
Adherence to PALS Sepsis Guidelines and Hospital
Length of Stay

WHAT’S KNOWN ON THIS SUBJECT: Adherence to Pediatric
Advanced Life Support resuscitation guidelines for children with
sepsis is low; however, few studies have been conducted in the
tertiary care emergency department setting.

WHAT THIS STUDY ADDS: Adherence to septic shock guidelines in
a tertiary care pediatric emergency department is low. Adherence
to fluid guidelines and the entire PALS algorithm was associated
with a shorter hospital length of stay.

abstract
BACKGROUND AND OBJECTIVES: Few studies have evaluated sepsis
guideline adherence in a tertiary pediatric emergency department
setting. We sought to evaluate (1) adherence to 2006 Pediatric Advanced
Life Support guidelines for severe sepsis and septic shock (SS), (2)
barriers to adherence, and (3) hospital length of stay (LOS) contingent
on guideline adherence.

METHODS: Prospective cohort study of children presenting to a large
urban academic pediatric emergency department with SS. Adherence
to 5 algorithmic time-specific goals was reviewed: early recognition of
SS, obtaining vascular access, administering intravenous fluids, delivery
of vasopressors for fluid refractory shock, and antibiotic administration.
Adherence to each time-defined goal and adherence to all 5 components
as a bundle were reviewed. A detailed electronic medical record analysis
evaluated adherence barriers. The association between guideline
adherence and hospital LOS was evaluated by using multivariate
negative binomial regression.

RESULTS: A total of 126 patients had severe sepsis (14%) or septic
shock (86%). The median age was 9 years (interquartile range, 3–16).
There was a 37% and 35% adherence rate to fluid and inotrope guide-
lines, respectively. Nineteen percent adhered to the 5-component
bundle. Patients who received 60 mL/kg of intravenous fluids within
60 minutes had a 57% shorter hospital LOS (P = .039) than children
who did not. Complete bundle adherence resulted in a 57% shorter
hospital LOS (P = .009).

CONCLUSIONS: Overall adherence to Pediatric Advanced Life Support
sepsis guidelines was low; however, when patients were managed
within the guideline’s recommendations, patients had significantly
shorter duration of hospitalization. Pediatrics 2012;130:e273–e280
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Severe sepsis and septic shock (SS) in
children isassociatedwithahighoverall
mortality of 10.6% and is higher in those
with chronic illness (12%).1,2 In 2006,
formal resuscitation guidelines for SS
were revised and disseminated through
the Pediatric Advanced Life Support
(PALS) program by the American Heart
Association (Fig 1).3–5 The major
components of the most recent 2010
guidelines do not vary from the 2006
recommendations.5 Based on the
proposed algorithm by Carcillo et al
through the American College of Crit-
ical Care Medicine practice parameter,
PALS ideally recommends 60 mL/kg
of intravenous fluids (IVFs) within 15
minutes of meeting the definition of
SS, although administration within 60
minutes has been suggested as ade-
quate resuscitation.4,6,7 Other recom-
mendations include timely recognition
and vascular access within 5 minutes,
antibiotic delivery within 60 minutes,
and initiation of vasoactive agents at 60
minutes (which should be used periph-
erally until central access is obtained)
(Fig 1).4,8,9

A critical component of the guideline
includesearlyfluidresuscitation,which
in adults is associated with decreased
mortality.10 Pediatric studies have also

been conducted in the community, in-
tensive care, and international settings,
and have shown that timely fluid re-
suscitation is associated with decreased
mortality and functional morbidity.11–14

Few studies addressing guideline adher-
ence within a tertiary care emergency
department (ED) have been conducted,
however. Carcillo and colleagues12 com-
ment that community hospitals often
do not have the benefit of tertiary care
centers, where children with shock are
met by an organized team approach
with providers dedicated to specific pa-
tient care tasks. Although this team ap-
proach exists for trauma patients in
shock, the same cannot be assumed for
those with SS.

There have been 2 studies conducted in
a tertiary care ED evaluating adherence
to PALS sepsis guidelines. These insti-
tutions demonstrated poor adherence
to fluids, vasoactive agents, and anti-
biotics and demonstrated some im-
provement in these parameters after
quality improvement interventions.15,16

These studies did not, however, evaluate
all time pointswithin the PALS algorithm,
including recognition and vascular ac-
cess. Additionally, they did not evaluate
the specific PALS recommendation to
complete 60 mL/kg of IVFs within 60

minutes, but rather evaluated time to
initiation of the first 20 mL/kg bolus.15,16

Therefore, we evaluated the adherence
to the entire PALS guideline as a bundle,
as well as specific components to un-
derstand barriers to adherence and
assess whether following the guideline’s
time-specific parameters is associated
with shorter hospital and ICU length of
stay (LOS).

METHODS

Study Design and Setting

We evaluated adherence to the 2006
PALS septic shock algorithm (Fig 1).4 We
enrolled consecutive patients presenting
to our pediatric ED who met the defini-
tion of SS between November 2009 and
March 2011. The study was conducted
in a pediatric tertiary care hospital with
an ED volume of ∼58 000 visits per year.

Selection of Participants

Each week, patients who met our case
definition of SS were retrospectively
identified for guideline adherence. Pa-
tients were identified by reviewing all
children who were evaluated in the
ED and admitted to any critical care,
step-down, oncology, or bone marrow
transplant unit. In our institution, most
patients with SS are hospitalized in 1 of
these locations.Patientswereclassified
as having either severe sepsis or septic
shock by using definitions cited from
the 2005 international pediatric sepsis
consensus conference.17 By using this
definition, severe sepsis is considered if
sepsis is present, plus the presence of
acute respiratory distress syndrome
alone or 2 or more other organ dys-
functions (pulmonary, neurologic, he-
matologic, renal, or hepatic).17 Septic
shock exists if sepsis is present, plus
cardiovascular organ dysfunction spe-
cifically. The electronic medical record
(EMR) was then reviewed for pro-
vider guideline adherence and was
performed by the primary investi-
gator (R.P.) in addition to a pediatric

FIGURE 1
Five time points evaluated for adherence from 2006 PALS algorithm. (Adapted fromCarcillo JA, Fields AI;
AmericanCollegeofCritical CareMedicineTaskForceCommitteeMembers. Clinicalpracticeparameters
for hemodynamic support of pediatric and neonatal patients in septic shock. Crit Care Med. 2002;30
[6]:1370.)6
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intensivist (E.M.) if ambiguity existed.
We excluded patients with structural
congenital heart disease with residual
physiologic dysfunction, renal failure,
diabetic ketoacidosis, sickle cell dis-
ease, severe anemia, and those with
a do not resuscitate directive.

Evaluation of Adherence to Guidelines

We reviewed the EMR to evaluate ad-
herence to the 5 main components of
the PALS algorithm (Fig 1).4 Compliance
with guidelines was determined for
each step of the algorithm. Adherence
to the entire algorithm bundle (either
all 5 components or 4 components if
inotropes were not indicated) was also
documented.

Our initial time point was defined as the
time when the patient first met our case
definition of SS and was used as the
starting time from which the 5 other
time intervals were calculated. This ini-
tial time point was determined from
documentation available in the EMR.
Most study patients met criteria for SS
based on initial hemodynamic compro-
mise; however, some patients met the
definition only with the addition of ab-
normal laboratory parameters indica-
ting organ dysfunction. For these latter
patients, the time point used for meet-
ing the definition included the time
when laboratories were resulted and
posted in the EMR. Time to recognition
was determined by documentation of
severity of illness, transfer to an ED re-
suscitation room, additional intravenous
(IV) placement, or second fluid bolus
initiation. Time to IV access was also
abstracted from the EMR, as it is
documented as part of routine nurs-
ing practice. Time to completion of 60
mL/kg of IVFs, time to initiation of ino-
tropes if needed, and time to antibiotics
were abstracted from documentation in
the medication administration record.
Administration of 60mL/kg of IVFs within
15 minutes was regarded as perfect
adherence, although as 60 minutes
has been recommended as adequate

resuscitation, we used this as our goal
adherence time.4,7 Adherence to vaso-
active agents was considered only if
indicated, that is, if hypotension per-
sisted after 60 mL/kg of IVFs were ad-
ministered.16 Of note, if IV access was
obtained and fluids were given, before
definition or recognition of SS, these ti-
mes were considered as 0 minutes from
definition; no negative numbers were
calculated. We also evaluated adherence
to each component of the algorithm over
time, as well as the bundle over time, by
using a p-chart with standard statistical
process control methods. A p-chart is
a type of statistical process control chart
that depicts the proportion of noncon-
forming units in subgroups of varying
sizes.

It is institutional practice to have a
documenting nurse for critical care
patients. To evaluate the accuracy of
the aforementioned documentation,
10 patients underwent real-time pro-
vider documentation of these 5 time
points as sepsis resuscitation oc-
curred. Time points noted by pro-
spective data collection were within 5
minutes of those times documented in
the EMR.

Barriers to Adherence

We identified barriers to adherence
through a detailed analysis by using the
EMR. The components of the algorithm
bundle that had the poorest adherence
were further analyzed, including fluid
delivery. Factors that could pertain to
inadequate administration of fluids,
such as a delay in the previous steps of
recognition and vascular access, were
explored. The fluid delivery devices
used for each patient were analyzed
from the EMR. We also evaluated spe-
cific laboratory tests thatwereobtained
(specifically creatinine, liver function
tests, lactic acid, and coagulation pro-
files), as abnormalities in these values
can be used to identify organ dysfunc-
tion and define severe sepsis.

Relationship Between Adherence to
Guidelines and LOS

Based on previous publications, hospital
and ICU LOS for this population approx-
imates a negative binomial distribution,
and average LOS has been demonstrated
to be on average 8.7 days.18 A sample size
of 70 would be needed to demonstrate a
50% shorter hospital LOS with guideline
adherence, by using a 2-sided P value
with an a level of significance of 0.05, a
power of 90%, and a Poisson distribution
(approximating a negative binomial dis-
tribution). We determined if poor fluid
and algorithm bundle adherence (as
dichotomous variables)were associated
with hospital and ICU LOS (continuous
variables) by usingmultivariate negative
binomial regression while adjusting for
severity of illness, by using the Pediatric
Index of Mortality Score, version 2
(PIM2) and other comorbidities as listed
in Table 1.19 The PIM2 is a validated
measure used to depict severity of ill-
ness in critically ill children at presen-
tation as opposed to later in a patient’s
course.19 Additionally, the PIM2 has been
used in other studies as a marker of
severity of illness in children with SS.14

Additional covariates (age, gender, time
of presentation) were eligible for inclu-
sion in themultivariatemodel if theywere
significantly associatedwith our outcome
in univariate testing at the P, .05 level.
Our final model included only PIM2 score
and other comorbidities, as other de-
mographic characteristics were not
significant on univariate analyses.

The Statistical Package for the Social
Sciences version 18.0 (SPSS Inc, Chicago,
IL)andStataversion11(StataCorp,College
Station, TX) were used for statistical
analysis. Statistical process control charts
were createdby usingMicrosoft Excel 2010
(Seattle, WA). This study was approved by
the hospital’s institutional review board.

RESULTS

During the 16-month study period, 126
patients met criteria for severe sepsis
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(14%) or septic shock (86%) (Table 1).
The median age was 9 years (inter-
quartile range [IQR], 3–16) and 54%were
male patients. Comorbidities existed in
60% of patients, the mean PIM2 score
was 10.3 (6 SD 12.9), and 5% died. Forty-
six percent had an identified pathogen or
infectious process (Supplemental Table
4). Fifty-four (43%) patients met the defi-
nition of SS immediately on presentation.
The remaining 72 patients (58%) pro-
gressed to SS during their ED stay.

Adherence

Adherence to the 5 components of the
PALS algorithm are detailed in Fig 2.
Ninety-nine patients (79%) were rec-
ognized within 5 minutes of meeting
the SS criteria. Eighty-five patients
(67%) had IV access within 5 minutes of
definition. Forty-six children (37%) had
adequate IVF adherence, receiving 60
mL/kg of IVFs within 60 minutes. Four-
teen children (11%) had perfect IVF ad-
herence, receiving 60 mL/kg within 15
minutes. Median time to administration

of 60 mL/kg of IVFs was 83 minutes (IQR,
43–145). All patients received normal
saline, which is conventionally used for
resuscitation in our ED. Of the 47% with
fluid refractory shock, 35% received an
inotrope at 60 minutes from definition,
with a median time to administration of
90 minutes (IQR 51–164). Eighty-eight
patients (70%) received an antibiotic
within 60 minutes. Perfect adherence to
the algorithm bundle was observed for
19% of patients. Additionally, it was
noted that 4 patients (3.2%) had hypo-
calcemia and 0% of these had cor-
rection within the recommended 60
minutes of meeting the definition. Two
patients (1.6%) had hypoglycemia and
100% of these had correction within the
recommended 60 minutes.

Barriers From EMR

Analysis of recognition and vascular ac-
cess steps preceding IVF delivery were
examined to determine if these factors
contributed to lack of adherence to fluid

administration goals, as IVFs cannot
be delivered without meeting these
preceding steps. Figure 3 depicts the
adherence steps from definition, to
recognition, to IV placement, and then
IVF administration. The uppermost
branch of the figure demonstrates
prompt recognition and IV access in
most patients (58.7%, n = 74). Despite
this, of these patients who adhered to
both these steps, only 28.5% (n = 36)
received 60 mL/kg of fluid within 60
minutes. On the contrary, the lowest
branch demonstrates that in the mi-
nority of patients where there was not
timely recognition or IV access (12%,
n = 15), there were no patients with
adequate fluid delivery.

An IV infusion pump versus a pressure
bag, rapid infuser, or manual push-pull
system was used in 49% of cases. Lab-
oratory testingused todefinepatientsas
having SSwas not consistently obtained.
Coagulation profiles were obtained in
28% of children, liver function tests in
50%, and lactic acid in 66%.

Statistical process control charts de-
monstrated no improvement in care
over time (Fig 4). Of the 5 algorithm
time points analyzed over time, ad-
herence to fluids closely paralleled
overall bundle adherence with high
variability in process throughout the
study period (Fig 5).

Relationship Between Adherence to
Guidelines and LOS

Patients who adhered to fluid guide-
lines and the algorithm bundle had a
significantly shorter hospital and ICU
LOS (Tables 2 and 3). Adjusting for PIM2
score on presentation, patients who
received 60 mL/kg of IVFs within 60
minutes had a 57% shorter hospital LOS
(P = .039) and a 42% shorter ICU LOS
(P = .024) than children with inadequate
fluid delivery. Additionally, adherence to
all 5 algorithmsteps as a bundle resulted
in a 57% shorter hospital LOS (P = .009)
and a 59% shorter ICU LOS (P = .035).

TABLE 1 Demographics of Study Population

Patient Characteristic n (%); (n = 126)

Male 68 (54)
Type of sepsis
Septic shock 108 (86.5)
Severe sepsis 18 (14.3)

Age in years (median [IQR]) 9.2 (3–16)
,1 y 15 (11.9)

Mortality 6 (4.8)
Comorbidities 75 (60)
Hematologic malignancy 8 (6.3)a

Solid tumor malignancy 7 (5.6)a

Bone marrow transplantation 5 (4.0)a

Solid organ transplantation 5 (4.0)a

Short gut 11 (8.7)a

Immunosuppression from chronic therapy (Crohn disease,
rheumatoid arthritis)

15 (11.9)a

Neurodegenerative disorder 5 (4)a

Other 25 (19.8)a

PIM2 score (mean [SD]) 10.3 (12.9)
Intubated/noninvasive ventilation in ED 26 (20.6)
Vasopressor administered 58 (46)
Dopamine 52 (41.3)
Epinephrine 4 (3.17)
Norepinephrine 1 (0.79)

Catecholamine refractory shock 20 (15.9)
Indwelling vascular catheter 33 (26.2)
Central venous catheter placement in ED 30 (23.8)
Intraosseous placement in ED 10 (7.9)
a Do not add up to 60% because of overlapping comorbidities.
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DISCUSSION

We have demonstrated that adherence
to 2006 PALS septic shock guidelines in
our tertiary care ED is inadequate, es-
pecially for fluid and inotrope delivery.
Poor fluid adherence has also been
demonstrated in community-based EDs
where adherence to PALS guidelines

was observed in only 30% of patients.11

This study observed a reduction in
mortality from 38% to 8% with good
fluid adherence. In another study of
children transferred to a tertiary care
institution, early fluid resuscitation
was associated with lower mortality
(9% vs 15%) and functional morbidity

(1% vs 4%).12 An international study
also demonstrated low rates of ad-
herence to fluid guidelines with 38%
adherence to 2002 American College of
Critical Care Medicine guidelines in
a UK pre-PICU setting.13 The entry point
for this study, however, was once a
patient was identified as ill enough
to need transport to a tertiary care
center; the first critical hours of re-
suscitation were not directly analyzed.

Our study demonstrates that despite in-
creased resources and personnel in a
tertiary care setting, there is still a de-
ficiency in the care for children with SS.
Although previous investigations in an
academic setting achieved more timely
fluid and inotropedelivery afteraquality
improvement intervention, they failed
to meet specific PALS goals, including
delivery of 60 mL/kg of IVFs within 60
minutes.15,16 Furthermore, studies ex-
amining all 5 time points within the
algorithm as a bundle have not been
conducted.

Suboptimalfluiddeliverywasnot related
to delayed recognition and vascular
access. Even with prompt recognition
and vascular access in most patients,
only a minority of these patients went
on to receive 60 mL/kg of IVFs within

FIGURE 2
Percent adherence to 5 algorithm time points and median time to intervention (with goal time displayed). *Error bars represent IQRs for median times.

FIGURE 3
Percentage adhering to the recognition, vascular access, and IVF administration goal times, as dependent
on the preceding algorithm step. Uppermost branch: In most patients there was adherence to rec-
ognition and vascular access goals (59%). Despite this, only 29% met IVF adherence goals. Lowest
branch: In a minority of patients there was nonadherence to recognition and vascular access goals
(12%), with untimely recognition and IV access; 0% met fluid goals in this subset.
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60 minutes. This suggests that IV place-
ment or recognition alone do not account
for fluid nonadherence, but rather
something inherent to fluid delivery
itself. The lack of timely IVF adminis-
tration can be attributed to either
a lack of knowledge regarding PALS

recommendations or the inability to
administer fluid quickly. Evidence for
the latter may be supported by the use
of an IV pump forfluid delivery in 49%of
study subjects. Stoner et al20 demon-
strated that because the maximum
rate for an infusion pump is typically

999 mL/h, the administration of 60 mL/
kg within 60 minutes can be achieved
only for children weighing ,16 kg.

Although using the correct fluid delivery
device is pivotal, prompt recognition and
adequate vascular access are also nec-
essary. Inthesmallpercentageofpatients

FIGURE 4
Adherence to PALS algorithm bundle over entire study period. Mean adherence, mean percentage adhering to guidelines over study period; Institutional
adherence, percent adherence at our institution each month over the study period; Lower and Upper control limit, calculated by using an a of 0.05.

FIGURE 5
Adherence to PALS fluid guidelines over entire study period. Mean adherence, mean percentage adhering to guidelines over the study period; Institutional
adherence, percent adherence at our institution each month over the study period; Lower and Upper control limit, calculated by using an a of 0.05.
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who did not have timely recognition or
vascular access, it was not feasible to
then deliver 60 mL/kg of IVFs within 60
minutes for any patient. Therefore, al-
though using the appropriate device for
fluid delivery is critical to bundle adher-
ence and was the most problematic for
our cohort, recognition and vascular ac-
cess are also crucial steps.

By graphing each algorithm step over
time by using statistical process con-
trol charts, we noted that fluid adher-
ence closely paralleled the poor overall
bundle adherence. This further lends
credence to the fact that this step was
the driving factor leading to poor overall
bundle adherence.

Aminority of patientsmet the definition
of SS on arrival. Despite this, recogni-
tion of progression of disease during
the ED stay was not problematic for
most patients. This does, however,
highlight the need for continuous mon-
itoring of children with systemic in-
flammatory response syndrome and
sepsis, as deterioration is common.
Recognition of severe sepsis, however,
requires subtle parameters, such as
coagulation profiles, liver function tests,
and lactic acid, which can be the first
indicator of organ dysfunction. De-
spite this, these were obtained in few
patients, possibly owing to provider

lack of knowledge regarding their value
in assessing the pediatric patient. Most
patients in our cohort had septic shock
and it is possible that those with severe
sepsis went unrecognized.

We observed a significant decrease in
hospital and ICU LOS in those patients
who had timely fluid delivery and ad-
herence to the total algorithm bundle.
Although not directly measured in our
study, it is likely that appropriate re-
suscitationresultedinearliercorrection
of shock state, thus decreasing LOS.
In addition to improved patient care,
this decrease in hospitalization likely
has significant cost implications. This is
the first study to analyze all the major
components of the PALS algorithm in
relation tomeaningful clinical outcomes
and supports their use as a bundle.
Other parameters often used in assess-
ment of goal-directed resuscitationwere
not measured, including lactate clear-
ance and central venous saturation.
Although thesewere often obtained once
the patient was admitted to the ICU or
step-down unit, they were rarely per-
formed while in the ED. A lactic acid was
obtained inonly 66%of patients in the ED,
and then obtained at inconsistent inter-
vals thereafter in the ICU. As such, the
determinationof lactateclearancewould
be unrepresentative of the entire cohort

and would be confounded by the addi-
tional therapies received in the ICU. Ad-
ditionally, despite placement of a central
venous catheter in 23% of patients in the
ED, central venous saturation was not
obtained inanypatientandthusitwasnot
analyzed as an outcome. Finally, cardiac
index is not routinelymeasured in our ED.

A quality improvement intervention is
currently being undertaken to improve
adherence to PALS guidelines in our
institution. To have a sustainable in-
tervention that uses fewer resources,
our extensive review of barriers will
allow us to focus on improvement of
fluid delivery as a method to increase
bundle compliance.

One of the major strengths of our study
lies in the setting in which it was con-
ducted: an ED within an academic
children’s hospital without limited re-
sources. This strength also serves as
a limitation in that our finding may
not be generalizable to smaller, non-
academic medical centers. Information
obtained through retrospective review
of the medical record may be subject to
documentation bias. There is, however,
often a documenting nurse at the bed-
side specifically for these patients,
allowing for more accurate documen-
tation. Given that we used specific defi-
nitions of SS rather than more-inclusive
clinical judgment, our study cohort
likely excluded those who were on the
less severe spectrum of illness. Addi-
tionally, patients were eligible for in-
clusion through screening of ICU and
step-down logs. It was thus possible
that some patients recovered from se-
vere sepsis while in the ED and were
admitted to a non-ICU setting and would
not have been captured by our review.
Finally, as providers were aware of this
study, it may have increased their ad-
herence to the guidelines. Our monthly
analysis of adherence over time, how-
ever, demonstrates no consistent sta-
tistical change in adherence throughout
the study period, indicating that the

TABLE 2 Association of Fluid Adherence With LOS

Fluid Adherence, n = 46,
Mean No. Daysa

Fluid Nonadherence, n = 80,
Mean No. Daysa

Decrease, % P Valueb

Hospital LOS 8 11.2 57 .039
ICU LOS 5.5 7.2 42 .024
a Unadjusted means.
b P value references “percent decrease in LOS” by using negative binomial regression, adjusting for PIM2 score at presentation
and other comorbidities.

TABLE 3 Association of Total Algorithm Adherence With LOS

Algorithm Bundle Adherence,
n = 24, Mean No. Daysa

Algorithm Bundle Nonadherence,
n = 102, Mean No. Daysa

Decrease, % P Valueb

Hospital LOS 6.8 10.9 57 .009
ICU LOS 5.5 6.8 59 .035
a Unadjusted means.
b P value references “percent decrease in LOS” by using negative binomial regression, adjusting for PIM2 score at pre-
sentation and other comorbidities.

ARTICLE

PEDIATRICS Volume 130, Number 2, August 2012 e279



Hawthorne effect did not play a major
role in our findings.

CONCLUSIONS

Adherence to PALS guidelines for pa-
tients with SS was suboptimal at the

study institution. Adherence to delivery
of 60 mL/kg of IVFs within 60 minutes
and initiation of inotropic support
within 60 minutes was especially low.
When care matched the guideline’s
time-defined interventions, patient

outcomes were improved, as evidenced
by shorter hospital and ICU LOS.
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