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IMPORTANCE The death of a pediatric patient with sepsis motivated New York to mandate
statewide sepsis treatment in 2013. The mandate included a 1-hour bundle of blood cultures,
broad-spectrum antibiotics, and a 20-mL/kg intravenous fluid bolus. Whether completing the
bundle elements within 1 hour improves outcomes is unclear.

OBJECTIVE To determine the risk-adjusted association between completing the 1-hour
pediatric sepsis bundle and individual bundle elements with in-hospital mortality.

DESIGN, SETTINGS, AND PARTICIPANTS Statewide cohort study conducted from April 1, 2014,
to December 31, 2016, in emergency departments, inpatient units, and intensive care units
across New York State. A total of 1179 patients aged 18 years and younger with sepsis and
septic shock reported to the New York State Department of Health who had a sepsis protocol
initiated were included.

EXPOSURES Completion of a 1-hour sepsis bundle within 1 hour compared with not
completing the 1-hour sepsis bundle within 1 hour.

MAIN OUTCOMES AND MEASURES Risk-adjusted in-hospital mortality.

RESULTS Of 1179 patients with sepsis reported at 54 hospitals (mean [SD] age, 7.2 [6.2] years;
male, 54.2%; previously healthy, 44.5%; diagnosed as having shock, 68.8%), 139 (11.8%)
died. The entire sepsis bundle was completed in 1 hour in 294 patients (24.9%). Antibiotics
were administered to 798 patients (67.7%), blood cultures were obtained in 740 patients
(62.8%), and the fluid bolus was completed in 548 patients (46.5%) within 1 hour.
Completion of the entire bundle within 1 hour was associated with lower risk-adjusted odds of
in-hospital mortality (odds ratio [OR], 0.59 [95% CI, 0.38 to 0.93], P = .02; predicted risk
difference [RD], 4.0% [95% CI, 0.9% to 7.0%]). However, completion of each individual
bundle element within 1 hour was not significantly associated with lower risk-adjusted
mortality (blood culture: OR, 0.73 [95% CI, 0.51 to 1.06], P = .10; RD, 2.6% [95% CI, −0.5% to
5.7%]; antibiotics: OR, 0.78 [95% CI, 0.55 to 1.12], P = .18; RD, 2.1% [95% CI, −1.1% to 5.2%],
and fluid bolus: OR, 0.88 [95% CI, 0.56 to 1.37], P = .56; RD, 1.1% [95% CI, −2.6% to 4.8%]).

CONCLUSIONS AND RELEVANCE In New York State following a mandate for sepsis care,
completion of a sepsis bundle within 1 hour compared with not completing the 1-hour sepsis
bundle within 1 hour was associated with lower risk-adjusted in-hospital mortality among
patients with pediatric sepsis and septic shock.
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I n a consortium of 44 pediatric hospitals, it was estimated
that more than 170 000 pediatric patients were hospital-
ized with sepsis from 2004 to 2012, among whom

approximately 8% died prior to discharge.1 Contemporary
clinical practice guidelines recommend prompt sepsis identi-
fication, blood culture prior to treatment, and administration
of broad-spectrum antibiotics and intravenous fluids.2 In
single-center studies at pediatric specialty hospitals, the
combination of these elements in a bundle can reduce time
to antibiotics and time to an intravenous fluid bolus.3,4 It is
unknown, however, whether the timely completion of the
bundle improves outcomes such as mortality or hospital
length of stay.

Motivated by the death of a pediatric patient with sepsis,5

New York State mandated in 2013 that all hospitals deliver a
care bundle to pediatric patients within 1 hour of sepsis
recognition.6 Using the New York State Department of Health
(NYSDOH) database, an analysis was performed to determine
the association between completion of a sepsis bundle within
1 hour and risk-adjusted in-hospital mortality for pediatric sep-
sis and septic shock.

Methods
This study was approved with waiver of informed consent by
the institutional review board for the NYSDOH (1156246-1).

Study Design and Setting
In 2013, the NYSDOH required hospitals to submit evidence-
informed protocols and educate clinical staff about early
identification and treatment of sepsis (previously termed
severe sepsis) or septic shock (New York Codes, Rules, and
Regulations 405.2 and 405.4). While protocols varied by
hospital, all protocols were required to include a pediatric
bundle consisting of the following interventions within 1
hour: blood culture collection before administering antibi-
otics, administration of broad-spectrum antibiotics,
and completion of a 20-mL/kg fluid bolus. Data collection
began on April 1, 2014. We performed a retrospective study
of all pediatric sepsis cases reported from 59 acute care
hospitals in the NYSDOH database from April 1, 2014, to
December 31, 2016.

Population
All hospitals were required to report patient-level data
for patients with sepsis and septic shock to the NYSDOH
using electronic case submission that included demo-
graphics, comorbidities, characteristics of sepsis and septic
shock, organ dysfunction, and outcomes. Date and time
stamps for protocol initiation and completion of individual
elements of the 1-hour bundle were required for patients in
whom a sepsis protocol was initiated. The state performed
10% random sample audits for all patients using manual
medical record review and provided feedback to hospitals
on data quality and completeness. Patient-level data were
linked to hospital characteristics using the NYSDOH admin-
istrative database.

Eligible patients included those younger than 18 years
with sepsis or septic shock, using criteria adapted from the
American College of Critical Care Medicine7 and Goldstein
et al.8 We did not study patients in whom the 1-hour bundle
was clinically contraindicated, neonates who were never dis-
charged, patients for whom advanced directives limited
treatment, patients and/or surrogates who declined interven-
tions, or patients who were enrolled in a concomitant clini-
cal trial. For patients in whom multiple sepsis episodes
were present in the database, we studied data from the final
encounter to preserve independence of observations. For
pediatric patients transferred from a referring to a receiving
hospital, only 1-hour bundle data from the receiving hospital
were available in the database.

Hospitals used a variety of methods to identify pediatric
sepsis (eMethods in the Supplement). These included (1) sep-
sis based on clinical assessment only (suspected or confirmed
infection and ≥2 age-appropriate systemic inflammatory
response syndrome criteria [eg, temperature, heart rate,
respiratory rate, white blood cell count8], with supporting
laboratories optional), (2) sepsis by both clinical criteria and
abnormal laboratories, or (3) “code sepsis or rapid response”
led to sepsis by clinical criteria. The regulations permitted
hospitals to have flexibility in case identification to facilitate
broader adoption. Most patients submitted to the NYSDOH
database (>98%) were confirmed to have severe sepsis or
septic shock on manual audit.9 Cases found to be erroneously
entered could be removed by hospitals.

Variables
The primary outcome was all-cause in-hospital mortal-
ity. The primary exposure was completion of all 3 elements of
the 1-hour bundle (ie, blood culture(s) collected prior to anti-
biotic administration, broad-spectrum antibiotics adminis-
tered, and completion of at least one 20-mL/kg fluid bolus)
within 1 hour of protocol initiation, as reported by hospital
and clinical staff. Blood culture was recorded as time col-
lected, antibiotic administration was recorded as time of
starting administration, and intravenous fluid bolus was
recorded as time of completion of 20-mL/kg crystalloid

Key Points
Question Following statewide mandated care for pediatric sepsis,
was the prompt completion of a 1-hour bundle associated with
lower risk-adjusted in-hospital mortality?

Findings Among 1179 pediatric patients with sepsis at 54 adult
and pediatric specialty hospitals in New York State,
the completion of a 1-hour sepsis bundle that included blood
cultures, broad spectrum antibiotics, and a 20-mL/kg fluid bolus
was significantly associated with lower risk-adjusted in-hospital
mortality compared with not completing the bundle within 1 hour
(odds ratio, 0.59).

Meaning Timely completion of a 1-hour bundle of care may
improve outcomes in pediatric sepsis.
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fluid administration. The NYSDOH defined “broad spectrum”
according to the local hospital protocol due to variable anti-
microbial resistance patterns. If elements of the 1-hour
bundle occurred prior to protocol initiation, the bundle was
considered completed within the first hour.

We measured covariates for a risk-adjustment model to
account for confounding by indication,10 primarily that
sicker children would receive the bundle more promptly.
These included variables specified a priori based on clinical
experience and prior pediatric studies, such as patient age;
payer; comorbidity burden; location of protocol initiation
(eg, emergency department, intensive care unit [ICU], or
inpatient unit), site of infection (eg, respiratory, urinary,
or skin); and measures of organ dysfunction including pres-
ence of shock, platelet count, or mechanical ventilation
prior to protocol initiation.11-13 Race and ethnicity were
included because they may be important confounders in the
association between sepsis care and outcome.14 The deter-
mination of race and ethnic group was made by hospital
staff at reporting hospitals with fixed categories from the
NYSDOH Statewide Planning and Research Cooperative Sys-
tem data set.15 Using these covariates, a multivariable logis-
tic regression for in-hospital mortality had adequate calibra-
tion (eFigure 1 in the Supplement; Hosmer-Lemeshow
goodness-of-fit test for 10 groups, P = .50) and discrimina-
tion (area under the receiver operating characteristic curve,
0.83) in internal validation.

Hospital-level data were also collected to illustrate how the
1-hour bundle was completed at hospitals of different capa-
bilities. We identified hospitals with a pediatric ICU (PICU) using
data available in the NYSDOH hospital database.16 We further
specified that if a hospital provided cardiac surgery or car-
diac catheterization services that the ICU met criteria for
a level I pediatric ICU.17

Statistical Analysis
We performed bivariate analyses of characteristics of pa-
tients who did and did not complete the 1-hour bundle within
1 hour. Continuous data are expressed as mean (SD) or me-
dian (interquartile range), depending on normality. Categori-
cal variables are shown as proportions. Differences in pre-
dicted risk (risk difference [RD]) between groups are shown
with 95% CIs.

Multivariable modeling of the association between com-
pletion of the 1-hour bundle within 1 hour and in-hospital
mortality was performed using logistic regression ad-
justed for covariates with robust standard errors and mixed
effects to account for nonindependence of cases across
hospitals. Binary variables were modeled as indicator covari-
ates and continuous variables included as linear covariates,
after assessing for nonlinear relationships using fractional
polynomials.18 Each exposure (ie, completion of the entire
1-hour bundle and each individual bundle element) was
evaluated separately. No missing data were present for
model covariates.

To predict the risk of in-hospital death across a range of
times to completing the 1-hour bundle, we restricted the
cohort to cases in whom the entire bundle was completed

within 4 hours from protocol initiation (n = 529 [44.9%]).
We then used predictive margins adjusted for covariates to
predict the risk by hour. Similar models, including nonlinear
models when appropriate, were used to illustrate predicted
risks of death by hour for completing each individual
bundle element.

We performed risk and reliability adjustment using em-
pirical Bayes methods to determine the hospital-level rate of
completing the 1-hour bundle, collecting blood cultures, ad-
ministering antibiotics, and completing the initial intrave-
nous fluid bolus within 1 hour.19 We display the ranked order
of adjusted rates across hospitals in caterpillar plots.

Sensitivity Analyses
We assessed the robustness of findings in multiple sensitivity
analyses. First, we performed a matched propensity
score analysis to adjust for covariate imbalance between
groups (eTable 1, eFigure 2, and eMethods in the Supple-
ment). Second, we performed an inverse probability
weighted least squares regression to calculate the average
treatment effect for completing the 1-hour bundle within 1
hour (eMethods in the Supplement). Third, we repeated our
models, accounting for discharge bias by classifying patients
discharged to hospice care as in-hospital deaths. Fourth,
because transferred patients may be of greater illness sever-
ity and have complex timing of bundle elements,11 we
repeated models after excluding transferred patients. Fifth,
we included additional confounders in the risk adjustment
model: (1) an indicator variable for prior admission for sepsis
because readmissions may be strongly associated with
mortality20 and (2) forcing all comorbidities and acute organ
dysfunctions measured by the NYSDOH in the model. Sixth,
we repeated models after excluding patients who never com-
pleted all elements of the 1-hour bundle. Seventh, we
repeated the analysis with a 2-element bundle that excluded
the intravenous fluid bolus.

In supporting analyses, we assessed for effect modifica-
tion with a likelihood ratio test for interaction between
treatment and characteristic in prespecified subpopula-
tions, including patient location when the sepsis protocol
was initiated, age strata,21 presence of septic shock, or
admission to a hospital with pediatric intensive care. Hospi-
tal length of stay was studied as a secondary outcome, using
Poisson regression models that generated the incidence rate
ratios for in-hospital death among patients who did and did
not complete the bundle in 1 hour.

In addition, linear regression models with logarithmic
transformation that generated a ratio of geometric means were
used to evaluate hospital length of stay. One model was used
for all patients, and a second model was used for survivors and
decedents. Further, we performed quantitative bias analysis22

to assess the magnitude of a hypothetical, unmeasured con-
founder that would be necessary to account for the associa-
tion between completing the 1-hour bundle within 1 hour and
risk-adjusted in-hospital mortality.

All analyses were performed with Stata version 14.2
(StataCorp) with a significance threshold of less than .05 in
2-sided tests.
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Results

Patient Population and Completion of the 1-Hour Bundle
Of 1669 patient visits at 59 hospitals, we excluded 297
(17.8%) who did not have a sepsis protocol initiated, 55
(3.3%) in whom the sepsis bundle was clinically contraindi-
cated, and 138 (8.3%) who were ineligible due to duplicate
visits or other reasons (Figure 1). Of the remaining 1179 eli-
gible patients at 54 hospitals, 294 patients (24.9%) com-
pleted the 1-hour bundle within 1 hour of protocol initiation.
Blood cultures were obtained within 1 hour for 740 patients
(62.8%) and antibiotics were administered within 1 hour for
798 patients (67.7%) while the fluid bolus was completed
within 1 hour for 548 patients (46.5%). The 1-hour bundle
was completed within 1 hour more often among patients in
the emergency department (69.4% vs 53.2%; P < .001) and
previously healthy patients (54.8% vs 41.1%; P = .01), and
less often among patients who had been transferred from
another facility (13.6% vs 20.9%; P = .006). Median serum
lactate level (2.2 mmol/L vs 2.1 mmol/L; P = .09) and the
proportion with septic shock (70.4% vs 68.3%; P = .49;
Table 1) were similar between groups. The crude mortality
rate was greater among patients who did not complete the
1-hour bundle within 1 hour compared with those who did
(13.2% vs 7.5%; P = .008).

Primary Analyses
In a multivariable model, the completion of the 1-hour
bundle within 1 hour was associated with lower in-hospital
mortality (odds ratio [OR], 0.59 [95% CI, 0.38-0.93], P = .02;
RD, 4.0% [95% CI, 0.9%-7.0%], Figure 2; eTable 2 in the
Supplement). Coefficients of the model covariates are pre-
sented in eTable 3 in the Supplement. This association was
not modified by age strata, location, presence of shock, or
care at a hospital with pediatric intensive care (P > .05;
eTable 2 in the Supplement). Patients who had the 1-hour
bundle completed in up to 3 hours remained at lower odds of
in-hospital death compared with those who completed the
bundle after 3 hours (OR, 0.64 [95% CI, 0.42-0.96], P = .03;
RD, 3.6% [95% CI, 0.6%-6.7%]). Figure 3 shows the crude and
predicted risks of in-hospital mortality across a range of 4
hours for completing the 1-hour bundle. The mean predicted
in-hospital mortality increased by 2 percentage points for
each hour until the 1-hour bundle was completed. Results for
individual bundle element completion within 4 hours are
presented in eFigure 3 in the Supplement.

The association between individual bundle elements
and outcome did not reach statistical significance. The
administration of antibiotics within 1 hour was not signifi-
cantly associated with lower in-hospital mortality (OR, 0.78
[95% CI, 0.55-1.12], P = .18; RD, 2.1% [95% CI, −1.1% to
5.2%]; Figure 2). Neither blood culture collection within 1
hour (OR, 0.73 [95% CI, 0.51-1.06], P = .10; RD, 2.6% [95%
CI, −0.5% to 5.7%]) nor the completion of a 20-cc/kg fluid
bolus within 1 hour were significantly associated with lower
in-hospital mortality (OR, 0.88 [95% CI, 0.56-1.37], P = .56;
RD, 1.1% [95% CI, −2.6% to 4.8%]).

Sensitivity and Supporting Analyses
In the propensity matched cohort (n = 572), completion of
the 1-hour bundle within 1 hour was associated with lower
in-hospital mortality (OR, 0.53 [95% CI, 0.30-0.94]; P = .03;
eTable 4 in the Supplement). The inverse probability
weighted least squares regression estimated the reduction in
mortality associated with bundle completion within 1 hour as
4.2% (95% CI, 0.6%-7.6%; P = .02; eTable 4 in the Supple-
ment). When hospice discharges were reclassified as
in-hospital deaths, timely bundle completion was associated
with lower in-hospital mortality (OR, 0.56 [95% CI, 0.36-
0.86], P = .008; RD, 4.6% [95% CI, 1.6%-7.6%]; eTable 2 in
the Supplement). In the model that excluded transferred
patients (n = 954), the completion of the 1-hour bundle was
significantly associated with lower mortality (OR, 0.52 [95%
CI, 0.27-0.99], P = .05; RD, 4.3% [95% CI, 1.0%-7.7%]).

We ran 2 models that included additional confounders:
(1) prior admission for sepsis (OR, 0.56 [95% CI, 0.34-0.92],
P = .02; RD, 4.4% [95% CI, 1.1%-7.6%]) and (2) all comorbid
and organ dysfunction variables (OR, 0.54 [95% CI, 0.33-
0.90], P = .02; RD, 4.5% [95% CI, 1.4%-7.7%]; eTable 2 in the
Supplement). After exclusion of patients who had a protocol
initiated but never completed the bundle (n = 892), the
association was no longer statistically significant (OR, 0.73
[95% CI, 0.47-1.13], P = .16; RD, 2.2% [95% CI, −0.7% to
5.1%]). Completion of the 2-element bundle of blood cul-
tures before antibiotics and administration of antibiotics
within 1 hour was significantly associated with lower
in-hospital mortality (OR, 0.65, [95% CI, 0.44-0.96], P = .03;
RD, 3.5% [95% CI, 0.6%-6.4%]).

Completion of the 1-hour bundle within 1 hour was also
associated with shorter hospital length of stay among all pa-
tients (adjusted incidence rate ratio [IRR], 0.76 [95% CI, 0.64-
0.89], P = .001) and survivors (IRR, 0.71 [95% CI, 0.60-0.84],
P < .001), but not significant among decedents (IRR, 1.09 [95%

Figure 1. Patient Accrual

1669 Pediatric cases of sepsis reported
(59 hospitals)

193 Excluded
128 Prior admissions for sepsis

during the study period
55 Bundled elements clinically

contraindicated
10 Excluded from protocol, reason

not recorded

1179 Included in the primary analysis
(54 hospitals)
294 Completed the 1-h bundle

within 1 h
885 Did not complete the 1-h

bundle within 1 h

297 Excluded (protocol not initiated,
including all cases from 5 hospitals)

1476 Eligible cases (59 hospitals)

Association Between the NY Sepsis Care Mandate and In-Hospital Mortality for Pediatric Sepsis Original Investigation Research

jama.com (Reprinted) JAMA July 24/31, 2018 Volume 320, Number 4 361

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071


Table 1. Patient Characteristics

Characteristica

No. (%)

P ValuebAll Patients

1-h Bundle Completed in 1 h

Yes No

Patients, No. (%) 1179 (100.0) 294 (24.9) 885 (75.1)

Age

≤1 mo 109 (9.2) 28 (9.5) 81 (9.2)

.72

>1 mo-<1 y 165 (14.0) 40 (13.6) 125 (14.1)

1-<2 y 95 (8.1) 27 (9.2) 68 (7.7)

2-5 y 185 (15.7) 53 (18.0) 132 (14.9)

6-11 y 233 (19.8) 55 (18.7) 178 (20.1)

12-17 y 392 (33.2) 91 (31.0) 301 (34.0)

Male 639 (54.2) 161 (54.8) 478 (54.0) .82

Race

White 551 (46.7) 157 (53.4) 394 (44.5)

.008Black 255 (21.6) 47 (16.0) 208 (23.5)

Other 373 (31.6) 90 (30.6) 283 (32.0)

Hispanic ethnicity 235 (19.9) 59 (20.1) 176 (19.9) .95

Payer

Medicare 21 (1.8) 1 (0.3) 20 (2.3)

.17c

Medicaid 509 (43.2) 130 (44.2) 379 (42.8)

Private or HMO 552 (46.8) 138 (46.9) 414 (46.8)

Self-pay 20 (1.7) 7 (2.4) 13 (1.5)

Other 77 (6.5) 18 (6.1) 59 (6.7)

Comorbidities

Malignancy 153 (13.0) 28 (9.5) 125 (14.1) .04

Immunosuppressed 269 (22.8) 65 (22.1) 204 (23.1) .74

Cardiopulmonary dysfunction 143 (12.1) 26 (8.8) 117 (13.2) .05

Chronic renal failure
or liver disease

52 (4.4) 7 (2.4) 45 (5.1) .05

Diabetes 37 (3.1) 7 (2.4) 30 (3.4) .39

No comorbidity 525 (44.5) 161 (54.8) 364 (41.1) .01

Protocol initiation site

Emergency department 675 (57.3) 204 (69.4) 471 (53.2)

<.001Ward 176 (14.9) 33 (11.2) 143 (16.2)

Intensive care unit 328 (27.8) 57 (19.4) 271 (30.6)

Organ dysfunction
at protocol initiation

Platelet count <150 000/μL 356 (30.2) 71 (24.2) 285 (32.2) .009

Altered mental status 323 (27.4) 100 (34.0) 223 (25.2) .003

Acute respiratory failure
requiring mechanical ventilation

203 (17.2) 36 (12.2) 167 (18.9) .009

Septic shock 811 (68.8) 207 (70.4) 604 (68.3) .49

Serum lactate, median (IQR), mmol/L 2.1 (1.3-3.8) 2.2 (1.4-4.1) 2.1 (1.3-3.8) .09d

Transferred from another facility 225 (19.1) 40 (13.6) 185 (20.9) .006

Site of infection

Urinary 125 (10.6) 29 (9.9) 96 (10.8)

.002

Respiratory 373 (31.6) 106 (36.1) 267 (30.2)

Gastrointestinal 190 (16.1) 38 (12.9) 152 (17.2)

Skin 59 (5.0) 16 (5.4) 43 (4.9)

Central nervous system 26 (2.2) 6 (2.0) 20 (2.3)

Other 239 (20.3) 75 (25.5) 164 (18.5)

Unknown 167 (14.2) 24 (8.2) 143 (16.2)

(continued)
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CI, 0.71-1.69], P = .68; eTable 5 in the Supplement). The asso-
ciation of bundle completion within 1 hour and shorter hos-
pital length of stay among all patients and survivors was sig-
nificant in the linear regression model with logarithmic
transformation that produced a ratio of geometric means
(eTable 5 in the Supplement). Coefficients of the model co-
variates are presented in eTable 6 in the Supplement.

To assess the sensitivity of models to unmeasured con-
founding, quantitative bias analysis was performed (eFigure
4 in the Supplement). Across a range of scenarios, results would
be robust unless a new confounder was at least 4 times as
prevalent among those who did not complete the 1-hour bundle
within 1 hour compared with those who did, and unless the
unmeasured confounder itself was strongly associated with
lower in-hospital death (OR < 0.5).

Across hospitals, the risk and reliability-adjusted rates of
completing the 1-hour bundle within 1 hour ranged from 7.3%

to 46.1% (median, 32.8%; interquartile range, 22.4%-37.5%;
Figure 4). After ranking hospitals from the lowest to greatest
likelihood of completing the 1-hour bundle, the hospitals in the
highest quartile were 2.5 times as likely to complete the 1-hour
bundle within 1 hour as hospitals in the lowest quartile (37.5%
vs 15.0%). Hospitals with a higher rate of completing the 1-hour
bundle cared for a greater number of pediatric patients
(n = 686; P = .006; Table 2), and contained a greater propor-
tion of PICUs with specialty care such as cardiac surgery
(20.4%; P = .24). We observed similar variation for each indi-
vidual bundle element (eFigure 5 in the Supplement).

Discussion
During a statewide mandate for pediatric sepsis care, the
prompt completion of a 1-hour bundle was associated with

Figure 2. Risk-Adjusted Odds Ratios of In-Hospital Death in the Primary Models

In-Hospital
Death Less

Likely

In-Hospital
Death More
Likely

101.00.1
Adjusted Odds Ratio for In-Hospital

Mortality (Log Scale)

Total Deaths/Total No. (%)
Completed
Within 1 h

Not Completed
Within 1 h

Risk-Adjusted In-Hospital
Mortality, % (95% CI)
Completed
Within 1 h

Not Completed
Within 1 hModel

Risk Difference
From Adjusted
Model, % (95% CI)

Adjusted Odds Ratio
 for In-Hospital
Mortality (95% CI)

22/294 (7.5) 17/885 (13.2) 8.7 (5.4-12.0) 12.7 (10.5-14.7)Completion of the
entire 1 h bundle
within 1 h

4.0 (0.9 to 7.0) 0.59 (0.38-0.93)

89/798 (11.2) 50/381 (13.1) 11.1 (9.1-13.1) 13.2 (9.7-16.6)Antibiotics
administered
within 1 h

2.1 (–1.1 to 5.2) 0.78 (0.55-1.12)

71/740 (9.6) 68/439 (15.5) 10.7 (8.3-13.0) 13.3 (10.5-16.0)Blood cultures
prior to antibiotics
completed within 1 h

2.6 (–0.5 to 5.7) 0.73 (0.51-1.06)

59/548 (10.8) 80/631 (12.7) 11.2 (8.3-14.1) 12.3 (9.6-15.0)Intravenous fluid
bolus completed
within 1 h

1.1 (–2.6 to 4.8) 0.88 (0.56-1.37)

Embedded table reports the total number of patients, total number of absolute
deaths (%), predicted risk from adjusted models and risk difference (95% CI),
and odds ratios (95% CI) comparing patients who did and did not complete the
1 hour bundle within 1 hour. Variables in the risk-adjusted model include age

category, payer, protocol initiation site, diagnosis of septic shock, site of
infection, platelet count <150 000/μL at protocol initiation, chronic renal
disease or liver failure, diabetes, acute respiratory failure requiring mechanical
ventilation at protocol initiation, serum lactate, and transfer status.

Table 1. Patient Characteristics (continued)

Characteristica

No. (%)

P ValuebAll Patients

1-h Bundle Completed in 1 h

Yes No

Type of pathogen

Gram positive 139 (11.8) 47 (16.0) 92 (10.4)

<.001
Gram negative 104 (8.8) 27 (9.2) 77 (8.7)

Othere 87 (7.4) 4 (1.4) 83 (9.4)

None reported 849 (72.0) 216 (73.5) 633 (71.5)

Hospital with pediatric intensive care 1031 (87.4) 258 (87.8) 773 (87.3) .85

Hospital length of stay, median (IQR), h 235 (118-496) 198 (101-358) 244 (123-554) <.001d

In-hospital death 139 (11.8) 22 (7.5) 117 (13.2) .008

Abbreviations: HMO, health maintenance organization; IQR, interquartile range.
a No data were missing among individual bundle elements, transfer status, age,

payer, place of protocol initiation, septic shock, site of infection, platelet count
at protocol initiation, chronic renal disease or liver failure, diabetes,
mechanical ventilation prior to protocol initiation, mortality, and length of stay.

b P values are based on Pearson χ2 test unless otherwise noted.
c P value based on Fisher exact test.
d P value based on Wilcoxon rank-sum test.
e Anaerobic bacteria, yeast, fungus, mixed pathogens, and viruses.

Association Between the NY Sepsis Care Mandate and In-Hospital Mortality for Pediatric Sepsis Original Investigation Research

jama.com (Reprinted) JAMA July 24/31, 2018 Volume 320, Number 4 363

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.9071&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.9071


improved survival for pediatric patients with sepsis or septic
shock. The completion of the 1-hour bundle within 1 hour was
associated with lower in-hospital mortality and shorter hos-
pital length of stay. However, individual bundle elements were

not significantly associated with decreased mortality, and hos-
pitals were widely variable in completing the bundle for com-
parable patients.

These findings corroborate single-center studies show-
ing an association between bundled pediatric sepsis care and
improved outcomes. In the emergency department, greater ad-
herence to a pediatric sepsis protocol was associated with
greater odds of less organ dysfunction after 48 hours23 and a
shorter hospital length of stay.4 This analysis extends these
findings to report an association between completing a sepsis
bundle within 1 hour and lower mortality in a larger cohort of
pediatric patients treated in multiple locations, including the
emergency department, the ICU, and in-patient care areas
across 54 community and pediatric specialized hospitals. The
findings also support the current recommendations from the
American College of Critical Care Medicine24 for bundled care
in the treatment of pediatric sepsis.

There are many possible explanations for the association
between completing a 1-hour pediatric bundle and improved
outcomes. First, the individual bundle elements may each
contribute to specific biologic or physiologic changes that,
when combined, affect outcomes. These may include shock
reversal with fluid administration, reduced pathogen load
and inflammatory response from prompt antibiotics, and
more accurate diagnostic information from early blood cul-
tures. Second, it is also possible that the completion of the
1-hour bundle represents important unmeasured processes
of care in a time critical situation. The completion of the
bundle may be a surrogate for heightened awareness by
the clinical team, differential ordering of laboratory tests
such as serum lactate, and greater attentiveness to treatment
response. Third, a delay in completing the bundle may be
due to unmeasured, competing events in sicker patients,
such as tracheal intubation, administration of blood prod-
ucts, or difficult intravenous access, particularly in the ICU.

Figure 3. Crude In-Hospital Mortality and Predicted Risk of In-Hospital
Death After the Time of Sepsis Protocol Initiation
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Crude in-hospital mortality (bars) and the predicted risks of in-hospital death
with 95% CIs (orange line with error bars). Predicted risks derive from model
adjusted for age category, payer, protocol initiation site, diagnosis of septic
shock, site of infection, platelet count <150 000/μL at protocol initiation,
chronic renal failure or renal disease, diabetes, acute respiratory failure
requiring mechanical ventilation, serum lactate, and transfer status across 4
hours after protocol initiation for the completion of the 1-hour bundle of sepsis
care. As an interpretive example, for a typical pediatric patient with sepsis with
average age and level of acuity in New York State, the completion of the 1-hour
sepsis bundle within 1 hour was associated with an 8% risk of in-hospital death.
In contrast, the same patient who completes the bundle at 4 hours will have
a 13% predicted risk of in-hospital death.

Figure 4. Risk and Reliability-Adjusted Rate for Each Hospital for Completion of the 1-Hour Bundle in 1 Hour,
According to Hospital Rank
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The 54 hospitals that were included
in the study were ranked from
lowest to highest, with higher
numbers (x-axis) indicating a
greater likelihood of completing
the 1-hour bundle within 1 hour.
Bars represents 95% CIs. Orange
circles correspond to hospitals
with both pediatric intensive care
and cardiac surgery services.
Risk and reliability adjustment
accounts for both patient-level risk
factors that may influence outcome
and statistical variation attributed to
small sample sizes at the level of the
hospital. These adjustments allow for
accurate comparisons between
hospitals of different patient volume
and case mix.
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Fourth, it is possible the study may be underpowered to
detect a significant difference between completing each indi-
vidual bundle element within 1 hour or not.

Across quartiles of hospitals, there was up to a 2- to
3-fold variation in completing the 1-hour pediatric bundle.
This amount of variation is similar, if not greater, than the
implementation of other pediatric quality improvement
measures for the acutely ill.25 Barriers to pediatric bundle
completion within 1 hour may vary between units and
include difficult intravenous access, clinician inexperience
with pediatric care, or lack of appropriately sized equipment
at primarily adult hospitals. The finding that greater rates of
completing the 1-hour bundle at hospitals with more case
volume and pediatric specialty services is hypothesis gener-
ating and not linear. Further qualitative study is warranted
into variations in the systems of pediatric care such as elec-
tronic health record prompts for case recognition or phar-
macy integration at hospitals of different sizes.

These pediatric data complement similar findings re-
ported for adult patients with sepsis in the emergency depart-
ment from the NYSDOH mandate.9 Both studies found that
prompt completion of the sepsis bundle was associated with
improved outcomes compared with completing the bundle af-
ter a delay. But there are important differences. First, only 25%
of pediatric patients completed the 1-hour sepsis bundle within
the 1-hour mandate compared with 82.5% of adults who com-

pleted the 3-hour bundle within the 3-hour adult mandate. Sec-
ond, the individual elements of the pediatric bundle were not
statistically significant, while individual steps in the adult
bundle appeared significantly associated with outcome. The
pediatric cohort, smaller than the adult cohort, may have been
underpowered to detect a significant association between in-
dividual bundle element completion within 1 hour and in-
hospital mortality. Third, the 3-hour adult bundle was more
likely to be completed at smaller, rural hospitals, whereas the
1-hour pediatric bundle was more promptly completed at larger
hospitals with greater pediatric case volume. The character-
istics that may account for a typical, rural hospital perform-
ing differently for an adult bundle vs a pediatric bundle de-
serves dedicated study.

Limitations
This study has several limitations. First, this was a retrospec-
tive study, and results may be biased by measured and un-
measured confounding at the patient and hospital levels.
The matched propensity score analysis and inverse probabil-
ity weighted regression provide alternative methods to handle
measured confounders and support the primary model.
Quantitative bias analysis suggests that although plausible, un-
measured confounders that are common and strong enough
to abrogate the primary model findings are unlikely. Further
study with instrumental variables, if available, are indicated.

Table 2. Hospital Characteristics Stratified by Quartile of Reliability-Adjusted Rate of Completing the 1-Hour Bundle Within 1 Houra

Characteristic

Quartiles of the Probability of Completing the 1-h Bundle in 1 h

All P ValuebFirst (Lowest) Second (Below Median) Third (Above Median) Fourth (Highest)

No. of hospitals 13 14 14 13 54

No. of patients 245 89 159 686 1179 .006

Predicted rate of completing
the 1-h bundle in 1 h,
median (IQR)

15.0 (15.0-17.5) 22.5 (22.5-22.6) 27.8 (24.0-28.5) 37.4 (32.7-44.5) 32.7 (22.5-37.5)

First serum lactate level,
median (IQR), mmol/L

2.2 (1.3-4.0) 2.0 (1.3-3.3) 1.9 (1.2-3.5) 2.1 (1.3-3.7) 2.1 (1.3-3.7) .72

Crude in-hospital mortality,
No. (%)

29 (11.8) 10 (11.2) 26 (16.4) 74 (10.8) 139 (11.8) .28

Length of stay, median (IQR), h 192 (110-442) 248 (99-364) 265 (142-529) 244 (117-529) 235 (118-496) .07

No. of hospital beds,
median (IQR)

528 (388-639) 364 (299-530) 453 (266-825) 450 (375-603) 453 (321-639) .75

Teaching facility, No. (%)c

No 2 (15.4) 3 (21.4) 1 (7.1) 0 (0) 6 (11.1)
.42

Yes 11 (84.6) 11 (78.6) 13 (92.9) 13 (100.0) 48 (88.9)

No. of pediatric hospital beds,
median (IQR)

22 (15-28) 20 (12-32) 23 (14-46) 38 (22-60) 24 (15-39) .32

Pediatric ICU present, No. (%) 7 (53.8) 6 (42.9) 7 (50.0) 9 (69.2) 29 (53.7) .59

No. of pediatric ICU beds,
median (IQR)

7 (4-18) 6 (5-8) 8 (4-23) 10 (8-15) 8 (5-16) .57

Pediatric specialty care services,
No. (%)

Cardiac catheterization 2 (15.4) 1 (7.1) 3 (21.4) 4 (30.8) 10 (18.5) .43

Cardiac surgery 2 (15.4) 1 (7.1) 3 (21.4) 5 (38.5) 11 (20.4) .24

Abbreviations: ICU, Intensive care unit; IQR, interquartile.
a Reliability adjustment is an application of hierarchical modeling that uses

empirical Bayes techniques to quantify and remove the statistical bias
associated with small sample sizes.

b P values compare across quartiles of reliability-adjusted rates.

c Teaching hospital defined by New York State Department of Health using
graduate medical education codes on Medicaid claims, verified by
the Office of Primary Care and Health Systems Management and the
Department of Education.
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Second, per the NYSDOH reporting guidelines, the perfor-
mance of the 1-hour bundle was measured at the receiving hos-
pital for patients cared for at multiple locations and may omit
care administered at the referring hospital. Exclusion of these
patients did not change the results.

Third, the moment the clinical team suspected sepsis
and initiated the protocol may also be subject to misclassifi-
cation, a limitation that could be addressed using electronic
health record data in the future.26 Fourth, the study sample
did not include neonates who were never discharged and
cases not reported to the NYSDOH. Fifth, although the risk
adjustment model performed well, a validated pediatric
severity illness score or confounders, such as acute kidney
injury, presence of central catheter, appropriateness of anti-
microbials, or the variability across hospitals in sepsis case
identification in children were not measured. Sixth, all hospi-

tals were mandated to include the 3 primary sepsis elements
in the bundle, and data on protocol modifications and addi-
tions were not available. Given these limitations, the true
effect size of timely bundle completion may be smaller than
measured in this study and could be further evaluated in
designs that incorporate data from before and after the
implementation of the mandate.

Conclusions
In New York State following a mandate for sepsis care, comple-
tion of a sepsis bundle within 1 hour compared with not com-
pleting the 1-hour sepsis bundle within 1 hour was associated
with lower risk-adjusted in-hospital mortality among pa-
tients with pediatric sepsis and septic shock.
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