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1 General introduction
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Chapter 1

“The immediate challenge to improving the quality of surgical care is not discovering new 

knowledge, but rather how to integrate what we already know into practice”

- Urbach et al [1]-

Implementation science focuses on challenges associated with the systematic uptake 

of research findings into routine professional practice [2]. The statement of Urbach 

and colleagues [1] characterizes one of the major problems faced in health care today. 

The substantial gap between best practices and current care around surgical proce-

dures is the main focus of this thesis. It aims to provide insight into the challenges 

of implementation in actual practice, with a focus on perioperative care around gy-

necologic surgery in the Netherlands. The design and effectiveness of an empirically 

driven and theoretically based implementation strategy is described and analyzed 

in order to provide a more efficient implementation. This introductory chapter cap-

tures background information on knowledge translation and the enhanced recovery 

after surgery program with a summary on the state of art at the start of this thesis in 

2013. The introduction ends with a short outline of the thesis content.

The challenges of using evidence based practice

Key to improving quality and effectiveness of health care is using the knowledge 

already gained. Evidence based practice is not just determined by increasing or 

validating medical knowledge. It also depends on the application of this evidence, 

ideally synthesized and interpreted in clinical practice guidelines, in specific clinical 

settings [3, 4]. By incorporating the best available evidence in daily practice, it is 

aimed to improve patient outcomes in an efficient manner to deliver the highest 

quality of care possible. New clinical evidence has become more easily accessible 

during the past quarter century, with the number of newly published articles in-

creasing substantially each year. The annual number of indexed biomedical articles 

in Embase (Excerpta Medica Database) has reached the one million mark. This 

results in a significant source of medical information which is important to guide 

evidence-based daily practice.

Although much progress on evidence-based medicine has been made, we have 

become increasingly aware of the challenges induced by this major growth in avail-

able literature. This results at best in a reduced half-life of the available knowledge, 

or even in unused knowledge. The growing body of evidence emerges a challenge, 

as it is well known that translation of established research evidence into daily 

practice is already often delayed and incomplete [5, 6]. This phenomenon has been 

identified as the evidence-practice gap and may last for several years. Apart from the 

overwhelming annual amount of evidence produced, multiple underlying reasons 

can be determined to clarify this evidence-practice gap [7].
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Research findings of mostly randomized controlled trials and systematic literature 

reviews are thoroughly captured into (discipline-specific) national guidelines. Those 

guidelines are subsequently translated into local hospital protocols which clini-

cians use in their decision-making for the individual patient [8]. Although clinical 

practice guidelines are helpful in itself for the adoption of research findings [9], the 

development procedures of guidelines take time and result in an additional delay. 

Furthermore, studies have shown that actual adherence to clinical guidelines, once 

disseminated and accessible, is limited [10, 11]. Adherence is often much lower than 

the desirable benchmarks and is often overestimated by healthcare professionals. 

Outcome measures of studies used in guidelines are not always applicable to specific 

clinical situations and the complex structure of healthcare systems may also compli-

cate optimal translation of new knowledge in actual practice.

Patients are therefore not only receiving suboptimal health care, but are also 

exposed to potential unnecessary, or even harmful, elements of care. It is estimated 

that those percentages are at least 30-40% and 20-25%, respectively [6, 12-14]. In addi-

tion, this will lead to a waste of valuable healthcare resources. Without substantial 

changes, these challenges, resulting from the growing complexity of evidence-based 

health care, will make it even more difficult to apply medical knowledge efficiently.

Knowledge translation

The effect of new clinical evidence could be maximized by optimizing the knowledge 

translation processes in which healthcare systems use the available evidence. [3, 15] 

Change management has become increasingly important on system level. Quality 

improvement interventions are needed to change daily practice and can be defined 

as ‘ensuring that stakeholders are aware of and use research evidence to inform 

their health and healthcare decision-making’ [16]. These efforts can be described 

differently and in literature overlapping terms are used. Grimshaw et al. [16] pro-

vided an overview including terms as knowledge translation, knowledge utilization, 

knowledge transfer, quality improvement, innovation diffusion, implementation, 

research utilization, and quality assurance.

The process of change is multi-factorial and is influenced by individual factors 

related to the end users of medical knowledge, social factors related to e.g. teams 

of professionals, and factors at the system level [17]. As a result, many theories of 

change are involved. Rogers’ diffusion of innovation theory [18] is one of the most 

referred theories and plays a key role throughout this thesis. The theory includes 

factors that influence adoption and describes different adopter categories of a target 

population: innovators, early adopters, early majority, late majority, and laggards 

[18]. It is thought that the so-called innovators start adopting the innovation, with 
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the early majority, late majority and laggards to follow consecutively. This frame-

work enables the conceptualization of different types of social change.

When different healthcare professionals, disciplines and locations are involved, 

the change process will be even more complex as needs, priorities and abilities to 

change may vary between subgroups, and will require more effort. An efficient, 

theoretically based implementation strategy that is adaptable to the varying cir-

cumstances is necessary. The Cochrane Effective Practice and Organization of Care 

(EPOC) group describes a taxonomy of different quality improvement interventions 

aimed at professional, patient, organizational, financial, and regulatory level [19, 

20]. These interventions may for example be printed educational materials, educa-

tional meetings, local opinion leaders, audit and feedback, clinical multidisciplinary 

teams, or changing continuity of care by redesigning the care pathway. Multifaceted 

strategies, combining several quality improvement interventions, have demon-

strated that healthcare can be partially improved, however studies showed mixed 

results [21-23]. Overall, effects of quality improvement programs may be limited, but 

relevant, and improvement is not directly related to the number of components used 

[16]. Grimshaw et al. reported an overall absolute effect size of around 10% [12, 22]. 

Tailored interventions, which are characterized by addressing previously identified 

barriers and facilitators to change, are thought to be superior in the improvement 

of clinical practice [24]. Although the need for an adaptive strategy is evident, overall 

effectiveness varies.

Multi-organizational change

In their systematic literature review, Nadeem et al. [25] tried to describe the specific 

components and impact of twenty multi-organizational quality improvement efforts 

in health care. The included collaboratives of multiple organizations mainly utilized 

the Breakthrough Series model, a short-term cyclic learning system developed by 

the Institute for Healthcare Improvement, as a tool for quality improvement [26]. 

The Breakthrough Series was published in 1998 and is worldwide one of the most 

used and best documented model for quality improvement [27]. Although there 

are many variations of this model, the basic concepts have remained unchanged. 

Interdisciplinary improvement teams conduct serial plan-do-study-act cycles to 

improve specific care. By using a plan-do-study-act approach, refinements can be 

made after each cycle. The teams participate in three learning sessions and receive 

training from an expert team. Nadeem et al. [25] showed that reporting of specific 

components in quality improvement collaboratives was often incomplete, hindering 

further analysis of the impact on both patient and provider level. Only three studies 

involved an active comparison condition in an experimental design, and evaluation 

showed that those studies were less likely to find any effect at all [25].
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In conclusion, implementation of quality improvement initiatives on large scale 

remains suboptimal and evidence about their impact could be improved [27]. Re-

search on how to optimize resources is warranted to deliver an optimal effect of 

quality improvement interventions with minimal investments. More primary data 

are needed to define the ideal implementation strategies for improving quality of 

care that can be modified and adapted to specific healthcare settings [22]. Adapting 

implementation strategies to a more efficient and tailored model might be impor-

tant for effective large scale implementation in the future.

Updating the quality of perioperative care

The quality improvement of perioperative care was particularly initiated by Kehlet 

in 1997, in patients undergoing elective colonic surgery [28]. He proved that the 

perioperative stress response could be minimized by controlling physiology. A 

multimodal approach was designed to prevent cellular dysfunction, changes in 

metabolism, and disturbances in homeostasis [29, 30]. Innovations in the field of 

surgery and anesthesiology, such as minimally invasive surgery and regional anal-

gesia, contributed to this progress. As a consequence, functional recovery acceler-

ated resulting in improved postoperative outcomes [31]. After initial criticism, the 

positive outcomes of his approach in patients undergoing elective colonic surgery 

were widely acknowledged. Four other hospitals of different countries joined his 

initiative and founded the Enhanced Recovery After Surgery (ERAS) collaboration in 

2001. The large unwarranted practice variation in perioperative care between their 

hospitals was addressed [32] and the fast track approach evolved further towards 

a more extensive perioperative program for colorectal surgery patients [33]. The 

elements included in the ERAS program are evidence-based and have a synergistic 

effect on outcome measures as the improvements seen were larger than what could 

be expected from the single elements. The ERAS program reduced the length of 

hospital stay with approximately 30% and the percentage of major complications 

was almost halved compared to traditional care [34, 35]. Studies have shown that 

overall hospital costs could be reduced by the implementation of the program and 

patient satisfaction could be improved, without an increase in workload [36, 37]. 

These positive results have shown to be transferable to other surgical disciplines, 

inducing the spread of ERAS principles by variations of the protocol [38]. On top of 

the ongoing aim to improve postoperative recovery and the development of peri-

operative care, optimizing implementation and sustainability of the program has 

gained attention nowadays.

In the Netherlands, the ERAS program was implemented in colonic surgery in 

33 hospitals by using a Breakthrough Series model between 2005 and 2009 [39]. 

Participating hospitals followed a one-year implementation project consisting of 
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three general learning sessions. Their performance was monitored and feedback 

was provided by an expert team under guidance of the Dutch Institute for Health 

Care Improvement (CBO). These hospitals were able to reduce length of stay and 

improved their clinical practice in elective colonic surgery [39]. A follow-up study 

performed three to six years after initial implementation showed that the improve-

ments made were not fully sustained for a longer period of time [40].

More evidence about the value of ERAS for gynecologic surgery has become 

available during the last decade [41-45]. Several preoperative, intra-operative, and 

postoperative recommendations were studied. The main recommendations during 

these phases are described in Table 1. Compliance of both patients and professionals 

to the single protocol elements is essential to ensure successful outcomes [46]. Fast 

recovery after oncologic surgery in gynecology is particularly important to improve 

oncologic outcomes by enabling the urgent start of adjuvant treatment. Furthermore, 

implementation of the ERAS guideline leads to standardization of clinical practice. 

This contributes to the prerequisite that patients should all be treated in the same 

way which is important for the comparison of specific outcome measures for other 

multicenter trials. The ongoing hospital consolidation and centralization of clinical 

care in the Netherlands, resulting in a higher patients load per hospital, is an addi-

tional argument for the adoption of ERAS principles within gynecology to endeavor 

fast recovery and hospital discharge. In conclusion, several arguments strengthen 

the fact that ERAS nowadays should be standard care within gynecologic surgery.

Table 1 Main ERAS recommendations

Preoperative Preadmission counselling

Use of carbohydrate load 

No prolonged fasting 

No bowel preparation 

No premedication 

Intra-operative Use of local analgesia

Avoidance of drains 

Avoidance of intravenous fluid overload 

Maintenance of normothermia 

No nasogastric tubes 

Prevention of nausea and vomiting 

Postoperative Non-opioid oral analgesia

Early discontinuation of intravenous fluids 

Early removal of urinary catheter 

Early oral nutrition 

Early ambulation 

Stimulation of gut motility (standard laxatives, chewing gum) 

Audit of compliance and outcomes 

ERAS, enhanced recovery after surgery
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OBjeCTIves And OUTlIne

Although ERAS pathways are based on single evidence-based elements [33], overall 

effects in abdominal gynecologic surgery remain undetermined. However, the 

ERAS program can still be regarded as the best available evidence-based practice 

in perioperative settings. Optimal perioperative care represents a team-based ef-

fort. The multimodal approach with interacting elements challenges efficient and 

sustainable implementation. The Breakthrough Series model is the most commonly 

used collaborative for quality improvement on a large scale and has proven to be 

effective for the implementation of ERAS [39]. However, underlying evidence of this 

collaborative is limited and the model with generic sessions for the varying settings 

is time consuming [27, 47], questioning the cost-effectiveness of the Breakthrough 

Series approach. The ideal multi-organizational implementation strategy should be 

based on the existing evidence, could be adapted to varying clinical settings, and 

would be able to deliver an optimal effect at the lowest possible costs.

This thesis aims to provide further information on the process of implementa-

tion by exploring the adoption of the ERAS guideline in gynecologic surgery in the 

Netherlands. It takes up the challenge to define a preferred efficient strategy for the 

nationwide dissemination of a multimodal perioperative improvement program. 

The following research questions were defined to provide insight into the context, 

process and effectiveness of the nationwide implementation of ERAS in actual peri-

operative practice around gynecologic surgical procedures:

•	 Which	ERAS	elements	are	already	used	in	gynecologic	surgery	and	what	is	known	

about their effect on postoperative outcomes? (chapter 2)

•	 What	 is	 the	current	 status	of	perioperative	care	 in	gynecologic	 surgery	 in	 the	

Netherlands and how is the adoption of ERAS elements in actual practice? (chap-

ter 3)

•	 How	do	spontaneous	diffusion	and	structured	implementation	of	ERAS	in	other	

departments impact implementation of ERAS in gynecologic surgery and what is 

their relation to patient’s outcomes? (chapter 3, 4)

•	 Does	an	efficient,	tailored	model	to	implement	ERAS	across	multiple	hospitals	

make large scale implementation strategies more effective and to what degree do 

intervention fidelity and contextual factors influence implementation? (chapter 

5, 6, 7)

These questions are addressed in six studies, comprising a systematic literature 

review, retrospective pre-post studies, and a cluster randomized controlled trial. The 

results of these studies are presented in the current thesis.
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Chapter 2 aims to provide a systematic overview of the available literature on 

ERAS in abdominal gynecologic surgery. The review presents an overview of the 

ERAS elements used and examines the effect on postoperative outcomes.

Chapter 3 describes the influence of the breakthrough series collaborative in 

colonic surgery on spontaneous spread to another closely related department, gy-

necologic surgery. Perioperative care and outcomes of gynecological procedures are 

compared in a retrospective multicenter study.

Chapter 4 presents a non-randomized, pre-post intervention study that examines 

the value of active implementation of ERAS in addition to spontaneous diffusion.

Chapter 5 describes the study protocol of a cluster randomized controlled trial 

comparing an innovative tailored stepwise implementation approach to the tradi-

tionally used generic breakthrough approach. The protocol provides insight into the 

structure of both strategies.

Chapter 6 presents and discusses the results of this SINERGY trial (stepped imple-

mentation of enhanced recovery in gynecology) on the effectiveness of implementa-

tion strategies on the adherence to the ERAS protocol and clinical outcomes, along 

with a process analysis to identify intervention fidelity and contextual factors that 

influence implementation.

Chapter 7 provides insight in the differences between the non-participating and 

participating hospitals of the SINERGY trial and additionally explores if and how 

perioperative practice changed among the non-participants.

Chapter 8 provides a general discussion of the results presented in this thesis and 

recommendations for future research are given.

Chapter 9 and 10 summarizes the results presented in this thesis.
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ABsTRACT

Introduction Enhanced recovery pathways have been widely accepted and imple-

mented for different types of surgery. Their overall effect in abdominal gynecologic 

surgery is still underdetermined. A systematic review and meta-analysis were per-

formed to provide an overview of current evidence and to examine their effect on 

postoperative outcomes in women undergoing open gynecologic surgery.

Material and methods Searches were conducted using EMBASE, MEDLINE, CINAHL, 

and the Cochrane Library up to June 27, 2014. Reference lists were screened to 

identify additional studies. Studies were included if at least four individual items 

of an enhanced recovery pathway were described. Outcomes included the length of 

hospital stay, complication rates, readmissions, and mortality. Quantitative analysis 

was limited to comparative studies. Effect sizes were presented as relative risks (RR) 

or as mean differences (MD) with 95% confidence intervals (CI).

Results Thirty-one records, involving 16 observational studies, were included. Diver-

sity in reported elements within studies was observed. Preoperative education, early 

oral intake, and early mobilization were included in all pathways. Five studies, with 

a high risk of bias, were eligible for quantitative analysis. Enhanced recovery path-

ways reduced primary (MD -1.57 days, 95%CI -2.94 to -0.20) and total (MD -3.05 days, 

95%CI -4.87 to -1.23) length of hospital stay as compared to traditional perioperative 

care, without an increase in complication, mortality, and readmission rates.

Conclusion The available evidence based on a broad range of non-randomized stud-

ies at high risk of bias suggests that enhanced recovery pathways may reduce length 

of postoperative hospital stay in abdominal gynecologic surgery.
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InTROdUCTIOn

Despite recent technical improvements in minimally invasive surgery, open sur-

gery still plays an essential role in gynecology [1]. Therapeutic interventions for 

gynecologic malignancies often require an abdominal approach. Cervical, uterine, 

and ovarian cancers are the three most common types of gynecologic malignan-

cies and contribute to more than 16% of all cancers among women worldwide [2]. 

The introduction of the Enhanced Recovery After Surgery (ERAS) pathway, or fast-

track surgery, in colorectal surgery caused a fundamental change in perioperative 

management [3, 4]. The pathway comprises a multimodal and multidisciplinary 

concept to optimize patient recovery after surgery following specific evidence-based 

recommendations [5, 6]. Nowadays several studies have shown that the results are 

transferrable to other surgical disciplines [7, 8].

A number of recent systematic reviews have described the effects of ERAS, for 

example in colorectal surgery [9-12], esophagectomy [13, 14], and pancreatic surgery 

[15, 16]. In contrast to other surgical fields, no quantitative systematic review of ERAS 

has been published in gynecologic surgery. Although studies have shown beneficial 

effects on inflammatory response and postoperative outcomes in gynecologic sur-

geries [17-19] and although recent reviews described current evidence on enhanced 

recovery pathways in gynecologic oncology [20, 21], the overall effect of ERAS within 

open abdominal gynecologic surgery for benign and malignant conditions remains 

undetermined. The review of Lu et al. [20] included only randomized studies, but 

was unable to identify high-quality evidence. Therefore, we aimed to provide a 

systematic overview of the available literature on enhanced recovery pathways by 

including both randomized and observational studies. The review outlines which 

elements of enhanced recovery pathways are used in abdominal gynecologic surgery 

and examines the effect of those pathways on postoperative outcomes in women 

undergoing open abdominal surgery for malignant or benign gynecologic diseases.

MATeRIAl And MeThOds

The systematic review and search strategy were prospectively registered in the in-

ternational register of systematic reviews (PROSPERO 2014: CRD42014009058) [22]. 

With the expertise of a medical librarian, terms related to the key concepts “ERAS” 

and “gynecologic surgery” were combined and included in the search strategy to 

maximize the sensitivity of the search. Details of the literature search strategy are 

presented in Table S1. The electronic bibliographic databases EMBASE, MEDLINE, 

CINAHL, and the Cochrane Library (CENTRAL, DARE, CDSR, HTAD, and NHS EED) 
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were searched from January 1, 1990 to March 19, 2014. A subsequent search was 

performed before final analysis in June 27, 2014. No restrictions on the type of study 

design and language were applied. If necessary, translations were obtained and 

authors were contacted to obtain full-text articles. In case of conference abstracts, 

related posters and full-text records were retrieved if available and authors were 

asked for additional information in study protocols or (un)published reports. In 

addition, reference lists of review articles and included studies were screened and 

additional studies of interest were included.

study selection

This systematic review focused on adult women undergoing open abdominal sur-

gery for malignant or benign gynecologic diseases. Patients receiving laparoscopic 

or vaginal surgery were excluded. Studies were assessed for inclusion if individual 

items of an enhanced recovery pathway were described and if at least one predefined 

primary or secondary outcome measure was reported. Studies investigating path-

ways that did not contain at least four enhanced recovery elements were excluded. 

This threshold was chosen to represent the multimodal aspect of enhanced recovery 

pathways and is consistent with the number used in other systematic reviews [23]. 

In absence of a specific consensus guideline for gynecologic surgery, the consensus 

guideline for rectal/pelvic surgery of the ERAS Society (www.erassociety.org) was 

used as framework [6]. The control group, if applicable, included conventional 

perioperative care. If subitems within enhanced recovery pathways were compared, 

the most compliant subgroup was chosen for inclusion in this review. Results of 

the literature searches were combined and duplicates were excluded. To identify 

relevant articles, titles and abstracts were screened independently by two reviewers. 

After this initial selection, a closer review of the eligible studies was performed 

using full text articles. Disagreements were resolved by consensus after consulting 

a third reviewer. Reasons for final exclusion were recorded. Review articles were 

checked for relevant references, but were excluded from the analysis.

data extraction and outcome measures

Data extraction of included studies was performed in duplicate using data extrac-

tion forms developed after pilot testing. Discrepancies were identified and discussed 

to reach consensus. Data collected included the design, setting, and population of 

the study; type of disease and operation; details of the enhanced recovery pathway; 

and postoperative outcome measures. The primary outcome was the total length of 

postoperative hospital stay in days, defined as the primary postoperative hospital 

stay plus the number of days of readmission within 30 days after surgery. Length 

of postoperative hospital stay is often used as a surrogate marker for a successful 
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enhanced recovery pathway [24]. Primary length of postoperative hospital stay in 

days, complication rate, readmission rate, and mortality rate were defined as sec-

ondary postoperative outcome measures. If reported, data were extracted for both 

the total number of complications and the number of patients with one or more 

complications. Additionally, time needed for functional recovery, patient satisfac-

tion, and economic consequences were registered. Functional recovery was defined 

as tolerance of regular diet, adequate oral pain medication, and an independency in 

mobility and activities of daily living. Enhanced recovery items and outcome mea-

sures had to be explicitly stated by the study. For this review, a total of 30 enhanced 

recovery items were scored. The lead publication was used if more publications 

relating to the same study were identified and a composite data set was created. 

Where possible, data selection was used for studies that also included non-eligible 

patient or treatment groups in order to select only relevant subgroups.

Risk of bias assessment

Two reviewers independently assessed the quality of included studies using the 

Downs and Black checklist [25]. This instrument allows the assessment of the risk 

of bias of non-randomized studies. Since the number of articles dealing with ERAS 

in gynecologic surgery is limited, studies were eligible irrespective of the outcome 

of the quality assessment. The risk of bias was reported in the narrative synthesis 

and items were qualified as unclear when information was not reported. If only one 

subgroup of a study could be included, the risk of bias assessment was specifically 

tailored to this subgroup and not to the study as a whole. Potential publication bias 

was planned to be assessed by the application of funnel plots, Egger’s regression test, 

and Begg’s rank test, provided that an adequate number of trials could be included.

data synthesis and statistical analysis

The Metaanalysis of Observation Studies in Epidemiology (MOOSE) [26] and the 

Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA) [27] 

were followed during the reporting process. A narrative synthesis of perioperative 

enhanced recovery pathways and outcomes was planned. The exact programs and 

outcome measures were summarized. Results of case series, describing periop-

erative care according to ERAS, were presented in a narrative format. Subsequent 

quantitative analysis using Review Manager Software (RevMan) [28] was limited to 

comparative studies. Dichotomous outcomes were presented as absolute numbers 

and related percentages. For continuous outcome variables, means and standard 

deviations were extracted wherever possible. If only medians and (interquartile) 

ranges were reported, these were presented and used for narrative analysis. For 

studies included in the metaanalysis, the mean and standard deviation were cal-
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culated using converting formulas presented by Hozo et al. [29]. Those estimation 

formulas are distribution-free and are tailored to differences in sample sizes [29]. In 

accordance with the Handbook of Cochrane, separately reported subgroups were 

combined into a single group for metaanalysis [30]. Effect sizes were presented as 

relative risks (RR) or as mean differences (MD) with corresponding 95% confidence 

intervals (CI). Statistical heterogeneity was assessed by calculating the I-squared (I2) 

statistic. A random-effects model was used for pooling when the I2 exceeded 50%, 

indicating the presence of heterogeneity [31]. A fixed-effects model was used when 

there was no evidence of heterogeneity. The studies were treated equally, regardless 

of the study characteristics or the reported enhanced recovery elements. Pooled 

analyses were performed of data from both randomized and nonrandomized stud-

ies. Subgroup analyses were carried out for benign, malignant, and mixed pathology 

groups separately. The chi-square test was used to test for subgroup differences. A 

p-value < 0.05 was considered as statistically significant.

ResUlTs

search results

A total of 2278 records were identified by searching the selected databases (Figure 

1). After excluding duplicate records and after preliminary screening of titles and 

abstracts, 71 full-text records were assessed for eligibility. Three full-text records 

were provided by the authors of the articles at request [32-34]. After systematic selec-

tion, 25 records qualified for inclusion and additional reference screening yielded 

another six records. Thus, a total of 31 records, involving 16 studies, met the criteria 

and were included in the review. Fifteen records were used for data extraction [35-

49], but were judged not to be the lead publication. A list of the excluded studies and 

reasons for exclusion is provided in Table S2.

study characteristics

Subgroup selection was performed in seven studies. Three studies were random-

ized controlled trials in design, comparing specific elements within an enhanced 

recovery pathway [50-52]. Of these, two trials studied the effect of spinal anesthesia 

[50, 52] and one studied the effect of laxatives [51]. Regional anesthesia and postop-

erative laxatives are included in original enhanced recovery pathways [6]; therefore 

those study arms were judged to be more ERAS compliant and were selected for 

analysis. Selection was also performed in four other studies to meet the popula-

tion of interest [53-56]. In those studies, only open abdominal surgery patients were 

selected. As such, all these studies were classified as case series in this review. So, 15 
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case series and one cohort study, published between 1999 and 2014, were included 

in the narrative review. There was one study that was published in the German 

language [34]; the others were written in English. The studies were conducted in 

Europe (n=10), Australia (n=3), and the United States (n=3) and three of them had 

a multicenter design [50, 55, 57]. Table 1 shows the characteristics of all included 

studies in more detail. One study fulfilled inclusion criteria, but was reported in 

abstract form only [58]. Five studies compared an enhanced recovery pathway with 

traditional perioperative care and were used for further quantitative analysis [34, 

53, 57, 59, 60]. One of those reported separate data for two individual subgroups 

(staging and cytoreductive surgeries) [53]. As stated in the method section, data of 

those subgroups were combined for further analysis.

A total of 1530 women were included in the intervention group receiving ERAS 

care. Six studies analyzed patients with benign pathology and four studies included 

Chapter 2 27 
 

 

 

Figure 1. PRISMA diagram. 

Study characteristics 

Subgroup selection was performed in seven studies. Three studies were randomized 
controlled trials in design, comparing specific elements within an enhanced recovery 
pathway [50-52]. Of these, two trials studied the effect of spinal anesthesia [50, 52] 
and one studied the effect of laxatives [51]. Regional anesthesia and postoperative 
laxatives are included in original enhanced recovery pathways [6]; therefore those 
study arms were judged to be more ERAS compliant and were selected for analysis. 
Selection was also performed in four other studies to meet the population of interest 
[53-56]. In those studies, only open abdominal surgery patients were selected. As 
such, all these studies were classified as case series in this review. So, 15 case series 
and one cohort study, published between 1999 and 2014, were included in the 
narrative review. There was one study that was published in the German language 
[34]; the others were written in English. The studies were conducted in Europe 
(n=10), Australia (n=3), and the United States (n=3) and three of them had a 

figure 1. PRISMA diagram.
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exclusively patients with malignancies (Table 1). Another four studies had a mixed 

group, consisting of both benign and malignant diseases at final pathology. In one 

study the type of disease was not specified, therefore this study was included in the 

mixed group as well. The type of surgery varied between those three groups and 

ranged from abdominal hysterectomy in the benign group to cytoreductive surgery 

with hyperthermic intraperitoneal chemotherapy in the malignant group. Most 

studies reported a follow-up of at least 30 days after surgery. The exact follow-up 

was not clearly stated in 4 studies [34, 52, 56, 61]. Ten out of 11 studies without 

a control group reported standard criteria for discharge [50-52, 54, 56, 58, 60-64]. 

Of the five studies with a control group, one used the same predefined discharge 

criteria for both groups [53], one study only used standard criteria for the interven-

tion group [60], one study used standard criteria for the intervention group but 

this was not clearly described for the control group [59], one did not use standard 

criteria (discharge based on discretion of treating surgeon) [57], and one study did 

not measure length of hospital stay [34].

Due to restrictions in design and methodology, all studies were judged to have a 

high overall risk of bias (Table 2). We did not assign numerical composite scores, but 

categorized the risk of bias over the five key domains (study quality, external valid-

ity, study bias, confounding, and power of the study) to prevent diluted conclusions. 

Individual items of the Downs and Black checklist are presented in Table S3. Given 

the known limitations caused by the inadequate number of included studies, no 

methods were used to formally assess publication bias.

enhanced recovery pathways

The types of pathways applied by trials are listed in Table 3. Preoperative education, 

early oral intake, and early mobilization were included in all pathways. Although 

almost all studies (15 out of 16, 94%) applied elements of the three phases of periop-

erative care, considerable variation was observed in the composition of the pathways 

(Table 3). The number of reported enhanced recovery elements ranged between four 

and 21 individual items, with a median of 12.5 elements per study. Only two studies 

reported the level of adherence with those elements [53, 60].

Outcomes

The predefined primary and secondary outcomes are presented in Table 4. All out-

comes are derived from non-randomized studies at high risk of bias. If necessary for 

further analysis, values were estimated from published data. The estimated values 

are underlined in Table 4.

Two studies, including 464 patients, reported total postoperative hospital stay 

within 30 days of surgery [53, 59]. Both studies demonstrated a shorter hospital stay 
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for patients with a malignancy in the enhanced recovery group. Fixed-effect meta-

analysis of the calculated data showed a significant difference with the traditional 

group (mean difference (MD) -3.05 days, 95%CI -4.87 to -1.23 days, p = 0.001, I2=0%) 

(Figure 2).

Consistent with the definition for this review, most studies seemed to measure 

primary length of hospital stay as the number of days after surgery. One study 

reported the number of days after admission [62] and in two studies length of stay 

was not defined [56, 63]. These studies were excluded from further analysis. For one 

study data were converted into days [50]. The length of postoperative hospital stay 

following an enhanced recovery pathway ranged from 1 to 2 days among patients 

with a benign disease, from 2 to 4 days in the mixed population and from 5 to 7 days 

among patients with a malignancy (Table 4). In four studies, including 859 patients, 

a pre-post comparison was made between enhanced recovery pathways and tradi-

tional care [53,57,59,60]. In one of them, outcomes were also compared to a control 

hospital that did not implement an enhanced recovery pathway [57]. Primary length 

of postoperative hospital stay in the experimental hospital decreased, while the 

length at the control hospital remained unchanged. In the random-effects model, 

using calculated data of studies at high risk of bias, implementation of enhanced 

recovery pathways reduced time to discharge by 1.57 days (95% CI -2.94 to -0.20 days, 

p = 0.02, I2 = 91%) (Figure 3). In subgroup analysis, the effect of enhanced recovery 

Table 2. Downs and Black risk of bias assessment

study Reporting external validity Internal validity: Power Overall

Bias Confounding

Borendal Low Unclear High High - High risk

Carter Unclear Unclear High High - High risk

Cascales Unclear Unclear High High - High risk

Chowdhury High Unclear High High - High risk

Dickson High Low High High Low High risk

Eberhart High Unclear High High High High risk

Hansen Low Low High High - High risk

Kalogera Unclear Unclear Unclear High Low High risk

Kroon High Unclear High High - High risk

Marx High Low Unclear High High High risk

Moller High Low High High - High risk

Oscarsson High Unclear High High - High risk

Pather High Unclear High High - High risk

Rardin High Unclear High High - High risk

Sidhu Low Unclear High High - High risk

Wijk Low Low Unclear High High High risk
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pathways on primary length of postoperative hospital stay was more pronounced 

(test for subgroup differences p < 0.001) among patients with a malignant (MD -2.42 

days, 95% CI -3.61 to -1.22 days, p < 0.001, I2 = 0%) or benign (MD -2.0 days, 95% CI -2.65 

to -1.35 days, p < 0.001) indication for surgery (Figure 3). In contrast, introduction of 

an enhanced recovery pathway did not significantly affect the length of hospital stay 

in the study with a mixed (benign or malignant) patient group (MD -0.20 days, 95% CI 

-0.52 to 0.12 days, p = 0.22). The presented data in this study were not specified for 

the benign and malignant group separately.

Complication rates were analyzed separately for number of patients and total 

number of complications. Seven studies reported the percentage of patients with 

one or more complication within enhanced recovery pathways (Table 4). After a 

median of 35 days of follow-up, the percentage ranged from 17 to 27% (median 19%). 

Two studies reported the complication rate of the control group [59, 60]. No statisti-

cally significant differences were observed between the intervention and control 

group (RR 0.92, 95% CI 0.62 to 1.37, p = 0.69) (Figure S1). Subgroup analysis did not 

find a statistically significant effect either (Figure S1).

Eleven studies reported the number of complications in patients treated in an 

ERAS setting (Table 4), but the actual time frame was not given in two of them 

[34, 61]. The total complication rate ranged from 10 to 93% (median 20%). After 30 

days of follow-up, enhanced recovery pathways showed intra- and postoperative 

complication rates comparable to traditional pathways (RR 1.01, 95% CI 0.85 to 1.19, 

p = 0.94) (Figure S2) [53, 57, 59, 60]. There was no heterogeneity (I2 = 0%, p = 0.88) 

among the four studies included for metaanalysis and subgroup analysis revealed no 

statistically significant differences (p = 0.79) (Figure S2).

Readmission rates after an enhanced recovery pathway were recorded in 11 

studies (Table 4). The median reported rate was 4% (range, 2 to 2%). Four studies 

also examined readmission rates after traditional perioperative care [53, 57, 59, 

60]. No statistically significant difference was found for enhanced recovery versus 

Chapter 2 33 
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traditional pathways after 30 weeks of follow-up (RR 1.12, 95% CI 0.74 to 1.71, p = 

0.59), with no significant heterogeneity (I2 = 23%, p = 0.27) (Figure S3). No significant 

difference was found in any subgroup analysis (Figure S3).

Only a few studies (n = 7) explicitly reported mortality rates (Table 4). In one study 

a mortality rate of 2% was observed [53]. This percentage was zero in the other 

studies. Based on these low event rates, quantitative analysis was not performed.

Although some of the included studies measured an individual item of functional 

recovery, none reported on the achievement of total functional recovery. Only two 

studies collected information on patient satisfaction. Kalogera et al. [53] used 

a self-developed questionnaire with six items (e.g. patient education and nausea 

management) for patients receiving ERAS-based care. A high patient satisfaction for 

all aspects was observed. Eberhart et al. [34] prospectively evaluated self-assessment 

(PPP33 questionnaire) and found an improved quality of life after the introduction 

of enhanced recovery pathways. One study examined costs of postoperative care 

before and after implementation of an enhanced recovery pathway [53]. Although 

not statistically significant, a tendency to a decrease in hospital costs was observed 

after implementation of ERAS compared with pre-implementation results.

 

 Figure 3. Meta-analyses of primary length of hospital stay of enhanced recovery pathways (ERAS) versus 
control groups with traditional care. 

 
Complication rates were analyzed separately for number of patients and total number 
of complications. Seven studies reported the percentage of patients with one or more 
complication within enhanced recovery pathways (Table 4). After a median of 35 days 
of follow-up, the percentage ranged from 17 to 27% (median 19%). Two studies 
reported the complication rate of the control group [59, 60]. No statistically significant 
differences were observed between the intervention and control group (RR 0.92, 95% 
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total complication rate ranged from 10 to 93% (median 20%). After 30 days of follow-
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S2) [53, 57, 59, 60]. There was no heterogeneity (I2 = 0%, p = 0.88) among the four 
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Readmission rates after an enhanced recovery pathway were recorded in 11 studies 
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examined readmission rates after traditional perioperative care [53, 57, 59, 60]. No 
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dIsCUssIOn

This review supports the theory that enhanced recovery pathways may result in a 

shorter length of primary and total hospital stay as compared to traditional peri-

operative care. A reduction of 1.57 days and 3.05 days was observed respectively, 

without an increase in complication, mortality, and readmission rate. The number 

Table 4. Primary and secondary outcomes

study Total lOs
(days)

Primary lOs
(days)

Complication rate (%) Readmission
rate (%)

Mortality
rate (%)Number of

patients
Number of
complications

ERAS CG ERAS CG ERAS CG ERAS CG ERAS CG ERAS CG

Benign pathology

Borendal NR 2 (1-5)b 27% NR NR 0%

Dickson NR NR 1 ± 2.7 3 ± 1.8 NR NR 20% 17% 2% 1% NR NR

NRc NRc 20%c 26% c 2%c 1%c NRc NRc

Hansen NR 1 ± 0.7d 19% 19% NR NR

Kroon NR 2 (1-3) NR NR 4% NR

Moller NR 2 (2-4) 19% 19% 13% NR

Oscarsson NR 2.0 ± 1.3 17% 17% NR NR

Benign and malignant pathology

Carter NR 3 (2-27)e NR 10% 4% NR

Chowdhury NR 2.6 (NR) NR NR NR NR

Pather NR 3.4 (2-5)e,f NR NR 4% NR

Rardin NR 2.9 ± 2.9e NR NR 3% 0%

Sidhu NR 4 (2-18) 18% 21% 7% 0%

Wijk NR NR 2.4 ± 1.2 2.6 ± 1.1 19% 17% 19% 18% 4% 4% NR NR

Malignant pathology

Cascales NR 6.9 ± 1.6 NR 37% 4% 0%

Eberhart NR NR NR NR NR NR 93% 205% NR NR 0% 0%

Kalogera a 6.8 ± 6.0 9.5 ± 12.3 5.3 ± 2.9 7.9 ± 8.5 NR NR 56% 56% 20% 15% 2% 1%

Marx 6 ± 11.8 10 ± 9.3 5.4 ± 8.25 7.3 ± 5.5 25% 32% 32% 36% 3% 10% 0% 3%

Data are median (range) or mean ± standard deviation, unless otherwise specified. Estimated values 
from published data are underlined.
CG: control group, CS: cytoreductive surgery, ERAS: enhanced recovery after surgery, LOS: length of 
postoperative hospital stay, NR: not reported, SD: standard deviation, SS: surgical staging
a: study reports data of two subgroups (surgical staging and cytoreductive surgery) separately and data 
were combined for quantitative analysis; b: in article LOS reported as hours; c: data of comparable hos-
pital without ERAS implementation; d: reported as median ± SD; e: excluded from further analysis, LOS 
not defined or measured as the number of days after admission; f: reported as mean (range).
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of eligible studies comparing enhanced recovery to traditional care pathways in 

abdominal gynecologic surgery was limited and all outcomes were derived from 

non-randomized studies at high risk of bias. Most studies identified in this review, 

reported only data after the implementation of enhanced recovery pathways. 

Comparable outcomes were reported after implementation in studies with control 

groups as well as in studies without control groups. The effect on postoperative 

length of hospital stay was more pronounced in the malignant group. With the 

implementation of enhanced recovery pathways, a postoperative length of stay of 

1 to 2 days can be reached for women undergoing abdominal hysterectomy for a 

benign indication. For women undergoing cytoreductive surgery a length of stay 

of 5 days might be achievable. The overall aim of enhanced recovery pathways to 

improve patient recovery was not structurally examined in the included studies.

Our review provides an overview of which elements are used within enhanced 

recovery pathways. A huge variation in the number and combination of reported 

enhanced recovery elements was observed. Only three elements (preoperative 

education, early oral intake, and early mobilization) were included in all pathways. 

These characteristic elements were part of the initial pathways for colorectal sur-

gery to reduce the surgical stress response [3, 24]. Despite the inconsistency between 

pathways, comparable lengths of hospital stay were found within the benign, 

malignant, and mixed pathology subgroups. The observed variation reveals a lack 

of consensus on and standardization of the most important enhanced recovery ele-

ments and could have influenced overall findings. Although the ERAS Society (www.

erassociety.org) published recommendations for several types of surgery and some 

articles describe a pathway for gynecology [62, 65, 66], a specific consensus guideline 

for gynecologic surgery is still lacking. For this review, the consensus guideline for 

rectal/pelvic surgery of the ERAS Society was used as framework [6]. Individual items 

have varying levels of evidence and each item scored, may not be applicable for every 

gynecologic procedure or could have been added over time. This could have contrib-

uted to the observed variation in enhanced recovery pathways as well. Furthermore, 

due to restrictions in reporting, only specific elements could be described in the 

articles and conference abstracts included, instead of the full pathways that may 

have been applied. Although studies have shown positive effects of the individual 

elements, their additional effect within a fully implemented enhanced recovery 

pathway remains undetermined [67]. Several studies focusing on colorectal surgery 

have performed multivariate analysis, but results are diverse [68-70]. Besides, results 

are supposed to be influenced by the adherence to protocol elements [68, 69]. The 

limited number, heterogeneity, and the lack of actual adherence rates hinder the 

evaluation of the effect of individual elements. Actual adherence is an important 

issue; however, only two of the included studies reported their compliance rates. 
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Several differences were identified regarding definitions and reporting of outcome 

measures and traditional care was undefined. This complexity challenges thorough 

evaluation of enhanced recovery pathways [23].

In the present review we analyzed the effect of enhanced recovery pathways on 

postoperative outcomes in gynecology. All abdominal procedures were included, in 

contrast to previous reviews on enhanced recovery, which included only oncologic 

procedures [20, 21]. Although no firm conclusions can be drawn, this review repre-

sents the largest body of information available in current literature. A wide range of 

surgical procedures and enhanced recovery pathways related to abdominal gyneco-

logic surgery were included. Our approach was intentionally broad because we were 

aware of the limited number of studies. We have chosen to use a sensitive search 

strategy and to minimize exclusion criteria to ensure that important information 

was not missed. However, studies had to describe at least four individual elements 

of the pathway to be eligible for inclusion. This excluded articles that stated to 

perform ERAS, but did not describe their pathways. Subgroup analyses were car-

ried out for benign, malignant, and mixed pathology groups separately to address 

heterogeneity in the patient populations. Isolation of the data for specific types of 

surgery or for different pathways was not possible due to the lack of eligible studies. 

Methodological quality of the studies included in this review was poor and not all 

studies were designed to examine the effect of enhanced recovery pathways on the 

predefined outcome measures. Bias and confounding could have affected outcomes 

and therefore the level of evidence revealed in this review must be considered to 

be low. The information provided is the best evidence available and we tried to deal 

with methodological quality by carefully reporting and discussing our findings. The 

use of formulas to calculate data reduced the reliability and accuracy placed on 

the results of the metaanalyses. To improve transparency, estimated values from 

published data were highlighted. Interestingly, reported results were consistent 

with outcomes presented in systematic reviews and metaanalyses of other surgical 

specialties, which supports our findings. Pooled estimates for primary length of hos-

pital stay in systematic reviews conducted in other surgical fields showed an overall 

reduction of approximately 2-4 days after implementation of enhanced recovery 

pathways [8-13, 15, 16]. These studies reported longer primary lengths of hospital 

stay (range, 6-16 days) with traditional perioperative management compared to the 

studies included in our review (range, 3-8 days). When expressed in relative terms, 

the beneficial effect of enhanced recovery pathways in abdominal gynecologic sur-

gery is comparable to the effect reported in other surgical fields.

Based on the existing evidence of ERAS pathways in other surgical specialties and 

based on the evidence of individual elements within abdominal surgery, executing 

further clinical trials comparing the effects of enhanced recovery pathways vs. strict 
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traditional perioperative care in gynecology might be disputable due to ethical and 

methodological restrictions. Besides, with the increasing number of elements imple-

mented in daily practice, it is questionable if control care still can be characterized 

as traditional. Efforts and future research should focus on tailoring pathways to 

gynecologic situations, on the effects of altering individual items within established 

pathways, and on an improved implementation of items in actual practice.

This will contribute to a higher level of perioperative care and will fulfill the 

actual philosophy behind enhanced recovery pathways: a reduced stress response 

by the structured implementation of individual and interdependent evidence-based 

elements [3].

In conclusion, a general overview of current evidence on enhanced recovery 

pathways in abdominal gynecologic surgery was provided. Only observational stud-

ies at high risk of bias were identified, showing that enhanced recovery pathways 

seem to reduce primary and total length of postoperative hospital stay for women 

undergoing open abdominal surgery for both benign and malignant indications. 

Although the present results are comparable with conclusions of systematic reviews 

conducted in other surgical fields, evidence in gynecologic surgery is weak due to 

the limited number and poor quality of studies as well as the diversity in reporting 

within these studies.
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sUPPleMenTARy fIles

Table s1. Literature search strategy
Database: Embase (OvidSP). 1974 to 2014 Week 11

1 enhanced recovery after surgery/

2 ((enhance$ or rapid or early or accelerat$ or improv$) adj2 (recover$ or rehab$)).ti,ab,ot,hw.

3 (fast adj2 track$).ti,ab,ot,hw.

4 ERAS.ti,ab,ot,hw.

5 (multimodal or multi modal).ti,ab,ot,hw.

6 prerehab$.ti,ab,ot,hw.

7 exp clinical pathway/

8 ((critical or clinical or care or treatment) adj2 (path$1 or pathway$)).ti,ab,ot,hw.

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10 exp gynecologic surgery/

11 hysterectom$.ti,ab,ot,hw.

12 ovariectom$.ti,ab,ot,hw.

13 oophorectom$.ti,ab,ot,hw.

14 (salpingectom$ or salpingoophorectom$).ti,ab,ot,hw.

15 salpingostom$.ti,ab,ot,hw.

16 myomectom$.ti,ab,ot,hw.

17 10 or 11 or 12 or 13 or 14 or 15 or 16

18 9 and 17

19 exp gynecologic disease/

20 gynecology/

21 exp ovary/

22 exp ovary disease/

23 exp uterus/

24 exp uterus disease/

25 gyn?ecol$.ti,ab,ot,hw.

26 (ovarian or ovary or ovaries or ovarium or adnexa$ or fallopian).ti,ab,ot,hw.

27 (cervix$ or cervices or endocervix or ectocervix).ti,ab,ot,hw.

28 (cervical adj2 (cancer or neoplas$ or malignan$ or carcinoma$ or dysplasia or patholog$ or uterine 
or uterus)).ti,ab,ot,hw.

29 (endometr$ or myometri$).ti,ab,ot,hw.

30 (uterine or uterus or womb$).ti,ab,ot,hw.

31 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30

32 exp surgery/

33 (surg$ or operat$).ti,ab,ot,hw.

34 exp preoperative period/

35 perioperative period/

36 exp intraoperative period/

37 exp postoperative period/
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38 (preoperat$ or preop or pre op).ti,ab,hw,ot.

39 presurg$.ti,ab,hw,ot.

40 (preadmiss$ or pre admiss$ or preadmit$ or pre admit$).ti,ab,hw,ot.

41 (perioperat$ or intraoperat$ or perisurg$ or intrasurg$).ti,ab,hw,ot.

42 (postoperat$ or postsurg$).ti,ab,ot,hw.

43 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42

44 9 and 31 and 43

45 18 or 44

46 exp animals/ not (exp animals/ and humans/)

47 45 not 46

48 limit 47 to yr=”1990 -Current”
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Table s2. Overview of excluded records after full-text assessment (n = 46)

Full text version not obtained and abstract with insufficient information (n = 4)
1. D’Amato LO, Jr., Talmage LA, Hyde K, McKnight S, Vandenbusche P. Outcomes in abdominal 

hysterectomy patients with benign disease. Use of physician-developed clinical protocols. J Reprod Med. 
1998 Nov;43(11):975-85.

2. Guezo J. Total abdominal hysterectomy: development of a patient-centred care pathway. Nurs Stand. 
2003 Oct 1-7;18(3):38-42.

3. Tucci RA, Bartels KL. Ovarian cancer surgery: a clinical pathway. Clin J Oncol Nurs. 1998 Apr;2(2):65-6.
4. Veltman R, Loppnow N. Improving care for patients having abdominal hysterectomy. Hosp Case Manag. 

1999 Aug;7(8):139-42.

No original research article (e.g. review or commentary) (n = 17)
1. Acheson N, Crawford R. The impact of mode of anaesthesia on postoperative recovery from fast-track 

abdominal hysterectomy: a randomised clinical trial. BJOG. 2011 Feb;118(3):271-3.
2. Ansari D, Gianotti L, Schroder J, Andersson R. Fast-track surgery: What is the procedure-specific 

evidence? Surg Infect. 2012 June;13 (3):A8.
3. Ansari D, Gianotti L, Schroder J, Andersson R. Fast-track surgery: procedure-specific aspects and future 

direction. Langenbecks Arch Surg. 2013 Jan;398(1):29-37.
4. Bell A, Relph S, Sivashanmugarajan V, Yoong W. Enhanced recovery programmes: Do these have a role in 

gynaecology? J Obstet Gynaecol. 2013 August;33(6):539-41.
5. Brossard P, Jaton C, Petignat P, Rehberg-Klug B. Chirurgie gynecologique et fast track. Rev Med Suisse. 

2012 24 Oct;8(359):2011-2, 4.
6. Gerber B, Stubert J, Dieterich M, Wiessner R, Wagner K. Bedeutung der fast-track-chirurgie bei 

gynakologischen operationen. Gynakol Prax. 2012 First Quarter;36(1):9-17.
7. Gianpiero G, Muhammad E. Enhanced recovery for non-colorectal surgery. World J  Gastroenterol. 

2012;18(3):205-11.
8. Helmkamp BF, Krebs HB, Corbett SL, Trodden RM, Black PW. Radical hysterectomy: Current 

management guidelines. Am J Obstet Gynecol. 1997;177(2):372-4.
9. Jones K. Ambulatory gynaecology: a new concept in the delivery of healthcare for women. Gynecol Surg. 

2006 2006/09/01;3(3):153-6.
10. Kelliher L, Jones C, Day A. Optimising perioperative patient care: ‘enhanced recovery’ following 

colorectal surgery. J Perioper Pract. 2011 Jul;21(7):239-43.
11. Lu D, Wang X, Shi G. Perioperative enhanced recovery programmes for gynaecological cancer patients. 

Cochrane Database Syst Rev. 2012;12:CD008239.
12. Lv D, Wang X, Shi G. Perioperative enhanced recovery programmes for gynaecological cancer patients. 

Cochrane Database Syst Rev. 2010 (6):CD008239.
13. Pandeva I, Shafi MI. Perioperative care in gynaecology. Obstet Gynaecol  Reprod Med. 2012 

February;22(2):38-43.
14. Rooth C, Sidhu A. Implementing enhanced recovery in gynaecology oncology. Br J Nurs. 2012 May 24-Jun 

13;21(10):S4, S7-10, S2 passim.
15. Saleh S, Majumdar A. Enhanced recovery after surgery in obstetrics and gynaecology. BJOG. 2013 

June;120:419.
16. Torbe E, Crawford R, Acheson N. Enhanced recovery programme - improving quality. Obstet Gynaecol  

Reprod Med. 2014 March;24(3):91-3.
17. Wodlin NB, Nilsson L. The development of fast-track principles in gynecological surgery. Acta Obstet 

Gynecol Scand. 2013 Jan;92(1):17-27.

No or unclear description of perioperative pathway (n = 16)
1. Abulhassan N, Maghami S. Enhanced early recovery programme. BJOG. 2012 June;119:174.
2. Archer S, Staples V, Hill C, Bali A. Evaluating the experience of enhanced recovery programmes for 

gynaecological cancer patients. Psychooncology. 2012 March;21:19.
3. Doohan M, Bailey J. First experience of enhanced recovery in a tertiary gynecologic oncology centre in 

the UK. Gynecol Oncol. 2013 July;130 (1):e40.
4. Ghosh K, Downs LS, Padilla LA, Murray KP, Twiggs LB, Letourneau CM, et al. The implementation of 

critical pathways in gynecologic oncology in a managed care setting: A cost analysis. Gynecol Oncol. 
2001;83(2):378-82.
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5. Haran S, Madhuri TK, Ellis P, Tailor A, Butler-Manuel S. To assess role of painfusor pumps in reducing 
length of stay in patients undergoing laparotomy for suspected or confirmed gynaecology malignancy. 
BJOG. 2014 April;121:203.

6. Krige A, Greenwood S, Bannard-Smith J. Intrathecal diamorphine analgesia for abdominal hysterectomy. 
Anaesthesia. 2011 September;66:56.

7. Letton C, Cheung C, Nordin A. Does an enhanced recovery integrated care pathway (ICP) encourage 
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8. Mayuko H, Tomoaki Y, Nozomi O, Takahiko T, Masataka Y. Influence of anesthetic technique on 
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Table s3. Risk of bias of included studies assessed by the Downs and Black checklist
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Q1: Aim Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q2: Main outcomes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q3: Patients characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q4: Interventions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q5: Principal confounders Yes Yes Yes No Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes

Q6: Main findings Yes Yes Yes No Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes

Q7: Random variability Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes

Q8: Adverse events Yes Yes Yes No Yes Yes Yes Yes No Yes Yes Yes No No Yes Yes

Q9: Lost to follow up Yes UTD UTD No UTD Yes Yes UTD No UTD Yes Yes UTD UTD Yes Yes

Q10: Actual p-values Yes NA NA NA No No Yes Yes No No No No Yes Yes Yes Yes

Q11:Subjects representative (source) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q12: Subjects representative (prop.) Yes Yes Yes UTD Yes Yes Yes Yes UTD Yes Yes Yes UTD Yes Yes Yes

Q13: Representative facilities UTD UTD UTD UTD Yes UTD Yes UTD UTD Yes Yes UTD UTD UTD UTD Yes

Q14: Blinding of subjects No No No No UTD No No UTD No UTD No No No No No UTD

Q15: Blinding of assessors UTD UTD UTD UTD Yes No Yes UTD UTD UTD UTD UTD UTD UTD UTD UTD

Q16: Data dredging Yes No No Yes No Yes Yes Yes Yes Yes Yes Yes No No Yes Yes

Q17: Adjusted analyses NA NA NA NA UTD UTD NA Yes NA Yes NA NA NA NA NA Yes

Q18: Statistics Yes NA NA NA Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q19: Compliance UTD UTD UTD UTD UTD UTD UTD Yes UTD UTD UTD UTD UTD UTD UTD Yes

Q20: Outcome measures Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Q21: Same population NA NA NA NA Yes Yes NA Yes NA Yes NA NA NA NA NA Yes

Q22: Recruitment over time NA NA NA NA Yes Yes NA Yes NA Yes NA NA NA NA NA Yes

Q23: Randomization No No No No No No No No No No No No No No No No

Q24: Allocation concealment No No No No No No No No No No No No No No No No

Q25: Adjustment for confounding NA No No No No Yes NA Yes NA Yes NA NA NA Yes Yes No

Q26: Loss of follow-up Yes UTD UTD UTD UTD UTD Yes UTD UTD UTD UTD Yes UTD Yes Yes UTD

Q27: Power calculation NA NA NA NA Yes No NA Yes NA No NA NA NA NA NA No

NA: not appropriate, UTD: unable to determine
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Figure S1. Meta-analyses of complication rate (number of patients) of enhanced 
recovery pathways (ERAS) versus control groups with traditional care.  

 
 
Figure S2. Meta-analyses of complication rate (total number of complications) of 
enhanced recovery pathways (ERAS) versus control groups with traditional care.  
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Figure 6. Meta-analyses of readmission rate of enhanced recovery pathways (ERAS) 
versus control groups with traditional care.  
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ABsTRACT

Background Spread of evidence-based innovations beyond pioneering settings is 

essential to improve quality of care. This study aimed to evaluate the influence of 

a national project to implement ‘Enhanced Recovery After Surgery’ (ERAS) among 

colorectal teams on the spread of this innovation to gynaecological procedures.

Methods A retrospective observational multicentre study was performed of a con-

secutive sample of patients who underwent major elective gynaecological surgery 

in 2012-2013. Ten Dutch hospitals (294 patients) had participated in a colorectal 

breakthrough project implementing ERAS on a nationwide basis and were assigned 

to the intervention group. Thirteen hospitals (390 patients) that had not partici-

pated in this project acted as controls. Outcome measures were time to functional 

recovery and total length of postoperative hospital stay. Multilevel models adjusted 

for clustering and baseline demographics were used for analysis. The uptake of ten 

selected perioperative care elements was evaluated for each hospital.

Results The estimated mean difference (95% confidence interval) between the inter-

vention and control hospitals was -0.3 (-0.9 to 0.3) days in the time to recovery and 

0.2 (-0.8 to 1.3) days in the total length of hospital stay. The mean (± standard devia-

tion) absolute rate of implemented perioperative care elements per hospital was 

28.9 ± 14.9% in the control, versus 29.3 ± 11.1% in the intervention group (p=0.934).

Conclusion The results suggest that the benefits of implementation of an evidence-

based innovation such as the ERAS protocol are restricted to the participating 

teams, and do not automatically spread successfully to other surgical teams in the 

same hospital.
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InTROdUCTIOn

Innovations in healthcare are essential to ensure progress and to achieve the highest 

quality of care [1]. Despite the potential impact on outcomes, change of practice 

is generally slow and challenging [2]. Quality improvement (QI) programmes are 

widely used to achieve change by applying a systematic approach. A growing body 

of evidence on their effectiveness has become available in recent years [3]. QI pro-

grammes, such as the collaborative breakthrough method [4, 5], provide support 

to spread innovations between stakeholders during the improvement process [6]. 

Spread of health innovations beyond this pioneering setting is necessary to continue 

improving quality of care. Studies have recognised that spread is also important to 

sustain innovation effects after an implementation project has ended [7]. Neverthe-

less, improvements often remain adopted by a restricted group of innovators [8].

Greenhalgh et al. [9] described a continuum between unplanned (diffusion) 

and planned (dissemination) mechanisms to achieve spread. Following this broad 

concept, we defined spread as the process through which effective innovations are 

adopted from one setting to another. Spread of clinical knowledge between depart-

ments can be hampered by intra-organisational barriers, such as group membership 

[10, 11]. A multiple case-study demonstrated that hospitals are able to spread both 

processes and content to other medical-surgical units using deliberate and active 

approaches to change (dissemination) [12]. Limited knowledge exists about the full 

continuum of local spread mechanisms when dissemination is not promoted and 

supported at a higher, national level.

We hypothesised that the experiences and tools gained after running a QI project 

among colorectal surgical teams would stimulate spread of a universal perioperative 

innovation to another closely related intra-organisational department, such as the 

gynaecological department. To examine this influence, we compared perioperative 

care and outcomes of gynaecological procedures in hospitals in which the colorectal 

surgical teams had taken part in a QI project [13], with the procedures performed by 

gynaecologists in hospitals in which colorectal surgical teams had not participated 

in the QI project.

MATeRIAl And MeThOds

design

A 1-year breakthrough project was used to implement ‘Enhanced Recovery After 

Surgery’ (ERAS) across 33 colorectal surgery departments in the Netherlands be-

tween 2006 and 2009 [13]. A significant change in practice was achieved, resulting 
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in reduced length of hospital stay [13]. The spread from colorectal to gynaecological 

surgery was selected for analysis in the current retrospective multicentre study. 

The gynaecology and colorectal surgical teams were closely related and specialists 

cooperated regularly during surgical procedures, but departments operated inde-

pendently. This observational study was exempt from ethics review (Medical Ethical 

Committee of the Maastricht University, METC13-5-031 and METC14-5-083).

Inclusion criteria

Dutch hospitals authorised to carry out major gynaecological cancer surgery were 

invited to participate. In the Netherlands, hospitals are required to meet a minimum 

number of 20 major ovarian cancer surgical procedures per year for authorisation. 

Both university and non-university teaching hospitals have the capacity to fulfil this 

criterion. The hospitals that had participated in the colorectal breakthrough project 

were included in the intervention group. Authorised hospitals that had not partici-

pated in an international or national project implementing ERAS for colorectal sur-

gery acted as controls. One hospital participated in an international collaboration to 

develop and implement ERAS [14] and took the lead as an expert centre in the national 

implementation of ERAS in colorectal surgery [13]. As such, this hospital did not fulfil 

the criteria for the intervention or the control group and was excluded. The spread of 

ERAS towards gynaecology within this pioneering centre and the effects after active 

implementation have been described elsewhere [15]. The hospitals that regularly refer 

patients to an extended care facility for inpatient rehabilitation after surgery were 

excluded to prevent biased outcome measures. Hospitals with a combined ward for 

gynaecological and colorectal surgery could participate, but were registered as such.

A consecutive sample of patients who underwent elective open surgery for gyn-

aecological malignancies were audited. Eligible patients were aged at least 18 years 

and had a suspected or proven diagnosis of ovarian, uterine, or cervical cancer. Sur-

gical procedures included open exploratory, staging, and cytoreductive procedures 

in 2012 and 2013.

description of the innovation

The uptake of the multifaceted ERAS guideline was evaluated. Based on the best 

available evidence, ERAS consists of several perioperative recommendations to re-

duce time of recovery after surgery [16]. Although originally developed for colorectal 

surgery, the programme is not exclusive to this specialty [17]. To date, more surgical 

specialties, such as gastric [18] and pancreatic surgery [19], urology [20], and gynaeco-

logy [21, 22], have adopted ERAS and have tailored guidelines to specific procedures 

or to local policies [23]. Individual elements of ERAS, such as the avoidance of drains, 

have been shown to be effective in gynaecological surgery for several years [24-28].
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Outcome measures

Primary outcomes were the time to functional recovery after surgery (FR) and the 

total length of postoperative hospital stay (TLOS) in days. Recovery was reached 

when patients tolerated oral food and oral analgesia and regained their mobility. 

TLOS included the number of nights a patient stayed in the hospital after surgery 

plus, if appropriate, the length of readmission. The secondary outcome included 

the degree of local implementation of single ERAS elements; for each hospital, 

this was dichotomised using a target of 70% adherence as a minimum degree of 

implementation [29, 30]. A combined score per element was calculated. Mortality 

and readmission rates were registered.

data collection

Retrospective review of medical records was performed up to 30 days postopera-

tively. In considering the Dutch volume norm, a maximum of 30 patients per hos-

pital were audited. Hospital types were categorised as university and non-university 

teaching hospitals. There is one specialised cancer centre, which was categorised as 

a university hospital. The type of gynaecological cancer, histological subtype, and 

type of incision were specified. To obtain accurate information, data of ten ERAS 

elements were registered (Table 1). These elements covered the three perioperative 

phases of care, and their combination represents an ERAS management.

Table 1 ERAS elements included in retrospective analysis

Preoperative phase Omission of mechanical bowel preparation

Use of carbohydrate load

Operative phase Use of local analgesia

Avoidance of drains

Postoperative phase Early ambulation on the day of surgery (sitting on edge of bed)

Scheduled postoperative administration of laxatives

Oral feeding on POD 1

Early ambulation on POD 1 (sitting on chair three times a day)

Discontinuation of intravenous fluids on POD 2

Discontinuation of urinary catheter on POD 2

ERAS, enhanced recovery after surgery; POD, postoperative day

data analysis

A descriptive analysis of baseline characteristics was performed. For categorical 

variables, differences were analysed using the chi-square test or Fisher’s exact 

test. The independent-samples t-test was used for numerical variables. To account 

for clustering of patients within hospitals, linear multilevel methods were used 

to evaluate differences in time to FR and TLOS. The models incorporated hospital 
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identification as a random effect, whereas study group, hospital type, presence of a 

combined ward, age (<60 versus ≥60), American Society of Anaesthesiologists clas-

sification, type of cancer, histological subtype, and type of incision were included 

as fixed effects. Missing outcome values were not imputed, since likelihood-based 

methods were used. The estimated marginal means (EMM) and mean differences 

(MD), corresponding 95% confidence intervals (CI), and intra-class correlation coef-

ficients (ICC) were presented. Unadjusted differences in the median time to FR and 

TLOS were analysed at hospital level using the Mann Whitney U test because of the 

relatively small number of hospitals (13 versus 10). A reduction in time to FR and 

TLOS of more than one day was assumed to be clinically relevant. A value of p ≤ 

0.005 was considered statistically significant. Analyses were performed with IBM 

SPSS Statistics for Windows, version 21.0 (Armonk, NY, USA).

ResUlTs

A total of 684 medical records from 23 hospitals were audited (Fig. 1). Ten hospitals 

had followed the breakthrough strategy for colorectal surgery and were allocated 

to the intervention arm. The other hospitals were regarded as controls (n = 13). 

There were no statistically significant between-group differences in demographic 

data regarding the hospitals (Table 2). Some differences in the indication for surgery 

were noted between patient groups.
Chapter 3, figure 1 
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Authorised for major 

gynaecological cancer surgery

4 exclusions:
2 declined to participate
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figure 1. Study flow chart
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FR was registered for 97.2% of the patients in the control and for 98.6% in the 

intervention group. Data on the time to FR were missing in five patients in the 

control and in one patient in the intervention group. In addition, two patients in 

the control group were transferred to another hospital before recovery was reached. 

These patients were lost to follow up. Mortality rate was comparable between the 

Table 2 Baseline demographics of hospitals and patients according to observational group

Control Intervention p value b

hospital demographics

Number of hospitals 13 10

Number of beds per hospital a 642.3 ± 304.5 812.1 ± 189.8 0.138 c

Type of hospital 0.660 d

University medical centre 4 (30.8) 2 (20.0)

Non university teaching hospital 9 (69.2) 8 (80.0)

Hospital ward

Combined with colorectal surgery 1 (7.7) 2 (20.0) 0.560 d

Patient demographics

Number of patients 390 294

Age, years a 61.4 ± 12.0 62.6 ± 12.4 0.212 c

Age, years 0.016

< 60 164 (42.1) 97 (33.0)

≥ 60 226 (57.9) 197 (67.0)

ASA classification 0.092

Class I/II 352 (90.3) 253 (86.1)

Class III/IV 38 (9.7) 41 (13.9)

Gynaecological cancer type 0.045

Ovarian 289 (74.1) 231 (78.6)

Uterine 72 (18.5) 54 (18.4)

Cervical 29 (7.4) 9 (3.1)

Histological subtype 0.981

Benign 46 (11.8) 36 (12.2)

Borderline / hyperplasia 30 (7.7) 22 (7.5)

Malignant 314 (80.5) 236 (80.3)

Type of incision 0.842

Midline 377 (96.7) 285 (96.9)

Transverse 13 (3.3) 9 (3.1)

Values in parentheses are percentages unless indicated otherwise;
ASA, American Society of Anaesthesiologists
a values are mean ± standard deviation.. b Chi-square test, except c independent samples t-test and d 
Fisher’s exact test.
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control (n = 4, 1.0%) and intervention (n = 3, 1.0%) groups (p > 0.999). The hospitals’ 

median time to FR was 4.0 days (between-hospital range 3.0-6.0) in the control group, 

and 4.0 days (between-hospital range 3.0-5.0) in the intervention group (p = 0.218). 

Following adjustment for baseline variables, multilevel modelling showed an MD of 

-0.3 days (95% CI -0.9 to 0.3) in FR between patients treated in intervention hospitals 

compared to treatment in a control hospital. The EMM was 4.2 days (95% CI 3.4-5.0) 

in the control group compared to 3.9 days (95% CI 3.1-4.8) in the intervention group 

(p = 0.319) (Fig. 2). The ICC for FR was 0.03.
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The degree of implementation within hospitals was based on the adherence to ten 
selected ERAS elements. Omission of mechanical bowel preparation, the use of local 
analgesia, and the avoidance of abdominal drains were the most common elements 
adhered to in both study groups (Fig. 3). Adoption of postoperative ERAS elements 
was low. No statistically significant differences were found between groups. In the 
control group, three hospitals (23%) implemented at least half the elements in daily 
practice compared to one hospital (10%) in the intervention group (p = 0.604). None 
of these were hospitals with a combined ward for colorectal and gynaecological 
surgery patients. The mean absolute rate of implemented elements per hospital was 
28.9% (SD 14.9%) in the control and 29.3% (SD 11.1%) in the intervention group (p = 
0.934). 
 

Figure 2. Model estimated marginal means in days 
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The median TLOS was 6.0 days in the control hospitals (between-hospital range 

4.0-7.0) and 5.5 days for hospitals in the intervention group (between-hospital range 

3.5-10.5) (p = 0.777). The observed effect remained statistically nonsignificant after 

adjusting for covariates (MD 0.2 days; 95% CI -0.8 to 1.3). The EMM was 5.8 days (95% 

CI 4.4-7.2) in the control group compared to 6.1 days (95% CI 4.6-7.5) in the interven-

tion group (Fig. 2). The ICC was 0.06. In total, 12 patients (3.1%) from the control and 

14 patients (4.8%) in the intervention group had to be readmitted (p = 0.254).

The degree of implementation within hospitals was based on the adherence to ten 

selected ERAS elements. Omission of mechanical bowel preparation, the use of local 

analgesia, and the avoidance of abdominal drains were the most common elements 

adhered to in both study groups (Fig. 3). Adoption of postoperative ERAS elements 

was low. No statistically significant differences were found between groups. In the 

control group, three hospitals (23%) implemented at least half the elements in daily 
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practice compared to one hospital (10%) in the intervention group (p = 0.604). None 

of these were hospitals with a combined ward for colorectal and gynaecological 

surgery patients. The mean absolute rate of implemented elements per hospital was 

28.9% (SD 14.9%) in the control and 29.3% (SD 11.1%) in the intervention group (p = 

0.934). 

 
 
 
Discussion 
 
Despite the acquired knowledge and positive experiences gained from the 
implementation of ERAS in colorectal surgery, this study showed that almost no 
spread took place in the closely related department of gynaecology in the 5 years 
following implementation. Multilevel regression analysis, taking clustering of 
hospitals and baseline demographics into account, demonstrated no differences in 
outcomes between gynaecological procedures performed in hospitals that had 
participated in the colorectal QI project, and the hospitals that did not. Even the 
hospitals with a mixed ward for colorectal and gynaecological surgery did not adopt 
the majority of ERAS elements. 
 
None of the single ERAS elements was regularly adopted by all the hospitals, despite 
the clear evidence already available for many years [21, 22]. This finding confirms the 
outcomes of a single centre study in an early-adopter hospital [15] and emphasises 
the challenge to spread and actively implement ERAS in actual practice [31]. 

Figure 3. Percentage of implemented (> 70%) enhanced recovery elements among hospitals 
figure 3. Percentage of implemented (> 70%) enhanced recovery elements among hospitals

dIsCUssIOn

Despite the acquired knowledge and positive experiences gained from the imple-

mentation of ERAS in colorectal surgery, this study showed that almost no spread 

took place in the closely related department of gynaecology in the 5 years following 

implementation. Multilevel regression analysis, taking clustering of hospitals and 

baseline demographics into account, demonstrated no differences in outcomes 

between gynaecological procedures performed in hospitals that had participated in 

the colorectal QI project, and the hospitals that did not. Even the hospitals with a 

mixed ward for colorectal and gynaecological surgery did not adopt the majority of 

ERAS elements.

None of the single ERAS elements was regularly adopted by all the hospitals, 

despite the clear evidence already available for many years [21, 22]. This finding 

confirms the outcomes of a single centre study in an early-adopter hospital [15] 
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and emphasises the challenge to spread and actively implement ERAS in actual 

practice [31]. Greenhalgh et al. [9] have described several characteristics of innova-

tions that are required to facilitate spread. Although the multifaceted and behaviour 

changing aspects of ERAS may render implementation in actual practice difficult, 

the innovation is particularly suitable to spread within organisations. ERAS prin-

ciples are universal and effectiveness has been demonstrated [32-34]. Despite the 

complex multifaceted structure, implementation can be achieved by using small, 

manageable steps. Benefits are almost directly visible for both the innovators and 

patients. Furthermore, the need for a multidisciplinary approach should facilitate 

intra-organisational spread.

This study included hospitals that participated in the original breakthrough 

strategy [13]. The breakthrough strategy is designed to spread innovations across 

multiple organisations over a short period of time [4]. Participants learned to apply 

practical skills to improve care and all participating hospitals reduced length of 

hospital stay and/or had high adherence rates [13]. Therefore, the expertise acquired 

should give them the capacity to guide local spread. In this study, we tried to analyse 

the full continuum of local spread without promotion and guidance at a higher, na-

tional level. None of the hospitals achieved a complete spread of ERAS and just one 

hospital in the intervention group implemented at least half of the ERAS elements. 

Unfortunately, we lack consistent information about the sustainability of ERAS in 

colorectal surgery in those hospitals.

Labgaa et al. [35] recently noted that structured implementation of ERAS in one 

speciality (colorectal surgery) induced a transition of elements towards another 

speciality (liver surgery) within the same department in patients treated by the same 

team. Evidence is limited about the effect of conducting a systematic QI programme 

on the spread of innovations between departments. It has been shown frequently 

that changing behaviour within healthcare organisations is challenging and com-

plex [2, 3, 36]. Although results need to be interpreted with caution, we believe 

this study emphasises those findings and shows that barriers are even higher than 

generally expected. Awareness about the barriers might be the first step in breaking 

through apparent boundaries and creating a culture of change. During recent years, 

the shift from a traditional function-oriented towards a process-oriented structure 

of hospitals has gained attention [37]. The functional grouping of departments in 

the Netherlands seems to hamper the multidisciplinary efforts to optimise patient 

care. Breaking through this group membership facilitates knowledge sharing 

between different groups of healthcare providers. Furthermore, the involvement 

of intra-organisational knowledge brokers may promote spread of innovations 

across health-related sectors [38]. A recent review described knowledge brokers as 

intermediaries to exchange knowledge across the varying stakeholders and settings, 
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but demonstrated that the availability of evidence about their effectiveness within 

healthcare is limited so far [39]. In line with other studies, we found a gap in dis-

charge [40, 41]. Unnecessary prolonged hospitalisation might be partially reduced 

by applying structured discharge planning, or by using an integrated discharge team 

[42].

The multicentre design strengthens conclusions and provides more generalis-

ability of results. To our knowledge, the national comparison of interdepartmental 

spread between hospitals that had previously followed a QI programme, and those 

that had not, is unique. A limitation might be that the data abstractor was not 

blinded. We do not have any sign however that this has led to data manipulation, 

given the independent position. Otherwise, the fact that the data were extracted 

by one and the same person can be looked upon as a strength, as it guaranteed a 

standardised approach for the audit. Retrospective review of medical records has 

methodological limitations. The adoption of ERAS could have been underestimated, 

because not all elements could be collected retrospectively. It is possible that we had 

inadequate power to detect significant differences. However, given the 95% CIs, we 

would have been able to detect a clinically relevant effect of more than one day in 

the time to FR and TLOS favouring the intervention group [43].

In conclusion, we found neither statistically significant nor clinically relevant 

differences in the time to FR, TLOS, or the degree of local implementation of ERAS, 

between the gynaecology departments of hospitals that previously followed a QI 

project for colorectal surgery and the hospitals that did not. Interdepartmental 

spread of universal evidence-based innovations within organisations seems to be 

restricted. Further research is required to provide potential solutions to promote 

knowledge sharing within hospital walls and to extend the initial positive effects 

of QI projects.
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ABsTRACT

Objective Spontaneous diffusion of the evidence-based Enhanced Recovery After 

Surgery (ERAS) program from an early adopter department (colorectal surgery) to 

other closely related departments (gynecologic surgery) within the same hospital 

could be expected. Given this diffusion hypothesis, this quality improvement study 

examines the value of active implementation of ERAS in addition to spontaneous 

diffusion.

Methods A nonrandomized, pre-post intervention study was conducted at a tertiary 

referral hospital. Prospective data of consecutive patients who underwent abdomi-

nal surgery between March, 2010 and March, 2011 for gynecologic malignancies 

were collected and compared with those of a historical cohort of patients treated 

before the structured implementation of ERAS by an expert team. Outcomes were 

length of hospital stay, length of functional recovery, and compliance to protocol 

care elements.

Results Seventy-seven patients treated after structured implementation of ERAS 

were compared with 38 patients included in the historical cohort. Most women had 

surgery for ovarian or endometrial cancer (48% and 37% respectively). Postoperative 

care mostly lacked ERAS elements and needed to be actively implemented. With 

structured implementation, a reduced time to functional recovery (median 3 versus 

6 days, p < 0.001) and a shorter length of hospital stay (5 versus 7 days, p < 0.001) 

were achieved.

Conclusions After several years of practicing ERAS in colorectal surgery, spontane-

ous spread of ERAS principles to gynecologic oncology surgery occurred partially. 

The results of this study underscore the need for a structured and supported pro-

active process to implement the ERAS program in a complete and successful way.
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BACKgROUnd

A major challenge in healthcare is to incorporate innovations into routine clinical 

practice. Many innovations require an intensive, well-planned approach to become 

widely adopted [1, 2]. Although it usually takes many years to change well-established 

care, spontaneous spread of innovations can occur. Innovativeness is the essential 

factor in this process [3, 4]. Apart from differences in diffusion rate, the completeness 

of adoption and the adherence in clinical practice also vary [2, 5]. The multimodal 

Enhanced Recovery After Surgery (ERAS) program aims at a more evidence-based 

perioperative care and challenges the change in routine clinical practice [6]. ERAS 

was introduced to facilitate improvement of health care quality in elective colorec-

tal surgery [7]. The program aims to minimize surgical stress by maintaining normal 

physiology to the best possible extent. As a consequence, postoperative recovery 

quickens and length of hospital stay decreases [6, 8-10]. The ERAS program consists 

of several preoperative, intraoperative, and postoperative elements and is currently 

general practice in colorectal surgery [10]. Because of positive results without addi-

tional morbidity or mortality, the program is gaining ground in other surgical fields 

such as orthopedics, thoracic surgery, urology, and gynecology [9, 11]. However, no 

randomized controlled trials have been conducted in gynecologic surgery in general 

[12], although favorable evidence has been provided by several prospective and 

retrospective studies for both malignant and benign pathologies [13-20].

In the Netherlands, the introduction of the ERAS guideline was pioneered by the 

surgery department of Maastricht University Medical Centre (MUMC). The department 

participated in a collaboration of five European University or specialized hospitals in 

2001 to develop, introduce, and evaluate a new evidence-based program with 19 key 

recommendations [21]. This program was based on the original multimodal concept 

of Kehlet [7]. In 2006, a breakthrough project was initiated to achieve nationwide 

implementation of the ERAS protocol in 33 colorectal surgery departments [22]. 

Although several studies performed in colorectal surgery reported that consistent 

implementation of ERAS in clinical practice is difficult [6, 23, 24], spontaneous uptake 

of ERAS guidelines in gynecology could be expected after several years. This could 

result from the nationwide positive results in colorectal surgery, the strong collabora-

tion between clinicians in colorectal and gynecologic surgery, the involvement of the 

same anesthesiologists during operative procedures, and sometimes mixed surgical 

wards. Furthermore, the awareness of the need for high-quality perioperative care 

has increased in general. This raises the question of whether active implementation 

of ERAS is still necessary. This quality improvement study examines the level of spon-

taneous diffusion of ERAS in gynecologic oncology surgery and the additional value 

of a pro-active implementation process on the adoption of ERAS in clinical practice.
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MeThOds

study design

A single center, non-randomized, quality improvement study was conducted at the 

Department of Gynecology of Maastricht University Medical Centre in the Neth-

erlands. This tertiary referral hospital is one of the Northern-European hospitals 

that pioneered the implementation of the ERAS guideline within the Department 

of Colorectal Surgery in 2001 [25] and is identified as one of the eleven centers of 

excellence of the ERAS Society (www.erassociety.org). A pre-post intervention design 

was used to assess the level of spontaneous uptake of ERAS elements and to examine 

the impact of active implementation on the adoption of the evidence-based ERAS 

program in gynecologic oncology surgery. After active implementation of ERAS at 

the Department of Gynecology in 2009, a prospective cohort of consecutive patients 

undergoing gynecologic surgery between March, 2010 and March, 2011 (post-imple-

mentation group) was compared with a historical cohort treated between January, 

2007 and January, 2008 (pre-implementation group), before the ERAS program was 

actively introduced in gynecologic surgery. To exclude the possible influence of 

preparation activities, the one year period before implementation was randomly 

chosen as the period in which implementation of the ERAS program was not yet 

discussed. Considering the learning effect and to guarantee management accord-

ing to a fully implemented program, analysis of the post-implementation study 

group was started six months after the initiation of the structured implementation 

of ERAS. The web-based Alberta Research Ethics Community Consensus Initiative 

(ARECCI) ethics screening tool for quality improvement research projects was used 

to determine the appropriate ethics review requirements [26]. Based on the assigned 

category of minimal risk, the study was exempted from institutional review board 

approval.

Patient population

All women aged 18 or over who underwent abdominal surgery through a transverse 

or midline incision for suspected or diagnosed ovarian, endometrial, or cervical 

cancer were included consecutively during the two predetermined study periods. 

Patients underwent operative cytoreduction or (radical) hysterectomy with bilateral 

salpingo-oophorectomy with and without pelvic lymphadenectomy. No exclusion 

criteria for participation in this study were used.

Implementation strategy

In October, 2009, the ERAS guideline [21] was actively introduced at the Department 

of Gynecology for patients undergoing major abdominal surgery. The implementa-



73

Chapter 4

tion was directed by a multidisciplinary expert team who had already implemented 

the ERAS guideline for colorectal surgery in the Netherlands. This team involved a 

surgeon, an anesthesiologist, and an implementation expert. The expert team was 

completed with two gynecologic oncologists, a nurse practitioner, and the director 

of nursing of the gynecologic department. The team educated other professionals 

who were involved in the perioperative period and was responsible for the dissemi-

nation, execution, and evaluation of the implementation process. Monthly audit 

and feedback sessions were organized to evaluate daily practice and to add further 

refinements for the optimization of perioperative care.

Pre-implementation group

Perioperative care in the historical 2007-2008 cohort group, before the supported 

implementation of the ERAS guideline in gynecology, was based on spontaneous 

diffusion of ERAS elements from colorectal surgery and was not explicitly estab-

lished in protocols. In essence, it depended more on the personal preferences of the 

responsible gynecologist. Providing thromboembolic and antimicrobial prophylaxis 

to operative patients was already standard practice.

Post-implementation group

Patients in the post-implementation group were managed in accordance with the 

ERAS protocol using a previously described, evidence-based perioperative pathway 

[21]. The protocol consisted of extensive preoperative counseling, no preoperative 

oral fluid restriction, no bowel preparation, and carbohydrate loading up to two 

hours before surgery. Long acting anesthetics and opioids were avoided, and a 

thoracic epidural catheter was additionally used for analgesia. Use of drains and 

nasogastric tubes was limited. In the postoperative period early mobilization and 

oral intake were stimulated. The implemented elements of the ERAS protocol are 

described in more detail in Supplementary Table 1 (Table S1).

Outcome measures

The primary endpoint with respect to the successful adoption of ERAS management 

was the length of hospital stay, defined as the number of nights a patient stayed in 

the hospital after surgery. If readmission occurred within 30 days after surgery, the 

days of readmission were included in the total length of hospital stay. Secondary 

outcome measures were length of functional recovery and compliance to selected 

ERAS protocol elements. Functional recovery was achieved when patients tolerated 

a normal diet, mobilized independently and were comfortable on oral analgesia. 

The protocol elements scored were avoidance of preoperative bowel preparation, 

use of epidural anesthesia, avoidance of nasogastric tubes or removal at the end of 
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surgery, early nutrition, and early mobilization. The selected elements were readily 

recordable for retrospective data collection as well, except for early mobilization. 

Early nutrition and early mobilization are key-elements in multivariate analyses 

and are important predictors of an enhanced recovery and reduced length of stay 

[14, 22, 27, 28]. Achieving those two postoperative key-elements also depends on the 

degree of success of the adoption and adherence to other ERAS elements [28]. Early 

nutrition was defined as oral fluid intake on the day of the operation and normal 

oral intake on the first postoperative day. Early mobilization started on the day of 

surgery and was intensified during the first postoperative day.

data collection

Data were prospectively collected in the post-implementation group. In the histori-

cal pre-implementation cohort, all data were retrospectively retrieved from medical 

records. Collected data included patient characteristics, procedure information, and 

readmission rates in both patient groups for 30 days after surgery. Additional data 

recorded were length of hospital stay, length of functional recovery, and adherence 

to the selected ERAS protocol elements. Patient privacy was protected by coding and 

processing all data anonymously. Follow-up was completed for all patients.

Analysis

Categorical data were presented as absolute counts with percentages, and con-

tinuous data were presented as median with interquartile range or as mean and 

standard deviation. Associations between groups were assessed using the Chi-square 

test or Fisher’s exact test for small cohorts as appropriate. For continuous variables, 

the Mann-Whitney U test was used. The length of functional recovery and length 

of hospital stay in both study groups were compared using Kaplan-Meier curves 

and log-rank tests. Cox proportional hazard regression models were used to adjust 

for potential confounding variables [29]. The unadjusted and adjusted effects of the 

implementation of guidelines on length of hospital stay were compared to deter-

mine the effect of a single variable. If a variable changed the effect by at least 10%, 

it was considered a confounder [29]. All confounding variables were included in the 

modeling process. Results were reported as hazard ratio (HR), 95% confidence inter-

val (CI), and associated p-value. Associations were considered statistically significant 

if p < 0.05. Statistical analyses were performed using SPSS® version 21 software 

(SPSS, Chicago, Illinois, USA).
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ResUlTs

Patient characteristics

A total of 115 patients were included in the study, of which 77 were in the post-

implementation group and 38 in the pre-implementation group. Baseline character-

istics and procedure information are presented in Table 1. Mean age was 62.7 years 

(standard deviation 12.6) in the pre-implementation group and 60.8 years (standard 

deviation 14.7) in the post-implementation group. The ovary and endometrium were 

the most common sites of pathology. Patient age, American Society of Anesthesiolo-

gists (ASA) grade, diagnosis, type of incision, and anastomosis rate did not differ 

between the two study groups (p > 0.05).

Compliance to eRAs protocol elements

Some of the ERAS elements had already been partially adopted into clinical practice 

before implementation activities were undertaken. In most patients of the pre-

implementation group, epidural anesthesia was used and bowel preparation and 

nasogastric tubes were omitted (Table 2). After implementation, the degree of adher-

ence improved significantly for all registered aspects, except for the use of epidural 

anesthesia (66% versus 65%, p = 0.928). In the pre-implementation group none of the 

patients started with oral fluids on the day of operation and none had normal oral 

intake on the first postoperative day. After implementation, the adherence rate to 

Table 1. Patient characteristics and procedure information.

Pre implementation
n = 38

Post implementation
n = 77

p-value

Age in years, mean (±SD) 62.7 (12.6) 60.8 (14.7) 0.498a

ASA grade, n (%) 0.276b

I/II 27 (71) 65 (84)

III 8 (21) 11 (14)

Missing 3 (8) 1 (1)

Diagnosis, n (%) 0.127b

Ovarian cancer 17 (45) 38 (49)

Endometrial cancer 18 (47) 24 (31)

Cervical cancer 3 (8) 15 (20)

Type of incision, n (%) 0.059c

Midline 31 (82) 72 (94)

Transverse 7 (18) 5 (6)

Anastomosis, n (%) 1 (3) 2 (3) 1.000c

SD standard deviation; ASA American Society of Anesthesiologists.
a Unpaired t test, b Chi-square test, c Fisher’s exact test
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both postoperative elements increased to 94% and 58% respectively (p < 0.001). In 

16% of the patients in the post-implementation group, mobilization started on the 

day of surgery in accordance with the ERAS protocol. Seventy-seven percent of the 

patients mobilized three times or more during the first postoperative day. The early 

mobilization data could not be retrieved for the pre-implementation group, whereas 

the independent mobility data could.

length of functional recovery

In the post-implementation group, patients had shorter median times to tolerate 

oral fluid and food intake, were sooner comfortable on oral analgesia, and reached 

independent mobility faster (Table 3). Based on fulfilling these criteria, functional 

recovery was achieved three days earlier after implementation of the ERAS protocol. 

The median time to functional recovery was 6 days (interquartile range, 5 – 7 days) 

in the pre-implementation group compared with 3 days (interquartile range, 3 – 4.5 

days) in the post-implementation group (p < 0.001, Table 4).

length of hospital stay

The median length of hospital stay was significantly reduced after implementation 

of the ERAS criteria (p < 0.001, Fig. 1). Patients enrolled in the ERAS program were 

discharged after 5 days (interquartile range, 4–7 days), whereas the median length of 

hospital stay was 7 days (interquartile range, 6–9.25 days) in the pre-implementation 

group (Table 4). Fifty-five percent of the patients (n = 43) in the post-implementation 

group had a length of hospital stay of 5 days or less, compared to 13% (n = 5) in 

the pre-implementation group (p < 0.001). Both before and after implementation, 

one patient was readmitted to the hospital. This did not influence median hospital 

stay or other outcome measures. None of the patients died during the first month 

after operation. Cox regression analysis was performed with age, ASA score, type 

of incision, and the presence of intestinal anastomosis as potential confounding 

factors. Because none of these factors influenced the effect of implementation by 

Table 2. Comparison of compliance to ERAS protocol elements.

Pre implementation
n = 38

Post implementation
 n = 77

P-value

Avoidance of preoperative bowel preparation 35 (92) 77 (100) < 0.05a

Epidural anesthesia 25 (66) 50 (65) 0.928b

Avoidance of nasogastric tubes 33 (87) 77 (100) < 0.05a

Oral fluid on day 0 0 (0) 72 (94) < 0.05b

Normal food on day 1 0 (0) 45 (58) < 0.05b

Values expressed as numbers (percentages).
a Fisher’s exact test,  b Chi-square test
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more than 10%, they were not considered as confounders of the observed association 

between a reduced total length of hospital stay and the implementation of ERAS. 

The unadjusted hazard ratio for the effect of implementation of ERAS in patients 

with malignant gynecologic pathology was 2.3 (95% CI, 1.5-3.5). The corresponding 

p-value was <0.001 (Table 4). The hazard ratio of 2.3 corresponds to a 70% chance of 

a patient in the post-implementation group being discharged first compared with 

a patient in the pre-implementation group. We observed a gap between functional 

recovery and actual discharge, defined as delayed discharge, both before (n = 29, 

76%) and after (n = 66, 86%) implementation of the ERAS program. The length of 

delayed discharge did not differ between the two groups (p = 0.097). Median length 

of delayed discharge was 2 days before (interquartile range, 1–4 days) and 2 days 

after ERAS implementation (interquartile range, 1–2.25 days).

Table 3. Achievement of recovery criteria in postoperative days.

Pre implementation Post implementation p valuea

Intake of oral fluids 2 (2 – 3) 0 (0 – 0) < 0.001

Normal food intake 3 (3 – 4) 1 (1 – 2) < 0.001

Independent mobility 6 (5 – 7) 3 (3 – 4.5) < 0.001

Comfortable on oral analgesia 3 (2 – 4) 2 (2 – 3) < 0.001

Values expressed as median (interquartile range).
a  Mann-Whitney U test

Table 4. Influence of implementation of the ERAS program on length of recovery and total length of 
hospital stay.

Pre implementation Post implementation

length of recovery

Patients, number 38 77

Median days (IQR) 6 (5 – 7) 3 (3 – 4.5)

Mean days (± SD) 6.7 (± 3.2) 3.9 (± 1.7)

Hazard ratio (95% CI) 2.6 (1.7 – 3.9)

p-value < 0.001

Total length of hospital stay

Patients, number 38 77

Median days (IQR) 7 (6 – 9.25) 5 (4 – 7)

Mean days (± SD) 9.5 (± 6.4) 5.7 (± 2.0)

Hazard ratio (95% CI) 2.3 (1.5 – 3.5)

p-value < 0.001

IQR interquartile range; SD standard deviation; CI confidence interval
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the post-implementation group being discharged first compared with a patient in the 
pre-implementation group. We observed a gap between functional recovery and 
actual discharge, defined as delayed discharge, both before (n = 29, 76%) and after (n 
= 66, 86%) implementation of the ERAS program. The length of delayed discharge did 
not differ between the two groups (p = 0.097). Median length of delayed discharge 
was 2 days before (interquartile range, 1–4 days) and 2 days after ERAS 
implementation (interquartile range, 1–2.25 days). 

 

 

 

 

 

 

 

 

 

Discussion 

The results of the present study indicate that after several years of practicing ERAS in 
colorectal surgery, its implementation in major gynecologic surgery has lagged within 
the same hospital. Spontaneous spread and natural uptake of the program from the 
early adopter surgical department to another related department occurred partially. 
The pre- and intraoperative elements of the ERAS program have largely been adopted 
in standard practice. Disuse of bowel preparation, additional use of epidural 
anesthesia, and avoidance of nasogastric tubes were applied in more than two-thirds 
of the patients treated before structured implementation. Adoption of the 

Figure 1. Kaplan Meier curves of total length of hospital stay in the pre-implementation and post-implementation 
groups. 

figure 1. Kaplan Meier curves of total length of hospital stay in the pre-implementation and post-
implementation groups.

dIsCUssIOn

The results of the present study indicate that after several years of practicing ERAS 

in colorectal surgery, its implementation in major gynecologic surgery has lagged 

within the same hospital. Spontaneous spread and natural uptake of the program 

from the early adopter surgical department to another related department occurred 

partially. The pre- and intraoperative elements of the ERAS program have largely 

been adopted in standard practice. Disuse of bowel preparation, additional use of 

epidural anesthesia, and avoidance of nasogastric tubes were applied in more than 

two-thirds of the patients treated before structured implementation. Adoption of 

the postoperative key-elements in daily practice, on the contrary, did not occur 

naturally. The present results suggest that barriers between the gynecologic and 

colorectal surgery departments are still larger than expected. Complete implemen-

tation of the evidence-based ERAS program in gynecology requires an active and 

organized approach.

The involvement of gynecologists, anesthesiologists, and colorectal surgeons 

during major surgical procedures encourages interdisciplinary collaboration and 

sharing of best practices [30]. This could have contributed to the spread of preopera-

tive and intraoperative elements. Unlike medical specialists, nurses have limited 
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exposure to interdisciplinary collaboration. Nursing practice on wards remains 

separate from that of other surgical fields. Over the last decade, evidence-based nurs-

ing has gained increasing interest. Although the integration of prevailing evidence 

has been extended to nursing care, routine evidence-based nursing still lags behind 

[31]. Traditionally, nursing practice is based more on habits and expertise than on 

evidence. Several studies have identified individual and organizational barriers to 

nurses’ utilization of research in general [32-34]. Those universal factors are likely to 

be applicable to the lack of natural uptake of postoperative ERAS elements. The ob-

served lack of natural uptake could also be attributed to the fact that postoperative 

ERAS elements directly reflect the condition of patients after surgery and that their 

application cannot be forced [35]. Apparently, the pre- and intraoperative elements 

are easier to implement. Changing the mindset of health care providers and patients 

in the postoperative care setting seems to be more challenging [36]. Several studies 

have shown the safety of early mobilization and intake [7, 14, 21, 37, 38]. However, 

the deep-rooted feeling that this could be harmful for patients’ health, might delay 

recovery and prolong hospital stay unnecessarily.

In the present study, we focused on perioperative management of abdominal 

surgery in patients with gynecologic cancer because of the known benefits of ERAS 

for those procedures [14-18]. The median length of hospital stay in our study was 

reduced to five days, which is the upper limit of the median length of stay reported 

by fast track perioperative care studies in gynecologic oncology surgery (range, 2–5 

days) [14-18]. Patients recover earlier when treated in line with the ERAS program. 

Given the substantial variation in adherence to the postoperative elements, early 

nutrition and mobilization, our data confirm that those key-elements may be crucial 

for the success of ERAS [14, 22, 27, 28]. In practice, it seemed harder to follow the 

guideline strictly. Unlike the compliance with oral fluid intake on the day of surgery, 

the avoidance of bowel preparation, and nasogastric tubes (> 90%), we observed that 

use of epidural anesthesia (65%) and normal oral intake on the first postoperative 

day (58%) were not standard practice for all patients. Gillissen et al. [22] found com-

parable compliance rates after implementing ERAS in colorectal surgery (56 - 96%). 

Even after structured implementation, compliance with protocol elements remains 

challenging [24, 28, 35, 39], and the continuous evolvement of new evidence further 

challenges evidence-based practice [40]. Despite this deviation in one or more ele-

ments of the ERAS protocol, our study once more demonstrates that implementa-

tion of an ERAS program leads to faster recovery and earlier discharge [24].

Because of the known benefit of ERAS programs regarding recovery and given the 

fact that running two different postoperative care protocols within one department 

is prone to bias, a pre-post intervention design was used. Furthermore, the focus 

of the study was not to demonstrate the beneficial effects of ERAS on recovery, but 
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rather to examine the need for a structured and supported implementation process. 

However, the historical design of the study is a limitation. As a consequence, not all 

elements could be retrieved in the retrospective cohort, and a selection of outcome 

measures was required. Bias was reduced by using the same criteria for discharge 

and functional recovery in both study groups. It could be expected that in the 

prospective study group, awareness of prospective data collection could have influ-

enced decisions on discharge, irrespective of functional recovery. However, the gap 

between recovery and actual discharge did not differ between the two study groups. 

Therefore, the effect on outcome measures is assumed to be minimal. Because 

randomization was not feasible, adjustment for the effect of confounding variables 

was applied at the stage of data analysis. During the four years between the start of 

the retrospective study and the end of the prospective study, a natural evolution of 

perioperative care could have occurred, independent of the ERAS implementation 

project. However, in the six-year period after the introduction of ERAS at the surgery 

department in our hospital, only certain ERAS elements were partially adopted in 

our retrospective study group. Therefore, we believe that the effect in the four-year 

period is small. The difference in the number of patients included in each study 

period (38 and 77) was caused by an increase in patient load. Both study periods 

lasted one year and all consecutive patients were included in the study. The increase 

in patient load could partially be explained by the ongoing centralization of major 

gynecologic surgery in the Netherlands.

This study underlines the necessity of a pro-active process to implement the ERAS 

program in a complete and successful way. Despite the fact that our hospital is one 

of the centers of excellence of the ERAS Society and had a pioneering role in the 

nationwide implementation of ERAS in colorectal surgery, spontaneous spread of 

ERAS principles among departments did not happen satisfactorily, primarily during 

the postoperative period. Transmission of new evidence-based practice between 

departments within the same hospital and overcoming apparent barriers remain 

challenging. The appropriate implementation of the ERAS program could lead to a 

higher level of perioperative care.
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sUPPleMenTARy fIle

Table s1. Description of implemented elements of the ERAS program.

Timing element description

Preoperative Preoperative counseling Detailed information about the ERAS program during an 
outpatient clinic appointment

Bowel preparation No mechanical bowel preparation or just single rectal enema

Fasting Solids allowed up to six hours and clear fluids up to two hours 
prior to operation

Carbohydrate treatment 400mL carbohydrate drink (PreOP®, Nutricia; Numico, 
Zoetermeer, the Netherlands) two hours before operation, 
unless diabetic

Sedative medication Not standard, only short-acting sedative medication permitted  
if necessary

Intraoperative Epidural analgesia Mid-thoracic epidural analgesia, removal on postoperative day 
two or three

Prevention of hypothermia Standard use of a Bair hugger

Nasogastric tube Not used, otherwise immediately removed after surgery

Abdominal drains Not used

Postoperative Urinary catheter Standard, removal at the same time as the epidural catheter

Analgesics Use of epidural analgesia with additional paracetamol from 
day 0

Oral fluid intake Permitted immediately after surgery (day 0)
Intravenous fluids stopped on day 1

Normal diet Offered on postoperative day 1

Oral laxatives 1000mg oral magnesium from day 1 till defecation

Early mobilization Sitting up on day 0 and intensified during the first 
postoperative day (at least three times in chair)

Abbreviations: ERAS, enhanced recovery after surgery
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ABsTRACT

Background Enhanced Recovery After Surgery (ERAS) programmes aim at an 

early recovery after surgical trauma and consequently at a reduced length of hos-

pitalisation. This paper presents the protocol for a study that focuses on large scale 

implementation of the ERAS programme in major gynaecological surgery in the 

Netherlands. The trial will evaluate effectiveness and costs of a stepped implementa-

tion approach that is characterised by tailoring the intensity of implementation 

activities to the needs of organisations and local barriers for change, in comparison 

with the generic breakthrough strategy that is usually applied in large scale im-

provement projects in the Netherlands.

Methods All Dutch hospitals authorised to perform major abdominal surgery 

in gynaecological oncology patients are eligible for inclusion in this cluster ran-

domised controlled trial. The hospitals that already fully implemented the ERAS 

programme in their local perioperative management or those who predominantly 

admit gynaecological surgery patients to an external hospital replacement care 

facility will be excluded. Cluster randomisation will be applied at hospital level 

and will be stratified based on tertiary status. Hospitals will be randomly assigned 

to the stepped implementation strategy or the breakthrough strategy. The control 

group will receive the traditional breakthrough strategy with three educational 

sessions and the use of plan-do-study-act cycles for planning and executing local 

improvement activities. The intervention group will receive an innovative stepped 

strategy comprising four levels of intensity of support. Implementation starts with 

generic low-cost activities and may build up to the highest level of tailored and 

labour-intensive activities. The decision for a stepwise increase in intensive sup-

port will be based on the success of implementation so far. Both implementation 

strategies will be completed within one year, and evaluated on effect, process, and 

cost-effectiveness. The primary outcome is length of postoperative hospital stay. Ad-

ditional outcome measures are length of recovery, guideline adherence, and mean 

implementation costs per patient.

discussion This study takes up the challenge to evaluate an efficient strategy for 

large scale implementation. Comparing effectiveness and costs of two different 

approaches, this study will help to define a preferred strategy for nationwide dis-

semination of best practices.
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BACKgROUnd

Malignant neoplasms are the most important indication for major surgery in gynae-

cology in the Netherlands each year. Approximately 2500 women undergo gynaeco-

logical surgery for ovarian, endometrial, or cervical cancer. The last decades, several 

efforts have been made in trying to reach optimal perioperative management. In 

the late 1990s, Kehlet introduced a renewal process aiming to maintain normal 

physiology after surgery [1]. Several evidence-based elements were combined in a 

perioperative management programme, designed to enhance recovery from major 

surgical trauma [2]. The Enhanced Recovery After Surgery (ERAS) programme proved 

to be safe with favourable effects on recovery and length of stay [3-6]. Although 

this programme has been successfully implemented in elective colonic surgery, a 

spontaneous diffusion of the ERAS programme in other elective surgery areas did 

not occur [7-11]. Patients undergoing major surgical procedures remain subjected to 

unpleasant, unnecessary, and harmful practices; despite of a large body of evidence 

supporting perioperative management improvements [12-14]. As a result patients 

are exposed to an unnecessary prolonged hospital stay. Efficient implementation of 

the ERAS programme in elective gynaecological surgery on large scale is challenging.

In 2010 the ERAS programme was successfully introduced in major gynaecological 

surgery at the Department of Gynaecology of Maastricht University Medical Centre 

[11]. This resulted in a significant reduction in length of hospital stay. Nationwide 

implementation of the ERAS programme in elective gynaecological surgery did not 

happen yet, while this is necessary to achieve high standards of care and evidence-

based practice, with subsequent benefits for the successful execution of clinical 

trials within this field [15, 16]. Further, reduced hospitalisation will save costs and 

will facilitate the increased patient load by the imminent centralisation of major 

gynaecological surgery in the assigned high volume centres in the Netherlands. 

Finally, a reduced functional decline after surgery will ease the required early start 

of postoperative adjuvant chemotherapy in patients with ovarian cancer.

In the Netherlands, the quality improvement model known as the Breakthrough 

Series [17] is currently adopted as the preferred method for health care improve-

ment on a large scale, despite some serious drawbacks [18]. This structured col-

laborative learning strategy is designed to help health care organizations attain best 

practice in a certain field. Systematic evaluations have shown that effectiveness of 

the breakthrough approach varies and is at the best moderate [19]. Furthermore, 

breakthrough projects represent substantial investments of time, effort, and fund-

ing and are assumed to be expensive [20]. A new approach designed to deliver an 

optimal effect of implementation efforts at the lowest possible implementation 

costs is desirable. Based on the underlying assumption that organisations may vary 
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widely in their knowledge, motivation, and capacity to run a quality improvement 

programme, as prescribed in the meta-evaluation of ten such programmes in the 

Netherlands [21], a stepped implementation strategy was designed. This strategy 

aims to tailor the implementation efforts to the variety in needs and local barriers to 

change. It offers generic low-intensive support for those who smoothly implement 

the changes and a more tailored and intensive approach for those hospitals hav-

ing difficulties in making the changes. This differentiation of the implementation 

activities to preparedness for change is described in various theories on the different 

phases in a process of change. The Model for Planning Change of Grol describes ten 

stages, subdivided in awareness, understanding, acceptance, adoption and integra-

tion of the proposed behaviour [22, 23]. This model was used to select the change 

interventions that will be used in the stepped implementation strategy. Each step 

leads to a more intensive stage in the process of change. A tailored approach is 

intensive and seems less suitable for large scale improvement as it requires local 

support and elaborative preparatory activities [24, 25]. Evaluation of the process of 

this implementation effort will provide insight in why and for whom the developed 

strategy works and improves the understanding of the stepped approach. This will 

help to define a preferred strategy for nationwide dissemination of best practices.

Objectives

The objective of this study is to compare effectiveness and costs of a stepped imple-

mentation strategy versus the generic traditional breakthrough methodology for 

the nationwide uptake of the ERAS approach. In addition, the current study aims to 

identify intervention fidelity and contextual factors that influence implementation 

by means of a process evaluation. The overall aim is to define a preferred strategy 

for large scale implementation of evidence-based practice. This paper describes the 

study protocol.

MeThOds

design

The present study is a non-blinded cluster randomised controlled trial with two 

arms comparing an innovative stepwise implementation approach to the existing 

generic breakthrough approach. After approval to participate, a retrospective base-

line measurement of 30 patients will be performed to assess current perioperative 

practice. Cluster randomisation will be applied at hospital level and will take place 

after all retrospective measurements have been completed. Randomisation will be 

executed at central level by an independent statistician of Maastricht University. The 
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hospitals will be allocated to the intervention (stepped strategy) or to the control 

group (breakthrough strategy) (Fig. 1). After one year, the implementation process 

will be ended by a final sustainability meeting for both groups. We assume differ-

ences in uptake of innovations between the high-volume tertiary care hospitals and 

their affiliated regional hospitals. Stratified randomisation will be used to prevent 

unbalanced intervention groups with respect to tertiary status or not.

Chapter 5, figure 1 

Hospital assessed for eligibility

Retrospective audit

Cluster randomisation
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Breakthrough strategy Stepped strategy

Site visit continued with three 
standard educational sessions 

at 3, 6 and 9 months
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progress at 0, 3, 6 and 9 
months

Sustainability meeting

Implementation 
of ERAS

Control group Intervention group

  
figure 1. Flow chart SINERGY trial

Participants

Hospitals

All Dutch Gynaecology Oncology Group (DGOG) tertiary referral hospitals and their 

affiliated regional hospitals authorised to perform major gynaecological surgery 

will be invited to participate in this implementation study. The authorisation is 

based on the volume norm set by the Dutch Association of Gynaecologists in 2013. 

The hospitals that already fully implemented the ERAS programme in their local 

perioperative management are not eligible to participate. Exclusion will be based 

on findings of the baseline audit. To avoid interference in outcome measures, the 

hospitals that predominantly admit gynaecological surgery patients to an external 

hospital replacement care facility after discharge will be excluded as well. The 

DGOG, a national collaborative of professionals involved in the treatment of women 

with gynaecological cancers that aims to promote (inter)national research in gynae-
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cological cancer, supports the underlying aim to reach nationwide standardisation 

of perioperative care consistent with the ERAS programme. This will support the 

recruitment of eligible hospitals in the study. In addition, we expect that cancelation 

of the usual 20,000 euro fee for participation to a Dutch Institute for Healthcare 

Improvements (CBO)-guided breakthrough project will be an important incentive 

towards participation. For all participating hospitals, costs of implementation are 

brought back to costs of joining meetings and costs of executing local activities.

Professionals

The innovation focuses on a professional level, directed to individual hospitals and 

their key target groups. Key target groups are gynaecologists and anaesthetists 

involved in gynaecological surgery and nurses of the gynaecology department. 

Gynaecological oncologists of the tertiary hospitals assist in major ovarian surgery 

in the regional hospitals that are authorised to perform these procedures. These 

oncologists are technical experts assisting in the operating room and are not in-

volved in pre and postoperative care. They are judged to have no influence on the 

implementation of the programme in the regional hospitals.

Patients

Women aged over 18 years and scheduled for elective abdominal surgery for diag-

nosis and/or treatment of (suspected) ovarian, endometrial, or cervical cancer will 

be included during the 1-year implementation period. No specific exclusion criteria 

will be applied.

Control group

Hospitals randomised to the control group will receive the traditional breakthrough 

strategy. The breakthrough series will be performed as usual. The CBO will chair 

the collaborative and recruit an expert panel including subject matter experts and 

an implementation expert. All participating hospitals will be instructed to appoint 

a multidisciplinary improvement team to lead the local improvement activities 

and will be visited by a CBO consultant and the researcher of the project to clarify 

the collaborative processes and expectations. Three educational sessions will be 

conducted with three months in between (Fig. 2). At the first learning session, the 

kick-off meeting, the expert team presents the vision of ideal care (the ERAS pro-

gramme) and shows that actual care deviates from ideal care. The participants are 

taught an approach for organising and carrying out their improvement activities. 

This approach is called the Model for Improvement, and identifies four key elements 

of successful process improvement: measurable aims, measures of improvement, 

key changes that will result in the desired performance, and a series of testing 
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cycles, known as plan-do-study-act (PDSA) cycles [26]. This model enables teams to 

test change locally and then reflect, learn and refine the changes. At the second and 

third learning session teams learn from each other as they report on successes by 

feeding back their data during the learning sessions, report on lessons learned, and 

exchange experiences.

Intervention group

The intervention group will be exposed to the stepped implementation strategy, 

which consists of four steps of implementation activities. This strategy is built on 

the assumptions that for some hospitals a generic improvement approach may be 

sufficient, while for other hospitals a full-blown breakthrough approach or an even 

more intensive tailored approach may be required. The four levels of intensity will 

be offered successively, with 3 months in between (Fig. 2).

First implementation level

The first implementation step aims at promoting awareness and comprises a digital 

toolbox available for the participating hospitals. The toolbox consists of background 

information of the ERAS programme, a short summary of the programme to use as 

a reminder in daily care, and a ready-to-use patient information sheet to structure 

patients’ preadmission counselling and postoperative care. We assume that this 

toolbox might pave the way to start implementation for those clinical leaders who 

have the skills to guide their department through this innovation. This assumption 

is fed by our experience that in the project ‘implementation of short stay in breast 

cancer surgery’ [27] as well as in the breakthrough project ‘perioperative care’ [28] 

some hospitals started immediately with treating patients according to the new 

programme after the programme was disseminated.

Second implementation level

The second step is built on support to make change happen via an interactive learn-

ing session, provided by experts in the field of implementation and experts in the 

implementation of the ERAS programme. The overall aim of this national meeting 

is to learn about the innovation and to increase motivation. The perioperative care 

elements and the effectiveness and safety of the ERAS programme will be discussed. 

Results of baseline measurement will be fed back and the gaps between actual 

practice and optimal practice will be demonstrated. The subject matters of this 

educational meeting are comparable to the kick-off meeting in the breakthrough 

series, but the number of participants is limited to a maximum of three per hospital 

team to ensure interactive participation, promote leadership, and limit costs.
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figure 2. Overview of the stepped and breakthrough implementation strategy. The diagram shows the 
structure of the breakthrough strategy (control group) with standard iterative plan-do-study-act (PDSA) 
cycles and the stepped implementation strategy (intervention group) with four implementation levels 
depending on progress. The light grey color represents the intensity of external support

Third implementation level

The third step is, in contrast to the previous one, a regional activity and aims at 

influencing the views regarding the innovation and creating a positive intention to 

change. All locally involved professionals will be invited to participate to a regional 

meeting to learn from each other via exchange of experiences. Professional peers 

and opinion leaders will be used to convince them that the programme is valuable, 

effective, useful, and feasible.

Fourth implementation level

The fourth level is the most intensive one and acts on local level. Activities comprise 

identification of local barriers to change and selecting activities to promote the 

adoption of the programme. Members of the expert team will conduct outreach 

visits and will guide the local team through the process of tailoring interventions. 

Again, audit data will be used to define to what extent the team deviates from best 

practice. Local cultural and environmental issues that hinder or facilitate the change 
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process will be identified and implementation activities will be carefully linked to 

these barriers and facilitators to change.

The decision to step up to a higher level of implementation activities will be based 

on the success of implementation. The standards of implementation success include 

the following: at least 80% of patients recovered within three days and at least 60% of 

patients going home within five days after surgery. Although we expect the hospitals 

to include about 25 patients per established evaluation period of three months, we 

assume that improvements need some time to get incorporated in routine practice. 

The final decision on the implementation level will be a shared decision with the 

hospital, which might have good reasons for clarifying the lack of success or for 

preferring to step up to a higher level of implementation intensity even though the 

benchmark of success was reached.

Outcome measures

Process and clinical outcome data will be measured by pre-defined indicators of 

success to study contextual factors that are critical to the change process. An effec-

tiveness, economic, and process evaluation will be conducted throughout the trial.

Effect evaluation

The primary outcome measure is length of hospital stay, defined as the number of 

nights that a patient stayed in hospital after surgery. Secondary outcome measures 

are length of recovery and guideline adherence. Recovery is defined as the first day 

after surgery that the patient fulfilled all three discharge criteria: tolerance of food, 

adequate pain control on oral analgesics, and independency in activities or daily liv-

ing. The complete ERAS programme, as proposed by the ERAS Society® [2], includes 

over twenty protocol care elements. Index elements were selected as having high 

level of evidence, being readily recordable or having a direct influence on recovery. 

Those elements are: pre-admission counselling, no bowel preparation, carbohydrate 

load, use of prophylactic antiemetics, removal of nasogastric tube on end of surgery, 

no peritoneal drainage, start fluids on day 0, start normal food and mobilisation on 

day 1, use of epidural analgesia, use of laxatives, and urinary catheter removal on 

day 2. Guideline adherence to the index elements will be registered for all eligible 

patients during the study period.

Economic evaluation and budget impact

An economic evaluation will be performed. Research has shown that ERAS leads 

to cost savings without compromising patients’ safety or quality of life [29-31]. 

As neither a difference in health outcomes are expected from implementation of 

ERAS in gynaecological surgery nor a difference in costs outside the hospital [32] 
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(i.e. productivity costs), the economic evaluation will basically take the form of a 

cost-minimization analysis and will be performed from a hospital perspective. The 

effectiveness of the implementation strategies (length of postoperative hospital stay) 

can be expressed as costs. Therefore, for both strategies, implementation costs will 

be calculated and compared with the cost savings due to the reduction in hospital 

stay. The strategy which returns the lowest net costs is considered to be the most 

cost-effective.

Process evaluation

The quantitative results will be complemented with a process evaluation. Normally, 

the outcomes for process evaluation are only measured in the intervention arm. In 

this comparative effectiveness research study, we will also measure the uptake of the 

implementation strategy in the control arm. The evaluation will provide valuable 

insights in potential barriers and facilitators that affected the effectiveness of both 

implementation strategies. Process data will be collected in line with a framework 

provided by Hulscher et al. to address actual intervention exposure and to describe 

experiences with the intervention [33]. Implementation fidelity will be monitored 

by the registration of guideline adherence to the index protocol elements during 

all phases of perioperative care. The registration of the number and type of profes-

sionals involved and the attendance of the educational meetings will be measured. 

The barriers that emerge during the educational sessions and outreach visits and 

the solutions to overcome these barriers will be monitored as well. Besides, all com-

munication between the expert and local teams will be registered.

data collection

Before the start of implementation activities, a baseline audit of process and out-

come data will be performed by reviewing medical charts of the first 30 patients 

treated in 2012. This period was chosen as the ERAS programme was not discussed 

yet in the DGOG. In case of an insufficient number of patients, the retrospective 

audit will be completed with patients operated in 2011. Hereafter, from the first day 

of the start till the end of the project 1 year later, a member of the expert team will 

monitor process and outcome data for both the intervention and the control group. 

An electronic database supporting good clinical practice guidelines will be avail-

able. Patient characteristics, process indicators, and outcome measures (proportion 

of patients reaching functional recovery within 3 days and proportion of patients 

hospitalised for a maximum of 5 days) will be audited for every 3-month period 

during the 1-year implementation period. The timing of the teaching sessions of 

the breakthrough project will be synchronously with the timing of implementation 

steps (Fig. 2). Although the effectiveness of both strategies will be evaluated and 
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compared every 3 months after every step or teaching session, the main goal of the 

study is to compare effectiveness at the end of the project using all patients collected 

during the year. Costs for the two implementation strategies will be calculated from 

hours and tariffs for the strategy delivery team (CBO expert, subject matter experts) 

as well as all costs for surgeons, anaesthetists and nurses attending implementation 

related activities, including time, travel, and conference expenses. Furthermore, 

the costs of materials will be calculated. Additional costs of the audit database will 

be calculated as well, as this is an essential part of the implementation strategies. 

Standardised forms will be developed for the measurement of activities, materials 

and expenses associated with implementation [34]. Those forms will be filled in by 

members of the implementation team at each site and will provide information for 

the economic and process evaluation of the quality improvement. Qualitative data 

regarding the process evaluation will be derived from extensive notes of all contacts 

with each hospital and during the educational sessions. Minutes will be taken by at 

least two members of the expert or local implementation team.

sample size

With the support of the DGOG we expect to include the majority of Dutch hospitals, 

and all patients that will be exposed to major gynaecological surgery during the 

implementation year. Approximately 100 patients undergo surgery per hospital each 

year. We do not expect drop outs among patients as informed consent procedures 

and filling in questionnaires by patients is not needed. The history of adherence 

to the ERAS protocol in the Netherlands during the implementation year will be 

described, so this study is in principle not about statistics and sample size calcula-

tions. However, it may be still worthwhile to calculate what statistical differences 

we will be able to assess, taking the perspective that this sample can be seen as an 

estimate for the future health care, or assuming that some hospitals will not partici-

pate as expected. The stepped implementation strategy is expected to be superior to 

the breakthrough strategy in improving perioperative care processes and reducing 

length of hospital stay. Anticipating a total adherence of 50% to the benchmark of 

length of stay of 5 days or less in the breakthrough hospitals versus 70% adherence in 

the stepped implementation hospitals, we would need to randomise seven hospitals 

per arm, each including at least 60 patients during the whole study period. Sample 

size computation was based on an estimated intra-class correlation coefficient (ICC) 

of 0.06 in secondary care, a power level of 80% and a significance level (α) of 0.05. 

The intra-class correlation coefficient used to calculate the sample size was based 

on a study of Campbell et al. Although this study reported significant lower ICCs for 

outcome variables compared to process variables, we have conservatively computed 

the sample size using the highest applicable ICC of 0.06 for secondary care. Using an 
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inflation factor of 11% to account for unequal cluster size yields a recruitment target 

of 67 patients per cluster. It is possible that no clinically relevant differences (< 20%) 

between arms could be found. In such case, we expect the stepped implementation 

programme still to be superior from a financial perspective.

data analysis

Effect evaluation

Descriptive statistics (proportions, mean, and median) will be performed for process 

and outcome data sets. Differences between groups will be evaluated using inde-

pendent- samples t-test for numerical variables and Chi-square test for categorical 

variables. Since patients are nested within hospitals, implementation effects will 

be analysed using linear or logistic mixed-effects model analysis for numerical or 

binary outcome measures, accounting for a random hospital effect. Since the four 

implementation periods can be considered as different (time) groups, this time 

variable will be included as a factor in the regression model. Besides, subgroup 

analyses will be performed to describe trends in implementation over time in more 

detail. Noninferiority comparisons will be presented for outcome measures using 

95% confidence intervals. Two-sided p-values ≤0.05 will be considered as statistically 

significant. Statistical analyses will be performed using SPSS® version 22 software 

(SPSS, Chicago, Illinois, USA).

Economic evaluation and budget impact

The uncertainty as regards the cost-minimisation results will be quantified using 

bootstrapping techniques. Subgroup and sensitivity analysis will be performed to 

test for the robustness of results. An effectiveness analysis will be performed every 

3 months after completing a learning session. Thus, we will be able to judge to what 

level of intensity the activities are worth the effort. Implementation costs and effec-

tiveness (savings due to reduction in hospital stay) will be calculated for each period, 

as well as cumulative implementation costs and cumulative effectiveness. A budget 

impact analysis will be performed addressing the financial stream of consequences 

related to the uptake and diffusion of the ERAS programme to assess affordability 

[36]. The budget impact will depend on both the costs of both strategies, the effect 

in terms of hospital stay reduction as well as the current level of uptake of ERAS.

Process evaluation

Quantitative process data of the implementation study will be analysed by means of 

descriptive statistics. Potential barriers and facilitators for successful implementa-

tion of the ERAS programme will be extracted, and open text data will be categorised 
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in codes. Content analysis will be performed to analyse the obtained qualitative data 

of barriers and contextual factors of the implementation process.

ethical approval

The Medical Ethics Committee of the University of Maastricht confirmed this quality 

assurance study (METC 13-5-031) was not subjected to the Dutch Clinical Research 

involving Human Subject Act (WMO). Therefore, informed consent at patient level 

was not necessary. Privacy of patients’ information is protected by coding and pro-

cessing all data anonymously.

dIsCUssIOn

This paper presents the protocol of a cluster randomised controlled study that 

takes up the challenge to design an efficient strategy in large scale implementation. 

Implementation of new evidence in practice is complex and evaluations have shown 

a modest to moderate impact of implementation processes on the achievement of 

results [37]. Limited resources increase the need for more efficiency during the 

implementation process. Therefore, it is important to explore if there are simpler 

and cheaper ways to achieve same outcomes. To our knowledge, this is the first 

study that used an innovative stepped strategy combining a tailored and succes-

sive implementation approach on national level. We lack a validated instrument to 

measure the stage of change and the need for more or less intensive implementa-

tion strategies. In the current study, process evaluation is an important tool to gain 

insight why and for whom the developed implementation strategy works. Reviews 

of implementation strategies show that interventions are successful in some set-

tings, but fail in others [37, 38]. This stepped strategy allows us to study for whom 

and why pure diffusion is effective to change and for whom and why a surplus of 

an educational session, the use of opinion leaders, or a tailored strategy is required. 

Addressing the substantial gap between best practices on perioperative care and cur-

rent care provided around major gynaecological surgery, the study focuses on large 

scale implementation of the Enhanced Recovery After Surgery (ERAS) programme 

in the Netherlands. Most Dutch hospitals authorised to perform major gynaeco-

logical surgery will participate in this study, providing representative results. The 

ERAS programme contains several elements to promote early recovery from major 

surgical trauma and consequently reducing length of hospitalisation. Key index 

elements were selected to ensure complete and correct recording of data. Besides, 

data collection was carried out by a member of the expert team, limiting bias in 

the data collection. ERAS programmes showed to be cost-saving [30, 39]. However, 
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resistance to implement ERAS may arise due to competing priorities and pressure 

in the workplace. Those issues challenge adoption of ERAS in both implementation 

groups. Process analysis will help to explore perceived barriers and facilitators and 

will contribute to understand and explain study outcomes. This practice-based study 

follows an intention to treat analysis to prevent overestimation of the implementa-

tion effect. One of the limitations of the study is the short time to evaluate the 

effect of the different implementations steps. Although a progressive improvement 

in process and clinical outcomes might be expected, the 3-month evaluation periods 

were chosen to follow the timing of the breakthrough educational sessions. Com-

paring effectiveness and costs of a stepped implementation approach with tailoring 

intensity of interventions to the needs of organisations to the traditionally used 

breakthrough strategy will help to define a preferred strategy for nationwide dis-

semination of best practices.
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ABsTRACT

Importance Implementation of an enhanced recovery after surgery program to 

improve perioperative care on large scale in an effective manner is challenging. The 

optimal strategy for a multicenter quality improvement program remains undeter-

mined.

Objective To evaluate the nationwide implementation of an enhanced recovery 

after surgery program in gynecologic surgery by using two strategies: a traditional 

breakthrough strategy and a tailored stepped implementation design.

design Cluster randomized controlled trial.

setting and participants Fourteen hospital gynecology units in The Netherlands 

performing major abdominal surgery in gynecologic oncology patients. A total of 

1048 patients underwent surgery during the one-year implementation period (June 

2014 to June 2015). Baseline data were retrospectively collected.

Interventions The intervention group (7 hospitals, 456 patients) received a tailored 

stepped implementation strategy comprising four levels of intensity of support. The 

decision for a stepwise increase in intensive support was hospital based. In the con-

trol arm (7 hospitals, 642 patients), hospitals received the traditional breakthrough 

strategy with generic educational sessions and the use of plan-do-study-act cycles for 

planning and executing local improvement activities.

Main outcomes and measures The length of postoperative hospital stay (primary 

outcome) and the length of recovery, and guideline adherence (secondary outcomes) 

were measured during a one-year implementation period. An effect and process 

evaluation was conducted.

Results Mean length of hospital stay was 5.8 ± 3.9 days in the breakthrough and 

5.8 ± 3.9 days in the tailored stepped implementation group (MD 0.03, 95% CI -0.44 

to 0.50, p = 0.905). Both strategies significantly improved perioperative care, with a 

guideline adherence of 77.2 ± 1.0% and 74.0 ± 1.5%, respectively (MD 1.7, 95% CI -0.2 

to 6.8, p = 0.058) during the last implementation phase. Mixed-effect regression mod-

els did not reveal any differences in effect between the breakthrough and tailored 

stepped implementation strategy in postoperative length of hospital stay (mean 

difference (MD) -0.5 days; 95% CI -1.9 to 0.9; p = 0.476), length of recovery (MD -0.36 

days; 95% CI -1.47 to 0.76; p = 0.497); and overall guideline adherence (MD -3.0%; 95% 
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CI -13.6 to 7.6; p = 0.583). The proportion of patients recovered within postoperative 

day 3 and discharged within postoperative day 5 was similar in the tailored stepped 

implementation group compared to the breakthrough implementation group (odds 

ratio 1.56; 95% CI 0.79 to 3.07; p = 0.203 and odds ratio 1.40; 95% CI 0.50 to 3.92; 

p = 0.527, respectively). Sensitivity and subgroup analysis showed similar results. 

Process data showed poor fidelity in the tailored stepped implementation group.

Conclusions and relevance Both implementation strategies improved periopera-

tive care and outcomes. The tailored stepped implementation strategy did not differ 

in effectiveness compared to the breakthrough strategy for health care improve-

ment on large scale, but process analysis showed a poor fidelity to implementation 

activities. The study underlines the importance of evaluating both effect outcomes 

and process measures of innovative strategies.
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BACKgROUnd

Enhanced recovery after surgery (ERAS) programs are widely accepted as a new stan-

dard in patient care [1]. The multimodal program combines several core elements, in 

particular relating to pain, nutritional and mobilization management [2]. Over time, 

those programs have been implemented in several surgical settings to optimize peri-

operative care, accelerate recovery and reduce morbidity after surgery. Their effect has 

been studied on both local and large-scale level and has already proved to represent ef-

ficient practice [1, 3]. Although perioperative care among different fields of surgery has 

improved, for gynecological patients perioperative care has not changed substantially 

yet and adoption of ERAS programs within and across hospitals remains a challenge.

Despite positive research findings, best clinical practices are not widely used and 

further knowledge on how to disseminate and implement the ERAS program is 

necessary. Most former research efforts have focused on the effectiveness of the 

ERAS program to improve quality of perioperative care in various settings by using 

an implementation strategy [4]. The current evidence lacks the focus on what type 

of implementation strategy can best be used to achieve this quality improvement.

The so-called ‘breakthrough’ implementation strategy has proven to be an ef-

fective strategy for implementation of healthcare innovations across different 

organizations [5, 6]. Originally, the components of the ‘breakthrough’ strategy were 

captured in a Breakthrough Series model developed by the Institute of Healthcare 

Improvement [7, 8]. This multifaceted strategy uses an underlying framework of col-

laborative learning sessions and action periods (Plan-Do-Study-Act cycles) to apply 

short-term implementation interventions in order to improve healthcare outcomes 

on a large scale [7, 8]. Implementation interventions can be defined as techniques 

designed to enhance adoption of a specific clinical practice to improve health care 

outcomes and are part of an implementation strategy [9]. Examples are distribution 

of educational materials, educational meetings, and audit and feedback [10].

The Breakthrough Series model and its variants are the most widely used 

evidence-based quality improvement collaborative [5, 6]. Reviews include mainly 

observational data of pre-post and interrupted time series studies [5, 6, 11]. Data 

have shown that, besides the moderately positive effects observed, the evidence of 

the actual impact of a specific quality improvement strategy on health outcomes 

is limited [5, 6]. Implementation of quality improvement initiatives on large scale 

remains suboptimal and evidence about their impact could be improved. Part of 

this complexity owes to the multiple components and different settings involved, 

the required resources, and the empowerment of different health care professionals 

needed to successfully adjust clinical practice across different healthcare settings. 

Research on how to optimize resources is warranted [6].
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Adapting current implementation strategies to a more efficient, tailored model is 

important for effective large scale implementation and was studied in the present 

study. The aim of this study was to evaluate the strategy used by implementing ERAS 

across multiple hospitals in order to define a preferred strategy for the large scale 

implementation of evidence-based practice. A hybrid-effectiveness implementation 

design was used [9], by comparing the breakthrough implementation strategy with 

a new tailored stepped approach designed to deliver an optimal effect of imple-

mentation interventions with minimal investments, and to identify intervention 

fidelity and contextual factors that influence implementation by means of a process 

evaluation.

MeThOds

study design

A multicenter, cluster randomized controlled trial was conducted to compare the 

effect of two different implementation strategies to support uptake of an ERAS 

program in multiple hospitals while gathering information about related clinical 

outcomes. Hospitals were randomly allocated by an independent statistician us-

ing cluster randomization, stratified by the type of hospital. Stratification was 

used to prevent unbalanced study groups with respect to surgical complexity of 

high-volume tertiary hospitals and their affiliated regional hospitals. Hospitals in 

both study arms underwent a retrospective measurement of 30 patients to assess 

baseline perioperative practice and received an implementation strategy consisting 

of a variety of implementation interventions. Approval and a waiver from the need 

to provide informed consent were obtained from the Maastricht Ethical Committee 

(METC 13-05-031). Institutional review boards of study hospitals individually ap-

proved participation. The study protocol was registered in the Dutch Trial Register 

for clinical trials (record number NTR4058) and has been published previously in 

more detail [12].

Clinical intervention

This study focused on the nationwide implementation of the ERAS program. This 

perioperative management program was developed by the ERAS Society® to enhance 

recovery from major surgical trauma and to reduce postoperative morbidity [2]. A 

standardization of health care is realized by combining several evidence based care 

elements during the pre-, intra- and postoperative phase. The guideline for periop-

erative care as proposed by the ERAS Society® was used as a template for quality 

improvement [2].



110

Implementation strategies

Two different implementation strategies, the breakthrough strategy and a tailored 

stepped strategy, were compared to explore which strategy could be preferred to fa-

cilitate efficient large-scale implementation of a quality improvement initiative. Key 

features of both strategies are described in the study protocol [12]. To support the 

nationwide implementation of ERAS, all participating hospitals agreed to actively 

implement ERAS in order to improve their perioperative care. Both implementation 

strategies started at the same time and timing of the implementation steps was 

synchronized between both comparative strategies.

Breakthrough implementation strategy

The breakthrough implementation strategy was performed in a traditional way 

with general learning sessions based on feedback within the elaborative PDSA cycle, 

and could be regarded as the control group. The strategy is based on an underly-

ing framework of a site visit followed by three collaborative learning sessions with 

a three month interval. These learning sessions were chaired by an agent of the 

Dutch Institute for Healthcare Improvements (CBO). An expert panel was available 

throughout the implementation process. This panel consisted of subject matter 

experts and an implementation expert. All participating hospitals were instructed 

to appoint a multidisciplinary team to lead the local improvement. Teams were 

expected to participate in all learning sessions.

Tailored stepped implementation strategy

An innovative tailored stepped implementation strategy was designed based on a 

combination of theoretical backgrounds and experiences of prior implementation 

projects [12]. The strategy aims to optimize resources by tailoring implementation 

efforts to specific needs of an organization. Each step leads to a more intensive 

stage in the process of change. Implementation started with generic low-intensive 

support including a digital toolbox (step 1), followed by a local interactive learning 

session (step 2), a regional peer review session (step 3), and might build up to the 

highest level of tailored and labor-intensive outreach visit (step 4), if necessary. The 

decision to step up to a higher level of implementation activities was evaluated 

every three months and participation depended on the success of implementation 

so far [12]. Three-monthly audit and feedback data were provided for all hospitals 

throughout the implementation process.

setting

All tertiary referral hospitals and their affiliated regional hospitals authorized to 

perform major abdominal surgery in gynecologic oncology patients in the Nether-
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lands were eligible for participation. This authorization is based on a volume norm 

set by the Dutch Association of Gynecologists with a minimum of 20 cytoreductive 

surgeries for ovarian cancer per hospital each year. Besides, these cytoreductive 

surgeries, other open procedures for suspected or diagnosed ovarian, uterine, or 

cervical cancer were included in the definition of major abdominal surgery.

In the Netherlands, 27 hospitals were eligible for participation at the start of the 

inclusion period in 2013. The hospitals that predominantly admitted patients to an 

external hospital replacement care facility after discharge were excluded to avoid 

interference in outcome measures. Eligible hospitals were informed about the study 

protocol and were recruited for participation in the trial. Specific details about the 

recruitment process were published earlier [13]. After permission to participate had 

been obtained, hospitals underwent a baseline audit to determine local perioperative 

management. Hospitals that already implemented the ERAS program successfully 

were excluded afterwards. Enrollment occurred between May 2013 and May 2014. 

The baseline audit was performed in 19 of the 27 hospitals authorized to perform 

major abdominal surgery in gynecologic oncology patients in the Netherlands. Data 

of this audit were published earlier and showed overall a median time to recovery 

of 4.0 (range 3.0 to 5.0) days and median length of hospital stay of 6.0 (range 4.0 to 

10.5) days. For the randomized hospitals data are available in a supplementary file 

(Table S1).

Both implementation strategies were focused on a professional level, directed to 

individual hospitals and their key target groups. These key target groups included 

health professionals (gynecologists, anesthetists and nurses) involved during the 

perioperative process. No specific exclusion criteria were applied at patient level. 

All women, aged over 18 years, who underwent elective major abdominal surgery 

during the implementation period from June 2014 to June 2015, were included.

Outcomes

Effect evaluation

Predefined indicators were used to measure the successful implementation of ERAS. 

Length of hospital stay, defined as the number of nights that a patient stayed in 

the hospital after surgery, was determined as the primary outcome for this study. 

Secondary outcomes consisted of the length of recovery and guideline adherence. 

Recovery was reached when patients tolerated food, had adequate pain control on 

oral analgesics, and were independent in activities and daily living. A cut-off level for 

the length of recovery and length of hospital stay was determined and set on a recov-

ery within three days and discharge within five days after surgery. Implementation 

success was defined as at least 80% of patients having recovered within three days 

and at least 60% of patients going home within five days after surgery. A composite 
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score, including a selection of twelve yes/no index elements, was used to determine 

guideline adherence (0-100%). Index elements included preadmission counseling, 

no bowel preparation, carbohydrate load, use of prophylactic anti-emetics, removal 

of nasogastric tube on end of surgery, no peritoneal drainage, start fluids on day 

0, start normal food and mobilization on day 1, use of epidural analgesia, use of 

laxatives, and urinary catheter removal on day 2.

Process evaluation

To evaluate actual exposure and to describe experiences with both implementation 

strategies a prospective process evaluation was conducted in line with a framework 

described by Hulscher et al. [14]. Guideline adherence to specific index protocol 

elements, self-reports of implementation activities, and attendance registrars were 

used to monitor implementation fidelity. Barriers and facilitators that emerged dur-

ing the implementation process were registered.

data collection

Team and hospital characteristics were collected at the start of the study. Patient 

characteristics, process indicators, and outcome data were obtained prospectively 

by a member of the expert panel during the one-year implementation strategy. 

Data were entered in an electronic database designed according to the principles of 

good clinical practice research guidelines and were audited for every three-month 

period. Besides, extensive field notes were taken of each contact with local hospi-

tals, minutes were taken during implementation activities, and quarterly time logs 

were collected after each implementation phase. Standardized forms with open text 

blocks to register implementation activities were available for the strategy delivery 

team and members of the local teams at each hospital. These data were used for the 

qualitative process evaluation. The retrospective baseline audit included a consecu-

tive sample of 30 patients treated in 2012.

Power calculation

A total of seven hospitals per arm, each including at least 60 patients, were required 

to detect a 20% difference between the two study arms in the primary outcome (pro-

portion of patients with a length of stay of 5 days or less). Sample size computation 

was based on an estimated intra-class correlation coefficient of 0.06, a power level 

of 80% and a significance level of 0.05. Using an inflation factor of 11% to account for 

unequal cluster size yields a recruitment target of 67 patients per cluster. Therefore, 

at least 938 patients were needed to enroll in the study.
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data analysis

An intention to treat analysis was used for all outcomes. Descriptive statistics were 

used to describe process and outcome data sets. Since patients were nested within 

hospitals, implementation effects were analyzed using linear or logistic mixed-

effect regression models for continuous or binary outcome measures, accounting 

for a random hospital effect. The four implementation phases (at 3, 6, 9 and 12 

months) can be considered as different (time) groups; therefore this time variable 

was included as a factor in the regression model. Subgroup analyses were performed 

to describe trends in implementation over time in more detail. For some index ele-

ments adherence data contained missing values (supplementary table). Therefore, 

multiple imputation, with a maximum number of iterations set equal to 20, for the 

missing values were used and 50 imputated datasets were created. Mixed regression 

analyses were applied to each dataset and then pooled. A p value < 0.05 was consid-

ered to be statistically significant. Statistical analyses were performed using SPSS® 

software. Content analysis was used to analyze the qualitative data obtained with 

field notes, minutes and standardized forms. Evaluation criteria of the theory-based 

Consolidated Framework for Implementation Research (CFIR) were followed [15]. 

The CFIR captures five main domains (intervention characteristics, outer setting, 

inner setting, characteristics of individuals and process) associated with effective 

implementation. This evidence-based framework was used to systematically assess 

the data extraction process and to categorize the barriers and facilitators experi-

enced during the implementation process.

ResUlTs

Gynecology departments of 15 hospitals were eligible for participation and were 

cluster-randomized to the tailored stepped (n = 7) or breakthrough implementation 

group (n = 8). One hospital had to withdraw directly after randomization because 

of loss of authorization to perform major abdominal surgery and therefore not 

fulfilling the inclusion criteria any more. Six Dutch tertiary referral hospitals and 

eight affiliated regional hospitals were included in the study and implemented ERAS 

during the one-year study period. Due to the intention-to-treat design, none of the 

hospitals discontinued the intervention (figure 1). In total, 1098 patients underwent 

surgery during the implementation process and were enrolled in the study (supple-

mentary file, S2). Patients were linked to their hospital and their characteristics 

and surgical details were presented in table 1 for both the breakthrough (N=642) 

and the tailored stepped implementation group (N=456). Although stratification on 

the type of hospital was performed, resulting in balanced groups at hospital level, a 
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significant difference in the ratio of patients undergoing surgery in the high-volume 

tertiary care hospitals on patient level was found between the breakthrough and 

tailored stepped implementation group (69.9% versus 61.8% respectively, p = 0.005). 

This resulted in more complex tertiary care procedures (for patients with ovarian 

and cervical cancer) in the breakthrough implementation group. Thirty-day mortal-

ity rate (n = 3, 0.5% versus n = 3, 0.6%) and readmission rate (n = 20, 5.5% versus 

n = 20, 4.4%) were comparable between the breakthrough and tailored stepped 

implementation study groups.

effect evaluation

Mean length of hospital stay overall was 5.8 ± 3.9 days in the breakthrough and 

5.8 ± 3.9 days in the tailored stepped implementation group (MD 0.03, 95% CI -0.44 

to 0.50, p = 0.905). Among hospitals undergoing the breakthrough strategy, ERAS 

implementation was associated with a significant improvement in recovery and 

admission times compared to data of the baseline audit (supplementary file, S1). 

Both implementation strategies significantly improved adoption of perioperative 

care practices with overall adherence rates of 67.5 ± 16.9% in the breakthrough and 

65.6 ± 18.3% in the tailored stepped hospitals (supplementary file, S3 and S4). Figure 

2 presents an overview of the guideline adherence to the selected twelve index ele-

ments (supplementary file, S5). During the last implementation period at 12 months 

(phase 4) composite scores of guideline adherence were comparable between the 

Chapter 6, figure 1 

27 hospitals assessed for eligibility

15 hospitals randomized

7 hospitals allocated to stepped strategy:

- 7 received allocated intervention

8 hospitals allocated to breakthrough strategy (control group):

- 7 received allocated intervention
- 1 lost authorization and did not receive the allocated intervention

12 hospitals excluded:

- 4 did not meet inclusion criteria
- 7 declined to participate
- 1 other reason

0 hospitals lost to follow-up
0 hospitals discontinued intervention

0 hospitals lost to follow-up
0 hospitals discontinued intervention

7 hospitals analyzed
456 patients

7 hospitals analyzed
642 patients

 figure 1 Flow chart
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Table 1. Observed baseline characteristics and surgical details of patients by study group (n = 1098).

Breakthrough stepped

no. of patients 642 456

Age in years, mean ± sd 58.9 ± 13.3 61.6 ± 12.69

AsA classification, n (%)

I/II 577 (89.9) 400 (87.7)

III/IV 65 (10.2) 56 (12.3)

(suspected) diagnosis, n (%)

Ovarian cancer 421 (65.6) 329 (72.1)

Uterine cancer 106 (16.5) 99 (21.7)

Cervical cancer 115 (17.9) 28 (6.1)

histological subtype, n (%)

Benign 114 (17.8) 89 (19.5)

Borderline / hyperplasia / dysplasia 48 (7.4) 34 (7.4)

Malignant 480 (74.8) 333 (73.0)

FIGO I 189 (39.4) 396 (28.8)

FIGO II 40 (8.3) 25 (7.5)

FIGO III 151 (31.5) 117 (35.1)

FIGO IV 52 (10.8) 51 (15.3)

Recurrence / residual tumor 35 (7.3) 31  (9.3)

Metastases (other primary tumor) 13 (2.7) 11 (3.3)

Unknown (no staging) - 2 (0.6)

surgical approach, n (%)

Midline incision 633 (98.6) 431 (94.5)

Transverse incision 9 (1.4) 25 (5.5)

Operation time in minutes, mean ± sd 160.4 ± 74.2 148.3 ± 84.3

Type of surgery (only ovarian included), n (%)

Explorative 166 (39.4) 135 (41.0)

Staging (with/without lymphadenectomy) 35 (8.3) 25 (7.6)

Primary cytoreductive 100 (23.8) 71 (21.6)

Secondary cytoreductive 120 (28.5) 98 (29.8)

Additional surgical procedure, n (%)

Open-close (inoperable) 15 (2.3) 17 (3.7)

Anastomosis 43 (6.7) 26 (5.7)

Diverting stoma 8 (1.2) 14 (3.1)

Lymphadenectomy 222 (34.6) 103 (22.6)

Extensive upper abdominal surgery* 36 (5.6) 43 (9.4)

ASA = American Society of Anesthesiologists, FIGO = International Federation of Gynecology and Ob-
stetrics, SD = standard deviation.
*  Includes diaphragmatic stripping, partial liver resection, splenectomy, distal pancreatectomy, or cho-

lecystectomy.
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breakthrough and tailored stepped implementation group, 77.2 ± 1.0% versus 74.0 

± 1.5%, respectively (MD 1.7, 95% CI -0.2 to 6.8, p = 0.058). At the 3-month time 

point, five out of 12 elements had an adherence rate below 50%. The five elements 

were similar between both study groups and included preadmission counseling, car-

bohydrate load, use of laxatives, mobilization on postoperative day 1, and urinary 

catheter removal on day 2. The adherence to two protocol elements (mobilization 

and urinary catheter removal) remained below 50% at the 12-month time point in 

both study groups.

Regression analysis of the type of implementation strategy, using random effects 

for clustering, found a positive but non-significant effect of the tailored stepped 

strategy versus the breakthrough strategy. The mean difference in effect during the 

implementation period on postoperative length of hospital stay was -0.5 days (95% 

CI -1.9 to 0.9, p = 0.476). The effect on secondary outcomes was also comparable 

between groups. The mean difference on length of functional recovery was -0.4 days 

(95% CI -1.5 to 0.8, p = 0.497) and on overall guideline adherence was -3.0% (95% 

CI -13.6 to 7.6, p = 0.583). Table 2 shows that the proportion of patients recovered 

within postoperative day 3 and discharged within postoperative day 5 were similar 
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To observe differences in the effect of the implementation process between both study 
groups sensitivity analysis were performed. Adding a time variable controlling for the 
different implementation phases did not substantially alter outcome measures. 
Corrected for their baseline performance (outcomes presented in supplementary file), 
subgroup analysis showed similar results. The odds ratios and 95% confidence 
intervals are presented in figure 3. These analyses showed a trend that differences in 
effect on recovery time were the largest during the first and second implementation 
phase. This trend was not observed in the effect on time to discharge. 
 
 

Figure 2 Overview of guideline adherence 
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in the stepped implementation group compared to the breakthrough implementa-

tion group.

To observe differences in the effect of the implementation process between both 

study groups sensitivity analysis were performed. Adding a time variable control-

ling for the different implementation phases did not substantially alter outcome 

measures. Corrected for their baseline performance (outcomes presented in 

supplementary file), subgroup analysis showed similar results. The odds ratios and 

95% confidence intervals are presented in figure 3. These analyses showed a trend 

that differences in effect on recovery time were the largest during the first and 

second implementation phase. This trend was not observed in the effect on time to 

discharge.

Process evaluation

Local implementation teams varied in size and membership. The median number of 

members in the breakthrough strategy group was five persons (range, 2-9) compared 

to three in the stepped strategy group (range, 2-6). All teams included gynecologists 

and (specialized) nurses (practitioners). Besides, some teams included anesthesiolo-

gists, specialist registrars, quality assurance professionals, unit managers, outpatient 

clinical nurses, research nurses, physician assistants or dieticians.

Breakthrough implementation strategy

During the first implementation phase, hospitals randomized to the breakthrough 

implementation strategy were visited by two members of the expert panel to clarify 

the collaborative process and implementation goals. The first learning session (kick-

off meeting) focused as intended on the gap between ERAS elements and current 

care, and was attended well, by 19 professionals (range, 2 to 5 per hospital). The 

second and third educational session were attended by 18 (range, 1 to 5 per hospital) 

Table 2.  Regression analysis of the type of implementation strategy using random effects for cluster-
ing.

Breakthrough stepped

Mean ± SD Mean ± SD Adjusted MD (95% CI) P Value

Protocol compliance (%) 67.5 ± 16.9 65.6 ± 18.3 -3.0 (-13.6 to 7.6) 0.583

length of recovery (days) 4.3 ± 2.7 4.3 ± 2.4 -0.4 (-1.5 to 0.8) 0.497

length of stay (days) 5.8 ± 3.9 5.8 ± 3.9 -0.5 (-1.9 to 0.9) 0.476

N (%) N (%) Adjusted OR (95% CI) P Value

% recovered ≤ 3 days 253/642 (39.4) 193/456 (42.3) 1.6 (0.8 to 3.1) 0.203

% discharged ≤ 5 days 407/642 (63.4) 277/456 (60.7) 1.4 (0.5 to 3.9) 0.527

SD = standard deviation, OR = odds ratio.
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and 17 (range, 1 to 4 per hospital) professionals, respectively. Overall, mainly (spe-

cialized) nurses attended the meetings (66.7%).

During the educational sessions, hospitals exchanged their experiences and re-

ported their successes and barriers. Content analysis following the CFIR framework 

revealed that the self-reported facilitators could be listed within each of the five ma-

jor CFIR domains. Trialability (by using real time feedback forms per patient and the 

quarterly performance audit) and the national collaborative educational sessions (by 

stimulating peer pressure and networking) were considered as the most important 

facilitators. The implementation climate of the professionals directly involved in 

the perioperative process was positively ranked. Nurses particularly appreciated the 

information given by their local peers and recognized their important role within 

ERAS. The PDSA cycles and the cyclical multidisciplinary approach contributed to 

the fact that hospitals maintained their enthusiasm and positively influenced the 

process of implementation. The process analysis also revealed some barriers to 

implementation. The perspective that ERAS resulted in extra work load for nurses, 

mainly during evening hours, resulted in a decreased compliance in mobilization 

goals. The large number of multidisciplinary professionals (e.g. outpatient clinical 

nurses, dieticians, physiotherapists and members of the pain management team) 

involved during the perioperative process complicated implementation. Additional 

costs related to the implementation of chewing gum and preoperative carbohydrate 

 

Figure 3 Odds ratios and 95% confidence intervals, adjusted for clustering and baseline performance. 
Each point represents a 3-month period. 
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to three in the stepped strategy group (range, 2-6). All teams included gynecologists 
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Length of recovery (days) 4.3 ± 2.7 4.3 ± 2.4 -0.4 (-1.5 to 0.8) 0.497 
Length of stay (days) 5.8 ± 3.9 5.8 ± 3.9 -0.5 (-1.9 to 0.9) 0.476 
     
 N (%) N (%) Adjusted OR (95% CI) P Value 
% recovered ≤ 3 days 253/642 (39.4) 193/456 (42.3) 1.6 (0.8 to 3.1) 0.203 
% discharged ≤ 5 days 407/642 (63.4) 277/456 (60.7) 1.4 (0.5 to 3.9) 0.527 
SD = standard deviation, OR = odds ratio. 

figure 3 Odds ratios and 95% confidence intervals, adjusted for clustering and baseline performance. 
Each point represents a 3-month period.



119

Chapter 6

load resulted in another barrier. In some hospitals patients were routinely admitted 

to the intensive care unit or post anesthesia care unit after surgery. These organi-

zational constraints were seen as barriers to implementation. Although the general 

department staff adapted existing workflows, almost no adjustment in the workflow 

on the intensive care unit was reached.

Stepped implementation strategy

All hospitals received the digital toolbox (phase 1) after the start of the study. 

However, this did not lead to a direct start of implementation activities at local 

level. Hospitals assumed that the toolbox would be enough for adequate local 

implementation. Local stakeholders agreed that their actual care still deviated from 

ERAS, but decided not to follow the invitation to intensify the support of the expert 

panel by participating in the optional meetings on national and regional level. The 

time frame between feedback of real-time performance and the planning of the 

meetings was too short to attend the meetings in actual practice. In fact, only one 

hospital was able to attend the meetings of the second and third implementation 

level. Due to practical reasons, these meetings were combined with the learning 

sessions of breakthrough implementation group. The fourth and most intensive 

implementation level was conducted in one hospital. In an outreach visit, members 

of the expert panel visited local peers to discuss the audit data and to define bar-

riers and facilitators of change. Based on the quarterly audit data, progress was 

necessary in the intake, mobilization and pain protocol elements of the enhanced 

recovery elements. The hospital had the ambition to implement ERAS throughout 

all surgical disciplines; therefore not all protocol elements were adopted yet. This 

resulted in a positive implementation climate within this hospital. Mainly organi-

zational barriers did hamper the implementation of some of the elements, because 

elements were not compatible with existing workflows. Admission of patients to 

the post anesthesia care unit, the responsibility of removal of epidural analgesia by 

members of the pain management team, and the more preserved policies during the 

weekend resulted in a delay of the implementation of ERAS principles. During the 

multidisciplinary meeting solutions to overcome these barriers were provided. We 

had no insight in local barriers and facilitators of the other hospitals in the stepped 

implementation group.

dIsCUssIOn

In this national cluster randomized controlled trial, including over 1,000 patients, 

the breakthrough strategy was compared with a new tailored stepped approach 
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designed to deliver an optimal effect that is in balance with implementation efforts. 

The design of this tailored stepped strategy was based on existing evidence and was 

adaptable to varying clinical settings. The tailored stepped implementation strategy 

did not differ in effectiveness compared to the breakthrough strategy, resulting in 

comparable improvement in length of recovery and length of hospital stay between 

study groups. As could be expected, guideline adherence was the highest at the last 

implementation phase (phase 4), resulting in an increase in compliance of over 30% 

in both study arms compared to outcomes of the baseline audit, before implementa-

tion activities had started. Although both strategies improved outcomes on patient 

level, adjusted analysis showed no differences in effect between the strategies used. 

Process data showed, however, some contamination to have occurred and poor 

fidelity in the tailored stepped implementation group. This is mainly due to the 

complexity of the design of the tailored stepped implementation strategy and our 

underestimation of this complexity and its time constraints.

Our study did not show the preferred strategy for large-scale implementation of 

clinical interventions. However, it confirms the importance of evaluating both effect 

outcomes and process measures of innovative strategies. Although the innovative 

tailored stepped strategy was well designed and thought through, we encountered 

a timing problem during execution of the trial. An evaluation moment was planned 

every three months (at 3, 6, and 9 months) to decide to step up to a higher level 

of implementation activities, based on an audit of the primary outcome. But this 

auditing and decision making appeared to take more time than expected. The time 

constraint was the major limitation for the stepped implementation strategy, limit-

ing fidelity in the tailored stepped implementation arm. The three-month evaluation 

periods were chosen to follow the timing of the breakthrough educational sessions. 

It seemed that the time between audit and feedback was too short to plan an ad-

ditional, next step every three months. The poor fidelity in the tailored stepped 

implementation group could be considered as the most important limitation in 

the design of the innovative implementation strategy. Therefore, we decided not 

to perform the intended cost-minimization analysis as stated in the study proto-

col [12]. Data collection was carried out by one member of the expert panel. This 

optimized standardization in the data collection, however could have influenced 

sustainability because extraction, analysis, and interpretation of own data was no 

longer the responsibility of the participants and therefore no part of standard care. 

The study followed an intention to treat analysis to prevent over estimation of the 

implementation effect and concealed allocation was used to avoid bias.

In this study the guideline for perioperative care in elective pelvic surgery as 

proposed by the ERAS Society® in 2013 was used as a template [2]. Specific recom-

mendations for gynecologic procedures were first published in 2016 [16, 17], but no 
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major differences in elements between both guidelines existed. Recently, an update 

of this gynecologic guideline became available [18]. Studies have shown that the 

combination of ERAS elements is more important than implementation of single 

elements alone [19, 20]. During the implementation process, it was attempted to 

implement the whole guideline. However, analysis included a composite score of 

only twelve index elements. With the selection of these elements, representing pre-, 

intra-, and postoperative care, it was assumed that a reliable representation of the 

total ERAS pathway was provided. Recently, a systematic review of 53 studies was 

conducted to examine the factors that affected ERAS implementation [21]. The key 

facilitating factors included the possibility to adapt the pathway to local contexts, 

using a formal implementation framework, and leveraging supporters and fulltime 

ERAS coordinators [21]. Barriers of success included a resistance to change from 

health care professionals and a lack of resources for implementation [21]. Although 

it was not possible to correlate process data to the level of success, findings of our 

process analyses suggested similar results. In their Delphi study, Francis et al. [22] 

aimed to draw consensus from an expert panel regarding the successful training and 

implementation of ERAS. They concluded that successful implementation required 

strong leadership, an ERAS facilitator, and an effective multidisciplinary team [22]. 

The concept of our designed stepped implementation strategy included almost all 

these facilitating factors. The appointment of a fulltime ERAS coordinator is ideal, 

however due to restricted resources in hospitals almost impossible. These tasks have 

to be performed by one of the stakeholders involved in the initial implementation 

project.

In both study groups multifaceted interventions were used to change periopera-

tive practice. By exposing both groups to an implementation strategy, instead of 

usual care as control, and the focus on effect and process evaluation, the trial had 

a different approach compared to most of the existing implementation studies [23]. 

Previous research in other fields showed that the effect of multifaceted strategies 

for the implementation of best practices in health care is inconsistent. Some stud-

ies found a positive effect [24, 25], but others do not suggest any additional value 

of multifaceted strategies to change health care [26, 27]. Tailoring interventions to 

specific barriers could be promising, however outcomes vary and overall effect sizes 

are still modest [28]. The shift of a traditional culture towards best practice remains 

a challenge. Although a momentum for implementation was created in this trial, 

priority to change differed between health professionals, resulting in a delay in the 

start of local implementation during the study. This difference between the so-called 

early adopters, early majority and late majority can be explained by the Rogers’s dif-

fusion theory and reflects normal practice. We were unable to detect if this observed 

delay in implementation efforts significantly influenced research outcomes.
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Based on the results of this randomized controlled trial, we were unable to define 

the preferred strategy for large-scale implementation of clinical interventions. Both 

implementation strategies provided comparable results; however some major draw-

backs existed. Process analyses of our innovative tailored stepped implementation 

strategy showed several limitations that hinder actual use in daily practice. The 

design of a feasible, tailored, and stepped strategy, which could be more appropriate 

for use in daily practice, should be a topic for further research.
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sUPPleMenTARy fIles

supplementary table (s1) Unadjusted analysis of outcome measures between data of the baseline audit and data 
obtained during implementation (phase 1-4).

Breakthrough strategy stepped strategy

Baseline Phase 1-4 Baseline Phase 1-4

Mean ± SD Mean ± SD P Value Mean ± SD Mean ± SD P Value

Protocol compliance (%) 42.2 ± 15.3 67.5 ± 16.9 < 0.001 43.6 ± 15.6 65.6 ± 18.3 < 0.001

length of recovery (days) 5.1 ± 2.6 4.3 ± 2.7 < 0.001 4.6 ± 2.8 4.3 ± 2.4 0.187

length of stay (days) 7.0 ± 3.5 5.8 ± 3.9 < 0.001 6.3 ± 3.4 5.8 ± 3.9 0.142

N (%) N (%) P Value N (%) N (%) P Value

% recovered ≤ 3 days 50/210 (23.8) 253/642 (39.4) < 0.001 74/210 (35.2) 193/456 (42.3) 0.083

% discharged ≤ 5 days 86/210 (41.0) 407/642 (63.4) < 0.001 112/210 (53.3) 277/456 (60.7) 0.071

SD = standard deviation.

supplementary table (s2). Overview of the number of patients included per hospital.

Phase 1 Phase 2 Phase 3 Phase 4 Total

Breakthrough implementation

level of care: secondary

Hospital 1 29 27 31 37 124

Hospital 2 62 54 58 64 238

Hospital 3 23 19 27 18 87

level of care: tertiary

Hospital 4 8 13 16 18 55

Hospital 5 8 15 10 13 46

Hospital 6 5 7 7 7 26

Hospital 7 21 16 19 10 66

stepped implementation

level of care: secondary

Hospital 1 28 26 25 30 109

Hospital 2 27 27 30 36 120

Hospital 3 14 5 14 20 53

level of care: tertiary

Hospital 4 19 11 10 3 43

Hospital 5 13 14 7 8 42

Hospital 6 7 10 10 11 38

Hospital 7 12 19 12 8 51
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Supplementary figure (S3). 
Adherence rates to the selected 
perioperative care index 
elements per hospital during the 
implementation phases in the 
breakthrough implementation 
group. Each point represents 
mean values during a 3-month 
period. The overall mean 
adherence rate in the 
breakthrough implementation 
group at baseline audit (before 
the start of implementation 
activities) was 42.2 ± 15.3% 
(data not included) and 67.5 ± 
16.9% during the four 
implementation phases. 
 
 
 
 
 

 
 
 
Supplementary figure (S4). 
Adherence rates to the selected 
perioperative care index 
elements per hospital during 
the implementation phases in 
the stepped and tailored 
implementation group. Each 
point represents mean values 
during a 3-month period. The 
overall mean adherence rate in 
the stepped and tailored 
implementation group at 
baseline audit (before the start 
of implementation activities) 
was 43.6 ± 15.6% (data not 
included) and 65.6 ± 18.3% 
during the four implementation 
phases. 
 
 
 
 

 

supplementary figure (s3). Adherence rates to the selected perioperative care index elements per 
hospital during the implementation phases in the breakthrough implementation group. Each point 
represents mean values during a 3-month period. The overall mean adherence rate in the breakthrough 
implementation group at baseline audit (before the start of implementation activities) was 42.2 ± 15.3% 
(data not included) and 67.5 ± 16.9% during the four implementation phases.
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supplementary figure (s4). Adherence rates to the selected perioperative care index elements per hos-
pital during the implementation phases in the stepped and tailored implementation group. Each point 
represents mean values during a 3-month period. The overall mean adherence rate in the stepped and 
tailored implementation group at baseline audit (before the start of implementation activities) was 43.6 
± 15.6% (data not included) and 65.6 ± 18.3% during the four implementation phases.
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ABsTRACT

Background The scope of implementation research is often restricted to the analy-

sis of organizations that participate voluntarily in implementation interventions. 

The recruitment of participants for a quality improvement collaborative increases 

awareness of the specific innovation. The objective of this multiphase observational 

study was to identify differences between organizations that participated in a large-

scale implementation project aiming to improve perioperative care, functional 

recovery, and length of hospital stay after gynecologic surgery and organizations 

that did not participate. A secondary objective was to explore how perioperative 

practice changed among nonparticipants.

Methods Of the seven gynecology departments of nonparticipating Dutch hospitals, 

five agreed to participate in a retrospective analysis. Baseline data of participating 

hospitals’ (N = 19) characteristics, time to functional recovery, and length of hospital 

stay were compared. Outcome measures for the subsequent pre-post awareness 

study in the five nonparticipating hospitals were: (1) overall adherence to predefined 

evidence-based perioperative elements; and (2) change in functional recovery and 

length of hospital stay. Multivariable regression models, adjusted for baseline char-

acteristics, were used for analysis.

Results In retrospect, nonparticipating and participating hospitals did not differ in 

baseline characteristics, functional recovery, and length of hospital. In three of the 

five nonparticipating hospitals, adherence to the selected evidence-based periop-

erative elements increased significantly after awareness of the trial (overall mean 

difference 9.7%, 95% CI 6.9% to 12.5%, p < 0.001). Linear regression models revealed 

no statistically significant or clinically relevant differences in time to functional 

recovery (mean difference -0.2 days, 95% CI -0.7 to 0.2, p = 0.319) or length of hospital 

stay (mean difference -0.4 days, 95% CI -1.3 to 0.5, p = 0.419) in the nonparticipating 

hospitals. None of these hospitals managed to reduce time to functional recovery or 

length of hospital stay significantly.

Conclusions No differences in perioperative outcomes between the nonparticipat-

ing and participating hospitals were identified at baseline. Despite the statistically 

significant improvement in overall evidence-based perioperative care, the awareness 

raised by recruitment activities alone was not enough to reduce time to functional 

recovery and length of hospital stay in nonparticipating hospitals. Insight into the 

trends of nonparticipants is valuable to existing implementation effectiveness 

research.
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BACKgROUnd

Several single and multifaceted implementation interventions have been used to 

improve the translation of knowledge and guidelines into medical practice [1-3]. 

These implementation interventions are specified activities designed to enhance 

adoption of clinical practice with the goal to improve healthcare outcomes [4, 5]. 

Their effectiveness in optimizing patient outcomes and healthcare quality has been 

addressed across different contexts, but further evaluations are still required in 

order to explore the practical implications of different strategies [2, 3, 6]. Whether 

beneficial implementation effects on health outcome or quality measures will occur 

and to what extent is difficult to predict in advance [2, 3, 6]. Moreover, the process 

of change requires the investment of considerable financial and personal resources 

[7, 8]. These considerations have the potential to influence health organizations’ 

choices regarding the execution of implementation interventions [2, 7].

Grol [9, 10] described several specific steps and related barriers involved in the 

process of change. Orientation, insight, and acceptance are necessary before actual 

change can begin in practice [10]. Studies have shown that organizational readiness 

facilitates the successful implementation of innovations and new guidelines [11]. 

In their review article, Weiner and colleagues conclude that both motivation and 

capability are essential components of readiness for change [11]. There has been 

increased awareness of the role of such contextual factors on the effectiveness of 

implementation interventions in healthcare [12, 13].

Achieving large-scale implementation of innovations and new guidelines across 

intra-organizational boundaries is even more complex. Quality improvement collab-

oratives are designed to improve healthcare quality and outcomes among multiple 

organizations by using a structured, temporary approach [6, 14]. Sponsorship and 

the type and priority of the specific issue might determine whether organizations 

participate in those collaboratives [15]. Participants usually take part in quality im-

provement collaboratives voluntarily in order to improve quality in healthcare [15]. 

This depends primarily on their willingness to invest and take part. The scope of 

implementation research is often restricted to the analysis of participants. Specific 

recruitment processes remain unexamined and could affect the representativeness 

of the study sample. Although previous studies have addressed nonparticipation 

in other settings, the evaluation of sample representativeness is particularly inter-

esting in implementation research. In every process of change, target groups can 

be divided into several categories according to Rogers’s diffusion theory [16]. The 

process by which an innovation spreads among members of a social system over 

time is described in this conceptual theory. So, it can be assumed that participants 

of large-scale implementation strategies differ from nonparticipants. Analysis of 
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demographic variables and reasons for nonparticipation could reveal subsequent 

participation bias.

In Grol’s ten-stage model [10], awareness is pointed out as the first orienting 

step in the process of change. This action model for effective implementation of 

change formulates a systematic step-wise proposal for change and can be used to 

plan and support an implementation process. The recruitment of participants in a 

quality improvement collaborative increases awareness of the specific innovation 

[17]. Evaluating the influence of this awareness in terms of how it effects change in 

medical practice among the nonparticipant group might further understandings of 

implementation processes. In the present study, we focused on the nonparticipants 

of the ‘Stepped Implementation of Enhanced Recovery in Gynecology’ (SINERGY) 

trial. The SINERGY trial is a nationwide comparative effectiveness implementation 

study that aims to compare two different large-scale implementation strategies 

across Dutch hospitals in order to define the most efficient strategy to improve 

practice [18]. A traditional breakthrough strategy with generic, short-term cyclic 

educational sessions is compared with an innovative stepped implementation 

strategy comprising different levels of intensity of support adapted to the specific 

needs of an organization. Reviews have indicated that implementing evidence-based 

perioperative elements in gynecologic surgery results in improved perioperative 

outcomes [19, 20, 21].

There were two primary objectives of the current study: (1) to identify differences 

between the nonparticipating and participating hospitals of the SINERGY trial; (2) to 

explore whether awareness of the start of a perioperative improvement program in 

other hospitals affected perioperative outcomes in hospitals that did not participate 

in the improvement program. The overall group effect on outcome measures and 

differences in effect within individual hospitals will be evaluated.

MeThOds

design

A multiphase observational study was conducted sequentially. To assess the repre-

sentativeness of the potentially eligible sample of the SINERGY trial, a retrospective 

observational multicenter approach was used, which compared nonparticipating 

hospitals with hospitals participating in the SINERGY trial. Subsequently, a pre-post 

study was conducted in the nonparticipating hospitals in order to identify any changes 

in perioperative practice, length of functional recovery, and length of postoperative 

hospital stay. This study was financially supported by the Netherlands Organization 

for Health Research and Development (ZonMw) (project number: 837003002).
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setting

The current study can be seen as an addition to the nationwide SINERGY trial [18]. 

All the gynecology departments of the 27 hospitals authorized to perform major gy-

necologic oncologic surgery in the Netherlands were assessed for eligibility. In line 

with the SINERGY trial protocol [18], one hospital that referred most of its patients 

to inpatient rehabilitation facilities after hospital discharge was excluded a priori. In 

total, 26 eligible hospitals were invited to participate in the SINERGY trial.

Recruitment process

A combination of targeted recruitment efforts were undertaken to increase 

involvement in the SINERGY trial. In mid-2013 local stakeholders were identified 

and contacted directly by members of the expert team. A personal letter was sent, 

which contained information about the study project with the implementation 

strategies being tested, objectives of the perioperative guidelines, the need for ac-

tive implementation, and the expected time and personal commitment required. 

In conformance with the SINERGY trial protocol [18], and in order to minimize 

implementation effects before the start of the study project, detailed information 

about the specific elements of the perioperative guidelines were not disseminated. 

Local stakeholders were, however, aware of the intentions of the SINERGY trial to 

reduce time to recovery and length of hospital stay by implementing evidence-based 

perioperative elements according to the enhanced recovery after surgery (ERAS) 

approach [18]. Reminders by email and telephone were used consecutively, when 

necessary. Visits to local organizations to provide additional information were un-

dertaken on request. The study was supported by the Dutch Gynecology Oncology 

Group (DGOG), which comprises professionals who collaborate to promote research 

in gynecologic cancer. Funding provided by ZonMw helped to tackle financial disin-

centives by confining the local costs of implementation to attending meetings and 

executing local activities. Local stakeholders continued to be approached until a 

statement of commitment or nonparticipation was provided, resulting in a response 

rate of 100%. Even though all hospitals acknowledged the need for the nationwide 

standardization of perioperative practice consistent with ERAS, some decided not to 

participate in the SINERGY trial (nonparticipation rate 27%). These hospitals did not 

undergo a baseline audit of perioperative practice to determine if they were eligible 

for inclusion in the SINERGY trial. Stakeholders were asked about their reasons 

for nonparticipation. A combination of the compulsory nature of collective multi-

disciplinary meetings, a lack of time and resources due to high workload, and the 

lack of financial incentives were reported. In addition, nonparticipants questioned 

the return on their investment of implementing the evidence-based perioperative 

elements in improving time to recovery and length of hospital stay.
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study groups

In total, seven hospitals chose not to take part in the SINERGY trial. Five of these 

seven hospitals agreed to participate in the current study. These ‘nonparticipating 

in SINERGY trial’ hospitals were compared with eligible participants of the SINERGY 

trial in order to address the first research objective of determining sample represen-

tativeness. The participant group consisted of hospitals that intended to participate 

in the SINERGY project (N = 19) [18]. For the second research objective, only the 

nonparticipating hospitals were analyzed for change in perioperative practice and 

outcomes following recruitment activities for the SINERGY trial. Patients treated in 

the period before the recruitment process began, and thus before awareness of the 

SINERGY trial (pre-awareness group), were compared with patients treated one year 

after awareness of the trial (post-awareness group). This one-year period was chosen 

because the implementation interventions for the SINERGY trial were to begin in 

June 2014 [18].

Outcomes

Nonparticipating and participating hospitals were compared to identify differences 

in baseline characteristics before the onset of the recruitment process. The total 

number of beds per hospital, the type of hospital (university or non-university), and 

the level of specialized health care (secondary or tertiary) were obtained. Effect mea-

sures of the implementation of evidence-based perioperative elements were time to 

functional recovery and length of postoperative hospital stay. The outcomes in these 

effect measures were assessed in retrospect. Functional recovery was achieved when 

patients tolerated a normal diet, mobilized independently, and were comfortable on 

oral analgesia. Day zero refers to the day of surgery.

The outcomes of the second research objective, to explore the effect of aware-

ness, were overall adherence rate to selected evidence-based perioperative care 

elements, time to functional recovery, and length of postoperative hospital stay in 

days. The selection of elements was in line with the SINERGY trial protocol [18] 

and an overall mean adherence rate was calculated. Selected elements included 

preadmission counseling and education, no bowel lavage, oral carbohydrate loading 

before surgery, routine use of prophylactic anti-emetics, nasogastric tube removal 

after surgery, no use of peritoneal drains, oral fluid intake on day zero, start solid 

food on the first postoperative day, mobilization on chair at least three times on 

the first postoperative day, use of epidural analgesia, routine use of oral laxatives, 

and urinary catheter removal before the third postoperative day. These predefined 

elements can be retrieved reliably and have a direct influence on recovery. In com-

bination they should reflect an enhanced recovery approach.
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data collection

In each nonparticipant hospital, retrospective data of two independent, consecutive 

samples of 30 patients were collected for the pre-awareness (January 2012) and post-

awareness (June 2014) group. Baseline characteristics, surgical details, and outcome 

measures were retrieved from medical records. Patients underwent explorative 

laparotomies, surgical staging, or cytoreductive procedures for suspected, primary, 

or recurrent gynecologic malignancies. In addition, hospital characteristics were 

collected. For the participant group the baseline audit included a consecutive sample 

of 30 patients treated in 2012. No exclusion criteria were applied at the patient level.

data analysis

Absolute numbers with percentages were used for categorical data, while means 

with standard deviations (SD) or medians with ranges, where appropriate, were used 

for numerical variables. Differences were assessed using the independent-samples 

t-test or the Mann-Whitney U test for numerical variables, and the chi-square test 

or Fisher’s exact test, where appropriate, for categorical ones. Both unadjusted and 

adjusted statistical methods were used to identify differences in implementation 

endpoints between the nonparticipating and participating hospitals and to assess 

the overall effect of awareness on perioperative management and outcomes after 

elective gynecologic surgery. Linear multilevel analysis methods were used to com-

pare the time to functional recovery and the length of hospital stay between the 

nonparticipating and participating hospitals. Models were adjusted for clustering 

(random effect) and patient and surgical characteristics (fixed effects). Study group, 

age, American Society of Anesthesiologists’ classification, (suspected) diagnosis and 

type of surgery, histological subtype, surgical approach, operation time, type of inci-

sion, and type of additional surgical procedure were included in the models as fixed 

effects. To evaluate the overall effect of awareness, the hospitals included in the 

nonparticipant study could not be treated as a random sample, but were included 

in the model as a fixed factor. So, multivariable linear regression models, adjusted 

for patient and surgical characteristics, were used. Furthermore, we were also in-

terested in the separate outcomes for each hospital. Therefore, subsequent analyses 

of interaction terms between groups (pre-awareness versus post-awareness) and 

hospitals were performed to determine separate effects. Adjusted mean differences 

(MD) and 95% confidence intervals (CI) for results in linear regression models were 

reported. Multiple imputations (20 imputed datasets) were used to replace missing 

data on covariates, where appropriate. Since there was only one case with a missing 

covariate in both the pre-awareness and post-awareness group, complete case analy-

sis was used for the regression models of nonparticipants. In a sensitivity analysis, 

logarithmic transformation of the data on time to functional recovery and length 
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of postoperative hospital stay was used to analyze the influence of right-skewness 

of data in the nonparticipant analysis. A p-value ≤ 0.05 was considered statistically 

significant. A more than one day reduction in time to functional recovery and length 

of hospital stay (pre-awareness versus post-awareness) were considered clinically 

relevant. Analyses were performed using IBM SPSS Statistics for Windows, version 

21.0 (Armonk, NY, USA).

ResUlTs

nonparticipating versus participating hospitals

A total of 24 hospitals were compared, five nonparticipating and 19 participating. 

Although the nonparticipating hospitals tended to be smaller, no significant dif-

ferences in the baseline characteristics of the nonparticipating and participating 

hospitals were found (Table 1). Unadjusted analysis demonstrated no significant 

differences between hospital groups in the SINERGY trial effect outcomes, that is, in 

time to functional recovery (p = 0.205) and length of postoperative hospital stay (p = 

0.659) at baseline (Table 1). Linear multilevel analysis of time to functional recovery 

demonstrated an adjusted mean difference of 0.3 (95% CI -0.2 to 0.8) days (p = 0.256) 

between the nonparticipating and the participating hospitals. The adjusted mean 

difference in length of postoperative hospital stay was 0.0 (95% CI -0.8 to 0.8) days 

(p = 0.977).

Table 1. Characteristics of participating and nonparticipating hospitals to the SINERGY trial (N = 24).

Participating 
hospitals
(n = 19)

nonparticipating 
hospitals
(n = 5)

p value

Total number of hospital beds, median [range] 715 [367 – 1320] 653 [180 – 976] 0.455a

Type of hospital, n (%) > 0.999b

University medical center 6 (31.6) 1 (20.0)

Non university teaching hospital 13 (68.4) 4 (80.0)

level of care, n (%) 0.631b

Secondary care 12 (63.2) 4 (80.0)

Tertiary care 7 (36.8) 1 (20.0)

Time to functional recovery (days)

Unadjusted, median [range] 4.0 [3.0 – 5.0] 5.0 [3.0 – 6.0] 0.205a

length of postoperative hospital stay (days)

Unadjusted, median [range] 6.0 [4.0 – 10.5] 5.0 [3.0 – 7.0] 0.659a

Group differences were tested using the Mann-Whitney U test a or Fisher’s exact test b at hospital level. 
N = number of hospitals.
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Pre-awareness versus post-awareness group

In the nonparticipating hospitals, the medical records of a total of 300 patients who 

underwent elective gynecologic surgery were collected for the pre-awareness (n = 150) 

and post-awareness (n = 150) groups. Patient characteristics and surgical details for the 

patients treated at baseline (pre-awareness) and post-awareness are shown in Table 2.

Characteristics were similar in terms of American Society of Anesthesiologists’ 

classification, (suspected) diagnosis, and histological subtype; however, mean (± SD) 

patient age was significantly higher in the post-awareness group (61.8 ± 12.2 versus 

65.1 ± 12.7 years, p = 0.024). Surgical approach, length of surgery, and the presence 

of additional procedures did not differ statistically between the study groups. More 

patients in the post-awareness group underwent primary cytoreductive surgery for 

ovarian cancer rather than an explorative or staging procedure compared to the 

pre-awareness group (p = 0.027).

Adherence rates to the perioperative elements of the ERAS pathway pre- and post-

awareness are shown in Table 3. Anti-emetics were routinely used during surgery in 

61.6% (n = 90) of patients in the pre-awareness group compared with 74.7% (n = 112) 

of patients in the post-awareness group (p = 0.016). In addition, a significant increase 

was observed in adherence rates for the avoidance of intraperitoneal drains (69.3% 

versus 81.9%, p = 0.011), early oral intake of fluids (24.7% versus 42.6%, p = 0.001) and 

solid food (55.3% versus 77.7%, p < 0.001), and early mobilization on postoperative 

day one (14.1 versus 27.3%, p = 0.005). On the other hand, slightly more patients were 

pretreated with oral bowel lavage solutions (0.0% versus 5.4%, p = 0.003). Overall, 

there was a significant difference in unadjusted adherence rates to the 12 predefined 

perioperative elements between the pre- and post-awareness group (mean rate 46.1 ± 

15.5 versus 53.3 ± 13.3, p < 0.001) (Table 4). Multivariable linear regression, adjusted 

for baseline characteristics and surgical approach, demonstrated a similar result (MD 

9.7%, 95% CI 6.9% to 12.5%, p < 0.001). A significant increase in the adjusted mean dif-

ference in adherence rate was observed for three out of five hospitals (Hospital 2: p < 

0.001, Hospital 3: p = 0.001, and Hospital 5: p < 0.001) (Fig. 1). There was no significant 

difference in adherence rates to the predefined perioperative elements between the 

two study groups for Hospital 1 (p = 0.921) and Hospital 4 (p = 0.875) (Fig. 1).

Functional recovery data were obtained for 294 patients (98.0%). In the pre-aware-

ness group three patients died during admission (2.0%). In the post-awareness group 

one patient died shortly after discharge (0.7%) (p = 0.622). The mean (± SD) time to 

functional recovery was 4.8 ± 2.4 days in the pre-awareness and 4.9 ± 2.2 days in the 

post-awareness group (p = 0.892) (Table 4). Adjusted analysis of time to functional 

recovery demonstrated a non-significant reduction of 0.2 days (95% CI -0.7 to 0.2, p = 

0.319) (Table 4). The effect of awareness on time to functional recovery did not differ 

significantly for any hospital (Fig. 2).



140

No statistically significant or clinically relevant difference in the unadjusted 

mean length of hospital stay after surgery was observed between the pre- and post-

awareness group (6.4 ± 4.2 versus 6.5 ± 4.1 days, p = 0.874) (Table 3). Multivariable 

linear regression showed that none of the hospitals had a statistically significant 

change in the length of postoperative hospital stay (Fig. 3). The overall adjusted 

mean difference remained non-significant (MD -0.4 days, 95% CI -1.3 to 0.5, p = 0.419) 

(Table 4).

Table 2. Baseline characteristics and surgical details of the pre-awareness and post-awareness group.

Pre-awareness
(n = 150)

Post-awareness
(n = 150)

p value

Age in years, mean ± sd 61.8 ± 12.2 65.1 ± 12.7 0.024a

AsA classification, n (%) 0.757b

I/II 124 (82.7) 126 (84.0)

III/IV 26 (17.3) 24 (16.0)

(suspected) diagnosis, n (%) 0.110b

Ovarian cancer 115 (76.7) 114 (76.0)

Uterine cancer 27 (18.0) 34 (22.7)

Cervical cancer 8 (5.3) 2 (1.3)

histological subtype, n (%) 0.111b

Benign 37 (24.7) 27 (18.0)

Borderline / hyperplasia 14 (9.3) 8 (5.3)

Malignant 99 (66.0) 115 (76.7)

surgical approach, n (%) > 0.999c

Midline incision 147 (98.0) 147 (98.0)

Transverse incision 3 (2.0) 3 (2.0)

Operation time in minutes, mean ± sd 138.9 ± 72.0 142.7 ± 67.5 0.632a

Type of surgery (only ovarian included), n (%) 0.027b

Explorative 50 (43.5) 40 (35.1)

Staging 13 (11.3) 6 (5.3)

Primary cytoreductive 11 (9.6) 25 (21.9)

Secondary cytoreductive 41 (35.7) 43 (37.7)

Additional surgical procedure, n (%)

Open-close (inoperable) 1 (0.7) 5 (3.3) 0.214c

Anastomosis 6 (4.0) 7 (4.7) 0.777b

Diverting stoma 6 (4.0) 9 (6.0) 0.427b

Lymphadenectomy 34 (22.7) 27 (18.0) 0.315b

Extensive upper abdominal surgery * 4 (2.7) 8 (5.3) 0.239b

Group differences were tested using the independent samples t-test a, Chi-square test b, or Fisher’s exact 
test c. ASA = American Society of Anesthesiologists, n = number of patients, SD = standard deviation. * 
Includes diaphragmatic stripping, partial liver resection, or splenectomy.
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Table 3. Adherence rates to the selected perioperative care elements.

Pre-awareness
(n = 150)

Post-awareness
(n = 150)

p valuea

Preoperative items, n (%)

Counseling and education 0 (0) 0 (0)

No bowel lavage 150 (100) 140 (94.6) 0.003b

Oral carbohydrate loading (if indicated) 32 (21.3) 35 (23.3) 0.782

Intraoperative items, n (%)

Epidural analgesia 121 (80.7) 126 (84.0) 0.451

Routine anti-emetics 90 (61.6) 112 (74.7) 0.016

No use of drains 104 (69.3) 122 (81.9) 0.011

Nasogastric tube removal 105 (70.0) 112 (75.7) 0.272

Postoperative items, n (%)

Avoidance of ileus

Oral laxatives at day 1 33 (22.0) 42 (28.0) 0.232

Early oral intake

Oral fluids intake day 0 37 (24.7) 63 (42.6) 0.001

Solid food intake ≤ day 1 83 (55.3) 115 (77.7) < 0.001

Early mobilization

On chair (minimum 3 times) ≤ day 1 21 (14.1) 41 (27.3) 0.005

Early removal of catheters

CAD removal ≤ day 2 51 (34.2) 47 (31.5) 0.623

Values are valid percentages (excluding missing values). a Chi-square test. b Fisher’s exact test. CAD = 
urinary catheter, n = number of patients.

Table 4. Unadjusted and adjusted outcomes for the pre-awareness and post-awareness group.

Pre-awareness
(n = 150)

Post-awareness
(n = 150)

Mean difference 
(95% CI)

p value

Adherence to key items (%)

Unadjusted mean ± SD 46.1 ± 15.5 53.3 ± 13.3 7.3 (4.0 to 10.5) < 0.001a

Adjusted EMM (95% CI) 54.3 (41.5 to 67.1) 64.0 (51.2 to 76.9) 9.7 (6.9 to 12.5) < 0.001b

Time to recovery (days)

Unadjusted mean ± SD 4.8 ± 2.4 4.9 ± 2.2 0.0 (-0.5 to 0.6) 0.892a

Adjusted EMM (95% CI) 4.9 (2.7 to 7.0) 4.6 (2.5 to 6.8) -0.2 (-0.7 to 0.2) 0.319b

length of hospital stay (days)

Unadjusted mean ± SD 6.4 ± 4.2 6.5 ± 4.1 0.1 (-0.9 to 1.0) 0.874a

Adjusted EMM (95% CI) 6.6 (2.6 to 10.7) 6.3 (2.2 to 10.3) -0.4 (-1.3 to 0.5) 0.419b

Group differences were tested using the independent samples t-test a, or multivariable linear regres-
sion models b. Linear models were adjusted for age, ASA classification, diagnosis and type of surgery, 
histological subtype, surgical approach, duration of surgery, and type of additional surgical procedure. 
Analysis of the log-transformed data on time to recovery and length of hospital stay showed similar 
results. CI = confidence interval, EMM = estimated marginal mean, n = number of patients, SD = stan-
dard deviation.
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Figure 1. Mean differences in adherence rate to the preselected perioperative elements per hospital with 95% 
confidence intervals between the pre-awareness and post-awareness group. Multivariable linear regression models 
were adjusted for age, ASA classification, diagnosis and type of surgery, histological subtype, surgical approach, 
duration of surgery, and type of additional surgical procedure. Hospital identifiers were entered in the models as 
dummy variables with interaction terms. 
 * indicates statistically significant difference. CI = confidence interval, MD = mean difference. 

 Figure 2. Mean differences in time to functional recovery (days) per hospital with 95% confidence intervals 
between the pre-awareness and post-awareness group. Multivariable linear regression models were adjusted for 
age, ASA classification, diagnosis and type of surgery, histological subtype, surgical approach, duration of surgery, 
and type of additional surgical procedure. Hospital identifiers were entered in the models as dummy variables with 
interaction terms. Analysis of the log-transformed data showed similar results. No statistically significant differences 
were found. CI = confidence interval, MD = mean difference. 
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tervals between the pre-awareness and post-awareness group. Multivariable linear regression models 
were adjusted for age, ASA classification, diagnosis and type of surgery, histological subtype, surgical 
approach, duration of surgery, and type of additional surgical procedure. Hospital identifiers were en-
tered in the models as dummy variables with interaction terms. Analysis of the log-transformed data 
showed similar results. No statistically significant differences were found. CI = confidence interval, MD 
= mean difference.
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dIsCUssIOn

In this study, we had the opportunity to illustrate the characteristics of and changes 

in organizations that did not participate in a nationwide comparative effectiveness 

implementation trial to implement evidence-based perioperative guidelines across 

gynecology departments in the Netherlands [18]. The findings provide insight into 

the effect that awareness of the start of an implementation program can have on the 

perioperative outcomes of hospitals not participating in the improvement program.

The current study found a significant change in overall perioperative practice, 

resulting in an estimated mean adherence of 64.0% (95% CI 51.2% to 76.9%) to the 

selected evidence-based elements in the post-awareness group. Analysis of the 

individual perioperative elements showed that more routine anti-emetics were ad-

ministered and less intraperitoneal drains were used during surgery. In addition, an 

increase in early oral intake and early mobilization rates was found. Nevertheless, 

no statistically significant or clinically meaningful reduction in time to functional 

recovery or length of postoperative hospital stay occurred in the post-awareness 

group (MD -0.2 days, p = 0.319 and MD -0.4 days, p = 0.419, respectively). These re-

sults support previous research findings regarding guidelines for enhanced recovery 

 

Figure 3. Mean differences in length of postoperative stay (days) per hospital with 95% confidence intervals 
between the pre-awareness and post-awareness group. Multivariable linear regression models were adjusted for 
age, ASA classification, diagnosis and type of surgery, histological subtype, surgical approach, duration of surgery 
and type of additional surgical procedure. Hospital identifiers were entered in the models as dummy variables with 
interaction terms. Analysis of the log-transformed data showed similar results. No statistically significant differences 
were found. CI = confidence interval, MD = mean difference.  

reflect an enhanced recovery approach. However, perioperative data were obtained 
retrospectively through the review of medical records, which is a limitation of the 
study. 

On a hospital level, three out of five hospitals achieved a significant improvement in 
evidence-based perioperative care. However, none of them reached the 70% cutoff 
and none managed to reduce the effect outcomes on time to functional recovery and 
length of hospital stay significantly. So, while there is some evidence that local 
stakeholder awareness of this intended change in perioperative practice might have 
affected the implementation of single evidence-based elements in nonparticipating 
hospitals, the improvement did not significantly or clinically change time to functional 
recovery or length of postoperative hospital stay. These findings are in agreement 
with Grol’s theory regarding the several steps involved in the process of change [10]. 
Merely increasing awareness through external peers during recruitment activities 
does not seems sufficient in starting the cascade of change needed to implement 
complex, multimodal innovations. 
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intervals between the pre-awareness and post-awareness group. Multivariable linear regression models 
were adjusted for age, ASA classification, diagnosis and type of surgery, histological subtype, surgical 
approach, duration of surgery and type of additional surgical procedure. Hospital identifiers were en-
tered in the models as dummy variables with interaction terms. Analysis of the log-transformed data 
showed similar results. No statistically significant differences were found. CI = confidence interval, MD 
= mean difference.



144

after surgery, which indicate a 70% cutoff as the minimum level of adequate adher-

ence [22, 23]. The enhanced recovery after surgery guidelines developed by the ERAS 

Society® include over 20 elements that, according to the best evidence available, are 

necessary for optimal perioperative care [24, 25]. The guidelines are used to reduce 

the gap between research and practice and aim to minimize the stress response to 

surgery [26]. As a result, functional recovery and time to discharge are supposed to 

improve. In accordance with the SINERGY trial protocol [18], we analyzed adherence 

to 12 of these perioperative elements. These predefined elements can be retrieved 

reliably and have a direct influence on recovery. In combination they should reflect 

an enhanced recovery approach. However, perioperative data were obtained retro-

spectively through the review of medical records, which is a limitation of the study.

On a hospital level, three out of five hospitals achieved a significant improvement 

in evidence-based perioperative care. However, none of them reached the 70% cutoff 

and none managed to reduce the effect outcomes on time to functional recovery 

and length of hospital stay significantly. So, while there is some evidence that local 

stakeholder awareness of this intended change in perioperative practice might have 

affected the implementation of single evidence-based elements in nonparticipat-

ing hospitals, the improvement did not significantly or clinically change time to 

functional recovery or length of postoperative hospital stay. These findings are in 

agreement with Grol’s theory regarding the several steps involved in the process 

of change [10]. Merely increasing awareness through external peers during recruit-

ment activities does not seems sufficient in starting the cascade of change needed to 

implement complex, multimodal innovations.

Based on Rogers’s diffusion theory [16], participating organizations probably be-

long to the early adopter and early majority categories. These organizations already 

have the best starting position for achieving beneficial implementation effects 

compared to nonparticipating organizations. The lack of clinical effect might be 

explained by differences in resources and willingness to change. Research on the 

effect of strategies used to implement innovations or guidelines should, therefore, 

not present data about the volunteering study sample only [27]. Additional infor-

mation about nonparticipating organizations and contextual factors is particularly 

necessary to provide representative effect outcomes of different implementation 

strategies [27]. Mays et al. [28] showed that the public health organizations involved 

in research networks tend to be more engaged in implementation activities. Based 

on their findings, the authors suggest that the success of research networks is not 

only due to selection bias during the recruitment phase, but also to the development 

of competences during participation in research networks [28]. The findings of this 

quantitative study do not give insight into the underlying processes involved. There-
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fore, the limited effect could be due to the combination of a preexisting resistance 

to change and to a lack of resources and tools for achieving organizational change.

Organizational readiness seems to be essential in the process of change [11]. On 

the other hand, components of organizational readiness determine whether organi-

zations become participants in implementation interventions [15]. In the beginning, 

we intended to include all eligible hospitals in the SINERGY trial. The process of 

recruiting hospitals was slow and difficult, despite the use of targeted strategies and 

facilitators. An evidence-based innovation that had already been proved effective, 

local stakeholders, peer pressure, and general funding of implementation strategies 

were used to increase participation. Eventually, a participation rate of 73% of all 

eligible hospitals was achieved. Our results suggest that the decision not to par-

ticipate was based on organizational and financial constraints. This is in line with 

factors identified by a recent qualitative report [29]. In retrospect, because baseline 

outcomes in effect measures did not differ between participating and nonparticipat-

ing organizations they appear not to have influenced the choice to participate in 

implementation interventions. Prior studies have determined the importance of 

addressing local barriers to change during implementation interventions [9]. To 

increase organizational readiness and the extent of implementation effects, bar-

riers for participating in large-scale implementation interventions also have to be 

taken into account. In addition, targeted implementation interventions based on 

specific organizational needs might be effective in increasing participation rates. 

Organizational readiness is difficult to quantify, therefore qualitative data could 

have provided more information and could have helped to interpret quantitative 

findings.

Our findings give insight into the characteristics of and changes that took place 

in organizations that did not participate in a nationwide comparative effectiveness 

trial, but they must be interpreted with some caution. Despite the nationwide focus, 

only a relatively small number of hospitals could be included because of the specific 

study design. Multivariable regression analyses, with the hospital as a fixed instead 

of random factor, were used to explore the influence of awareness on periopera-

tive care and outcomes. Therefore, the results are specific to our study sample and 

regression outcomes lack statistical generalizability. Regardless, we think that the 

perceived challenges of the recruitment phase and the observed trends in our study 

might be illustrative of other situations as well, particularly due to its nationwide 

focus. Data were retrieved from a consecutive sample of patients per hospital. To in-

crease comparability between hospitals all patients included in the study underwent 

surgery within the same one-year period. Inclusion of a larger number of patients 

per hospital would have resulted in a longer study period, thereby increasing the 

chance of bias.
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COnClUsIOns

This multiphase observational study has shown that neither hospital characteristics 

nor perioperative outcomes at baseline differed, in retrospect, between the partici-

pating and nonparticipating departments of a national large-scale implementation 

project. Although a statistically significant improvement in evidence-based periop-

erative practice was achieved over time, the awareness raised by recruitment activi-

ties alone was not enough to facilitate change in functional recovery and length of 

hospital stay in the nonparticipating hospitals. Despite its exploratory nature, this 

study offers some insight into the influence of large-scale implementation projects 

on clinical practice in nonparticipating hospitals.
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Chapter 8

After the first positive results in the pioneering hospitals on the implementation 

of the enhanced recovery after surgery (ERAS) guideline in colorectal surgery [1], 

ERAS was implemented using a Breakthrough Series collaborative in a nationwide 

setting in colorectal surgery [2]. The sustainability of this implementation effort was 

evaluated subsequently [3, 4].

Following on these studies, this thesis focuses on the implementation of the ERAS 

guideline in the Netherlands. The acquired knowledge about implementation chal-

lenges contributed to the design of the studies performed within this thesis. It was 

aimed to provide further information on the process of implementation by exploring 

the adoption of the ERAS guideline in gynecologic surgery in the Netherlands. The 

challenge to define a preferred efficient strategy for the nationwide dissemination 

of best practices was addressed. By providing this evidence, the infrastructure of the 

randomized controlled trial was used to induce a practice change in Dutch hospitals 

at the same time. In this thesis the level of implementation was determined on 

process and outcome level.

This chapter presents an overview of the main findings and reflects on the context, 

process, and effectiveness of the nationwide implementation of ERAS in actual peri-

operative practice around gynecologic surgical procedures. The following research 

questions, addressed in chapter 1, are summarized and discussed:

•	 Which	ERAS	elements	are	already	used	in	gynecologic	surgery	and	what	is	known	

about their effect on postoperative outcomes? (chapter 2)

•	 What	 is	 the	current	 status	of	perioperative	care	 in	gynecologic	 surgery	 in	 the	

Netherlands and how is the adoption of ERAS elements in actual practice? (chap-

ter 3)

•	 How	do	spontaneous	diffusion	and	structured	implementation	of	ERAS	in	other	

departments impact implementation of ERAS in gynecologic surgery and what is 

their relation to patient’s outcomes? (chapter 3, 4)

•	 Does	an	efficient,	tailored	model	to	implement	ERAS	across	multiple	hospitals	

make large scale implementation strategies more effective and to what degree do 

intervention fidelity and contextual factors influence implementation? (chapter 

5, 6, 7)

Methodological issues are discussed and future perspectives are described.

sUMMARy Of MAIn fIndIngs

The effect of the evidence-based ERAS guideline on patient outcomes in colorectal 

surgery was mainly investigated by performing pre-post analyses and randomized 
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controlled trials. Evaluation of the literature on ERAS in gynecologic surgery showed 

that literature was limited. Included studies were mostly classified as case series 

(15 out of 16 studies). A large diversity in reported perioperative elements within 

studies was shown. Preoperative education, early oral intake, and early mobilization 

were the only elements included in all pathways. The length of hospital stay follow-

ing an ERAS guideline ranged from 1 to 2 days among patients with a benign disease 

and from 5 to 7 days among patients with an oncologic indication for surgery. Five 

studies compared ERAS with traditional care and could be used for a quantitative 

analysis. A reduction of 1.6 days in primary length of hospital stay was observed 

after the adoption of an ERAS guideline. No significant differences were observed 

in complication and re-admission rates; however available data in the eligible stud-

ies were limited. Our review provided an overview of which single-evidence based 

elements were already used in gynecologic surgery. Acknowledging the limitations 

of the included studies, it was shown that implementation of ERAS in gynecologic 

surgery might be associated with a reduced length of postoperative hospital stay.

The adoption of the ERAS guideline in gynecologic surgery in the Netherlands 

was explored by performing two observational studies. Spread of ERAS principles 

to other surgical departments is possible, but occurred only partially in the Nether-

lands. A lack of progress with the implementation of ERAS was initially shown in 

the early adopter hospital, but findings proved to be transferrable to other hospitals 

as well. ERAS elements related to the preoperative and intra-operative phase were 

partially adopted in standard gynecologic practice, but adoption of the postopera-

tive elements did not occur spontaneously after several years of practicing ERAS 

in colorectal surgery. Initial implementation effects seem to be restricted to the 

participating departments and do not automatically spread to other surgical teams 

in the same hospital. Even in the hospitals with a mixed ward for colorectal and gy-

necologic surgery patients, no adoption of the majority of ERAS elements occurred. 

The implication of these findings is that complete adoption of the evidence-based 

ERAS guideline in gynecology requires an active and organized implementation 

approach.

This provided the opportunity to combine the search for an optimal quality imple-

mentation strategy with the required improvement of perioperative practice in gyne-

cologic surgery. An efficient evidence-based strategy to induce change on large scale 

level is still lacking. The challenge to define a preferred strategy for the nationwide 

dissemination of best practices was addressed in the study protocol. The ideal ap-

proach should be based on the existing evidence, could be adapted to varying clinical 

settings, and would be able to deliver an optimal effect at the lowest possible costs. 

The study protocol describes the framework of a tailored stepwise implementation 

approach comprising four levels of intensity of support. Theoretically, the stepped 
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implementation strategy fulfilled the criteria for optimal implementation. Different 

change interventions, based on the Cochrane Effective Practice and Organization of 

Care (EPOC) database [5], were included. This newly designed strategy was compared 

with the traditional breakthrough strategy composing three generic educational 

sessions and the use of plan-do-study-act cycles for planning and executing local 

improvement activities. The cluster randomized controlled trial had a nationwide 

focus and a participation rate of 73% of all eligible hospitals was achieved. The data 

of 1098 patients treated in 14 hospitals were prospectively received and analyzed. 

Outcomes were compared with data received from a retrospective baseline audit of 

420 patients treated in the same hospitals. Process data showed that fidelity to the 

implementation activities was poor in the tailored stepped implementation group. It 

was assumed that this was mainly due to the complexity of the design of the tailored 

stepped implementation strategy and the underestimation of this complexity and 

its time constraints. However, the stepped implementation strategy did not differ 

in effectiveness compared to the breakthrough strategy. Both strategies improved 

perioperative care and outcomes. An increase in compliance of over 30% in both 

study arms was reached. Based on the results of this randomized controlled trial, 

we were unable to define the preferred strategy for large scale implementation of 

clinical interventions. Both implementation strategies provided comparable results, 

however some major drawbacks existed, mainly related to time constraints in the 

design of the implementation strategy. Process analyses of the innovative tailored 

stepped implementation strategy showed several limitations that hinder actual use 

in daily practice. Further refinement and testing of this type of strategy is recom-

mended. The design of a feasible tailored and stepped strategy, which could be more 

appropriate for use in daily practice, should be a topic for further research.

By exploring data of the nonparticipating hospitals, we provided information 

about the role of awareness in the process to change. Local stakeholders were 

initially approached to participate in a randomized controlled trial to implement 

the ERAS guideline in a research setting. These recruitment activities raised aware-

ness that a nationwide change in perioperative care was intended. Our hypothesis 

was that this awareness could have induced a process to change local perioperative 

care. Data showed that these nonparticipating hospitals were able to adapt some of 

the ERAS elements, resulting in an improvement of evidence-based perioperative 

practice. The improvements however, were too limited to significantly change other 

outcome measures. Time to functional recovery and length of postoperative hospital 

stay remained unchanged.
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MeThOdOlOgICAl COnsIdeRATIOns

study design

The multicentre design of the studies strengthens conclusions and provides more 

generalizability of results. To our knowledge, the used designs were unique and 

provided new evidence in the field of knowledge transfer. In the randomized con-

trolled trial, we focused on the process of change. The trial was designed to observe 

the implementation processes and effects in both study groups and was powered 

based on difference in effect between both strategies. We applied a Comparative 

Effectiveness Research (CER) trial [6], by using an active control group that was also 

exposed to an implementation strategy. Such CER trial is not often applied in exist-

ing implementation studies [7, 8]. Similarly to the Breakthrough Series collaborative 

[9], a multifaceted intervention was used in the tailored stepped implementation 

strategy. These interventions were mainly focused on changes at professionals’ 

level. Although it is known that changes on organizational level should be included 

in the strategy as well [10, 11], we were unable to embed those changes structurally 

in clinical practice during the execution of the trial in all participating hospitals. 

The study followed an intention to treat analysis to prevent over estimation of the 

implementation effect and concealed allocation by an independent statistician was 

used to avoid bias. The time constraint was the major limitation for the tailored 

stepped implementation strategy. The 3-month evaluation periods were chosen to 

follow the timing of the breakthrough educational session. However, the time be-

tween audit and feedback was too short to plan an additional next step every three 

months if necessary. The poor fidelity in the tailored stepped implementation group 

could be considered as the most important limitation in the design of the innovative 

implementation strategy. Therefore, we decided not to perform the intended cost-

minimization analysis as stated in the study protocol.

hospital selection

Reflecting on Rogers’ diffusion theory [12], it is probable that the included hospitals 

in the randomized controlled trial belong to the early adopter and early majority 

categories. The climate and willingness to change within these organizations may 

be more optimal compared to the hospitals that did not participate. This could 

have induced some selection bias. By providing information about the recruitment 

process, the nonparticipating organizations, and the contextual factors, a complete 

representation could be given which is better transferable to other settings. The par-

ticipation rate of 73% of all eligible hospitals in the Netherlands helped to provide 

representative results as well.
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Measurements

Guideline adherence to key elements was evaluated and patient outcomes on length 

of recovery and length of hospital stay were measured throughout the different stud-

ies. As stated in the general introduction, ERAS guidelines consist of several interact-

ing and evidence-based perioperative elements [13-15]. Several studies focusing on 

colorectal surgery have performed multivariate analysis, but results on the effect 

of individual elements were diverse [16-18]. In line with other studies, a selection 

of key elements was used as a measure for overall guideline adherence. This could 

have resulted in a restricted focus on the non-selected elements of the participating 

hospitals during the implementation process. The predefined elements could all be 

retrieved reliably and were assumed to directly influence functional recovery. Their 

combination should have reflected implementation of a complete ERAS pathway; 

however this assumption was not tested. Because of the synergistic nature of the 

elements, the effect of several of the unmeasured elements could have been greater 

than initially anticipated. The selection of key elements did ensure complete and 

correct recording of data. The data collection in all studies was carried out by one 

data abstractor, limiting bias in the data collection. Although this supported the 

collection of reliable data for the analysis, one data abstractor could have influenced 

implementation effects on the long term. With the cessation of the study, the total 

structure of data collection, analysis and feedback was ended. Precisely those ele-

ments of implementation are (audit and feedback) valuable for a sustained effect [4].

fidelity

Fidelity to implementation activities was measured in the randomized controlled 

trial. Results showed that the fidelity in the breakthrough strategy group was ac-

ceptable. However, in the tailored stepped implementation group fidelity was poor 

and could be considered as one of the most important limitations in the design of 

the strategy. Although hospitals agreed that their actual care still deviated from 

ERAS, apparently they did not prioritize other learning sessions. In fact, only one 

hospital participated in the second and third implementation level. Professionals 

were unable to plan other educational meetings instead of performing clinical tasks 

in advance. The short period between the real-time feedback and meetings, made 

that they were unable to attend those meetings. In contrast, participants in the 

breakthrough strategy group acknowledged the additional effect of general learning 

sessions. Some professionals even attended those meetings beyond their working 

hours.
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InTeRPReTATIOn Of The fIndIngs

The effect of ERAS on patient outcomes was addressed in the systematic review. The 

available evidence, consisting of 16 observational studies, suggested that ERAS could 

reduce the length of postoperative hospital stay. Additional studies, performed 

afterwards, showed similar results and presented the positive influence of ERAS 

on patient satisfaction [19, 20], hospital costs [21, 22], and complication rates [23] 

within gynecologic surgery. Traditional care is often undefined which complicates 

thorough evaluation on the effect of ERAS pathways. The observed variation in the 

number and type of ERAS elements reveals a lack of standardization of the included 

elements. The consensus guideline of the ERAS Society in gynecologic surgery was 

published in 2016 [14, 15] and updated in 2019 [13]. No major differences in elements 

between both guidelines existed. With their evidence-based recommendations, 

an essential tool is provided to promote integration of existing knowledge into 

practice. During the last years more systematic reviews about ERAS in gynecologic 

surgery were published [24]. Although differences in design were acknowledged, 

conclusions about the positive role of ERAS in perioperative care are consistent.

In this thesis we had the unique opportunity to compare perioperative practice 

after gynecologic surgery in different settings and with a nationwide focus. The dif-

ferent settings were created by the previous implementation of ERAS in colorectal 

surgery. By using acquired knowledge and implementation theories, we were able 

to provide insight into the adoption and spread of ERAS elements. Spread can be 

defined as the process through which effective innovations are adopted from one 

setting to another. A continuum between unplanned (diffusion) and planned (dis-

semination or implementation) mechanisms are described. A retrospective study 

demonstrated that previous implementation of ERAS in colorectal surgery induced 

a positive impact on patients undergoing liver surgery on the same ward and treated 

by the same team [25]. In contrast, our results have shown that spread was limited 

between different departments. Apparently, barriers between different disciplines 

were even higher than initially expected.

During the last decades, knowledge about change management in health care 

has been improved. New evidence became available and existing concepts were 

adapted from other scientific fields. For instance, the diffusion theory of Rogers 

that divides a population in five main adopter categories was initially used in social 

sciences [12]. Several different implementation strategies have emerged and well-

known strategies are adapted constantly in an attempt to improve outcomes. With 

the development of initiatives to summarize the available evidence in frameworks 

and to concretize this in accessible guidelines for implementation, important steps 

were taken to further improve quality improvement processes [26, 27]. Despite 
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these efforts, a gold standard for implementation of innovations is still lacking. 

There is an increasing need for an evidence based model to efficiently implement 

innovations on a large scale [26, 27]. Tailored interventions that take individual, 

social and organizational factors into account have shown some optimistic effects, 

but these interventions are more complex and difficult to apply at larger scale [28, 

29]. Quality improvement interventions are often based on theoretical models. The 

cascade of change necessary to implement complex innovations can be categorized 

in several steps. Grol et al. [30, 31] developed a model consisting of five consecutive 

phases (awareness, understanding, acceptance, adoption, and integration of the 

proposed behavior). This stepwise framework was used in the design of the stepped 

implementation strategy. To our knowledge, this was the first study that used a 

stepped design combining tailored and successive implementation approaches. A 

final sustainability meeting was added in both models at the end of the implemen-

tation strategy. While it is recognized that the implementation of innovations in 

practice is challenging, achieved successes have to sustain after active implementa-

tion has ended. The long-term impact of implementation efforts was evaluated in 

a systematic literature review [32]. Given the limited number of studies at a high 

risk of bias, results suggest that adherence was not sustained in at least 30% of the 

evaluated implementation projects [32]. In the final sustainability meeting, tools 

were provided to sustain and improve the progressions made.

Recently, a systematic review of 53 studies was conducted to examine the factors 

that affected ERAS implementation [10]. The key facilitating factors included the 

possibility to adapt the pathway to local contexts, using a formal implementation 

framework, and leveraging supporters and fulltime ERAS coordinators [10]. Barriers 

of success included a resistance to change from health care professionals and a lack 

of resources for implementation [10]. Although it was not possible to correlate pro-

cess data to the level of success, findings of our process analysis suggested similar 

results. The review showed that data about the process of implementation were 

limited and stated that more studies about implementation processes are needed 

to promote the spread of ERAS programs [10]. So, the findings of this thesis are a 

valuable addition to the existing evidence.

IMPlICATIOns fOR PRACTICe

Implementation of ERAS leads to improved perioperative outcomes and faster re-

covery after surgery. The potential implication of ERAS in clinical practice already 

proved to be far reaching.
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The process of recruiting hospitals for the implementation trial was slow and 

difficult, despite the use of targeted strategies and facilitators. Local stakeholders 

acknowledged the need for the nationwide standardization of perioperative practice 

along ERAS guideline, but some decided not to participate based on organizational 

and financial constraints. Our results proved that active implementation is neces-

sary to change, which could help to convince organizations to participate in qual-

ity improvement projects to implement innovations in the future. The short-term 

constraints do not outweigh the long-term benefits. The high workload of specialists 

hampered participation. Therefore, increasing the role of other health care profes-

sionals in the process of change has to be considered as well. In the breakthrough 

strategy group, (specialized) nurses had a pivotal role during the implementation 

process. The national learning sessions were mainly visited by nurses who rep-

resented their hospitals and they leaded the local change. Traditionally, nursing 

practice was based more on habits and expertise than on evidence. Evidence-based 

nursing has gained interest during the last decades. The involvement of nurses in 

improvement programs, routine evidence-based nursing, and exchanging knowl-

edge between nurses on different wards are important to improve practice.

Implementation of new evidence in clinical practice has to be improved. In this 

thesis we demonstrated the minimal spontaneous spread of innovations between 

surgical disciplines and between hospitals. In addition, the lack of an efficient 

evidence-based strategy for the nationwide dissemination of best practices was 

addressed. Based on our results, the design of a tailored stepped approach with 

increasing levels of support and the possibility to tailor activities to the individual 

needs of a specific organization seems to be promising. However, adaptations have 

to be made before this design will be appropriate for large scale implementation.

Besides improving implementation strategies, even more effort is needed to keep 

clinical practice up to date during the upcoming years. To improve evidence based 

care, changes in the structure of our health system and use of guidelines are also 

necessary. Several initiatives are already described in literature. The functional 

grouping of departments in Dutch hospitals seems to hamper spread of innova-

tions and the multidisciplinary efforts to improve patient care. Knowledge sharing 

between different groups of healthcare professionals is restricted through group 

membership and can be considered as an intra-organizational barrier to change. 

The shift from a traditional function-oriented towards a process-oriented structure 

of hospitals has gained attention and could improve collaboration between different 

disciplines and facilitate spread of knowledge. Furthermore, involvement of knowl-

edge brokers may promote spread of innovations across disciplines and hospitals 

[33]. Knowledge brokers are described as intermediaries to exchange knowledge 

across the varying stakeholders and settings. A recent review demonstrated that the 
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availability of evidence about their effectiveness within healthcare is still limited so 

far [34].

At this moment, ERAS guidelines are almost completely implemented in gyne-

cologic surgery in the Netherlands. In the hospitals that participated in the imple-

mentation trial some progress can be made. For the nonparticipating centers a local 

quality improvement program to update their perioperative practice conform the 

ERAS guideline seems indicated. Studies have shown that with increasing compli-

ance to ERAS elements, even adverse events after surgery could be reduced in gyne-

cologic surgery. We hope that the results presented in this thesis further stimulate 

professionals to take up the challenge to continuously improve their perioperative 

practice.

IMPlICATIOn fOR fURTheR ReseARCh

The results of the research presented in this thesis support further investigation in 

the field of large-scale implementation. There is sufficient evidence that supports 

the need for active implementation of innovations in clinical practice. However, 

more research is necessary to be able to define a preferred efficient strategy for 

the nationwide dissemination of best practices. Further refinement and testing of 

a stepped strategy, tailored to the individual needs of the participating organiza-

tions, seems to be recommended for large-scale implementation of best practices. 

The major drawback in our study was due the complexity in the design of the 

tailored stepped implementation strategy and its time constraints. By performing 

continuous audit of guideline adherence and implementation effects instead of a 

three-monthly feedback system, this delay could be minimized. In an ideal situa-

tion, real time feedback data within existing electronic health records should be 

available, to stimulate implementation effects, ensure sustainability, and facilitate 

research. To optimize the effect of quality improvement efforts, further research is 

required to provide potential solutions to promote knowledge sharing within and 

between hospital walls and to extend the initial positive effects of quality improve-

ment projects to different settings.

Organizations voluntarily participate in research initiatives. This can lead to 

non-representative effect sizes of implementation collaboratives. It has been shown 

that public health organizations involved in research networks are more engaged in 

implementation activities [35]. Research on the effect of implementation strategies 

should therefore also include additional information about the nonparticipating 

organizations.
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COnClUsIOn

This thesis highlights the total process of change and demonstrates how an evidence-

based innovation is implemented in daily practice. It shows that awareness raised by 

recruitment activities and successful implementation on other departments alone 

is not enough to facilitate change in patient outcomes. The results emphasize the 

challenge to spread and actively implement ERAS in actual practice. So, investments 

in structured implementation programs are necessary. No differences in the positive 

effect between the tailored stepped strategy and the traditional breakthrough strat-

egy were found. The design of a stepped approach with increasing levels of support 

and the possibility to tailor activities to the individual needs of a specific organiza-

tion is promising. However, adaptations have to be made before this design will 

be appropriate for large scale implementation. Our findings support the design of 

other implementation studies and help to better understand the process of change.
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Chapter 9

This chapter summarizes the findings of the research performed in this thesis and 

highlights the most important conclusions.

Chapter 1 describes the challenges of using evidence-based medicine in daily 

practice and focuses on knowledge translation and multi-organizational change. 

Recent developments in perioperative care in the light of the Enhanced Recovery 

After Surgery (ERAS) program are reported. Besides, the outline of this thesis and 

related research questions are presented in this chapter.

In chapter 2, a systematic search and review to identify current evidence of ERAS 

in gynecologic surgery was performed. The search resulted in the inclusion of 16 

observational studies at high risk of bias, of which five studies were eligible for 

quantitative analysis. A large diversity in reported perioperative elements between 

studies was shown. Preoperative education, early oral intake, and early mobilization 

were the only elements included in all pathways. The length of hospital stay after 

ERAS implementation ranged from 1 to 2 days among patients with a benign disease 

and from 5 to 7 days among patients with an oncologic indication for surgery. Based 

on the meta-analysis, we suggested that implementation of ERAS elements might 

result in a reduced length of hospital stay (mean difference 1.6 days, 95% CI -2.9 to 

-0.2) after abdominal gynecologic surgery.

Chapter 3 focuses on the spread of ERAS elements between surgical depart-

ments. The hypothesis that positive experiences and implementation tools gained 

after running a quality improvement project would stimulate spread to another 

closely related intra-organizational department was tested. ERAS elements related 

to the preoperative and intra-operative phase were partially adopted in standard 

gynecologic practice, but adoption of the postoperative elements did not occur 

spontaneously after several years of practicing ERAS in colorectal surgery. This mul-

ticenter observational study suggested that interdepartmental spread of universal 

evidence-based innovations within organizations was restricted. Multilevel regres-

sion analysis of 684 patients showed that perioperative care and outcomes did not 

differ between the gynecology departments of hospitals that previously followed a 

quality improvement project for colorectal surgery and the hospitals that did not.

In chapter 4 the impact of implementation activities to increase adherence to 

ERAS elements was investigated. An audit of 77 patients undergoing gynecologic 

cancer surgery was performed in an early adopter hospital. Theoretically, this center 

should have the optimal characteristics to change daily practice. Outcomes were 

compared with a historical cohort of 38 patients treated before structured imple-

mentation of ERAS. A reduced time to functional recovery (median 3 versus 6 days) 

and a shorter length of hospital stay (median 5 versus 7 days) were achieved. This 

chapter shows that implementation activities are still necessary and effective to 

improve perioperative practice.



170

The opportunity to combine the search for an optimal quality implementation 

strategy with the required improvement of perioperative practice in gynecologic 

surgery was used to design a multicentre, cluster-randomized controlled trial. Chap-

ter 5 presents the study protocol and describes the characteristics and framework 

of two different implementation strategies to change nationwide perioperative care 

in gynecologic surgery. The objective is to compare a tailored stepped approach that 

is characterized by tailoring the intensity of implementation activities to the needs 

of organizations and local barriers for change with a generic breakthrough strategy 

that is usually applied in large-scale improvement projects. The methodology to 

evaluate both implementation strategies is presented.

Chapter 6 reports the results of a multicentre, cluster-randomized controlled trial 

performed in 14 Dutch gynecologic oncology departments. A total of 1048 patients 

underwent surgery during the one-year period to implement ERAS in perioperative 

care. Analysis at three to 12 months after the start of implementation activities, 

revealed a significant increase in guideline adherence in both the breakthrough 

and tailored stepped implementation strategy. Mixed-effect regression models did 

not reveal any significant differences in effect between study groups in postopera-

tive length of hospital stay (mean difference (MD) -0.5 days; 95% CI -1.9 to 0.9; p = 

0.476), length of recovery (MD -0.36 days; 95% CI -1.47 to 0.76; p = 0.497); and overall 

guideline adherence (MD -3.0%; 95% CI -13.6 to 7.6; p = 0.583). Process analyses of the 

tailored stepped implementation strategy showed several limitations that hinder 

actual use in daily practice. Fidelity to the implementation activities was poor and 

further refinement and testing of this type of strategy is recommended.

In chapter 7, it was shown that neither hospital characteristics nor perioperative 

outcomes at baseline differed between the participating and nonparticipating de-

partments of a national large-scale implementation project. In addition, we explored 

how perioperative practice changed among nonparticipants. Linear regression 

models revealed no statistically significant or clinically relevant differences in time 

to functional recovery or length of hospital stay. Despite its exploratory nature, this 

study offers some insight into the influence of large-scale implementation projects 

on clinical practice in nonparticipating hospitals.

Chapter 8 presents a general discussion of findings addressed in this thesis within 

the context of the recent literature. Subsequently, a reflection on methodological 

considerations, practical implications, and future perspectives were provided.
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Chapter 10

Dit hoofdstuk beschrijft de bevindingen van het onderzoek uitgevoerd binnen deze 

thesis en belicht de meest belangrijke conclusies die getrokken kunnen worden.

hoofdstuk 1 geeft de uitdagingen die gepaard gaan met het gebruik van evidence-

based medicine in de dagelijkse praktijk weer. Dit hoofdstuk focust zich op de toe-

passing van eerder verworven kennis en op verandering binnen meerdere organisa-

ties. Recente ontwikkelingen binnen de perioperatieve zorg met betrekking tot het 

Enhanced Recovery After Surgery (ERAS) programma worden besproken. Daarnaast 

wordt er een overzicht gegeven over de inhoud van deze thesis en gerelateerde 

onderzoeksvragen.

hoofdstuk 2 beschrijft de uitkomsten van een systematische zoekstrategie en re-

view over de beschikbare literatuur over ERAS binnen de gynaecologische chirurgie. 

Deze zoekstrategie resulteerde in de inclusie van 16 observationele studies met een 

hoog risico op bias. Vijf van deze studies waren geschikt voor een kwantitatieve ana-

lyse. Er bestond een grote diversiteit in gerapporteerde perioperatieve elementen 

tussen studies. Preoperatieve educatie, snel hervatten van orale intake en vroege 

mobilisatie na de ingreep waren de enige elementen die in alle studies werden 

geïncludeerd. De opnameduur na implementatie van ERAS was een tot twee dagen 

bij patiënten met een benigne indicatie en vijf tot zeven dagen bij patiënten met 

een oncologische indicatie voor de chirurgische ingreep. Gebaseerd op de resultaten 

van de meta-analyse, suggereren we dat de implementatie van ERAS kan resulteren 

in een kortere opnameduur na laparotomische gynaecologische chirurgie (verschil 

1.6 dagen, 95% betrouwbaarheidsinterval -2.9 tot -0.2). 

hoofdstuk 3 focust zich op de verspreiding van ERAS elementen tussen chirurgi-

sche afdelingen. De hypothese dat de positieve ervaringen en implementatie vaar-

digheden verworven bij het uitvoeren van een kwaliteitsverbeteringsprogramma de 

verspreiding naar andere afdelingen binnen dezelfde organisatie zou stimuleren, 

werd getoetst. ERAS elementen gerelateerd aan de pre-operatieve en intra-operatieve 

fase werden gedeeltelijk toegepast in de standaard gynaecologische zorg. Adoptie 

van de postoperatieve elementen heeft, na het jarenlang uitvoeren van ERAS in 

de colorectale chirurgie, nog niet spontaan plaatsgevonden. Deze multicenter ob-

servationele studie suggereert dat de verspreiding van universele evidence-based 

innovaties tussen afdelingen binnen dezelfde organisatie beperkt is. Multilevel 

regressie analyses van 684 patiënten lieten zien dat de perioperatieve zorg en uit-

komsten niet verschillen tussen de gynaecologische afdelingen van ziekenhuizen 

die eerder een kwaliteitsverbeteringsprogramma binnen de colorectale chirurgie 

hebben uitgevoerd en de ziekenhuizen die dat niet deden. 

In hoofdstuk 4 wordt de impact van implementatie activiteiten op de toename in 

adherentie van ERAS elementen onderzocht. Een audit van 77 patiënten met een gy-

naecologische maligniteit die een operatieve behandeling kregen, werd uitgevoerd 
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in een early adopter ziekenhuis. Theoretisch gezien zou dit centrum de optimale ka-

rakteristieken moeten hebben om de dagelijkse praktijk te veranderen. Uitkomsten 

werden vergeleken met een cohort van 38 patiënten die behandeld werden voordat 

ERAS gestructureerd werd ingevoerd. Een reductie in herstelduur (mediaan 3 versus 

6 dagen) en een kortere opnameduur (mediaan 5 versus 7 dagen) werden bereikt. Dit 

hoofdstuk laat zien dat implementatie activiteiten nog steeds nodig en effectief zijn 

om de perioperatieve zorg te verbeteren.

De zoektocht naar een optimale strategie voor kwaliteitsverbetering, gecombineerd 

met  de noodzakelijke verbetering in perioperatieve zorg binnen de gynaecologische 

chirurgie, gaf de mogelijkheid om een multicenter, cluster-gerandomiseerde trial uit 

te voeren. hoofdstuk 5 toont het studieprotocol en beschrijft de karakteristieken en 

het framework van twee verschillende implementatie strategieën om de landelijke 

perioperatieve zorg binnen de gynaecologische chirurgie te veranderen. Het doel is 

om een stapsgewijze strategie op maat te vergelijken met de algemene doorbraak 

strategie welke meestal wordt toegepast in verbetertrajecten op grote schaal. De 

stapsgewijze strategie wordt gekenmerkt doordat de intensiteit van implementatie 

activiteiten is aan te passen aan de behoeftes van de organisatie en aan de lokale 

belemmeringen voor verandering. De methodologie om beide implementatie strate-

gieën te evalueren wordt weergegeven. 

hoofdstuk 6 bespreekt de resultaten van een multicenter, cluster gerandomi-

seerde trial die werd uitgevoerd binnen 14 gynaecologische oncologie afdelingen 

in Nederland. Een totaal van 1048 patiënten onderging een operatie gedurende de 

periode van 1 jaar om ERAS in de perioperatieve zorg te implementeren. Analyses 

op 3 tot 12 maanden na start van de activiteiten lieten een significante toename 

zien in richtlijnopvolging in zowel de doorbraak als de stapsgewijze implementatie 

strategie. Mixed-effect regressie modellen lieten geen significante verschillen zien 

tussen de studiegroepen in opnameduur (gemiddeld verschil -0.5 dagen; 95% be-

trouwbaarheidsinterval -1.9 tot 0.9; p=0.476), herstelduur (gemiddeld verschil -0.36 

dagen; 95% betrouwbaarheidsinterval -1.47 tot 0.76; p=0.497); en richtlijnopvolging 

(gemiddeld verschil -3.0%; 95% betrouwbaarheidsinterval -13.6 tot 7.6; p=0.523). 

Procesanalyse van de stapsgewijze implementatie strategie liet verschillende beper-

kingen zien voor het daadwerkelijk gebruik in de dagelijkse praktijk. Deelname aan 

implementatie activiteiten was beperkt en verdere aanpassing en controle van dit 

type strategie wordt aanbevolen.

In hoofdstuk 7 werd aangetoond dat er geen verschil is in de kenmerken per 

ziekenhuis en de perioperatieve uitkomsten op baseline tussen de afdelingen die 

wel en niet deelnemen aan een landelijk implementatie project. Daarnaast werd 

de verandering in perioperatieve zorg geëvalueerd binnen de niet deelnemende 

ziekenhuizen. Lineaire regressie modellen lieten zowel geen statistisch als klinisch 
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relevant verschil zien in herstel- en opnameduur. Ondanks de exploratieve insteek, 

geeft deze studie inzicht in de invloed op de klinische praktijk van implementatie-

projecten op grote schaal in niet deelnemende ziekenhuizen.

hoofdstuk 8 presenteert een algemene discussie van de bevindingen die in deze 

thesis worden besproken in de context van de recente literatuur. Daaropvolgend 

wordt er een reflectie op de methodologische overwegingen, praktische implicaties 

en toekomstige perspectieven gegeven.





11 Epilogue
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Chapter 11

vAlORIzATIOn

This chapter discusses the valorization potential of the research presented in this 

thesis. The relevance and implications on professional, societal, and economic per-

spective were already addressed in the introduction and discussion in this thesis and 

throughout the individual chapters. In this paragraph we will shortly summarize 

the implications of the main findings. The challenge of the implementation of the 

best available evidence in daily practice, with a focus on perioperative care after 

gynecologic surgery in the Netherlands, is the focus of this thesis.

Since the first successful report of a multimodal program for colorectal surgery by 

Kehlet in 1997, the use of perioperative care programs has increased significantly 

worldwide. In 2001, the ERAS Society was initiated by a group of early adopters in 

Europe to enhance recovery and reduce complications after surgery. The multidis-

ciplinary and multimodal approach was based on existing evidence and includes 

all available elements of care that improve recovery. Structured implementation 

(compliance of 70% or more) results in a reduction in hospital stay, a reduction 

in postoperative complications, and a reduction in overall health care costs. So, 

the concept of ERAS could be considered as an important example of value-based 

care. The collaborative promoted the development and spread of perioperative care 

protocols, but also focused on education and implementation of best practices. 

The Netherlands was one of these early adopters. ERAS was implemented success-

fully in colorectal surgery, between 2005 and 2009, by using a Breakthrough Series 

model in 33 Dutch hospitals. Our review showed that the multimodal elements 

could be applied to gynecologic surgery as well, with similar positive results. The 

nationwide implementation of ERAS in gynecologic surgery was evaluated in this 

thesis. Implementation of ERAS contributes to the standardization of perioperative 

practice, which is essential to improve health care. However, still variation exists 

in perioperative care elements between different hospitals. The (prolonged) use of 

thrombosis prophylaxis and different pain treatment strategies are, for example, 

elements with a lack of consistent evidence and consensus. Audit of process mea-

sures and patient outcomes are necessary to reveal those differences in clinical care. 

Besides fundamental research generating improved medical knowledge, health care 

research generating insight into clinical practice variation is necessary to compare 

and spread best practices in health care.

The concept of valorization is based on the underlying value of knowledge. Struc-

tured implementation of this knowledge in daily practice is essential. The imple-

mentation of quality improvement initiatives on large scale proved to be challeng-

ing and research on how to optimize resources is warranted. Although this thesis 

was focused on an innovation in gynecologic surgery, results about the presented 
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implementation challenges are relevant for a broader audience. The results were 

published in peer reviewed international journals and were presented at national 

and international scientific conferences. During the research project, we had a na-

tionwide focus and multidisciplinary health care professionals were involved. The 

patient association for gynecologic cancer (OLIJF) and the national collaborative of 

professionals involved in the treatment of women with gynecologic cancer (DGOG) 

were contacted before the start of the implementation project. The DGOG supported 

the underlying aim to reach nationwide standardization of perioperative care con-

sistent with the ERAS program. This stimulated awareness at professional, hospital, 

and patient level. As part of the implementation process actual care was measured, 

evaluated, and improved. Although these results are promising, still progress can be 

made to refine the findings described in this thesis, and to stimulate the develop-

ment of more efficient and sustainable large-scale implementation programs in the 

future.
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