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WHAT THIS PAPER ADDS

The peri-operative outcome of carotid endarterectomy is still mostly reported as a composite end point of
combined ipsilateral stroke and death rate, both at individual patient level and at hospital level. This paper
shows that textbook outcome, a composite measure achieved for an individual patient when all undesirable
outcomes are absent, could be added to individual outcome measures to better evaluate hospital performance,
especially in surgical interventions with low baseline risk such as carotid interventions.
Objective: Composite measures may better objectify hospital performance than individual outcome measures
(IOM). Textbook outcome (TO) is an outcome measure achieved for an individual patient when all undesirable
outcomes are absent. The aim of this study was to assess TO as an additional outcome measure to evaluate
quality of care in symptomatic patients treated by carotid endarterectomy (CEA).
Methods: All symptomatic patients treated by CEA in 2018, registered in the Dutch Audit for Carotid
Interventions, were included. TO was defined as a composite of the absence of 30 day mortality, neurological
events (any stroke or transient ischaemic attack [TIA]), cranial nerve deficit, haemorrhage, 30 day
readmission, prolonged length of stay (LOS; > 5 days) and any other surgical complication. Multivariable
logistic regression was used to identify covariables associated with achieving TO, which were used for casemix
adjustment for hospital comparison. For each hospital, an observed vs. expected number of events ratio (O/E
ratio) was calculated and plotted in a funnel plot with 95% control limits.
Results: In total, 70.7% of patients had a desired outcome within 30 days after CEA and therefore achieved TO.
Prolonged LOS was the most common parameter (85%) and mortality the least common (1.1%) for not achieving
TO. Covariates associated with achieving TO were younger age, the absence of pulmonary comorbidity, higher
haemoglobin levels, and TIA as index event. In the case mix adjusted funnel plot, the O/E ratios between
hospitals ranged between 0.63 and 1.27, with two hospitals revealing a statistically significantly lower rate of
TO (with O/E ratios of 0.63 and 0.66).
Conclusion: In the Netherlands, most patients treated by CEA achieve TO. Variation between hospitals in
achieving TO might imply differences in performance. TO may be used as an additive to the pre-existing IOM,
especially in surgical care with low baseline risk such as CEA.
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INTRODUCTION

The main focus when evaluating the quality of surgical care
is outcome measures.1 Simply measuring these outcome
measures could lead to improvement in quality of care.2

These individual outcome measures (IOM) are undis-
putedly meaningful, as they refer directly to the focus of
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improvement opportunity. However, they do not reflect the
whole process of surgical care and therefore do not assess
overall hospital performance. Additionally, the incidence of
IOM in low risk surgical care, such as the treatment of
patients with carotid artery stenosis by carotid endarter-
ectomy (CEA), is low with procedural stroke and death rates
of <5%. Therefore, IOM are unsuitable to assess significant
changes over time or differences in complication rates be-
tween hospitals. Composite measures, consisting of multi-
ple IOMs, for instance stroke and/or death, are therefore
widely used tools to assess improvement in outcome in
carotid surgery trials.3

In the Netherlands, carotid surgery care quality is eval-
uated using a mandatory, nationwide, population based
registry, the Dutch Audit for Carotid Interventions (DACI), in
which all consecutive patients undergoing carotid revascu-
larisastion are registered. The first DACI analysis did not
reveal much variation between hospitals for IOM, implying
that the quality of carotid surgery care in the Netherlands is
generally good.4 Theoretically, composite measures can
better explain the variation between hospitals in overall
performance.5 One of these composite measures as
described in other surgical fields is textbook outcome
(TO).6e10 TO is achieved for an individual patient when all
undesirable outcomes, such as complications, are absent. A
difference in TO between hospitals implies a variation in
quality of care provided.

The aim of this study was to assess the value of TO as an
additional outcome measure to evaluate quality of care in
symptomatic patients treated by CEA.
MATERIALS AND METHODS

Patient selection

All patients with symptomatic moderate to severe carotid
stenosis undergoing CEA in 2018 that were registered in the
DACI were included in this study.4 The DACI is managed by
the Dutch Society for Vascular Surgery (DSVS), a profes-
sional national association for vascular surgeons, and facil-
itated by the Dutch Institute for Clinical Auditing. Patients
undergoing carotid artery stenting or asymptomatic pa-
tients were excluded from this analysis as these differ in
outcome. As treatment of asymptomatic patients and
stenting in general rarely occur in the Netherlands, these
subgroups are very small. The minimum data requirements
were type of surgery, presence of index event, and the date
of CEA (used to determine the year of inclusion). No ethical
approval or informed consent was required for this study
under Dutch law.
Definition of textbook outcome and its parameters

The definition of TO was determined by the scientific
committee of the DACI, which is mandated by the DSVS. It
comprises the absence of all the following IOM, as regis-
tered by the DACI: no mortality during admission and/or
within 30 days after CEA, no post-operative neurological
events within 30 days, no post-operative cranial nerve
deficit, no post-operative haemorrhage, no readmission
within 30 days after discharge, no prolonged length of
hospital stay (LOS) and no other post-operative surgical
complications. TO was calculated as the number of patients
who achieve TO (as a binary outcome) divided by the total
number of patients included. If data were missing for one of
the parameters of the TO, TO could not be achieved.

Post-operative neurological events were defined as either
transient ischaemic attack (TIA), cerebral haemorrhage and/
or ischaemic stroke, both ipsilateral and contralateral. Pro-
longed LOS was specified as a hospital admission >5 days,
counting from the day of CEA. This cutoff point was chosen
by the scientific committee of the DACI, consisting of
vascular surgeons mandated by the DSVS. Non-surgical
complications (e.g., urinary tract infections or pneumo-
nias) were not part of the definition of the TO as non-
surgical complications are potentially interpreted differ-
ently by hospitals and at risk of over or under reporting.
Additionally, it is believed that in the absence of surgical
complications, prolonged LOS is a better proxy for non-
surgical complications. As severe non-surgical complica-
tions will lead to a prolonged LOS, TO will not be achieved
in these patients.
Other definitions

Pulmonary comorbidity was scored if there was shortness
of breath at rest or while moving due to pulmonary disease,
and/or visible consolidations and/or signs of fibrosis on
chest imaging in the medical history. Cardiac comorbidity
was defined as presence of hypertension, angina, car-
diomegaly, cardiomyopathy, or abnormalities on ECG (e.g.,
atrial fibrillation) in the medical history.
Statistical analysis

All statistical analyses were performed with R software
(version 1.1.383). Continuous values were expressed as
mean � standard deviation (SD) and nominal variables as
count and percentages. The chi square test was used to
compare categorical data for (not) achieving TO. The
ManneWhitney U test was used for comparison of the
normally distributed continuous variables.

Logistic regression analyses were performed to identify
patient characteristics that are predictors of achieving TO.
The covariables used were age (in years, continuous), sex,
pulmonary comorbidity, cardiac comorbidity, any previous
CEA, pre-operative haemoglobin levels (mmol/L, contin-
uous), creatinine levels (mmol/L, continuous), systolic blood
pressure (mmHg, continuous), and type of index event (TIA
or stroke). After univariable analysis, covariables with a p
value of < .10 were included for the multivariable regres-
sion model. The discrimination of the regression model was
tested using a receiver operator curve (ROC) to estimate the
area under the ROC (AUC). Covariables independently
associated with TO in multivariable analysis were consid-
ered relevant case mix factors and were therefore used for
hospital comparison.



Patients treated surgically for carotid artery stenosis in 2018
n = 2 528

Excluded:
  Asymptomatic patients (n = 80)
  Patients treated with carotid artery
  stenting (n = 79)

Patients eligible for analysis
n = 2 374

Figure 1. Flowchart of inclusion and exclusion criteria of patients
treated surgically for carotid artery stenosis to assess textbook
outcome, determined by the Dutch Institute for Clinical Auditing,
as an additional outcome measure to evaluate quality of care in
symptomatic patients treated by carotid endarterectomy.

Table 1. Complication rates after 2 374 carotid
endarterectomies (CEAs) per indicator and stepwise
addition of each parameter within textbook outcome (TO),
determined by Dutch Institute for Clinical Auditing, as an
additional outcome measure to evaluate quality of care in
symptomatic patients for carotid artery stenosis

Indicator Patients treated by CEA (n [ 2 374)

Individual
complications

Build up TO

No mortality 2 347 (98.9) 2 347 (98.9)
No post-operative

neurological event
2 313 (97.4) 2 294 (96.6)

No post-operative
cranial nerve deficit

2 332 (98.2) 2 254 (94.9)

No post-operative
haemorrhage

2 290 (96.5) 2 177 (91.7)

No readmission 2 128 (89.6) 1 967 (82.9)
No prolonged LOS 2 018 (85.0) 1 697 (71.5)
No other post-operative

surgical complication
2 330 (98.1) 1 679 (70.7)

TO 1 679 (70.7)

Data are n (%). LOS ¼ length of stay; TO ¼ textbook outcome.
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To explore the association between volume and achieving
TO, hospitals were categorised by volume into tertiles:
hospitals with <35 CEAs were classified as low volume,
hospitals with 35e53 CEAs were classified as medium vol-
ume, and hospitals with >53 CEAs as high volume. The chi
square test was used to compare achieving TO at patient
level in the different volume categories.

Additionally, hospitals achieving TO were compared using
funnel plot with 95% confidence intervals (CIs). The funnel
plot was adjusted for the case mix factors identified by the
multivariable analysis. On the y axis, the actual observed
number of events are divided by the expected number of
events (O/E ratio), estimated using the case mix factors,
resulting in an O/E ratio for each hospital. On the x axis, the
expected number of events are displayed. If the ratio is > 1
(illustrated by the dotted line), the hospital has more pa-
tients with TO than would be expected. If the ratio is < 1,
the hospital has fewer patients with TO than would be
expected and therefore performs worse.

Lastly, as the cutoff point of the prolonged LOS was
chosen by the scientific committee of the DACI, a sensitivity
analysis was performed to investigate whether changes in
the cutoff point would result in different outliers in TO.
RESULTS

In total, 2 528 patients were registered in 2018 in the DACI.
After the exclusion of asymptomatic patients (n ¼ 80, 3.2%)
and patients treated by CAS (n ¼ 79; 3.1%), 2 374 patients
from 52 hospitals were included in the study (Fig. 1).
Rates of complications and textbook outcome

The complication rate per IOM and for stepwise addition of
parameters for TO are shown in Table 1. TO was achieved in
1 679 patients (70.7%). Mortality within 30 days after CEA
was the least frequent parameter (1.1%). Prolonged LOS
was the most frequent parameter (15%), followed by
readmission (10.4%). However, readmission had the highest
number of missing values (6.3%) with missing rates ranging
from 0% up to 91% per hospital. All other parameters had
missing values below 2%.
Textbook outcome on the patient level

Patient characteristics are shown in Table 2. Mean age was
73 � 9 years and 70% were male. Most patients had cardiac
comorbidity (75%) and 22% had a pulmonary comorbidity.
One hundred and ten patients had previously undergone
CEA (either ipsilateral, contralateral, or both). Patients more
often had a TIA as index event than an ischaemic stroke.

Younger age (odds ratio [OR] 0.97 per year, 95% CI 0.96e
0.98), the absence of pulmonary comorbidity (OR 0.75, 95%
CI 0.62e0.93), the absence of cardiac comorbidity (OR 0.79,
95% CI 0.63e0.99), higher haemoglobin levels (OR 1.19,
95% CI 1.09e1.29), and TIA as the index event (OR 0.75,
95% CI 0.63e0.92) were associated with achieving TO. After
multivariable analysis, younger age (OR 0.97, 95% CI 0.96e
0.99), absence of pulmonary comorbidity (OR 0.76, 95% CI
0.60e0.95), higher haemoglobin levels (OR 1.13, 95% CI
1.02e1.25), and TIA as the index event (OR 0.74, 95% CI
0.61e0.90) remained statistically significantly associated
with achieving TO (Table 2). The AUC of the model was 0.60.
Volume and textbook outcome

The association between hospital volume where the patient
was treated by CEA and achieving TO was also examined.
Patients treated in middle volume hospitals (35e53 CEAs)
had a higher odds of achieving TO than low volume hos-
pitals (OR 1.37, 95% CI 1.08e1.76; p ¼ .020). Patients
treated at a high volume hospital had an even higher odds
of achieving TO (OR 1.70, 95% CI 1.34e2.16; p < .001).



Table 2. Characteristics of 2 374 carotid endarterectomy (CEA) patients, categorised by achieving (n [ 1 679; 70.7%) or not (n [
695; 29.3%) textbook outcome (TO), determined by the Dutch Institute for Clinical Auditing, as an additional outcome measure to
evaluate quality of care after CEA for symptomatic carotid artery stenosis. Odds ratios (OR) with 95% confidence intervals (CIs) are
reported for achieving TO from the multivariable analysis

Patient characteristics Total (n [ 2374) Patients without TO
(n [ 695)

Patients with TO
(n [ 1679)

OR (95% CI) p value*

Age d years 73 � 9.0 74 � 9.0 72 � 8.9 0.97 (0.96e0.99) <.001
Male sex 1 657 (69.8) 478 (68.8) 1 179 (70.2) e .55
Pulmonary comorbidity 0.76 (0.60e0.95) .017

No 1 772 (74.6) 491 (70.6) 1 281 (76.3)
Yes 513 (21.6) 173 (24.9) 340 (20.2)
Unknown 89 (3.7) 31 (4.5) 58 (3.5)

Cardiac comorbidity 0.94 (0.73e1.21) .64
No 504 (21.2) 129 (18.6) 375 (22.3)
Yes 1 825 (76.9) 552 (79.4) 1 273 (75.0)
Unknown 45 (1.9) 14 (2.0) 31 (1.8)

Previous CEA 110 (4.6) 35 (5.0) 75 (4.5) e .62
Haemoglobin d mmol/L 8.6 � 1.0 8.5 � 1.1 8.7 � 1.0 1.13 (1.02e1.25) .017
Creatinine d mmol/L 93 � 36 94 � 36 92 � 36 e .44
Systolic blood pressure d mmHg 146 � 21 147 � 22 146 � 21 e .64
Type of index event 0.74 (0.61e0.90) .003

TIA 1 261 (53.1) 326 (46.9) 935 (55.7)
Stroke 903 (38.0) 284 (40.9) 619 (36.9)
Unknown 210 (8.8) 85 (12.2) 125 (7.4)

Data are presented as n (%) or mean � standard deviation. TIA ¼ transient ischaemic attack; TO ¼ textbook outcome.
* p < .05 considered statistically significant.
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Hospital level textbook outcome

The case mix adjusted funnel plot for the comparison of
TO between hospitals is shown in Fig. 2, using the case
mix factors identified by the multivariable logistic
regression analysis. The O/E ratios ranged between 0.63
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Figure 2. Casemix adjusted funnel plot of between hospital vari-
ation in textbook outcome (TO), determined by Dutch Institute for
Clinical Auditing, as an additional outcome measure to evaluate
quality of care of patients after carotid endarterectomy (CEA) for
symptomatic carotid artery stenosis. The dotted line indicates
equal number of observed and expected events. The other two
lines are the upper and lower control limits. Each diamond shape
is a hospital. Hospitals A and B (red) are negative outliers.
to 1.27 between hospitals. None of the hospitals had a
significantly higher rate of patients with TO. Two hospitals
had significantly fewer patients with TO with an O/E ratio
of 0.63 (hospital A) and 0.66 (hospital B), treating 44 and
53 patients, respectively. Individual hospital scores for
these two hospitals on single outcome indicators and TO
are shown in Table 3. For both hospitals, re-admission was
rated highest, subsequently leading to a large decrease in
the number of patients achieving TO. Of these re-
admission rates, 61% and 91%, respectively, were caused
by missing values and therefore TO was not achieved in
these patients.
Prolonged length of stay and textbook outcome

A sensitivity analysis was performed for the prolonged LOS
for three, four, and six days instead of the five days chosen
by the scientific committee of the DACI. When changing the
cutoff point from five to three, four, and six days, TO was
achieved in 56.3%, 65.8%, and 74.7% of all patients,
respectively. At hospital level, the change in cutoff point
from five to three days did change the distribution of
hospitals in the funnel plot. However, the two hospitals that
were statistically worse performers were still weak per-
formers. Three other hospitals now seemed to be worse
performers. In the sensitivity analysis for four and six days,
the distribution of the hospitals in the funnel plot did not
change from the original funnel plot.
DISCUSSION

This study shows that TO as a composite outcome measure
can provide additional information on the overall care



3

506 Laurien S. Kuhrij et al.
provided in symptomatic patients with carotid stenosis
treated by CEA. Additionally, when using TO more variation
is shown between hospitals than IOM as the sample size in
each hospital is too low and the baseline risk is too low to
detect differences between hospitals when comparing on
IOM.4,11 The percentage TO varied between hospitals with
O/E ratios from 0.63 to 1.27, with two hospitals being
negative outliers. Therefore, it can be of added value when
evaluating hospital performance.

In this study, using data from a mandatory nationwide
registry, the TO was 70.7%. A prolonged LOS was the
highest rating single parameter (85%). Prolonged LOS can
also be caused by undesired outcomes other than those
included in the TO definitions, such as infection, delirium, or
hyperperfusion syndrome, which is why it was chosen to be
added to the TO. Another study showed that patients with a
prolonged LOS have higher one year mortality and therefore
prolonged LOS is an important outcome measure.12 As the
cutoff point for a prolonged LOS was set at five days based
on expert opinion, a sensitivity analysis was performed
using a different cutoff point, i.e., three, four, and six days,
to assess the impact on hospital comparison of TO. When
choosing the cutoff point at four or six days, the distribution
of the funnel plot was similar to the cutoff of five days used
in this study. When using a cutoff point at three days, there
was a change in outlier hospitals. This observation could be
explained by the fact that in these hospitals more patients
are treated for post-operative hypertension (which is not
registered in the DACI), which can lead to hyperperfusion
syndrome if not managed correctly or more patients who
were on oral anticoagulants pre-operatively had to be
reinstated to therapeutic levels. In these examples, the
prolonged LOS is to be considered good quality of care.
Table 3. Complication rate per indicator and stepwise
addition of each parameter within the textbook outcome
(TO), determined by Dutch Institute for Clinical Auditing,
as an additional outcome measure to evaluate quality of
care of patients after carotid endarterectomy (CEA) for
symptomatic carotid artery stenosis in the two hospitals A
and B with significantly lower rates of patients with TO, as
shown in Fig. 2

Indicator Complication rate after CEA d %

Hospital A Hospital B

Individual TO Individual TO

No mortality 97.9 97.9 98.1 98.1
No post-operative

neurological event
97.7 95.5 92.5 90.6

No post-operative
cranial nerve deficit

97.7 95.5 100 90.6

No post-operative
haemorrhage

90.9 88.6 98.1 88.7

No readmission 59.1 52.2 58.5 54.7
No prolonged LOS 75.0 40.9 84.9 49.1
No other post-operative

surgical complication
100 40.9 98.1 49.1

TO 40.9 49.1

LOS ¼ length of stay; TO ¼ textbook outcome.
When having a LOS of four days or more, no such difference
in distribution is seen and is therefore preferred as a cutoff
point.

Additionally, post-operative haemorrhage was one of the
parameters in TO. However, this could also be a conse-
quence of following the guidelines on post-operative dual
antiplatelet therapy correctly.

Another parameter with a high rating was re-admission
(89.6%). Two hospitals had a high re-admission rate of
40.9% and 41.5%, with high missing rates. In the authors’
definition of TO, if one of the parameters of TO is missing,
TO is not achieved. Therefore, high rates of missing values
could imply that hospitals seem to perform significantly
worse than they might do. A recent study on TO, combining
multi-institutional international databases,13 excluded pa-
tients with one or more missing parameters. However, it is
believed that this could initiate reporting bias to a point
that it leads to selection of the better patients. This would
misinterpret the TO by neutralisation of the differences
between the centres. To demonstrate this, the data were
analysed while excluding patients with one or more missing
values on the parameters of TO. In this case, the TO rate
would be 75.6%. The corresponding funnel plot is shown in
Fig. 3, revealing that all hospitals are within control limits,
which could be due the neutralising effect as explained
earlier. Moreover, the definition of TO, which involves
treating missing values as if the parameter of TO has
occurred, encourages hospitals to better register their
complications.
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Figure 3. Casemix adjusted funnel plot of between hospital vari-
ation in textbook outcome (TO), determined by Dutch Institute for
Clinical Auditing, as an additional outcome measure to evaluate
quality of care of patients after carotid endarterectomy (CEA) for
symptomatic carotid artery stenosis, when excluding patients with
missing values in one or more parameters. The dotted line in-
dicates equal number of observed and expected events. The other
two lines are the upper and lower control limits. Each diamond
shape is a hospital. Hospital A and B are the hospitals that are
negative outliers in the case mix adjusted funnel plot in which
missing values were noted as not achieving TO (as shown in
Fig. 2).
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The two hospitals that were negative outliers on the TO
funnel plot were relatively lower to middle volume hospi-
tals. At patient level, higher volume hospitals were associ-
ated with achieving TO. A recent systematic review showed
that high volume hospitals have a lower risk of post-
operative complications after CEA.14 More research is
needed to investigate whether centralisation can lead to
fewer post-operative complications.

Additionally, this study has identified case mix factors for
fair hospital comparison: age, pulmonary comorbidity,
haemoglobin level, and type of index event. The latter can
be explained by the fact that patients with stroke are more
prone to have a prolonged LOS than TIA patients as they
have more severe disabilities. It was expected that previous
CEA would be associated with not achieving TO, as these
patients have a higher risk of re-intervention and/or wound
complications (with resulting prolonged LOS). A possible
explanation for this could be that the number of patients is
too small to cause significant effect.

While it has been shown that TO is a more reliable
outcome measure to evaluate overall surgical process, IOM
are still essential to identify which parts of the process are
necessary to improve. Therefore, it must be seen as an
addition to rather than a replacement of IOM.

There are limitations to this study. Firstly, there were
high numbers of missing values in the parameter “re-
admission”. Because these missing values were not
equally distributed between all hospitals, but were allo-
cated to a specific number of centres, it had a large
impact on the hospital TO comparison. The discriminatory
power of the model, calculated as an AUC of the ROC,
was weak. However, as this is a composite measure it is
impractical to fit a model very well as different outcome
measures have different risk factors.15 Another limitation
is that each parameter is weighed similarly for TO. For
example, mortality could be high for a particular hospital
while other parameters are low; therefore, that hospital
could have a good TO. It is advised that TO be used as an
additional outcome measure and not a substitute for each
IOM.

Lastly, only patient characteristics and outcome measures
that are registered in the DACI could be selected; therefore,
selection bias on the potential case mix factors and the TO
parameters chosen in this study is possible. For instance,
diabetes is a risk factor for post-operative complications,16

and post-operative myocardial infarction is an important
complication to register.17 Both have been added to the
DACI in 2019 and can therefore not be added to this current
definition of TO. However, other potential confounding
factors could have contributed to the results.
Conclusion

In the DACI, a nationwide mandatory prospective registry,
the TO rate was 70.7% with a broad variation between
hospitals. TO as a composite outcome measure for carotid
surgery could be added to the IOM to better evaluate the
overall process of quality of care among hospitals. To be of
maximum value, registration of parameters, especially on
re-admission should be optimised.
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