLE SCREENING TOOLS

ED-based tools

While sepsis screening tools are utilized in clinical practice settings
as varied as ambulatory clinics and intensive care, the majority of
reports of sepsis screening in the medical literature originate in
the ED.

The first report of systemic screening of children in the ED for
sepsis came from Texas Children’s Hospital in 2012 in the form of
an electronic, triage-based “Best Practice Alert (BPA)."1322 The BPA
was designed to calculate a heart rate corrected for pyrexia by
adjusting the measured heart rate down 5 beats per minute for
every 1°C in temperature elevation and comparing that to age-
appropriate normal values. When the heart rate was outside of the
normal range, the BPA displayed a prompt alert for the triage
nurse to ask about medical conditions that rendered a higher risk
of sepsis. If positive, or if the child was ill-appearing, the patient
would be transferred to a room for immediate evaluation and
resuscitation as needed. While the tool was designed for use at
triage, it could be repeated at any time during the ED stay. The
tool proved to be sensitive in the prediction of sepsis (81%) but
with a low PPV (4%), reflecting a low specificity and relatively low
incidence of sepsis in the population screened.?®

2012 also saw the creation of the PSSC, a joint QI initiative
sponsored by the American Academy of Pediatrics (AAP) and the
Children’s Hospital Association (CHA), which aimed to reduce sepsis
mortality across its member institutions.>**° As part of phase 3 of
the initiative, the PSSC created and distributed a septic shock
identification tool (Fig. 1). This paper-based tool used a combina-
tion of vital signs, physical exam findings, and patient medical
history to generate a score for each patient triaged. High-risk
patients with a score of >2 or any patient with a score of >3 were
considered to have a positive screen. The PSSC tool was widely
disseminated and easily adapted for use in a variety of children’s
hospitals, with a sensitivity of 99% and PPV 20% in one report of its
use at Primary Children’s Hospital in Salt Lake City, Utah.??

While the original PSSC tool was on paper, one of its advantages
was easy adaptation into electronic form, as reported by a team at
Nationwide Children’s in Ohio.?” This strategy began with the
PSSC identification tool, was then incorporated into the EHR, and
was automated to alert when any tool criteria fell outside of the
normal range. At the same time, the team made modifications to
improve its specificity such as linking it to a triage field that
queried for the presence of infection or recent fever, adjusting the
respiratory rate values from the original tool and requiring a score
of 4 rather than a score of 3 to generate an alert.

A novel approach from Children’s Hospital of Philadelphia
(CHOP) began by retrospectively validating the performance of
the PSSC tool when compared to clinician gestalt, demonstrating
that the screening tool was more sensitive (92.1 vs. 72.7%) but less
specific (83.4 vs. 99.5%).3° This led the investigators to develop
and implement a two-stage identification method that differed
from the PSSC tool in terms of the order of items evaluated. The
first stage of the alert involved automated surveillance for the
presence of bradycardia, tachycardia, or hypotension, which, if
present, would trigger a BPA that queried for the presence of
fever, hypothermia, or possible infection.' If any of these were
present, the nurse would fill out a secondary sepsis screen that
asked about capillary refill, mental status, or history of a high-risk
condition (Fig. 2a). A positive secondary screen mandated a
bedside sepsis huddle by the treating team (Fig. 2b). Additional
alerts were built to remind the team to repeat a huddle on
patients who are deemed sepsis “watchers"—patients who
triggered an alert but did not need immediate resuscitation—
after 60 min (Fig. 2c) and if hypotension develops on a patient
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with a previous negative alert or huddle (Fig. 2d). The two-stage
alert had both high sensitivity (86.2%) and specificity (99.1%);
when combined with clinician gestalt, sensitivity improved to
99.4% without any change in specificity.

The first attempt at a fully automated pediatric sepsis prediction
tool was reported by Sepanski and colleagues in 2014, derived
from a combined cohort of children presenting to EDs in
Memphis, Tennessee and Norfolk, Virginia.'?> While the algorithm
they employed was based on the International Pediatric Sepsis
Consensus Conference framework,> they first analyzed the vital
signs from >140,000 ED encounters to derive new age-specific
heart rate and respiratory rate values that constituted their normal
range. They then went through an iterative process of comparing
patient results to a defined cohort with sepsis until they arrived at
a final version of the tool with a sensitivity of 97% and PPV of 49%.

A similar approach was utilized at Boston Children’s Hospital
and ultimately put into clinical practice in 2018, using the SIRS/
sepsis/severe sepsis framework with adjusted respiratory rate
parameters to create an algorithm that continuously surveilled ED
patients for sepsis. The algorithm generated a pop-up alert to all
providers caring for the patient if pre-specified criteria were met
(Fig. 3a)."" When deployed in that ED, the tool was both sensitive
(84.6%) and specific (91.1%), though the PPV was just 3.7%,
reflecting low sepsis prevalence due to having screened all ED
patients, not just those with fever or suspected infection.>? To
improve on the PPV of the screening algorithm, the authors
created tiered alerts of increasing severity (termed SIRS, sepsis,
and severe sepsis). As was done in Philadelphia, for patients with a
SIRS or sepsis alert, the nurse caring for the patient was prompted
to fill out a secondary screening form that queried for the
presence of suspected infection, altered mental status, or altered
pulses/perfusion (Fig. 3b). A patient was only considered to have a
positive sepsis screen if this secondary screen was positive.
However, all patients with a severe sepsis alert, triggered by the
presence of either cardiac dysfunction or two dysfunctional organ
systems, were considered to be at high risk of sepsis and required
an urgent sepsis huddle.

A summary of the characteristics of these ED-based sepsis
screening tools is shown in Table 2.

Challenges in interpreting screening tool performance
A number of limitations exist in all of the aforementioned reports
of sepsis screening tool performance. First, it is important to note
the reference standard against which a screening algorithm is
applied when evaluating sepsis screening tools. Clinical definitions
of sepsis used in the medical literature vary significantly, from
those based on provider actions (“intention to treat sepsis” or use
of a sepsis pathway) to use of diagnosis codes to comparison to
published clinical criteria. As a result, it is difficult to directly
compare the test characteristics of one reported tool to another
unless the same reference standard was used and cases identified
in a similar manner. Generally, reported test characteristics of tools
that used a combination of existing hospital tracking systems and
systematic medical record review to identify patients who may
have been missed by the tool***'3? are likely more accurate than
those that were derived solely from diagnostic codes for sepsis or
tools that were not compared against a sepsis reference standard.
An additional challenge in evaluating pediatric screening tools
is the difficulty of accurately identifying false positives. It is
impossible to distinguish with current tools whether a child with a
positive sepsis alert who received IV fluids and antibiotics and
never developed organ dysfunction is a “false positive” who was
unnecessarily treated or a “great catch” who would have gone on
to develop severe sepsis or septic shock without those interven-
tions. Additionally, alerts that identify a patient clinically
deteriorating from an illness other than sepsis may count as
“false positives” but actually have considerable value if they help
to identify that deterioration and facilitate an intervention.

SPRINGER NATURE
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PEDIATRIC SEPTIC SHOCK COLLABORATIVE
TRIAGE TRIGGER TOOL

Patient presents to the ED with concern NO Exclude from shock
for infection and/or temperature triage tool. )
abnormality (in the ED or within 4 h of Continue routine triage
presentation)? process
J vES
| Continue assessment at triage ’
\l/ ES Transfer patient to a
General assessment: M > resuscitation room and
Is patient critically ill? immediately alert physician /
NO resuscitation team

Continue shock triage tool
Obtain a full set of vital signs including blood pressure and temperature
Perform a brief history and physical exam assessing mental status,
skin, pulses and capillary refill/perfusion
Is the patient a high-risk patient? (see Table 1)
Septic Shock Checklist

Temperature abnormality (Table 2)

Hypotension (Table 2) mmHg
Tachycardia (Table 2) bpm
Tachypnea (Table 2) bpm

Capillary refill abnormality (Table 3)
Mental status abnormality (Table 3)
Pulse abnormality (Table 3)

Skin abnormality (Table 3)

oooooooOo

YES Initiate/continue the Septic Shock
protocol/pathway using the Septic
Shock Order Set, and mobilize
NO resources

Is patient
hypotensive?

Does patient meet 3 or more of the 8

clinical criteria, NO Continue
OR

routine
triage
process

Does high-risk patient meet 2 or more of
the 8 clinical criteria?

\LYES

Identify the patient as meeting septic
shock triage criteria, transfer to a room
immediately and alert physician

y

Does physician assessment concur with
triage assessment?

NO

\ YES

‘ Continue routine care |

Table 1. High risk conditions
Malignancy
Asplenia (including SCD)
Bone marrow transplant
Central or indwelling line/catheter
Solid organ transplant
Severe MR/CP
Immunodeficiency, immunocompromise or immunosuppression

Table 2. Vital signs (PALS)

Heart Resp . Temp
Age D D Systolic BP C)
0d-1m >205 > 60 <60 <36 or >38
21m-3m > 205 > 60 <70 <36 or >38
23m-1r > 190 > 60 <70 <36 0r>38.5
21y-2y >190 > 40 <70+ (age inyrx 2) <36 0r>38.5
22y-4y > 140 >40 <70 + (age in yr x 2) <360r>38.5
24y-6y > 140 >34 <70+ (age in yr x 2) <360r>385
>6y-10y > 140 >30 <70 + (age in yr x 2) <360r>385
210y -13y > 100 >30 <90 <36 0r>38.5
>13y > 100 >16 <90 <36 0r >38.5
Table 3. Exam abnormalities
Cold shock Warm shock Non-specific
cePr:‘tIrsz-lels S pecieaced Boundin
( P VS or weak 9
peripheral)
Capillary refill
(central vs. 23s Flash (< 1s)
peripheral)
N Mottled, IFlistizs), ekl Petechiae below the nipple, any
Skin @l erythroderma purpura
(other than face)
Decreased, irritability, confusion,
inappropriate crying or drowsiness,
Mental status poor interaction with parents,
lethargy, diminished arousability,
obtunded

Fig. 1 The pediatric septic shock collaborative triage trigger tool. Sepsis screening tool developed by the Pediatric Septic Shock
Collaborative, designed to be used at ED triage on patients with fever or suspected infection.

It is important to note that all of the above reports are single
center. As such, it is unclear whether even the best-performing
tools do as well at sepsis detection when used outside of the
reporting hospital or in other care settings, such as a general ED.
In addition, none of the tools described here were evaluated in a
randomized fashion, which would help to account for unmeasured
confounders. Future studies using adjusted time series analysis or
other randomized methods of measuring implementation would
help to address this issue.

Sepsis screening outside of the ED

Sepsis screening outside of the ED has been less frequently
reported in the literature, though its use in these settings is
increasing in clinical practice. Notably, these tools have generally
employed different frameworks for sepsis detection than the ED-
based tools, given different patient characteristics and sepsis
prevalence in the inpatient and ICU settings. Inpatient tools have
the benefit of longer observation times, which allows for
utilization of changes or trends in vital signs or other clinical
parameters to drive performance. Longitudinal evaluation, how-
ever, is a double-edged sword, as issues such as lock out time (i.e.,
the time after a given alert when additional alerts will no longer
fire) following a positive alert must also be addressed. Addition-
ally, while heterogeneous definitions of “time 0” in the ED can
make benchmarking a challenge, it is even more difficult in the

SPRINGER NATURE

inpatient setting where specific time markers such as ED arrival or
triage time cannot be used as a proxy for sepsis onset.

In response to Rory’s regulations, a team at New York University
created a sepsis identification process for their inpatient pediatric
unit consisting of a temperature-adjusted vital sign screen
followed by physician examination.®® The tool identified 38/39
patients with possible sepsis/septic shock (sensitivity 97.4%) with
PPV of 23.5% for possible sepsis, though only 3.7% for severe
sepsis/septic shock.

Sepsis screening in the ICU entails a very different set of
challenges, as sepsis itself is more common than in the ED or
inpatient unit but so are a wide variety of other conditions that
may mimic sepsis. A team at Cincinnati Children’s created a
computerized sepsis alert that was triggered by the presence of
abnormal temperature and an order for a blood culture in the
prior 6 h>3* When present, an interruptive alert would prompt
nursing staff to assess the patient’s blood pressure, perfusion, and
mental status. The alert identified 392/436 patients in the ICU with
sepsis (sensitivity 92.5%) while maintaining a PPV of 46%.

EFFECT ON PATIENT OUTCOMES

Many of the available screening tools have proven to be sensitive,
specific, and well integrated into clinical practice. In order to lead
to better clinical outcomes though, the tool must also show that it

Pediatric Research (2022) 91:351-358



Your patient has tachycardia and/or hypotension documented.

Filed Sepsis-Related Vitals:
06/02/20 1744

BP (1) 77/50

Pulse (1) 199

Temp 37°C

Complete below to

further interventions.

ED sepsis screen
Concern for infection?

[ No: no fever (>38), no hy

ia (<36) and no signs/symp of infection )

UE cap refill

<1second 1-3seconds > 3seconds k|

Existing high risk condition

<56days old | Asplenia or sickle cell disease | Bone marrow or Solid organ transplant

Central Line i ignif CNSI/F i tech

Other i i i i None

Level of Consciousness
[ Agitated

[ Drowsy

[ Listless

[ Quiet

[ Crying, consolable [ Crying, inconsolable
[ Eyes do not open to stimuli [] Lethargic
[ Non-responsive to stimul. [ Pharmacologically sedated

[ Unable to assess [ Other (see comment)

(@) Alerts (1) A

Impending A

@ Sepsis Watcher Patient Identified: Re-Huddle Required

in 60 min oim

o Sepsis Huddle Results

EH Document below to finish SEPSIS ASSESSMENT Collapse

M.A. Eisenberg and F. Balamuth

b

This patient meets criteria for a sepsis huddle due to tachycardia and a risk factor (high-risk condition, altered
mental status, or delayed cap refill).

Please take the following actions based on triage ESI level

Sk e oy
ESI 2: Available Room (Team 1—4) - Move to room and notify team attending for huddle.
No Available Room - Gall Team 7 o 1 Atending (o tnage for sepass huddie.

*** Document the sepsis huddle outcome by clicking the hyperlink below or via the nursing narrator.

If sepsis pathway is activated:
. Push the Sepsis Activation button on the Nurse Call panel to alert the team.
2. Bring the Sepsis Cart and US machine to the bedside.

Sepsis Screen Data

Level of consciousness: Listless
UE cap Refill: 1-35

Existing High Risk Condition® < 56
days old

Open Order Set ED Sopaia Patiway (Age > 28 days) Preview
] iment me i v i rrator
BN o ot Document | i Document outcome of Sepsis Huddle below or in the Narrato

Sepsis Box Collapse

Sepsis Huddle Results 2
Sepsis Huddle Results
Suspect sepsis: sepsis pathway initiated
. Sepsis watcher re-huddle in 60 min. vitals Q30
Low Suspicion for Sepsis: Pathway not initiated at this time

d

This patient meets criteria for a sepsis huddle due to New Hypotension documented.
Please huddle and document the outcome.

BP. (1) 66/33 (06/02/20 1750)
Puise: (1) 200 (06/02/20 1610)

** Document the sepsis huddle outcome in the row below or via the nursing narrator.

If sepsis pathway is activated:
1. Push the Sepsis Activation button on the Nurse Call panel to alert the team.
2. Bring the Sepsis Cart and US machine to the bedside.

p Suspect
(, SEPSIS
< Save Lives

Open Order Set ED Sepsis Pathway (Age > 28 days) Preview
BT oo {5 Document outcome of Hypotension Huddle below or in the Narrator

Sepsis Box Collapse

Hypotension Sepsis Huddle Resuits A
Hypotension Huddle Results
Suspect Sepsi : sepsis pathway iniiated
Sepsis Watcher: Re-Huddle in 60 min. vitals Q30

Low Suspicion for sepsis: pathway not iitiated at this time

Fig. 2 Screen shots of the Children’s Hospital of Philadelphia sepsis alert. Screen shots of the Children’s Hospital of Philadelphia sepsis
alert: a first-stage alert appears if tachycardia or hypotension is present. The nurse documents concern for infection and any present perfusion
abnormality or high-risk condition. Mental status is pre-populated with current documentation, which the nurse may update. b Second-stage
alert appears if patient meets criteria for a sepsis huddle. Nurse and either attending or fellow huddle using the sepsis alert response
algorithm. c If the patient is deemed a “sepsis watcher,” EPIC narrator alert reminds of need to re-huddle in 60 min. d If new hypotension is
noted after prior negative alert or huddle, additional hypotension huddle alert will appear.

leads to improved sepsis recognition when compared to clinician
gestalt. Only the tool in use in the CHOP ED showed a decrease in
missed sepsis cases after implementation, from 17.3% of all
patients with severe sepsis within 24 h of ED disposition to 3.8%
after onset of sepsis screening.®'

Even less clear are the effects of sepsis screening on clinical
outcomes, such as organ dysfunction, ICU and hospital length of
stay (LOS), ventilator or vasopressor days, and mortality.

When screening tool deployment has been associated with
improvement in these outcomes, it has always been as part of a
systematic QI program, making it impossible to isolate the effect
of the screening tool. At Texas Children’s Hospital, for example,
Arikan and colleagues reported an impressive 46% reduction in
acute kidney injury as well as shorter hospital and ICU LOS and
improved mortality after introduction of a protocol-driven sepsis
bundle that included a sepsis recognition tool.>® However, the
bundle also included successful efforts to improve time to
antibiotics and fluid administration and volume of fluid adminis-
tered, interventions that have previously been strongly linked to
improved sepsis outcomes. Similarly, in an analysis by Balamuth
and colleagues, bundled sepsis care was associated with
decreased duration of organ dysfunction, a difference which
remained even after adjustment for timely sepsis therapies.®
Conversely, when Eisenberg et al. looked specifically at whether

Pediatric Research (2022) 91:351-358

sepsis outcomes improved after implementation of an automated
screening tool in their ED, they found no differences in hospital or
ICU LOS or mortality.>” The improved clinical outcomes reported
with bundled sepsis care, but not with sepsis screening alone,
suggest that there may be additional benefit from human factors
that are elements of bundled care, such as a shared mental model
among clinical team members.

IMPLEMENTING SEPSIS SCREENING

While the effect of sepsis screening alone on patient outcomes may
be uncertain, it is well established in the literature that comprehensive
sepsis QI programs that include sepsis identification processes can
save lives.®'** This finding is intuitive—after all, sepsis identification
is merely the first step in a process that must then lead to rapid and
appropriate provision of fluids, antibiotics, vasoactive infusions, and
other critical care interventions. At each step along the way, QI efforts
can improve the care provided: a bedside huddle allows for rapid
resuscitation when appropriate (and withholding of resuscitation
when it is not); use of standardized order sets facilitates ordering
recommended antibiotics, pressors, and fluids; skilled nursing and
pharmacy care get those medications to the bedside and safely
deliver them as quickly as possible; and critical care infrastructure
allows for support for failing organ systems. A robust educational

SPRINGER NATURE

355



M.A. Eisenberg and F. Balamuth

356

T it Vi Hell - "
i EEREACE Ve IR A ED Sepsis Screening B
HE SR
- Oy ON [remperature: 395 DegC High (11/05/20 08:31:00)
E“bJ‘“ Does the patient have © ° 'Systolic Blood Pressure: 90 mmHg Low (11/05/20 08:31:00)
fever or do you suspect Heart Rate: 140 bpm High (11/05/20 08:31:00)
an infection? IRespiratory Rate: 2 imin High (11/05/20 08:31:00)
= ISR ) a & | 100% 2N Does the patient have any of the
following:
SIRS (SEPSIS) ALERT , - - Copllry el > 35 < 15, cool o ot ki, e
NAME: Systemtestonly ARarad pakfision/ paloes | flushing/erythroderma, petechiae below the neck or any purpura
MRN: 687-91-35
BIRTH DATE: November 04, 2005 . & o History of malignancy on active chemotherapy, asplenia, organ or stem
LOCATION: Emergency Department;. OSWR Immunocompromise ) - cell transplant, indwelling central line/PICC, severe cerebral palsy, other
history of immunosuppressive disease or drug
nt's vital signs and lab values meet critena for SIRS as of November 05, 2020 08:37:10 US/Eastern
C © to launch and fill out the Sepsis Screening Tool for Systemtestonly ) %
Altered Mental Staty
SS i er len atus Unusually or inappropriately sleepy, irritable or confused
11/05/2020 08:31 EST HR = 140 bpm [Greater than or equal to 110.001]
11/05/2020 08:31 EST RR = 24 br/min [Greater than or equal to 21.001]
11/05/2020 08:31 EST BodyTemp = 39.5 DegC [Greater than or equal to 38.5]
- ¥ score =2, comrmance  sepels e
. . , . . . .
Fig. 3 Screenshots of the Boston Children’s Hospital automated sepsis alert. a pop-up alert generated when patient meets pre-specified

criteria is sent to all providers who have signed up for the patient on the tracking board and (b) secondary screening form is completed by the
nurse for patients with a positive SIRS or sepsis alert. A positive secondary screen, or a “severe sepsis” alert are followed by a sepsis huddle.
Icons associated with each alert also appear next to the patient’s name on the tracking board.

curriculum supports each of these interventions by continually
reinforcing best practices, and tracking of process, outcome, and
balancing measures allows education and interventions to be
targeted when and where they are needed most.

It is therefore natural that sepsis screening has been an
important component of local, state, and national QI efforts. These
Ql efforts may be mandated by legislation, as in the case of New
York and lllinois, or optional collaboratives such as those
organized by the AAP and CHA. In New York, Rory’s regulations
were associated with a 0.59 odds ratio of mortality compared to
patients who did not receive the care bundle within an hour.®
While the results of the large, national Improving Pediatric Sepsis
Outcomes collaborative run by CHA are not yet known, it has >50
hospitals enrolled with an aim of reducing sepsis-attributable
mortality by 25% through interventions that start with widespread
utilization of sepsis screening.*®

Importantly, all reports of sepsis screening in the medical
literature come from large pediatric referral centers. Yet, as the
Surviving Sepsis Campaign reminds us, sepsis screening tools must
be “adapted to the type of patients, resources, and processes
within each institution.”*! Thus, the dearth of data from outside of
tertiary pediatric care centers is concerning but presents oppor-
tunity. It is concerning because most children in the US present to
general ED’s with low volumes of pediatric sepsis,* a setting in
which virtually nothing is known about the effect of sepsis
identification efforts. The opportunity exists because what little we
do know suggests that sepsis Ql efforts, including sepsis screening,
are likely to be more effective in hospitals that infrequently care for
septic children than in large pediatric centers, and adoption of best
practices in those settings may therefore have a large impact
nationally on pediatric sepsis outcomes.*

POTENTIAL FOR HARM

Despite the potential advantages of sepsis screening in earlier
identification and treatment of pediatric severe sepsis, skeptics
abound. Partially, this is due to the lack of proven impact on patient
outcomes. There are also concerns about the unintended effects of
sepsis screening—in particular potential for alarm fatigue, inap-
propriate resource utilization, and over-reliance on screening.*' It is
critical that studies assessing sepsis screening tool performance also
examine these balancing measures to ensure that any potential
negative effects are mitigated.

Alarm fatigue, in which a high frequency of false positive alarms
leads to clinician desensitization and subsequent failure to respond
to true alarms, has been shown to have a deleterious effect in a
wide variety of patient care settings.**** Alarm fatigue is largely a
function of PPV—if a high proportion of alarms are “true positives,”

SPRINGER NATURE

clinicians are unlikely to ignore them. As the proportion of false
alarms increases, so does the risk of alarm fatigue.****> One study of
adults showed that the introduction of an automated sepsis alert
with a low PPV did in fact lead to alarm fatigue and worse patient
outcomes.*® It is reasonable to assume that this risk exists in
pediatric sepsis as well, and it is therefore paramount that screens
have sufficiently high PPV to prevent this outcome.

Of course, a high number of false positive alerts may not just affect
those children with sepsis, but those without it. Potential adverse
effects on the child with a false positive sepsis screen include
unnecessary placement of venous catheters and inappropriate
administration of IV antibiotics and IV fluid. The health care system
itself may also be impacted by unnecessary hospital or ICU admission
for children who would not otherwise have required such an
admission without the concerns raised by a false positive sepsis
screen. While the fear of these potential harms are legitimate, they
have not been demonstrated in the medical literature. In fact, the only
study that specifically examined this question showed that there was
no change in administration of IV antibiotics or IV fluid, ED LOS, or
hospital admission among patients with a false positive sepsis screen
in a pediatric ED after implementation of automated sepsis
screening.”’

A final concern that has been raised on systematic sepsis
screening is that, once clinicians learn to rely on such screens, they
may fail to identify patients who have sepsis but did not trigger an
alert or positive screen. Such false negatives can, of course, be
prevented by creating a screen that is sufficiently sensitive for
detecting sepsis early in the ED or hospital stay, but no such screen
will ever identify all sepsis cases. However, the available
literature®>3" suggests that, if care for septic children is sometimes
delayed by false negative sepsis screening, such cases are
significantly outnumbered by the cases of sepsis identified by the
screen that would have otherwise been missed. Whether this still
holds true in general EDs, which have a lower sepsis prevalence
than the pediatric EDs from which all of these published reports
have originated, should be a priority in future research.

FUTURE DIRECTIONS

Machine learning and artificial intelligence offer the promise of
creating better sepsis identification tools that leverage big data
and can incorporate elements from the EHR that previously
required manual input. Rather than utilize rule-based thresholds
such as SIRS, the pediatric early warning score, or the sequential
organ failure assessment,*® such algorithms are trained to run
complex tasks on large amounts of data in order to predict
adverse outcomes. This also allows integration of dynamic vital
sign changes, which are likely to be more sensitive in detecting
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9 alterations in a patient’s clinical status than absolute values,
> particularly in patients whose baseline vital signs or laboratory
| = S wv £ 4 values are abnormal. Machine learning may therefore result in

prediction rules that detect sepsis both more accurately and
g earlier than rule-based thresholds. Machine learning has been
n reported to improve sepsis identification among adults**>° but is
g s 5 2 g £ still in its nascent stages in pediatrics.>' In addition, biomarkers,

both known and novel, may ultimately add important information
to allow prognostic and predictive enrichment to facilitate
decision making in children with sepsis and opens the possibility
of precision-based therapies.

Perhaps equally important to the set of criteria that trigger an
alert is the integration of that alert into the real-world clinical
environment. Alerts that are poorly integrated into EHR workflow are
at risk of being ignored and may worsen alarm fatigue. Human
factors principles provide a promising avenue forward. Human
factors engineering applies knowledge about human capabilities
and limitations to the design of products, processes, systems, and
work environments.>®> These concepts can be applied to create
sepsis alerts that better translate available demographic and clinical
data into usable information that supplements available data rather
than distracts from it and makes it easier to provide recommended
treatment at the bedside.>® Ideally, by combining machine learning
that better predicts development of septic shock with human
factors principles that lead to better EHR integration, the future of
sepsis prediction is earlier identification of those at risk with
actionable clinical decision support that facilitates giving the right
care at the right time to the right patient.

Presence of SIRS with organ dysfunction among patients
with specific diagnosis codes or who met alert criteria
Goldstein®® severe sepsis/septic shock criteria or ICD code

Goldstein®> severe sepsis/septic shock criteria within 24 h
for severe sepsis/septic shock within 24 h

Shock diagnosed by ED attending

Internal criteria derived from ACCM guidelines?®
Use of ED sepsis protocol or ICU admission meeting
Use of ED sepsis protocol

Reference standard

CONCLUSIONS

Many questions remain about the optimal sepsis screen for children. It
is unclear what clinical criteria best identify children with sepsis while
minimizing risk of false positive alerts. Likewise, both automated and
manual sepsis screening have relative advantages and disadvantages,
and there is no consensus on whether either one or a hybrid of the
two performs best. Not surprisingly, the Surviving Sepsis Campaign
guidelines identified QI screening tool algorithms to recognize clinical
deterioration as a knowledge gap in sepsis pathophysiology and need
for clinical trials on pediatric sepsis recognition as one of its key
research opportunities.?’

The answers to these questions are likely to be context specific-a
tool that performs well in an ED may be insufficiently specific for use
in an ICU setting. At the same time, a community ED remote from
tertiary or ICU care may prefer a less specific but more sensitive tool
or one that values earlier alerting over accuracy in order to facilitate
transfer of children prior to clinical deterioration. To answer these
questions, multi-center studies will be needed across a spectrum of
clinical settings to overcome the relatively low sepsis incidence at
any given site, and machine learning will need to be leveraged to
best make use of big data.

What is clear is that systematic sepsis screening of children can
help augment recognition by clinicians in the ED, inpatient, and
ICU settings and, as part of a comprehensive QI program, improve
patient outcomes.

Population screened
Fever or suspected
infection

All ED patients
All ED patients
All ED patients
All ED patients
All ED patients

Automated alert followed by

Automated alert followed by
manual screen

Form

manual screen
Automated
Manual
Automated
Automated

Framework
Internally derived
Modified SIRS
Modified SIRS

PSSC
PSSC
PSSC
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