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Abstract

Background Between 2006 and 2008 the enhanced recovery after surgery (ERAS) program was implemented in

colonic surgery in one-third of all hospitals in the Netherlands (n = 33). This resulted in enhanced recovery and a

decrease in hospital length of stay (LOS) from a median of 9 days at baseline to 6 days at one-year follow-up. The

present study assessed the sustainability of the ERAS program 3–5 years after its implementation.

Materials and methods From the 33 ERAS hospitals, 10 initially successful hospitals were selected, with success

defined as a median LOS of 6 days or lower and protocol adherence rates above 70 %. In 2012 a retrospective audit

of 30 consecutive patients was performed in each of these hospitals. Sustainability of the ERAS program was

assessed on hospital level, using median hospital LOS, protocol adherence rates and time to functional recovery. Data

were compared with the implementation phase data.

Results Overall median LOS in the selected hospitals increased from 5.25 days (interquartile range [IQR]

4.75–6.00; min, 4.00—max, 6.00) to 6 days (IQR 5.00–7.00; min, 5.00—max, 8.00), but this change was not

significant (p = 0.052). Time to functional recovery was equal in both phases: median 3.00 days (p = 0.26). Pro-

tocol adherence decreased from 75 to 67 % (p = 0.32). Especially adherence to postoperative care elements dropped

considerably.

Conclusions Despite a slight decrease in protocol adherence, the ERAS program was sustained reasonably well in

the 10 selected hospitals, although there was quite some variation between the hospitals.
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Introduction

Many innovations have been implemented in the last dec-

ades, some more successful than others [1, 2]. Imple-

menting an effective innovation into daily routines is,

generally speaking, a dynamic and difficult process [3], and

results may vary between organizations CON [4–6]. Fur-

thermore, once implementation has succeeded there often

is a tendency for relapse into old routines after the imple-

mentation activities have ended [7]. Research shows that in

public health 40 % of all innovations are not sustained after

termination of the initial implementation activities and

funding [8]. This may be seen as a waste of time and

money spent on the implementation. Besides the financial

implications, the discontinuation of successful innovations

might result in less than optimal care for patients, and it

may cause frustration and diminish the support for future

healthcare indicatives. Therefore, it is important that

achieved benefits of an effective intervention are sustained

after implementation. Although sustainability is an

important subject in healthcare, there is no standard defi-

nition of sustainability [9]. It can be seen as ‘‘holding the

gains’’ or ‘‘maintaining health benefits’’ and ‘‘continuation

of the program activities within an organizational struc-

ture’’CON [7, 9–11]. Sustainability of change exists when a

newly implemented innovation continues to deliver the

achieved benefits over a longer period of time, certainly

does not return to the usual processes and becomes ‘‘the

way things are done around here,’’ even after the imple-

mentation project is no longer actively carried out or until a

better innovation comes along [12]. Furthermore, little is

known about differences in sustainability success between

hospitals, although a recent study suggested that insight

into practice variation might improve the quality of care

[13]. Surgical research tends to focus on overall results on

the patient level, but because it has been suggested that

organizations differ in their innovative climate and urge to

implement new insights, it is likely that changes are sus-

tained in varying degrees in different hospitals.

Surgery, as other specialties, is a domain in healthcare

that has a high turn-around and a fast-changing character,

with many innovations in technology [14]. Many innova-

tions have been implemented in recent decades, such as

minimally invasive surgery, endovascular surgery, and

ancillary innovations aimed at improving quality of ca-

reCON [15–17]. Another example is the introduction of

evidence-based multimodal perioperative care protocols,

leading to an enhanced recovery and a reduction in hospital

length of stay (LOS) in surgical patientsCON [18–22]. In

the Netherlands, the enhanced recovery after surgery

(ERAS) program was implemented in colonic surgery in 33

hospitals by means of a generic implementation strategy,

the so-called Breakthrough Series. This resulted in

enhanced recovery and an overall decrease in LOS after

colonic surgery, from a median of 9 days at baseline to

6 days after one year, at the end of the implementation

activities [23]. To study whether these results were sus-

tained we assessed the achieved benefits of the periopera-

tive care program three to five years after the

implementation activities had been ended.

Methods

For the long-term follow-up measurement we used a ret-

rospective observational study design. As part of the pri-

mary implementation project (the Breakthrough Study) the

participating hospitals had already performed a retrospec-

tive baseline measurement of surgical care during the year

before implementation (2005–2007; pre-implementation

phase), and a prospective measurement of care performed

during the implementation project (2006–2009; imple-

mentation phase). This Breakthrough Study ended in 2009.

During the present study a retrospective analysis of surgi-

cal care was performed (2012; post-implementation phase).

This long-term evaluation study was not planned as part of

the initial Breakthrough Study; as such, it is independent of

the original implementation study. To assess sustainability,

results of the post-implementation phase were compared

with the implementation phase. Results of the pre-imple-

mentation phase were presented for further information.

Ethical approval and informed consent

The Medical Ethical Committee of the University of Ma-

astricht Granted approval for the project, METC 11-4-

015.10. The privacy of the included patients was protected,

and all data were coded and processed anonymously.

Medical files with explicit patient statements that their

medical information should not be used for clinical

research were not included.

Participants

Hospitals

Ten hospitals were selected out of the total of 33 hospitals

that had participated in the original Breakthrough Study.

Only those hospitals were selected in which the primary

implementation strategy was successfully executed. Initial
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implementation success was defined as follows: (1) a

median LOS of 6 days or lower, (2) an overall protocol

adherence above 70 %, and (3) at least 40 patients treated

within the year of the implementation project.

Patients

For the post-implementation audit of each selected hospi-

tal, 30 consecutive patients undergoing colorectal surgery

were included from the period 2011–February 2012. The

same inclusion and exclusion criteria were used as in the

primary implementation project: patients undergoing

elective colorectal resection above the peritoneal reflection

for benign or malignant disease were eligible for this study.

Patients who needed emergency surgery and those requir-

ing an end or diverting ileostomy or colostomy were

excluded.

Outcomes

Sustainability was assessed according to three different

outcomes: LOS, functional recovery, and protocol adher-

ence rates. These results were compared with the results of

the audit during implementation. We defined sustainability

at the hospital level as being reached if the performance in

the post-implementation phase was equal to or better than

performance during the implementation phase.

Length of stay

Hospital length of stay was defined as the number of nights

in hospital after surgery.

Time to functional recovery

Time to functional recovery (FR) was defined as the

number of postoperative days until adequate pain control

requiring oral analgesia only was achieved, as well as

tolerance of solid foods and independent mobility sufficient

to perform activities of daily living at the preoperative

level.

Protocol adherence

The performance on key elements of the ERAS program

was evaluated per element.

Data collection

Data collection started in March 2012. Hospitals were

asked to provide a list of the last consecutive 30 patients

who underwent elective colonic surgery, until the start of

data collection. Data were extracted from the (electronic)

patient files by two of the authors (F.G., S.A.). In the

beginning this was done as a joint exercise to guarantee

standardization of auditing methods. At a later stage, the

data collection was done by one of these two authors

separately.

Statistical analysis

Differences between the pre-implementation, implementa-

tion, and post-implementation phases were checked using

the Mann–Whitney U test for continuous variables and the

Chi square test for categorical variables. Differences in

LOS and FR between the implementation phase and the

post-implementation phase were analyzed with log rank

tests, as LOS and FR were censored if the patient had died.

A p value of B0.05 was considered statistically significant.

The unit of analysis was hospital level, to assess the vari-

ation between hospitals. Continuous variables are pre-

sented as means and standard deviations (SD) or as median

and range in the case of skewed data. Both LOS and FR are

presented as median of the median per hospital. Inter-

quartile ranges and minimum and maximum values are

presented between bars. Number and percentage were used

for categorical variables. All analyses were performed with

Table 1 Comparison of overall patient characteristics of the pre-implementation and implementation with the post-implementation phase of the

Enhanced Recovery after Surgery Program (ERAS) on the hospital levela

Pre-implementation Implementation Post-implementation p Value

n = 450 n = 523 n = 297

Gender (%)

Male 50 (SD 0.5, R 40–61) 49 (SD 0.5 R 41–56) 48 (SD 0.5 R 39–63) 0.75

Mean age 64 (SD 14.5 R 60–69) 66 (SD 13.4 R 61–70) 70 (SD 11.1 R 67–73) 0.001

ASA III/IV (%) NA 12 (SD 0.7 R 0–42) 20 (SD 0.8 R 3–41) 0.001

Malignancy (%) NA 63 (SD 0.9 R 41–86) 84 (SD 0.9 R 57–100) 0.001

Laparoscopy (%) NA 43 (SD 0.5 R 0–83) 56 (SD 0.6 R 21–90) 0.45

a Numbers in parentheses are the standard deviation (SD) and the range between hospitals (R) (excluding missing values)

ASA American Society of Anesthesiologists; NA not available
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SPSS 20.0 (SPSS Inc., Chicago, IL). In the pre-imple-

mentation phase, fewer data were available for analysis.

These are reported as not available/missing (NA) in the

Results section.

Results

The 10 selected hospitals participating in the project

included 7 teaching hospitals and 3 non-teaching hospitals.

In the pre-implementation phase 450 patients in total were

included. In the implementation phase 523 patients were

included, with 297 patients remaining in the post-imple-

mentation phase. Overall demographics are shown in

Table 1. In the post-implementation phase significantly

older patients were included, with more patients in

American Society of Anesthesiologists (ASA) grade III/IV

and more patients with a malignancy (p \ 0.001). Also, in

the post-implementation phase, more than half of the sur-

gical procedures were performed laparoscopically, whereas

some 40 % of procedures were laparoscopic during the

implementation phase (p = 0.45).

Results on LOS, FR, and protocol adherence are shown

on hospital level (Table 2).

Length of stay

Overall, the median LOS increased from 5.25 days (IQR

P25 4.75– P75 6.00; min 4.00; max 6.00) in the imple-

mentation phase to 6.00 days (IQR P25 5.00–P75 7.00; min

5.00; max 8.00) in the post-implementation phase, but this

difference was not significant (p = 0.052).

Hospital LOS was sustained in three hospitals: two

hospitals achieved a further reduction in LOS in the post-

implementation phase, and one hospital showed an equal

LOS. Seven hospitals showed an increase in LOS in the

post-implementation phase. One of these hospitals fell back

to the same level noted before the implementation phase

(Fig. 1).

Functional recovery

Overall FR was reached in a period of median 3.00 days

(IQR P25 2.88–P75 3.00; min 2.00; max 4.00) in the post-

implementation phase, which was equal to the median FR

3.00 (IQR P25 3.00–P75 3.50; min 3.00; max 4.00) in the

implementation phase. Time to FR was sustained in eight

hospitals: three hospitals showed a further reduction of FR

of one day, and time to FR remained equal in five hospitals.

One hospital showed an increase in time to FR of one-and-

a-half day. In one hospital no data were available for FR in

the implementation phase. Overall, the proportion of

patients recovered on postoperative day two increased from

18 to 37 % (range 27–52 %), and increased on postoper-

ative day three from 54 to 64 % (range 40–85 %). These

results differed markedly between hospitals, the proportion

of patients showing FR on day two in the best-performing

hospital being 52 %, while FR was 27 % in the hospital

with the poorest performance. The same observation was

made on the third postoperative day: in the best-performing

hospital 85 % of patients were functionally recovered on

the third postoperative day, whereas in the least-performing

hospital 40 % of patients were functionally recovered on

this day (Fig. 2).

Protocol adherence

Overall mean protocol adherence rate in the post-imple-

mentation phase was 67 % (SD 6.3 min 56 %; max 73 %),

whereas it was 75 % (SD 7.6 min 64 %; max 87 %) in the

implementation phase. Overall adherence in the preopera-

tive and perioperative period remained almost equal in the

Table 2 Overall results of the implementation and the post-implementation phase per hospitala

LOS FR Adherence

Implementation Post-implementation Implementation Post-implementation Implementation Post-implementation

Hospital 1 6 7 3 3 77 61

Hospital 2 4 8 3 4 82 70

Hospital 3 5 5 3 2 71 56

Hospital 4 5 6 NA 3 65 68

Hospital 5 6 6.5 3 3 78 60

Hospital 6 4 6 3 3 87 69

Hospital 7 5 7.5 3 3 80 73

Hospital 8 5.5 6 3 2.5 75 68

Hospital 9 6 5 4 3 68 70

Hospital 10 6 5 4 3 64 72

a Data of length of stay (LOS) and functional recovery (FR) are median days. Data regarding adherence are percentages

World J Surg (2015) 39:526–533 529
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implementation and post-implementation phases, but

postoperative adherence dropped considerably in the post-

implementation phase (Table 3). Particularly, the cessation

of IV fluids on the first postoperative day (from 36 to 9 %),

mobilization for more than 3 h (90–38 %), and resumption

of solid foods (65–37 %) were protocol elements less

adhered to. There was a wide variation between hospitals.

Three hospitals sustained their performance on protocol

adherence, two hospitals showed a reduction of less than

10 %, and five hospitals showed a reduction of adherence

of more than 10 % (Fig. 3).

Discussion

The present study shows that initial results of a large-scale

implementation project of the ERAS program were sus-

tained reasonably well, although there was a large variation

among hospitals. The primary aim of the evidence-based

perioperative care program was to decrease the time to

postoperative recovery and, subsequently, the time of

hospitalization. The present long-term follow-up demon-

strated that time to recovery was sustained in most hospi-

tals, whereas the achieved reduction in LOS was not fully

sustained in all hospitals. The implementation successes in

protocol adherence were not very well sustained, as, in

most hospitals, adherence rates dropped in the post-

implementation phase.

With regard to LOS, other studies showed a median of

2 days after colonic surgery within a fast track protocol

[20, 24], but these results were not reached in the present

study. In the Netherlands, the overall median LOS after

colonic surgery was 7–8 days in 2012 [25]. Although the

optimum was not reached, 9 of the 10 hospitals in the

current study performed considerably better with respect to

LOS than the rest of the Netherlands, and LOS of only one

hospital increased to 8 days. These results suggest that the

ERAS program is still effective in the participating hos-

pitals. The fact that a LOS of 2 days after colonic surgery

was not reached could be due to the healthcare policy

regarding reimbursement in the Netherlands. The system

does not stimulate discharge of patients as soon as they are

capable of going home (FR). Evaluation of the initial

implementation results showed that all hospitals had diffi-

culties with discharging patients at the moment of FR [23].

The present study shows that the gap between FR and

discharge of postoperative patients remains large. More

research is needed to determine possible reasons for this

gap that prohibits reaching a hospital LOS of 2 days, as

seen in other countries.

Despite a significant increase in the age of the patients

and a larger proportion of ASA III/IV patients who were

operated and cared for according to the ERAS program,

LOS and FR were sustained in several hospitals. This

might be explained by the proportion of patients operated

laparoscopically being significantly larger in the post-

implementation phase compared with the implementation
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phase, again with a wide variation among hospitals (range

21–90 %).

In contrast to the preoperative and perioperative adher-

ence rates of the ERAS program, the adherence rates to

postoperative care elements in our series dropped remark-

ably, similar to other studies [26]. In particular, adherence

to three protocol elements deteriorated: (1) mobilization of

patients for more than 3 h on the first postoperative day, (2)

cessation of IV fluids on the first postoperative day, and (3)

resumption of solid foods. These postoperative protocol

elements were also those that were the most difficult to

adhere to in the implementation phase [23]. Postoperative

mobilization of patients and the cessation of IV fluids are

elements in postoperative care that are influenced by

multiple factors, such as patient characteristics, the doctors

on the ward, the nurses, and physiotherapists. The number

of professionals involved may be causal for the difficulty to

sustain the required changes, particularly if there is no

specific attention to the continuation of these elements.

Interestingly, the best performing hospital with regard to

length of stay and recovery showed a low protocol adher-

ence rate, whereas the least performing hospital showed a

high adherence rate. It therefore remains unclear what

elements of the ERAS program are the determinants of

success of implementation.

Hospitals in the present study were selected because

they initially showed good results on LOS and adherence

rates. This suggests that implementation of the ERAS

program caused a change in the mind-set of healthcare

professionals in these hospitals [27, 28], although this kind

of change has been suggested to be difficult [1, 29, 30].

After the initial implementation, the ERAS program needs

to be normalized within the local hospital organization.

Because results on sustainability of the ERAS program

varied remarkably, it could be argued that this change in

mind-set was not equally strong in every hospital.

A strength of the study is that we analyzed surgical care

3–5 years after the primary implementation of the ERAS

program. The median follow-up time for interventions

aimed at improving quality of care is generally less than

one year [31], although a recent review shows that more

than 50 % of sustainability studies are performed 2 years

or later after implementation [32]. By expanding the fol-

low-up period, more insight is gained regarding the long-

term impact of implementing change and its sustainability.

If an innovation is effective the first year after

Table 3 Protocol adherence in the implementation and post-implementation phasesa

Perioperative care elements Implementation Post-implementation p Value

n = 523 n = 297

Before surgery

Pre-admission counseling 78 (SD 20.5 R 33–100) 87 (SD 22.5 R 22–100) \ 0.01

No bowel preparation 98 (SD 3.5 R 88–100) 87 (SD 19.8 R 40–100) \ 0.01

Oral carbohydrate treatment 88 (SD 11.4 R 58–98) 86 (SD 22.8 R 22–100) \ 0.01

Preoperative adherence 90 (SD 8.2 R 76–99) 87 (SD 10.6 R 68–99) \ 0.01

During surgery

Active warming by upper body air-warming device 100 (SD 0.6 R 98–100) 99 (SD 2.3 R 93–100) 0.17

Epidural anesthesia 90 (SD 11.9 R 59–100) 81 (SD 23.7 R 29–97) \ 0.01

Nasogastric drainage removed at end of surgery 93 (SD 8.4 R 71–100) 97 (SD 3.3 R 93–100) 0.02

Perioperative adherence 95 (SD 5.3 R 85–100) 92 (SD 9.1 R 74–99) \ 0.01

Postoperative factors, day 0

Mobilization [15 min 69 (SD 22.8 R 20–100) 50 (SD 19.6 R 9–87) \ 0.01

Oral fluids intake [500 ml 67 (SD 24.9 R 0–93) 65 (SD 17.5 R 20–80) \ 0.01

Day 1 after surgery

IV fluid infusion stopped 36 (SD 25.6 R 3–87) 9 (SD 6.0 R 0–17) \ 0.01

Mobilization [3 h 90 (SD 21.8 R 83–100) 38 (SD 14.7 R 17–66) \ 0.01

Oral nutritional supplements 63 (SD 36.1 R 0–98) 70 (SD 28.6 R 3–100) \ 0.01

Oral laxatives (MgO) 78 (SD 6.3 R 77–100) 94 (SD 7.4 R 78–100) \ 0.01

Day 2 after surgery

Epidural removed 72 (SD 21.9 R 15–98) 79 (SD 16.0 R 50–93) \ 0.01

Postoperative adherence 70 (SD 15.2 R 47–94) 58 (SD 7.2 R 44–71) \ 0.01

Overall compliance rate 75 % (SD 7.6 R 64–87) 67 % (SD 6.3 R 56–73) \ 0.01

a Presented are the percentages (standard deviation SD and the range between hospitals R) of patients managed according to the care elements of

the ERAS program, overall and for the preoperative, perioperative, and postoperative elements separately
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implementation but the effect dies out in the succeeding

years, the benefit of the innovation becomes questionable.

Another strength of the study is the analysis on the

hospital level. Most surgical implementation studies pres-

ent results on the patient level, overlooking institutional

variation [6]. By analyzing results on the hospital level,

more detailed insight is gained into the variation in per-

formance of the ERAS program in each hospital. The

choice to analyze the data on the hospital level, however,

made it impossible to develop a reliable multivariate

regression model. This means that the influence on LOS of

important factors such as laparoscopy and rising patient

age was not assessed.

A further strong point of the present study is the defi-

nition of sustainability. We applied a narrative definition

based on the literature, and in light of this definition we

specified endpoints applicable for this specific case, the

ERAS program for colonic surgery. Choosing specific

endpoints is necessary for a transparent and meaningful

evaluation of sustainability. We realize, however, that our

endpoints cannot be applied universally. Another issue

concerning these endpoints was the use of three outcome

parameters. Because all three are influenced by several

factors other than the patient alone, it was impossible to

conclude which outcome parameter is the most important

one. Therefore, we did not provide an overall result

regarding sustainability, but assessed sustainability

according to these three parameters separately.

A weakness of the current study is the retrospective

character of the audit. A problem with auditing patient files

retrospectively could be that not all process indicators were

recorded accurately, meaning that the actual performance

on care elements could have been underestimated by a lack

of registration. However, by choosing a retrospective audit,

a Hawthorne effect was prevented. This is the phenomenon

that a team of professionals is improving its performance

due to awareness of being evaluated. Thus, although

performance on some process indicators may have been

underestimated, the retrospective audit provides a more

honest insight into the actual care provided.

Another weakness of the study is the restriction to a

subsample of hospitals. It was not possible to assess the

sustainability of the ERAS program in all 33 hospitals

because of the limitations of time and resources. We

therefore chose the best-performing hospitals at the time of

primary implementation of the ERAS program, as suc-

cessful primary implementation is a prerequisite for a

sustainability evaluation in the long term. We assume that

the overall sustainability of all hospitals in the ERAS group

is lower than the study group of the 10 best-performing

hospitals, although it is theoretically possible that the other

23 hospitals kept developing colonic surgery after the

implementation phase, and showed a delayed success with

reduction in median LOS and FR because of a slow

learning curve. This could mean that these results might

not be generalizable to all hospitals.

Conclusions

This study shows that the ERAS program was reasonably

well sustained, although results varied remarkably between

hospitals. Six years after the implementation of the ERAS

program median LOS increased from 5.25 to 6 days, but

this result was not statistically significant. There was,

however, a large variation among hospitals regarding LOS,

time to FR, as well as protocol adherence.
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