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Health care is increasingly the subject of quality improve-
ment (QI),1 which can be understood as purposeful efforts 

to make changes that will lead to better patient outcomes, better 
system performance, and better professional development.2 QI 
efforts often involve a quality intervention (specific changes to 
clinical or organizational systems) and a QI technique (a method 
used to support the implementation of the intervention, such as 
the Model for Improvement).3 Surgery is a particularly import-
ant area for QI. Fourteen record-review studies together indi-
cated that adverse events occurred in 14.4% of 16,424 patients 
undergoing surgery and that potentially preventable adverse 
events occurred in 5.2% of them.4 For 3.6% of the 16,424 
patients, the consequences were fatal, and for around 10.4%, 
severe.4 In the United State, adverse events in surgery account 
for approximately half (48%) of all adverse events in hospitals.5 
Given that an estimated 234 million surgical interventions are 
performed every year worldwide,6 improving quality and safety 
of surgical care is a global priority.7

Perioperative care, which encompasses care delivered be-
fore, during, and after surgery,1 makes an important contri-
bution to the outcomes and experiences of surgery. Systematic 
reviews of QI efforts in diverse surgical specialties have report-
ed that improvements are possible across the entire perioper-
ative journey.1,8–11 However, like randomized controlled trials 
(RCTs) in surgery,12 there are indications that important infor-
mation may be missing from reports of surgical QI studies.13 
This is not a problem unique to surgery: Notwithstanding rele-
vant guidance,14 reporting of QI is often weak, lacking, for ex-
ample, details of implementation context, potential harm from 
QI activities, intervention components, and the duration of in-
dividual Plan-Do-Study-Act (PDSA) cycles.15,16

One challenge in producing full and explicit accounts of in-
terventions—QI or otherwise—has been the absence of clear-
ly articulated expectations about what should be reported. A 
welcome recent development, therefore, is the TIDieR (Tem-
plate for Intervention Description and Replication) check-
list,17 which identifies 12 features of interventions that studies 
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Article-at-a-Glance 
Background: Quality improvement (QI) approaches are 
widely used across health care, but how well they are report-
ed in the academic literature is not clear. A systematic review 
was conducted to assess the completeness of reporting of QI 
interventions and techniques in the field of perioperative care. 
Methods: Searches were conducted using Medline, Scopus,  
the Cochrane Central Register of Controlled Trials, the 
 Cochrane Effective Practice and Organization of Care data-
base, and PubMed. Two independent reviewers used the Tem-
plate for Intervention Description and Replication  (TIDieR) 
check list, which identifies 12 features of interventions that 
studies should describe (for example, How: the interventions 
were delivered [e.g., face to face, internet]), When and how 
much: duration, dose, intensity), to assign scores for each in-
cluded article. Articles were also scored against a small number 
of additional criteria relevant to QI.
Results: The search identified 16,103 abstracts from data-
bases and 19 from other sources. Following review, full-text 
was obtained for 223 articles, 100 of which met the crite-
ria for inclusion. Completeness of reporting of QI in the 
perioperative care literature was variable. Only one article 
was judged fully complete against the 11 TIDieR items used. 
The mean TIDieR score across the 100 included articles was 
6.31 (of a maximum 11). More than a third (35%) of the 
articles scored 5 or lower. Particularly problematic was re-
porting of fidelity (absent in 74% of articles) and whether 
any modifications were made to the intervention (absent in 
73% of articles). 
Conclusions: The standard of reporting of quality inter-
ventions and QI techniques in surgery is often suboptimal, 
making it difficult to determine whether an intervention can 
be replicated and used to deliver a positive effect in another 
setting. This suggests a need to explore how reporting prac-
tices could be improved.
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should  describe. TIDieR is recommended by the Enhancing the 
QUAlity and Transparency Of health Research (EQUATOR) 
Network18 as an extension of the Consolidated Standards of 
Reporting Trials (CONSORT)19 and Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT)20 state-
ments to improve reporting across all “evaluative” study de-
signs. A second challenge in QI reporting is the wide variation 
in study design used in the field. QI studies can be heuristi-
cally distinguished as QI projects, which are characteristically 
conducted with the primary aim of securing change in a de-
fined service using structured methods, or research and eval-
uation studies, which are conducted with the primary aim of 
generating knowledge.21 QI projects and research and evalua-
tion studies may use broadly similar methods—for example, in 
the data-analysis techniques they apply—but they differ in their 
aims, assumptions about process, and the nature of the claims 
that they make about generalizability. Thus, for both QI proj-
ects and research/evaluation studies, the study design used may 
affect how both quality interventions and QI techniques are re-
ported.22,23 Many study designs used in the improvement field 
are vulnerable to problems of both internal and external validity 
(including QI projects and many trial designs, for example) and 
thus require detailed reporting not just of the “nuts and bolts” 
of quality interventions and QI techniques, such as what was 
delivered and by whom, but also of the contextual factors (such 
as QI team, QI support and capacity, and organization) relevant 
to implementation.24 

Poor reporting frustrates improvement in health care systems: 
Among other problems, it poses threats to the internal validity 
of studies (for example, by making it difficult to determine the 
components and mechanisms of the intervention under study 
and the relevant aspects of context) and to external validity (that 
is, the ability to replicate in other settings).25,26 Yet how well QI 
in surgery is reported is not known. We aimed to assess, us-
ing systematic review methods, the completeness of reporting 
of quality interventions and QI techniques in the perioperative 
literature, and, in particular, to identify which  elements of re-
porting are most frequently missing.

Methods
Protocol

The protocol describing the design of this systematic re-
view was submitted for external peer review27 and was regis-
tered with PROSPERO, an international database of prospec-
tively registered systematic reviews in health and social care28 
(CRD42014012845). 

Eligibility critEria

In this systematic review, we sought to include the following:
■■ All studies published (including those published online 

ahead of print) between January 1, 2000, and May 28, 2014, 
so as to capture articles indexed since the publication of the 
Institute of Medicine report To Err Is Human: Building a Safer 
Health System29 

■■ Studies reporting a deliberate effort to produce change in 
active perioperative care and meeting the criteria for QI as spec-
ified in a modified version of a taxonomy generated by Shojania 
et al.30 (Table 1, page 198)

■■ All surgical specialties 
■■ Adult surgical services
■■ Elective and emergency (trauma) surgery
■■ Primary and secondary care 
■■ Qualitative and quantitative literature

The exclusion criteria were as follows:
■■ Clinical audits, unless they explicitly reported on the im-

plementation of a QI technique designed to produce and eval-
uate a change 

■■ Qualitative articles reporting exclusively on staff or patient 
experience of QI 

■■ Articles reporting on screening and diagnostic techniques 
such as endoscopy 

■■ Articles reporting on end-of-life care 
■■ Articles not published in English
■■ Abstracts, conference proceedings, and editorials
■■ Cadaver studies
■■ Pediatric studies

inclusion and classification dEcisions

Determining what qualifies as a “quality improvement” study 
(and what does not) is far from straightforward. Many complex 
interventions, such as surgical care pathways, have features in 
common with QI, particularly when they combine multiple 
known preoperative, intraoperative, and postoperative elements 
into a care system. However, not all complex interventions are 
quality interventions, and not all interventions to improve qual-
ity of care involve QI. To aid in classification of studies as “QI” 
or not, we used a taxonomy based primarily on that developed 
by Shojania et al.,30 which itself was built on other well-estab-
lished taxonomies of behavior change interventions.31–35

The taxonomy created by Shojania et al. identifies nine QI 
“strategies,” but, as we recognize, those strategies are of different 
kinds—ranging from reminder systems to financial incentives.30 
We therefore found it useful to distinguish between quality in-
terventions and QI techniques. We defined quality interventions 
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as specific changes to clinical or organizational systems. We de-
fined QI techniques as the methods used to support the change, 
characteristically involving a predefined set of steps. Thus, while 
a reminder system for hand washing would be classified as a 
quality intervention, methods such as PDSA cycles, which are 
intended to support the implementation of the reminder sys-
tem, would be classified as QI techniques. Accordingly, we mod-

ified the Shojania et al. taxonomy30 by classifying the strategies 
numbered 1 through 9 as examples of quality interventions and 
those numbered 10 and 11 as QI techniques (Table 1). Of note, 
the distinction between a quality intervention and a QI tech-
nique is not hard and fast but is rather more of a heuristic and 
is, to some extent, context specific. For example, feedback is list-
ed within the taxonomy as both an intervention and a technique 

Table 1. Quality Improvement (QI) Taxonomy*

QI Strategy Definition Examples of Methods Surgical Examples
Articles reporting any QI intervention (1–9) must include 1 additional item (10 & 11) from Table 1.

1. Provider reminder 
systems

Any “clinical encounter-specific” information 
intended to prompt a clinician to recall infor-
mation or consider a specific process of care

Decision aids 
Reminders 

MEWS
The WHO Surgical Safety 
Checklist

2 Facilitated relay of 
clinical data to providers

Transfer of clinical information from patients to 
the provider (not during a patient visit)

Telephone call
Postal contact

Relay of BP measurements to 
the preassessment team 

3 Provider education Dissemination of information Educational outreach visits
Distribution of educational 
material
Clinical guideline information

Component separation 
training and recurrence rates 
Cadaveric training and 
surgeon confidence

4 Patient education Dissemination of information Distribution of educational 
material
Individual or group sessions

Trimodal pre-habilitation 
programs compliance and 
effect on LOS

5 Promotion of self-
management

Access to a resource that enhances the 
patients’ ability to manage their condition

BP devices
Patient diaries

Follow-up phone calls with 
recommended adjustments 
to care 

6 Patient reminders Any methods of encouraging patient 
compliance to self-management

Appointment reminders SMS exercise reminders 
before bariatric surgery

7 Organizational change Any change in organizational structure Multidisciplinary teams
Communication  
Health records

Changes to staff rota to 
facilitate early patient 
mobilization after elective 
arthroplasty

8 Financial, regulatory, or 
legislative incentives

Any financial bonus, reimbursement, or
provider-licensure scheme 

Positive or negative incen-
tives for providers or patients

18-week wait target for 
elective orthopedic surgery

9 Feedback Any feedback of clinical performance Distribution of feedback via 
staff education sessions or 
e-mails; can occur as part of 
SPC or audit and feedback

Percentage of patients 
achieving target LOS

Articles reporting any QI technique (10 & 11)
10 Audit and feedback Any feedback of clinical performance 

summarizing percentages of patients who 
have achieved a target outcome that has been 
measured at intervals over time

PROMs
LOS
Morbidity and Mortality

Percentage of patients 
achieving target LOS

11 QI methods Systematic techniques for identifying defects 
in clinical systems and making improvements, 
typically involving process measurement and 
remeasurement

PDSA, Six Sigma, TQM, CQI, 
SPC, Lean

Improving processes for 
acetabular cup placement in 
minimally invasive hip surgery

MEWS, Modified Early Warning System; WHO; World Health Organization; BP, blood pressure; LOS, length of stay; SMS, surgeon-monitored sedation; SPC, 
statistical process control; PROM, Patient-Reported Outcome Measure; PDSA, Plan-Do-Study-Act; TQM, total quality management, CQI, continuous quality 
management. 

* Adapted from Shojania K, et al. Closing the Quality Gap: A Critical Analysis of Quality Improvement Strategies (Vol. 1: Series Overview and Methodology). Technical 
Reviews, Rockville (MD): Agency for Healthcare Research and Quality, 2004. 
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because feedback can be delivered as part of a quality interven-
tion such as a reminder system but can also be delivered as part 
a QI technique, such as audit and feedback. 

To qualify for inclusion in this systematic review, articles had 
to report both a quality intervention (strategies 1–9, Table 1) 
and an associated QI technique (strategies 10 and 11, Table 1). 
To ensure that use of the modified taxonomy resulted in reli-
able classification of articles, an article selection training exer-
cise was conducted between three of the authors—known as the 
reviewers. Author1 [E.L.J.] and Author4 [M.D-W.] considered 
selected full-text articles for inclusion, and discrepancies were 
resolved by Author3 [G.M.] Selection criteria were refined to 
ensure consensus and reliability.

We sought to improve agreement on whether candidate ar-
ticles met the inclusion criteria by discussing the interventions 
described in articles with experts in the field and by contacting 
authors when clarification was needed to classify study design 
and the type of intervention.36 

sEarch stratEgy

Bibliographic databases were selected for their representa-
tion of both surgical and QI literature. The Ovid SP version of 
Medline and Scopus was searched on May 28, 2014. The Co-
chrane Central Register of Controlled Trials and the Cochrane 
Effective Practice and Organisation of Care (EPOC) database 
(which indexes interventional studies focused on improvement 
in health care delivery) were searched in August 2014 using the 
terms quality improvement, and quality improvement in surgery” 
applying the limit of trials. The “related articles” function of 
PubMed was also searched. 

The search strategy (Appendix 1, available in online article) 
was designed by the three reviewers [E.L.J., G.M., M.D-W.]. In 
an attempt to design a search that would be sensitive enough 
to ensure retrieval of all relevant studies and specific enough 
to ensure that irrelevant articles would be excluded, we adapt-
ed a QI search strategy that had previously been used by the 
Health Foundation in a research scan for literature available as 
of December 2010 on the concept and practice of improve- 
ment  science.37 

Our search strategy was designed to capture terms relating 
to (1) surgery, (2) quality improvement, and (3) methodology. 
Medical Subject Headings (MeSH) terms, search terms, thesau-
rus mapping, and Boolean operators were used. Pilot tests were 
conducted to ensure that a selection of known surgical QI arti-
cles (already identified by a systematic review by Nicolay et al.1 
on QI in surgery) would be captured by our strategy. The term 

quality adj2 improv$ was used to capture QI article (the abbre-
viated term QI was not suitable as a search term). 

The search strategy [conducted by E.L.J.] applied the restric-
tions of publication year (2000–2014), humans NOT animals, 
and NOT infants. 

The search results were supplemented with hand searching [by 
E.L.J.] of the reference lists of full-text articles and of a recently 
published systematic review on the application of QI methodolo-
gies to surgery.1 Articles were included unless they were published 
before January 1, 2000, or included pediatric cases.

data Extraction

Data from articles that met the inclusion criteria were ex-
tracted onto a Microsoft Excel (Microsoft; Redmond, Washing-
ton) spreadsheet [by E.L.J.] using a standardized template based 
on items from the TIDieR checklist and a checklist containing 
a small number of additional features relevant to QI (Table 2, 
page 200).

usE of thE tidiEr chEcklist to assEss rEPorting 
of Quality intErvEntions

The QI interventions (items 1–9, Table 1) were scored us-
ing a modified version of the TIDieR checklist (Table 2),which 
contains 12 items relating to reporting criteria.38 Item 9 (tailor-
ing: personalization or titration of the intervention) was removed 
for purposes of this review because the interventions we stud-
ied were not titrated for individual patients. This resulted in a 
modified TIDieR checklist with 11 items, so that the maximum 
score that could be obtained by any article was 11/11. Scor-
ing was guided by the TIDieR group’s explanatory statement,17 

which was further clarified through e-mail correspondence with 
TIDieR’s first author (Hoffmann).

Articles were scored as “Yes” for each item that could be as-
sessed as reported in full. If the description was unclear or if no 
description was given, the article was scored as “No” for that 
item. For example, when an article clearly described the mod-
ifications made to an intervention in a manner judged to be 
fully explicit, it was rated “Yes” under the TIDieR item “modi-
fication” (item 9, column 2, Table 2). An example of an article 
achieving “Yes” under this criterion described the modifications 
made as follows: “After multiple trials of various insulin proto-
cols, a simplified high-infusion protocol replaced the low-in-
fusion protocol with intermittent boluses.”39(p. 25) Many articles 
reported on multiple interventions, such as a safety bundle.40 

To accurately replicate a multifaceted program, all its compo-
nents needed to be fully described. Therefore, we scored each 
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article once against each TIDieR item, regardless of the number 
of  interventions. 

usE of thE chEcklist of additional itEms (tablE 2) 
to assEss rEPorting of Qi tEchniQuEs

TIDieR was designed to aid assessment of the reporting of in-
terventions. We also required a means of evaluating the report-
ing of QI techniques. We decided to score the QI techniques 
(items 10 and 11 in Table 1) in the studies in our sample by 
using a checklist of relevant items (Table 2). The checklist items 
were based on the Cochrane EPOC review group’s data-collec-
tion checklist,41 which had previously been used in systematic 
reviews to consider reporting features specific to QI measure-
ment.42 We selected relevant items from the EPOC checklist, 
including, for example, baseline measurement, data-collection 
schedule, data analysis, missing data, and named outcomes, for 
our checklist. A further item relating to data volume/duration 
was added in response to a recent publication by Taylor and col-
leagues16 on the reporting of PDSA cycles.

additional rEPorting fEaturEs includEd in thE 
data-Extraction tEmPlatE

As well as the TIDieR checklist and the checklist of QI 
techniques, we also included in our data-extraction template 
items relating to reporting of patient and public involvement 
(PPI), adverse events, patient-reported outcomes, and use of 
the Standards for QUality Improvement Reporting Excellence 
(SQUIRE) guidelines43 (Table 2). PPI, defined as the incorpo-
ration of the knowledge, skills, and experience of patients, care-

givers, and the public into a study,44 was included because it is 
encouraged across all types of surgical interventional studies.45 
We defined an adverse event as any unfavorable or unintend-
ed sign, symptom, or event associated with the intervention; 
reporting of such events is important to enable the full under-
standing of possible benefits and harms of interventions.15,45 The 
SQUIRE guidelines, which support the quality of reporting of 
QI studies, are recommended by the EQUATOR Network.

absEnt rEPorting fEaturEs

In view of best-practice recommendations produced by the 
Centre for Reviews and Dissemination, University of York,we 
also report what was not reviewed as part of this systematic re-
view. Methodological flaws and risk of bias were not examined 
because the review did not focus on intervention effect.47 

data Extraction

Data extraction and scoring of all data was undertaken [by 
E.L.J.], after which, to enhance rigor, the data-extraction tem-
plate was used [by N.L.] to independently score 12 full-text 
 articles. Discrepancies were resolved with a third reviewer 
[M.D-W.]. Single-data extraction was then performed for all 100 
articles [by E.L.J.], and completed scores were reviewed and the 
data extraction was verified [by N.L.]. Discrepancies that could 
not be resolved were then discussed [with G.M. and M.D-W.]. 

Results
The Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) diagram (Figure 1, page 201) reports the 

Table 2. Data-Extraction Template Items

Demographics and Additional 
Reporting Items Quality Intervention (TIDieR parameters) QI Technique

 1. Author, year, country, surgical 
speciality, setting

 2. Use of patient-reported outcomes
 3. Report use of SQUIRE 

guidelines?
 4. Two-year impact factor
 5. Five-year impact factor
 6. Journal quartile rank
 7. Adverse events (unfavorable or 

unintended effects) 
 8. Presence and type of patient and 

public involvement (collaborative 
or consultative)

 1. Brief name 
 2. Why: rationale for intervention
 3. What: materials used to apply the intervention
 4. What: procedures undertaken
 5. Who: provided the intervention, including level of training
 6. How: the interventions were delivered (e.g., face to face, 

Internet)
 7. Where: location (e.g., emergency or elective, and primary or 

secondary care)
 8. When and how much: duration, dose, intensity
 9. Modifications: to intervention over course of study
 10. How well (planned): strategies to improve or maintain 

intervention compliance 
 11. How well (actual): the extent to which the intervention was 

delivered as designed

 1. Name of QI technique
 2. Baseline measurement 
 3. Data collection schedule
 4. Data analysis (e.g., driver 

diagrams)
 5. Data volume/duration (e.g., 

length of PDSA cycle)
 6. Explicit description of prediction 

of change
 7. Missing data (and reasons given)
 8. Description of generalizability 
 9. Named primary outcome

TIDieR, Template for Interventional Description and Replication; QI, quality improvement; SQUIRE, Standards for QUality Improvement Reporting Excellence;  
PDSA, Plan-Do-Study-Act. 
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phases of article identification and selection. The search strategy 
identified 16,103 abstracts from database searches and 19 from 
other sources. After duplicates were removed, and 13,603 arti-
cles were excluded following initial screening, 1,115  potentially 
relevant articles were available. Two reviewers [E.L.J., N.L.] 
independently assessed titles and abstracts of these articles (in 
discussion with [G.M. or M.D-W.] when discrepancies arose) 
against the inclusion criteria, resulting in the full text being ob-
tained for 223 articles. Of these 223 articles, 123 were excluded 
because they were: not written in English (n = 3); not QI (83), 
reviews, or conference abstracts (8); not surgery (24); unobtain-
able (2); or were  cadaver studies (3). On completion of this pro-
cess, 100 articles were deemed eligible for inclusion. 

study charactEristics

Of the 100 eligible articles, 40 focused on two or more sur-
gical specialties. The remaining 60 articles named a specialty—
cardiothoracic (21), colorectal/general (19), musculoskeletal (4), 
vascular (4), urology (3), gynecology (3), ophthalmology (2), 
hepatobiliary (1), upper gastrointestinal (1), transplant (1), and 
otorhinolaryngology (1). Settings included emergency (6), emer-
gency and elective (13), and elective surgery (81). 

Study designs were varied (Appendix 2, available in online 
article). Many articles (65) did not explicitly identify their study 
design but on inspection were found to be before-and-after 
studies (a design using data collected at defined time points be-
fore and after the introduction of an intervention, also known 
as the pretest/posttest design).48 Nine studies were labeled as co-
hort49–57 yet did not appear to feature true observational study 
designs, and one study was mislabeled as a case-control.58 The 
United States was the most frequently reported country for 
study setting (67/100).

The most commonly reported targeted clinical issue for un-
dertaking QI was that of reducing infection (30), followed by 
improving intraoperative clinical processes (such as reducing 
“never events”) (18) and reducing postoperative complications 
(such as bleeding and prolonged intubation) (15). The least 
 frequently cited aims were improving the postoperative dis-
charge process (3), improving self-management (3), and reduc-
ing the postoperative incidence of venous thromboembolism (1)  
(Appendix 3, available in online article).

comPlEtEnEss of rEPorting: Quality intErvEntions 
and Quality imProvEmEnt tEchniQuEs 

In this section, we report our appraisal of the completeness 
of reporting of the TIDieR checklist items and QI techniques 
(Table 2). A full list of all 100 included articles can be found in 

Appendix 4 (available in online article). 
Completeness of Reporting: Quality Interventions ( TIDieR). 

All articles used a combination of quality interventions, such as 
introducing a care pathway, providing staff education, changing 
the timing of ward rounds, and issuing reminders. No specif-
ic combination of interventions was used more often than any 
other. The most commonly reported intervention (classified ac-
cording to the modified Shojania et al. QI taxonomy30) was ed-
ucation (59% of articles), including any form of teaching and 
learning, such as workshops. Nine studies provided access to 
Web links for additional material such as Web-based education-
al modules. Checklists were reported as quality interventions in 
14% of articles; protocols were reported as quality interventions 
in 43%. More than half (51%) of the studies included feedback 
as part of the quality intervention.

The distribution of TIDieR scores for the reporting of quali-
ty interventions across the 100 articles approximately followed a 
normal bell-shaped curve, with a slight skew toward higher rat-
ings (Figure 2, page 202). The most common (modal) score was 

Flow Diagram of the Phases of the  
Systematic Review

Figure 1. This flow diagram provides the phases of article identification 
and selection, which resulted in the identification of 100 articles that were 
deemed eligible for inclusion. Prepared in accordance with Moher D, et al.  
Preferred reporting items for systematic reviews and meta-analyses: The 
PRISMA statement. J Clin Epidemiol. 2009;62:1006–1012.
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7/11, and the average (arithmetic mean) 
score was 6.31/11. The TIDieR items 
that were most usually fully reported 
were why (complete in 98% of articles), 
brief name of intervention (complete in 
94% of articles), where (complete in 77% 
of articles), what (procedures) (complete 
in 69% of articles), and who (complete 
in 52% of articles) (Figure 3, page 203). 

How well the researchers  actually ad-
hered to the intervention protocol and 
reported intervention fidelity (item 11: 
how well actual, Table 2) was the most 
frequently incomplete  TIDieR item (Fig-
ure 3), absent in 74% of the articles. An 
example of good reporting of interven-
tion fidelity is provided in  Thomassen 
et al.: “Our checklist was used in 61% 
of all anaesthesias during the testing 
 period.”59(p. 1183) 

Modifications to interventions were 
also generally poorly reported (incom-
plete in 73% of the articles). Other 
items that were not fully reported in 
more than half of the included articles were: what (materials–
any physical or informational materials used in the intervention 
and details on how they can be accessed) (incomplete in 62% of 
articles), when and how much (incomplete in 60% of articles), 
and how well (planned) (incomplete in 53% of articles).

Only one article was judged fully complete against the 11 
TIDieR items.60 Extracts of text from this article (Appendix 5, 
available in online article) serve as examples of each completely 
reported TIDieR item.

Completeness of Reporting: QI Technique. The QI tech-
niques most frequently reported in the articles were audit and 
feedback (42%), PDSA (28%), Six Sigma (16%), continuous 
quality improvement (CQI) (16%), and statistical process con-
trol (SPC) (10%). 

Assessed against the QI technique criteria (Table 2), the 
most frequently complete items were naming the QI technique 
(fully reported in 95% of the articles) and outcome measures 
(86%). The most common incomplete items were the descrip-
tion of missing data (not complete in 83% of the articles) and 
the provision of a primary outcome measure (missing in 90% of 
the articles) (Figure 4, page 203). This was followed by incom-
plete reporting of an explicit prediction of change (78%) and 
data volume (for example, length and number of PDSA  cycles) 

(74%). Just over a third (38%) of articles discussed wheth-
er or not the results might be transferrable to another setting 
 (Figure 4).

Additional Study Features. Use of the SQUIRE guidelines 
was reported in only one article.58 Only two articles—both in 
the area of orthopedic surgery—reported PPI. In the first of 
these, Robarts et al. interviewed patients to identify research 
priorities and service needs and involved patients in a pro-
cess-mapping exercise.61 In the second, Rycroft-Malone et al. 

collaborated with a patient coresearcher throughout the con-
duct of the study.62 Six studies used patient-reported outcomes 
in the form of nonvalidated visual analogue pain or patient sat-
isfaction scales.61,63–67 One study reported adverse events of the 
QI intervention—nurses and residents reported anxiety about 
implementing the intervention.60 

Discussion
Adequate reporting and methodology are required to enhance 
the contribution that QI studies could make to improving care 
and reducing harm14,37 for the millions of patients undergoing 
surgery each year.68,69 Full descriptions are important to deter-
mine whether an intervention can be replicated and used to de-
liver a positive effect in a new setting, as well as what resources 
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Figure 2. The distribution of TIDieR scores for the reporting of quality interventions across the 100 
articles approximately followed a normal bell-shaped curve, with a slight skew toward higher ratings.  
The most common (modal) score was 7/11, and the average (arithmetic mean) score was 6.31/11.
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are required and how they should be allocated, and, ultimately, 
to ensure that patients benefit.17,38 Our systematic review has 
demonstrated that the reporting of QI in the perioperative care 
literature is suboptimal (Figure 2), with important details often 
lacking. More than a third (35%) of the articles scored ≤ 5 out 
of a maximum of 11 (Figure 2) on completeness of intervention 
reporting. The poor quality of reporting of QI studies identified 
here is likely to lead to frustration for interested readers. 

Complete reporting is necessary to ascertain whether an 
intervention can be replicated, but it has another equally im-
portant function, which is that of informing decisions about 
whether an intervention should be replicated.70 When the re-
sults of QI studies are compelling and interesting, interven-
tions must be reported in a way that allows recognition of all 
of their strengths and weaknesses. Explicit description will help 
the reader to understand how much the intervention might con-
tribute toward changing practice for the better across many 
settings and the notable caveats. It was therefore particularly 
disappointing that we found only one study reporting adverse 
 events  resulting from applying the QI intervention. 

Incomplete reporting is, among many other problems, also 
implicated in research waste. Studies that are not fully report-
ed can necessitate additional or futile research that would not 
be required if the full findings were known. The drive to re-
duce waste has already been embraced in surgery with initiatives 
such as the “restoring invisible and abandoned trials” (RIAT) 
initiative,71 which encourages the publication of all research 
outcomes, and the IDEAL collaborative,22 which encourages 
the publication of accurate and transparent intervention de-
velopment with the aim of avoiding waste through suboptimal 
report ing or distortion. 

Although our aim in this review was to assess the complete-
ness of reporting of QI, we also identified problems in the re-
porting of studies themselves. Nine articles49–57 were incorrectly 
described as cohort studies because they were not observation-
al (they included interventions aimed at change),72 and many 
others did not explicitly identify the design used. Inappropriate 
categorization of studies is not unusual73 but may be particular-
ly challenging in QI studies in which conventional descriptors 
derived from epidemiological study designs might not be opti-
mally suited to use of, say, SPC methods. Consistent applica-
tion of study design terminology is therefore likely to be helpful 
to QI reporting in the future.

A further challenge is that most studies in our review used 
designs, such as before-and-after studies, that have weakness-
es in controlling for bias and in making causal inferences, if 
judged by the standards of traditional epidemiology. However, 

Template for Intervention Description  
and Replication (TIDieR) Scores by  
Items 1–11 for the 100 Perioperative  

Quality Improvement Articles

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

11. How well (actual)

10. How well (planned)

9. Modifications

8. When and how much

7. Where

6. How

5. Who

4. What (procedures)

3. What (materials)

2. Why

1. Name

Reported Not fully reported

Figure 3. The TIDieR items that were most usually fully reported were why 
(complete in 98% of articles), brief name of intervention (94%), where 
(77%), what (procedures; 69%), and who (52%).

0% 20% 40% 60% 80% 100%

Named outcome measures

Clear description of data analysis

Clear description of baseline measurement

Clear data collection schedule

Consideration of generalizability

Data volume/duration (e.g., length of PDSA cycle)

Explicit prediction of change

Description of missing data (and reasons given)

Named primary outcome measure

Named QI method

Reported Not fully reported

Quality Improvement (QI) Technique Scores 
for the 100 Perioperative QI Articles

Figure 4. The most frequently complete QI technique items were: naming 
the QI technique (fully reported in 95% of the articles) and outcome 
measures (86%). The most common incomplete items were the description 
of missing data (incomplete in 83% of the articles) and the provision of a 
primary outcome measure (missing in 90% of the articles). PDSA, Plan- 
Do-Study-Act. 
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these designs are characteristic of QI projects. As we noted ear-
lier, QI and traditional research are distinct (though sometimes 
overlapping) enterprises: QI projects are primarily aimed at se-
curing change in a specific environment, in contrast to research 
of which the primary purpose is generating new knowledge.21 
This makes the description of context particularly important, 
yet details of many aspects of context were missing in the arti-
cles we reviewed.

The range of areas targeted by QI in the articles we included 
was narrow. For example, we identified a paucity of QI stud-
ies examining the discharge process, patient information, and 
hand  over (handoff) to primary care on discharge, and coordi-
nation within and between specialties in emergency care, even 
though all of these are known to be problematic.74–76 Only 
two articles reported on patient and public involvement,61,62 
despite encouragement for improvement strategies to include 
patients,77 again suggesting that many opportunities for QI re-
main to be addressed.

There are limitations to this study. The possible scope of QI 
literature is wide, as reflected in the fact that it was difficult to 
pin down an accepted definition of the term. The use of MeSH 
terms and keywords has been inconsistent,78 and the 100 arti-
cles themselves used myriad terms. There is also no consensual 
definition of the distinction between quality interventions and 
QI techniques. The taxonomy we applied was fairly generic and 
might have resulted in literature being missed or studies being 
misclassified, although we believe that we reached a good com-
promise between robustness and  pragmatism. 

It is a difficult balance for the systematic reviewer to obtain 
enough articles to ensure that nothing is missed while also re-
ducing “noise” to ensure that the project is manageable. More 
than 16,000 articles were identified, indicating that our search 
strategy had low sensitivity and specificity that had to be re-
solved by detailed review. It is likely that problems in search 
strategy design were related to lack of consensus on how QI 
terminology should be applied46 and lack of standardization of 
MeSH terms for QI article indexing.78 It is possible that our 
search might not have captured all studies stimulated, for ex-
ample, by the 2014 Improving Trauma Care Act in the United 
States79 or the Emergency and Urgent Care Review in the Unit-
ed Kingdom.80 The exclusion of three non-English-language ar-
ticles and of unpublished reports may have introduced some 
bias,81 but this would have greater importance if the review had 
intended to estimate the size of the interventions’ effect rather 
than describing their content. 

A final limitation of this review is the possibility that review-
ers’ scoring of the articles might have been imperfect. Overly 

positive scoring could have occurred if the modification of one 
element of a multifaceted intervention was scored as “fully re-
ported,” when the possibility remains that other modifications 
were made but went unreported. The reviewers did not contact 
authors to identify missing aspects of intervention reporting, 
and the articles were scored as seen. Overly negative scoring 
might also have occurred. When content was completely ab-
sent, the item was scored as not fully reported, but nonreport-
ing might have occurred for good reasons; for example, authors 
might not have reported on modifications if the intervention 
was never intended to be modified. 

This systematic review has identified suboptimal reporting of 
QI within surgical literature but did not attempt to identify the 
possible causes of this problem. It might therefore be necessary 
to further consider what QI authors believe is required to create 
an environment in which improved reporting might flourish. 
The TIDieR checklist, of course, is not designed for assessing 
reporting of QI articles specifically, and topics for future investi-
gation might include the adaptation of existing reporting guid-
ance, such as TIDieR, to enable better description of features 
specific to QI.43 Benefit might also be gained from exploring 
journals’ word-count limitations, checklist endorsement, and 
collaborative approaches to learning and sharing information, 
all of which might offer creative routes to securing fuller report-
ing.82 The key is to identify what is required for authors to gen-
erate QI reports that provide a relevant and full account of the 
QI intervention and technique.

Conclusions
QI projects in the perioperative literature are suboptimally re-
ported, but it is not yet clear why. Further exploration of poor 
reporting in surgery may help to orient research toward ways to 
improve it. This may then contribute toward the development of 
a comprehensive, coherent, and valid framework for the design  
and reporting of quality interventions and QI techniques. J  
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Appendix 1. Search Strategy

The search strategy was designed to capture terms relating to (1) surgery, (2) quality improvement, and (3) methodology.

BOX A 
Deming.ti,ab, 6 sigma.mp. , (Six adj1 sigma).mp Lean adj1 sigma).mp. , Measurement for 
improvement.ti,ab, (quality adj2 improv$).ti,ab., (quality adj1 management).ti,ab., (improv$ adj2 
science).ti,ab., (process adj2 improv$).ti,ab, (Plan and do and study).ti,ab., PDCA.ti,ab, pdsa.ti,ab., plan do 
check.ti,ab, (method adj2 improv$).ti,ab, health.mp. and behavioural economics.ti,ab, operations 
research.ti,ab, decision science.ti,ab, Shewhart.ti,ab., Pareto chart.ti,Ab, Statistical process control.mp., 
Statistical quality control.mp, Toyota.mp., Paretochart$.mp, Control chart.mp.

BOX B 
preoperative.mp., Per-operative.mp., surg$.ti,ab, exp General Surgery/, exp Surgical Procedures, 
Operative/, Operative Time/ , Peri-operative.ti,ab., Perioperative.ti,ab., Pre-operative.ti,ab, Operative.ti,ab. 
Cancer$.mp., enhanced recovery.ti,ab., eras.ti,ab., rapid recovery.ti,ab., fast.mp. and track.ti,ab., Operating 
theatre.mp, Operating room.mp, Operating room$.mp, Anesthe$.mp, Anaesthe$.mp, Trauma.mp.

Combine box A and box B using AND

Combine using AND to either BOX C or BOX D

BOX C: Quantitative terms
Radnomized.ti,ab, Randomi?ed controlled trial.pt., Randomized controlled trial.pt, controlled clinical 
trial.pt., Randomized controlled trials.sh., random allocation.sh., double blind method.sh., single-blind 
method.sh., Single?blind method.sh, clinical trial.pt., exp clinical trial/, (clinic$ adj25 trial$).ti,ab., ((singl$ or 
doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab., placebos.sh., placebo$.ti,ab., comparative 
study.sh., exp evaluation studies/, prospective studies.sh., (control$ or prospective$ or volunteer$ or 
retrospective$).ti,ab., interrupted time?series, Time-series.ti,ab, Repeated measure$ .mp. , Cohort.mp., 
“Case?control”.mp., “case control”.mp. , (assess$ adj3 process quality).mp, (evaluat$ adj3 process 
quality).mp., compliance.ti,ab., quality control.mp, Process control.ti,ab, Control chart*.ti,ab, Adherence 
OR adherance.ti,ab, group adj3 compar*.mp, Control.ti,ab, Before adj2 after.mp., eval.$.ti,ab, Variability OR 
variation OR variable.mp., Checklist$.mp.

BOX D: Qualitative terms
Qualitative.ti,ab. , Focus Groups.mp. or exp Focus Groups/ , exp Interview/ or interview.mp. , Interviews as 
Topic.mp. or exp Interviews as Topic/ , ethnograph$.mp. , content analysis.mp. , grounded theory.mp,
grounded approach.mp. , exp Qualitative Research/ or qualitative.mp. , Phenomenolog$.mp. , discourse 
analysis.mp. , constant comparison.mp., observational method.mp , theoretical sampl$.mp. , thematic 
analys?s.mp. , improvement report$.mp. 
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Appendix 2. Study Design and Country of Publication Frequency for the 

100 Perioperative Quality Improvement Articles

Study Design No. of Articles 
Uncontrolled before and after (including 

statistical process control studies)
Nonrandomized controlled interventional study
Cluster randomized trial 
Randomized controlled trial 
Case series 
Time series or segmented time series
Cohort 

85 

4 
4
2
2
2
1

Country of Publication No. of Articles
United States
Netherlands 
United Kingdom
Germany
Australia
Norway
Finland
Taiwan
Iran
Africa
Turkey 
Colombia 
China
India
Switzerland
France
Italy

67
7
5
4
3
3
1
1
1
1
1
1
1
1
1
1
1
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Appendix 3. The 100 Perioperative Quality Improvement Articles,  

Classified According to Targeted Clinical Issue*

Intended Clinical Outcome No. of Articles 
Reduce postoperative complications—VTE 1

Improve postoperative process—organizational (e.g., discharge process, complication 
reporting)

3

Improve self-management/patient and family satisfaction 3

Reduce postoperative error  (e.g., medication errors, unnecessary tests) 4

Reduce postoperative complications—pain and sedation 5

Improve preoperative process (e.g., fasting, admissions documentation) 9

Improve intraoperative process—organizational (e.g., start time, waiting time between cases) 12

Reduce postoperative complications—general (e.g., hyponatremia, leak rate, lengthy 
intubation)

15

Improve intraoperative process—clinical (e.g., operative technique, never event) 18

Reduce postoperative complications—infection 30
VTE, venous thromboembolism.

* Each article was assigned to the category that represents the targeted clinical issue; some articles may also have addressed one or more 
of the other listed issues.
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Appendix 5. Example of Fully Complete Template for Intervention Description and Replication (TIDieR)  

Checklist Items*

1 2 3 4 5 6

Brief Name WHY: Rationale WHAT: Materials WHAT: Procedures

WHO: Staff Group, 
Level of Training  

& Expertise
HOW: Mode of 

Delivery
“multifaceted 
systems intervention” 
(p. 2014).

To determine whether 
a multifaceted 
systems intervention 
would eliminate 
catheter-related 
bloodstream 
infections

Web-based training 
module (http://www 
.hopkins-medicine 
.org.heic/), a 
standardized checklist 
to be used during 
central venous 
catheter insertion, 
a daily goals form, 
a central catheter 
insertion cart with  
four drawers and 
partitions to organize 
the contents, which 
can be rolled to the 
patient's room

Five interventions, 
including “empower-
ing nurses to stop 
the procedure if 
guidelines were not 
followed” (p. 2016). 
An example of 
reporting item 4 
(procedure) for this 
intervention is: “we 
discussed with both 
residents and nurses 
that the nurse should 
page the SICU 
attending physician 
if the resident, after 
the nurse identifies 
a violation, fails to 
corrrect the violation” 
(p. 2016).

“An interdisciplinary 
team including the 
SICU codirectors,  
ICU physicians, 
nurses, and infection 
control practitioners”  
(p. 2015). Additional 
information about how 
the QI team worked 
together included: 
“The SICU leadership 
met with both groups 
of providers and 
emphasized our focus 
on patient safety and 
teamwork” (p. 2018).

“All physicians or 
physician extenders 
who insert central 
catheters were 
required to complete 
a Web-based 
training module and 
successfully complete 
a ten-question test 
before they were 
allowed to insert 
a central venous 
catheter” (p. 2016).

7 8 9 10 11

WHERE: Setting + 
Infrastructure

WHEN & HOW 
MUCH:  

Dose/Duration Modifications
HOW WELL: 

(Planned)
HOW WELL:  

(Actual)
The surgical ICU is a  
16-bed unit for adult 
patients undergoing 
general, orthopedic, 
transplant, trauma, 
and vascular surgery. 
Extra features of 
the setting relevant 
to the intervention 
included “Hospital 
Epidemiology and 
Infection Control 
(HEIC) required 
leaders from hopsital 
administration to . . .  
provide the SICU 
with the additional 
resources required” 
(p. 2018).

From January 1, 
1998, through 
December 31, 2002, 
ALL those who insert 
central catheters 
were required to 
complete a Web-
based training module 
(URL provided) and 
successfully complete 
a 10-question test. 
The checklist was 
implemented in 
two phases, which 
inlcluded a 2-week 
observation period. 

The management 
of central venous 
catheters once they 
are inserted did not 
change during the 
study period, with 
the exception of 
the change in daily 
patient visits in the 
study SICU to ask 
whether catheters 
could be removed. 
Following a pilot test, 
the checklist was 
modified based on 
feedback received.

Residents were 
informed that a 
checklist was being 
used. This strategy 
allowed nurses to 
feel more comfortable 
intervening if they 
observed a violation, 
because they felt 
that an expectation 
had been set and as 
a result, they were 
less likely to have 
an uncomfortable 
encounter with 
a physician and 
they could stop the 
procedure if they 
saw a violation of 
evidence-based 
practice.

An example of 
actual compliance 
with one of the five 
interventions: “During 
the first month, 
nursing completed 
the checklist for 38 
procedures: eight 
(24%) for new central 
venous access, 30 
(79%) for catheter 
exchanges over a 
wire, and three (8%) 
were emergent. A 
nursing intervention 
was required in 32% 
(12/38) of central 
venous catheter 
insertions” (p. 2017).

SICU, surgical ICU; QI, quality improvement. 

* Adapted from Berenholtz SM, et al. Eliminating catheter-related bloodstream infections in the intensive care unit. Crit Care Med. 2004;32:2014–2020  
(reference 60, page 206).
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