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ABSTRACT
Introduction Quality improvement (QI) is a growing field 
of inquiry in healthcare, including neonatology. However, 
there is limited information on the study setting, and the 
methodologic approaches used to develop, implement and 
evaluate QI interventions in neonatology studies. In this 
study, we describe these intervention characteristics and 
approaches.
Methods Articles were taken from a previous publication. 
There, we searched MEDLINE for publications of QI studies 
from 2016 to 16 April 2020. We retrieved all relevant 
full- text publications and sampled 100 of these articles 
for data abstraction, stratified by the year of publication. 
For each QI study, we described several methodological 
characteristics that included: the clinical topic of QI, 
setting, whether the study was multicentre, stakeholder 
engagement, root cause analysis and related problem 
identification methods, implementation techniques for QI 
interventions, types of outcomes and statistical analysis 
methods used.
Results We assessed 100 studies; most were conducted 
in the USA (56%). Academic settings and multicentre 
settings comprised 44% and 24% of studies, respectively. 
Most studies reported stakeholder engagement (81%), 
but infrequently reported engagement with leadership 
(32%) and caregivers (10%). Frequently used techniques 
for implementing interventions include provider education 
(82%), formal QI methods (42%) and audit, feedback 
and benchmarking (40%). Both patient- important clinical 
outcomes (78%) and process outcomes (89%) were 
frequently reported. P values were frequently reported 
(80%), but other statistical techniques were infrequently 
used.
Conclusion QI studies in neonatology use diverse 
multicomponent interventions. Reporting of these 
methodologic details can be useful in designing, 
implementing and evaluating QI studies in clinical practice.

INTRODUCTION
Quality improvement (QI) in healthcare, 
defined broadly as systematic activities 
conducted to achieve sustained improve-
ments in patient outcomes and health 
systems performance, has become an increas-
ingly active field of inquiry.1 There is a wide 
variation in the definition, objectives and 
methodologic features of studies that can be 
termed as a ‘quality improvement’ study. The 

Agency for Healthcare Research and Quality 
largely sees QI as activities that bridge the gap 
between the ‘ideal’ evidence- based standards 
and local clinical practice.2 The SQUIRE 
V.2.0 QI reporting guideline considers QI 
to be any ‘systematic effort to improve the 
quality, safety and value of healthcare’,3 which 
can also include cohort studies, randomised 
controlled trials and comparison studies. 
QI is also interwoven with implementation 
science, health services research and many 
other study types.4 Hence, it may take on 
research methods and publication practices 
of these fields of inquiry.

Understanding how QI work is defined 
and conducted amid this diversity can inform 
efforts to improve the reporting, effective-
ness and adaptation of QI activities and 
evidence in clinical practice. Previous liter-
ature reviews have examined the reporting 
of methodologic attributes for specific types 
of QI studies,5 6 summarised the various QI 
methodologies that are used and examined 
QI reporting among the general healthcare 
literature,7 and in the specialties of diabetes,8 
antimicrobial selection9 and perioperative 
care.10 However, to our knowledge, a meth-
odologic review of QI studies has not been 
performed in neonatology.

Furthermore, numerous reporting guide-
lines and QI primers have been published 
to guide clinicians on how to contextualise, 
develop, implement and evaluate QI studies 
in hospital and community settings. These 
methodologic attributes include identi-
fying change ideas through stakeholder 
engagement and problem- framing methods, 
implementing interventions using QI meth-
odologies such as plan- do- study- act cycles 
or total quality management and evaluating 
the project using outcome, process and 
balancing measures and statistical analysis 
using statistical process controls.11–14 Under-
standing how recently published QI work 
has incorporated these characteristics can 
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inform future directions in QI reporting and effective-
ness efforts.

The objective of our study is to describe the character-
istics of the setting, intervention development, imple-
mentation and evaluation approaches of QI studies in 
neonatology. Herein, we will quantify how often various 
techniques for developing, implementing and evalu-
ating QI activities are used or reported in published 
articles.

METHODS
This study uses articles from a previous systematic 
survey of the literature.15 The literature search, full- text 
screening and random selection of articles are described 
in a previous publication.8 In summary, we searched 
the Medline database for publications from 2016 to 16 
April 2020, as defined by the ‘year of publication’ field 
using the search strategy shown in online supplemental 
appendix A1. Subsequently, for the title/abstract and 
full- text screening, we sought to include all QI articles. 
Here, we defined QI as any study that described a system-
atic effort to improve the quality, safety or value of health-
care, in line with the definition stated in SQUIRE V.2.0, 
the current guideline for reporting quality improvement 
studies.3(p0)

After obtaining all relevant full- text articles, we selected 
a random sample of 100 articles to assess, stratified by 
the year of publication. The random selection process 
involved first determining the number of articles that were 
published each year (2016–2020), and then assigning 
a probability of selecting each stratum. Second, within 
each year- of- publication stratum, we sorted the articles 
randomly using Excel. Finally, we sampled the articles 

in their sorted order, based on the probability that the 
article belonged to a specific stratum. A flow diagram of 
our selection process, adapted from our previous study, is 
shown in figure 1.

Determining attributes to evaluate
The methodologic attributes to assess, such as stake-
holder engagement or statistical methods, and the cate-
gories within each attribute, such as the type of statis-
tical method used, were selected by ZJH. These attrib-
utes and its categories were adopted from published QI 
primers by Silver et al14 (Quality improvement in emer-
gency medicine), Chartier et al11–13 (Quality improve-
ment in haemodialysis), and Shojana et al16 (Closing 
the quality gap reports). After selecting these attributes 
and its categories, ZJH consulted with LT, SeH and GF 
to determine whether these attributes were important 
features of quality improvement reports and if they 
were feasible to evaluate. The categories for each meth-
odologic attribute were further adjusted as the review 
progressed.

Some of the attributes that describe the study were 
chosen to examine specific questions of interest. Most 
attributes were chosen as they represented the design/
framing, implementation and evaluation of QI interven-
tions. These attributes, our rationale for selecting them 
and our questions of interest, are shown in table 1.

A posteriori attributes
Following comments from peer reviewers for deeper 
analysis, we added additional categories for ‘interven-
tion implementation’ based on intervention categories 
derived from Chartier et al and Shojana et al.12 16 The 
categories of intervention implementation, and its defi-
nition, are shown in table 2.

Data abstraction
We provided training to the student reviewers and 
then pilot tested two articles each to assess their agree-
ment with ZJH and with each other. Each reviewer was 
provided a codebook that briefly defined each method-
ologic attribute. Following the pilot testing, we updated 
the codebook based on feedback to ensure a shared 
understanding. Finally, the remaining articles were 
divided between three student reviewers and assessed 
independently with ZJH. Disagreements were resolved 
arbitrarily by ZJH or by discussion for more subjective 
cases.

Analysis/synthesis
We summarised the characteristics of the included 
studies using descriptive statistics with categorical vari-
ables reported as frequencies. ZJH noted the clinical 
topic of quality improvement of each study using free 
text, and generated Word clouds to describe them. 
The Word Cloud was created using Word Cloud Pro 
in Microsoft Word (Microsoft 365, V.2202). Frequen-
cies were computed in Microsoft Excel (Microsoft 365 
V.2202).

Figure 1 Flow diagram describing the process of selecting 
articles for this study. QI, quality improvement.
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RESULTS
Study setting and context
The frequency that each item was reported is shown in 
table 3. Most studies were conducted in the USA (56%) and 
considered the individual patient as a unit of intervention 
(70%). A large number (44%) of publications reported 
that their activities were conducted in an academic or 

teaching hospital setting, though we note that this may be 
higher as studies may not report this detail. Only 24% of 
studies were multicentre; these included QI interventions 
implemented at multiple centres, a QI programme imple-
mented in hospitals participating in a statewide quality 
improvement network or in multiple communities. The 
clinical topics of QI studies were very diverse, and there 

Table 1 Attributes assessed and their importance for determining the success of QI projects

Attribute What is assessed? Why assessed/hypothesis?

Country Which country was the study conducted in Understand the geographic spread of QI studies

Target population: Unit 
of Intervention

What type of individuals did the QI study target? (1) 
Patients; (2) caregivers; (3) healthcare providers; (4) 
mother–infant dyad; (5) other domains

QI interventions are aimed at different groups of 
people

Clinical topic of QI 
improvement

What types of clinical questions are being addressed 
by current QI projects? Eg, reduce CLABSI*, improve 
workflow, adapt an evidence- based protocol

Understand which problems are being addressed 
and provide insights into which problems may not 
be frequently addressed.

Healthcare setting Was the study conducted in an academic/teaching 
hospital?

Are quality improvement activities mostly 
implemented in an academic hospital setting, which 
have teaching and research mandates?

Multicentre studies Are studies being conducted at multiple hospitals/
communities/centres?2 9

How often do published QI activities involve, or 
report on, collaboration between multiple hospitals?

Ethics approval Whether a review board approved or waived ethics 
requirement?

How often did QI studies receive an ethics waiver, 
and hence, be considered as a QI study by the 
review board?

Root cause analysis 
(Problem identification 
method)

Did the study use root- cause analysis or related 
methods (Fishbone/Ishikawa diagram, Pareto charts, 
or process mapping) when identifying the specific QI 
problem to tackle in their local setting?11

Root cause analysis, or the three related methods, 
is a technique for understanding the problem and 
adapting a locally tailored solution; it is emphasised 
in QI primers.

Stakeholder 
engagement

Were healthcare providers, caregivers or healthcare 
leaders involved in the design and adaptation of the QI 
activities?

QI projects succeed when clinical expertise is 
used, the activities are backed by the hospital 
management, and when parents or caregivers are 
involved in shaping the QI programme.11 14

Components of QI 
interventions

Modalities of implementing interventions. (See table 2 
for definitions)

Develop an understanding of the approaches to 
implementing QI interventions, and how often they 
are used.

Measures What types of outcomes were evaluated and how often were they reported?
1. Patient- important outcome measures—outcomes that directly affect a patient’s health and well- being.12 20

2. Process of care measures—(1) indicators on the quality of medical care, (2) the success of the 
implementation process, (3) balancing measures—side effects resulting from the interventions.12

Statistical analysis What type of statistical methodology to assess the 
effectiveness of the intervention?
1. Statistical significance—use of p values.
2. Confidence intervals, including process control 

limits
3. Statistical process control—must include use of 

control limits
4. Adjustment for confounders/multivariable analysis

The use of statistical techniques reflects how 
authors intend to interpret their studies.
1. The use of p values reflects the study’s tendency 

to view the QI activity as being successful or not 
based on statistical significance.19

2. Use of confidence intervals reflects the study’s 
understanding that any changes in quantitative 
measures are estimates based on a sample in 
their local setting.19

3. Use of statistical process control reflects the 
understanding that QI is a continuous process 
defined by events over time. It examines if the 
persisted over time following the intervention,).18

4. Adjustment of confounders shows that the 
study sought to ascertain the ‘true’ association 
between the QI intervention and study 
outcomes.21

*CLABSI, Central line- associated bloodstream infections.
QI, quality improvement.
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were no dominating clinical topic (see figure 2). Nearly 
half (48%) of studies were waived for ethics approval, 
and, hence, was viewed by the institutional review board 
as a quality improvement study. More studies may have 
been waived but did not declare it.

Intervention development, implementation and evaluation
The frequency that each intervention implementation 
technique was used or reported is shown in figure 3. 
Few studies used root cause analysis and its related tech-
niques to explore and identify problems requiring QI. 
Most studies reported stakeholder engagement (81%). 
However, few reported engagement with hospital leader-
ship (32%) and even fewer with parents and caregivers 
(10%).

The majority of studies included healthcare provider 
education and training (76%) in implementing their 
intervention. Other implementation strategies that were 
used often (greater than one- third) include clinical guide-
lines, standardisation of practices, audit, feedback and 
benchmarking, communication (including teamwork 

and simulation) and QI techniques such as Plan- Do- 
Study- Act \ cycles and Total Quality Management.

Most studies incorporated patient- relevant outcome 
measures (78%) and measures that examine or monitor 
the processes of care and implementation (89%). Most 
studies also assessed the statistical significance of their 
interventions (80%). However, the use of other statistical 
methods including CIs, statistical process control and 
adjustment of confounders through statistical modelling 
was seldom mentioned. Therefore, most studies did not 
examine the variability of their intervention effect esti-
mates, assess for special cause variation over time, nor 
adjust for confounders when estimating intervention 
effects.

DISCUSSION
This systematic survey investigated various methodo-
logic approaches in the development, implementation 
and evaluation of quality improvement reports in the 
neonatology literature. Studies were conducted mostly 
in the USA, targeted to patients as a unit of intervention, 

Table 2 Components of quality improvement interventions and their definitions12 16

Methods for implementing QI 
interventions Definition

Checklist A checklist is used as part of the quality improvement intervention

Clinical guideline The word ‘guideline’ is mentioned in the intervention section, and the context implies that 
guidelines are used to implement the intervention.

Standardisation of care processes The word ‘standardisation’ or similar wording (such as ‘standard’, ‘standardised’) is mentioned 
in the intervention section, and the context implies that guidelines are used to implement the 
intervention.

Provider reminder systems A technique used to remind the healthcare provider to do something, such as sticky notes, posters 
or electronic alerts

Caregiver reminders A technique used to remind the caregiver to do something

Facilitated relay of clinical data to 
providers

The quality improvement strategy involves implementing systems to communicate (relay) patient 
data to the healthcare provider

Provider education Education and training for healthcare providers and staff

Caregiver education Education and training for caregivers

Promotion of self- management (caregiver) QI strategies that involve helping caregivers to manage their conditions

Financial, regulatory, or legislative 
incentives

Cash transfers, reimbursements, etc, as a quality improvement strategy

Audit and feedback, feedback, and 
benchmarking

Any mention of the word ‘feedback’, ‘audit’, ‘audit and feedback’ and ‘benchmarking’ in the 
context of implementing the intervention.

Personnel change and adding new roles/
members or changing existing roles

The QI strategy involves adding new members to a team or fundamentally changing the roles of 
the members of a team as a quality improvement strategy. Forming a quality improvement team is 
not in itself a QI strategy.

Communication change (as intervention 
strategy) (and teamwork training/
simulations)

Team huddles, teamwork activity, simulation (involving communication), communication between 
multiple hospitals, as well as emphasis on communication techniques (debriefing, etc), and 
communication strategies when describing the quality improvement intervention.

QI methods (PDSA, Six Sigma, TQM, CQI, 
CRM, Lean)

The techniques listed here were used in implementing the intervention, as well as the use of any 
other formal strategies.

New devices, equipment, technology   The implementation itself involves the use of new devices, equipment and technology as a 
quality improvement strategy. Using devices, equipment or technology that is already available 
in the hospital does not count.

CQI, Continuous Quality Improvement; CRM, Crew Resource Management; PDSA, Plan- Do- Study- Act; QI, quality improvement; TQM, Total Quality 
Management.
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mostly engaged healthcare providers as stakeholders, 
used education and training as an implementation tech-
nique, frequently included patient- important outcome 
and process of care measures and frequently reported p 
values in their statistical analysis.

A key strength of this study is that we assessed meth-
odologies of design, implementation and evaluation 
all together. This approach allows researchers to better 
understand the methodologies employed in QI studies 
across its entire lifecycle, which can inform future direc-
tions on QI education efforts and publication practices. 
In comparison, previous QI literature syntheses did not 
examine these attributes all together, or only focused 
on specific types of QI methodologies.5 7 8 10

A key limitation is in accurately assessing the frequency 
of numerous attributes is the way they are reported. On 
study setting, we may have undercounted the number 
of studies that occurred in academic or teaching hospi-
tals because the manuscript did not always mention this 
detail in the study setting. Furthermore, we were unable 
to assess how many studies took place in community non- 
academic hospitals because many studies did not report 
whether their studies occurred in community hospitals 
or not. Thus, we could not claim whether QI studies 

Table 3 Descriptive characteristics of QI studies in 
neonatology

Study characteristics
Frequency 
(N=100)

Country/region of study conduct (Where is the sample 
gathered?)

USA 56

Canada 6

India 8

Tanzania 3

Nepal 3

Other* 23

Unknown 1

Target population—unit of intervention

Patients 70

Caregivers 6

Healthcare providers 11

Community 6

Mother–infant dyad 5

Other domains 2

Year†

2020 10

2019 30

2018 26

2017 19

2016 15

Healthcare setting of QI study

Study stated the setting included an 
academic/teaching hospital

44

Ethics approval

Ethics approval received 38

Institutional research board approval waived 48

No ethics approval stated 14

Multicentre 24

Problem identification method

Root cause analysis (Fishbone, pareto, 
process mapping)

23

Stakeholders Involved in QI study5 8 11

Administrators & organisation managers 32

Parents and caregivers 10

Healthcare providers 74

No stakeholder engagement/analysis 
reported

19

Measures included in the study12

Patient- important outcome measures 78

Process measures 89

Balancing measures 26

Characteristics of statistical analysis

Continued

Study characteristics
Frequency 
(N=100)

Statistical significance of findings discussed 80

Confidence intervals (excluding statistical 
process control limits)

28

Statistical process control chart used 36

Studies adjusted for confounders/covariates 15

*Other countries include England (n=2), Australia (n=2), Ghana 
(n=2), Israel (n=2), Japan (n=2) and one article each from China, 
Pakistan, Rwanda, Namibia, Argentina, Brazil, Germany, Ireland, 
France, Papua New Guinea, Taiwan, Singapore, Kenya.
†Year of publication field (yr), as recorded in MEDLINE.
QI, quality improvement.

Table 3 Continued

Figure 2 Word cloud of clinical topics of QI studies in 
neonatology: The size of words represents the frequency 
of single words that were used to describe clinical topics 
throughout the review. QI, quality improvement.
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were dominated by academic/teaching hospitals or 
not. The same issue arose for ethics approval, where we 
cannot ascertain whether all studies have reported their 
waiver of consent. Likewise, many studies may not have 
reported their engagement with leadership or parental 
stakeholders, as such information is not required 
directly by SQUIRE V.2.0 reporting guidelines.3(p2)

Herein, we have identified several aspects of QI 
study design, implementation and evaluation that 
can be targeted for future improvement efforts. First, 
studies can engage in more stakeholder engagement 
with leadership and caregiver stakeholders. Successful 
engagement with hospital leadership may ensure 
that leadership will use their influence, and devote 
resources towards conducting a rigorous, successful and 
sustainable QI project.14 17 Likewise, engagement with 
caregivers is central to ensure patient- centred health-
care delivery in the neonatal context.1 Reporting these 
details will allow researchers to share information and 
appraise engagement strategies.

Second, efforts for improving QI in neonatology can 
focus on improving the reporting, implementation 
and effectiveness of intervention strategies we iden-
tified above: clinical practice guidelines, standardisa-
tion of care, provider education and training, audit, 
feedback and benchmarking and communication. 
Each of these strategies have its own methodologic 
nuances and frameworks. Education efforts can focus 
on these techniques to better support improving QI.

Finally, the infrequent use of other statistical tech-
niques among publications indicate that improvements 
are needed in the statistical analysis of QI studies. Studies 
can enhance their statistical analysis by employing statis-
tical process control, as doing this would imply that 
studies both monitored continuously and used statis-
tical techniques to infer if the intervention has achieved 

sustained change in outcome.18 Interventions focused 
on pre–post change can also benefit from employing 
CIs, as this indicates the magnitude of change seen,19 
which is more in line with goals of improvement.

CONCLUSION
Overall, QI studies in neonatology are characterised by 
diverse forms of interventions. Additionally, this study 
has identified areas for further methodologic work, 
such as the reporting of stakeholder engagement with 
leaders and caregivers, targeting specific interven-
tion techniques and approaches to statistical analysis. 
These improvements can strengthen the effective-
ness of quality improvement activities and contribute 
to advanced healthcare practices for providers and 
improved health outcomes for patients.
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