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Background: Although new evidence-based practices are frequently

implemented in clinical settings, many are not sustained, limiting the intended

impact. Within implementation science, there is a gap in understanding

sustainability. Pediatric healthcare settings have a robust history of quality

improvement (QI), which includes a focus on continuation of change e�orts.

QI capability and sustainability capacity, therefore, serve as a useful concept

for connecting the broader fields of QI and implementation science to provide

insights on improving care. This study addresses these gaps in understanding

of sustainability in pediatric settings and its relationship to QI.

Methods: This is a cross-sectional observational study conducted within

pediatric academic medical centers in the United States. Clinicians surveyed

worked with one of three evidence-based clinical programs: perioperative

antimicrobial stewardship prescribing, early mobility in the intensive care

unit, and massive blood transfusion administration. Participants completed

two assessments: (1) the Clinical Sustainability Assessment Tool (CSAT) and

(2) a 19-question assessment that included demographics and validation

questions, specifically a subset of questions from the Change Process

Capability Questionnaire, a QI scale. Initial descriptive and bivariate analyses

were conducted prior to building mixed-e�ects models relating perceived QI

to clinical sustainability capacity.

Results: A total of 181 individuals from three di�erent programs and 30 sites

were included in the final analyses. QI capability scores were assessed as

a single construct (5-point Likert scale), with an average response of 4.16
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(higher scores indicate greater QI capability). The overall CSAT score (7-point

Likert scale) was the highest for massive transfusion programs (5.51, SD =

0.91), followed by early mobility (5.25, SD = 0.92) and perioperative antibiotic

prescribing (4.91, SD = 1.07). Mixed-e�ects modeling illustrated that after

controlling for person and setting level variables, higher perceptions of QI

capabilities were significantly related to overall clinical sustainability.

Conclusion: Organizations and programs with higher QI capabilities had a

higher sustainability capacity, even when controlling for di�erences at the

individual and intervention levels. Organizational factors that enable evidence-

based interventions should be further studied, especially as they relate to

sustainability. Issues to be considered by practitioners when planning for

sustainability include bedside provider perceptions, intervention achievability,

frequency of delivery, and organizational influences.

KEYWORDS

implementation science, clinical sustainability, quality improvement, pediatrics,

sustainability capacity

Introduction

Implementation science and
sustainability capacity

While recent implementation science work has

focused on improving how programs and interventions

get initially implemented within complex settings, the

impact of an evidence-based intervention is not fully

realized without appropriate sustainment over time.

Studies have consistently shown that fewer than half

of practice changes are sustained, with one review

finding only 4% of practices in healthcare reporting

sustainment (1–3).

Sustainability has been defined as “the extent to which

an evidence-based intervention can deliver its intended

benefits over an extended period of time after external

support. . . is terminated” (4). While research on sustainability

is increasing, it is still relatively poorly understood (5–

7). One important research opportunity is identifying the

determinants of sustainment of evidence-based interventions

(8, 9). Some examples of relevant determinants include

individual interested parties, multi-professional relationships,

and organizational culture (10–13). While there has been

work initially conceptualizing some of these determinants

as sustainability capacity, there is still much to be done

before we can understand all the factors that influence

sustainability. To understand how to intervene to ensure

sustainment of evidence-based practices, it is crucial to

advance the study of sustainability determinants and theory in

clinical settings.

The relevance of quality improvement for
studying clinical sustainability

Health care systems have developed with an emphasis

on continual improvement, resulting in numerous theories

and methods being developed and refined (14–19) focusing

on how healthcare delivery can be improved, resulting in

better patient safety and more positive health outcomes. While

there are different histories and approaches to improvement,

quality improvement and implementation science are aligned in

their focus on improving care delivery and outcomes. Quality

improvement (QI) is focused on identifying local, context-

specific problems and rapid correction. While having a scientific

and theoretical basis, QI is a more applied science within the

hospital system (20). There are opportunities to improve our

understanding of implementation science in clinical settings by

bringing in QI science.

QI is aimed at realizing improvement within specific

metrics, which makes it helpful in project management and

execution in busy and under-resourced settings. SomeQI studies

have demonstrated an ability to sustain their practices (21, 22).

However, other literature has cited difficulties with sustaining

changes (23). Some research has begun to target determinants

of sustainment of practice change (24).

Implementation science, which also focuses on improving

healthcare services, according to Mittman, “generally seeks to

develop and rigorously evaluate fixed implementation strategies

to address implementation gaps across multiple sites” (25).

This has created a dichotomy where implementation scientists

focus on information that can be scaled and generalized, while

QI work has aimed its interventions at individual needs and
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corrections. However, the fields overlap, with their common

focus on improving the delivery of evidence-based practices to

benefit patients.

The importance of context in clinical
sustainability

One important class of determinants of sustainability are

characteristics of the context within which the intervention is

carried out. Context has been defined by May et al. as “the

physical, organizational, institutional, and legislative structures

that enable and constrain. . . people and procedures” (26). It

follows, then, that understanding outcomes requires knowledge

of the environmental context within which the system is

embedded (e.g., staffing, organizational climate) (27). Since

these contexts vary by setting, there is a need for “unpacking”

these contextual factors within clinical care to enumerate key

contextual variables, prioritize those most salient, and measure

these variables across settings (28, 29).

The clinical healthcare environment consists of unique

provider dynamics, workflow challenges, and complexities to

overcome when evaluating sustainment of practices over time

(30). Clinical care is best understood through practices and

procedures that occur, relying heavily on frontline providers

who are conducting activities highly integrated with the

rest of the workflow. The time horizon for implementation

and impact is often shorter in clinical sustainability than

in public health, allowing patient and system-level changes

to be seen more immediately by those providing care.

To understand these differences, clinical sustainability must

be distinguished from sustainability more broadly. Clinical

sustainability has been defined as “the ability of an organization

to maintain structured clinical care practices over time and

to evolve and adapt these practices in response to new

information (31).”

The workflows, team composition, and relationship to

patients and families are some of the factors that make pediatrics

a unique care delivery setting. For example, children’s hospitals

require multidisciplinary expertise focused on the experiences

of childhood. While medical specialists have different training

for pediatrics, there are also different professional roles regularly

involved in pediatric settings, including clinical social work

and child life specialists. Additionally, pediatric hospitals must

focus on the parents and caregivers, whereas adult settings

are less concerned about caregivers and less frequently have

individuals other than the patient providing consent for

treatment (32). The research base for children is more limited

due to ethical and practical issues with recruitment and testing

(33). Providers often express concern with the available evidence

due to origination in adults and concerns about the imperfect

translation of evidence to pediatric settings (34). All these

differences require special attention to be paid to pediatric

health settings.

Goals and research questions

This study addresses some of these gaps in understanding

sustainability in pediatric settings and its relationship to QI.

More specifically, this study assesses different individual and

intervention characteristics, including quality improvement

capabilities, and their association with clinical sustainability

capacity. By examining the ability of a healthcare organization to

implement and continue to deliver high-quality care, the study

aims to answer the following questions:

(1) What specific individual and organizational factors are

related to clinical sustainability capacity?

(2) How does quality improvement capability correspond to

sustainability of clinical programs?

Results from this study will help us to understand if

there are any individual, intervention, or quality improvement

determinants that contribute to sustainability capacity and could

point toward future areas of intervention. This will help advance

the science of sustainability through the development of links

between determinants and sustainability capacity.

Methods

This is a cross-sectional observational study conducted

within pediatric academic medical centers in the United States.

The study included healthcare professionals affiliated with one

of three evidence-based clinical programs and uses multilevel

modeling to assess hospital-level contextual factors and their

associations with sustainability capacity.

Settings

Three multicenter national hospital clinical programs were

included in this study. Thirty sites participated in the study

amongst the three programs. All thirty sites were engaged in

evidence-based practice change that involve multi-professional

teams. These are all programs that emphasize delivering

evidence-based interventions in different units and teams.While

some sites hadmultiple programs that were eligible for the study,

they were treated as separate sites due to the unique resources

and personnel in each clincial unit. Each site had been delivering

the program for a different length of time.

The three evidence-based interventions that the sites

were focused on were: antibiotic prescribing in clean/clean-

contaminated surgeries (35), early mobility within the pediatric

intensive care unit (36), and massive transfusion blood
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TABLE 1 Description of three pediatric interventions.

ASPa Early

mobility

Massive

transfusion

Description Appropriate

antibiotic

prescribing

practices in clean

and clean-

contaminated

surgical cases

A care bundle

focused on

reduction of

delirium and

sedation to begin

early rehab for

children that are

critically ill

Practices that allow

for rapid

distribution and

administration of

blood product

Professions Pharmacist,

physician,

physician

assistant, nurse

practitioners

Nurse, physician,

respiratory

therapy, physical

therapy,

occupational

therapy

Physician,

pharmacist, blood

banker

Disciplines Infectious disease,

surgery

Critical care Emergency

medicine, blood

bank, intensive care

aAntimicrobial stewardship program (ASP) perioperative antibiotic prescribing program.

administration (36, 37). These are all internationally recognized

guidelines and evidence-based practices (38–40). Table 1

outlines each intervention and the multi-professional team

involved. For ease of describing the practices, the surgical

antibiotic practice will be referred to as an antimicrobial

stewardship program (ASP) throughout.

Participants and recruitment

Data were collected during October 2020—July 2021

from 181 multi-professional clinicians involved in the

pediatric evidence-based practices described above. A group

of institutions participating in delivery of these interventions

was generated through collaboration amongst the study team.

National program leads were used to identify team leads at

each site for each of the three practices, with a total of 40 sites

originally identified. Site leads were then contacted and asked

about their site participation. If team leads agreed, a list of site

participants was provided to the study team, which was defined

as any individual involved in the relevant clinical care practice in

their setting. These individuals were then recruited to complete

the survey over email and were invited to forward the email to

anyone else in their organization that participated in delivery

of the intervention. Known participants were contacted twice

via email and asked to participate in an online survey that was

conducted using Qualtrics (Qualtrics, Provo, UT). Overall,

30 sites participated in the study (Table 1). All participating

sites were US based academic medical centers with either

(1) dedicated pediatrics care or (2) a freestanding children’s

hospital. From these sites, 181 individuals responded to the

survey. There were no incentives provided for participating

in the study. The study protocol was reviewed and approved

by Washington University Human Research Protection

Office (202102017).

Data sources

The survey instruments were:

• Clinical Sustainability Assessment Tool (CSAT) (41)—

This measure assesses clinical sustainability capacity and

includes seven domains: engaged stakeholders, engaged

staff and leadership, organizational readiness, monitoring

and evaluation, implementation and training, outcomes

and effectiveness, and workflow integration. There are 35

questions, all completed on a seven-point Likert scale with

options ranging from: not at all—to a great extent. There

is also a “not able to assess” option for each question.

This instrument has demonstrated reliability and is one of

the few instruments developed to assess sustainability in

clinical settings (42).

• Validation questions—This is an additional set of

questions that gathers information about the nature of the

evidence-based intervention as well as other organization

characteristics that assist in understanding the validity

of the CSAT. The questions were grouped into two

categories: questions about the organization and those

about the intervention. A subset of the organization

questions were taken from the Change Process Capability

Questionnaire, a QI assessment utilized by the Agency for

Healthcare Research and Quality (AHRQ) (43). Additional

organizational, intervention, and individual questions are

described below.

• Demographic questions—A set of questions provided

information about the individual taking the assessment.

These include the role, profession, and the environment

within which the individual usually practices (e.g., adult vs.

pediatrics, inpatient vs. outpatient).

The full instruments can be found in

Supplementary material A and B.

Variables, data management, and analysis

The variables of interest for this project can be found

listed in Table 2. In addition to data collected to understand

quality improvement capability, other data were collected to

assess organizational and individual determinants that could
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TABLE 2 Variables included in study.

Variable Variable type Source

Dependent variables

Sustainability capacity

[CSAT]

Continuous [averaged

across 7 domains]

Clinical sustainability

assessment tool

Independent variables

Quality improvement

capabilitya

Continuous [average of 6

questions]

Validation survey

Covariates: individual

Role Categorical Demographics

Profession Categorical Demographics

Position Categorical Demographics

Service environment Categorical Demographics

Covariates:

organizational

Organization type Categorical Demographics

Size Ordinal [3 levels] Demographics

Urban/Rural Categorical Demographics

Covariates:

intervention

Length of practice Ordinal [5 levels] Validation survey

Strength of evidence Ordinal [5 levels] Validation survey

Importance Ordinal [5 levels] Validation survey

Achievability Ordinal [5 levels] Validation survey

Frequency of delivery Ordinal [5 levels] Validation survey

aThis is a calculated score, comprised of five items from the Change Process Capability

Questionnaire (45).

influence the sustainability of pediatric clinical programs. This

is further explained below within the description of mixed-

effects modeling.

Sustainability capacity

Sustainability capacity was the main dependent variable for

this study. Capacity was represented as the CSAT score for

each domain as well as an overall sustainability capacity score.

The seven domain scores were calculated as a simple average

of the five items within each subscale. Scores can range from

1 to 7, where a higher score indicates a higher sustainability

capacity. The total CSAT score was calculated as an average

of the seven domain scores, again ranging from 1–7. This

total score represents the perceived sustainability capacity for

the specific clinical setting, where higher numbers indicate a

greater capacity.

Quality improvement capability

Quality improvement capability was the main independent

variable for this study. Six questions were chosen from the

Change Process Capability Questionnaire as a proxy for QI

work conducted at the site level (43). This score reflected the

overall site relationship to QI and use of QI strategies. Scores

could range from 1 to 5, where higher scores indicated a higher

extent of quality improvement capabilities within their setting.

All six questions included in the quality improvement capability

construct were assessed individually and as a scale. One of the

six items was re-coded, as it was initially reverse coded.

One item performed poorly during reliability testing,

indicating it was not measuring the same latent construct of QI

capability. This item was ultimately removed to create a 5-item

scale of quality improvement capability. This included history

of use of QI methods, assessment of QI culture, and strategies

that were used in the setting. This scale was utilized in the rest of

the study as an average. The value for Cronbach’s alpha for the

construct was α = 0.83, indicating very good reliability (44).

Other covariates

Other covariates of interest were assessed at the individual,

intervention, and organization level.

Participants reported three organizational characteristics:

the type of organization, staff size, and location. Organizational

variables were assessed for distribution and some responses

were collapsed. Environment was re-coded to a binary variable,

assessing those who worked at primarily at an academic medical

center compared to those who also deliver care in other settings,

such as community hospitals or urgent care. All individuals

identified their organization as located in an urban area with

many employees, so these two variables were eliminated from

further analyses.

Individuals were asked to assess their perception of the

intervention in five different ways. First, people reported the

length of time, in years, that they believed the intervention had

been implemented in their setting. Next, they were asked to

identify the strength of evidence supporting the intervention

or practice (5 options, from very weak to very strong). Third,

participants reported their perception of how important the

intervention was to provide quality care within their setting

(5 options, from not at all important to very important).

Participants also assessed their perception of how easy the

practice was to implement within the setting, described as

achievability (5 options, from very difficult to very easy). Finally,

they were asked about the frequency of delivery, or how often

those in their care received the intervention (from not at all to

all the time).

Four questions were asked to understand characteristics

about the participants. All four individual-level variables were

assessed and three were re-coded to assist with distribution

across the data. The participant role remained a categorical

variable as collected, with individuals reflecting all types of

involvement in the implementation team. The setting was

recoded to a binary variable, with individuals identified as
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those practicing in one setting vs. more than one setting

(inpatient and outpatient). Position was recoded due to the

frequency of bedside clinicians included in the sample, and the

other three positions of leadership, administration, and research

were collapsed into a single response category. Finally, the

individual profession was collapsed into nurses, physicians, and

all others (i.e., respiratory therapy, physical therapy, social work,

and pharmacists).

Data analysis

The data were recoded, cleaned, and analyzed in R. Both

the CSAT scores and a Quality Improvement Capability Score

were calculated, derived from the questions taken from the

AHRQ Change Process Capability Questionnaire (45). The

data were analyzed in three phases. First, descriptive statistics

were generated to assess each individual variable as well as

begin to understand sustainability across the programs. Next,

bivariate statistical analysis was conducted to understand the

relationship between some of these variables and sustainability.

Finally, multi-level models were built to answer questions about

the relationship of quality improvement capability to clinical

sustainability capacity.

A multilevel analysis was conducted to identify associations

of individual-level and contextual factors with clinical

sustainability capacity. A two-level multilevel structure was

utilized, where healthcare staff was nested with clinical care sites.

Using multilevel analysis helped address clustering and account

for contextual information at the organizational level (46).

The multilevel modeling equation for this two-level

structure was:

Level 1 : Sustainij = β0j + β1jQICij + β2jIndividualij + r
ij

Level 2 : β0j = γ00 + γ01Orgj + u0j

β1j = γ10 + γ11Orgj + u1j

β2j = γ20 + γ21Orgj + u2j

In this equation, level one represented the participant level

differences in their sustainability capacity score. The second-

level represents the differences at the organization or site level.

The dependent variable of interest is sustainability capacity

(Sustain). Sustainability capacity was modeled as a function of

quality improvement capability scores measured at the person-

level (QIC) and other person-level covariates (Individual).

The covariates at the second-level variable, Org, included the

program type and perceptions about the interventions evidence,

achievability, and frequency of delivery.

This allowed for a model that can answer one of the

main questions of interest requiring a multi-level model,

which is how perceived quality improvement capabilities

predicts sustainability after controlling for other individual

and intervention level characteristics. This model also assisted

in answering questions about other relevant determinants of

sustainability capacity. This model was built in a block fashion,

with intermediate models produced before the final model

focusing on the role of quality improvement capability. This

block model-building approach allows us to examine the role

of QI capability on sustainability after controlling for the other

individual and site-level covariates.

The models were built sequentially, starting with a null

model to test ICC and then adding level one and level two

variables in sequentially to subsequent models. Finally, the QI

capability score was added, forming the final model.

Results

Describing sustainability across programs

Participant and setting descriptive statistics

A total of 181 individuals from three different programs

and 30 sites were included in the final analysis. Individual

demographics of interest are included in Table 3. Individuals

most frequently worked in a single practice setting (e.g.,

inpatient) (74%) and were involved in direct patient care (70%).

About half of the participants were physicians (48%), although

all professions were recruited to participate within each setting.

Individuals within the study primarily identified their

practice group as pediatrics across all three programs.

Individuals reported their practice environment largely as

academic medical centers (84%). Most people described the

intervention as existing at their site for <5 years and believed

the evidence for the intervention to be strong, with a mean

score of 4.22 (SD = 0.74). Participants demonstrated bimodal

TABLE 3 Participant characteristics and clinical role.

ASPa Early Massive

mobility transfusion

Total # of sites in sample 10 8 12

Total # of people in sample 53 88 40

Setting

Single setting 34 80 20

Two+ settings 18 8 20

Profession

Physician 34 28 26

Nurse 1 26 6

Other 18 34 8

Position

Direct patient care 32 77 18

Other 21 11 22

aAntimicrobial stewardship program (ASP) perioperative antibiotic prescribing program.
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TABLE 4 Intervention level descriptive statistics by program.

Program

ASPa Early Massive

mobility transfusion

Length of practice

Less than 1 year 4 5 0

1–5 years 4 73 14

6–10 years 15 1 13

>10 years 7 1 10

Strength of evidence

Very weak 0 0 0

Weak 1 0 2

Neither weak nor strong 8 6 8

Strong 29 33 15

Very strong 0 0 0

Importance of intervention

Very unimportant 5 12 0

Somewhat unimportant 0 0 0

Neither important or unimportant 0 0 0

Somewhat important 9 9 4

Important 40 67 36

Achievability of implementation

Very difficult 0 0 1

Somewhat difficult 27 18 7

Neither easy nor difficult 6 20 12

Somewhat easy 12 29 11

Very easy 0 3 2

Frequency of delivery

None of the time 1 0 0

Some of the time 7 18 23

Most of the time 24 45 2

All of the time 19 25 14

aAntimicrobial stewardship program (ASP) perioperative antibiotic prescribing program.

reporting for importance, reporting the intervention to be either

very unimportant or important. Those participating in ASP

(M = 3.20, SD = 0.74) and early mobility (M = 3.08, SD

= 0.69) reported individuals receiving the intervention more

frequently than those in massive transfusion programs (M

= 2.77, SD = 0.96). Table 4 presents the intervention level

descriptive statistics.

CSAT scores

Table 5 presents the subscale and overall CSAT scores in

total and by each program. The overall CSAT was highest

for massive transfusion programs (5.51). Each program had

different high-performing domains. The standard deviation

highlights variability within each of the scores.

Overall, the scores indicate there was variation by program

across each of the domains. Transfusion programs had higher

scores in five of the domains, with the mobility programs having

the highest domain averages in the other two.

Quality improvement capability scores

The quality improvement capability scores were calculated

using the average of the five items that were included after

calculating Cronbach’s alpha. Table 6 presents the item and scale

averages and standard deviation for each practice as well as

across the three programs. The lowest item mean was for QI in

the past year and the highest was for using QI skills. The ASP

and massive transfusion programs had the highest overall QI

capability scores, with ASP being slightly higher. Like with CSAT

scores, the standard deviation indicates there was variability

within the QI capability scores.

Association of quality improvement
capability and clinical sustainability

Figure 1 shows the relationship between total QI capability

score and total CSAT scores. There is a moderately strong,

positive association between these two variables (r = 0.49, p

< 0.001). This relationship illustrates that an increase in QI

capability is associated with higher CSAT scores.

Model relationships between individual,
site-level, and quality improvement
covariates with clinical sustainability

After assessing both univariate and bivariate statistics,

multilevel mixed-effects modeling was conducted. The models

are summarized in Table 7. Four models are presented, starting

with a null model (no covariates), an initial substantive model

with individual-level covariates, a multilevel model with both

individual and site-level covariates, and then a final model with

QI capability scores.

Null model

The ICC calculated from the null model was 0.12, indicating

some variability that is accounted for by the different sites. This

non-zero value supports the approach of using mixed-effects

modeling to account for clustering of individual-level scores

within the specific sites (46).

Model with level 1 variables

All level one variables were added to the model at the same

time. While level one variables enhanced the model, only one
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TABLE 5 CSAT subscale and total score by program.

CSAT ASPa Early mobility Massive transfusion Total across

Subscales (n = 53) (n = 88) (n = 40) programs

Engaged staff and leadership 5.21 (1.29) 5.41 (1.14) 5.71 (1.08) 5.43 (1.18)

Engaged stakeholders 4.62 (1.19) 5.56 (1.02) 5.26 (1.31) 5.22 (1.20)

Organizational readiness 5.13 (1.17) 4.98 (1.17) 5.65 (0.97) 5.40 (1.15)

Workflow integration 5.01 (1.17) 5.38 (1.04) 5.6 (0.98) 5.40 (1.09)

Implementation and training 4.53 (1.46) 4.84 (1.31) 5.33 (1.22) 5.00 (1.36)

Monitoring and evaluation 4.64 (1.58) 4.68 (1.52) 5.31 (1.55) 5.00 (1.56)

Outcomes and effectiveness 5.46 (1.21) 5.93 (0.89) 5.60 (0.91) 6.00 (1.02)

Total CSAT score 4.91 (1.07) 5.25 (0.92) 5.51 (0.91) 5.20 (0.98)

aAntimicrobial stewardship program (ASP) perioperative antibiotic prescribing program.

Cells contain averages and standard deviations.

TABLE 6 Quality improvement items from Change Process Capability Questionnaire.

Question ASPa Early mobility Massive transfusion Total

Our clinical team understands and uses quality improvement

skills effectively.

4.43 (0.69) 4.18 (0.77) 4.35 (0.80) 4.29 (0.76)

Our clinical team has changed or created systems in the

organization that make it easier to provide high quality care.

4.40 (0.69) 4.16 (0.83) 4.33 (0.83) 4.27 (0.79)

We choose new processes of care that are more advantageous

than the old to everyone involved (patients, clinicians, and our

entire clinical team).

4.06 (0.79) 3.93 (0.80) 4.23 (0.86) 4.03 (0.82)

The working environment in our clinical team is collaborative

and cohesive, with shared sense of purpose, cooperation, and

willingness to contribute to the common good.

4.25 (0.87) 4.13 (0.84) 4.30 (0.76) 4.20 (0.83)

Our clinical team has greatly improved quality of care in the past

year.

4.11 (0.75) 3.91 (0.79) 4.00 (0.75) 3.99 (0.77)

Total score 4.25 (0.55) 4.06 (0.61) 4.24 (0.67) 4.16 (0.61)

aAntimicrobial stewardship program (ASP) perioperative antibiotic prescribing program.

was a significant predictor of sustainability scores within the

three programs. Individuals who identified as being primarily

in positions other than bedside providers perceived higher

sustainability capacity (Coef.= 0.40, p < 0.05).

Model with level 2 variables

Level two variables were added in two phases to the model.

First, organizational variables of program and environment

were added. Subsequently, the intervention characteristics

were added. The AIC values decreased with the addition

of these variables and lower AIC values indicate better fit.

The transfusion program staff reported higher CSAT scores

relative to the ASP programs (Coef. = 0.64, p < 0.05).

Higher perception of strength of evidence for a program also

resulted in higher CSAT scores (Coef. = 0.45, p < 0.05).

Individuals that reported higher frequency of delivery, meaning

the intervention was delivered more frequently, also reported

higher overall CSAT scores (Coef. = 0.34, p < 0.05). The

perceived ease of implementation and length of time in practice

were not significant.

Final model

Finally, the five-item quality improvement capability

construct was added to the overall model. The AIC decrease

suggests that the model was improved through the addition

of this construct. The quality improvement capability variable

was also significant (Coef. = 0.65, p < 0.05). In this

model, intervention frequency, the strength of evidence, and

transfusion program remained significant. This final model is a

significant improvement over the level-2 model (LR Chi-square

= 38.9, p < 0.01).
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FIGURE 1

Relationship between total CSAT score and total QI score.

How quality improvement influences
sustainability capacity

After the final model was completed and assessed, further

analyses were conducted to understandmore about the direction

and strength of the relationship between quality improvement

capability score and CSAT total score. To understand how

quality was operating through the sustainability score, the entire

model was run with each of the seven CSAT subscale scores as

the dependent variable. The final model with all covariates was

run, and the parameter estimates for the QI variable for each of

the seven models are presented in Table 8. Quality improvement

capabilities were positively and significantly associated with

CSAT subscale scores for every domain. Quality improvement

capability functioned most strongly through monitoring and

evaluation and organizational readiness and least through

engaged stakeholders and outcomes and effectiveness. However,

an increase in quality improvement capability scores led to

a significant increase in CSAT domain scores in all the

seven domains.

Discussion

Sustainability and quality in pediatric
hospital care

The construct of QI capability is especially important

in pediatric hospital care due to its extensive engagement

with the field of quality (47). This study assessed the

relationship of various individual and organizational constructs

to sustainability capacity. These results show that after

controlling for the person and setting level variables, perceptions

of higher QI capabilities are significantly related to overall

clinical sustainability scores. Our research suggests that QI

capability within the hospital is related to the capacity to sustain

evidence-based practices after implementation, highlighting

a way to consider the relationship of QI theory with

implementation science.

The measure of quality improvement capability within

the hospital was found to be related to overall sustainability

capacity. This study responds to foundational calls within

the field of sustainability. Additionally, this study highlights

quality improvement processes within healthcare that can serve

as a bridging factor, or enabling condition, between larger

health delivery organizations and individual high-performing

healthcare delivery teams (48, 49). Future work should focus on

the systems that facilitate or hinder both QI and sustainability.

While this study offers information related to how these

constructs are measured in pediatric hospital settings, this

research is limited by the sample size and only provides data

focused in a single practice environment. Given that other types

of programs and practices certainly have different characteristics

within the hospital and in other settings, there would be

benefit to conducting a larger study both in pediatrics and in

other contexts.

Various other factors related to the intervention were

significantly related to higher sustainability capacity.

Implementors should focus on how different clinicians

assess the quality of evidence during implementation and

sustainment. The frequency of delivery was consistent

with anticipated delivery of these different interventions in
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TABLE 7 Sustainability capacity modeled with individual, intervention, and organizational predictors.

Null model Level 1 (person) variables Level 2 (setting) variables Final model with QI

Coef. 95% CI Coef. (95% CI) p-value Coef. 95% CI p-value Coef. (95% CI) p-value

Intercept 5.15 (4.95, 5.35) 4.91 (4.43, 5.40) 1.25 (0.07, 2.46) −0.29 (−1.44, 0.86)

Setting (reference: single)

Setting: multiple 0.12 (−0.23, 0.47) 0.50 0.04 (−0.27, 0.35) 0.80 0.07 (−0.21, 0.36) 0.64

Position (reference: bedside)

Position: other 0.40 (0.04, 0.76) 0.03 0.19 (−0.13, 0.52) 0.28 0.18 (−0.11, 0.48) 0.26

Profession (reference: nurse)

Profession: physician 0.09 (−0.35, 0.52) 0.70 0.30 (−0.09, 0.71) 0.16 0.24 (−0.11, 0.60) 0.22

Profession: other 0.15 (−0.28, 0.59) 0.51 0.36 (−0.03, 0.78) 0.10 0.36 (0.02, 0.73) 0.07

Role (reference: team leader)

Role: administration 0.05 (−0.52, 0.63) 0.87 0.13 (−0.38, 0.65) 0.64 0.19 (−0.27, 0.66) 0.44

Role: participating −0.07 (−0.45, 0.32) 0.73 0.00 (−0.34, 0.34) 0.98 −0.05 (−0.35, 0.26) 0.75

Role: evaluator −0.46 (−0.45, 0.31) 0.30 −0.45 (−1.16, 0.30) 0.26 −0.37 (−1.00, 0.31) 0.30

Role: clinical staff −0.04 (−1.30, 0.39) 0.84 −0.12 (−0.47, 0.22) 0.50 −0.09 (−0.39, 0.23) 0.60

Program (reference: ASP)

Program: early mobility 0.33 (−0.09, 0.74) 0.16 0.37 (0.03, 0.70) 0.06

Program: massive transfusion 0.64 (0.23, 1.06) 0.01 0.65 (0.31, 0.99) 0.002

Environment (reference:

academic)

Environment: other 0.14 (−0.25, 0.66) 0.50 0.11 (−0.21, 0.50) 0.55

Int. Importance (reference:

not important)

Int. importance: important −0.21 (−0.78, 0.33) 0.48 −0.28 (−0.80, 0.20) 0.29

Int. importance: very important −0.29 (−0.75, 0.15) 0.23 −0.35 (−0.76, 0.04) 0.10

Intervention: strength of evidence 0.45 (0.26, 0.65) <0.001 0.40 (0.24, 0.58) <0.001

Intervention: length of

implementation

0.05 (−0.13, 0.20) 0.54 −0.05 (−0.21, 0.07) 0.43

Intervention: achievability 0.15 (−0.00, 0.31) 0.07 0.10 (−0.03, 0.24) 0.17

Intervention: frequency of delivery 0.34 (0.17, 0.51) <0.001 0.21 (0.05, 0.36) 0.02

Quality improvement capability 0.65 (0.46, 0.85) <0.001

Model fit AIC 509.7 AIC 471.0 AIC 434.1

Model improvement (LR

Chi-squared)

56.7 (p < 0.01) 38.9 (p < 0.01)

Bolded parameters indicate significance at p < 0.05.

routine care. Results highlighting the frequency of delivery

creating more capacity for sustainability could potentially

function through the domain of workflow integration

and is supported by other literature highlighting the

importance of routinization into the workflow (50, 51). Future

research ought to consider how to sustain interventions in

relationship to intervention differences (i.e., acuity, frequency,

etc.) (52).

Implications for healthcare delivery

This study has implications for implementation practice.

First, the CSAT should be considered as a useful tool during

QI and/or implementation efforts. Second, this relationship

between QI and implementation provides insight into strategies

and methodologies that should be considered for training

and implementation.

Our findings rely on the use of the Clinical Sustainability

Assessment tool. The CSAT scores were consistent, regardless

of individual-level characteristics. This study reinforces

that the CSAT is a pragmatic tool that can be used by

clinicians for evaluation and planning to sustain programs

and practices. Additionally, this understanding of how QI

initiatives bolster sustainability indicates that utilizing QI

methodologies should be considered with planning strategies

for implementation efforts.
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TABLE 8 Mixed e�ect models for each subdomain, focused on QI

variable.

CSAT domain Quality improvement variable

in final model

Coef. SE

Engaged stakeholders 0.38 0.16

Outcomes and effectiveness 0.43 0.13

Engaged staff and leadership 0.49 0.15

Workflow integration 0.64 0.14

Implementation and training 0.70 0.17

Organizational readiness 0.87 0.13

Monitoring and evaluation 0.93 0.19

All parameters were significant at p < 0.05.

Implementation science and quality
improvement

This study responds to a theoretical question that has

been posed within improvement sciences about the relationship

between implementation science and QI. Easterling et al. found

implementation science and QI literature to be separate bodies

of work when they were assessing learning health system

literature (49). QI has been described as an applied science

that provides tools and theories to assist in rapid improvement

at a local level (53) while implementation science has focused

more broadly on the processes for change, context alignment,

and outcomes related to both implementation as well as patient

health (54–56).

Sustainability may be better understood and enhanced

by more closely linking QI and implementation science to

provide insights on how to improve care delivery. This study

highlights how using theories and tools from both QI and

implementation science can enhance our understanding of

how to best ensure sustainability of our efforts to improve

healthcare quality. Specifically, drawing from these two fields

allows for a better understanding of the needs to assess impact

to the practitioner (QI), system level care outcomes, as well

as the integration into the practice environment and process

of implementing change (implementation science). To be

successful, research on sustainability determinants in healthcare

must address the existence of QI as a relevant influence in the

field. This research responds to calls to advance research on

sustainability and sustainment (8, 30), and future studies should

be focused on organization and intervention level determinants

of sustainability as well as their sustainment.

Limitations

This study draws it strength from being a survey of

frontline clinicians engaged in the delivery of these programs.

A combination of recruitment strategies was utilized, resulting

in an inability to track overall response rate and understand

a potential selection bias for those who self-selected to

complete the assessment. This survey also reports individual

perceptions of these constructs, which are subjective measures.

Future research should focus on objective measurement of

these constructs and outcomes. By using perception of these

constructs, we can assess how clinicians understand the

intervention in their clinical environment, which is relevant

and can highlight differences in understanding practice delivery

within a single setting.

Conclusion

This study sought to understand the influence of QI

on sustainability in pediatric healthcare settings. We found

that sustainability capacity is influenced by the following: the

perception of evidence, individual roles, frequency of delivery,

and QI capabilities of the setting. This is one of these first studies

to show a strong relationship between QI and intervention

sustainability. This work helps bring together theory and

research from QI science and implementation science. By doing

this, we highlight the opportunity to improve healthcare delivery

by integrating these relevant fields of study.
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