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aBStraCt

INTRODUCTION

Textbook outcome (TO) studies have previously shown that a composite measure can 

provide additional information on the overall quality of surgical care. However, these 

were binominal outcomes which do not give individual hospitals the required informa-

tion on how to improve their performance. The aim of this study is to create an ordered 

TO consisting of multiple outcome parameters for bariatric surgery to assess the extent 

of hospital variation.

METHODS

Patients who underwent a primary bariatric procedure in the Netherlands were included 

for analyses. The outcomes were ordered as mortality, severe postoperative compli-

cations, readmission, mild complications and prolonged length of stay (LOS) within 

30 days after primary surgery with TO defined as none of these outcomes occurring. 

Hospitals were identified with a significantly higher or lower observed/expected ratio 

than expected based on case-mix and the extent of hospital variation was expressed as 

the median and interquartile range (IQR).

RESULTS

From a total of 27,360 patients on average, 88.7%reached TO (range 35.5–96.9%). 

Two hospitals had less than expected TO due to more prolonged LOS (57.6%) in one 

hospital and more mild complications in another (17.1%). Hospital variation was much 

smaller for TO (median OR 0.91 IQR [0.62–1.06]) than for an ordered TO (median POR 

0.66 IQR [0.55–0.96]).

CONCLUSION

Using the ordered TO for bariatric surgery, more hospital variation was captured 

thereby enabling individual hospitals to identify which outcomes and specific groups 

need improvement. This could attribute to the ongoing effort to improve the quality of 

the outcome of bariatric surgery.
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INtrOduCtION

Several studies have shown that bariatric surgery can be considered safe, with a low 

postoperative mortality event rate of less than 1.0%.1-5 The results from the Dutch 

Audit for Treatment of Obesity (DATO) showed similar results.6 Despite these posi-

tive results, between-hospital differences are still visible which offer opportunities for 

quality improvement. To achieve these improvements, several outcome indicators are 

established by DATO.6 However, these outcome indicators provide insight into single 

outcome parameters, but do not necessarily provide insight into the entire care process 

in which different outcome parameters could be related to each other.7, 8

In the field of gastrointestinal cancer surgery and elective aneurysm surgery, a com-

posite measure has been illustrated to give insight in the entire care process and 

make hospital comparison possible.9-11 This composite measure has been described 

as textbook outcome (TO) and since TO covers the most desirable surgical outcomes, 

it gives a better impression of the overall quality of surgical care for the patient.12-14 

The indicator estimates the overall chance for a successful hospital admission and thus 

providing relevant information for the patient. In addition, event rates may be low for 

single outcome parameters, so that small differences between hospitals could be due 

to chance alone. Combining multiple outcome parameters provides more power to 

detect hospital differences and outcomes will be less likely different due to chance 

alone.7 Ultimately, this results in a quality stimulus focused on all outcomes relevant for 

the patient and not only on single surgical outcome indicators.

Previous TO studies have shown that such a composite measure could provide addi-

tional information on the overall quality of surgical care from a patient’s perspective.9-11 

However, the disadvantage of the earlier described TO indicator refers to combining 

all single outcome parameters into one binominal outcome. This binominal outcome 

does not give individual hospitals information where and how to improve if their 

performance is significantly worse than the national average. Ordering the different 

individual outcome parameters would make the composite measure more useful for 

quality improvement by professionals as well as suitable for the patient’s perspective.

The aim of this study is to create a new ordered textbook outcome measure consist-

ing of multiple postoperative outcome parameters for bariatric surgery and to assess 

whether this measure is more distinctive than individual parameters to estimate hospital 

differences.
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methOdS

PATIENT SELECTION

The study was designed as an observational study and unanimously approved by the 

scientific committee of DATO. Data were obtained from the national bariatric registry, a 

specific nationwide audit in which all 18 Dutch bariatric centres participate.6 All patients 

undergoing a primary bariatric procedure between 1 January 2015 and 1 January 2018 

were included for the analyses. Minimal data requirements were date of operation, 

type of surgery, bariatric technique and date of discharge. In addition, the parameters 

readmission, postoperative complications and mortality should be registered, up to 30 

days after the primary surgery.

DEFINITIONS

Postoperative complications within 30 days after primary surgery were recorded by 

Clavien-Dindo Classification of Surgical Complications (CD).15 A mild complication was 

defined as CD-grade I or II and a severe complication was defined as CD-grade III or IV. 

Postoperative mortality, also registered as CD-grade V, was defined as mortality during 

the initial hospital stay or within 30 days after primary surgery.

Readmission was defined as the first readmission after discharge, but within 30 days 

after the initial intervention. A readmission is seen as a complication and therefore mini-

mally marked as a mild complication.16-18 Prolonged length of stay (LOS) was defined as 

discharge more than 2 days after primary procedure.19, 20

PARAMETERS

An ordinal composite outcome measure has been developed in previous research tak-

ing into account mutual relationships between mortality, readmission and prolonged 

length of stay.7, 8 For the present study, members of the DATO scientific committee 

selected internationally described and relevant outcome parameters for desirable 

patient outcome after bariatric surgery.17, 21-24 The measured outcome parameters were 

mortality, severe and mild postoperative complications, readmission and prolonged 

LOS, defined as hospital admission >2 days after primary surgery.

ORDERING OF PARAMETERS

Given possible relationships between the indicators, the hospital may be a positive 

outlier on one indicator and a negative outlier on another, thus requiring ordering to 

create an integral picture of quality of care. Ordering of individual parameters was based 

on expert advice and evidence from literature regarding what patients considered as 

better quality of care.8 Previous research showed that patients considered complica-
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tion after discharge (resulting in readmission) as worse quality of care compared to a 

complication during the same admission (resulting in prolonged LOS).8, 25 Thereby, the 

ordering was defined as worst to best: mortality, severe complications, readmission, 

mild complications and prolonged LOS. Different combinations of these five quality 

indicators are possible within a single patient.

As readmission is considered as a mild complication, the combination of readmission 

and no mild complication is not possible. Similarly, a severe complication, which requires 

an intervention (CD-grade III) or intensive care observation (CD-grade IV) will exclude 

a normal LOS, unless this severe complication was the reason for a readmission. This 

results in 10 different groups in which all patients can be uniquely classified with the 

best group being similar to the textbook outcome in previous research (table 1).

table 1: Ordinal composite outcome, ordered from worst to best.

Group Description

1 Death;

2 Alive, severe complications, readmission, prolonged-LOS after primary surgery;

3 Alive, severe complications, readmission, no prolonged-LOS after primary surgery;

4 Alive, severe complications, no readmission, prolonged-LOS after primary surgery;

Alive, severe complications, no readmission, no prolonged-LOS after primary surgery;

5 Alive, only mild complications, readmission, prolonged-LOS after primary surgery;

6 Alive, only mild complications, readmission, no prolonged-LOS after primary surgery;

7 Alive, only mild complications, no readmission, prolonged-LOS after primary surgery;

8 Alive, only mild complications, no readmission, no prolonged-LOS after primary surgery;

Alive, no severe or mild complications, readmission, prolonged-LOS after primary surgery;

Alive, no severe or mild complications, readmission, no prolonged-LOS after primary surgery;

9 Alive, no severe or mild complications, no readmission, prolonged-LOS after primary surgery;

10 Alive, no severe or mild complications, no readmission, no prolonged-LOS after primary surgery;

VALIDATION

The selection of parameters and ordering of the TO parameters were subsequently 

discussed in various forums, such as the Dutch national indicator days. During these 

days, the health insurers, national health care institute, patient federation and health-

care professionals meet to discuss the validity of different quality indicators. All parties 

have agreed to the proposed ordered parameters and official approval was given to 

continue and carry out the analyses.
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ANALYSIS

First, the percentage was calculated of patients for whom each individual outcome 

quality indicator was met. In addition, the proportion was calculated of patients for 

whom the conditional on all parameters listed above, in the ordered composite out-

come, were met with the final (best) group being the TO. The group of patients is 

subsequently subdivided into one of the 10 ordered TO groups to assess the variation 

between hospitals in reasons why TO is not met, explaining which individual indicator 

is mainly responsible.

Second, a univariate logistic regression model was applied to study the associations 

between selected patient and procedure characteristics and achieving TO. The fol-

lowing characteristics were tested: age, gender, weight, height, BMI, procedure type 

(sleeve gastrectomy, gastric bypass or other procedure), type 2 diabetes mellitus 

(T2DM) (yes/no), hypertension (yes/no), dyslipidaemia (yes/no), gastro oesophageal 

reflex disease (GERD) (yes/no), obstructive sleep apnoea syndrome (OSAS) (yes/no) and 

musculoskeletal pain (yes/no). All variables with p < 0.05 were included in the multivari-

ate logistic regression analysis. Variables that remain independently associated with TO 

in multivariate analyses are relevant for fair hospital comparisons while considering 

potential differences in these patient and procedure characteristics.

Third, we estimated hospital differences in achieving TO using funnel plots with 95% 

control limits (C.I.). These plots were adjusted for those case-mix variables indepen-

dently associated with TO in multivariate analyses. Casemix adjusted funnel plots show 

the actual observed (O) number of events divided by the expected (E) number of events 

on the y-axis (O/E ratio). The expected (E) number of events is displayed on the x-axis. 

A ratio greater than 1.0 indicates that more events have occurred than would have 

been expected based on case-mix of the hospital, while a ratio less than 1.0 indicates 

less events has occurred than would have been expected. We expressed the extent 

of hospital variation by calculating the median O/E ratio with the interquartile range 

(IQR). The same was done for the ordered TO but using an ordinal logistic regression 

analysis to assess which case-mix variables were significantly associated (expressed as 

a proportional odds ratio (POR)).

Finally, to assess whether the ordered TO had better statistical properties in terms of 

identifying hospital differences, the relative efficiency of the TO versus each individual 

indicator was defined. To express the relative efficiency, the median SE of the coef-

ficient of the hospital variable was used from a fixed effect logistic regression including 

hospital in addition to the statistically significant case-mix variables, as the SE reflects 

how precise hospital differences are estimated. This was done both for the ordered TO 
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and the individual indicators and then compared to assess the efficiency of the ordered 

TO in relation to the individual indicators.

Analyses were performed using R version 3.5.1 in combination with the “Companion 

to Applied Regression”-package (car 3.0-2), “A Grammar of Data Manipulation”-

package (dplyr 0.7.6), “Tidy Data Functions”-package (tidyr 0.8.1), “Table 1 Baseline 

Characteristics”-package (tableone 0.9.3), “Convert Statistical Analysis Object”-

package (broom 0.5.0) and “Support Functions and Datasets”-package (MASS 7.3-50).

reSuLtS

A total of 27,360 unique patient records regarding primary bariatric surgery were 

entered by 18 Dutch hospitals. Twenty-seven thousand, two hundred seventy-three 

(27,273; 99.7%) of these records contained complete data and were used for detailed 

analyses.

table 2 shows the number and proportion of patients for whom each desired health 

outcome was realised. A total of 88.7% (n = 24,201) patients reached TO after primary 

bariatric surgery. Looking at the differences between each conditional step in table 2 

mild postoperative complications (2.6%; n = 720) and prolonged LOS (4.4%; n = 1182) 

had the greatest effect on achieving TO for the individual patient.

table 2: Population: percentage of patients for whom the outcome quality indicator was met; Con-
ditional: percentage of patients for whom the outcome quality indicator, but also all outcome quality 
indicators listed above were met.

Population Conditional

N % N %

Patients 27,273

No mortality 27,258 99.9% 27,258 99.9%

No severe complications 26,573 97.4% 26,558 97.4%

No readmission 26,534 97.3% 26,103 95.7%

No mild complications 26,098 95.7% 25,383 93.1%

No prolonged-LOS 25,410 93.2% 24,201 88.7%

Textbook Outcome 24,201 88.7%

To gain insight into the variation between hospitals, each patient was assigned to one 

category of the ordered TO group. The last group, the most favourable group, was 

defined as TO. fig. 1 shows a simple group classification and the variation between 

hospitals, with the emphasis on TO, prolonged LOS, mild complications, severe com-
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plications and mortality. On average, 4.3% (range 0.2%–17.1% between hospitals) of the 

patients had only a mild postoperative complication, and 2.6% (range 0.6%–4.5%) had 

severe postoperative complications. It should be noted that the average for mild post-

operative complications was heavily influenced by one hospital (B) that scored 17.1%. 

In fig. 1, the individual parameter ‘readmission’ is not included, because a readmission 

was by definition considered as a mild complication.
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For a clear overview, fig. 2 shows the distribution of parameters for not achieving TO. 

The figure is a detailed representation of all ordered TO groups of patients who have 

not achieved TO. The outlier of mild postoperative complications in fig. 2 (hospital 

B) is visible. Another significant outlier is hospital G with 57.6% of the postoperative 

patients with a prolonged LOS. The national average was 4.2% (range 1.0%–57.6%). In 

addition, particularly fig. 2 shows the added value of the ordered TO groups above 

only having the binomial TO, thereby showing hospitals for which exact combination 

of outcomes they perform not as good as other hospitals do. For instance, patients 

with only a mild complication or readmission but with a normal LOS might be patients 

discharged too early and require a different type of intervention comparing to patients 

with also a prolonged LOS which might represent more complex patients.

IMPACT OF PATIENT AND PROCEDURE CHARACTERISTICS

Age, procedure type, T2DM, hypertension, dyslipidaemia, GERD and OSAS were fac-

tors associated with achieving TO in univariate logistic regression (table 3). All factors 

remain significant in multivariate logistic regression, except for dyslipidaemia. Factors 

associated with a significantly effect on achieving TO were included in the case-mix 

model. table 3 shows the same case-mix factors remaining significant for both the 

binomial and the ordered TO.

table 3: Patient characteristics.

Non-Textbook
Outcome

Textbook
Outcome

Uni-/multivariate
logistic regression

Ordinal
logistic regression

N % N % p-value OR 95% C.l. OR 95% C.l.

Number of patients 3,072 11.3% 24,201 88.7% - - - - -

Age (mean, years, SD) 45.0 ± 11.3 43.8 ± 11.3 <0.001 0.99* 0.99 – 0.99 0.99 0.99 – 1.00

Gender (female) 2,407 78.4% 19,281 79.7% 0.092 1.08 0.99 – 1.19 - -

Weight (mean, kg, SD) 126.3 ± 21.0 126.5 ± 20.2 0.549 1.00 1.00 – 1.00 - -

Length (mean, cm, SD) 169.3 ± 9.2 169.4 ± 8.9 0.536 1.14 0.75 – 1.74 - -

BMI (mean, kg/m2, SD) 44.0 ± 5.7 44.0 ± 5.5 0.855 1.00 0.99 – 1.01 - -

Sleeve gastrectomy 822 26.8% 5,457 22.5% - REF - REF -

Gastric bypass 2,250 73.2% 18,744 77.5% <0.001 1.25* 1.15 – 1.37 1.28 1.18 – 1.40

T2DM 777 25.3% 4,803 19.8% <0.001 0.73* 0.67 – 0.80 0.82 0.74 – 0.90

Hypertension 1,201 39.1% 8,150 33.7% <0.001 0.79* 0.73 – 0.85 0.90 0.82 – 0.98

Dyslipidaemia 695 22.6% 4,637 19.2% <0.001 0.81 0.74 – 0.89 - -

GERD 403 13.1% 3,079 12.7% 0.555 0.97 0.86 – 1.08 - -

OSAS 674 21.9% 4,361 18.0% <0.001 0.78* 0.71 – 0.86 0.85 0.77 – 0.94

Musculoskeletal pain 1,425 46.4% 10,944 45.2% 0.229 0.95 0.88 – 1.03 - -

Abbreviations: N, number; OR, odds ratio; SD, standard deviation; CI, confidence intervals; T2DM, type 
2 diabetes mellitus; GERD, gastroesophageal reflux disease; OSAS, obstructive sleep apnoea syndrome. 
* factor remains significant after multivariate logistic regression and ordinal logistic regression analyses.
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The variation between hospitals for the individual indicators is shown in fig. 3 which 

again show the outlier hospitals B (on mild complications) and G (on prolonged LOS). It 

also shows that for each individual indicator, other hospitals scored significantly worse 

compared to the national average. A total of 12 out of 18 hospitals performed sig-

nificantly worse on one or more single outcome parameters after case-mix correction, 

suggesting integration of these indicators in the ordered TO.

The case-mix adjusted funnel plot for achieving TO shows the variation between hospi-

tals (fig. 4). Two hospitals scored significantly lower compared to the nationwide aver-

age and two hospitals had significant better scores. Comparing the extent of hospital 

variation in figs. 3 and 4, the IQR is clearly smaller when using the TO and thus smaller 
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hospital variation. In comparison, the ordered TO had a median 0.66 [IQR 0.55–0.96], 

thereby showing the full extent of hospital variation which in part is cancelled out in the 

TO as different hospitals are outliers on the different indicators.

To express the relative efficiency of detecting hospital differences, fig. 5 shows that us-

ing the ordered TO it is 11 times as likely to detect hospital differences when compared 

to mortality alone, about twice as likely compared to complications or readmissions and 

1.2 times as likely compared to prolonged LOS. The relative efficiency of the ordered 

TO is comparable to that of the classic TO but with the advantage of capturing the full 

hospital variation as well as showing hospitals on which indicator they are an outlier.
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dISCuSSION

The present study uses existing previously developed composite outcome measure for 

other indications representing the percentage of patients with TO and added significant 

detail by ordering the different individual outcome parameters after primary bariatric 

surgery to make the TO more useful for quality improvement. The new composite mea-

sure (an ordered TO for bariatric surgery) still has the same properties as a composite 

measure for postoperative outcome quality measurements, not only from a patient’s 

perspective, but also providing more detailed information for the care giver.

It was shown, that for almost 90% of all primary bariatric patients, all desired health 

outcomes were realised. The binomial outcome indicator for achieving TO has smaller 

between-hospital variation as different hospitals were outliers for different indicators 

which cancelled out in the TO but were fully captured in the ordered TO. Besides, qual-

ity improvement of bariatric care has been primarily focused on mortality and morbidity 

rates alone and does not reflect the quality of care completely.26-28 Thus, a hospital 

can score above average on a single indicator mortality, but score poorly on other 

processes regarding postoperative care like prolonged LOS 9, 11, 27 as was also seen in 

the present study. Another statistical pitfall is seen when the incidence and/or variation 

in mortality and morbidity is lacking, it hampers the discriminative ability of a single 

outcome indicator which is why either outcomes or multiple years are combined to 

improve this.28, 29 Finally, outcomes parameters are often related to each other 7, 8, 25 so 

that different hospitals are outliers on different indicators which are cancelled out in the 

dichotomous TO. Therefore, an ordered TO indicator was created to provide a tool in 

distinguishing hospitals, capturing the full extent of the hospital variation, and provide 

additional information for the individual care giver.

This ordered TO provides a good insight in different individual process indicators who 

influence the postoperative outcome. Because each patient can only be classified 

into one of the predetermined categories, there is a clear insight into the differences 

between hospitals for different combination of indicators thereby informing quality 

improvement initiatives. The ordered TO indicator identified hospitals who choose to 

hospitalise patients longer than the recommended 2 days. There were also hospitals 

that discharged their patients within 2 days after primary surgery but had a relatively 

higher percentage of readmissions related to a postoperative complication within 

30 days after primary surgery. Despite the fact that the percentages differed little in 

achieving TO, there seem enough opportunities for hospitals to improve on individual 

indicators and their combinations given the variation.
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Non-influential factors such as patient characteristics are often decisive for the type of 

procedure.30 These factors can have an influence on achieving TO, while this has no 

direct relation with surgical expertise or team effort by the hospital. It is remarkable that 

the present study showed that a gastric bypass is associated with a higher likelihood 

(OR) of achieving TO compared to sleeve gastrectomy, while recent literature claims 

the opposite.31, 32 This is most probably due to the large number of RYGB procedures in 

the Netherlands and the associated experience gained with this procedure.

STUDY LIMITATIONS

Previous data verification by an independent third party showed no overall differences 

in patient, procedure and outcome data.6 Therefore, it is unlikely that the results would 

have been influenced by the missing of almost 1% of the patient’s data.

The present study indicated more than 10% of the primary operated patients did not 

achieve TO. The indicators ‘mild complication’ and ‘prolonged LOS’ were found to 

have the largest impact on achieving TO but were not associated with a reintervention 

or permanent morbidity. Therefore, these indicators may be considered as a ‘minor 

morbidity’ and it could be a point of discussion whether these indicators should be 

included in the definition of ‘textbook outcome’ as earlier discussed by Kolfschoten et 

al.9 However, previous studies have shown that patients are willing to travel further for 

better quality of care.33 Therefore, they were included in our suggested ordered TO for 

bariatric surgery.

At this moment, we have not applied a weighting for each parameter in this ordered 

TO, in the absence of evidence in the current literature of what the weight for each step 

or parameter

should be. There is however evidence on ordering of the different parameters, which 

was the rationale of developing an ordered TO.

Another possible limitation of this study could be the absence of long-term follow-up 

results. However, long-term follow-up results reflect the quality of care given 5 years 

earlier. Short-term information reflects recently delivered care and is therefore more 

suitable and actionable for performance measures and inducing quality improvement 

cycles.

IMPLICATIONS FOR THE FUTURE

Now, the new indicator can be embedded in the current audit cycle, enhancing the 

insight of short-term postoperative complications per institute, whereby hospitals re-
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ceive information on the short-term postoperative outcomes in a composite measure. 

In addition, different process parameters will be identified for each individual hospital 

in order to (further) improve the quality of care.

Furthermore, long (er)-term outcomes will have to be analysed to assess whether these 

are associated with the existing TO indicator. This will outline a completer picture of the 

full postoperative bariatric care process in each individual hospital.

CONCLuSION

An ordered textbook outcome for bariatric surgery is suggested as a composite mea-

sure for short-term postoperative outcome after bariatric surgery. Most importantly, 

individual hospitals can identify differences in outcome indicators using this ordered 

TO, whereas these may remain hidden in the previously developed binomial TO. This 

between-hospital variation may initiate an improvement cycle that will result in hospital 

and surgical quality improvements and therefore improve the clinical outcome of bar-

iatric surgery.
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