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Abstract

Introduction Bariatric surgery aims for optimal patient outcomes, often evaluated through the percentage total weight loss
(%TWL). Quality registries employ funnel plots for outcome comparisons between hospitals. However, funnel plots are
traditionally used for dichotomous outcomes, requiring %TWL to be dichotomized, potentially limiting feedback quality.
This study evaluates whether a funnel plot around the median %TWL has better discriminatory performance than binary
funnel plots for achieving at least 20% and 25% TWL.

Methods All hospitals performing bariatric surgery were included from the Dutch Audit for Treatment of Obesity. A funnel
plot around the median was constructed using 5-year %TWL data. Hospitals positioned above the 95% control limit were
colored green and those below red. The same hospitals were plotted in the binary funnel plots for 20% and 25% TWL and
colored according to their performance in the funnel plot around the median. We explored the hospital’s procedural mix in
relation to %TWL performance as possible explanatory factors.

Results The median-based funnel plot identified four underperforming and four outperforming hospitals, while only one
underperforming and no outperforming hospitals were found with the binary funnel plot for 20% TWL. The 25% TWL
binary funnel plot identified two underperforming and three outperforming hospitals. The proportion of sleeve gastrectomies
performed per hospital may explain part of these results as it was negatively associated with median %TWL (= —0.09,
95% confidence interval [—0.13 to—0.04]).

Conclusion The funnel plot around the median discriminated better between hospitals with significantly worse and better
performance than funnel plots for dichotomized %TWL outcomes.

Keywords Total weight loss - Hospital performance - Median-based funnel plot - Performance evaluation

Introduction

Bariatric surgeons aim to achieve the best possible out-
comes for their patients, with the percentage of achieved
total weight loss (%TWL) [1, 2] used as a primary outcome
in many studies. Increasingly, national quality registries are

Key Points

e %TWL remains the most important outcome in bariatric surgery
and plays a vital role in evaluating hospital performance.

o Hospital performance is often evaluated using funnel plots, in
which their performance is compared to the benchmark.

o For %TWL, a median-based funnel plot is better at detecting
hospitals with outlier performance than a binary-based funnel
plot for outcomes such as achieving 20% TWL.

o The discovery of variation between hospitals facilitates the
search for explaining factors.

Extended author information available on the last page of the article
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established that provide feedback to healthcare providers
on how their performance compares with other providers,
which applies to bariatric surgery as well [3, 4]. A frequently
used graphical display to give such feedback is the funnel
plot. Funnel plots are constructions of control limits around
a benchmark which enables identification of hospitals with
significantly worse and better outcomes (so called outliers)
[5]. The intention in providing this feedback and identify-
ing outlier hospitals is that those with significantly worse
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performance will investigate the reasons for this perfor-
mance and then start initiatives to improve their care, which
will ultimately benefit patients. As such, funnel plots are
useful tools that can give direction for improvement [5—10].

However, funnel plots were designed for binary out-
comes, such as mortality or the occurrence of a complication
[9, 11, 12] but are now also used for continuous outcomes
such as %TWL, which are therefore dichotomized to fit the
funnel plot format [13]. For instance, cutoffs are based on a
norm or guideline stating whether an outcome is considered
good or appropriate. In bariatric surgery, %TWL is often
categorized into achieving at least 20% TWL to indicate
adequate weight loss [14—16], although in some instances,
25% is regarded as a more favorable indicator for successful
treatment [17], and therefore, such dichotomized outcomes
are used for comparing hospital performances [13]. How-
ever, when dichotomizing continuous outcomes like %TWL
rather than using the whole distribution, information gets
lost, and thereby also the power to detect differences in per-
formance between hospitals [7, 9]. The use of binary funnel
plots in examining hospital performance on %TWL thereby
only investigates the tail of the distribution, i.e., whether a
hospital has fewer patients achieving 20% TWL, but this
does not necessarily mean that patients in that specific hos-
pital in general experience lower %TWL. Using a funnel plot
that would show whether the entire distribution of %TWL is
significantly different from other providers might therefore
point to additional possibilities for improvement.

Hence, the aim of the current study was to compare hos-
pitals identified as outlier based on a funnel plot around
the median %TWL at 5 years versus binary funnel plots of
achieving at least 20% and 25% TWL. Furthermore, the cur-
rent study will explore possible reasons for the performance
of outlier hospitals.

Methods
Setting

The data used for this study were derived from the Dutch
Audit for Treatment of Obesity (DATO). DATO is a nation-
wide, mandatory quality registry for metabolic and bariat-
ric surgery in the Netherlands that collects data on patient
characteristics, procedures, complications, and follow-up
since 2015 [18, 19]. On-site data verification has proven
high validity of the data [20]. All Dutch bariatric clinics
participate in this registry, thereby gaining valuable insights
in the quality of bariatric care in everyday clinical prac-
tice. Healthcare quality is monitored through indicators that
provide national benchmarks including the percentage of
patients achieving at least 20% TWL during follow-up from
1 up to 5 years after surgery.

The study protocol was approved by the DATO scientific
committee. In accordance with Dutch regulations informed
consent was not obtained, as DATO is an opt-out registry.
The current study was performed in accordance with the
ethical standards as stated in the declaration of Helsinki of
1964 and its later amendments.

Patients, Definitions, and Outcomes

Weight loss expressed in %TWL at 5 years was the
basis for the primary analysis, in line with the objective
to achieve the best long-term outcomes. The outcome
%TWL is calculated as [weight at screening — weight at
follow-up] / weight at screening X 100%. All patients who
underwent primary bariatric surgery between October 1,
2016, and September 30, 2017, with registered weight
at baseline and at 5 years were considered eligible for
analysis, which resulted in 15 hospitals being analyzed.
Follow-up years are defined in DATO with an approxima-
tion of +/— 3 months, meaning that any follow-up between
9 and 15 months is considered a 1-year follow-up moment,
and any follow-up between 57 and 63 months is consid-
ered a 5-year follow-up moment, thereby taking follow-up
until January 1, 2023, into account. As national policies
and regulations do not permit patient-linkage between
hospitals, potential revisional surgery after the primary
surgery could not be accounted for.

Hospital performance and outlier status were compared
between a funnel plot around the median %TWL, and binary fun-
nel plots using two different cutoff points, i.e., achieving at least
20% and 25% TWL. The cutoft 20% is commonly used with 25%
added from a perspective of continuous quality improvement,
as done in previous studies [13, 17, 21]. Outlier status means
performing either significantly better (outperformer) or worse
(underperformer) than the national benchmark.

Statistical Analysis

First, the %TWL distribution at 5 years was analyzed by
plotting a histogram, which was also used to determine the
nationwide median and percentage of patients achieving 20%
TWL and 25% TWL. Histograms were also created for each
hospital separately, to explore possible differences in distri-
butions. Second, a funnel plot around the median was cre-
ated which compared the median %TWL of each hospital to
the nationwide median, with outliers given a color according
to their position with respect to the 95% control limits. Hos-
pitals positioned below the 95% control limit (underperform-
ers) were colored red, hospitals above the 95% control limit
(outperformers) were colored green, and hospitals within
the control limits were performing conform the nationwide
median and therefore colored grey (see appendix for statisti-
cal code to create the funnel plot around the median). The
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median rather than the mean %TWL per hospital was chosen
because of its better representation of the overall distribu-
tion. Third, the binary funnel plot for achieving at least 20%
TWL (yes/no) was created, and hospitals were depicted in
this funnel plot using the colors reflecting their performance
from the funnel plot around the median as described above.
In this way, it is shown how hospitals with a significantly
worse (i.e., lower) %TWL distribution would have been
missed, i.e., considered performing conform the nationwide
benchmark in the binary funnel plot, and thereby missed the
incentive to investigate and start improvement initiatives.
Fourth, the same analyses were repeated with the binary
funnel plot for achieving at least 25% TWL (yes/no).

Post-Hoc Exploratory Analysis

Decisions on procedure type may explain differences in the
%TWL distribution, which may be based on hospital prefer-
ence rather than patient-mix, as shown in a previous study
[13]. Sleeve gastrectomy (SG) and gastric bypass procedures
(i.e., Roux-en-Y gastric bypass (RYGB), banded RYGB, or
one anastomosis gastric bypass (OAGB), depending on the
hospital’s preference), are the two types of surgery that are
practiced most. Therefore, the proportion of these procedures
performed per hospital was included as the independent vari-
able in a linear regression analysis for the outcome %TWL.
As RYGB is the most commonly performed surgery in the
Netherlands [4], the proportion of this type of gastric bypass
was analyzed separately. This approach will provide insight
whether a difference in %TWL distribution may be driven
by the choice in procedure type, which could be among the
things for underperforming hospitals to investigate. In case
of an identified association, funnel plots were separately con-
structed for SG and RYGB as well to explore whether hospital
variation remains within patients undergoing these procedures.

Sensitivity Analysis

As feedback with funnel plots supports local improvement
cycles, it could be preferable to have feedback on outcomes
that are achieved by more recent treatment strategies, such
as l-year outcomes. Therefore, similar funnel plots as in
the primary analysis were constructed using the outcome
%TWL at 1 year for patients operated in the same period
(i.e., October 1, 2016, until September 30, 2017). In this
way, it was possible to examine whether the same hospitals
are identified as outliers in the funnel plot for 1- and 5-year
outcomes, thereby exploring whether the performance at
1 year is predictive for their performance at 5 years. The
same approach as in the primary analysis was used for ana-
lyzing choice of procedure type as an explanatory factor.

@ Springer

Validation

To validate the performance of the median-based funnel plot
in a different patient cohort, we created funnel plots for the
outcome %TWL at 1 year including all patients receiving
primary surgery in 2021 (i.e.,operated between October 1,
2020, and September 30, 2021). All statistical analyses were
performed using RStudio version 2023.06.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Between October 1, 2016, and September 30, 2017, 8907
patients received bariatric surgery. Of these, 3971 patients
(44.6%) had registered follow-up weight at 5 years and
were therefore included in the analysis. As shown in Fig. 1,
%TWL at 5 years followed a normal distribution with the
median TWL at 27.9%, and overall, 78.8% of patients
achieved >20% TWL and 62.4% achieved >25% TWL.
Normal %TWL distributions were found for all hospitals
(see supplementary Fig. 1).

As shown in Fig. 2A, four hospitals had significantly bet-
ter distribution of 5-year %TWL than the nationwide median
and were therefore depicted in green. In addition, four hos-
pitals had significantly worse distribution, i.e., lower %TWL
than the nationwide median and were therefore depicted in
red. Figure 2B shows that these hospitals with significantly
better %TWL distribution would not have been identified
with a binary funnel plot using the 20% TWL cutoff, and that
only one of the underperforming hospitals with significantly
worse %TWL distribution would have been identified. By
not getting a signal of underperformance, these hospitals
would likely not have initiated any improvement initiatives
to improve weight loss.

Fig. 1 Histogram of %TWL outcomes at 5 years showing an approxi-
mately normal distribution. Left from the dashed orange line are all
patients with<20% TWL and left from the dashed blue line are all
patients with<25% TWL. The solid black line displays the position
of the median (m)
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Number of patients receiving primary surger Number of patients receivin:

Fig.2 Total weight loss outcomes at 5 years per hospital, displayed
in three different types of funnel plots. Each diamond represents a
hospital. A Funnel plot constructed around the nationwide median
%TWL. The median %TWL of hospitals falling above the 95% con-
trol limit was significantly higher than the nationwide median and
these are therefore colored green. Hospitals falling below the 95%
control limit performed significantly worse than the nationwide
median and are therefore colored red. B Funnel plot constructed

Figure 2C shows that using the 25% TWL threshold in
a binary funnel plot would have identified three of the four
outperforming hospitals and two of the four underperform-
ing hospitals, so also with this higher threshold there would
be hospitals not getting a signal when a binary funnel plot
was used even though they overall achieved less favorable
%TWL results. Hospitals with a performance consistent
with the nationwide median were never an outlier on the
binary funnel plots.

Post-Hoc Exploratory Analysis

In the exploratory analysis, a higher proportion of SG
performed per hospital was associated with lower median
%TWL at 5 years (f= —0.09; 95% CI [—0.13 ——0.04],
P <0.001), which translates to a decline of 0.9% TWL
for every 10%-points increase in proportion of SG per-
formed. On the other hand, the proportion of gastric
bypass performed (i.e., RYGB, banded RYGB, or OAGB)
was associated with higher median %TWL (#=0.09;
95% CI [0.04-0.13], P <0.001), while the proportion of
solely RYGB was not associated with %TWL at 5 years
(f=-0.01, 95% CI [-0.06, 0.04], P=0.71). Further-
more, stratified by procedure type (i.e., SG and RYGB),
variation between hospitals remained as shown in the fun-
nel plots around the median in supplementary figs. 2 and
3, indicating that non-procedure-related aspects influence
the performance on the %TWL distribution as well.

e00

for the binary outcome >20% TWL (yes/no). Hospitals are colored
according to their performance in the funnel plot around the median.
C Funnel plot constructed for the binary outcome>25% TWL (yes/
no). Hospitals are colored according to their performance in the fun-
nel plot around the median. Average performer means that the hos-
pital performed consistent with the nationwide median. TWL =total
weight loss, CI=confidence interval

Sensitivity Analysis

Of the patients operated between October 1, 2016, and Sep-
tember 30, 2017, 7,461 cases (83.8%) had registered weight
at 1 year and were therefore included in the sensitivity analy-
sis. Median TWL at 1 year was 32.1%, with 93.7% and 81.7%
of patients achieving >20% TWL and >25% TWL, respec-
tively. Figure 3 shows the differences in identification of bet-
ter and worse performers in a funnel plot around the nation-
wide median and for achieving >20% and > 25% TWL, with
no outliers being detected in both binary funnel plots, while
three underperformers and three outperformers were identi-
fied in the funnel plot around the median. No significant asso-
ciation with %TWL at 1 year was found for the proportion of
performed SG (= —0.03, 95%CI [-0.07-0.00], P=0.052),
gastric bypass (#=0.03, 95%CI [0.00-0.07], P=0.053), or
RYGB (= -0.02,95% CI [-0.05, 0.01], P=0.21).

Two of the three underperforming hospitals at 1 year were
also underperforming hospitals at 5 years and all three out-
performing hospitals at 1 year were also outperformers at
5 years, as shown in Table 1.

Validation

When analyzing patients from a different cohort (i.e., oper-
ated between October 1, 2020, and September 30, 2021),
the analysis yielded similar results. As shown in supple-
mentary Fig. 4, the median-based funnel plot identified
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\umber of patients receiv

Fig.3 Total weight loss outcomes at 1 year per hospital, displayed
in three different types of funnel plots. Each diamond represents a
hospital. A Funnel plot constructed around the nationwide median
%TWL. The median %TWL of hospitals falling above the 95% con-
trol limit was significantly higher than the nationwide median and
these are therefore colored green. Hospitals falling below the 95%
control limit performed significantly worse than the nationwide
median and are therefore colored red. B Funnel plot constructed

Table 1 Concordance of the 1-year performance with the 5-year perfor-
mance according to the position in the funnel plots around the median
for the outcomes %TWL at 1 and 5 years. Average performer means that
the hospital performed consistent with the nationwide median

5-year results

ng primary surgery Number o

1-year results

Outperformer

Average performer

Underperformer

Outperformer

3

0

0

Average performer

1

6

2

Underperformer

0

1

2

9 hospitals with outlier performance (4 underperformers
and 5 outperformers) on %TWL outcomes at 1 year, with
none of these hospitals identified when using the binary
funnel plots.

Discussion

The current study showed that for the continuous outcome
%TWL at 5 years, a funnel plot around the median had bet-
ter discrimination compared to funnel plots for the dichoto-
mized outcomes > 20 and > 25%TWL. Four hospitals were
identified as achieving a significantly better % TWL distribu-
tion at 5 years, which would have been missed when a binary
funnel plot with a 20% cutoff was used, and only three of
these were identified using the 25% cutoff. Four hospitals
were identified as achieving significantly worse %TWL dis-
tribution, with only one of these identified when using the
20% cutoff, and two when the 25% cutoff was used. The
exploratory analysis showed that a higher proportion of SGs

@ Springer
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f patients receiving primary surgery

for the binary outcome >20% TWL (yes/no). Hospitals are colored
according to their performance in the funnel plot around the median.
C Funnel plot constructed for the binary outcome>25% TWL (yes/
no). Hospitals are colored according to their performance in the fun-
nel plot around the median. Average performer means that the hos-
pital performed consistent with the nationwide median. TWL =total
weight loss

performed was associated with achieving lower %TWL at
5 years, suggesting that choice of procedure partly explains
why some hospitals achieve overall worse %TWL results
although part of the variation between hospitals remained
even when stratified by procedure.

The use of funnel plots for evaluating hospital perfor-
mance is not new [3, 5, 10, 22, 23], but continuous out-
comes are often dichotomized to fit a binary funnel plot
format rather than that a funnel plot for a continuous out-
come is used. [13, 24] The current study showed that use
of a binary funnel plot for continuous outcomes resulted in
suboptimal feedback, as fewer hospitals were identified by
the commonly used cutoffs for achieving adequate %TWL,
thereby showing the added value of this new type of funnel
plot. Furthermore, since all outliers in the binary funnel
plot were also outliers in the funnel plot around the median,
the binary funnel plot appears to have no advantages. This
might be due to %TWL being normally distributed, but
could be different for a skewed distribution (e.g. many
patients not achieving 20%TWL despite the hospital’s
median not deviating from the nationwide median) [25].
For such skewed distributions, both types of funnel plots
can be used together, as they highlight whether improve-
ment should be pursued for all patients or only for a sub-
population not achieving the specific threshold [25]. How-
ever, for the normally distributed outcome %TWL, there
appears to be no added value of using a binary funnel plot.

The association between the proportion of SGs per-
formed per hospital and lower %TWL at 5 years found in
the post hoc exploratory analysis, is in line with findings of
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previous studies [26—28]. In contrast, such an association
was not found for %TWL at 1 year. The disparity in these
findings may be attributable to the increased occurrence of
weight recurrence after 1 year among patients receiving SG,
as shown in a previous study [29]. Consequently, the two
hospitals with the highest SG percentages showed a perfor-
mance consistent with the national median regarding %TWL
at 1 year but were underperformers at 5 years. Notably, the
proportion of RYGB procedures performed per hospital was
not associated with %TWL, suggesting that other gastric
bypass procedures than RYGB might result in the highest
%TWL, such as OAGB or banded gastric bypass techniques
[30, 31]. In addition, since variation in performance per-
sisted when the funnel plots were stratified by procedure
type, non-procedure-related factors likely influence %TWL
as well. The degree of achieved preoperative weight loss or
patient characteristics such as socio-economic status could
explain part of the remaining variation [32, 33], but addi-
tional research might reveal further factors responsible for
achieving a significantly better %TWL distribution.

The sensitivity analysis for %TWL at 1 year showed the
superior performance of the funnel plot around the median as
well, revealing three underperforming and three outperform-
ing hospitals. Both binary funnel plots were not able to iden-
tify any outliers, probably because the threshold values 20%
and 25% were too distant from the national median of 32.1%
TWL, with only 6.3 and 18.3% of patients falling below
these thresholds, respectively. When comparing the funnel
plot around the median for the 1- and 5-year outcomes, a
hospital’s position in the funnel plot for the 1-year outcome
predicted their position in the funnel plot for the 5-year out-
comes in most cases. This suggests that short-term results are
indicative for the hospital’s long-term weight loss outcomes.

In current practice, many quality indicators are based on
dichotomous variables or are dichotomized using cutoffs as
done for %TWL [13, 18]. For continuous variables, the cur-
rent study showed that national quality registries should likely
replace the binary funnel plot for a more suitable funnel plot
that incorporates information from the entire distribution such
as the funnel plot around the median, or at least add the latter
funnel plot depending on the variable’s distribution. Because
the funnel plots around the median were better able to dis-
criminate between healthcare providers in their performance,
they can provide hospitals with an incentive to search for
explanations for the performance. To date, Dutch hospitals
were assumed to all have similar weight loss results because
of the way the results were presented to them. If a switch
were to be realized, the motivation for hospitals to further
optimize weight loss results could be invigorated. Although
the achieved weight loss can be considered satisfactory and
good for all hospitals, in the context of continuous quality
improvement one should continue to strive for the best pos-
sible patient outcomes. The current study shows how some

hospitals may still improve further. As the 1-year performance
was predictive in many cases for long-term outcomes, the fun-
nel plot around the median could assist in the early discovery
of suboptimal weight loss, which could result in initiatives to
reconsider local protocols or treatment strategies.

Some limitations of the current study should be noted. First, it
must be considered that good clinical performance entails more
than just weight loss. Other outcomes are equally important,
such as improvement of comorbidities, absence of complica-
tions, and patient-reported outcomes. Therefore, it should be
noted that attaining the greatest weight loss does not necessar-
ily reflect the best outcome for the patient. Subsequently, in the
future, other outcomes should be created to evaluate outcomes
of bariatric surgery and complement the %TWL funnel plot, for
example a composite outcome measure including all the afore-
mentioned aspects involving optimal outcome. Nevertheless,
to date, Dutch hospitals were thought to have similar weight
loss outcomes, as the binary funnel plot was mostly not able to
show variation, whereas in fact the new funnel plot pointed out
that differences do exist. Together with other quality indicators
such as complication rates [12, 18], it thereby enables better
self-evaluation for bariatric clinics. Second, the current study did
not consider whether patients received revisional surgery, such
as conversion to another technique, which could have influenced
%TWL. However, it is likely that patients receiving SG more
often experienced weight recurrence with subsequent revisional
surgery, and therefore these patients would have experienced
even lower %TWL if revisional surgery had not been performed.
[29] Therefore, the assumption that the proportion of SGs per-
formed is associated with lower %TWL at 5 years can still be
deemed valid. Last, future research should reveal whether apply-
ing the median-based funnel plot in other populations yields
similar results. The current study showed that the superiority
of the median-based funnel plot persisted following (internal)
validation in a different patient cohort. However, since the dis-
tribution of %TWL might be different in other countries, further
validation in a different country would confirm its added value.

Conclusion

In the pursuit of improving healthcare-related outcomes,
discovering variation between hospitals is an important
first step. Funnel plots are then a useful tool, but the way in
which such a funnel plot is constructed is of great impor-
tance. When variation is found, the next step is to search
for explanations for this variation before improvement
initiatives can be initiated. The current study elucidated
that for %TWL, a funnel plot around the median had bet-
ter discrimination than a funnel plot for the dichotomized
outcomes > 20 and > 25% and therefore should preferably
be used when comparing weight loss outcomes so that the

entire distribution is taken into account.
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11695-024-07195-4.
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