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Abstract

Background

Preoperative colorectal cancer care pathways for older patients show considerable practice

variation between Dutch hospitals due to differences in interpretation and implementation of

guideline-based recommendations. This study aims to report this practice variation in preop-

erative care between Dutch hospitals in terms of technical efficiency and identifying associ-

ated factors.

Methods

Data on preoperative involvement of geriatricians, physical therapists and dieticians and the

clinicians’ judgement on prehabilitation implementation were collected using quality indica-

tors and questionnaires among colorectal cancer surgeons and specialized nurses. These

data were combined with registry-based data on postoperative outcomes obtained from the

Dutch Surgical Colorectal Audit for patients aged�75 years. A two-stage data envelopment

analysis (DEA) approach was used to calculate bias-corrected DEA technical efficiency

scores, reflecting the extent to which a hospital invests in multidisciplinary preoperative care

(input) in relation to postoperative outcomes (output). In the second stage, hospital care

characteristics were used in a bootstrap truncated regression to explain variations in mea-

sured efficiency scores.

Results

Data of 25 Dutch hospitals were analyzed. There was relevant practice variation in bias-cor-

rected technical efficiency scores (ranging from 0.416 to 0.968) regarding preoperative colo-

rectal cancer surgery. The average efficiency score of hospitals was significantly different
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from the efficient frontier (p = <0.001). After case-mix correction, higher technical efficiency

was associated with larger practice size (p = <0.001), surgery performed in a general hospi-

tal versus a university hospital (p = <0.001) and implementation of prehabilitation (p =

<0.001).

Conclusion

This study showed considerable variation in technical efficiency of preoperative colorectal

cancer care for older patients as provided by Dutch hospitals. In addition to higher technical

efficiency in high-volume hospitals and general hospitals, offering a care pathway that

includes prehabilitation was positively related to technical efficiency of hospitals offering

colorectal cancer care.

Introduction

With nearly 60% of patients aged above 70 years and more than 35% of patients aged 75 years

and over, colorectal cancer is predominantly a disease of older adults [1]. As multimorbidity is

commonly prevalent from the age of 70 years and multimorbidity is associated with more

postoperative complications, older patients are more prone to postoperative complications

and mortality [1–3].

Regardless of age or number of co-morbid conditions, surgery is the cornerstone for cura-

tive treatment in patients with colorectal cancer [4]. To maximize treatment outcomes, it is

therefore important to optimize resilience in this population to withstand colorectal surgery as

a stressful event. Recognition of risk factors by a multidisciplinary team approach could help

identify patients at high-risk for developing postoperative complications [5]. Especially in frail

older patients a comprehensive geriatric assessment (CGA), a multidimension evaluation to

identify medical, psychosocial, and functional limitations of a frail older patient, is helpful to

make a tailored treatment plan taken into account goals and wishes of individual patients [6].

After preoperative risk stratification, employing interventions to prepare a patient for sur-

gery (also called “prehabilitation”) including physical therapy and nutritional assessment,

could counteracting the complication risks by enhancing resilience and functional capacity

[7]. Prehabilitation can be unimodal, focusing solely on for instance exercise, or multimodal

including physical exercise, nutrition assessment as well as psychological stress reduction [8].

Prehabilitation has shown promising results, especially for patients at greatest risk of poor

postoperative outcomes [9, 10]. However, other studies did not show significant improvement

of postoperative outcomes after prehabilitation in colorectal cancer surgery [11, 12].

Currently, Dutch guidelines recommend screening on frailty and geriatric assessment in

case of frailty in colorectal cancer patients aged� 70 years. However, quality indicators of the

Dutch Health and Youth Care Inspectorate (part of the Ministry of Health, Welfare and Sport)

show that screening on frailty and geriatric assessment in case of frailty is not yet completely

implemented in all Dutch hospitals [13]. On the other hand, despite level II evidence implied

that multimodal prehabilitation improves postoperative outcomes [14], prehabilitation is still

restricted to research settings in the Netherlands because data supporting efficiency is contra-

dictory [15, 16]. Meanwhile, several forms of prehabilitation programs have been started in a

number of Dutch hospitals [17]. Therefore, colorectal care pathways show considerable prac-

tice variation between Dutch hospitals.
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This study will detail this practice variation, in terms of technical efficiency, in preoperative

colorectal cancer care for older patients in Dutch hospitals. Technical efficiency is defined as

the extent to which a hospital invests in multidisciplinary preoperative care in relation to its

outputs in terms of postoperative complications. Further, this study will identify factors associ-

ated with the variation in the technical efficiency of this preoperative care.

Materials and methods

Data collection

This observational study was based on retrospective data of perioperative care given to patients

with colorectal cancer of 75 years and above in Dutch hospitals. Hospital data for the year

2017 and 2018 were used. In total, 56 Dutch hospitals with an active practice of colorectal can-

cer surgery (about 70% of all hospitals), were approached to participate in this study.

This study combined three data sources (S1 Table) to investigate the variation in technical

efficiency and its potential drivers: 1. Data on preoperative involvement of physical therapists

and dieticians were collected using questionnaires (S1 File) among colorectal cancer surgeons

and specialized nurses. They were asked if physical therapists and dieticians were involved in

the preoperative period (yes/ no/ by indication). Additionally, clinicians’ judgement on preha-

bilitation implementation (yes/ no/ by indication) was asked. 2. Data on preoperative involve-

ment of geriatricians were collected using the quality indicators published by the Health and

Youth Care Inspectorate. These quality indicators represent, on hospital level, the percentage

of frail older patients (�70 years) which is assessed by a geriatrician [13]. It was assumed that

this percentage was a representative reflection of geriatric involvement in patients aged 75

years or over. 3. Data on postoperative complications obtained from the Dutch Surgical Colo-

rectal Audit [18]. Only postoperative data of patients with elective surgery were included, as

multidisciplinary preoperative interventions are not applicable in case of urgency or emer-

gency surgery. Patients with hyperthermic intraperitoneal chemotherapy (HIPEC) or intrao-

perative radiation therapy (IORT) were excluded for this analysis.

The multiple datasets were merged to make a dataset that registered all hospital-related

health services delivered to these patients.

The institutional review board (IRB) CMO Region Arnhem-Nijmegen, NL55712.091.16

(file number 2018–4163) advised that this study doesn’t fall within the remit of the Medical

Research Involving Human Subjects Act (WMO).

Outcomes

The primary outcome variables of the study were the scores of technical efficiency for each

individual hospital and the comparisons between this scores. The technical efficiency score

was defined as the extent to which a hospital invests in multidisciplinary preoperative care

(input) in relation to its outputs in terms of postoperative complications.

The secondary outcome variable was the relationship between hospital technical efficiency

and quality performance and the factors affecting this relationship.

Statistical analysis

The analysis on this collapsed dataset consisted of a two-stage data envelopment approach

(DEA). DEA is a non-parametric technique based on linear programming that allows for the

construction of the most efficient production frontier based on the inputs and outputs of the

decision-making units (DMUs: these are the hospitals delivering colorectal cancer surgery

care). In other words, this technical efficiency frontier reflects the graphical line that can be
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constructed when connecting the DMUs that use the least amount of inputs to produce one

unit of output (input-oriented DEA) or that produces the most amount of outputs with one

unit of input (output-oriented DEA).

The relative technical (in)efficiency, the difference between the DEA score and the efficient

frontier is calculated in the first stage of the DEA by comparing its inputs and outputs for each

DMU in relation to the rest of the DMUs, i.e. hospitals. In this study input was defined as the

average costs of geriatrician, physical therapist and dietician involvement with a patient who is

scheduled for colorectal cancer surgery in a period between setting operation indication and

admission to the hospital because of tumor resection. Output was defined as the percentages of

severe complications in each hospital. A severe complication was defined as a complication

within 90 days after resection with serious consequences: leading to mortality, a surgical rein-

tervention (operative or percutaneous), a postoperative hospital stay of at least 14 days or read-

mission. As lower values of severe complications represent better quality of care, and DEA

usually assumes that more outputs contribute to higher technical efficiency, the percentages of

no severe complications were used in the DEA analysis.

To explain differences in technical efficiency scores, the second stage of the DEA comprised

a bootstrapped truncated regression analysis where estimated technical efficiency scores were

regressed on a set of preselected case-mix adjusting and explanatory variables. Preselected

case-mix variables were ASA score, tumor stage and tumor localization. Selected explanatory

(independent) variables were hospital volume, hospital teaching status and clinicians’ judge-

ment on the implementation of prehabilitation. The complete approach is described in more

detail in S2 File.

Data on population and hospital level are presented as mean (standard deviation [SD]) or

number (%) when indicated. Comparisons between means and between DEA scores were

done using Student’s t-test for numerical variables. Comparisons between categorical variables

were done using Chi-Square test. A P-value of<0.05 was considered statistically significant.

The entire analysis, i.e. Simar & Wilson approach, was carried out using STATA version

15.1.

Results

In total 56 of the 79 hospitals (71%) conducting colorectal cancer surgery were approached. 25

out of this 56 hospitals (45%) provided sufficient information (meaning at least one question-

naire completed by surgeon or specialized nurse and available data on postoperative complica-

tions) and were taken into analysis (S2–S4 Tables). In these 25 hospitals a total of 2470 elective

colorectal cancer patients of 75 years and older underwent surgery. These patients comprised

39% of the total group of patients (n = 6349) who were treated in the Netherlands during this

period.Mean age of patients in the participating hospitals ranged from 78 to 81 years (Table 1).

The aggregated descriptive data on hospital level used to calculate uncorrected and bias-

corrected (bootstrapped) DEA scores is shown in Table 2.

The classical DEA analysis showed that 7 hospitals (28%) were lying on the technical effi-

ciency frontier (uncorrected DEA score = 1) and served therefore as benchmarks for the other

hospitals (Table 2). The large distribution of technical efficiency scores (0.443–1), based on

both variation in postoperative outcomes (output) as well as preoperative involvement of phys-

ical therapists, dieticians and geriatricians (input), is depicted in Fig 1.

Mean bias-corrected DEA score from the bootstrapped DEA analysis was 0.798 (range

0.416 to 0.968), and differed significantly from the technical efficiency frontier (p =<0.001,

95%CI -0.257, -0.147).
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Table 3 shows the results of the truncated regression analysis. After case-mix correction the

higher bias-corrected technical efficiency was significantly associated with larger practice size

(β = 0.003, p =<0.001, 95%CI 0.002,0.003) and surgery performed in a general hospital versus

a university hospital (β = 0.402, p =<0.001, 95%CI 0.234,0.557). Additionally, clinicians’

judgement on the implementation level of prehabilitation was positively associated with hospi-

tal preoperative colorectal cancer pathway technical efficiency. Implementation of prehabilita-

tion by indication or as usual care both showed better technical efficiency than no

prehabilitation at all (respectively, β = 0.209, p =<0.001, 95%CI 0.127,0.292 and β = 0.187, p =

<0.001, 95%CI 0.094,0.282).

Discussion

This study studied technical efficiency of preoperative colorectal cancer care, based on preop-

erative involvement of physical therapists, dieticians and geriatricians as input, and severe

postoperative complications as output. Across Dutch hospitals, considerable technical ineffi-

ciencies were shown in this study, as only 7 of the 25 hospitals were on the efficient frontier. In

regression analysis, practice size, being a general hospital and implementation of prehabilita-

tion (both by indication or as usual care) were significantly positively associated with technical

efficiency.

As far as we know, this is the first study that analyzed the influence of both hospital volume

and hospital teaching status on technical efficiency scores in preoperative colorectal cancer

care for older patients. Previous studies already described the association between hospital vol-

ume and postoperative outcomes in colorectal cancer care as such, with reduced postoperative

mortality in high volume hospitals [19–21]. Kolfschoten et al. found that this association

between hospital volume and postoperative outcomes was mostly explained by high-volume

hospitals treating patients with less comorbid diseases, lower ASA-classification and less often

in an urgent or acute setting [22]. In this study only elective surgery was included and this

study corrected for ASA-classification, therefore it is likely that other factors play a role in the

variance in technical efficiency. An explanation could be that high-volume hospitals use more

Table 1. Descriptive data on population level.

Patients (n = 2470) from hospitals included (n = 25) Patients (n = 3879) from hospitals not

included (n = 31)

Total

(n = 6349)

University hospitals
(n = 148)

General hospitals
(n = 2322)

Total
(n = 2470)

P-value

Hospital sizea 30 (10) 116 (42) 99 (52) <0.001 75 (42) 82 (46)

Age 79 (4) 80 (4) 80(4) 0.001 80 (4) 80 (4)

Sex 0.034

Male 91 (61%) 1219 (52%) 1310 (53%) 2073 (53%) 3383 (53%)

Female 57 (39%) 1103 (48%) 1160 (47%) 1806 (47%) 2966 (47%)

ASA� 3 58 (39%) 1040 (45%) 1098 (44%) 0.184 1583 (41%) 2681 (42%)

Cancer type 0.011

Colon 95 (64%) 1712 (74%) 1807 (73%) 2895 (75%) 4702 (74%)

Rectum 53 (36%) 610 (26%) 663 (27%) 984 (25%) 1647 (26%)

Tumor stage IV 21 (14%) 120 (5%) 141 (6%) <0.001 186 (5%) 327 (5%)

Severe

complications

41 (28%) 552 (24%) 593 (24%) 0.278 952 (25%) 1545 (24%)

Data are n (%) or mean (SD).
a Average number of treated patients in each hospital in 2017–2018.

https://doi.org/10.1371/journal.pone.0260870.t001
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frequently selection criteria to identify only those patients that require multidisciplinary pre-

operative care. This hypothesis is supported by the fact that the hospital with the lowest bias-

corrected DEA score was a relatively low-volume general hospital, with involvement of both

physical therapist and dietician on a regular basis and involvement of a geriatrician in a rela-

tively high number of patients. In contrast, in the hospitals with the highest technical efficiency

both physical therapist and dietician were only involved by indication and the percentage of

patients in which a geriatrician was involved was nearly a third in comparison with the hospital

with the lowest bias-corrected DEA score.

The association between hospital teaching status and serious complication rates, with

higher serious complication rates in university hospitals compared to general hospitals, was

previously described by van Groningen et al. [23]. They also found that hospital volume could

not explain these differences and that there was a considerable hospital variation. This hospital

variation is also seen in the present study, with one of the five university hospitals represented

in the top ten of most technical efficient hospitals, while another of the university hospitals had

nearly the lowest bias-corrected DEA score. As this study did only correct for ASA-score and

Fig 1. Distribution of hospital uncorrected (non-parametric) DEA scores in proportion to the percentage of

severe complications (output).

https://doi.org/10.1371/journal.pone.0260870.g001

Table 3. Results of truncated regression analysis.

Coefficient (β)a P-value 95% confidence interval

Tumor stage IV -0.012 0.037 -0.023,-0.002

ASA� 3 0.000 0.947 -0.003,0.003

Tumor localization, colon 0.004 0.262 -0.003,0.012

Practice size 0.003 <0.001 0.002,0.003

General hospital 0.402 <0.001 0.234,0.557

Prehabilitation (reference no prehabilitation)

By indication 0.209 <0.001 0.127,0.292

Yes 0.187 <0.001 0.094,0.282

a Positive coefficient represents increase in efficiency score.

https://doi.org/10.1371/journal.pone.0260870.t003
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tumor stage, it is possible that the association between technical efficiency and hospital teach-

ing status is based on differences in case mix such as location of the tumor, type of resection or

gender [24]. It is likely that more complex operations, with higher postoperative complications

rates, will take place in university care settings, which might also biased the results [22].

The newly found association between technical efficiency and the clinicians’ judgement on

the implementation of prehabilitation may be explained by the beneficial effects of prehabilita-

tion on postoperative outcomes as shown in the literature [25]. Additionally, it is likely that

implementation of prehabilitation in a care pathway ensures that preoperative care is more

structured, with probably better selection criteria of patients that need multidisciplinary pre-

operative care. Though, the association between clinicians’ judgement on prehabilitation can

also be reversed; whereby hospitals with a higher technical efficiency are more aware of (the

importance of) local care pathways and therefore gave a positive answer to the question

whether or not prehabilitation was implemented.

This study is the first that investigates practice variation between Dutch hospitals in terms

of technical efficiency in preoperative colorectal cancer care.

This study has several limitations. Firstly, only 25 of the 79 Dutch hospitals conducting

colorectal cancer surgery were included. However, the patients treated in the included hospi-

tals were a representative patient population. Above, quantitative data on involvement of phys-

ical therapists and dieticians was not available and this study was based on subjective

clinicians’ judgement. In some cases, there was discrepancy between the answers of the sur-

geon and the specialized nurse inside the hospital. To deal with these incongruities it was cho-

sen to select the highest value of involvement, as it was assumed that the highest value came

from consultants ordering the physical therapists or dieticians involvement. Additionally,

assumptions were made about the degree of involvement of the physical therapist and dietician

in the participating hospitals, because it was not possible to quantify this for each participating

hospital. It was also assumed that data on preoperative involvement of geriatricians in patients

aged 70 years or over, collected using the quality indicators published by the Health and Youth

Care Inspectorate, was a representative reflection of geriatric involvement in patients aged 75

years or over. It is possible that for some hospitals an over- or underestimation of the real

involvement was made based on this assumptions. Next, this study did not correct for all

potential case-mix factors in the regression analysis. A pre-specified set of case-mix variables

was chosen based on relevancy, availability and clinical consensus. However, as mentioned in

previous studies, variables as gender and comorbidity levels are associated with postoperative

outcomes too [22, 26]. Nevertheless, it is questionable whether or not these case-mix factors

influences the clinicians’ judgement on prehabilitation implementation.

In conclusion, this study showed high technical efficiency variation in colorectal cancer

care for older patients between Dutch hospitals. In addition to higher technical efficiency in

high-volume hospitals and general hospitals, a care pathway including prehabilitation seemed

to be positively related to technical efficiency meaning that hospitals that implemented preha-

bilitation, by indication or as usual care, are technical efficiency benchmarks for the those hos-

pitals that did not. Further prospective research should therefore focus on cost-effectiveness of

prehabilitation and selection criteria for patients that benefit the most from prehabilitation.
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Conceptualization: René J. F. Melis, Huub A. A. M. Maas, Barbara C. van Munster, Marcel G.

M. Olde Rikkert, Johannes H. W. de Wilt, Eddy M. M. Adang.
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