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CHAPTER 1

Introduction and general outline of the thesis







Esophageal cancer

The incidence of esophageal cancer is rising, with 604 100 new cases world-
wide in 2020.! To put this in perspective, the incidence of esophageal cancer
in the Netherlands has increased by almost 400% between 1989 and 2020.2
The two most common histologic subtypes are adenocarcinoma and squamous
cell carcinoma. Whilst high body mass index, gastroesophageal reflux disease,
Barret's esophagus and cigarette smoking are risk factors for adenocarcino-
mas, substantial alcohol consumption and cigarette smoking increase the risk
for developing squamous cell carcinomas. Most patients present with weight
loss and dysphagia. To confirm the diagnosis and assess the spread of esopha-
geal cancer, gastroscopy with biopsies, computed tomography (CT) scans of
the neck, thorax and abdomen combined with positron emission tomography
(PET) and frequently endoscopic ultrasound and ultrasound of the neck are
performed. Esophageal cancer treatments can be applied with curative (33%)
or palliative intent (67%), depending on the presence of (distant) metasta-
ses. In general, esophageal cancer has one of the lowest 5-year overall survival
rates of all cancer types (20%). In 2010, neoadjuvant chemoradiotherapy is
added to the standard curative treatment of patients with cTO-TN+ and ¢T2-
4aNO-3MO carcinomas. This has increased the 5-year OS up to 50-60% in
patients eligible for esophagectomy.®4

Esophagectomy

The first total esophagectomy was introduced by dr. Franz John A. Torek in
1913 (New York, USA), starting with a left thoracotomy to dissect the esoph-
agus followed by subcutaneous tunneling of the proximal esophagus and cre-
ation of an external rubber conduit.® It was dr. Ivor Lewis who described the
intrathoracic anastomosis after esophagectomy in 1946 (United Kingdom),
consisting of a 2-staged transthoracic esophagectomy.? Dr. Kenneth McKe-
own proceeded with 3-staged transthoracic esophagectomy with creation of
right-sided cervical anastomosis in 1976 (United Kingdom).” The first success-
ful transhiatal esophagectomy was performed by dr. Grey Turner, but dr. Mark
Orringer described the first (blind) transhiatal esophagectomy with cervical
anastomosis without the necessity of thoracotomy in 1984 .2 These procedures
are still performed in general practice nowadays. However, after many years
of surgical refinement, esophagectomy for cancer still results in morbidity and
mortality rates of 50-65% and 2-5%. This is relatively high as compared to

other oncologic gastrointestinal operations.*°"

Postoperative complications
The most recent changes in the surgical technique of esophageal cancer con-
sist of minimally invasive surgery and the transition to transthoracic esophageal
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resections with intrathoracic anastomosis.'*'® However, next to the negative in-
fluence of the high morbidity rate after esophagectomy on patients' quality of
life, the workload of nurses and clinicians, and healthcare costs, recent studies
show that complications after esophagectomy independently impair survival
rates of these patients.3'* This reinforces the importance of reducing complica-
tions after esophagectomy for cancer.

Complication registry

Reducing postoperative complications in general goes beyond the improve-
ment of operation techniques alone. Knowing how to reduce complications
starts with awareness of complications and evaluation of the burden of com-
plications on patients. Postoperative complication registry is mandatory in
the Netherlands. However, detection of (the severity of) complications is not
100% accurate. To improve complication registration at surgical departments,
different registry methods are developed over the past years. In the Nether-
lands, postoperative complications were registered in the 'Landelijke Heelkun-
dige Complicatie Registratie’ (LHCR) database until 2018. The Dutch Up-
per gastrointestinal Cancer Audit (DUCA) is responsible for the evaluation
of complications in patients after esophagectomy for cancer since 2011. To
assess the severity of surgical complications, the most common methods are
the Clavien-Dindo classification and more recently, the Comprehensive Com-
plication Index (CCI).">"” However, reports evaluating the accuracy of these
complication severity classifications are scarce.

Aim of the thesis

This thesis aims to 1) improve the accuracy of complication registration and
classification of their severity at surgical departments of tertiary referral cen-
ters in the Netherlands, and 2) to improve the short-term outcomes after
esophagectomy in patients with esophageal cancer in the era of minimally in-
vasive surgery and neoadjuvant chemoradiotherapy in the Netherlands by in-
vestigating different surgical techniques.

General outline of the thesis

To achieve the aim of this thesis, it is divided into two parts. Part | explores the
accuracy of specific complication registry methods and severity classifications
in surgical patients of tertiary referral centers in the Netherlands. Part Il inves-
tigates associations between specific esophagectomy techniques and short-
term outcomes in patients with esophageal cancer.

Part I. Registration of surgical complications
In many Dutch centers, registry of complications is performed during a verbal



inventory meeting at a surgical department. However, this method is associat-
ed with detection of less than 90% of all complications.’® In an attempt to im-
prove the detection rate, Chapter 2 compares the sensitivity of a novel trigger
tool to that of the verbal inventory. Regarding complication severity, the Cla-
vien-Dindo classification is based on the most invasive complication treatment
of a patient using grades between | and V (death). The comprehensive compli-
cation index (CCI) incorporates the treatment of all complications in a patient
using a score between O (no complication) and 100 (death). Chapter 3 inves-
tigates differences between correlations of the CClI versus the Clavien-Dindo
classification with traditional outcome parameters. Chapter 4 further explores
differences in complication severity after esophagectomy alone as compared
with esophagectomy following neoadjuvant chemoradiotherapy (nCRT).

Part Il. The influence of different surgical techniques on specific postoperative
outcomes

In order to assess the influence of surgical techniques, this part compares post-
operative outcomes after different esophagectomy techniques. Chapter 5
compares anastomotic leakages after transthoracic esophagectomy between
patients with cervical anastomosis (McKeown esophagectomy) and intratho-
racic anastomosis (lvor Lewis esophagectomy). Chapter 6 explores potential
severity differences of anastomotic leakage after McKeown esophagectomy
as compared to Ivor Lewis esophagectomy. Chapter 7 investigates whether
the novel 'flap and wrap' reconstruction reduces the number of anastomotic
leakages after the implementation of Ivor Lewis esophagectomy.

Diaphragmatic hernia is a rare, but serious complication after esophagecto-
my. In Chapter 8, the incidence, symptoms, and treatments of symptomatic
diaphragmatic hernias is investigated and a potential decreasing incidence of
diaphragmatic hernia when performing cruroplasty after esophagectomy is
explored. At the end of the thesis, Chapter 9 provides a general overview re-
garding trends in patients’ characteristics, oncological and surgical treatments,
short-term outcomes and survival over the last 25 years.
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ABSTRACT

Purpose: Traditionally, registering complications after surgery is based on vol-
untary reporting or incident reports. These methods may fail to detect the total
number of complications. A trigger tool was developed to detect complica-
tions in hospitalized surgical patients. In this diagnostic study, we compared its
sensitivity and specificity with the verbal inventory used by surgical staff and
residents.

Methods: A set of 31 potential triggers was chosen based on a systematic re-
view and existence of the triggers in hospital databases. The trigger tool was
developed using multivariate regression and receiver operating characteristic
(ROC) analyses. The reference standard consisted of 300 patients, 150 with
and 150 without complications. Sensitivity and specificity of the trigger tool
and verbal inventory were determined.

Results: The final trigger tool consisted of nine triggers. Sensitivities of the trig-
ger tool and verbal inventory were 70.7 and 78.7%, respectively, while speci-
ficities were 70.0 and 100.0%, respectively. Sensitivity values to detect major
complications were 97.2 and 80.6% for the trigger tool and verbal inventory,
respectively.

Conclusions: The proposed customized trigger tool for a university center ap-
peared to be as accurate as a verbal inventory in respect of detecting surgical
patients with complications and was even more accurate when detecting ma-
jor complications.



INTRODUCTION

Registration of surgical complications is important for assessing and improving
the quality of surgical care." In addition, analyzing surgical complication regis-
tration outcomes can and should lead to improved patient outcomes.? Despite
widespread acknowledgement that complications should be reduced, contro-
versy exists in respect of how to detect and record these complications.®

Traditional efforts to detect complications have focused on voluntary reporting
or incident reports.* These methods had often poor success rates in the detec-
tion of complications.® For example, registration during verbal hand-off meet-
ings yields a registration rate of only 86% of all complications.® Moreover, to
achieve adequate reporting of complications, a sufficient number and surgeons
with different fields of surgical interest should participate in daily verbal hand-
off meetings, but this would be time-consuming for highly qualified surgeons.
Hence, hospitals would benefit from a more effective way to identify complica-
tions and to complete their registration.

In an attempt to design a more uniform, practical, and efficient complication
registration method, the Institute for Healthcare Improvement (IHI) devel-
oped the Global Trigger Tool (GTT).* A trigger can be defined as a specific
factor that is derived from the patient’s medical record and is associated with
an increased risk of complications. These factors can be patient-specific (e.g.,
laboratory results, body mass index (BMI)), surgical-procedure-specific (e.g.,
complexity of the procedure), or hospitalization-specific (e.g., length of hos-
pital stay). A trigger tool is a set of triggers that identifies patients who are
likely to have suffered a complication and thereby indicates which patient re-
cords should be checked for complications, for instance by a data manager.
The benefits of (some form of) the Global Trigger Tool to detect complications
have been studied in terms of interrater reliability among different reviewers
of reporting complications.®4'?2 Two studies showed high specificity (92.0 and
99.0%), but low sensitivity (23.0 and 28.0%)."*' High specificity means that
the methods could be used to replace expensive manual chart reviews because
fewer false-positive charts would need to be checked. However, in order not to
miss any complications, the sensitivity of the method should also be high.

The aim of this study was to develop a new trigger tool and assess its accuracy
and usefulness compared with the verbal inventory.
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METHODS

Patients and setting

This study comprised a model development and diagnostic accuracy study,
based on a 1-year sample of hospitalized surgical patients. The study was per-
formed at the department of surgery of a tertiary referral university center in
Amsterdam. All patients (n=4534) above the age of 17 admitted to the hos-
pital or operated on by a surgeon from this department between July 2012
and June 2013 were included in this study. This surgical department provides
general, gastrointestinal, hepatopancreatobiliary, vascular, and trauma surgi-
cal services.

Verbal inventory and registry of complications

Currently, surgical residents collect preoperative, intraoperative, and postoper-
ative data for each surgical patient in real-time. During the morning hand-off,
the attending staff may add patient complications to the data. Subsequently,
the database manager retrospectively reviews the charts of patients previous-
ly identified with a complication for possible additional complications. In case
of uncertainties, the data manager consults the surgeon responsible for the
registration. The identification and collection of complication data by surgical
residents and during the morning hand-off is defined as ‘verbal inventory'.

All complications are registered and categorized by severity based on the Cla-
vien-Dindo classification in the department’'s complication database.!® The
complication registry categorizes each complication into four grades of sever-
ity: grade 1, temporary health disadvantage recovering without reoperation
(grade T management includes radiological or endoscopic interventions, sim-
ilar to Dindo grades |, Il, and llla), grade 2, recovery after reoperation (similar
to Dindo grade lllb), grade 3, (probably) permanent damage or function loss
(similar to Dindo grade IV when permanent), and grade 4, death (similar to

Dindo grade V).

A complication is defined according to national and international standards as
'an unintended and unwanted outcome or state during medical care that is so
harmful to the patient’s health that it requires (adjustment of) treatment or
leads to permanent damage'.'®* Complications that occur after discharge are
not registered unless the patient is readmitted within 30 days after discharge.

Development of the trigger tool
A set of potentially relevant triggers was chosen based on the following: (a) a
previous systematic review of the literature in which these triggers were found



to be significantly associated with surgical complications, (b) questionnaires
containing questions regarding the potential triggers found in the literature,
answered by 12 surgeons within our hospital to validate or supplement this
set of potential triggers, and (c) existence of the trigger in electronic hospi-
tal databases.” Completeness of complication data was checked by two in-
vestigators by reading patient files in the hospital's database. Subsequently,
two different investigators independently extracted the potential trigger data
from the hospital's database belonging to the records of patients in the study
period. To ensure correctness of the data entry into the new dataset, one in-
vestigator (AES) checked a random set of 20 patient records per trigger as
entered by the other investigator (CMvL) and vice versa. Univariate logistic
regression analyses were performed to find triggers that occurred substantially
more often in the group with complications in the department’s complication
database. Variables with P <0.20 were entered into a stepwise multivariate lo-
gistic regression analysis to find significant independent triggers (P <.05). This
association was expressed as their odds ratio (OR), 95% confidence intervals,
(CI) and P values. Continuous variables were dichotomized. Different ranges
of cut-off values based on clinical relevance and the literature were tested for
each variable and analyzed with the final cut-off limits. The most significant
value was set.

Reference standard

Of all patients with complications, 86% of patients were recorded in the ex-
isting database.® In order to validate and compare the trigger tool, a reference
standard database was formed from a random sample of 150 records with
complications and 150 records without complications, meaning oversampling
for complications. For each potential trigger, a minimum of 10 records (as a rule
of thumb) should be included in the reference standard in a regression analysis.
A sample of 150 records was considered to be adequate as a reference stan-
dard to enable detection of 15 possible independent predictors. The medical
files of all patients in the reference standard were reviewed by two investigators
(AES and CMvL). If the investigators found complications in the records with-
out complications, these records were removed from the sample without com-
plications and added to that with complications. In the event of uncertainties
when interpreting the texts of the resources about complications, the investi-
gators consulted each other or their supervisors. This procedure continued until
the group without complications also contained 150 verified records.

Validation of the trigger tool
The independent triggers from the department's complication database were
subsequently entered in another multivariate analysis, now using the reference
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standard in order to check their validity. Triggers were kept in the model if they
again contributed significantly to the model. If not, the trigger was removed
from the model unless the trigger had a low incidence (<10 patients) in the
reference standard and was a significant factor in the univariate analysis. The
remaining independent triggers formed the final trigger tool.

Comparing the verbal inventory with the trigger tool
The verbal inventory and trigger tool were compared with the reference stan-
dard in order to calculate their sensitivity and specificity in respect of the de-
tection of one or more complications and the severity, type, and number of
complications registered. All statistical analyses were performed using |IBM
SPSS Statistics version 20 (IBM, Armonk, NY, USA).

RESULTS

Patients and setting

A total of 4534 patients admitted to the hospital between June 2012 and July
2013 were included in this study. Their mean age was 55 years (range 18-99).
Of these, 2529 (55.8%) were men and 2005 (44.2%) were women. Of all
patients, 2520 (55.6%) underwent operative treatment. In 795 of the 4534
(17.5%) patient records, one or more complications were documented in the
department'’s database.

Development of the trigger tool

The systematic review provided 25 potential triggers that were significantly
associated with the occurrence of surgical complications.” The verbal inven-
tory conducted by the surgeons yielded 9 additional potential triggers (Fig. 1).
This led to a total of 34 potential triggers for data collection. Of these, 21 were
readily available in hospital databases and an extra 10 specifications of these
potential triggers were recruited from the hospital’'s database. For example,
the trigger 'emergency operation’ resulted in two triggers: (1) emergency oper-
ation during admission and (2) the highest urgency classification of emergency
surgery during admission.



Figure 1. Flow chart of the triggers eventually included in the trigger tool.
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Univariate analyses found 23 out of 31 potential triggers with P <0.20 (Table
1). Some of the triggers influenced each other, for example, an esophageal re-

section was associated with admission at the ICU and a higher complexity of

surgery. To study the separate effects of the triggers, we developed three mod-

els: (1) a general model for patients who underwent a surgical procedure, (2)

a model focusing on specific surgical procedures that were prone to resulting in

postoperative complications, and (3) a model for patients who did not undergo
surgery, but who could still be burdened with complications during the admis-
sion period or during the 30 days after discharge (Table 1).

Table 1. Outcome of univariate analysis of variables possibly associated with complications (n=4534).

Variables P value 95% CI No. of samples
(n)

Retrieved from the systematic review
Sex .090 0.749-1.021 4534
Age (years) <.001 1.007-1.011 4534
Body mass index (kg/m2) 678 0.984-1.026 2154
ASA <.001 1.239-1.678 2121
MET score .963 0.945-1.062 1643
Emergency procedure <.001 1.873-2.650 4534
Urgency code at moment of admission .298 0.881-1.511 4534
Highest urgency code in admission period <.001 1.470-1.742 4534
Duration greater than scheduled procedure time <.001 1.007-1.011 2254
Do not resuscitate <.001 0.309-0.464 4168
Smoking 220 0.912-1.491 1956
COPD/asthma/emphysema .003 1.148-1.990 2209
Hypertension 230 0.920-1.412 2288
Increased serum creatinine .666 0.734-1.218 1856
Hyponatremia .098 0.952-1.792 1427
Hypernatremia .769 0.417-3.263 1427
Sodium level outside reference range .091 0.959-1.773 1427
Increased leukocyte count .015 1.062-1.757 1556
Decreased serum albumin <.001 2.811-7.382 665
Use of corticosteroids 188 0.919-1.535 4534
Active alcohol abuse 737 0.852-1.120 2066

Retrieved from the inventory among surgeons
Surgical procedure (yes/no) <.001 1.966-2.747 4534
Esophageal resection <.001 4.397-11.171 4534
Whipple procedure <.001 6.451-18.328 4534
Acute Abdominal Aortic Aneurysm <.001 4.574-22.513 4534
Multiple trauma patient <.001 1.629-5.538 4534
Length of stay <.001 7.350-10.815 4534
Admission to ICU <.001 4.290-6.396 4534
Reoperation <.001 10.917-18.540 4534
Increased C-reactive protein level .035 1.030-2.270 980
Complexity of procedure <.001 1139-1.240 2520

Cl confidence interval, ASA American Society of Anesthesiologists, MET score fitness score based on
anesthesiology questionnaire, COPD chronic obstructive pulmonary disease, , ICU intensive care unit



This resulted in 11 independent triggers, 4 of which were continuous variables:
length of hospital stay, extension of standard surgical procedure time, com-
plexity of procedure, and age. Their cut-off values were set to the following:
length of stay 214 days, technical complexity of procedure >class 6, age 285
years, and time required above the scheduled procedure time 2110 min. Table
2 shows the results of the trigger tool with the 11 potential triggers again tested
in the multivariate analysis, now dichotomized based on these cut-off values.

Validation of the trigger tool

The triggers were tested using the reference standard (Table 3). The reference
standard is not representative of the total population in the department’s com-
plication database due to oversampling of records with complications. Due to
the smaller size of this group, we also studied the incidence of the triggers.
The multivariate analysis, now using the reference standard, showed 6 out of
the 11 potential triggers to be significant (Table 3). The triggers 'time required
above the scheduled procedure time =110 minutes’ and ‘age 285" were found
not to be significantly associated with the presence of complications (P >.20).
The incidence of 3 potential triggers was low (esophagectomy (n=6), Whipple
procedure (n=7), and abdominal aortic aneurysm surgery (n=6)), but these
triggers were significant in the univariate analyses. Nevertheless, these triggers
were included in the trigger tool.

Table 2. Multivariate analysis using the departments’ database (n=4534)

Trigger P value OR (95% CI)
Model 1
Length of stay 214 days <.001 4.948 (3.754-6.523)
Do not resuscitate <.001 2177 (1.501-3.155)
Reoperation <.001 7.755 (5.384-11.168)
Whipple procedure <.001 8.201 (4.494-14.964)
Acute abdominal aortic aneurysm <.001 8.913 (1.995-39.816)
Esophageal resection <.001 4.906 (2.818-8.542)
Age =85 years .009 2.944 (1.237-7.005)
Duration greater than scheduled procedure time 2110 min <.001 3.660 (2.407-5.562)
Model 2
Do not resuscitate <.001 2.937 (2.166-3.982)
Duration greater the scheduled procedure time 2110 min <.001 4.731 (3.307-6.767)
Complexity of surgery <.001 2.007 (1.578-2.552)
Urgency of operation <.001 1.613 (1.290-2.016)
Model 3
Length of stay 214 days <.001 6.399 (5.208-7.863)
ICU stay <.001 2.796 (2.226-3.512)
DNR <.001 2.256 (1.799-2.830)

OR odds radio, Cl confidence interval, ICU intensive care unit
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Table 3. Multivariate analysis using reference standard (n=300)

Trigger P value OR (95% CI)
Model 1
Length of stay 214 days <.001 35.139 (8.253-149.616)
Do not resuscitate .010 0.352 (0.159-0.777)
Reoperation .008 16.379 (2.056-130.483)
Model 2
Do not resuscitate .001 0.086 (0.019-0.382)
Complexity of surgery 26 .001 4.273 (1.776-10.285)
Urgency operation .073 1.849 (0.945-3.616)
Model 3
Length of stay 214 days <.001 38.016 (8.953-161.423)
ICU stay .012 3.675 (1.327-10.177)
Do not resuscitate .002 0.294 (0.136-0.634)

OR Odds ratio, Cl confidence interval, ICU Intensive Care Unit

Thus, nine significant independent triggers were included in the final trigger
tool, and these were as follows: emergency procedure, complexity of surgical
procedure above class 6, do not resuscitate policy, ICU stay, length of hospital
stay of more than 14 days, reoperation, esophagectomy, Whipple procedure,
and acute (or ruptured) abdominal aortic aneurysm surgical procedure.
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Figure 2. ROC curve showing the number of positive triggers needed to detect complications
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A receiver operating characteristic (ROC) curve analysis was subsequently
performed to determine the number of positive triggers needed to detect com-
plications most accurately. The trigger tool performed best if one of the nine
triggers in the trigger tool was present (sensitivity 70.7%, specificity 70.0%,
AUC 0.764, Fig. 2).

Comparing the verbal inventory meeting with the trigger tool

Patient records

The sensitivity values for the verbal inventory and trigger tool methods to
detect complications as compared to the reference standard were 78.7%
(118/150) and 70.7% (106/150), respectively, while specificity values were
100% (150/150) and 70.0% (105/150), respectively. Therefore, the verbal
method missed 21.3% of the records with complications, while the trigger
method missed 29.3% (Table 4).

The sensitivity for detecting records with major complications (severity class>2,
reoperation,) was higher for the trigger tool than for the verbal method, with
values of 97.2 and 80.6%, respectively (Table 4). When a combination of the
trigger tool and the verbal inventory was used, 138 out of the 150 records with
complications was detected (sensitivity 92.0%).

Missed complications

The verbal inventory missed 31 records with one or more complications (a total
of 71 complications). The trigger tool missed 45 records (a total of 53 compli-
cations). All complications missed by the trigger tool were minor complications
(severity class<2), especially wound problems. The verbal inventory also missed
mainly minor complications, but these were categorized as functional distur-
bance (i.e., hypertension or electrolyte derailment). Two severe complications
were also missed by the verbal inventory (reoperation and death).

Table 4. Verbal inventory versus trigger tool, sensitivity (n=300).
Verbal inventory (%) Trigger tool (%)

Reference standard
Records with complications 78.7 70.7

Records with complications with the highest severity'

>Severity 2 80.6 97.2
>Severity 3 91.7 100
>Severity 4 83.3 100

Severity: 2) recovery after reoperation, 3) (probably) permanent damage or function loss, and 4) death
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Discussion

Based on our study results, the proposed trigger tool appears to be as accurate
as a verbal inventory in terms of sensitivity and specificity relating to the detec-
tion of complications that occur in hospitalized surgical patients. Furthermore,
the trigger tool we developed detected more complications overall and more
severe complications. Only certain mild complications have been missed, for
example, wound infection with no need for reoperation or mild cardiac compli-
cations.

The verbal inventory during the morning hand-off promotes awareness of the
complications suffered by patients and deliberation and reflection with and by
hospital colleagues. The two methods were tested with regard to their ability to
identify records with complications. To optimize the registration of complica-
tions, registry after using one of the methods must be referred to the surgeons,
who should discuss these in order to undertake preventive actions by way of, for
example, separate complication meetings.

This study is one of the few that have used a reference standard to assess the
comprehensiveness of the detection of patients with complications by two
methods, i.e., verbal inventory and a trigger tool. Most studies have used a 'sil-
ver' standard or even no reference standard at all.’®*'*'® The sensitivity of the
trigger tool in this study compares favorably to other forms of term searching
tools, such as scanning discharge letters for words suggestive of complications,
or natural language processing detection methods.!>'418

As an alternative to the detection methods investigated here, the clinical ob-
servation method involves the investigation of potential complications by a
trained observer of all patients and providers, who is warned to check for com-
plications by a predefined list of clinical event 'triggers’. Clinical observation is
a powerful tool for identifying incidents and errors in medical care, especially
when compared with self-reporting or voluntary reporting mechanisms.'*'® This
observation method, however, uses clinical observers and also focus groups to
identify complications, which would involve a huge manual effort. Another op-
tion, the IHI collaborative '‘Global Trigger Tool' (GTT), appears to detect more
complications than other conventional approaches but also requires substan-

tial manual effort.®4”

The proposed trigger tool (tailored to a Dutch hospital context) is expected
to be highly resource-intensive and will require manual database searching by
the database manager, but the surgeons' workload will probably be reduced.
Further research is needed to determine the potential time and costs involved.
A fully electronic database including all admitted patients and their health care



utilization characteristics would facilitate the use of this trigger tool. Unfortu-
nately, symptoms, diagnoses, and physical findings are usually recorded as nar-
rative texts, and are as yet unavailable in coded form. Nursing files and surgical
discharge letters were found to be helpful in finding complications.® The trigger
tool method could be simplified by the retrieval of complications from patient
nursing files and surgical discharge letters. In addition, nurses could play an
important role in the process of complication registration. Application of the
trigger tool could also be simplified by way of systematized electronic storage
information in hospital data systems, in order to detect patients ‘at risk’ more
easily.

Limitations

The study was a single-center study. However, the predictive factors used as
potential triggers were derived from a systematic review based on studies from
various institutions. Although certain triggers (for example, highly specialized
surgical interventions performed only in high-volume centers) may not be rele-
vant in some centers, the remaining triggers may well be. Three out of the nine
triggers consisted of specific major surgical procedures in a university hospital.
These procedures are not undertaken in all hospitals. There has been a tenden-
cy for health organizations to rush towards inadequately justified ‘one fits all’
solutions, but the effectiveness of these global tools varies widely and they do
not provide the robust data on which hospitals need to base their decisions to
optimize patient safety.”®> However, the absence of certain triggers or surgical
procedures in some hospitals does not imply that this trigger tool is invalid. The
use of a customized set of triggers to detect surgical complications, as provid-
ed in this study, could result in high sensitivity, especially for the detection of
major complications. The potential triggers identified in a previous systematic
review can be used as a new set of potential triggers, and this article provides
a method for use by other hospitals to develop a customized trigger tool based
on their own type of surgery.” It should also be noted that the definition of the
DNR status may be culturally sensitive. We do not, however, think this will have
a major impact on the validity of the trigger tool, but only on the predictive
power of this particular trigger.

Although tested on a reliable reference standard (n=300), little is known about
the risks of the trigger tool in a larger population regarding missed complica-
tions. For practical reasons, the number of patients in the reference standard
was limited, which may have led to fewer significant triggers. Further external
validation is warranted to assess the value of this trigger tool before it can be
implemented in clinical practice. The reference standard datasets are a sub-
group of the department’s complication database. Composing the reference
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standard in this way might not be statistically appropriate. Since it incorpo-
rates a set of total department'’s patient population, we assume the influence
on the study outcomes will be small.

Cut-off values were based on practical grounds and clinical relevance. Deter-
mining cut-off values by means of ROC analysis would have resulted in iden-
tifying more than 70% of patients who might have suffered a complication
(e.g., the optimum cut-off value for age would be >57 years, while the patients’
mean age was 55 years).

This trigger tool is helpful after discharge in relation to the detection of compli-
cations by identifying high-risk patients’ records. Another use of 'triggers' could
be their functioning as so-called red flags, highlighting patients who are at risk
of developing complications, which could be useful in the improvement of com-
plication prevention in clinics. Not all of our triggers could function as red flags
before admission. The type of surgery and planned intensive care admission
are known before admission. Nevertheless, if these red flags occur during ad-
mission, the patient can be marked as having a high risk of developing compli-
cations, either in order to detect them early or even to take action to prevent
(more) complications during admission. Although studies on the Global Trigger
Tool are common, little is known about the use of a customized trigger tool or
sensitivity outcomes against a reference standard.'® The need for an efficient
and inexpensive means to detect complications makes further research on an
electronic (trigger tool) approach attractive.

Conclusions

The use of a customized set of triggers as proposed here by a university hos-
pital for detecting surgical complications could result in high sensitivity for the
detection of major complications in an academic hospital. However, mild com-
plications could be missed, for example, wound infection with no need for a
reoperation. The proposed trigger tool appears to be as accurate as a verbal
inventory in terms of sensitivity and specificity in relation to the detection of
minor and major complications. This study provides a method by which other
hospitals could develop a customized trigger tool based on their own type of
surgery to detect more severe complications, provided that it is simplified by
systematized electronic storage of patients' characteristics and valuable trig-
ger information in hospital data systems.
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ABSTRACT

Background: Esophagectomies are associated with high morbidity. To assess
complication severity, the Clavien-Dindo classification grades only the most
severe complication. However, it ignores additional complications with equal to
or lower severity than that one complication. The Comprehensive Complica-
tion Index (CCI) incorporates all complication severities. It might therefore be
a better system for assessing severities. The aim of this study was to validate
the CCl and to compare it to the Clavien-Dindo classification.

Methods: A prospective database was used to analyze 621 patients, each of
whom underwent an esophagectomy between 1993 and 2005. The CCl was
calculated and its relation with traditional parameters was assessed and com-
pared to the relation of the Clavien-Dindo classification with the same param-
eters.

Results: Complications occurred in 429 patients (69.1%). The correlation be-
tween the CCIl and the Clavien-Dindo classification was r=0.987, P <.010.
The relation of the CCI with 3 out of 7 parameters was not significantly dif-
ferent compared to the relation of the Clavien-Dindo classification (P >.05).
There was a significantly stronger relation (P <.05) of the CCI with length
of stay (r=0.663 versus 0.646), a prolonged length of stay (r=0.542 versus
0.530), reintervention (r=0.437 versus 0.422), and reoperation rate (r=0.489
versus 0.471) than the Clavien-Dindo classification.

Conclusion: The Comprehensive Complication Index is a promising scoring sys-
tem that could be used to identify risks in surgical patient groups.



INTRODUCTION

Esophagectomy for cancer is associated with high postoperative mortality
and morbidity. Mortality rates have been reduced from approximately 16 to
3.2% over the past years, and attention to postoperative complications has
increased.”® Quality of healthcare cannot be assessed only by the occurrence
of complications per se, the severity of these complications is also important.
Complications after esophagectomy can range from relatively small (e.g., uri-
nary tract infection) to severe complications (e.g., intensive care unit (ICU)
admission after anastomotic leakage).

In the past years, several registry systems with a focus on complication severity
have been developed to assess the risks of surgical procedures and to measure
quality of care.*®The Clavien-Dindo classification is one method that is now
widely used by many surgical specialties to assess and compare the severity
of postoperative complications.>” This severity classification grades the most
severe complications that occur in the patient’s admission period based on the
treatment used for these complications. However, it ignores all additional com-
plications that are equal to or less severe than the one complication with the
highest Clavien-Dindo classification grade.

The Comprehensive Complication Index (CCI) was developed for involvement
of the severity of each complication that occurred after surgery.® All compli-
cations are scored separately according to the severity classes of the Clavien-
Dindo classification. The Comprehensive Complication Index can then be cal-
culated as the sum of all different severity classes using a formula that has been
developed using an adopted operating-risk-index and can easily be assessed
using the CCl-calculator available at https://www.assessurgery.com/about_
cci-calculator/.#'? The CCI values range from O to 100, a value of O reflects
the absence of complications, while a CCl of 100 indicates that the patient
has died due to complications.

A recently published study investigated the Comprehensive Complication Index
of the intervention versus control groups of 3 different randomized controlled
trials. It showed that there was a significant difference between the arms in
2 out of 3 randomized controlled trials (pancreas and esophageal resections)
if the Comprehensive Complication Index was used as a measure for compli-
cation severity, while there was no difference in either the number of compli-
cations or the Clavien-Dindo classification between those arms.”® In the third
randomized controlled trial (colon resections), the Comprehensive Complica-
tion Index confirmed the absence of a difference between the 2 arms. Based
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on the results of this study, the Comprehensive Complication Index might be
considered a useful and possibly a more accurate method to assess risks in sur-
gical procedures, but whether the Clavien-Dindo classification can be com-
pletely replaced by the Comprehensive Complication Index in future studies is
still unknown. After all, while the Comprehensive Complication Index requires a
calculation, scoring only the worst complication can more easily assess severity
scores in patients by using the Clavien-Dindo classification.

The aim of this study is, therefore, to investigate the accuracy of the Compre-
hensive Complication Index compared to the Clavien-Dindo classification. The
relation of the Comprehensive Complication Index with parameters such as
(a prolonged) length of hospital stay, (a prolonged) ICU length of stay, rein-
tervention, reoperation, and reintubation rate was compared to the Clavien-
Dindo classification in a large patient cohort. If the Comprehensive Compli-
cation Index shows a stronger relation with these parameters compared to the
Clavien-Dindo classification, the Comprehensive Complication Index could be
a more valuable method with which to assess preoperative and postoperative
risks in esophageal cancer and it could be used postoperatively as a measure
of quality of care.

METHODS

Patients and Setting

The patient group that was analyzed in this study had already been investigat-
ed in the O-POSSUM validation study.'* An existing prospective database was
used to perform the validation study, which contained all patients who under-
went a potentially curative esophagectomy for adenocarcinoma or squamous
cell carcinoma at the department of surgery of a tertiary referral university
hospital in Amsterdam, The Netherlands, between January 1993 and August
2005. In this study, patients were excluded from the analyses if they died due
to the occurrence of complications, since the CCl is then always 100 in spite
of the severity of preceding complications in these patients. Patients were also
excluded if data with information about their complication treatment could
not be obtained.

Data Collection

The Clavien-Dindo classification of the most severe complication, hospital
length of stay (in days), a prolonged length of stay, ICU length of stay (in days),
a prolonged ICU length of stay, reinterventions, reoperations, and reintubations
had already been described in the existing database, and were used for the



analyses. A prolonged ICU length of stay was considered the ICU length of
stay greater than the median ICU length of stay. A reintervention was defined
as 'a surgical, endoscopic or radiological intervention not under general anes-
thesia as a treatment for the complications'.® All medical records were checked
for additional complications. A complication was defined as ‘an unintended
and unwanted outcome or state that occurred during or following medical
care that is so harmful to the patient's health that it requires (adjustment of)
treatment or leads to permanent damage'.”®> Complications were registered if
they occurred during the hospital stay or if the patient was readmitted to the
hospital within 30 days after surgery. Each individual complication was further
graded according to the Clavien-Dindo classification. These grades were en-
tered into the CCl-calculator to assess the CCl values per patient.'? The values
were used to calculate the correlation coefficients.

The relation of the Comprehensive Complication Index and the Clavien-Dindo
classification with all parameters

A scatterplot was generated to assess the relation of the Comprehensive Com-
plication Index with length of stay (in days) and ICU length of stay (in days)
and to check the data for outliers. Spearman's rank test was used to calcu-
late the correlation coefficient of the CCl with (a prolonged) length of stay, (a
prolonged) ICU length of stay, reintervention (e.g., radiologically guided drain-
age), reoperation, and reintubation rates. The correlation of the Clavien-Din-
do classification with (a prolonged) length of stay, (a prolonged) ICU length
of stay, reintubation, reoperation, and reintervention rate were also calculat-
ed using Spearman’s rank test. Outcome values were expressed as correlation
coefficients Rho (rs) and P values. Correlation coefficients of r =0.10-0.29,
r.=0.30-0.49, and r =0.50-1.0 were considered small, moderate, and strong
correlations, respectively.'”® Hotelling's two-sample dependent test for correla-
tions was used to calculate the significant differences between the correlation
coefficients of the parameters with the Clavien-Dindo classification and the
Comprehensive Complication Index (in P values). IBM SPSS Statistics version
22.0.0.0 (IBM, Armonk, NY., USA) was used for the calculation of the cor-
relation coefficients. R Console version 2.15.0 was used to perform Hotelling's
two-sample dependent test for correlation. For all analyses, P <.050 was con-
sidered to be statistically significant.
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RESULTS

Patients and setting

The database contained 663 patients who underwent an intentionally cura-
tive esophagectomy for adenocarcinoma or squamous cell carcinoma of the
esophagus proven by biopsy. Twenty-four patients (3.6%) were excluded from
the analysis because they died due to the occurrence of complications. For 18
patients (2.7%), treatment of the complication(s) was not described in med-

Table 1. Characteristics of 621 patients who Table 2. Types of complications (if = 5) that occurred
underwent elective esophagectomy. in patients who underwent esophagectomy
Variable n (%) Type of complication n (%)
Age (median), years (range) 64 (30-85) Pneumonia 164 (19.9)
Sex ratio (male:female) 475:146 Vocal cord paralysis 71 (8.6)
Tumor type Anastomotic or conduit leak or necrosis 63 (7.6)
Adenocarcinoma 431 (69.4) Atrial fibrillation 56 (6.8)
Squamous cell carcinoma 181 (29.1) Atelectasis 54 (6.5)
Adenosquamous cell carcinoma 9(1.4) Pneumothorax 41 (5.0)
Neoadjuvant chemoradiotherapy 117 (18.8) Chyle leak 34 (41)
Preoperative stages* Delirium 30(3.6)
0 11 (1.8) Urinary tract infection 28 (3.4)
I 54 (8.9) latrogenic lesion of the iliac artery 21(2.5)
lla 187 (30.9) treated with splenectomy
Ilb 44 (7.3) Postoperative bleeding 17 (20)
M 293 (48.3) Wound dehiscence 16 (1.9)
vV 17 (2.8) Abscess 14 (1.7)
Operation lleus 14 (1.7)
Transhiatal esophagectomy 400 (64.4) Pleural effusion 13(1.6)
Transthoracic esophagectomy 221 (35.6) Pulmonary embolism 12.(1.6)
Reconstruction Wound infection 12 (1.6)
Gastric tube 602 (96.9) Respiratory failure 10(1.2)
Colon interposition 19 (1.3) Pleural empyema 9(1m
Anastomosis Pseudomembranous colitis 901
Cervical 612 (98.6) Bladder retention 8(0.9)
Intrathoracic 9(1.4) Diaphragmatic herniation 8(0.9)
Postoperative stages® Sepsis 7(0.8)
| 79 (12.7) Acute respiratory distress syndrome 6 (0.7)
lla 129 (20.8) Anastomotic stenosis 6 (0.7)
Ilb 51(8.2) Pulmonary edema 6 (0.7)
I 248 (40.0) Clostridium difficile infection 6 (0.7)
Va 13 (18.2) Central line-associated bloodstream 5(0.6)
infection
Delayed gastric emptying 5(0.6)

*‘Data were missing for 15 patients.
¥Data were missing for 1 patient.

Other cardiac 20 (2.4)
Other gastrointestinal 16 (1.9)
Other pulmonary 15(1.8)
Other neurologic 10 (1.2)
Other 21(2.5)
Total 826 (100)
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ical files, or medical files were missing. Hence, a total of 621 patients were
eligible for the analyses (Table 1).

All patients underwent an open esophageal resection. The mean hospital length
of stay was 23 days (range 8-143), the mean ICU length of stay was 5 days
(range 1-102). The mean hospital and ICU length of stay were significantly
different between patients without complications versus patients with one or
more complications (14 versus 26 days and 2 versus 6 days, respectively), both
P <.001. The median hospital and ICU length of stay of the total group were
16 and 2 days, respectively. Prolonged hospital and ICU length of stay were
therefore considered as an length of stay greater than 16 days (17 or longer)
and as ICU length of stay greater than 2 days (3 days or longer), respectively.

There were 429 patients (69.1%) with one or more complications. The medi-
an number of complications of all patients was 1 (Interquartile range (IQR)
0-2) with a median CCl of 12.2 (IOR 0-33.7). The median number of com-
plications for the patients who had complications was also 1 (IQR 1-2) with a
median CCl of 22.6 (IQR 8.7-43.3). A total of 829 individual complications
occurred in these patients (Table 2).

Reintubation was required in 69/620 (11.1%) patients after complications
were noticed. There were 73/621 patients (11.8%) who underwent reopera-
tion and 71/619 patients (11.5%) who needed an intervention as the treat-
ment for one complication or more. It was not possible to obtain reintervention
and reintubation data for all 621 patients (=619 and 620, respectively).

Table 3 shows the median CCI per Clavien-Dindo grade for 621 patients. It
shows that a Clavien-Dindo grade Il was correlated with CCI values ranging
from 20.9 to 37.2 (with a median CCl of 22.6) in this study. The maximum
CCl value in this Clavien-Dindo grade overlaps the lower CCl in the Clavien-

Table 3. The median CCl value as compared to the Clavien-Dindo grade of 621 analyzed patients who
underwent esophagectomy

Clavien-Dindo grade n (%) CCl, median (range)
0 192 (30.9) 0 (0)

| 120 (19.3) 8.7 (8.7-5.0)

Il 133 (21.4) 22.6 (20.9-37.2)
Ila 31 (5.0) 276 (26.2-50.0)
Ib 34 (5.6) 39.7 (33.7-62.6)
IVa 96 (15.3) 481 (42.4-78.7)
Vb 15(2.4) 69.9 (46.2-92.5)

CCI Comprehensive Complication Index

39 ¥



W 40

Dindo grade llla in this patient group (with a median CCl of 27.6, ranging from
26.2 to 50.0). The table shows that the overlap of the values is also fitted in
other Clavien-Dindo grades.

The relation between the Comprehensive Complication Index and the Clavien-
Dindo classification with all parameters

A scatterplot suggested a positive curvilinear relationship of the CCl with hos-
pital and ICU length of stay. A correlation coefficient of r =0.987 was found
between the CCl and the Clavien-Dindo classification (P <.010). The correla-
tion of both registry methods with (a prolonged) hospital length of stay, (a pro-
longed) ICU length of stay, and reoperation was calculated for 621 patients.
The correlation coefficients for reintervention and reintubation were calculated
for 619 and 620 patients, respectively.

Spearman'’s rank test showed a significant moderate or strong correlation of
the Comprehensive Complication Index and the Clavien-Dindo classifica-
tion with all parameters (P <.001). A strong correlation coefficient was found
between the Comprehensive Complication Index and hospital length of stay
(r=0.663), a prolonged hospital length of stay (r=0.542), ICU length of stay
(r=0.514), and reintubation rate (r=0.520). A moderate correlation coefficient
was found between the Comprehensive Complication Index and a prolonged
ICU length of stay (r=0.484), reintervention rate (r=0.437), and reoperation
rate (r=0.489). The Clavien-Dindo score also showed a strong correlation with
hospital length of stay (r=0.646), ICU length of stay (r=0.517), and reintuba-
tion rate (r=0.520) and showed a moderate relation with a prolonged length of
stay (r=0.530), a prolonged ICU length of stay (r=0.486), reintervention rate
(r=0.422), and reoperation rate (r=0.471). There was a significantly stronger
correlation between the Comprehensive Complication Index and length of stay
(P <.001), a prolonged length of stay (P =.028), reintervention rate (P =.010),
and reoperation rate (P =.001) than between the Clavien-Dindo classification

Table 4. Correlation coefficients for the CCl and the Clavien-Dindo classification of 621 patients

CCi(r) Clavien-Dindo classification (r) P value
Hospital length of stay 0.663 0.646 <.001
Hospital length of stay >16 days 0.542 0.530 .028
ICU length of stay 0.514 0.517 0.589
ICU length of stay >2 days 0.484 0.486 0.724
Reintervention* 0.437 0.422 .010
Reoperation 0.489 0.471 .001
Reintubation” 0.520 0.520 1.000

Al correlation coefficients (r ) were significant with P <.010. CCl Comprehensive Complication Index.
¥n=619 due to missing values. *n=620 due to 1 missing value.



and these parameters. The relations of the Comprehensive Complication Index
with other parameters were not significantly different compared to the Cla-
vien-Dindo classification (P >.05, Table 4).

DISCUSSION

The Comprehensive Complication Index shows a moderate to strong relation
with all parameters (prolonged) hospital length of stay, (prolonged) ICU length
of stay, reintervention, reoperation, and reintubation rate). As compared to the
relation of the Clavien-Dindo classification with (prolonged) ICU length of
stay, and reintubation, the relation of the CClI with these variables is not signifi-
cantly different. However, 4 out of 7 parameters showed a significantly higher
correlation with the CClI than with the Clavien-Dindo classification, that is, (a
prolonged) length of stay, reintervention, and reoperation.

This could be explained by the occurrence of multiple complications among
patients who were classified into the same Clavien-Dindo grade. For exam-
ple, there were 2 patients with a Clavien-Dindo classification lllb (reopera-
tion). One patient underwent reoperation only after the occurrence of a wound
dehiscence (CCI 33.7, length of stay: 20 days), while the other patient (CCl
62.6, LOS 143 days) suffered from the following conditions: anastomotic leak-
age drained at the bedside (Clavien-Dindo classification grade 1), pneumonia
treated with antibiotics (grade 1), wound dehiscence treated with reoperation
(grade lllb), underwent a second reoperation indicated by ileus (grade lllb), de-
lirium treated with antipsychotic medicine (grade 1), and an anastomotic ste-
nosis treated with endoscopic dilatation (grade Illa). The last patient showed
an increase in both the CCI as well as the length of stay, but not in the Cla-
vien-Dindo grade.

In most Clavien-Dindo grades, the upper CCl value per Clavien-Dindo grade
overlaps the lower CCl that correlates with the following Clavien-Dindo grade.
As shown in Table 3, Clavien-Dindo grade Illb is fitted with an upper CCI that
is higher than the lower CCl of Clavien-Dindo grade |Va. Apparently, Clavien-
Dindo grade lllb (reoperation) could be correlated with a more severe postop-
erative course than Clavien-Dindo grade IVa (admission to the ICU for single
organ failure) for patients with multiple complications who underwent reoper-
ation. Therefore, we can conclude that the severity of the complications does
not depend only on the treatment of the most severe complications.

Considering the stronger relation of the CCl with (a prolonged) length of stay,
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reintervention, and reoperation rate than the relation of the Clavien-Dindo
classification with these parameters, comparison of the severity of the post-
operative complications among patients is therefore more accurate when the
CCl is used. Since the relations of the Comprehensive Complication Index
and the Clavien-Dindo classification with the other parameters are equal, the
Comprehensive Complication Index can be used to assess differences in the
severity of complications in other patients.

Another frequently used system with which to classify the severity of compli-
cations is the Accordion Severity Grading System (ASGS), which is a severity
grading system derived from the Clavien-Dindo classification.? It contains a
contracted classification for smaller studies and an expanded classification for
larger studies, especially for complex procedures such as esophageal resections.
Compared to Clavien-Dindo classification grades [Va and Vb, which contain
complications requiring ICU admission due to single or multiple organ failure,
Accordion level 5 is based only on multiple organ failure regardless of ICU ad-
mission. This is caused by the fact that some patients require monitoring on
the ICU if moderate complications occur in the presence of comorbidities. The
development of the CCl incorporates the patients’ perspective and the severity
of complications is therefore based more on the impact that the complications
have on the patients instead of on the severity of the complication itself. Sec-
ond, the Accordion Severity Grading System and other scoring systems derived
from the Clavien-Dindo classification are mostly ordinal scales that are less
accurate for comparing patient groups in scientific studies than quantitative

methods.%1"18

The values of the CCl range from O to 100 and could therefore provide a more
comparable registry method for researchers instead of ordinal values such as
those used in the Clavien-Dindo classification. When complications cause
death, however, a CCl value of 100 does not reflect the severity of complica-
tions that arise in the period before the moment of death. For example, patients
could die of a cerebral vascular accident without any other accessory compli-
cation, or they could die after a period of cumulative complications eventually
leading to multiple organ failure and death. The CCl could possibly give more
insight into the severity of complications if the occurrence of complications
in the period before death were separately incorporated into the calculation.
This is also supported by the development of the Postoperative Morbidity In-
dex (PMI), another quantitative severity scoring system derived from the Ac-
cordion Severity Grading System and the National Surgical Quality Improve-
ment Program, which showed that the value of death was not always scored
as 100 by 43 surgical experts using a scale from 1 (minimal complication) to



100 (maximal complication).®?° Unfortunately, the calculation of the Post-
operative Morbidity Index is complex and it ignores the patients' perspective
in assessing complication severity, whereas the incorporation of the patients’
perspective by the Comprehensive Complication Index is a major change in the
use of a quantified complication severity scoring system.

Limitations

Since the O-POSSUM validation study, postoperative morbidity has decreased,
which is mostly attributable to the decrease in pulmonary complications.?' This
could be explained by the introduction of minimally invasive surgery (which was
not yet implemented in this patient group) and improvements in postoperative
care and enhanced recovery. In addition, neoadjuvant chemoradiotherapy is
now standard care, whereas in this patient cohort, only 18.8% of patients were
treated with neoadjuvant therapy.?? The results of this study must therefore be
carefully interpreted and applied to recent patient cohorts. More research on
a representative patient group should therefore be performed. In addition, this
study was based on patients from a prospectively maintained database and
complication treatment data were retrospectively added to this database. As
a consequence of missing treatment data, 18 patients were excluded from the
analysis.

Conclusions

The equal and stronger correlation of the Comprehensive Complication Index
with the traditional parameters in our study and the results of the earlier study
show that the Comprehensive Complication Index is a more accurate registry
method for complication severity than the Clavien-Dindo classification.”® Al-
though the calculation of Comprehensive Complication Index is more complex
and time consuming when compared to the Clavien-Dindo classification, the
Comprehensive Complication Index could be a valuable severity scoring sys-
tem with which to identify risks for the occurrence of complications in patient
groups in retrospective studies, and it could also be used to compare postoper-
ative morbidity more accurately than the Clavien-Dindo classification in future
randomized controlled trials.
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ABSTRACT

Background: Neoadjuvant chemoradiotherapy (nCRT) followed by surgery for
patients with esophageal or junctional cancer has become a standard of care.
The Comprehensive Complication Index (CCI) has recently been developed
and accounts for all postoperative complications. Hence, CCl better reflects
the burden of all combined postoperative complications in surgical patients
than the Clavien-Dindo score alone, which incorporates only the most severe
complication. This study was designed to use the comprehensive complication
index to evaluate the severity of complications in patients treated with nCRT
followed by esophagectomy versus patients who underwent esophagectomy
alone.

Methods: All patients included in the CROSS study—a randomized, clinical trial
on the value of NCRT followed by esophagectomy—were included. Complica-
tions were assessed and graded using Clavien-Dindo classification. CCl was
derived from these scores, using the CCl-calculator® available online (www.
assessurgery.com). The CCl of patients who underwent nCRT followed by sur-
gery was compared with the CCl of patients who underwent surgery alone.

Results: In both groups 161 patients were included. The median (and interquar-
tile range) CCI of patients with nCRT and surgery was 26.22 (17.28-42.43)
versus 25.74 (8.66-43.01) in patients who underwent surgery alone (P =.58).
There also was no difference in CCl between subgroups of patients with anas-
tomotic leakage, pulmonary complications, cardiac complications, thrombo-
embolic events, chyle leakage, and wound infections.

Conclusions: Neoadjuvant chemoradiotherapy according to CROSS did not
have a negative impact on postoperative complication severity expressed by
CClI compared with patients who underwent surgery alone for potentially cur-
able esophageal or junctional cancer.



INTRODUCTION

Esophageal cancer remains one of the most common cancers worldwide.
Treatment for patients with potentially curable esophageal cancer involves an
esophagectomy with gastric tube reconstruction. Meta-analyses of random-
ized, controlled trials comparing neoadjuvant chemoradiotherapy plus surgery
to surgery alone showed that multimodality treatment improves overall survival,
but side-effects (e.g., radiation fibrosis, suppressed immune function, impaired
nutritional and hematological status) could increase morbidity and mortality
after esophagectomy.?”"” The largest published, randomized clinical trial on the
value of neoadjuvant chemoradiotherapy (CROSS trial) also showed a survival
benefit.!* Importantly, there was no difference in the frequency of complica-
tions and postoperative mortality between the patients who were treated with
neoadjuvant chemoradiotherapy followed by surgery and the patients who un-
derwent surgery alone.

In the past decades, the frequency and severity of postoperative complications
have become important quality measures in surgical studies. In addition, pa-
tients' reported grading of complications provides a better insight into the bur-
den of a complicated postoperative course. Therefore, several severity-scoring
systems have been developed.'®?2 A novel and validated scoring system is the
Comprehensive Complication Index.292% The Comprehensive Complication In-
dex summarizes the frequency, severity, and patients' rating of complications
by using the adopted "operating risk index" in a single score that ranges be-
tween O (no complication) and 100 (death) based on the established Clavien-
Dindo classification.?? A recent study showed that the Comprehensive Com-
plication Index is a sensitive method that is superior to traditional endpoints,
because it summarizes the whole burden of postoperative complications to the
patient.?® Whereas traditional endpoints showed no significant differences in
the incidence of postoperative complications within the CROSS trial, the cur-
rent study was designed to evaluate the overall effect of neoadjuvant chemo-
radiotherapy on the severity of postoperative complications and the overall
burden on patients taking part in the CROSS trial. Therefore, the Compre-
hensive Complication Index was compared between patients with esophageal
or esophagogastric junction cancer who underwent chemoradiotherapy plus
surgery versus patients who underwent surgery alone.

49 ¥



# 50

METHODS

Patients with esophageal cancer or cancer of the gastroesophageal junction
(cT1-4aN0O-3MO) who underwent a curative surgical resection of the esoph-
agus and who participated in the CROSS trial were selected from the study
database. The CROSS trial was a multicenter, randomized, controlled trial
that compared overall survival for patients who were treated with neoadjuvant
chemoradiotherapy followed by esophagectomy and patients who underwent
esophagectomy alone. The inclusion and exclusion criteria as well as staging
procedures have been described previously.?* As the study focuses on compli-
cation severity after esophagectomy, patients who did not undergo resection
were removed from the study cohort.

Complications

Complications were defined using the complete and commonly applicable Na-
tional Cancer Institute's Common Terminology Criteria for Adverse Events,
4.0.2° Because these criteria do not provide a definition of anastomotic leak-
age, the definition according to Bruce et al. was used.?® 'drainage of saliva or
gastrointestinal content from the surgical join between the esophagus and gas-
tric tube. The luminal contents may emerge externally or internally or may be
collected near the anastomosis with or without systemic complications’. Only
complications within 30 days after the operation and/or during the hospital
stay were assessed.

Comprehensive Complication Index (CClI)

The Comprehensive Complication Index is a complication index that was in-
troduced by Slankamenac and colleagues in 2013 and is based on the Cla-
vien-Dindo classification (see Appendix).2%22 In the development of the Com-
prehensive Complication Index, data on common postoperative complications
were gathered and rated by both patients and physicians. In this method each
complication is validated and given a fixed number, and also includes the pa-
tient's perspective regarding the severity. After this, a score is calculated for
each grade in the Clavien-Dindo classification. To calculate the Comprehen-
sive Complication Index, all complications that a patient develops after surgery
are summarized and computed through the operation risk index approach that
is commonly used in economics. This can be done easily and free of charge at
https://www.assessurgery.com. The final index yields a score from O (no com-
plication) to 100 (death).?” To investigate whether postoperative complication
severity is influenced by neoadjuvant treatment, the severity of all combined
complications was measured using the Comprehensive Complication Index.
Based on results in earlier studies of patients who underwent esophageal can-



cer surgery in which specific complications showed an increase in incidence,
six subgroups were formed in this study. For example, some studies showed
the influence of neoadjuvant treatment on pulmonary complications, due to
the radiation field. In subgroup 2, patients with pulmonary complications were
compared. Only patients with the specific complication were used to calculate
the specific complication Comprehensive Complication Index.

Grading of complications

We used the original database of the CROSS study in which postoperative
complications were scored by data managers in each participating center.
Cross-checking of these complications and grading every complication ac-
cording to the Clavien-Dindo classification was done by one of the authors
(NN). The Comprehensive Complication Index was calculated afterwards. In
addition, for each patient the traditional endpoints, the total number of com-
plications, the presence of any complication (yes/no) and the most severe
complications (grade Illb according to the Clavien-Dindo classification) were
assessed.

Treatment

As previously described, patients randomized to neoadjuvant chemoradiother-
apy underwent five weekly cycles of chemoradiotherapy (carboplatin/pacli-
taxel with 41.1 Gy concurrent radiotherapy) followed by surgery that would
preferably be performed within 4-6 weeks after chemoradiation.?* Patients
randomized to the surgery alone arm underwent esophagectomy as soon as
possible.

Statistical analyses

Adjustment for possible confounders was not necessary, because the data were
controlled for confounding by randomization. Baseline continuous data were
described as means with standard deviation or, in the case of variables that
were not normally distributed, with the median and interquartile range. Normal
distribution was calculated using the Kolmogorov-Smirnov test. Groups were
compared using the nonparametric Mann-Whitney U test. For cross-tabula-
tions, Pearson’s chi-square test with continuity correction was used. All statisti-
cal analyses were performed on the statistical package SPSS 22.0 (SPSS Inc.,
Chicago, IL). Two-sided P <.050 was considered to be statistically significant.
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RESULTS

Of the 368 patients randomized in the CROSS trial, 322 patients were includ-
ed in the present study.”* An overview of inclusion and exclusion of patients in
the present study is shown in Figure 1.

Patients' characteristics, including age, sex, comorbidity, and surgical approach,
were similar between both groups (Table 1). More radical (RO) resections were
performed in patients who received neoadjuvant chemoradiotherapy before
esophagectomy (P <.001). In patients who were analyzed in the current study
(n=322), the combined treatment group of 136 (85%) patients developed at
least one complication versus 125 (78%) of the surgery alone group (Table 2).

Figure 1. Flow chart of patients

Randomization in the CROSS trial

n=368
Assigned to neoadjuvant Assigned to surgery alone
treatment =188
n=180 B
Neoadjuvant chemoradiotherapy
n=171
Surgery Surgery
n=171 n=168
Esophagectomy Esophagectomy
n=161 n=161
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Table 1. Baseline characteristics

nCRT and surgery Surgery alone P value
(n=161) (n=161)

Age (year) 60 (37-76) 60 (36-76) 72
Sex (male:female) 129:34 123:38 A1
WHO performance status

6] 27 (16.7) 20 (12.4) .28

1 134 (83.2) 140 (87.0) .34
Comorbidity

Cardiovascular 45 (28.0) 40 (24.8) 48

Respiratory 17 (10.6) 19 (11.8) .69

Diabetes mellitus 14 (8.7) 11 (6.8) .55
Histology

Squamous cell carcinoma 37 (23.0) 37 (23.0) 1.00

Adenocarcinoma 121 (75.2) 120 (74.5) 1.00

Undifferentiated carcinoma 3(1.9) 4(2.5) 1.00
Tumor site

Proximal esophagus 2 (1.2) 3(1.9) 1.00

Mid esophagus 24 (14.9) 16 (9.9) 23

Distal esophagus 112 (69.6) 123 (76.4) 20

Gastroesophageal junction 23 (14.3) 17 (10.6) .40
Mortality

30-day 3(1.9) 4(2.5) 1.00

In-hospital 531 6 (3.7) .99
Surgical approach

Transhiatal esophagectomy 72 (44.7) 72 (44.7) 1.00

Transthoracic esophagectomy 89 (55.3) 87 (54.0) 91
RO resections 148 (91.9) 111 (68.9) <.001

WHO: World Health Organization, nCRT: neoadjuvant chemoradiotherapy, RO resections: resections with

tumor-free margins. Age is presented in median (range). Percentages may not add up to 100 because of

rounding

Grade | complications were seen in 43.5% of patients after neoadjuvant
chemoradiotherapy plus surgery versus 49.1% of patients after surgery alone
(P =.37). In addition, there was no statistically significant difference for grade
[I-V complications (Table 2). Analyses in six subgroups showed that respiratory
complications, i.e., pneumonia, were the most common (30.4 versus 24.8%,
P =.32), followed by anastomotic leakage (22.9 versus 30.4%, P =.13) and
cardiac arrhythmias (18.6 versus 13.7%, P =.29). Significantly more infections
of the chest wound were found in patients with neoadjuvant treatment who
underwent a transthoracic esophagectomy (O versus 5.6%, P =.007). The in-
cidence of all other complications was not significantly different between the

two groups.
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Table 2. Frequencies of Clavien-Dindo classification grades and postoperative complications in patients in the
current study

nCRT and surgery Surgery alone P value
(n=161) (n=161)
Any complication 136 (84.5) 125 (77.6) 13
Grade | complication 70 (43.5) 79 (491 37
Grade Il complication 90 (55.9) 85 (52.8) .65
Grade Illa complication 58 (36.0) 52 (32.3) .56
Grade Illb complication 25 (15.5) 28 (17.3) 76
Grade [Va complication 28 (17.3) 33 (20.5) .57
Grade Vb complication 3.9 6 (3.7) .50
Grade V complication 53D 6 (3.7) 1.00
Subgroup 1: Anastomotic leakage 37 (22.9) 49 (30.4) 16
Subgroup 2: Pulmonary complication 81(50.3) 82 (50.9) 1.00
Subgroup 3: Cardiac complications 34 (21.0) 23 (14.2) .57
Subgroup 4: Thromboembolic events 6 (3.7) 4 (2.5) 1.00
Subgroup 5: Chyle leakage 16 (9.9) 1 (9.) A1
Subgroup 6: Wound infection 18 (11.1) 21 (13.0) .60
Anastomotic leakage 37 (22.9) 49 (30.4) 16
Leakage requiring surgical intervention 8 (4.9 6 (3.7) .59
Pneumonia 49 (30.4) 40 (24.8) 32
Atelectasis 17 (10.6) 22 (13.7) .49
Empyema 14 (8.7) 25 (15.5) .09
Pneumothorax 10 (6.2) 14 (8.7) 52
Respiratory insufficiency 29 (18.0) 33 (20.5) .67
Reintubation 33 (20.5) 33 (20.5) 1.00
Thromboembolism 6 (3. 4 (2.5) 75
Cardiac arrhythmia 30 (18.6) 22 (13.7) .29
Mpyocardial infarction ] 1(0.6) 1.00
Cardiac decompensation 4 (2.5) 0] 13
Mediastinitis 6 (3.7) 11 (6.8) .32
Chylothorax 16 (9.9) 11 (6.8) 41
Vocal cord palsy 19 (11.8) 12 (7.5) .66
Wound infection neck 9 (5.6) 6 (3.7) .60
Wound infection thorax ] 9(5.6) .007
Wound infection abdomen 9(5.6) 6 (3.7) .60
Renal failure 4(2.5) 1(0.6) .37
Sepsis 7 (4.3) 10 (6.2) 62
Multiple organ failure 6] 6 (3.7) 13
Readmission to ICU 30 (18.6) 27 (16.8) .66

nCRT neoadjuvant chemoradiotherapy, ICU intensive care unit

There was no statistically significant difference in the Comprehensive Com-
plication Index between both groups. The median Comprehensive Complica-
tion Index in the combined treatment group was 26.22 (IQR 17.28-42.43)
compared with 25.74 (IQR 8.66-43.01) in the surgery alone group (P =.58,
Table 3). In subgroup analyses of the specific complications, the Comprehen-
sive Complication Index for patients who underwent neoadjuvant chemo-



Table 3. Comprehensive Complication Index computed for the whole study group as well as subgroups of
common postoperative complications

CRT and surgery Surgery alone P value
Total group (n=322) 26.22 (17.28-42.43) 25.73 (8.66-43.01) 0.58
Patients with anastomotic leakage (n=86) 8.66 (8.66-33.73) 8.66 (8.66-33.73) 0.78
Patients with pulmonary complications (n=163)  20.92 (20.92-42.43) 20.92 (20.92-42.43) 0.59
Patients with cardiac complications (n=57) 20.92 (20.92-20.92) 20.92 (20.92-20.92) 064

Patients with thromboembolic complications 20.92 (20.92-20.92) 20.92 (20.92-20.92) 1.0
(n=10)

Patients with chyle leakage (n=27) 8.66 (8.66-20.92) 14.79 (8.66-31.85) 0.65
Patients with wound infections (n=39) 8.66 (8.66-8.66) 8.66 (8.66-8.66) 0.93

Values are shown as the median Comprehensive Complication Index with interquartile range.

radiotherapy and developed an anastomotic leak was not statistically different
from patients who underwent surgery alone: 8.66 (8.66-33.73) versus 8.66
(8.66-33.73), P =.78. The same was true for the other subgroups of patients
who developed pulmonary or cardiac complications, a thromboembolic event,
chyle leakage, or wound infection (Table 3).

DISCUSSION

The Dutch CROSS study showed an absolute 5-year survival benefit of 13%
for patients who underwent neoadjuvant chemoradiotherapy followed by
an esophagectomy for esophageal or junction cancer. Hence, neoadjuvant
chemoradiotherapy is nowadays widely used in clinical practice. However, it is
important to consider the potential harm caused by neoadjuvant chemoradio-
therapy, because trials frequently focus on the benefits of the treatment.?8-3°
This may be caused by a lack of sensitive outcome parameters, by underreport-
ing, and by the strict inclusion criteria of trials that are frequently broadened
after closure of the trial and the specification of positive results. In addition,
sample sizes are often rather small, masking the incidence of selectively rare
but potentially serious complications.

In this study we used the novel outcome measure for a postoperative complicat-
ed course (the Comprehensive Complication Index) to compare the additive
impact of neoadjuvant chemoradiotherapy on the severity of complications in
patients after esophagectomy, as the incidence of complications was already
reported in the CROSS study. Our results do not show significant differences
in either the Comprehensive Complication Index between both groups or in the
incidence of specific common complications.
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The benefit of neoadjuvant treatment has been a topic of many studies but
the potential harm has been described less extensively. The Cochrane review,
published in 2010, demonstrates that postoperative complications are often
either ill-described or not described at all.’®3! Therefore, in their meta-analysis
no overall complication rate could be calculated.

In a retrospective study published by Morita et al. containing 686 patients, the
total number of complications, as well as pulmonary complications and anasto-
motic leakage, developed more frequently in patients who underwent neoadju-
vant treatment in comparison with patients who did not undergo neoadjuvant
treatment.®2 Bosch et al. confirmed an increase in cardiopulmonary complica-
tions in the neoadjuvant treatment group (pneumonia and cardiac arrhyth-
mias).® In a retrospective cohort study of 138 patients, Merrit et al. showed no
increase in postoperative morbidity and mortality, but concluded that major
postoperative complications are rather due to surgical techniques and preop-
erative morbidity rather than neoadjuvant therapy.'® Furthermore, Kelley et al.
performed a prospective trial in 2004, which showed no significantly higher
complication rate in patients who underwent preoperative chemoradiothera-
py.® In a study of 40 patients by Bagheri et al., respiratory complications were
closely analyzed, and although there was a significant correlation between the
number of microorganisms in the sputum and difficulty in weaning, there was
no correlation found between neoadjuvant treatment and pulmonary compli-
cations.”

Several meta-analyses showed a decrease in mortality without any proof of a
decrease in postoperative complications, but most trials failed to produce in-
formation about postoperative complications.'®121319 Greer et al. found no dif-
ference in their meta-analysis and concluded that there was a need for large,
randomized trials."

With the recently developed sensitive comprehensive complication index, it is
possible to take the severity of all complications into consideration, thus im-
proving the accuracy of reporting the impact of all side effects combined.?922
The Comprehensive Complication Index has already been validated in different
surgical trials, showing its value. The Comprehensive Complication Index incor-
porates patients’ opinion on a complication, as well as the physicians' opinion.
It also takes into account low-grade complications, which are not normally con-
sidered an endpoint but contribute to the patients' postoperative experience.
Additionally, the Comprehensive Complication Index can be used to compare
the severity of a specific complication (i.e., anastomotic leakage) between dif-
ferent patient groups (Table 3).



There are several limitations to the current study. Because our study includ-
ed patients from seven participating hospitals, it may be possible that there
is some difference in reporting and treatment of complications. All complica-
tions were reviewed by one of the authors to preserve uniformity in the appli-
cation of the Clavien-Dindo classification. In the Netherlands, transference to
the Medium or Intensive Care Unit for more intensive monitoring of patients is
relatively low, which in the Clavien-Dindo system directly results in a grade IV
complication but is not always accompanied by organ failure. The difference in
complications scored in the CROSS trial differ because of the difference be-
tween the Clavien-Dindo classification and the Comprehensive Complication
Index. In the CROSS study, only the most severe complication counted. In this
study we only included early complicationsi.e., during the 30 days after surgery
and/or within hospital admission. Later complications, e.g., stenosis or compli-
cations due to recurrence, were not included. Another possible limitation of this
study is that postoperative complications were not the primary endpoint of the
CROSS trial. The sample size calculation of the CROSS trial was based on
expected differences in survival outcome as the main study outcome, therefore,
the size of this study population might be too small to show differences in rare
complications. However, as described by Slankamenac et al., when using the
Comprehensive Complication Index as opposed to the original Clavien-Din-
do classification as an endpoint, a meaningful comparison can be made with
smaller sample sizes.?°

CONCLUSIONS

The Comprehensive Complication Index can be used as a tool to monitor post-
operative recovery in a detailed and structured way. Because all data in the
present study were prospectively registered, this study gives a realistic view of
postoperative complications in patients with cancer of the esophageal and
esophagogastric junction. This study shows that the frequency of complica-
tions described in patients extracted from the CROSS trial data is similar in the
two groups, and the outcomes of specific complications in the two groups are
similar. Neoadjuvant chemoradiotherapy does not have a negative impact on
the overall postoperative morbidity as expressed by the Comprehensive Com-
plication Index compared with patients who underwent surgery alone for po-
tentially curable esophageal or esophagogastric junctional cancer.
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APPENDIX

The Clavien-Dindo Classification??

Grade Description

Grade | Any deviation from the normal postoperative course without
the need for pharmacological treatment or surgical, endoscopic,
and radiological interventions
Allowed therapeutic regimens are: drugs as anti-emetics, anti-
pyretics, analgetics, diuretics, electrolytes, and physiotherapy.
This grade also includes wound infections opened at the bedside.

Grade Il Requiring pharmacological treatment with drugs other than
such allowed for grade | complications Blood transfusions and
total parenteral nutrition are also included.

Grade lll | Requiring surgical, endoscopic or radiological intervention.

o Intervention not under general anesthesia.

b Intervention under general anesthesia.

Grade IV | Life-threatening complication (including CNS complications)*
requiring IC/ICU management.

IVa Single organ dysfunction (including dialysis).

Vb Multi-organ dysfunction.

Grade V | Death of a patient.

Suffix "d" | If the patient suffers from a complication at the time of dis-

charge, the suffix "d" (for "disability") is added to the respective
grade of complication. This label indicates the need for a fol-
low-up to fully evaluate the complication.
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ABSTRACT

Introduction: Totally minimally invasive esophagectomy (TMIE) is increasing-
ly used for treatment of patients with esophageal carcinoma. However, it is
currently unknown whether McKeown TMIE or Ivor Lewis TMIE should be pre-
ferred for patients in whom both procedures are oncological feasible.

Methods: The study was performed in 4 high-volume Dutch esophageal can-
cer centers using data of patients between November 2009 and April 2017.
Prospectively collected data from consecutive patients with esophageal can-
cer localized in the distal esophagus or gastroesophageal junction undergoing
McKeown TMIE or Ivor Lewis TMIE were included. Patients were propensi-
ty-score-matched for age, body mass index, sex, American Society of Anes-
thesiologists classification, Charlson Comorbidity Index, tumor type, tumor
location, clinical stage, neoadjuvant treatment, and hospital of surgery. The
primary outcome parameter was anastomotic leakage requiring reintervention
or reoperation. Secondary outcome parameters were: operation characteris-
tics, pathology results, complications, reinterventions, reoperations, length of
stay, and mortality.

Results: Of the 787 included patients, 420 remained after matching. The in-
cidence of anastomotic leakage requiring reintervention or reoperation was
23.3% after McKeown TMIE versus 12.4% after Ivor Lewis TMIE (P =.003).
Ivor Lewis TMIE was significantly associated with a lower incidence of pulmo-
nary complications (46.7 versus 31.9%), recurrent laryngeal nerve palsy (9.5
versus 0.5%), reoperations (18.6 versus 11.0%), 90-day mortality (7.1 versus
2.9%), shorter median intensive care unit length of stay (2 days versus 1 day)
and shorter median hospital length of stay (12 versus 11 days), P <.05. RO
resection rate was similar between the groups. The median number of exam-
ined lymph nodes was 21 after McKeown TMIE and 25 after Ivor Lewis TMIE
(P <.001).

Conclusions: Ivor Lewis TMIE is associated with a lower incidence of anasto-
motic leakage, 90-day mortality and other postoperative morbidity compared
to McKeown TMIE in patients in whom both procedures are oncological feasible.



INTRODUCTION

Totally minimally invasive esophagectomy (TMIE) is increasingly used in the
treatment of patients with esophageal carcinoma.! TMIE has been shown to
reduce pulmonary complications, postoperative pain, and hospital length of
stay compared to open esophagectomy, without compromising oncological
safety.?3

There are several surgical approaches for TMIE: the Orringer procedure (lap-
aroscopic transhiatal with cervical anastomosis), the McKeown procedure
(thoracolaparoscopic with cervical anastomosis) and the Ivor Lewis procedure
(thoracolaparoscopic with intrathoracic anastomosis).*® Transhiatal TMIE is
currently not favored because no adequate thoracic lymph node dissection can
be performed, which might compromise survival in selected patients."” For pa-
tients with resectable esophageal carcinoma between the level of the carina
and the gastroesophageal junction, both a McKeown TMIE and an Ivor Lewis
TMIE esophagectomy are considered feasible and oncological appropriate. It
is, however, currently unknown whether McKeown TMIE or lvor Lewis TMIE is
associated with lower postoperative morbidity.

A recent review and meta-analysis concluded that no randomized controlled
trials, and only 5 comparative cohort studies, have been published comparing
McKeown TMIE with Ivor Lewis TMIE.8 In addition, these 5 studies were sin-
gle-center studies, included a limited number of patients, all studies were retro-
spective and none of the studies corrected for case-mix parameters.

Therefore, the aim of the present study was to compare postoperative morbid-
ity in a multicenter setting, including case-mix correction by propensity score
matching, for patients who had distal esophageal or gastroesophageal junction
carcinoma and were undergoing McKeown TMIE or Ivor Lewis TMIE.

METHODS

Study Setting

This retrospective cohort study with prospectively collected data included pa-
tients undergoing McKeown TMIE and lvor Lewis TMIE in 4 Dutch hospitals.
All centers are regional referral centers for esophageal cancer surgery and per-
form at least 40 TMIEs per year. In addition, all centers experienced a transition
from McKeown TMIE to Ivor Lewis TMIE as the preferred surgical procedure
for patients with esophageal cancer during the study period. In all hospitals,
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perioperative care pathways were implemented before the start of this study.
In 3 out of the 4 hospitals, all operated patients went to the intensive care unit
(ICU) for at least 1 day, and in 1 of the hospitals, patients were only transferred
to the ICU on indication.

Patients

Consecutive patients with malignant tumors of the esophagus or gastro-
esophageal junction (cT1b-4a, NO-3, MO) undergoing elective, curative TMIE
between November 2009 and April 2017 were included in this study. All pa-
tients with carcinoma of the proximal or middle esophagus and patients with
carcinoma of the gastric cardia were excluded, to ensure that only patients in
whom both McKeown TMIE and Ivor Lewis TMIE were feasible were includ-
ed. Curative resection after neoadjuvant chemoradiotherapy according to the
CROSS scheme was the standard treatment in the Netherlands during the
study period.® In selected cases, neoadjuvant chemotherapy was administered.
Patients receiving definitive chemoradiation therapy and a subsequent salvage
procedure were excluded from this analysis.

Surgeons and operative technique

All patients were operated on by a dedicated esophageal surgical team. Most
procedures were performed by 2 surgeons. All patients underwent TMIE includ-
ing a laparoscopic lymph node dissection in a supine position and thoracoscop-
ic lymph node dissection in a prone position. Anastomotic techniques in the
Ivor Lewis TMIE group were fully mechanical circular end-to-side anastomo-
sis or semi-mechanical linear side-to-side (S-S) anastomosis. In the McKeown
TMIE group, anastomotic technique was hand-sewn end-to-end, end-to-side,
or side-to-side, semi-mechanical side-to-side or stapled side-to-side.'®" Pyloric
drainage procedures were not routinely performed.

Case-mix and outcome parameters

Case-mix parameters were patient sex, age, body mass index (BMI), American
Society of Anesthesiologists (ASA) score, Charlson Comorbidity Index, clinical
tumor stage, tumor location, tumor histology, and neoadjuvant treatment.

The primary outcome parameter was anastomotic leakage requiring reinter-
vention or reoperation. The Esophagectomy Complications Consensus Group
(ECCG) definition of anastomotic leakage was used: a full-thickness gastro-
intestinal defect involving the esophagus, anastomosis, staple line, or conduit.?
Anastomotic leakage was diagnosed by contrast computed tomography scan,
endoscopy, drainage of ingested materials or gastric content into chest tubes
or signs of anastomotic leakage during reoperation or autopsy. Anastomotic



leakage was graded according to the ECCG: type | (no reintervention or reop-
eration required), type Il (reintervention but no reoperation), and type Il (re-
quiring reoperation).”?

Secondary outcome parameters were conversion rate, operative time, chyle
leakage, pulmonary complications, pneumonia, cardiac complications, jejunos-
tomy-related complications, overall morbidity (defined as 'the combined inci-
dence of all complications’), hospital length of stay (LOS), ICU length of stay,
readmissions within 30 days, and 30-day, 90-day, and in-hospital mortality
and textbook outcome. Outcome parameters are described in more detail in
online appendix . In addition, RO resection rate and the number of examined
lymph nodes were recorded. Textbook outcome, a composite outcome param-
eter of an 'ideal outcome' in a patient, was used and this was scored if the
outcome in a patient met the following criteria: radical (RO) resection, 15 or
more resected lymph nodes, no perioperative complications, no reinterventions
or reoperations, no complications of Clavien-Dindo grade Il or higher, no ICU
readmission, no hospital length of stay greater than 21 days, no hospital read-
mission less than 30 days, no mortality of less than 30 days and no in hospital
mortality.”*'* Reinterventions were subdivided into radiologic and endoscopic
reinterventions. Endoscopic reinterventions were defined as any endoscopic
procedures used to treat anastomotic leakage.

Statistical methods

A propensity-score-matched analysis was performed to minimize selection
bias. Propensity scores were calculated using logistic regression. All case-mix
factors and the hospital of surgery were entered into the regression model
with the operative technique (McKeown TMIE or Ivor Lewis TMIE) as the de-
pendent variable. The cases were matched for their propensity scores using a
matching ratio of 1:1 and a nearest neighbor matching protocol with a caliper
of 0.2. Cases were not reusable after matching.’®

Outcome parameters were analyzed using IBM SPSS for Windows (version
22.0, Armonk, NY). The Chi-square test or Fisher's exact test was used when
appropriate to evaluate whether differences in binomial variables were statis-
tically significant. For continuous variables that did not display a normal distri-
bution, the Mann-Whitney U test was used. Differences were considered sta-
tistically significant when the P value was less than .05.
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RESULTS

Patient characteristics

Data from 787 consecutive patients were analyzed. The use of TMIE increased
over time and a substantially higher proportion of patients underwent Ivor Lew-
is TMIE during later periods (Fig. 1). Before matching, significant differences
between patients undergoing McKeown TMIE and Ivor Lewis TMIE were pres-
ent for tumor type, tumor location, clinical stage, Charlson Comorbidity Index,
and the hospital of surgery. After propensity score matching, 420 patients re-
mained to be evaluated (210 in each group). After matching, only tumor type
remained significantly different between the McKeown TMIE and Ivor Lew-
is TMIE groups, although the difference between the groups was reduced by
the matching procedure. Details of patients’ characteristics before and after
matching are shown in Table 1.

Figure 1. Number of totally minimally invasive esophagectomies performed
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Unmatched and matched outcome parameters are shown in Table 2. After
matching, the incidence of anastomotic leakage requiring reintervention or
reoperation was 23.3% in the McKeown TMIE group and 12.4% in the Ivor
Lewis TMIE group (P =.003). No association between tumor type and anas-
tomotic leakage requiring reintervention or reoperation was observed. The dif-
ference in anastomotic leakage between the groups persisted in a post-hoc
binary logistic regression analysis that corrected for tumor type (P =.004).
An additional post-hoc binary regression analysis showed that the difference
in anastomotic leakage requiring reintervention or reoperation persisted after



correcting for year of surgery (P =.018). The total incidence of anastomotic
leakage was 28.1% after McKeown TMIE and 13.8% after Ivor Lewis TMIE
(P <.001). The incidence of pulmonary complications was 46.7% after Mc-
Keown TMIE and 31.9% after Ivor Lewis TMIE (P =.002). Atrial fibrillation
occurred in 25.7% in the McKeown TMIE group and in 16.7% in the Ivor Lewis
TMIE group (P =.023). The incidence of recurrent laryngeal nerve palsy was
9.5% after McKeown TMIE and 0.5% after Ivor Lewis TMIE (P <.001, Table 2).

Other outcome parameters

After matching, median operative time was 349 minutes for McKeown TMIE
compared to 410 minutes for Ivor Lewis TMIE (P <.001). The reoperation rate
was 18.6% in the McKeown TMIE group and 11.0% in the Ivor Lewis TMIE
group (P =.028). Median ICU length of stay was 2 days after McKeown TMIE
compared to 1 day after Ivor Lewis TMIE (P <.001) and median hospital
length of stay was 12 days in the McKeown TMIE group and 11 days in the Ivor
Lewis TMIE group (P =.046). The 30-day, 90-day, and in hospital mortality
rates were 2.4, 7.1, and 5.2%, respectively, after McKeown TMIE compared
to 1.0, 2.9, and 1.4%, respectively, after Ivor Lewis TMIE (P =.253, P =.044,
and P =.053, respectively). The median number of examined lymph nodes was
21 after McKeown TMIE and 26 after Ivor Lewis TMIE (P <.001). The overall
RO resection rate was 96.1% with no significant difference between groups.
No other secondary outcome parameters were significantly different between
groups (Table 2).

DISCUSSION

In this study, Ivor Lewis TMIE was associated with a significantly lower incidence
of anastomotic leakage requiring reintervention or reoperation compared to
McKeown TMIE. The widespread belief that anastomotic leakage after cervi-
cal anastomosis is less severe and can be solved with drainage through the cer-
vical wound only is therefore not in line with the findings of the present study. In
addition, Ivor Lewis TMIE was significantly associated with a lower incidence
of pulmonary complications, recurrent laryngeal nerve palsy, atrial fibrillation,
reoperations, 90-day mortality, and shorter ICU and hospital length of stay
compared to McKeown TMIE. The strength of this study is that it is the first
study to perform a multicenter, propensity-score-matched analysis comparing
Ivor Lewis TMIE with McKeown TMIE in a substantial number of patients. Be-
cause only patients with tumors in the distal esophagus and gastroesophageal
junction were included, the study population is more homogeneous because
both Ivor Lewis TMIE and McKeown TMIE are both feasible and oncologically
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safe in these patients. This resulted in a lower risk of selection bias than other
studies that have been published on this subject.'6-2°

A limitation of this study is that a difference in tumor type persisted between
the groups after propensity score matching. However, a post-hoc regression
analysis showed that this factor did not explain the differences observed in this
study. In addition, most Ivor Lewis patients were operated on in a later time pe-
riod (Fig. 1). To investigate whether it was likely that the outcomes of our study
could be explained by other factors that changed over time (e.g., perioperative
care), we performed an additional regression analysis, correcting for year of
surgery for our primary outcome parameter. Although the observed difference
between the groups was smaller in this analysis, the difference in anastomotic
leakage requiring reintervention or reoperation remained significantly different
and it is therefore unlikely that the primary findings of our study are explained
by improving general care only.

Another limitation is the heterogeneous anastomotic techniques that are used
in this study. The fact that no robust data are currently available regarding the
association of the anastomotic technique (e.g., hand-sewn versus stapled or
different types of anastomotic configuration) with differences in outcome led
us to believe that the heterogeneous techniques probably do not contribute to
the results of this study. Future research will have to clarify whether differences
in anastomotic techniques are associated with differences in outcome after
minimally invasive esophagectomy. Furthermore, a large proportion of the pa-
tients were included in one of the participating centers. Although the study
was matched for the hospital in which the operation was performed and this is
unlikely to have influenced the results, it does affect the general strength of this
being a multicenter analysis.

Another concern is the occurrence of learning-curve bias, because it has been
reported that outcomes of esophagectomy improve as surgical proficiency is
gained.?"?? The time periods in which patients undergoing McKeown TMIE
(mainly earlier period) and lvor Lewis TMIE (mainly later period) were included
were also characterized by surgical learning curves for McKeown TMIE and
Ivor Lewis TMIE. Although patients were included during both the learning
curves of McKeown TMIE and Ivor Lewis TMIE, it is unfortunately not possible
to assess whether learning-curve effects were similar in both treatment groups.
Steps that had been learned during the implementation of McKeown TMIE
were probably also applied in Ivor Lewis TMIE and this might have positive-
ly affected the outcome in the Ivor Lewis TMIE group. However, large learn-
ing-curve effects have also been reported for Ivor Lewis TMIE and we therefore



Table 2. Comparison of outcome parameters between McKeown and Ivor Lewis esophagectomy
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think it is unlikely that the findings of the present study can be solely explained
by learning-curve bias.?® In fact, the difference in anastomotic leakage inci-
dence between McKeown TMIE and Ivor Lewis TMIE may be even larger than
that demonstrated in the present study. This is supported by a post-hoc analy-
sis showing that the incidence of anastomotic leakage in the Ivor Lewis TMIE
group decreased from 12.7% in the first half of patients to 7.4% in the second
half of patients. In contrast, no learning curve effect was found regarding anas-
tomotic leakage in the McKeown TMIE group.

Median ICU length of stay and hospital length of stay were significantly shorter
after Ivor Lewis TMIE compared to McKeown TMIE, which might be explained
by the lower incidence of complications after Ivor Lewis TMIE. Postoperative
mortality was also lower in the Ivor Lewis TMIE group and this was primarily
caused by the relatively high incidence of in-hospital mortality in the McKeown
TMIE group. Oncological RO resection rate was high in both groups, but Ivor
Lewis TMIE was associated with a higher number of retrieved lymph nodes.
During this study period, the surgical extent and technique of the lymph node
dissection was equal in both groups, and therefore this finding may reflect a
learning curve for performing minimally invasive lymph node dissection or for
the retrieval of lymph nodes in the resected specimen by the pathologist.

Five other studies have previously compared McKeown TMIE with Ivor Lewis
TMIE.'6-20 A recent meta-analysis of these studies showed no significant differ-
ence in anastomotic leakage, but did find that Ivor Lewis TMIE was associated
with a shorter hospital length of stay and less blood loss. The studies in this me-
ta-analysis were heterogenic regarding the methodology and definitions used,
which might explain why the outcome differs from the present study. However,
the fact that findings in the present study are different from findings in previ-
ously published literature underlines that there is still uncertainty as to whether
McKeown TMIE or Ivor Lewis TMIE should be the preferred surgical procedure
for patients with resectable esophageal cancer.

Another important consideration is that there are no high-quality data re-
garding whether an intrathoracic anastomotic leakage is of equal severity as
a cervical anastomotic leakage in terms of morbidity. It is therefore uncertain
whether differences in anastomotic leakage should be assessed solely based
on incidences of anastomotic leakage in comparative studies. Finally, data on
long-term outcome parameters, survival, quality of life, and cost-effective-
ness are lacking and these data are needed to fully justify a preferred TMIE
technique. A randomized controlled ICAN trial, comparing McKeown TMIE
with Ivor Lewis TMIE regarding anastomotic leakage, functional outcome, and



quality of life, is currently being conducted in the Netherlands.?* The outcomes
of this trial may further elucidate whether McKeown TMIE or Ivor Lewis TMIE
should be preferred for patients with esophageal cancer.

CONCLUSIONS

Total minimally invasive Ivor Lewis esophagectomy was associated with lower
postoperative morbidity and mortality than total minimally invasive McKeown
esophagectomy for patients in whom both procedures are oncologically feasi-
ble. Results of a randomized controlled trial are warranted for level 1 evidence
regarding whether total minimally invasive McKeown esophagectomy or Ivor
Lewis esophagectomy should be preferred for patients with esophageal cancer.
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ABSTRACT

Background: Anastomotic leakage has a great impact on clinical outcomes af-
ter esophagectomy. Variations in anastomotic leakage severity between differ-
ent types of esophagectomy (i.e., transhiatal, McKeown and lvor Lewis) have
never been studied in terms of postoperative mortality and morbidity.

Methods: All esophageal cancer patients with anastomotic leakage after tran-
shiatal, McKeown or lvor Lewis esophagectomy between 2011 and 2019 were
selected from the Dutch Upper Gastrointestinal Cancer Audit (DUCA) reg-
istry. The primary outcome was 30-day/in-hospital mortality. Secondary out-
comes included postoperative complications, reoperation and ICU readmission
rate.

Results: Data from 1030 patients with anastomotic leakage after transhia-
tal (n=287), McKeown (n=397) and Ivor Lewis esophagectomy (n=346)
were evaluated. The 30-day/in-hospital mortality rate was 4.5% in patients
with leakage after transhiatal, 8.1% after McKeown and 8.1% after lvor Lew-
is esophagectomy (P =.139). After correction for confounders, leakage after
transhiatal resection was associated with lower mortality (OR 0.152-0.699,
P =.004), but mortality after McKeown and Ivor Lewis esophagectomy was
similar. Reoperation rate was 24.0% after transhiatal, 40.6% after McKeown
and 41.3% after lvor Lewis esophagectomy (P <.001). ICU readmission rate
was 24.0% after transhiatal, 37.8% after McKeown and 43.4% after Ivor
Lewis esophagectomy (P <.001).

Conclusion: This study in patients with anastomotic leakage confirms a strong
association between severity of clinical consequences and different types of
esophagectomy. It supports the hypothesis that cervical leakage is generally
less severe than intrathoracic leakage. The clinical impact of anastomotic leak-
age should be taken into account, in addition to its incidence, when different
types of esophagectomy are compared by clinicians or researchers.



INTRODUCTION

The incidence of esophageal cancer is increasing and it is the sixth most com-
mon cause of cancer-related death worldwide.! Approximately 30% of esoph-
ageal cancer patients will undergo an esophagectomy with curative intent.?®
The most commonly performed procedures are transhiatal esophagectomy
(transhiatal procedure with abdominal gastric mobilization, transhiatal dissec-
tion of the lower esophagus and cervical anastomosis), McKeown esophagec-
tomy (three-stage esophagectomy with abdominal gastric mobilization,
transthoracic esophageal dissection and cervical anastomosis) and Ivor Lewis
esophagectomy (two-stage esophagectomy with abdominal gastric mobiliza-
tion, transthoracic esophageal dissection and intrathoracic anastomosis).*

Anastomotic leakage is a severe complication and is associated with an in-
creased mortality rate (2-12%), a prolonged hospital length of stay, a de-
creased quality of life and higher costs.®>’ Anastomotic leakage severity can
be classified according to how the leakage was treated, but this does not nec-
essarily reflect its clinical severity, which can be measured by parameters such
as mortality and intensive care unit (ICU) readmission rate.® Although it is
often claimed that cervical anastomotic leakage is less severe than intratho-
racic anastomotic leakage, there are insufficient data to support this.® On the
contrary, severe intrathoracic consequences of cervical anastomotic leakage
have been described.'®'3 In addition, there might be a difference in severity of
anastomotic leakage between a transthoracic and transhiatal esophagectomy
with cervical anastomosis because thoracic dissection might facilitate intra-
thoracic manifestations of cervical anastomotic leakage ("'chute hypothesis').
Although this is supported by a study including 79 patients with cervical anas-
tomotic leakage after a transthoracic versus transhiatal approach, patients
undergoing esophagectomy with intrathoracic anastomosis were not included
in that study.®

One study comparing mortality rates in patients with anastomotic leakage af-
ter transhiatal, McKeown and Ivor Lewis esophagectomy did not find any sig-
nificant differences.'* However, that study only included a total of 119 leakage
patients and therefore differences in anastomotic leakage severity between
common types of esophagectomy remains to be studied in a large patient co-
hort.

The aim of this study was to investigate on a population level whether the clin-
ical outcomes (severity) of anastomotic leakage varied in patients who had
undergone different types of esophagectomy.
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METHODS

Study setting

Data were retrieved from the Dutch Upper Gastrointestinal Cancer Audit
(DUCA). This is a national clinical registry that includes all surgically treated
patients in the Netherlands with esophageal, junctional or gastric cancer. Par-
ticipation in the DUCA is obligatory and all hospitals in the Netherlands per-
forming esophagogastric surgery for cancer are included. Case ascertainment
for the DUCA was estimated at 97.8% of all primary esophageal and junc-
tion cancer resections, as registered in the Netherlands Cancer Registry.”® The
study protocol was approved by the DUCA scientific committee and no ethical
approval or informed consent was required for this study under Dutch law.

Patients

Our primary aim was to investigate the severity of anastomotic leakage af-
ter different types of esophagectomy in terms of postoperative mortality and
morbidity. All patients with anastomotic leakage after primary esophagecto-
my with gastric tube reconstruction for intrathoracic esophageal cancer or
junctional cancer between 2011 and 2019 were included. General outcome
data for this cohort (i.e., including patients without anastomotic leakage) have
previously been described.'®!” In the Netherlands, different types of esophagec-
tomy are performed depending on the site of the lesion, patient comorbidity
and surgeon preference. During the study period, esophagectomies for esoph-
ageal or junctional cancer were only performed in high-volume hospitals (>20
esophagectomies per year).

In this study, patients undergoing open or minimally invasive transhiatal
esophagectomy or esophagectomy with two-field lymphadenectomy (McK-
eown or lvor Lewis) were included. Regarding junctional tumors, patients with
a Siewert | or Il tumor who underwent an esophagectomy were included in
this study. Patients younger than 18 years, patients undergoing palliative or
emergency resection and patients with missing data regarding the inclusion or
exclusion criteria were excluded.

Preoperative workup was in accordance with local protocols and oncological
staging was performed by using the TNM classification. Only patients with
anastomotic leakage were selected. Anastomotic leakage was defined as ‘a
full-thickness gastrointestinal defect involving the esophagus, anastomosis,
staple line, or conduit irrespective of presentation or method of identification'.®



Outcome parameters and definitions

The primary outcome parameter was 30-day and/or in-hospital mortality
(defined as: mortality from any cause during admission for esophagectomy or
within 30-days after esophagectomy).

Secondary outcome parameters were pulmonary complications, cardiac com-
plications, gastric tube necrosis (defined as a distinct outcome parameter),
chyle leakage, reintervention rate (radiologic, endoscopic or surgical), reoper-
ation rate (defined as: an operation for any complication during admission for
esophagectomy) and ICU and hospital length of stay. In addition, a composite
endpoint of reoperation and/or ICU readmission and/or 30-day/in-hospital
mortality was chosen after discussions in the study team, because it reflects
patients with severe clinical consequences of anastomotic leakage and does
not only take into account the treatment given (as is the case for the ECCG
and Clavien-Dindo classifications). Since 2015, postoperative anastomotic
leakage and complications were additionally scored according to the ECCG

and Clavien-Dindo classifications.®'®

Statistical methods

Patients with anastomotic leakage were selected and divided into 3 groups ac-
cording the type of surgery (transhiatal, McKeown and Ivor Lewis esophagec-
tomy) and compared for baseline and outcome parameters. To evaluate dif-
ferences in baseline characteristics between the three groups, the Chi-square
test was used for binominal and ordinal variables. For continuous variables that
did not fit a normal distribution, the Kruskal-Wallis test was used. Binomial
logistic regression analysis was performed to evaluate the effect of the type of
surgery on binomial outcome parameters both with and without adjustment
for potential confounding variables. Potential confounders were selected based
on clinical relevance, previous literature or mechanical arguments according to
recent literature advocating this method.”® The following potential confounding
variables were identified: age, sex, body mass index (BMI), American Society
of Anesthesiologists (ASA) classification, neoadjuvant therapy, year of surgery
and surgical approach (open or minimally invasive).'6:20-22

Outcomes are reported as odds ratio (OR) with a 95% confidence interval
and, additionally, P values are presented. All analyses were performed using
IBM SPSS statistics software, version 25.0 (IBM Corporation, Armonk, New
York, USA).
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RESULTS

Patient characteristics

A total of TO30 patients with anastomotic leakage after esophagectomy with
gastric tube reconstruction for esophageal or junction cancer were included
(Fig. 7). Of these 1030 anastomotic leakage patients, 287 patients underwent
transhiatal esophagectomy, 397 patients underwent McKeown esophagecto-
my and 346 patients underwent Ivor Lewis esophagectomy. The anastomot-
ic leakage rate was 19.7% after transhiatal esophagectomy, 16.9% after Ivor
Lewis esophagectomy and 22.2% after McKeown esophagectomy. Patient,
tumor and treatment characteristics according to the operation technique are
shown in Table 1.

Figure 1. Flow chart
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Primary outcome

The 30-day/in-hospital mortality rate was 4.5% (n=13) in patients with
anastomotic leakage after transhiatal esophagectomy, 81% (n=32) in pa-
tients with anastomotic leakage after McKeown esophagectomy and 81%
(n=28) in patients with anastomotic leakage after Ivor Lewis esophagecto-
my (P =.139). When adjusting for confounding variables, the mortality rate
in patients with anastomotic leakage was significantly lower after transhia-
tal esophagectomy compared to Ivor Lewis esophagectomy (OR 0.33, 95%
Cl 0.15-0.70, P =.004). There were no differences between McKeown and
Ivor Lewis esophagectomy regarding the primary outcome (OR 0.82, 95% CI
0.46-1.45, P =.49, Table 2).

Secondary outcomes

Secondary outcome parameters are presented in Table 3. The combined end-
point of reoperation and/or ICU readmission and/or 30-day/in-hospital mor-
tality occurred in 36.6% of anastomotic leakage patients after transhiatal
esophagectomy, 55.4% after McKeown esophagectomy and 61.6% after lvor
Lewis esophagectomy (P <.001).

Anastomotic leakage was the reason for reoperation in 79.5% of the patients
and this comprised chyle leakage in 2.2%, bleeding in 2.3%, "other specified”
in 3% and "other, not specified” in 13.0%. Pulmonary complication rate was
highest in patients with anastomotic leakage after Ivor Lewis esophagecto-
my (55.2%, n=191) and this comprised 37.3% (n=107) after transhiatal and
45.6% (n=181) after McKeown esophagectomy (P <.001). Recurrent laryn-
geal nerve palsy was highest in patients with anastomotic leakage after McK-
eown esophagectomy (10.3%, n=41) and this comprised 7.3% (n=21) after
transhiatal and 1.2% (n=4) after lvor Lewis esophagectomy.

Details regarding the severity of anastomotic leakage according to the ECCG
and Clavien-Dindo classifications were available for 414 patients (Table 4).
Anastomotic leakage requiring endoscopic, radiologic or surgical reintervention
(ECCG grade =2) was observed in 35.4% of the patients with anastomotic
leakage after transhiatal esophagectomy, 62.0% after McKeown esophagec-
tomy and 82.8% after Ivor Lewis esophagectomy (P <.001).

DISCUSSION

This is the first nationwide study that has compared the outcomes of patients
with anastomotic leakage after different types of esophagectomy, investigat-
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Table 1. Baseline characteristics

All Transhiatal McKeown Ivor Lewis P value
(n=1030) (n=287) (n=397) (n=346)

Age (years) 66 (12) 68 (13) 65 (11) 66 (11) <.001

Body mass index (kg/m?) 25.8 (5.6) 26.4 (6.1) 251 (5.6) 26.3(5.6) <.001

Sex <.001
Male 814 (79.1) 237 (82.6) 287 (72.3) 290 (83.8)

Female 215 (20.9) 50 (17.4) 110 (27.7) 55 (15.9)

ASA classification <.001
1 143 (13.9) 33(11.5) 67 (16.9) 43 (12.4)

2 596 (57.9) 144 (50.2) 231 (58.2) 221(63.9)
3 276 (26.8) 101 (35.2) 96 (24.2) 79 (22.8)
4 9 (0.9 50.7) 2 (0.5) 2 (0.6)
Unknown 6 (0.6) 4(1.4) 1(0.3) 1(0.3)

Tumor type <.001
Adenocarcinoma 788 (76.5) 251(87.5) 240 (60.5) 297 (85.8)
Squamous cell carcinoma 210 (20.4) 26 (9.1) 143 (36.0) 41 (11.8)

Other 25 (2.4) 8(2.8) 11(2.8) 6 (1.7)
Unknown 7 (0.7) 2 (0.7) 3(0.8) 2 (0.6)

Tumor site <.001

Proximal 1/3 17 (1.7) 1(0.3) 16 (4.0) 0 (0)
Middle 1/3 130 (12.6) 9(3.1) 108 (27.2) 13 (3.8)
Distal 1/3 658 (63.9) 171 (59.6) 220 (55.4) 267 (77.2)
Junction 213 (20.7) 101 (35.2) 48 (12.1) 64 (18.5)

Unknown 12 (1.2) 50.7) 5(1.3) 2 (0.6)

cT stage .082

T1 50 (4.9) 20 (7.0) 14 (3.5) 16 (4.6)
T2 201 (19.5) 53 (18.5) 74 (18.6) 74 (21.4)
T3 710 (68.9) 193 (67.2) 276 (69.5) 241 (69.7)
T4 30(2.9) 621 18 (4.5) 6 (1.7)

Unknown 39 (3.8) 15 (5.2) 15 (3.8) 9 (2.6)

cN stage .040
NO 358 (34.8) 105 (36.6) 129 (32.5) 124 (35.8)

N1 425 (41.3) 105 (36.6) 169 (42.6) 151 (43.6)
N2 175 (17.0) 54 (18.8) 73(18.4) 48 (13.9)
N3 30(2.9) 4(1.4) 15(3.8) 11 (3.2)
N+ 711 3(1.0) 3(0.8) 5.4)
Unknown 31(3.0) 16 (5.6) 8(2.0) 7 (2.0)

Neoadjuvant treatment <.001
None 84 (8.2) 39 (13.6) 19 (4.8) 26 (7.5)
Chemotherapy 45 (4.4) 18 (6.3) 17 (4.3) 10 (2.9)
Radiotherapy 1(0.1) 1(0.3) 0 (0) 0 (0)
Chemoradiation 895 (86.9) 226 (78.7) 359 (90.4) 310 (89.6)

Yes, type unknown 2(0.2) 1(0.3) 1(0.3) 0 (0)
Unknown 3(0.3) 2 (0.7) 1(0.3) 0 (0)

Year of surgery <.001
2011-2012 222 (21.6) 104 (36.2) 92 (23.2) 26 (7.5)
2013-2014 243 (23.6) 71(24.7) 98 (24.7) 74 (21.4)
2015-2016 280 (27.2) 71(24.7) 100 (25.2) 109 (31.5)
2017-2018 285 (27.7) 41 (14.3) 107 (27.0) 137 (39.6)

Esophagectomy <.001
Open 248 (24.1) 146 (50.9) 67 (16.9) 35 (10.1)

Hybrid 52 (5.0) 0 (0) 25 (6.3) 27 (7.8)
Total minimally invasive 730 (70.9) 1471 (49.1) 305 (76.8) 284 (82.1)

Age and BMI are presented as median and interquartile range. ASA American Society of Anesthesiologists



ing whether leakage after different types of esophagectomies were associated
with differences in severity. After correction for confounders (amongst others
higher age and ASA in the anastomotic leakage after transhiatal esophagec-
tomy group), anastomotic leakage after transhiatal esophagectomy was found
to be associated with a clinically relevant lower mortality rate, although this
difference did not reach the level of statistical significance. In addition, anasto-
motic leakage after transhiatal esophagectomy was associated with the least
severe consequences in terms of reoperation and ICU readmission rate, fol-
lowed by McKeown and finally Ivor Lewis esophagectomy. Although a causal
relationship could not be established from this type of study, these results show
a strong association between the severity of clinical consequences (i.e., reop-
eration, ICU readmission and mortality) in patients with anastomotic leakage
and different types of esophagectomy. This indicates that anastomotic leakage
severity should be taken into account, in addition to leakage incidence, when
different types of esophagectomy are compared by clinicians or researchers. It
also supports the view that a cervical anastomotic leak is often less severe than
a leak from an intrathoracic anastomosis.

Table 2. Results of multivariate analysis with anastomotic leakage as outcome parameter

Odds ratio 95% Confidence interval P value

Age (years) 1.004 0.996-1.011 .365
Sex 0.897 0.649-1.239 .509
Body mass index (kg/m?) 1.001 0.997-1.006 .602
Type of esophagectomy

Transhiatal 0.277 0.188-0.407 <.001

McKeown 0.692 0.505-0.949 .022

Ivor Lewis Ref. Ref. Ref.
ASA classification

1 Ref. Ref. Ref.

2 1.740 1171-2.584 .006

3 2.722 1.746-4.224 <.001

4 0.251 0.029-2.142 206
Year of surgery

2011-2012 3.326 2161-5120 <.001

2013-2014 2.536 1.729-3.719 <.001

2015-2016 2120 1.484-3.029 <.001

2017-2018 Ref. Ref. Ref.
Neoadjuvant treatment

None 1.342 0.825-2.183 .236

Chemotherapy 0.940 0.490-1.801 .852

Radiotherapy 0.000 0.000 1.000

Chemoradiotherapy Ref. Ref. Ref.
Surgical approach

Open 0.619 0.434-0.882 .008

Hybrid 1141 0.619-2.105 673

Total minimally invasive Ref. Ref. Ref.

Age and BMI are presented as median and interquartile range. ASA American Society of Anesthesiologists
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Limitations

In this study, transhiatal resection was performed in earlier years and it was
more likely to have been reserved for patients with substantial comorbidity,
possibly causing selection bias. In the Netherlands, practice shifted from tran-
shiatal towards transthoracic esophagectomy because it is believed that trans-
thoracic esophagectomy facilitates a more extended intrathoracic lymph node
dissection and therefore may result in better survival outcomes. As a result,
transhiatal esophagectomy became the reserved technique for patients with

Table 3.
Secondary outcomes of patients who underwent transhiatal, McKeown and Ivor Lewis esophagectomy
All Transhiatal McKeown Ivor Lewis P value
(n=1030) (n=287) (n=397) (n=346)

Reoperation,
ICU readmission or mortality

538 (52.2) 105 (36.6) 220 (55.4) 213 (61.6) <.001

Pulmonary complications 479 (46.5) 107 (37.3) 181 (45.6) 191 (55.2) <.001
Pneumonia 89 (8.6) 9(31) 26 (6.5) 54 (15.6) <.001
Pleural effusion 52 (5.0) 8(2.8) 14 (35) 30 (8.7) 007
Pneumothorax 30 (2.9 4(1.4) 14 (3.5) 12 (3.5) 197
Atelectasis 7 (0.7) 1(0.3) 1(0.3) 50.4) 103
Respiratory failure 48 (4.7) 621 14 (3.5) 28 (81) 001
Acute aspiration 5(0.5) 0 (0) 1(0.3) 4(1.2) .079
ARDS 13 (1.3) 0 (0) 7(1.8) 6 (1.7) .079
Tracheobronchial defect 10 (1.0) 0 (0) 3(0.8) 7(2.0) .061
Persistent air leak 8(0.8) 0 (0) 5(1.3) 3(0.9) 175

Cardiac complications 244 (23.7) 53 (18.5) 97 (24.4) 94 (27.2) .034
Myocardial infarction 2(0.2) 0(0) 0 (0) 2 (0.6) 138
Supraventricular arrhythmia 88 (8.5) 10 (3.5) 28 (71) 50 (14.5) <.001
Ventricular arrhythmia 16 (1.6) 1(0.3) 8(2.0) 7 (2.0) 151
Cardiac decompensation 2(0.2) 0(0) 2(0.5) 0 (0) 202
Pericarditis 2(0.2) 0(0) 0 (0) 2 (0.6) 138
Cardiac arrest 2(0.2) 0 (0) 0 (0) 2 (0.6) 138

Gastric tube necrosis 34 (3.3) 6 (2.1) 21 (5.3) 7 (2.0) .047

Chyle leakage 84 (8.2) 4(1.4) 59 (14.9) 21(6.1) <.001

Reinterventions 688 (66.8) 117 (40.8) 268 (67.5) 303 (87.6) <.001
Radiologic 277 (26.9) 46 (16.0) 108 (27.2) 123 (35.5) <.001
Endoscopic 394 (38.3) 51(17.8) 132 (33.2) 211 (61.0) <.001

Reoperation 373 (36.2) 69 (24.0) 161 (40.6) 143 (41.3) <.001

ICU length of stay (days) 3071 2(7) 4 (1) 5(5) <.001

|ICU admission 369 (35.8) 69 (24.0) 150 (37.8) 150 (43.4) <.001

Hospital length of stay (days) 22 (24) 15 (13) 22 (25) 29 (27) <.001

Readmissions 247 (24.3) 67 (23.3) 94 (23.7) 86 (24.9) 534

Mortality
30-day 38 (3.7) 4(1.4) 15 (3.8) 19 (5.5) .024
In-hospital 65 (6.3) 11 (3.8) 31(78) 23 (6.6) 103

Continuous data are presented as medians (interquartile range).
ARDS acute respiratory distress syndrome, ICU intensive care unit.
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Table 4.
Severity classifications of anastomotic leakage after transhiatal, McKeown and Ivor Lewis esophagectomy

All Transhiatal McKeown Ivor Lewis P value
(n=1030) (n=287) (n=397) (n=346)

ECCG classification <.001

Grade | 135 (32.6) 41 (63.1) 62 (38.0) 32(17.2)

Grade I 180 (43.6) 18 (27.7) 57 (35.0) 105 (56.5)

Grade llI 98 (23.7) 5(77) 44 (27.0) 49 (26.3)

Unknown 1(0.2) 1(1.5) 0 (0.0) 0 (0.0)
Clavien-Dindo classification <.001

Grade | 79 (19.1) 26 (40.0) 45 (27.6) 8(4.3)

Grade I 63 (15.2) 18 (27.7) 22 (13.5) 23(12.3)

Grade llla 145 (35.0) 8(12.3) 46 (28.2) 91 (48.9)

Grade lllb 76 (18.4) 9 (13.8) 35 (21.5) 32 (17.2)

Grade lva 35 (8.5) 2(3M 12 (7.4) 21 (11.3)

Grade Vb 6 (1.4) 23D 0 (0.0) 4(2.2)

Grade V 9(2.2) 0(0.0) 3(1.8) 6(3.2)

Unknown 1(0.2) 0 (0.0) 0 (0.0) 1(0.5)

ECCG Esophagectomy Complications Consensus Group

significant comorbidities. However, the expected direction of the effect of this
selection bias (i.e., transhiatal patients treated in earlier years and with more
comorbidities are expected to fare worse than patients undergoing McKeown
or lvor Lewis in later years and with fewer comorbidities) makes it unlikely that
our study results were caused by selection bias. In fact, the difference between
transhiatal and McKeown/Ivor Lewis that we found may even be larger than
that described in the present study. However, chemoradiotherapy was given
to a greater patient proportion in later years of surgery (when surgeons often
chose McKeown or Ivor Lewis procedures) and it may be hypothesized that
this precipitated more severe consequences of leakages. The main findings of
the study persisted in the multivariate analysis, in which corrections were also
made for year of surgery and neoadjuvant treatment.

Earlier studies mainly focused on anastomotic leakage incidence and showed
a significantly lower incidence of anastomotic leakage in patients with an in-

trathoracic as compared to a cervical anastomosis.®'623.24

However, our study
indicates that the severity of an anastomotic leakage is also clinically relevant,
since cervical anastomotic leakage was associated with less severe consequenc-
es than intrathoracic anastomotic leakage. The most stated and most plausible
explanation is that cervical anastomotic leakage can drain through the cervical
wound, preventing intrathoracic consequences of the leak, although intratho-
racic manifestations can also occur.'%'2 These intrathoracic manifestations of

cervical anastomotic leakage occur more frequently after McKeown than after
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transhiatal esophagectomy and were associated with prolonged hospital and
ICU length of stay and mortality.'®

The present study also observed anastomotic leakage after McKeown
esophagectomy to be more severe than anastomotic leakage after transhiatal
esophagectomy; this supports the clinical relevance of the ‘chute hypothesis’,
which states that transthoracic dissection in two-field lymphadenectomy can
facilitate intrathoracic manifestations of cervical anastomotic leakage.

The main strength of this study is that it is a large population-based cohort
study with high-quality registry data, which also provides data on associations
between outcome and type of esophagectomy in anastomotic leakage patients.
Some limitations also have to be discussed. First, although the Dutch Upper
gastrointestinal Cancer Audit is known as a good quality and complete data
registry, not all parameters of interest were available. For example, the registry
does not include the reason for ICU readmission and mortality, although this in-
formation might have contributed to understanding why patients with leakage
after different procedures had different outcomes regarding these parameters.
However, the reason for reoperation was available in the dataset (anastomotic
leakage in 80% of the patients), suggesting that anastomotic leakage was the
most important contributor to the outcomes observed.

Data regarding formal classification of anastomotic leakage according to the
ECCG and Clavien-Dindo classification are only available in the DUCA reg-
istry for 2015 onwards. However, despite the smaller numbers in the subgroup
analyses according to the ECCG and Clavien-Dindo classification, similar re-
sults in favor of the transhiatal resection compared to the entire cohort were
found. This makes it unlikely that the outcome of this study would have been
different if ECCG and Clavien-Dindo had been available for the whole study
cohort and we therefore believe our results are robust.

Lastly, we cannot rule out the possibility that the outcomes were affected by
a learning-curve. However, previous studies on learning curves in minimally in-
vasive surgery found that the learning-curve contributed to increased anas-
tomotic leakage rates, but did not find an increased severity of anastomotic
leakage (e.g., mortality rate).?® In addition, the results of this study, adjusted
for both year of surgery and surgical approach (i.e., open, hybrid or totally min-
imally invasive), do not point in this direction.

The fact that anastomotic leakage severity varies after different types of
esophagectomy has important implications for clinicians and for future clini-



cal research. The findings of this study should therefore be considered by cli-
nicians who decide what type of esophageal resection they will perform for
patients and this should be taken into account along with other characteristics
of the types of procedures (e.g., complication incidence and oncological clear-

a nce) .1 6,24,26-29

Conclusion

This study confirms that anastomotic leakage after different types of
esophagectomy is associated with differences in outcomes and supports the
hypothesis that cervical anastomotic leakage is generally less severe than in-
trathoracic leakage. Leakage after transhiatal resection was associated with
the lowest morbidity. For patients undergoing two-field lymphadenectomy,
a McKeown procedure was associated with lower morbidity than lvor Lewis
esophagectomy, although mortality was similar. The clinical impact of anasto-
motic leakage should be taken into account, in addition to its incidence, when
different types of esophagectomy are compared by clinicians or researchers.
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ABSTRACT

Background: Anastomotic leakage after esophagectomy has serious conse-
quences. In Ivor Lewis esophagectomy, a shorter and possibly better vascular-
ized gastric conduit is created than in McKeown esophagectomy. The intra-
thoracic anastomosis can additionally be wrapped in omentum and concealed
behind the pleura ('flap and wrap' reconstruction). The aims of this study were
1) to observe anastomotic leakages after Ivor Lewis, transhiatal and McKeown
esophagectomy, and 2) to evaluate whether anastomotic leakage rates de-
creased after the 'flap and wrap' reconstruction in Ivor Lewis esophagectomy.

Methods: Consecutive patients undergoing esophagectomy at a tertiary re-
ferral center between January 2013 and April 2019 were included. Primary
outcome was the anastomotic leakage incidence. Secondary outcomes were
postoperative outcomes, mortality, and 2-year overall survival (OS).

Results: A total of 463 patients were included. The incidences of anastomot-
ic leakage after Ivor Lewis, transhiatal, and McKeown esophagectomy were
9.8% (32/328), 24.3% (9/37) and 31.6% (31/98), respectively (P <.001).
In the Ivor Lewis esophagectomy group, the incidence was 7.3% after the ‘flap
and wrap' reconstruction and 28.2% when this was not performed (P <.001).
If anastomotic leakages occurred after the ‘flap and wrap' reconstruction, few-
er reoperations (5.8 vs 27.0%) and ICU readmissions were observed (15.0 vs
43.2%) than without the 'flap and wrap’ reconstruction (both P <.001)

Conclusion: Fewer anastomotic leakages are observed in patients who were se-
lected for Ivor Lewis esophagectomy as compared to transhiatal and McKeown
esophagectomy. The 'flap and wrap' reconstruction seems a promising technique
to further reduce the anastomotic leakage incidence and severity in esophageal
cancer patients who have an indication for Ivor Lewis esophagectomy.



INTRODUCTION

The first successful total transthoracic esophagectomy for esophageal carci-
noma was performed by Franz Torek in 1913. Torek's review on literature de-
scribed failure in more than 92% of patients.! lvor Lewis presented the out-
comes of a modified right-sided transthoracic esophageal resection in 1946,
and the foundation of the well-known Ivor Lewis esophagectomy was formed.?
Morbidity and mortality after esophagectomy have decreased over the years,
but population-based studies from the Netherlands still report high anasto-
motic leakage rates (15-34%).3-°

Despite the risk of anastomotic leakage and other complications, esophagec-
tomy is still the most important component in the curative treatment for esoph-
ageal carcinomas, and has superior survival outcomes than chemo(radio)ther-
apy alone.®’ Esophageal anastomotic leakages are difficult to manage and
have several negative consequences.® On patient level, it results in a prolonged
ICU or hospital stay, higher risk of mortality, impaired quality of life and worse
long-term survival.®'° On institutional and national levels, it is associated with
higher workload for healthcare workers and with increased healthcare costs.
The prevention of anastomotic leakages after esophagectomy is important in
the light of increasing numbers of surgically treatable esophageal carcinomas
worldwide.?

To reduce the incidence of anastomotic leakage after esophagectomy, surgical
techniques and perioperative care underwent various modifications over the
last decades. A recent multicenter randomized trial has demonstrated the as-
sociation between anastomotic leakages with the location of the anastomosis
in transthoracic esophagectomy.® Furthermore, an additional protective effect

of omentoplasty on intrathoracic anastomosis is suggested by other reports.'®

The objectives of the present study are to assess the incidence of anastomot-
ic leakage after different esophagectomy and reconstruction techniques in a
tertiary, high-volume university hospital in the Netherlands, and to investigate
whether the addition of omentoplasty and pleural flap concealment (‘flap and
wrap' reconstruction) to Ivor Lewis esophagectomy has a beneficial effect on
the anastomotic leakage rate as compared to the lvor Lewis anastomosis with-
out 'flap and wrap' reconstruction.
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METHODS

This observational cohort study included consecutive patients undergoing
esophagectomy as part of curative cancer treatment at a tertiary referral hos-
pital in the Netherlands between February 2013 and April 2019. Patients with
mid-to-distal esophageal, gastroesophageal junction (GEJ) and cardiac carci-
nomas who were scheduled for open, hybrid or minimally invasive esophagec-
tomy were selected from a prospective upper gastrointestinal surgery data-
base. Patients were eligible for curative esophagectomy with gastric conduit
reconstruction if they had histologically proven cT1-4aNO-TMO carcinoma.
Palliative and/or emergency esophagectomy and colon reconstructions were
excluded. Requirement for informed consent of patients was waived by the in-
stitutional review board of the Amsterdam UMC, which ethically assessed and
approved the study. Patients of the upper gastrointestinal cancer department
were informed that they had the general opportunity to opt-out for the use of
data for research purposes at any time and data were consequently excluded
from the database.

Cancer staging and oncologic treatments

Esophageal cancer staging was performed by endoscopy with biopsies, endo-
scopic ultrasound, ultrasound of the neck, computed tomography (CT) and
positron emission tomography/computed tomography (PET/CT). The Amer-
ican Joint Committee on Cancer (AJCC) classification was used for staging
(7th and 8th Ed.)."*'®> Neoadjuvant chemoradiotherapy or perioperative che-
motherapy was administered according to the Dutch guideline for esophageal
cancer treatment.'® In the follow-up period after surgery, patients visited the
outpatient clinic in 2 weeks, 6 weeks and every 3 months in the first year af-
ter surgery. Subsequently, patients were seen every 6 months until the fourth
postoperative year and once more after 5 years. Endoscopies and radiographic
imaging during follow-up were only performed on indication, as described by
the Dutch guideline.'®

Perioperative protocols

Patients' physical condition was optimized prior to esophagectomy by accom-
paniment of dieticians, and physiotherapists on indication. Postoperative pa-
tients were only admitted to the Intensive Care Unit (ICU) if this was required
because of severe comorbidities or severe complications. If no complications
occurred, patients were discharged at postoperative day seven according to
the ERAS protocol.”



Esophagectomy

All surgeons had experience with minimally invasive and open transhiatal and
McKeown esophagectomy before the start of the study. Ivor Lewis esophagec-
tomy was introduced at the start of the inclusion period in February 2013. In
January 2014, the Ivor Lewis esophagectomy was modified. The intrathoracic
anastomosis was wrapped in omentum and concealed behind a pleural flap
("flap and wrap' reconstruction). On average, 80-100 esophageal resections
were performed annually at this center.

The operative technique depended on the location of the tumor, radiation field
and the physical fitness of the patient. For distal esophageal, junction and
cardia carcinomas, minimally invasive Ivor Lewis esophagectomy became the
standard technique following its introduction in 2013. Minimally invasive McK-
eown esophagectomy was the standard procedure for tumors in the middle and
proximal third of the esophagus, and when the radiation field extended above
the carina. Laparoscopic transhiatal esophagectomy was usually performed in
patients who were considered not to be fit enough for transthoracic surgery, i.e.
in case of severe pulmonary comorbidities. If minimally invasive surgery did not
seem feasible beforehand, patients were scheduled for open esophagectomy
(i.e. due to bulky tumors or previous upper gastrointestinal surgery).

All open and minimally invasive transhiatal and transthoracic resections were
performed as previously described.’® All transthoracic procedures included a
two-field lymphadenectomy, and an extended one-field lymphadenectomy to-
wards the lower mediastinum (until the level of the pulmonary vein) was per-
formed in transhiatal procedures. The right gastroepiploic and first part of the
right gastric arteries and veins were preserved to supply blood to the gastric
conduit. A 60 mm linear stapler was used for the gastric conduit of approxi-
mately 3 to 4 cm wide. Hand-sewn cervical anastomosis was created end-to-
side or end-to-end with single-layered PDS 3.0. The intrathoracic anastomosis
was created end-to-side with a double stapling technique using a 25 or 29 mil-
limeter circular stapler (depending on the diameter of the esophageal stump),
after securing the anvil with a purse-string suture.

The anastomosis of the 'flap and wrap' reconstruction was additionally wrapped
in omentum followed by a single suture fixating and lifting the tip of the gastric
conduit behind a pleural flap which was created superior to the transected arch
of the azygos vein. With this technique, the gastric conduit is concealed with
omentum and completely covered by the pleural flap. Also, the tensile forces on
the circular anastomosis will be reduced.
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Data collection

Eligible patients for esophagectomy were added in the prospective database
on a weekly basis by regularly checking the operation schedule of the following
week. Attending surgeons were asked to fill in a document with information
about specific surgical and intraoperative outcomes directly after surgery in
the operation room (Appendix A). Postoperative outcomes and complications
were discussed with the surgeons every week before these data were registered
in the database. Last follow-up data was collected on 26 August 2021.

Study outcomes and definitions

The primary outcome was the incidence of anastomotic leakage. Secondary
outcome parameters were severity type of anastomotic leakage'®, morbidity
rate, the Comprehensive Complication Index (CCI)2°, reinterventions, reop-
erations, ICU admissions, reintubations, mortality, and 2-year overall surviv-
al (OS). Additionally, a proficiency-gain curve specific for the study center
was assessed using the incidence of anastomotic leakage after Ivor Lewis
esophagectomy. Anastomotic leakage was defined as 'full thickness gastro-
intestinal defect involving esophagus, anastomosis, staple line, or conduit irre-
spective of presentation or method of identification’ in line with the definition
of the Esophagectomy Complications Consensus Group (ECCG)."® Other
definitions are described in Appendix B.

Statistical methods

Patients were classified into three groups: 1) Ivor Lewis (including patients with
and without 'flap and wrap' reconstruction), 2) McKeown, and 3) transhiatal
esophagectomy (THE). Secondly, subgroup analyses were performed for pa-
tients in the lvor Lewis esophagectomy group with and without ‘flap and wrap'
reconstruction.

Centered weighted moving average was used to calculate the individual inci-
dence of anastomotic leakage for each patient before plotting the proficien-
cy-gain curve to bias of previous patients. Visual inspection was used to assess
the plateau stage of the proficiency-gain curve. Chi-square and Fisher's ex-
act tests were used to analyze categorical variables. To compare continuous
variables, Mann-Whitney U (normally distributed variables) and Kruskal-Wal-
lis tests (non-normally distributed variables) were performed. Univariate and
multivariate analyses were performed to assess the predictive value of the ‘flap
and wrap' reconstruction on the occurrence of anastomotic leakages. Variables
with P <.20 in the univariate analyses were included in the multivariate anal-
ysis. Multivariate analysis was performed using stepwise binary logistic regres-
sion with dichotomized variables. Kaplan-Meier curves were used to compare



2-year overall survival between groups. Differences with P <.05 were consid-
ered as significant. For all statistical analyses SPSS Statistics 26.0.0.1 (2019,
Armonk, NY: IBM Corp.) was used.

RESULTS

A flow chart of the study is presented in Fig. 1. A total of 465 patients were
included. Baseline characteristics differed significantly between patients who
underwent transhiatal (n=37), McKeown (n=98) and Ivor Lewis esophagecto-
my (n=330), Table 1. Mean age was 64 years (95% CI| 63-65) with a mean
BMI of 25.9 kg/m?2 (95% CI 25.5-26.3). However, the Ivor Lewis esophagec-
tomy group consisted of younger patients than transhiatal and McKeown
patients (mean age of 63, 69 and 64 years respectively, P <.001) and con-
tained a greater proportion of men (resp. 82.6, 67.6 and 67.3%, P <.001).
Baseline characteristics of patients with and without and 'flap and wrap' re-
construction after lvor Lewis esophagectomy were comparable (Appendix C).
Median follow-up of surviving patients was 50.5 months (95% CI| 39.1-61.9).
Two McKeown and 6 Ivor Lewis esophagectomy patients were lost to follow-up

(1.7%).

Figure 1. Flow chart

Assessed for eligibility
n=524

Exclusion (n=61)
Not meeting inclusion criteria n=56
Opted out of the use of data  n=5

Other reasons n=0
\
Included patients
n=463
Transhiatal esophagectomy McKeown esophagectomy Ivor Lewis esophagectomy
n=37 n=98 n=328
|
I I
‘Flap and wrap’ No ‘flap and wrap’
reconstruction reconstruction
n=289 n=39
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Figure 2. Proficiency-gain curve of Ivor Lewis esophagectomy
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The incidence of anastomotic leakage of the total group was 15.5%. The in-
cidences per procedure were 9.8% after Ivor Lewis esophagectomy, 24.3%
after transhiatal esophagectomy, and 31.6% after McKeown esophagectomy
(P <.001). The plateau phase in the proficiency-gain curve was reached after
the 63th consecutive case (Fig. 2).

Transhiatal esophagectomy had the shortest operation time as compared to
McKeown and Ivor Lewis esophagectomy (mean of 307, 419 and 421 min-
utes, P <.001), Table 2. Morbidity and pulmonary complication rates did not
differ between the groups (P >.05). Patients after Ivor Lewis esophagec-
tomy had shortest median ICU length of stay (LOS) (O versus 1 and 1 day,
P =.002). However, the Comprehensive Complication Index was not different
between groups (P =.30). Highest mortality rates were found after McKeown
esophagectomy, i.e., a 90-day mortality rate of 8.2% as compared to 0% and
1.2% after transhiatal and Ivor Lewis esophagectomy (P <.001).



Table 1. Baseline characteristics

THE McKeown Ivor Lewis Total P value
(n=37) (n=98) (n=328) (n=471)
Age (years) 69 (66-71) 64 (63-66) 63 (63-64) 64 (63-65) .001
Sex (men) 25 (67.6) 66 (67.3) 271(82.6) 362 (78.2) .002
Body mass index (kg/m?) 26.7 (251-28.2) 24.8(239-25.7) 26.1(25.7-26.6) 259 (255-26.3) .013
ASA classification 109
1 8(21.6) 31(31.6) 104 (31.7) 143 (30.9)
2 18 (48.6) 56 (57.1) 161 (49.1) 235 (50.8)
3 11 (29.7) 11 (11.2) 63 (19.2) 85 (18.4)
Comorbidity
Cardiovascular 14 (37.8) 35(35.7) 143 (43.6) 192 (41.5) 341
Diabetes mellitus 6 (16.2) 12 (12.2) 37 (11.3) 55 (11.9) 674
COPD 4(10.8) 440 15 (4.6) 23(5.0) 229
Previous upper gastroin- 0 1(1.0) 12 (3.7) 13(2.8) 214
testinal operation
Tumor histology <.001
High grade dysplasia 6] 6] 1(0.3) 1(0.2)
Adenocarcinoma 34 (91.9) 49 (50.0) 286 (87.2) 369 (79.7)
Squamous cell carcinoma 3(81) 45 (45.9) 38 (11.6) 86 (18.6)
Other 0 4.(40) 3(0.9) 7 (1.5)
Tumor site <.001
Mid esophagus 0 35(35.7) 20 (6.1) 55 (11.9)
Distal esophagus 22 (59.5) 61(62.2) 242 (73.8) 325 (70.2)
GEJ 14 (37.8) 2(2.0) 50 (15.2) 66 (14.3)
Cardia 1(2.7) 0 (0) 16 (4.9) 17 (3.7)
T-stadium 547
T1 4(10.8) 6 (6.1) 26 (7.9) 36 (7.8)
T2 8 (21.6) 24 (24.5) 52 (15.9) 84 (18.1)
T3 24 (64.9) 66 (67.3) 243 (74.1) 333 (71.9)
T4 1(2.7) 2(2.0) 720 720
N-stadium .005
N1 20 (54.0) 30 (30.6) 117 (35.8) 167 (36.1)
N2 10 (27.0) 35(35.7) 139 (42.5) 184 (39.8)
N3 12.7) 0 (0) 720 8 (1.7)
Nx 0 (0) 2(2.0) 0 (0) 2(0.4)
Neoadjuvant treatment .009
None 9 (24.3) 9(9.2) 29 (8.8) 47 (10.2)
Chemotherapy 2(5.4) 1(1.0) 21(6.4) 24 (5.2)
Chemoradiotherapy 26 (70.3) 88 (89.8) 278 (84.8) 392 (84.7)
Esophagectomy 642
Open 1(2.7) 1(1.0) 10 (3.0) 12 (2.6)
Minimally invasive 36 (97.3) 96 (98.0) 307 (93.6) 439 (94.8)
Hybrid (thorax open) n/a 1(1.0) 720 8(1.7)
Hybrid (abdomen open) n/a 0 401.2) 4 (0.9

Continuous data are presented in mean (95% CI). GEJ Gastroesophageal junction
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Table 2. Short-term outcomes of transhiatal, McKeown and Ivor Lewis esophagectomy

THE McKeown Ivor Lewis P value
(n=37) (n=98) (n=328)
Conversions o] 6] 9(2.8) 147
Intraoperative blood loss* (mL) 150 (50-250) 150 (100-200) 200 (100-300) <.001
Operation time (min) 307 (288-327) 419 (408-430) 421 (415-427) <.001
Blood transfusions 3(8.1) 12 (12.2) 32 (9.7) 952

Intraoperative 1(2.7) 2 (2.0) 5(1.5)

Postoperative 2 (5.4) 10 (10.2) 27 (8.2)

Morbidity (any complication) 25 (67.6) 61(62.2) 184 (55.8) 247
Pulmonary complications 9 (24.3) 29 (29.6) 83 (25.2) 659
Anastomotic leakage type* .020

I 1(27) 3(31) 1(0.3)

Il 8 (21.6) 22 (22.4) 20(6.1)

I o] 6 (6.1) 11 (3.4)
Comprehensive Complication Index 8.7 (0-25) 16.6 (0-40.5) 8.7 (0-27.6) .303
Reinterventions 7 (18.9) 35(35.7) 81(24.5) .049
Reoperations 2(5.4) 10 (10.2) 25 (7.6) .586
Reintubations 2 (5.4) 11 (11.2) 36 (10.9) 568
|CU readmissions 4 (10.8) 17 (17.3) 60 (18.2) 533
ICU length of stay 1(0-1) 1(0-3) 0 (0-1) .002
Hospital length of stay 10 (8-17) 11 (8-17) 10 (8-16) 429
Mortality

In-hospital 0 4.(4.7) 2 (0.6) .021

30-days o] 4.(40) 3(0.9) .057

Combined 6] 6(6.1) 3(0.9) .003

90-days 0 8(8.2) 4(1.2) <.001
RO resections 37 (100) 95 (96.9) 318 (97.0) .559
Resected lymph nodes 22 (19-26) 33 (30-35) 34 (33-35) <.001

Intraoperative blood loss, (hospital/ICU) length of stay and Comprehensive Complication Index are
presented in median (IQR). Operation time and resected lymph nodes are presented in means (95% CI).
*Data was missing for 8 patients (1.7%)

The median number of resected lymph nodes was lower after transhiatal
esophagectomy than after McKeown and Ivor Lewis esophagectomy (respec-
tively 22, 33 and 34 lymph nodes, P <.001). Kaplan Meier curves are present-
ed in Fig. 3. The 2-year overall survival rates were 72.2%, 54.1%, 55.8% after
Ivor Lewis, transhiatal and McKeown esophagectomy (P =.004). The 5-year
overall survival rates were respectively 49.7%, 38.5% and 37.6%, but this in-
cluded 53.5% of censored patients in the Ivor Lewis group.

Flap and wrap reconstruction in Ivor Lewis esophagectomy
After the addition of the 'flap and wrap' reconstruction to the lvor Lewis
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esophagectomy, the incidence of anastomotic leakage decreased from 28.2%
without ‘flap and wrap' reconstruction to 7.3% (P <.001). Overall morbidity
and mortality in Ivor Lewis patients after the ‘flap and wrap' reconstruction did
not differ from those without 'flap and wrap' reconstruction (P >.05, Appendix
D). However, the 'flap and wrap' reconstruction resulted in fewer pulmonary
complications (21.8 versus 51.3%), reoperations (5.2 versus 25.6%), ICU re-
admissions (14.9 versus 43.6%), and reintubations (7.6 versus 35.9%) than
after lvor Lewis anastomosis without the ‘flap and wrap' reconstruction. Medi-
an ICU length of stay (O versus 1 day, P <.001) and hospital length of stay (10
versus 12 days, P =.010) were also shorter in patients after the 'flap and wrap'
reconstruction. The 2-year overall survival did not change after applying the
'flap and wrap' reconstruction (79.5 versus 71.5%, P =.312)

Anastomotic leakages in patients with Ivor Lewis esophagectomy

The addition of the ‘flap and wrap' reconstruction was an independent fac-
tor for fewer anastom otic leakages after esophagectomy, with an odds ra-
tio of 0.214 (95% CI 0.107-0.427, P <.001) Appendix E. Reoperation was

less frequently required if the anastomotic leakage occurred in patients with
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Table 3. Short-term outcomes of anastomotic leakage patients after Ivor Lewis esophagectomy

No flap and wrap Flap and wrap P value
reconstruction (n=39) reconstruction (n=289)

Anastomotic leakage type .013

I 0 (0) 1(0.3)

Il 4(10.2) 16 (5.5)

Il 7(17.9) 401.4)
Comprehensive Complication Index 47.3 (43.3-57.0) 541 (40.3-70.1) 457
ICU admissions due to AL 10 (25.6) 15 (5.2) <.001
ICU length of stay 7 (4-12) 3(0-7) 137
Hospital length of stay 42 (25-49) 38 (13-57) 999
Hospital readmissions due to AL 0 (0) 4(1.4) 460
Mortality due to AL 0 (0) 1(0.3) 999

Continuous values are presented in medians (IQR). AL anastomotic leakage

compared to without 'flap and wrap' reconstruction (19.0% versus 63.6%,
P =.012). Severity of the anastomotic leakage was also lower after ‘flap and
wrap' reconstruction (Table 3). However, the median Comprehensive Com-
plication Index of patients with anastomotic leakages were not significantly

different (47.3 versus 54.1, P =.457).

DISCUSSION

This prospective cohort study investigates the incidence of anastomotic leak-
age after the introduction of Ivor Lewis esophagectomy, and subsequently
evaluates the influence of the recent implementation of the ‘flap and wrap'
reconstruction in lvor Lewis esophagectomy on the occurrence of anastomotic
leakage. The study results show that the introduction of Ivor Lewis esophagec-
tomy led to an anastomotic leakage incidence of less than 10% in this tertia-
ry referral center. A plateau phase in the proficiency-gain curve for lvor Lew-
is esophagectomy was reached after 63 patients, based on the incidence of
anastomotic leakage. In general, Ivor Lewis esophagectomy resulted in shorter
ICU stay and improved 2-year overall survival as compared to transhiatal and
McKeown esophagectomy.

The shift to the 'flap and wrap' reconstruction in Ivor Lewis esophagectomy
resulted in an anastomotic leakage rate of less than 8%. In patients with anas-
tomotic leakages after Ivor Lewis esophagectomy, lower severity was found in
patients with the 'flap and wrap' reconstruction than in patients without the
flap and wrap' reconstruction.



Theincidence of anastomotic leakage after lvor Lewis esophagectomy lies with-
in the range of previous studies (5-21%).52'-26 However, no studies report the
incidence of anastomotic leakage after transhiatal, Ivor Lewis and McKeown
esophagectomy as primary outcome parameter. One observational multicenter
study from the Netherlands investigated short-term outcomes of patients with
anastomotic leakage after transhiatal, McKeown and Ivor Lewis esophagec-
tomy.?” The study reported lowest incidences after lvor Lewis esophagectomy
(17%), which was higher than that of the current study. The ‘flap and wrap’
reconstruction that was used in the current study may play a role in this differ-
ence. Mortality, reinterventions and reoperations after anastomotic leakages in
that study were disadvantageous for the Ivor Lewis esophagectomy, which is
also in contrast to the current study results. A recently published randomized
study compared the incidence of anastomotic leakage requiring interventions
between intrathoracic and cervical anastomosis, all with omentoplasty.® An in-
cidence of anastomotic leakage of 12% after Ivor Lewis esophagectomy in the
Ivor Lewis arm was observed, which is comparable to the results of the current
study. The authors hypothesized that this incidence may have been negatively
influenced by the proficiency-gain curves that some participating centers were
still going through. The proficiency-gain curve of Ivor Lewis esophagectomy
in the present study follows an expected surgical course that consists of four
phases: start of the training (phase 1), acquiring proficiency, competence and
additional experience (phase 2), reaching a plateau (phase 3), and a drop of
competence (phase 4)(Fig. 2).28 The steep gradient in the second phase of
the proficiency-gain curve corresponds to training of complex surgical proce-
dures, such as esophagectomy. The fourth phase reflects an advanced period
where surgeons start to operate on more complex patients due to confidence
after previous promising results or start training the procedure to fellows or res-
idents.?® The number of cases needed to overcome the accepted anastomotic
leakage rate of 8% after implementation of the Ivor Lewis esophagectomy is

comparable to that of other centers.2%°

It is difficult to compare the outcomes of the 'flap and wrap' reconstruction
to other literature. The scarce number of studies that investigated omento-
plasty in transthoracic esophagectomy have shown that anastomotic leakage
incidences vary between 3 and 16%, which seems comparable to the out-
comes of the 'flap and wrap' reconstruction.®-% Almost all studies have shown
that omentoplasty leads to lower anastomotic leakage rates. However, these
studies were performed with small patient groups, often undergoing different
esophagectomy procedures and/or were performed in the era prior to minimal-
ly invasive surgery and neoadjuvant chemoradiotherapy. In spite of this lack of
homogeneity, omentoplasty was found to be a significant negative predictor
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of anastomotic leakages in patients after esophagectomy by two systematic

reviews.213

The benefit of the 'flap and wrap' reconstruction concerning anastomotic leak-
age and its severity as compared to other procedures can be explained by sev-
eral hypotheses. First, the gastric conduit in Ivor Lewis is shorter than in transhi-
atal and McKeown esophagectomy, resulting in better perfusion at the site of
the anastomosis. Second, vertical traction on the anastomosis can be avoided
by stitching the gastric conduit to the pleural flap. Third, covering the anas-
tomosis behind the pleural flap and wrapping the greater omentum around it
serve as mechanical protection mechanisms against the negative intrathoracic
pressure, and also create barriers for infections to spread throughout the tho-
racic cavity. Additionally, angiogenic and growth factors that are produced by
the omentum lead to revascularization to adjacent tissues, especially in the
infected areas. This may lead to faster anastomotic leakage healing.*® Further-
more, omentum has shown immunologic areas, that can react fast with im-
mune cells in response to infection.®® Consequently, anastomotic leakages may
have a less severe course, leading to less invasive treatment possibilities, such as
intraluminal vacuum therapy or endoscopic stenting instead of surgery.®’

A strength of the present study is that it shows change of a surgical technique
using prospective data with information about anastomotic leakages after the
implementation of Ivor Lewis esophagectomy followed by modification of the
reconstruction. The study is a reflection of the daily esophageal cancer treat-
ment in a tertiary referral center, were 80-100 esophagectomies per year are
performed. In clinical practice, patients with curatively treatable esophageal
cancer are usually selected for transthoracic surgery if they are physical fit
(e.g., often younger patients), whilst the McKeown esophagectomy is reserved
for patients with a tumor and/or radiation field that extents above the carina.
The study shows assessment of the proficiency-gain curve is important when
interpreting the results of a newly implemented technique. Furthermore, dis-
cussing postoperative data of each patient with surgeons of this center before
entering the database and the use of ECCG definitions secure accurate data
collection and generalizability of the study. A more precise analysis of the com-
plication severity was pursued using the Comprehensive Complication Index
instead of using the Clavien-Dindo classification.?°%8

This study has some limitations. The plateau phase of the proficiency-gain
curve was reached after consecutive lvor Lewis esophagectomy number 63,
thus patients without ‘flap and wrap' Ivor Lewis reconstruction may have expe-
rienced more learning-associated morbidity than patients with ‘flap and wrap'



reconstruction. However, even with the learning-associated morbidity, Ivor
Lewis esophagectomy seems feasible in terms of anastomotic leakages, sec-
ondary outcomes and 2-year overall survival as compared to the other proce-
dures. Due to the study design, which shows results of treatment of esophageal
cancer in daily practice (‘natural occurring sample'), selection bias is likely to
have influenced outcomes due to selection of a different patient group for lvor
Lewis esophagectomy. The objective of this study was not to show superiority
of either technique, as there will always indication for either technique due to
patient and tumor characteristics. The aim was to describe the outcomes when
patients are selected for either procedure in daily practice.

Conclusions

This observational study showed that the incidence and severity of anasto-
motic leakages differed between patients selected for transhiatal, McKeown
and lvor Lewis esophagectomy, with lowest incidences for the 'flap and wrap'
reconstruction in Ivor Lewis esophagectomy. Therefore, Ivor Lewis esophagec-
tomy with ‘flap and wrap’ reconstruction is the preferred curative procedure
in patients with distal esophageal or gastro-esophageal junction cancer that
are fit enough to undergo transthoracic esophagectomy. However, since tran-
shiatal and McKeown esophagectomy will always remain essential procedures
for selected patients, upper gastrointestinal surgeons must have proficiency in
these procedures.
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Appendices

Appendix A. Data form that surgeons filled in at the operation room

Patient name:
Date of birth: [dd/mm/yy]

Scheduled date of surgery: [dd/mm/yy]
Exact date of surgery: [dd/mm/yy]

Indication
[1 Stomach:
[ Linitis plastic
[l Fundus
[T Antrum
[1 Pylorus
[1  Gastric tube anastomosis

1 Cardiac carcinoma
[1 Esophagus:

[1  Proximal
[l Middle
[1 Distal

[l Gastroesophageal junction
[1 High grade dysplasia
[1  Other, malignancy:
[1 Other, benign:
[l Esophageal rupture

Surgical procedure

OJ

[1  Minimally invasive transhiatal esophagectomy
[1  Open transthoracic esophagectomy

[1 Open transhiatal esophagectomy

[1 Total gastrectomy

[l Subtotal gastrectomy

Proximal anastomosis

[l Cervical: [left/right]
Intrathoracic esophagogastrostomy
Intrathoracic esophagojejunostomy
Intra-abdominal esophagojejunostomy
Intra-abdominal gastrojejunostomy
No reconstruction: [reason]

o o o

If applicable, reconstruction type
[1 Gastric conduit
[1  Colon interposition
[l Other: [specify]

‘Flap and wrap’ reconstruction: [ yes [ no

If applicable, reconstruction route
Prevertebral

[T Retrosternal

[1  Subcutaneous

[1 Not applicable

Minimally invasive transthoracic esophagectomy

Intubation
[ Single lumen tube
[J Double lumen tube
] Bronchial blocker

Epidural anesthesia: [ no[]yes
Patient position

1 Prone

[ Left lateral

[] Right lateral

Harmonic device

[1 Ligasure

[ Ultracision

[1  None

[1  Other: [specify]

Anastomosis technique
[J Stapled: 121 mm 125 mm[129 mm
[J  Semi-mechanical
[J  Manual end-to-end
[J Manual end-to-side

Other parameters

[1 Feeding jejunostomy
Conversion, specification:
latrogenic injury, specification:
Additional resection, specification:
Tumor perforation
Macroscopically radical resection
If R2, specify location of tumor rest:

OooOooog

Duration of surgery: [......] minutes
Blood loss volume: o] ML

Postoperative destination: [ high care []ICU
Detubated at: [JOR [ high care JICU

Transthoracic drainage
[1  Not applicable
[ Left hemithorax
[1  Right hemithorax
[1 Both sides of thoracic cavity



Appendix B. Definitions of secondary outcomes

Severity of anastomotic
leakage

According to the Esophageal Cancer Consensus Group:

Type I: No change in therapy or treated medically or with dietary modification
Type Il: Requiring interventional therapy

Type ll: Requiring surgical therapy

Comprehensive
Complication Index

Classification method for the severity of all postoperative complications
together, ranging from O (no complications) to 100 (death)

Reinterventions

Treatment of complications by endoscopy or interventional radiology,
not under general anesthesia

Reoperations

Treatment of complications by surgery under general anesthesia

ICU readmissions

As part of complication treatment

Reintubations

Intubation at the ICU needed as treatment of complications

Combined mortality

Death in the first 30 days after esophagectomy or during the hospital admission

2-year overall survival

Interval between esophagectomy and all-caused death

Appendix C. Baseline characteristics of patients who underwent Ivor Lewis esophagectomy

No ‘flap and wrap' 'Flap and wrap’ P value
reconstruction (n=39) reconstruction (n=289)

Age (years) 63 (60-65) 64 (63-65) 615
Sex (male) 31(79.5) 240 (83.0) .582
Body mass index (kg/m?) 26.4 (25.2-27.5) 26.1 (25.6-26.6) 747
Comorbidity
Cardiovascular 19 (48.7) 124 (42.9) 492
Diabetes mellitus 5(12.8) 32(11.0) 746
COPD 0 (0) 15(5.2) 232
Previous upper gastrointestinal surgery 2(51) 10 (3.5) 602
ASA classification 757
1 14 (35.9) 90 (31.1)
2 17 (43.6) 144 (49.8)
3 8(20.5) 55 (19.0)
Histology .023
High grade dysplasia 1(2.6) 0 (0)
Adenocarcinoma 36 (92.3) 250 (86.5)
Squamous cell carcinoma 2D 36 (12.5)
Other 0 (0) 3(1.0)
Tumor site .095
Mid esophagus 0 (0) 20 (6.9)
Distal esophagus 35 (89.7) 207 (71.6)
Gastroesophageal junction 3(7.7) 47 (16.3)
Cardia 1(2.6) 15(5.2)
Neoadjuvant treatment 202
None 3(77) 26 (9.0)
Chemotherapy 0 (0) 21(7.3)
Chemoradiotherapy 36 (92.3) 242 (83.7)
Esophagectomy .865
Open 1(2.6) 931N
Minimally invasive 36 (92.3) 271 (93.8)
Hybrid (thorax open) 1(2.6) 6 (2.1)
Hybrid (abdomen open) 1(2.6) 3(1.0)

Continuous data are presented as mean (95% confidence interval).
COPD chronic obstructive pulmonary disease, ASA American Society of Anesthesiologists
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Appendix D. Short-term outcomes for patients with standard and ‘flap and wrap' reconstruction in Ivor Lewis

esophagectomy
No ‘flap and wrap’ 'Flap and wrap' P value
reconstruction (n=39) reconstruction (n=289)
Blood transfusion .003
Intraoperative 1(2.6) 4(1.4)
Postoperative 9 (231) 18 (6.2)
Morbidity 27 (69.2) 157 (54.3) .078
Pulmonary complications 20 (51.3) 63 (21.8) <.001
Comprehensive Complication Index 26.2 (0-50.1) 8.7 (0-26.2) .003
Reinterventions 14 (35.9) 67 (23.2) .084
Reoperations 10 (25.6) 15(5.2) <.001
ICU readmissions 17 (43.6) 43 (14.9) <.001
Reintubations 14 (35.9) 22 (7.6) <.001
ICU length of stay 1(0-7) 0 (0-1) <.001
Hospital length of stay 12 (9-34) 10 (8-15) 0N
Mortality
In-hospital 1(2.6) 1(0.3) 224
30-day 1(2.6) 2 (0.7) 317
Combined 1(2.6) 2(0.7) 317
90-days PAGH)) 2 (0.7) .071

Continuous values are presented in medians (IQR)

Appendix E. Univariate and multivariate binary logistic regression analysis

Univariate analysis Multivariate analysis

Variables OR (95% CI) P value OR (95% CI) P value
Age

>65 years 1.025 (0.620-1.695) 923

>70 years 0.983 (0.566-1.708) 952

>75 years 1.364 (0.602-3.086) 457

>80 years 2.779 (0.499-15.460) 243
BMI

>25 kg/m?2 1.525 (0.903-2.576) 15 not entered

>30 kg/m?2 1.814 (0.996-3.303) .051 2182 (1.127-4.225) .021

>35 kg/m?2 0.738 (0.172-3.478) .738
Cardiovascular morbidity 1.067 (0.642-1.773) .803
Diabetes mellitus 2.072 (1.063-4.039) .032 0.921 (0.286-2.966) .891
ASA classification

>2 1.286 (0.730-2.264) .384

>3 1.53 (0.880-2.886) 124 1.604 (0.824-3.124) 164
Neoadjuvant chemoradiotherapy ~ 0.717 (0.376-1.370) 314
Minimally invasive surgery 0.850 (0.238-3.035) .802
Transhiatal esophagectomy 1.612 (0.734-3.538) 234
McKeown esophagectomy 3.679 (2.154-6.285) <.001 1.495 (0.751-2.979) 253
Flap and wrap reconstruction 0.188 (0.108-0.325) <.001 0.214 (0.107-0.427) .001
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Appendix F.
a) Proficiency-gain curve for Ivor Lewis esophagectomy: blood loss
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b) Proficiency-gain curve for Ivor Lewis esophagectomy: operation time
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ABSTRACT

Background: Diaphragmatic hernias after esophagectomy are mostly asymp-
tomatic. However, they can also manifest with severe complications and be
associated with high morbidity and mortality rates. The aims of this study were
to assess the incidence, predictive factors, and preferred treatment of symp-
tomatic diaphragmatic hernias and to evaluate the role of prophylactic cru-
roplasty in patients after esophagectomy for carcinomas of the esophagus or
gastroesophageal junction.

Methods: A prospective database was used to retrospectively analyze consec-
utive patients who underwent esophagectomy between January 2005 and
December 2015.

Results: A symptomatic diaphragmatic hernia was diagnosed in 21 (2.5%) of
851 included patients, 15 (4.3%) after 345 minimally invasive esophagecto-
mies and 6 (1.2%) after 506 open esophagectomies (P =.004). Minimally
invasive lvor Lewis procedures had the highest incidence (9.4%, P =.002) as
compared with all other procedures. Prophylactic cruroplasty did not decrease
the incidence of symptomatic diaphragmatic hernias (2.1 vs 2.7%, P =.608).
Surgical treatment consisted of cruroplasty, with reinforcement of Prolene
pledgets (Ethicon, Somerville, NJ) in 11 patients. Major complications (Cla-
vien-Dindo grade>lllb) occurred in 3 patients, all after open repair (n=9). Re-
currences were found in 4 patients (19.0%), three after laparoscopic repair
and one after open repair.

Conclusions: The incidence of symptomatic diaphragmatic hernia after
esophagectomy was 2.5%, with the highest incidence after minimally inva-
sive lvor Lewis esophagectomy (9.4%) as compared with other procedures.
Although prophylactic cruroplasty is now the standard of care in patients un-
dergoing minimally invasive esophagectomy, a significant lower hernia rate was
not found in this study.



INTRODUCTION

The incidence of esophageal cancer is increasing worldwide, and this is main-
ly attributable to the increasing number of adenocarcinomas in Western
countries."? The best curative option for this disease is esophageal resection.
However, esophageal resections are associated with high short-term and long-
term morbidity rates.®>* An uncommon complication after esophagectomy is
diaphragmatic hernia, with an incidence that varies between O and 28%.57
Most diaphragmatic hernias are asymptomatic and are not always diagnosed
in patients who underwent esophagectomy, whereas the incidence of symp-
tomatic hernias ranges from 0% to 19%.° The associated symptoms are non-
specific (e.g., shortness of breath or abdominal pain), but they can suggest a
life-threatening incarceration of intra-abdominal organs through the esopha-
geal hiatus. Untreated symptomatic diaphragmatic hernias can be followed
by imminent strangulation, necrosis, and perforation of the incarcerated tissue
or organ.’° Symptomatic hernias after esophagectomy represent an absolute
indication for surgical intervention, and treatment consists of reduction of the
hernia and cruroplasty."” Despite the possible severity of this complication, the
actual incidence is often underestimated, and the number of studies including
patients with symptomatic hernias is limited. The aims of this study were to as-
sess the incidence, predictive factors, and preferred treatment of symptomatic
diaphragmatic hernias in a large consecutive patient group that underwent
esophagectomy for carcinoma of the esophagus or gastroesophageal junction
(GEJ) and to evaluate the role of prophylactic cruroplasty in the incidence of
symptomatic diaphragmatic hernias.

METHODS

Study setting

A prospective database of a tertiary high-volume academic center (The Aca-
demic Medical Center, Amsterdam, the Netherlands) was used to perform this
study. The database contained all consecutive patients with an adenocarcino-
ma or squamous cell carcinoma of the esophagus (or gastroesophageal junc-
tion) who were operated on between January 2005 and January 2016. Ap-
proval for this study and the requirement to gain informed consent were waived
by the local medical ethical committee because participants in this study were
not subjected to diagnostic or therapeutic procedures and were not required
to follow rules of behavior. All adult patients (age >17 years) who underwent
an elective transthoracic esophagectomy or transhiatal esophagectomy with
curative intent and reconstruction were included. During salvage procedures a
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reconstruction was usually not performed in this hospital, and these patients
were consequently excluded. Patients with metastases (M1 tumors) did not
undergo esophagectomy in our hospital and were also excluded from this study.

Definition of a symptomatic diaphragmatic hernia

A symptomatic diaphragmatic hernia was defined as a postoperative intra-
thoracic herniation of abdominal viscera that occurred after esophagectomy,
confirmed by chest radiography or computed tomography (CT) and accom-
panied by related symptoms. If radiologic imaging showed a diaphragmatic
hernia during follow up but patients did not experience related symptoms, the
hernia was defined as asymptomatic and patients were not surgically treated.

Esophagectomy techniques

Transthoracic (McKeown or Ivor Lewis procedures) or transhiatal esophageal
resections were performed in our center. Minimally invasive esophagectomy
was implemented in 2009, and more than one half of the patients underwent
minimally invasive esophagectomy in 2013. A 3- to 4-cm-wide gastric tube
was the standard type of reconstruction. If the stomach was not suitable for
reconstruction, a colonic interposition was created.

Prophylactic cruroplasty at initial surgery

During all transhiatal esophageal resections, the left and right crura were wid-
ened. To gain further access to the para-esophageal tissue, the diaphragm was
opened anteriorly. The crus was not dissected during this procedure. In the fi-
nal phase, cruroplasty was performed by closing the crus at the anterior side.
Because the gastric conduit was positioned at the posterior side in all proce-
dures, it was protected against iatrogenic injury. Cruroplasty was performed
as a standard of care in all open transthoracic resections during the final part
of the abdominal phase. However, the addition of cruroplasty during minimally
invasive transthoracic esophagectomy was determined at the surgeon’s discre-
tion until January 2014. After January 2014 it was implemented as a stan-
dard of care for all transthoracic procedures. Ethibond non-absorbable sutures
(Ethicon, Somerville, NJ) were used to close the widened crus until the hiatus
measured a width of approximately 4 cm.

Postoperative follow-up after esophagectomy

Postoperative CT scans were not routinely performed during the outpatient
clinic visits according to the Dutch guidelines unless this imaging was required
as indicated by symptoms, complications, or suspicion of tumor recurrences.?
Outpatient clinic visits were planned in the first 2 weeks after discharge, every
3 months in the first year, and every 6 months thereafter.



Surgical treatment of symptomatic diaphragmatic hernias

The choice of open or minimally invasive diaphragmatic hernia repair was
made on the basis of the availability of minimally invasive surgery, the surgeon's
discretion, and the surgeon's experience. During each procedure, contents of
the hernia were repositioned into the abdominal cavity, followed by cruroplasty.
Based on the surgeon's experience, cruroplasty was reinforced with pledgets
of Prolene mesh (Ethicon, Somerville, NJ), 0.5 to T cm? on both sides of every
stitch. Finally, the gastric conduit was sewn to the crus using Vicryl absorbable
sutures (Ethicon, Somerville, NJ).

Data collection and statistics

Patients' characteristics, surgical data, and short-term outcomes were col-
lected in a prospective database. The severity of complications was scored ac-
cording to the Clavien-Dindo classification.”® All Clavien-Dindo classification
grades higher than llla were considered major complications. Data on symp-
tomatic diaphragmatic hernias were retrospectively identified from the hospi-
tal databases.

Univariate and multivariate analyses were performed to assess the role of as-
sumed risk factors in the occurrence of symptomatic diaphragmatic hernias.
The following parameters were entered into the univariate analyses: BMI, sex,
age, ASA classification, type of neoadjuvant treatment, tumor location, min-
imally invasive procedure, type of esophagectomy, colonic reconstruction, in-
trathoracic anastomosis, and prophylactic cruroplasty. If parameters showed
a significance of P <0.20 in the univariate analyses, entering into a stepwise
multivariate logistic regression analysis followed. Ten events (i.e., symptomatic
diaphragmatic hernias) per variable were required to perform the multivari-
ate analysis.!* Cross-tabulations were calculated by Chi-square analyses and
Fisher's exact tests. Linear-by-linear association tests were used to compare
ordinal scales between groups. P <.05 was considered to be statistically signif-
icant. IBM SPSS Statistics version 22.0 (IBM Corp, Armonk, NY) was used to
perform all analyses.
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RESULTS

A total of 857 patients with a median age of 64 years underwent curative
esophagectomy for esophageal cancer between January 2005 and Janu-
ary 2016 (Table 1). Of all patients, open esophagectomy was performed in
506 patients, and minimally invasive esophagectomy was performed in 345
patients. Most patients underwent open transhiatal esophagectomy (n=232,
27.3%), followed by open McKeown esophagectomy (n=217, 25.5%), mini-
mally invasive McKeown esophagectomy (n=184, 21.6%), minimally invasive
Ivor Lewis esophagectomy (n=117, 13.7%), open lvor Lewis esophagectomy
(n=57, 6.7%), and minimally invasive THE (n=44, 5.2%; Table 2, Fig. 1). More
than half of the patients were treated with neoadjuvant chemoradiothera-
py (61.8%). The median length of stay was 14 days. The morbidity rate was
64.5%, and the 30-day mortality rate was 2.6%. For fewer than 5% of the pa-
tients, body mass index, ASA classification, and cruroplasty data were missing.

Incidence of symptomatic diaphragmatic hernia

During follow-up 21 patients (2.5%) were diagnosed with a symptomatic dia-
phragmatic hernia. Of these, 15 patients previously underwent minimally inva-
sive esophagectomy (4.3%), and 6 patients underwent open esophagectomy
(1.2%, P =.004). The highest incidence was found after minimally invasive Ivor
Lewis esophagectomy (9.4%, P <.001) as compared with other techniques
(Table 2).

Figure 1.

Overview of the annual incidence of symptomatic diaphragmatic hernia (SDH) after esophageal resections,
prophylactic cruroplasty, and minimally invasive Ivor Lewis esophageal resections
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Table 1. Characteristics of 851 patients who underwent esophagectomy between January 2005 and
December 2015.

Total group Symptomatic diaphragmatic P value
(n=851) hernia (n=21)

Age (years) 63 (24-85) 62 (45-79) 481
Sex (male) 654 (76.9) 15 (3.3) 551
Body mass index? (kg/m?) 25.9 (16.5-46.3) 24.0 (19.5-34.4) 278
ASA classification® 470

1 161 (18.9) 6(3.7)

2 481 (56.5) 10 (2.1)

3 204 (24.0) 5(2.5)

4 2(0.2) 0
Previous upper gastrointestinal surgery 22 (2.6) 0] 1.000
Tumor site 673

Proximal esophagus 3(0.4) 0

Mid esophagus 127 (14.9) 1(0.8)

Distal esophagus 538 (63.2) 16 (3.0)

Gastroesophageal junction 151(17.7) 3(2.0)

Cardia 32(3.8) 1(31)
Neoadjuvant treatment .023

No neoadjuvant treatment 301 (35.4) 2 (0.7)

Chemotherapy 24 (2.8) o]

Chemoradiotherapy 526 (61.8) 19 (3.6)
Surgical approach .004

Minimally invasive 345 (40.5) 15 (4.3)

Open 526 (61.8) 6(1.2)
Reconstruction .300

Gastric conduit 840 (98.7) 20 (2.4)

Colon interposition 10 (1.2) 1(10.0)

Esophagojejunostomy 10D o]
Anastomosis site <.001

Cervical 667 (79.6) 10 (1.5)

Intrathoracic 163 (20.4) 11 (6.3)

Cruroplasty® 328 (38.5) 720 .608
Postoperative histology .352

Adenocarcinoma 622 (73.0) 16 (2.6)

Squamous cell carcinoma 157 (18.4) 2(1.3)

High grade dysplasia 1(.3) 6]

Other malign 13 (1.5) ]

No tumor cells 48 (5.6) 3(6.3)
Length of stay (days) 14 (3-304) 11(7-71) 682
Length of ICU stay (days) 1(0-213) 1(0-18) 608
Morbidity after esophagectomy 551(64.7) 15(71.4) 502
Clavien-Dindo classification 304

| 104 (12.2) 2(1.9)

I 178 (20.9) 30.7)

lla 55 (6.5) 4(7.3)

b 31(3.6) 2 (6.5)

IVa 104 (12.2) 2(1.9)

Vb 41 (4.8) 1(2.4)

vV 36 (4.2) 1(2.8)
30-day mortality 22 (2.6) 0 1.000
In-hospital mortality 31(3.8) 131 557
Combined mortality 354.2) 1(2.8) .601

Continuous data are presented as median (range). ASA American Society of Anesthesiologists, ICU inten-
sive care unit. ® Data were missing for 22 patients (2.6%), ® Data were missing for 3 patients (0.4%),
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Table 2. Incidence of symptomatic diaphragmatic hernias in all surgical procedures

Type of procedure Total group Symptomatic P value
diaphragmatic hernia

.002
Open transhiatal esophagectomy 232 (27.3) 3(0.3)
Open lvor Lewis esophagectomy 57 (6.7) 0
Open McKeown esophagectomy 217 (25.5) 3(1.4)
Minimally invasive transhiatal esophagectomy 44 (5.2) 1(2.3)
Minimally invasive Ivor Lewis esophagectomy 17 (13.7) 11 (9.4)
Minimally invasive McKeown esophagectomy 184 (21.6) 3(1.6)

Patients with a symptomatic diaphragmatic hernia did not have a medical his-
tory of gastric or esophageal surgical treatment, but 3 patients (14.3%) had
a pre-existing diaphragmatic hernia (Table 3). One patient had colonic recon-
struction after esophagectomy secondary to extensive ingrowth of the tumor
in the stomach.

Prophylactic cruroplasty

The influence of prophylactic cruroplasty on the incidence of symptomatic di-
aphragmatic hernia could not be found in this study. There were seven symp-
tomatic hernias after prophylactic cruroplasty versus 14 if cruroplasty was not
performed during esophagectomy (resp. 2.1 versus 2.7%, P =.608). In a sub-
group analysis of patients who underwent minimally invasive lvor Lewis proce-
dures, the difference in incidence of symptomatic diaphragmatic hernias after
prophylactic cruroplasty (n=2) as compared with no cruroplasty (n=9) showed
no significance (resp. 5.0 versus 12.2%, P =.324).

Predictive factors

Potential effects of neoadjuvant chemoradiotherapy, minimally invasive
esophagectomy, minimally invasive Ivor Lewis esophagectomy, open transhia-
tal esophagectomy, colonic interposition, and intrathoracic anastomosis were
tested in univariate analyses (Table 4).

Table 3. Clinical manifestations of 21 patients with symptomatic diaphragmatic hernia.

Variable n (%)
Pre-existing diaphragmatic hernia 3(14.3)
Short-term symptomatic diaphragmatic hernia 5(23.8)
Time (days) from surgery to diagnosis 172 (1-1031)
Diagnosis
Chest X-ray 3(14.3)
CT scan 17 (81.0)
Laparoscopic exploration 1(4.8)

Continuous data are presented as median (range). CT computed tomography.



Table 4. Possible predictive factors entered in the univariate analyses.

Variables Odds ratio 95% confidence interval P value
Body mass index (kg/m?) 0.952 0.848-1.068 .399
Sex (male) 0.747 0.286-1.952 552
Age (years) 0.984 0.941-1.029 481
ASA classification
>1 0.577 0.220-1.510 262
>2 0.967 0.350-2.673 .948
>3 0 0 1.000
Tumor site
Proximal esophagus n/a n/a n/a
Mid esophagus 0.279 0.03-2.100 215
Distal esophagus 1.888 0.685-5.205 219
Gastroesophageal junction 0.768 0.223-2.641 .675
Cardia 1.289 0.168-9.913 .807
Neoadjuvant therapy
Chemotherapy 0] 0 .998
Chemoradiotherapy 6.052 1.400-26.157 .016
Minimally invasive esophagectomy 3.788 1.455-9.862 .006
Type of esophagectomy
Open transhiatal n/a n/a .020
Open McKeown 1.070 0.214-5.359 934
Open Ivor Lewis 0 0] 997
M transhiatal 1.775 0.180-17.469 632
Ml McKeown 1.265 0.252-6.343 775
Ml Ivor Lewis 7.921 2165-28.985 .002
Colonic interposition 4.561 0.551-37.737 159
Intrathoracic anastomosis 4.501 1.880-10.780 .001
Cruroplasty 0.787 0.314-1.970 .608

ASA American Society of Anesthesiologists, M/ minimally invasive, n/a not applicable

Of these factors, neoadjuvant chemoradiotherapy, minimally invasive
esophagectomy, minimally invasive Ivor Lewis esophagectomy, and intratho-
racic anastomosis had P <.20. Of these, neoadjuvant chemoradiotherapy and
minimally invasive lvor Lewis esophagectomy were entered into the multivari-
ate analysis.'* Only minimally invasive Ivor Lewis esophagectomy was an inde-
pendent predictive factor for developing symptomatic diaphragmatic hernias
in this model, with an odds ratio of 4.289 (95% CI| 1.090-16.869; P <.037;
Table 5).

Diagnosis

There was a median of 172 days (range 1-1031) between esophagectomy and
the diagnosis of a symptomatic diaphragmatic hernia, with a median of 202
days (range 8-1031) after MIE, whereas this median was only 10 days (range
1-347 days) after open esophagectomy (P =.010). There were 6 patients who
had a hernia during hospitalization for the initial esophagectomy. Of these,
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Table 5. Multivariate analysis for 851 patients who underwent esophagectomy with 21 symptomatic patients

Variables Odds ratio 95% confidence interval P value

Neoadjuvant therapy

None Ref. Ref. Ref.
Chemotherapy 0] 0] 998
Chemoradiotherapy 3.906 0.819-18.622 .087
Type of esophagectomy
Open transhiatal Ref. Ref. Ref.
Open McKeown 0.790 0.155-4.028 777
Open Ivor Lewis 0.00 0.00 .997
Minimally invasive transhiatal 1.061 0.104-10.790 .960
Minimally invasive McKeown 0.650 0.122-3.482 615
Minimally invasive Ivor Lewis 4.289 1.090-16.869 .037

Ref reference value

5 patients had a diagnosis in the first 30 days after esophagectomy (early her-
nias). The sixth patient had a diagnosis on day 37 but was still hospitalized for
the initial esophagectomy at that time. The most common symptom in the ear-
ly diagnosis (within 30 days postoperatively) was respiratory distress, although
the most common symptoms were abdominal or thoracic pain during the late
diagnosis. CT scans were used to diagnose more than 80% of the symptomat-
ic diaphragmatic hernias (Table 3, Fig. 2).

Figure 2.

Computed tomography scan
of the thorax and abdomen
of a patient 10 months after
esophagectomy who reported

dyspnea.
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Surgical repair of symptomatic diaphragmatic hernia

The median time interval between the diagnosis of a symptomatic diaphrag-
matic hernia and surgical repair was 1 day (range O-701). Most patients were
operated on in an acute setting (71.4%) because of suspected intestinal stran-
gulation or ischemia on the basis of clinical presentation or CT scan findings.
In 11 patients (52.4%) minimally invasive repair was performed. Of these, con-
version to open surgery was necessary in 1 patient as a result of pulmonary
insufficiency during laparoscopy and poor abdominal view caused by disten-
sion of the large bowel. In 10 patients cruroplasty was reinforced with Prolene
pledgets (Ethicon), and data on 1 patient were missing. Figure 3 and 4 show
laparoscopic views of a diaphragm before and after closure with reinforcement
of pledgets.

Outcomes after surgical repair of symptomatic diaphragmatic hernia

The morbidity rate after surgical repair was 42.9%, all after surgical procedures
in an acute setting (Table 6). Major complications (Clavien-Dindo classifica-
tion >grade llla) occurred in 4 patients (19.1%), all after open surgical repair.
One of these patients died of cardiac arrest within 30 days after open repair.
However, autopsy showed multiple diffuse metastases that were thought to
be the cause of death. A second patient was admitted to the intensive care

Figure 3. Laparoscopic abdominal view of the diaphragmatic hernia.
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Figure 4. Abdominal view after laparoscopic repair of the diaphragmatic hernia with mesh reinforcement.

unit because of respiratory distress, deep venous thrombosis, anastomotic leak-
age related to the esophagectomy, and pneumonia after aspiration secondary
to vocal cord paresis. The third patient was intubated as a result of cardiac
decompensation after persistent atrial fibrillation, and the last patient was
admitted to the intensive care unit as a consequence of sepsis resulting from
perforation of the small bowel combined with worsening of pre-existing pneu-
monia. The median length of stay after hernia repair was 8 days (range 1-55).

The Mann-Whitney U test showed a lower length of stay after minimally in-
vasive hernia repair (median of 4 days, range 1-20) as compared with open
repair (median of 25 days, range 4-55, P =.017). Recurrences of symptom-
atic diaphragmatic hernias were found in 4 patients (19%). Three recurrenc-
es occurred after laparoscopy, two of these hernias were closed with prima-
ry sutures, and one was reinforced with pledgets. The recurrence after open
esophagectomy was treated with open surgery and reinforcement of Prolene
pledgets (Ethicon).



Table 6. Morbidity after surgical repair of symptomatic diaphragmatic hernias

Complications n (%)

Atrial fibrillation 2(9.5)
Heart failure 1(4.8)
Delirium 3(14.2)
Pulmonary embolism 1(4.8)
Short bowel torsion 1(4.8)
Anastomotic leakage 2(9.5)
Chyle leakage 1(4.8)
Pneumonia 2 (9.5)
Urine bladder infection 1(4.8)
Wound infection 1(4.8)
Pleural effusion 1(4.8)
Pericarditis 1(4.8)
Deep venous thrombosis 1(4.8)
Wound abscess 1(4.8)
DISCUSSION

In the present study we evaluated the incidence, risk factors, and treatment
of symptomatic diaphragmatic hernias after esophagectomies. The incidence
of symptomatic diaphragmatic hernias in patients after esophageal resections
was 2.5%; 1.2% after open operation and 4.3% after MIE.

Subgroup analyses showed that the highest incidence of symptomatic dia-
phragmatic hernia was seen after minimally invasive lvor Lewis esophagectomy
(9.4%) as compared with other surgical techniques. This was also a risk factor
for symptomatic diaphragmatic hernias in the multivariate analysis. In this sin-
gle tertiary referral center series, an increase in symptomatic diaphragmatic
hernias has been seen since 2013. This may have been the result of the in-
creased numbers of minimally invasive Ivor Lewis esophagectomies performed,
in which the hiatus is widened more compared with a minimally invasive McKe-
own procedure. Widening of the hiatus was reported to be a prognostic factor
for postoperative diaphragmatic hernia by two studies (by Van Sandick and
colleagues and Oor and colleagues).>®

Moreover, this increase could be a result of the early phase of the learning curve
of surgeons for minimally invasive Ivor Lewis esophagectomy, which was intro-
duced in 2012. Consequently, the procedure was refined over time; for exam-
ple, by adding cruroplasty after a higher incidence of hernias in the first period
of implementation. It is possible that the incidence of symptomatic diaphrag-
matic hernia has decreased since that time. Although a statistical significance
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for the predictive value of cruroplasty could not be retrieved because of the low
numbers in this study, a significant difference perhaps may be found in larger
series.

The influence of minimally invasive surgery on the development of adhesions in
a large patient group was investigated by Burns and colleagues.'® These inves-
tigators showed that minimally invasive surgery causes fewer adhesion-related
complications after colorectal operations as compared with open procedures.
After open esophageal resections, postoperative adhesions could prevent the
abdominal viscera from herniation through the hiatus, a hypothesis that was
also proposed by other investigators.2'° This hypothesis seems to be support-
ed by the short time interval between open esophagectomy and the diagnosis
of symptomatic diaphragmatic hernias in the current study (a median of 10
days). Although it was not significant in the multivariate analysis in this study,
neoadjuvant (chemo-)radiotherapy has been reported to be associated with
impaired wound healing. If radiotherapy is performed in the area of the hiatus,
as was the case in this study group, this could be a causal factor for the de-
velopment of symptomatic diaphragmatic hernias. However, this effect could
have been clouded by the implementation of minimally invasive surgery be-
cause it was introduced in the same period as neoadjuvant chemoradiotherapy.

The scarce number of studies that have investigated the incidence of diaphrag-
matic hernias after esophageal resections predominantly includes patients with
both asymptomatic and symptomatic diaphragmatic hernias. Nonetheless,
the study by Van Sandick and colleagues has shown that surgical treatment
is not always indicated if patients have a diagnosis of diaphragmatic hernia.’®
Besides, various definitions of diaphragmatic hernias have been used, and in-
clusion criteria are not homogeneous among studies. This disparity has led to
a wide range of incidence of this complication.’” For example, two cross-sec-
tional studies by Ganeshan and colleagues included patients only if CT scans
were performed in the first year postoperatively.'®” Patients who were not
postoperatively monitored in the study of Geneshan et al. could have had a
symptomatic diaphragmatic hernia, but they were excluded from the analy-
sis. Furthermore, the recent study of Brenkman and colleagues performed CT
scans on indication in 74% of their cohort.”® Patients who had evidence of di-
aphragmatic hernia on CT scans were subsequently asked whether they expe-
rienced symptoms, and this approach could have introduced an observational
bias in their study.

Morbidity rates up to 60% after surgical repair of symptomatic diaphragmatic
hernias were described in other studies, with a morbidity rate after laparoscop-



ic repair ranging from 11 to 56%.° This finding is comparable to the morbidity
in the present study, especially for the lower morbidity rate after laparoscopic
repair. Thus, the best surgical treatment for symptomatic diaphragmatic her-
nias seems to be laparoscopic repair.

Limitations

According to the Dutch guidelines for esophageal cancer, CT scans are not
performed as a standard of care in the postoperative period in the Nether-
lands.'”? Consequently, the incidence of asymptomatic diaphragmatic hernias
could not be assessed in the present study. Although a prospective database
with consecutive patients was used for this study, the selection of patients
with symptomatic diaphragmatic hernias was retrospectively performed, and
this could have led to missing data. For example, a pre-existing diaphragmat-
ic hernia is interesting to investigate because the meta-analysis of Oor and
colleagues showed that a pre-existing diaphragmatic hernia was a predictive
factor in one of three studies that were included.® Unfortunately, data on pre-
operative diaphragmatic hernias could not be retrieved for the entire cohort
from our prospective database. Another factor is that minimally invasive sur-
gery was introduced in 2009, and the Ivor Lewis procedure has been the pre-
ferred procedure in our center since its introduction in 2012. Therefore, there
is some heterogeneity among the current patient group. Further prospective
investigations with a larger and homogeneous patient group are recommended
to assess the incidence of symptomatic diaphragmatic hernias.

CONCLUSIONS

The incidence of symptomatic diaphragmatic hernias after esophagectomy
was 2.5% in this study. A trend towards a greater incidence was observed for
the last few years and, more specifically, in patients undergoing minimally inva-
sive lvor Lewis esophagectomy. Although prophylactic cruroplasty is now the
standard of care in patients undergoing minimally invasive esophagectomy in
this center, a significant lower hernia rate was not found in this study. The best
treatment for patients with this serious complication seems to be laparoscop-
ic repair with approximation of the crura, combined with placement of mesh
pledgets in patients with a large symptomatic hernia.
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ABSTRACT

Background: In recent decades, there have been major developments in the
curative treatment of esophageal cancer, such as implementation of PET/CT,
neoadjuvant chemoradiotherapy, minimally invasive surgery and enhanced re-
covery programs. This observational study examined clinical and survival out-
comes of patients after esophagectomy for cancer over 25 years.

Methods: Consecutive patients who underwent esophagectomy for cancer at
a tertiary referral center between 1 January 1993 and T January 2018 were
selected from a prospectively maintained database. Patients were assigned to
five periods: 1993-1997, 1998-2002, 2003-2007, 2008-2012, and 2013-
2017. The primary outcome was 5-year overall survival using Kaplan-Meier
with log-rank tests for trends.

Results: A total of 1612 patients were analyzed. The median follow-up of sur-
viving patients was 80.4 months (IQR 58.5-123.2). The 5-year overall survival
improved gradually from 32.5% to 47.7% over 25 years (P <.001). Length of
stay reduced from a median of 16 days (IQR 14-24) in 1993-1997 to 11 days
(IQR 8-18) in 2013-2017 (P <.001). No decrease in mortality was encoun-
tered over 25 years, although over the last 5 years, in-hospital and 90-day
mortality dropped from 4.2% and 8.3% in 2013 to 0% in 2017 for both pa-
rameters (P <.050). Anastomotic leakages reduced from 26.4% in 2013 to
9.7% in 2017 (P <.001).

Conclusion: Over the last 25 years, clinical outcomes and 5-year overall survival
significantly improved in patients who underwent esophagectomy for cancer
at this tertiary referral center.



INTRODUCTION

The incidence of esophageal cancer is rising globally. In 2018, esophageal
cancer was ranked as the sixth most deadly cancer.! Although squamous cell
carcinoma remains the most frequent esophageal cancer type worldwide, ad-
enocarcinoma has become most prevalent in Western countries.? Changing
patient and treatment factors, such as (neo)adjuvant therapies, surgical tech-
niques, and postoperative care protocols, may have improved outcomes after
esophageal cancer treatment over the past decades.

Advanced diagnostic techniques (e.g., PET/CT) have led to better detection
of metastases, resulting in more accurate patient selection for curative treat-
ment.® Other diagnostic developments have led to a growing number of pa-
tients with earlier cancer diagnosis who are treated by less invasive endoscopic
mucosal resections.* The remaining patients for esophagectomy could be in a
relatively worse preoperative condition (e.g., by worse nutrition status), leading
to deteriorated postoperative outcomes. However, multileaf collimators and
intensity-modulated radiotherapy have recently improved radiation dose distri-
bution in terms of lower doses to surrounding tissues, which could lead to fewer
radiation adhesions during surgery.® Besides, necadjuvant chemoradiotherapy
improves survival considerably after esophagectomy and has become the stan-
dard curative treatment of esophageal cancer worldwide.®

Most studies report outcomes after changing diagnostic and therapeutic meth-
ods for esophageal cancer for each method separately, without evaluating the
effect of all changes together. Few studies have examined cumulative effects,
but have often included non-surgical patients, or were performed before latest
important changes were implemented.”® The aim of the present study was to
evaluate short- and long-term outcomes in surgically treated esophageal can-
cer patients at a tertiary referral center over the past 25 years.

METHODS

Patients

This observational study was performed at the department of surgery of a ter-
tiary referral center in the Netherlands. Consecutive patients between 1 Janu-
ary 1993 and 1 January 2018 were selected from a prospectively maintained
database, guaranteeing a potential follow-up of 44 months. Patients with ad-
enocarcinoma or squamous cell carcinoma of the esophagus, gastroesopha-
geal junction , or cardia undergoing esophagectomy were included. Exclusion
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criteria were: acute surgery, salvage procedures, perioperative metastases.
Groups were analyzed according to the year of esophagectomy: 1993-1997,
1998-2002, 2003-2007, 2008-2012, and 2013-2017/. Missing data were
retrospectively collected from patients’ medical files and otherwise excluded
by pairwise deletion. The local institutional review board waived requirements
for informed consent.

Staging

Staging occurred routinely by gastroscopy with biopsies, endoscopic ultrasound,
and CT scans of neck, thorax, and abdomen. Since 2011, PET/CT was used to
detect metastases after neoadjuvant chemoradiotherapy. Tumors were classi-
fied according to the 4®-8™ American Joint Committee on Cancer (AJCC)
prior to neoadjuvant treatment.'® Truncal node positivity was scored as N+MO.

Oncologic treatment

Neoadjuvant chemoradiotherapy has been implemented as standard treat-
ment for cTO-TN+ and ¢cT2-4aN0-3MO carcinomas since 2010.5™ This con-
sisted of radiotherapy (41.4 Gy, daily fractions of 1.8 Gy) and 5 cycles of
concomitant intravenous carboplatin (AUC-2) and paclitaxel (50 mg/m?).
Adapted schemes were administered during trials or as perioperative chemo-

therapy for cardiac tumors.'>1*

Surgery

Minimally invasive esophagectomy was implemented in 2009. Intrathoracic
anastomoses were introduced by thoracotomy in 2007, followed by thoracos-
copy in 2013. Cervical anastomoses were created after transhiatal or 3-stage
transthoracic esophagectomy during the entire study period. Routine postop-
erative ICU admissions occurred in the first half of the study. With application
of the Enhanced Recovery after Surgery program (ERAS) since 2009, ICU
admission was only required for patients with ASA >3 or postoperative com-
plications. Outpatient clinics were visited 2 and 6 weeks after surgery, every 3
months in the first year, and every 6 months thereafter until 5 years postoper-
atively. Follow-up imaging was performed on indication."

Study outcomes and definitions

The primary outcome was 5-year overall survival. Secondary outcomes were
morbidity, mortality, reinterventions, reoperations, ICU readmissions, hospital
and ICU length of stay (LOS), RO resections, and lymph node yield. The Cla-
vien-Dindo classification was applied for assessing complication severity and
to define reinterventions.!”> Anastomotic leakage was defined according to the
definition of the Esophageal Cancer Consensus Group (ECCG).16



Statistical methods

Baseline characteristics were compared using Chi square tests and one-way
ANOVA or Kruskal-Wallis tests. Survival outcomes were compared using Ka-
plan-Meier with log-rank tests for trends. Chi square tests for trends and Jon-
ckheere-Terpstra tests were used to evaluate trends."” The Jonckheere-Terps-
tra test is a one-tailed, non-parametric test to assess linear trends in medians
of groups. It is comparable to the Kruskal-Wallis test, but incorporates orderly
arrangement of parameters. Year-on-year analyses were performed between
2013 and 2017. P <.05 was considered to be significant. Outcomes were ad-
justed for confounders. SPSS Statistics 26.0.0.1 (2019, Armonk, NY: IBM
Corp.) was used for all statistical analyses. Latest follow-up data were extract-
ed on 25 August 2021.

RESULTS

After applying inclusion criteria, 1612 patients were analyzed (Fig. 1). Mean
age was 63 years (95% CI 63-65) and increased from 62 (95% CI| 61-63) to
64 years (95% Cl 63-65) over 25 years (P =.012, Table 1). Mean body mass
index increased from 24.5 (95% CI 23.9-25.0) to 26.0 kg/m? (95% CI 25.5-
26.4, P <.001). Adenocarcinoma was the most common tumor type (71.8%),
gradually increasing over time (from 60.3 to 78.9%, P <.001).

Use of neoadjuvant chemoradiotherapy increased significantly over 25 years,
up to 88.9% of patients in 2017 (P <.001, Fig. 2a). Before 2012, >90% of
patients had a cervical anastomosis (Fig. 2b). Minimally invasive McKeown
esophagectomy was the most common procedure in 2011-2012 (43.8 and
67.2%, respectively). Ivor Lewis esophagectomy became more popular after
2013, constituting 93.1% of all procedures in 2017. Reasons for colonic inter-
positions were as follows: previous gastrectomy or pancreaticoduodenectomy,
extended tumor invasion, and severe radiation effects.

Figure 1. Flow chart

Assesse:=f107r1ezllg|blllty Excluded patients (n=100)
- No permission for the use of data n=7
Benign histology n=13
R Acute esophagectomy n=2
i’ No reconstruction n=17
Palliative esophagectomy or perioperative metastases n=22
Salvage esophagectomy n=29
Ar]nall\ézlzd No squamous cell carcinoma or adenocarcinoma n=10
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Figure 2
a) Type of neoadjuvant treatment per year
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Survival over 25 years

Median follow-up for surviving patients (462/1612) was 84.0 months (IQR
60.1-125.4). The median overall survival was 37.8 months (95% CI 33.2-
42.4). This improved steadily from 26.0 (95% CI 21.2-30.8) to 51.5 months
(95% CI138.3-64.7) over 25 years (P <.001, Fig. 3 and 4). The 5-year overall
survival increased from 32.5% to 47.7% (P <.001). This improved from 30.3%
to 45.5% for adenocarcinomas (P <.001), and from 35.8% to 55.8% for squa-
mous cell carcinomas (P =.003, Fig. 5). For RO resections, the 5-year overall
survival increased from 38.7% to 48.8% (n=1452, P =.007). RO resections

have increased from 80.6% to 97.1% over 25 years.

Figure 3. Kaplan Meier curve for all patients
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Figure 4. Major changes in the treatment of esophageal cancer and overall survival (Ml minimally invasive,

ERAS Enhanced Recovery After Surgery program, nCT neoadjuvant chemotherapy, n"CRT neoadjuvant

chemoradiotherapy, THE transhiatal esophagectomy)
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Figure 5
a) Patients with adenocarcinoma (n=1158)
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Table 2. Short-term outcomes after esophagectomy between 1993 and 2017

1993-1997 1998-2002 2003-2007 2008-2012 2013-2017 P value
(n=257) (n=255) (n=327) (n=393) (n=380)

RO resections © 203(80.6) 214(83.9) 296(90.5) 371(94.4) 368 (97.1) <.001
Resected lymph 15 (8-23) 16 (9-22) 20 (13-28) 22(17-29) 30(22-39) <.001
nodes ®
Morbidity 156 (60.7) 158 (62.0) 224 (685) 234(59.5) 226(59.5) 42
Reinterventions ° 59 (23.0) 57 (22.4) 69 (21.1) 83 (21.2) 110 (28.9) Rl
Reoperations 26 (10.1) 26 (10.2) 47 (14.4) 49 (12.5) 37 (9.7) .96
ICU readmissions 60 (23.3) 54 (21.2) 73 (22.3) 88 (22.4) 76 (20.0) 44
Reintubations 41 (16.0) 41 (16.0) 56 (17.1) 59 (15.0) 48 (12.6) 19
Hospital length of stay 16 (14-24) 16 (13-24) 16 (12-25) 12 (9-19) 11 (8-18) <.001
ICU length of stay 3(2-7) 2 (1-5) 1(1-4) 1(01-3) 0 (0-2) <.001
Mortality

30-day 83N 7(2.7) 721 10 (2.5) 50.3) 16

In-hospital 10 (3.9) 9 (3.5) 10 (3.1) 16 (4.0) 5.3 12

90-day 11 (4.3) 14 (5.5) 15 (4.6) 20 (5.1) 15 (3.9) 74

Continuous data are presented in medians (interquartile range). Data of 6 patients (0.4%)¢, 12 patients
(0.7%)° and 1 patient (0.1%)° were missing.

Table 3. Short-term outcomes after esophagectomy between 2013 and 2017 (n=380)

2013 2014 2015 2016 2017 P value
(n=72) (n=77) (n=75) (n=84) (n=72)

RO resections® 70(986)  74(961)  74(987)  80(952)  70(972) 55
Resected lymph nodes 22 (18-28) 30 (20-42) 32 (24-42) 33(26-41) 36(28-43) <.001
Overall morbidity 45 (62.5) 48 (62.3) 38 (50.7) 50 (59.5) 45 (62.5) .87
Anastomotic leakage 19 (26.4) 21 (27.3) 11.Q4.7) 5(6.0) 7 (9.7) <.001
Pneumonia 16 (22.2) 8 (10.4) 9 (12.0) 9 (10.7) 10 (13.9) .20
Chyle leakage 4 (5.6) 7(91) 4(5.3) 12 (14.3) 10 (13.9) .043
Vocal cord injury 2(2.8) 10.3) 227) 2(2.4) 10.4) 77
Reinterventions 23(31.9) 25(32.5) 21(28.0) 24 (28.6) 17 (23.6) 22
Reoperations 14 (19.4) 6 (7.8) 3(4.0) 3(3.6) 11 (15.3) 23
ICU readmissions 22 (30.6) 17 (22.1) 11.Q4.7) 13 (15.5) 13 (18.1) .031
Reintubations 17 (23.6) 9(11.7) 8(107) 7(83) 79.7) on
Hospital length of stay 12 (8-19) 13 (9-22) 10 (9-15) 108 7) 11 (8-21) .06
ICU length of stay 1(1-5) 1(0-4) 0 (0-1) 0 (0-1) 0 (0-1) <.001
Mortality

30-day 2(2.8) 101.3) 101.3) 100.2) 0 19

In-hospital 3(4.2) 1(1.3) 22.7) o] o] 022

90-day 6 (8.3) 5(6.5) 1(1.3) 3(3.6) 0] .007

Continuous data are presented in medians (IQR). @ RO resection could not be confirmed in 1 patient (Rx).



Short-term outcomes between 1993 and 2017

Resected lymph nodes increased from a median of 15 (IQR 8-23) to 30 per
patient (IQR 22-39, P <.001, Table 2). Morbidity, mortality, reinterventions,
reoperations, and ICU readmissions did not change over time. Nevertheless,
median hospital and ICU length of stay decreased from 16 (IQR 14-24) to 11
days (IQR 8-18) and from 3 (IQR 2-7) to O days (IQR 0-2), respectively (P
<.001).

Short-term outcomes between 2013 and 2017

Year-on-year comparisons between 2013 and 2017 revealed significantly in-
creased median numbers of resected lymph nodes over the latest 5 years, from
22 (IQR 18-28) in 2013 to 36 (IQR 28-43) in 2017 (P <.001, Table 3). No
differences were observed for RO resections within this period (P =.55). In-hos-
pital and 90-day mortality decreased from 4.2% and 8.3% in 2013 to 0%
for both parameters in 2017 (P <.050). Most anastomotic leakage occurred
in 2013 and 2014 (respectively 26.4 and 27.3%). Each year after 2014, this
decreased gradually towards 9.7% in 2017 (P <.001).
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DISCUSSION

This study is based on a prospectively maintained database of a tertiary refer-
ral center, investigating more than 1600 patients undergoing esophagectomy
for cancer over 25 years. It shows improvement of the 5-year overall survival
from approximately 30% to 50%. In addition, the study reveals increased use
of neoadjuvant chemoradiotherapy and transthoracic resections. Hospital and
ICU length of stay shortened, whilst morbidity remained constant. Eventually,
anastomotic leakage rates fell to less than 10% with no mortality in 2076 and
2017. The strength of the study is that consecutive patients were prospectively
included in the database over a large study period. It uses Jonckheere-Terpstra
tests for trend analyses instead of the Kruskal-Wallis test, by which the direc-
tion of the difference in medians was incorporated.”” By setting the inclusion
period up to January 2018, a minimum potential follow-up of 44 months was
guaranteed in all groups. Although this is also a limitation since not all patients
could complete 5-year follow-up, it was taken into account that most recur-
rences occur within two years after surgery.5'213 What exact policy change was
responsible for the results is complex to define and was certainly multifactorial
as outcomes were evaluated over 25 years. In order to gain insight into the in-
fluence of the changing policies, findings are discussed separately.

Survival

The overall survival in the last 5 years of this study (52 months) was compa-
rable to the study of Griffin and colleagues, which investigated patients be-
tween 1989-2018."® Their latest cohort showed a median overall survival of
56 months and 5-year overall survival of less than 50% (2014-2018). Other
studies investigating outcomes over a longer period showed lower 5-year over-
all survival rates (13-36%), but most studies were conducted before 2014 and

included non-surgically-treated or metastatic patients.”81°

PET/CT

Imaging was one of the factors that possibly contributed to survival improve-
ment. For example, the addition of PET/CT to esophageal cancer treatment
for detection of metastases before and after neoadjuvant chemoradiothera-
py. Accuracy of PET/CT has been investigated at this center between 2011
and 2013.2 PET/CT detected metastases in 11% of patients after neoadjuvant
chemoradiotherapy, who were consequently excluded from complex, non-cur-
able esophagectomy. Since PET/CT after neoadjuvant chemoradiotherapy
became standard of care, it has contributed to accurate patient selection for
curative esophagectomy and probably resulted in survival improvement after
esophagectomy.



Neoadjuvant chemoradiotherapy

A factor that probably contributed the most to the survival improvement
was neoadjuvant chemoradiotherapy. The 5-year overall survival of this study
was consistent with that of the neoadjuvant chemoradiotherapy group in the
CROSS trial.® Talsma and colleagues have already suggested a predictive val-
ue for improved 2-year overall survival in patients after neoadjuvant chemo-
radiotherapy and esophagectomy between 1999 and 2000.° Recently, the
Dutch Comprehensive Cancer Registry showed greatest survival increase in
neoadjuvant chemoradiotherapy patients over 25 years.” However, less than
43% of their patients were neoadjuvantly treated with chemoradiation, whilst
this was more than 80% in the latest group of this study. Besides, survival im-
provement of this study already existed prior to, and well after implementation
of neoadjuvant chemoradiotherapy, corresponding to observations in other
studies.”®'® Therefore, the value of neoadjuvant chemoradiotherapy to survival
improvement is strengthened, but survival improvement cannot be attributed
to chemoradiotherapy alone.

RO resections

An upward trend towards more RO resections in later years was found in the
study, to 295% after 2013. The literature has shown that survival after esopha-
geal cancer is strongly associated with more RO resections.?° Although neoad-
juvant chemoradiotherapy may also have influenced RO resections, increasing
numbers of RO resections were already manifest in the era prior to chemora-
diation. It is plausible that other factors, e.g., improved staging and T4b tumor
exclusion from curative esophagectomy, additionally contributed to more RO
resections and survival.

Lymph node yield

This study showed parallel improvement of lymph node yield and survival rates,
which continued well after the implementation period of neoadjuvant chemo-
radiotherapy. Since the choice for transthoracic esophagectomy is often made
because of the avoidance of blunt dissection and the possibility of extended
lymphadenectomy, rising numbers of transthoracic esophageal resections likely
contributed to the increase in resected lymph nodes over the past 25 years. A
recent systematic review also demonstrated the independent relation of ex-
tended lymphadenectomy with survival improvement, even if patients under-
went neoadjuvant treatment.?! Although that review was limited by follow-up
periods of the included studies (15-94 months), most of these studies included
transthoracic resections.
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Minimally invasive surgery

Superiority of minimally invasive esophagectomy on survival as compared to
open procedures has not yet been proven. One systematic review suggested
beneficial effects of minimally invasive esophagectomy on 5-year mortality, but
adjustment of confounding factors was limited and many retrospective stud-
ies were included.?? Thus, conclusions about the impact of minimally invasive
surgery on survival of esophageal cancer patients should be drawn cautiously.

Short-term outcomes

The introduction of ERAS and minimally invasive surgery in 2009 could have
contributed to shortened hospital and ICU length of stay with constant mor-
bidity in this study. Previous research of this center has demonstrated signifi-
cant shorter length of stay in patients following ERAS after open esophagec-
tomy (2009-2010) without affecting other outcomes.?® This was supported
by studies investigating esophagectomy, but also by other gastrointestinal pro-
cedures.?*?5 The randomized controlled TIME trial, in which more than 50% of
participants underwent esophagectomy at this center, showed that minimally
invasive esophagectomy caused shorter hospital length of stay.?® However, an
external validation study cautiously suggested that the influence of high exper-
tise levels of participating centers should be incorporated in the interpretation
of the TIME trial results.?”

Preventing anastomotic leakage after esophagectomy is an important goal
and became crucial since the literature showed that anastomotic leakage and
morbidity predict worse long-term outcomes.?®?° Most anastomotic leakag-
es were found in 2013 and 2014 at this center, which may be caused by si-
multaneous introduction of several new surgical techniques at the time (e.g.,
minimally invasive surgery, intrathoracic anastomosis). According to Claassen
and colleagues, surgical learning curves for minimally invasive esophagectomy
based on anastomotic leakages consist of 50 to 120 cases.®® With approxi-
mately 90 cases per year and minimally invasive lvor Lewis esophagectomy
introduced in February 2013, it could have attributed to the peak incidence
of anastomotic leakage. Since significantly fewer anastomotic leakages and
no mortality were observed after 2014 (following introduction of the ‘flap and
wrap' reconstruction), this may result in better survival outcomes for these pa-
tients.



CONCLUSIONS

The study has shown improved short- and long-term outcomes in a large pa-
tient group undergoing esophagectomy for cancer at a tertiary referral cen-
ter over 25 years. Likely contributors include neoadjuvant chemoradiotherapy,
transthoracic minimally invasive esophagectomy, extended lymphadenecto-
my, RO resections, and reduction of anastomotic leakages. Future survival im-
provements are expected due to further treatment developments, such as per-
sonalized neoadjuvant and adjuvant therapies. Subsequently, further surgical
advancements will decrease morbidity and mortality, and thus improve survival
after esophagectomy for cancer.
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Optimal classification and management of complications
after curative esophagectomy for cancer
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The scientific research of this thesis contributes to the evaluation of the recent
trends within the curative surgical treatment of esophageal cancer and their
effects on postoperative complications. Many changes in the surgical treat-
ment of esophageal cancer focus on the prevention of severe postoperative
complications after curative esophagectomy. To pursue this as accurate and
efficient as possible, insight in these complications and possible predictive fac-
tors is paramount. Ensuring transparent complication registration contributes
to this. Therefore, Part | of this thesis investigates methods pursuing accurate
complication registration and severity classifications to assess the burden of
complications on patients. In Part Il, incidences of specific complications and
other postoperative outcomes after esophageal cancer surgery are compared
between several surgical techniques. Predictive factors are analyzed, including
neoadjuvant therapy, location of anastomosis and surgical approach. Finally,
the thesis describes changes that are related to patients' characteristics, cura-
tive treatments, short-term outcomes and survival of patients who underwent
esophagectomy over the past 25 years.

Part I. Evaluation of different methods for the registration of postoperative
complications

In Chapter 2 of this thesis, a detailed description is given for the development
of the trigger tool as a method to simplify the registration of complications for
residents and staff members at the surgical department. The trigger tool se-
lects patients with an increased risk of complications during their admission in
the hospital after which their medical files are searched for additional compli-
cations. The second part in this chapter shows that the sensitivity of the trigger
tool is equal to that of the weekly complication meeting, in which multiple res-
idents and staff members of the department are present. By using this trigger
tool, the administrative workload of the clinicians can be reduced. Additional
cost-effectiveness investigation is needed to compare the cost-efficacy of the
trigger tool with that of a weekly complication meeting, but it can be expected
that costs will be lower when the trigger tool is used.

Severity classification systems for complications are explored in Chapter 3
and 4. Chapter 3 describes stronger relationships between the most recently
developed classification system, the Comprehensive Complication Index and
traditional outcome parameters than when the Clavien-Dindo classification
is applied. Hence, it can be concluded that the Comprehensive Complication
Index provides a more detailed representation of the severity of complications
in patients after esophagectomy than the Clavien-Dindo classification. If more
national and international studies will use the Comprehensive Complication
Index, subtle differences in postoperative outcomes between different surgical

159 ¥



- 160

techniques could become apparent, which will lead to possible treatment im-
provements. In the study of Chapter 4, the Comprehensive Complication Index
confirms that neoadjuvant chemoradiation prior to esophagectomy for cancer
does not affect the severity of postoperative complications as compared to the
severity of complications in patients who have not been treated with chemo-
therapy and radiation prior to esophagectomy.

Part II.

The influence of surgical technigues on complications after esophagectomy
By means of a propensity-score matched analysis, Chapter 5 shows that the
incidence of severe anastomotic leakage (ECCG type>2) and 90-day mortal-
ity after minimally invasive transthoracic esophagectomy is lower in patients
with an intrathoracic anastomosis than with cervical anastomosis. In Chapter
6, patients with anastomotic leakage after esophagectomy are investigated in
detail. Although a low incidence of serious anastomotic leakage after an lvor
Lewis esophagectomy is found (12.4%), the anastomotic leakages after tran-
shiatal or a McKeown procedure seem relatively less severe.

To protect the intrathoracic anastomosis against (severe) anastomotic leak-
age, the gastric conduit can be stitched to the pleural flap, followed by covering
the anastomosis by the pleural flap and a wrap of the omentum. This reduces
the tensile forces on the anastomosis, protects the anastomosis against the
surrounding negative intrathoracic pressure and creates a barrier for infections
to spread in the thoracic cavity. These techniques are collectively referred to as
the 'flap and wrap' reconstruction. After the introduction of the 'flap and wrap'
reconstruction in Chapter 7, the incidence of anastomotic leakage after Ivor
Lewis esophagectomy is 7.5%. Furthermore, anastomotic leakages that arise
after this reconstruction lead to less severe postoperative courses than when
the reconstruction created by the standard Ivor Lewis esophagectomy. The
'flap and wrap' reconstruction is a safe technique that can be used to reduce
and limit the severity of anastomotic leakage in patients who are fit enough to
undergo transthoracic esophagectomy.

The proficiency-gain curve of the lvor Lewis esophagectomy in this chapter
shows a steep slope in the beginning of the curve, which is consistent with gain-
ing proficiency for a very complex surgical technique. Assessing the proficien-
cy-gain curve for a new surgical technique contributes significantly to an ac-
curate interpretation of research results. Therefore, the proficiency-gain curve
should be included in any scientific research about new surgical techniques in
order to perform a fair and transparent comparison of the outcomes. This also
has important implications for putting a new technique into practice in a na-



tional setting.

In Chapter 8, the incidence, risk factors, diagnosis, treatment and burden of a
symptomatic diaphragmatic hernia after esophagectomy are described. The
incidence is 2.5% of all esophageal resections in this series. Symptomatic dia-
phragmatic hernia is often underexposed and can occur at a later stage after
an esophageal resection. The research presented in this chapter shows that the
minimally invasive vor Lewis procedure is a risk factor for the occurrence of
this complication, with an incidence of 9.5% of symptomatic diaphragmatic
hernias after Ivor Lewis esophagectomy. Recurrences after treatment occur
relatively often, i.e., in 19.0% of patients. Awareness about the importance of
rapid diagnosis and treatment of symptomatic diaphragmatic hernias after
esophagectomy is of great value in order to limit possible severe consequences.

The last chapter of this thesis shows that there has been a great evolution in
the treatment of esophageal cancer over the past 25 years (Chapter 9). Now-
adays, patients’ characteristics are different from those of the early 1990s.
The mean age and body mass index at time of esophagectomy of patients are
higher, and the proportion of patients with adenocarcinoma as compared to
squamous cell carcinoma has increased. The study also shows that more than
90% of all patients are currently treated with neoadjuvant chemoradiother-
apy followed by a minimally invasive Ivor Lewis esophagectomy. The improv-
ing postoperative outcomes within the last 5 years of the study are probably
caused by the most recent improvements of surgical techniques and optimi-
zation of perioperative protocols. The main finding of this chapter is the im-
provement of the 5-year overall survival from 30% in the early 1990s to 50%
for patients undergoing esophagectomy in most recent years. This chapter in
particular underlines the value of evaluation of outcomes over a longer period
of time and conducting high-quality research into diagnostics, treatments and
complication registration in large groups of patients.
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GENERAL DISCUSSION

This thesis focuses on improving complication registration and classification
after surgery and investigates the incidence of complications after esophageal
cancer surgery in an era where neoadjuvant chemoradiotherapy, minimally in-
vasive surgery and lvor Lewis esophagectomy are used as part of the curative
treatment of patients with cancer of the esophagus or gastroesophageal junc-
tion. The contents of this thesis describe differences between several compli-
cation registration methods regarding the accuracy of the incidence and the
burden of complications. The second part of the thesis investigates whether the
incidence and severity of complications after esophagectomy are influenced by
recent changes in the treatment of esophageal cancer, with particular focus on
minimally invasive transthoracic esophageal resections and anastomotic leak-
ages. Finally, it gives insight in the changes of short- and long-term outcomes
over the past 25 years, in which the short-term results of the last 5 years are
described in more detail. To interpret the study results of all chapters togeth-
er, discussions and future perspectives are described with consideration of the
thesis' limitations.

Registration of complications

Awareness of postoperative complications by clinicians and researchers has in-
creased over the last years and prevention of these complications has become
one of the most important goals in surgery.! Since complication rates are set
as quality indicators for hospitals, a form of complication registration became
mandatory in many countries.?3 In practice, surgical departments deliver data
with information about the occurred complications after surgery to national
audits.®® However, methods of complication registration are often not stan-
dardized in (inter-)national practice and the accuracy of these methods has
rarely been investigated. Inadequate complication registration leads to a dis-
torted picture of outcomes after surgery and may limit the quality of scientific
research and improvements based on this inadequate registration.® The goal
for researchers and staff members is to decrease the complication rate after
surgery. In order to achieve this, qualitative and accurate data with informa-
tion about these complications is paramount. Many surgical departments use
a regular verbal inventory meeting with attending residents and surgical staff
for the detection of complications. However, this method is very time consum-
ing and studies show that the sensitivity varies between 63-85%.”8 Chapter
2 shows that time efforts of surgical residents and staff can be reduced by a
trigger tool. In addition, the use of trigger tools can be an important step for cli-
nicians since unwanted administrative workload and increasing working hours
are predictive factors in developing burnout amongst healthcare professionals,

165 ¥



- 166

especially amongst surgical residents.® Time efforts can consequently be trans-
ferred to other individuals, such as database managers. Furthermore, institu-
tional health care costs may be reduced since multiple surgeons have to attend
in case of a verbal inventory meeting and the hour loan of surgeons is generally
higher than that of a database manager. In accordance with literature, the
thesis shows that detection of patients at risk of postoperative complications
by a trigger tool combined with screening of medical records at a surgical de-
partment of a tertiary referral center seems to be at least as reliable as a verbal
inventory meeting (Chapter 2).'° Trigger tools seem to be applicable in daily
practice of other medical specialties and peripheral hospitals, depending on its
purpose. For example, they can be used for identifying critically ill patients at
risk of adverse events at the Intensive Care Unit or patients at risk of severe ad-
verse drug events after protocol-based therapy (e.g. chemoradiotherapy)."12
The use of trigger tools in scientific research may eventually result in more pa-
tient-tailored treatment.

Since mortality rates after surgery have decreased over the last decades, the
attention on severity of complications has increased over time. In an attempt
to compare the burden of complications between surgical patients, several
complication classifications have been developed over the last years.®'® The
Clavien-Dindo classification is most commonly used, but does not incorpo-
rate the burden of all complications together during the admission period of
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Figure 1. The absolute number of scientific reports by year using "Comprehensive Complication Index"
in title or abstract on https://pubmed.ncbi.nim.nih.gov (Latest data retrieved on: 12 September 2021)



patients. This thesis observed that the Comprehensive Complication Index is
more accurate than the Clavien-Dindo classification in grading the severity
of complications (Chapter 3), which is in line with other study results amongst
other surgical specialties.’®” Due to these good results of the Comprehensive
Complication Index in validation studies, the number of studies using the Com-
prehensive Complication Index as a primary or secondary outcome represent-
ing complication severity has increased significantly, which indicates its rele-
vance (Fig. 1).

Additionally, the Comprehensive Complication Index can play a role in improv-
ing the detection rate of complications by trigger tools.!”® Since missed com-
plications are most frequently of lower severity (Chapter 2), trigger tools can
highlight patients at risk of (multiple) less severe complications using a maxi-
mum cut-off value of the Comprehensive Complication Index. Another benefit
of the Comprehensive Complication Index is that it incorporates patient-re-
lated factors in contrast to the Clavien-Dindo classification. The detection
of minor complications by the combination of the maximum cut-off value of
the Comprehensive Complication Index and the trigger tool may eventually
lead to higher quality of life of patients after applying relatively small proto-
col adjustments in hospitals. However, this Comprehensive Complication In-
dex-based trigger tool has to be validated first and automated Comprehensive
Complication Index calculation has to be implemented in electronic hospital
databases. In addition, the Comprehensive Complication Index can be used as
a more accurate outcome parameter to identify risk factors for severe compli-
cations. Based on this risk assessment, surgeons may choose for another surgi-
cal technique for certain patients, optimize these patients using strict preven-
tive measures prior to surgery (e.g., physiotherapy), and adapted intraoperative
and postoperative protocols. If severe complications are prevented by these
protocols, hospitals will face reduced healthcare costs and quality parameters
may be improved. Ultimately, patients' health-related quality of life and surviv-
al may be increased.

The influence of different esophagectomy techniques on complications

The curative treatment of esophageal cancer patients has changed tremen-
dously over the past decades, which has resulted in improved postoperative and
survival outcomes. Between 2009 and 2015, many surgical cancer centers
added neoadjuvant chemoradiotherapy to the standard curative treatment of
esophageal cancer. The preferred surgical technique has changed from open
transhiatal and McKeown esophagectomy towards minimally invasive Ivor
Lewis esophagectomy in many centers in the Netherlands, but also in some
international centers (Chapter 4, 7 and 9).'92° Recent studies have shown
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that the occurrence of complications after esophagectomy impairs long-term
quality of life and survival of patients with esophageal cancer independently of
neoadjuvant therapies.®?' Neoadjuvant chemoradiotherapy has been report-
ed to cause radiation effects when administered to the proximal esophagus
or the stomach that is used for the gastric conduit. However, a correlation
between chemoradiotherapy and morbidity or severity of complications after
esophagectomy was not shown in the study within this thesis that investigated
patient groups of the CROSS trial using the Clavien-Dindo classification and
the Comprehensive Complication Index (Chapter 4).2222 This might be caused
by the fact that the CROSS trial was powered on the survival outcome of the
patients, not on the severity of complications after esophagectomy or morbid-
ity in general.

Since surgeons aim for curation of patients with esophageal cancer with pres-
ervation of the best possible quality of life, it is paramount to protect patients
against (severe) complications as much as possible by choosing the right surgi-
cal technique. This thesis has shown that the incidence and severity of compli-
cations vary with different esophagectomy techniques, which strengthens the
importance of (inter)national guidelines for surgical techniques in the treat-
ment of esophageal cancer (Part Il). Regarding one of the most common com-
plications—anastomotic leakage, Ivor Lewis esophagectomy seems to be asso-
ciated with a lower incidence and ECCG type=2 anastomotic leakages than
transhiatal and McKeown esophagectomy (Chapter 5-7). These results are
comparable to other national and international research studies.?*?® Howev-
er, a more detailed observation of anastomotic leakage patients alone showed
that amongst all anastomotic leakages, the occurred anastomotic leakage was
likely to be more severe when lvor Lewis esophagectomy was performed than
after transhiatal and McKeown esophagectomy (Chapter 6-7). An explana-
tion for this fact may be found in the low overall incidence of anastomotic leak-
age after lvor Lewis esophagectomy as compared to the other two techniques.
Since Ivor Lewis esophagectomy contains a shorter gastric conduit than
McKeown and transhiatal esophagectomy, blood perfusion to the anastomosis
is better preserved and traction on the anastomosis is limited, resulting in a bet-
ter quality of the anastomosis. Nevertheless, infections caused by intrathoracic
anastomotic leakages logically have a higher probability to spread throughout
the thorax than those caused by cervical anastomotic leakages. Besides, intra-
thoracic anastomotic leakages are associated with a higher reoperation rate,
which results generally in higher severity scores. Cervical anastomotic leakages
can (naturally) drain through the neck wound, which probably leads to faster
healing from this complication and thus, a lower severity. However, if the leak-
age descends into the mediastinum after McKeown esophagectomy it can be



severe and difficult to treat, and may even cause tracheoesophageal fistulas
with extensive radiation-associated necrosis since these patients usually have
an extended radiation field.

The thesis describes a possible solution for the higher severity of anastomotic
leakage after Ivor Lewis esophagectomy. Although the protective value of the
greater omentum against anastomotic leakages has not been found in lower
gastrointestinal surgery, literature and results of this thesis suggest that using
the greater omentum in combination with the pleural flap may improve the
incidence and severity of anastomotic leakages after Ivor Lewis esophagecto-
my (Chapter 7).26 This can be explained by the two steps in creating the 'flap
and wrap' reconstruction. First, tensile forces on the anastomosis are limited
as much as possible by stitching the conduit to the pleural flap. Secondly, the
greater omentum is wrapped around the anastomosis. Hereby, the pleural flap
and the omentum create a protection mechanism against the negative pres-
sure of the thoracic cavity, and function as a mechanical barrier for spread of
the infection throughout the thorax. It is hypothesized that alleged revascu-
larization and immunological functions of the greater omentum also play an
important role in the prevention of severe anastomotic leakages.?” Although
this thesis investigates patients during the proficiency-gain curve of Ivor Lewis
esophagectomy, the addition of the ‘flap and wrap' reconstruction led to fewer
anastomotic leakages and lower severity scores than when the ‘flap and wrap'
reconstruction was not performed. Therefore, these anastomotic leakages may
be treated by less invasive procedures, such as the use of endoscopic vacuum
therapy.?®

The final chapter of the thesis gives insight in several major changes within
the curative surgical treatment of esophageal cancer over the last 25 years.
The use of neoadjuvant chemoradiotherapy and minimally invasive Ivor Lewis
esophagectomy have significantly increased to approximately 89% and 93%
(resp.) at this large tertiary referral center. In addition to the changes in treat-
ment, patient characteristics have also changed in recent years, i.e. increased
body mass index, age at time of surgery and the proportion of adenocarcino-
mas. The cumulative effect of all changes together within the curative surgical
treatment of esophageal cancer has resulted in a substantial increase of the
5-year overall survival from approximately 30% in the early nineties to 50% in
the latest years (Chapter 9). Although results of the final chapter are based
on a single center, it has included more than 1600 patients and comparable
survival improvements have been described in other national and internation-
al research studies investigating patients who underwent esophagectomy for
cancer over a longer time period.?®® The fact that morbidity rates have not
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decreased over the last 25 years might be caused by higher age and body mass
index of patients at time of esophagectomy and increased awareness of com-
plications amongst surgeons, which consequently resulted in an improved reg-
istration of complication by surgical departments over recent years.

FUTURE PERSPECTIVES

In Part |, this thesis proposed the use of a trigger tool and the Comprehen-
sive Complication Index as accurate methods for improving the registration
of complications and severity. In the analysis of the trigger tool, this was the
first study that provided a golden standard containing two patient groups with
and without complications of equal size. Consequently, sensitivity between
the trigger tool and the commonly used verbal complication meeting could be
compared. However, the trigger tool in this chapter was assessed in only one
general surgical department, so generalizability remains speculated. Although
other trigger tools—such as the Global Trigger Tool—also show promising results,
further investigations evaluating the trigger tool used in this thesis specifically
should be performed to assess its generalizability in other hospitals and sur-
gical specialties.’® Additionally, the exact time-efforts amongst clinicians and
healthcare costs should be compared between use of the verbal complication
meeting and the trigger tool in a separated cost-effectiveness study of good
quality. Future systems that can potentially improve the registration of compli-
cations and simultaneously decrease the administrative burden of employees
are machine learning and artificial intelligence. These elements can use natural
language processing in free-text reports that surgeons and surgical residents
use in clinical daily practice to highlight patients at risk or even register compli-
cations in separate databases.®?

Regarding the Comprehensive Complication Index as a severity classification
method for postoperative complications, its calculation is more time consuming
than the Clavien-Dindo classification. Ideally, the registration and calculation
of the Comprehensive Complication Index needs to be simplified and imple-
mented in the hospitals' electronic system before researchers will use it regular-
ly in very large patient groups of multicenter (randomized) studies. However,
registration of each complication after esophagectomy is already mandatory
in many countries so if surgical departments will keep tracking complications
and their severity on a daily basis, time-efforts can be reduced. A national on-
line complication registration database with access to the hospital’'s own data
can avoid repeated administration of outcomes into different (research) data-
bases.



Regarding associations between surgical techniques and the incidence and se-
verity of complications, it seems that Ivor Lewis esophagectomy is the best
approach to reduce the incidence of anastomotic leakages and other postop-
erative outcomes in patients with esophageal or gastroesophageal junction
carcinomas as compared to transhiatal and McKeown esophagectomy (Part
I1). Anastomotic leakages seem to be more severe if they occur after Ivor Lewis
esophagectomy, and this severity can be reduced by the addition of the ‘flap
and wrap' reconstruction. However, the effect of this reconstruction has only
been investigated in a single center during a learning-curve period. This is con-
firmed by the proficiency-gain curve in Chapter 7, but the exact proportion
of patients who experienced learning-associated morbidity was not calculated
in this thesis. Since learning-associated morbidity can influence several out-
comes after surgery, future studies should incorporate this to perform trans-
parent comparisons between new surgical techniques.®® The influence of other
anastomosis techniques, such as the stapling or suture technique (end-to-side
versus side-to-side), could also have been assessed, but were not investigated
in the chapters of this thesis.>* In this assessment, different models in the mul-
tivariate analyses should preferably be used in future studies in order to, for
example, distinguish patient-related factors from surgical variables.

A remaining difference was found regarding the type of tumor between the
patient groups in despite of propensity-scored matching and correction for
confounders. This is a small reflection of the great diversity of patients under-
going different esophagectomy techniques. As can be expected, patients with
esophageal cancer are selected for certain procedures by several patient and
tumor parameters, such as the location of the tumor, the extent of the radia-
tion field, patient condition and comorbidities. Hence, results of the chapters
reflect a general population of esophageal cancer patients and do not optimize
patient groups before performing statistical investigations. Finally, the cumula-
tive effect of all diagnostic and treatment changes over 25 years have shown
an improved 5-year overall survival for patients with esophageal cancer from
approximately 30% to 50%, but assessment of contributing factors could not
be performed due to the (mostly smaller) protocol changes that were not reg-
istered in the prospective database of that studly.

Overall conclusions

Qualitative research investigating registration methods for postoperative com-
plications is a topic that needs more attention in the surgical field. Using a
trigger tool combined with medical record screening seems to be an accurate
method in the detection of surgical complications with beneficial effects in
terms of time-effort and administration workload for surgical residents and
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staff members. Regarding the registration and classification of the severity
of complications, the Comprehensive Complication Index is a more detailed
method than the Clavien-Dindo classification to reflect on the burden of com-
plications in surgical patients. The Comprehensive Complication Index can
therefore be used in scientific studies comparing different surgical techniques,
but could also be promising as a risk assessment method in other medical fields.

Many improvements were established in the curative treatment of esophageal
cancer over the last years. This resulted in a change of patient characteristics,
tumor type, substantially increased use of neoadjuvant chemoradiotherapy and
transthoracic esophagectomy, and improved clinical and survival outcomes in
patients after esophagectomy for cancer. Within this field, minimally invasive
Ivor Lewis esophagectomy in combination with the ‘flap and wrap' reconstruc-
tion is a promising technique that decreases anastomotic leakage rates and
reduces their severity. However, not every patient is eligible for a transthoracic
resection with intrathoracic anastomosis due to the patient’s condition, comor-
bidities, tumor location and/or radiation fields. For those patients, surgeons
can choose for transhiatal or McKeown esophagectomy. In all perspectives,
patients and healthcare workers should be aware of the possible serious post-
operative outcomes after esophagectomy.



173 ¥



W 174

References

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Veen EJ, Janssen-Heijnen MLG, Leenen LPH, Roukema JA. The registration of complications in sur-
gery: A learning curve. World J Surg. 2005;29(3):402-409. DOI:10.1007/s00268-004-7358-8

Inspectie Gezondheidszorg en Jeugd. Basisset medisch specialistische zorg kwaliteitsindicatoren 2021 -
Voor ziekenhuizen en particuliere klinieken.;2021.

Peerboom D, De Coster J, Vanhaecht K, et al. quality indicators in vascular surgery: toward a nation-
al consensus on 20 quality indicators in Belgium. Ann Vasc Surg. 2021;71(August 2020):237-248.
DOI:10.1016/j.avsg.2020.07.037

Cromwell D, Wahedally H, Park MH, et al. National Esophago-Gastric Cancer Audit. Healthc Qual
Improv Partnersh. 2019;(December):30.

Van Der Werf LR, Wijnhoven BPL, Fransen LFC, et al. A national cohort study evaluating the associa-

tion between short-term outcomes and long-term survival after esophageal and gastric cancer surgery.
Ann Surg. 2019;270(5). DOI:10.1097/SLA.0000000000003520

Duclos A, Chollet F, Pascal L, et al. Effect of monitoring surgical outcomes using control charts to
reduce major adverse events in patients: Cluster randomised trial. BMJ. 2020;371:1-10. DOI:10.1136/
bmj.m3840

Marang-Van De Mheen PJ, Van Hanegem N, Kievit J. Effectiveness of routine reporting to identify
minor and serious adverse outcomes in surgical patients. Qual Saf Heal Care. 2005;14(5):378-382.
DOI:10.1136/qshc.2004.013250

Ubbink DT, Visser A, Gouma DJ, Goslings JC. Registration of surgical adverse outcomes: A reliability
study in a university hospital. BMJ Open. 2012;2(3):1-6. DOI:10.1136/bmjopen-2012-000891

Pulcrano M, Evans SRT, Sosin M. Quality of life and burnout rates across surgical specialties: A system-

atic review. JAMA Surg. 2016;151(10):970-978. DOI:10.1001/jamasurg.2016.1647

Klein DO, Rennenberg RUIMW, Koopmans RP, Prins MH. A systematic review of methods for medical
record analysis to detect adverse events in hospitalized patients. J Patient Saf. 2021;17(8):1234-1240.
DOI:10.1097 /pts.0000000000000670

Aikawa G, Sakuramoto H, Ouchi A, et al. Development of the Japanese version of the Intensive Care
Unit Trigger Tool to detect adverse events in critically ill patients. Acute Med Surg. 2021;8(1):6-9.
DOI:10.1002/ams2.672

Menat U, Desai CK, Panchal JR, Shah AN. An evaluation of trigger tool method for adverse drug
reaction monitoring at a tertiary care teaching hospital. Perspect Clin Res. 2021;12(1):33-39.
DOI:10.4103/picr.PICR_30_19

Low DE, Alderson D, Cecconello |, et al. International consensus on standardization of data collection
for complications associated with esophagectomy: Esophagectomy Complications Consensus Group

(ECCG). Ann Surg. 2015;262(2):286-294. DOI:10.1097/SLA.0000000000001098

Dindo D, Demartines N, Clavien PA. Classification of surgical complications: A new proposal with
evaluation in a cohort of 6336 patients and results of a survey. Ann Surg. 2004;240(2):205-213.
DOI:10.1097/01.5la.0000133083.54934.ce

Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The comprehensive complication index: A
novel continuous scale to measure surgical morbidity. Ann Surg. 2013;258(1):1-7. DOI:10.1097/SLA.
0b013e318296¢732

Kowalewski KF, Muller D, Muhlbauer J, et al. The comprehensive complication index (CCI): proposal of
a new reporting standard for complications in major urological surgery. World J Urol. 2021;39(5):1631-
1639. DOI:10.1007/s00345-020-03356-z

Tirotta F, Parente A, Richardson T, et al. Comparison of Comprehensive Complication Index and
Clavien-Dindo classification in patients with retroperitoneal sarcoma. J Surg Oncol. 2021;(April).
DOI:10.1002/js0.26612

Slankamenac K, Nederlof N, Pessaux P, et al. The Comprehensive Complication Index: a novel and more
sensitive endpoint for assessing outcome and reducing sample size in randomized controlled trials. Ann

Surg. 2014;260(5):757-763. DOI: 10.1097/SLA.000000000000094

Haverkamp L, Seesing MFJJ, Ruurda JP, et al. Worldwide trends in surgical techniques in the treatment
of esophageal and gastroesophageal junction cancer. Dis Esophagus. 2017;30(1):1-7. DOI:10.1111/
dote. 12480



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Reynolds J V, Donlon N, Elliott JA, et al. Comparison of esophagectomy outcomes between a
national center, a national audit collaborative, and an international database using the Esophageal
Complications Consensus Group (ECCG) standardized definitions. Dis Esophagus. 2020;34(1):1-9.
DOI:10.1093/dote/doaa060

Jezerskyte E, Saadeh LM, Hagens ERC, et al. Long-term health-related quality of life after McK-
eown and lvor Lewis esophagectomy for esophageal carcinoma. Dis Esophagus. 2020;33(11):1-9.
DOI:10.1093/dote/doaa022

Koéter M, Kathiravetpillai N, Gooszen JA, et al. Influence of the extent and dose of radiation on
complications after neoadjuvant chemoradiation and subsequent esophagectomy with gastric tube
reconstruction with a cervical anastomosis. Int J Radiat Oncol Biol Phys. 2017,97(4):813-821.
DOI:10.1016/j.ijrobp.2016.11.054

Vande Walle C, Ceelen WP, Boterberg T, et al. Anastomotic complications after Ivor Lewis esophagec-
tomy in patients treated with neoadjuvant chemoradiation are related to radiation dose to the gastric
fundus. Int J Radiat Oncol Biol Phys. 2012;82(3):e513-e519. DOI:10.1016/}.ijrobp.2011.05.071

Van Workum F, Verstegen MHP, Klarenbeek BR, et al. Intrathoracic vs cervical anastomosis after totally
or hybrid minimally invasive esophagectomy for esophageal cancer: A randomized clinical trial. JAMA
Surg. 2021;156(7):601-610. DOI:10.1001/jamasurg.2021.1555

Sabra MJ, Alwatari YA, Wolfe LG, et al. Ivor Lewis vs Mckeown esophagectomy: analysis of opera-
tive outcomes from the ACS NSQIP database. Gen Thorac Cardiovasc Surg. 2020;68(4):370-379.
DOI:10.1007/511748-020-01290-w

Grigor EJM, Kaaki S, Fergusson DA, Maziak DE, Seely AJE. Interventions to prevent anastomotic
leak after esophageal surgery: a systematic review and meta-analysis. BMC Surg. 2021;21(1):42.
DOI:10.1186/512893-020-01026-w

Wang AW, Prieto JM, Cauvi DM, Bickler SW, De Maio A. The greater omentum - a vibrant and
enigmatic immunologic organ involved in injury and infection resolution. Shock. 2020;53(4):384-390.
DOI:10.1097/SHK.0000000000001428

Tavares G, Tustumi F, Tristdo LS, Bernardo WM. Endoscopic vacuum therapy for anastomotic leak
in esophagectomy and total gastrectomy: A systematic review and meta-analysis. Dis Esophagus.

2021;34(5):1-11. DOI:10.1093/dote/doaa132

van Hagen P, Hulshof MCCM, van Lanschot JJB, et al. Preoperative chemoradiotherapy for esopha-
geal or junctional cancer. N Engl J Med. 2012;366(22):2074-2084. DOI:10.1056/nejmoa1112088

Griffin SM, Jones R, Kamarajah SK, et al. Evolution of esophagectomy for cancer over 30 years:
changes in presentation, management and outcomes. Ann Surg Oncol. 2020;28(6):3011-3022.
DOI:10.1245/510434-020-09200-3

Cavallin F, Scarpa M, Cagol M, et al. Esophageal cancer clinical presentation: trends in
the last 3 decades in a large Italian series. Ann Surg. 2018;267(1):99-104. DOI:10.1097/
SLA.0000000000002048

Young IJB, Luz S, Lone N. A systematic review of natural language processing for classification tasks
in the field of incident reporting and adverse event analysis. Int J Med Inform. 2019;132(Septem-
ber):103971. DOI:10.1016/j.ijmedinf.2019.103971

Van Workum F, Stenstra MHBC, Berkelmans GHK, et al. Learning curve and associated morbidity of
minimally invasive esophagectomy: a retrospective multicenter study. Ann Surg. 2019;269(1):88-94.
DOI:10.1097/SLA.0000000000002469

Schréder W, Raptis DA, Schmidt HM, et al. Anastomotic techniques and associated morbidity in total
minimally invasive transthoracic esophagectomy: results from the EsoBenchmark database. Ann Surg.

2019;270(5):1. DOI:10.1097/SLA.0000000000003538

175 ¥



176



APPENDICES







SAMENVATTING

(Summary in Dutch)

De optimale classificatie en behandeling
van complicaties na een curatieve slokdarmresectie
bij patiénten met slokdarmkanker

In het tijdperk van minimaal invasieve chirurgie
en voorbehandeling met chemotherapie en bestraling
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Het wetenschappelijke onderzoek in dit proefschrift draagt bij aan de evalua-
tie van de recente ontwikkelingen binnen de curatieve, chirurgische behande-
ling van slokdarmkanker en het effect hiervan op postoperatieve complicaties.
Veel aanpassingen in de chirurgische behandeling van slokdarmkanker zijn erop
gericht om ernstige postoperatieve complicaties na een slokdarmresectie te
voorkomen. Om dit zo nauwkeurig en efficiént mogelijk na te kunnen streven,
is inzicht in deze complicaties en de beinvioedende factoren hierop van groot
belang. Het waarborgen van een transparante complicatieregistratie draagt
hieraan bij. Om dit te kunnen doen onderzoekt Deel | van dit proefschrift enkele
methoden ten behoeve van een zo nauwkeurige mogelijke registratie van com-
plicaties en de classificatie voor de impact van complicaties op patiénten. In
Deel Il worden de incidentie van specifieke complicaties en postoperatieve uit-
komsten na verschillende operatietechnieken binnen de slokdarmchirurgie met
elkaar vergeleken. Hierbij worden factoren die van invloed zijn geanalyseerd,
waaronder neoadjuvante chemoradiatie, de intrathoracale anastomose en de
minimaal invasieve chirurgische benadering van een slokdarmresectie. In het
laatste deel van het proefschrift worden veranderingen belicht die betrekking
hebben op patiéntkarakteristieken, curatieve behandelingen, korte termijn uit-
komsten en overleving van patiénten die een slokdarmresectie ondergingen in
de afgelopen 25 jaar.

Deel I. Evaluatie van verschillende methoden voor het registreren van post-
operatieve complicaties

In Hoofdstuk 2 van dit proefschrift wordt een gedetailleerde beschrijving ge-
geven voor het ontwikkelen van een trigger tool als methode om de registratie
van complicaties te vereenvoudigen voor arts-assistenten en stafleden van een
chirurgische afdeling. De trigger tool selecteert patiénten met een verhoogd
risico op het ontstaan van complicaties tijdens opname op een chirurgische
afdeling, waarna de medische gegevens van deze patiénten worden doorzocht
op additionele complicaties. Het vergelijkende deel van dit onderzoek laat zien
dat de sensitiviteit van de trigger tool gelijk is aan die van de wekelijkse com-
plicatiebespreking, waarbij meerdere arts-assistenten en stafleden van de af-
deling aanwezig zijn. Door gebruik te maken van de trigger tool kan de admi-
nistratieve werkdruk van de klinische werknemers verlaagd worden. Aanvullend
kosten-effectiviteitsonderzoek is nodig om de trigger tool af te zetten tegen die
van een wekelijkse complicatiebespreking, maar lagere kosten voor ziekenhui-
zen bij gebruik van de trigger tool worden hierbij voorspeld.

Classificatiesystemen voor de ernst van complicaties worden onderzocht in
Hoofdstuk 3 en 4. Hoofdstuk 3 beschrijft sterkere relaties tussen de ernst van
postoperatieve complicaties en traditionele uitkomstparameters wanneer het



meest recent ontwikkelde classificatiesysteem (de Comprehensive Complica-
tion Index) wordt gebruikt dan wanneer de Clavien-Dindo classificatie wordt
toegepast. Door middel van deze uitkomsten kan worden geconcludeerd dat de
Comprehensive Complication Index een gedetailleerdere weergave geeft van
de ernst van postoperatieve complicaties bij patiénten na een slokdarmresectie
dan de Clavien-Dindo score. Indien steeds meer nationale en internationale
studies de Comprehensive Complication Index zullen gaan gebruiken zullen
subtiele uitkomstverschillen tussen chirurgische technieken zichtbaar worden.
Dit zal uiteindelijk leiden tot een verbetering van de patiéntenzorg.

In het onderzoek van Hoofdstuk 4 wordt door middel van de Comprehensive
Complication Index bevestigd dat neoadjuvante chemoradiatie voorafgaand
aan een oncologische slokdarmresectie geen invioed heeft op de ernst van
postoperatieve complicaties in vergelijking met postoperatieve complicaties in
patiénten die niet zijn voorbehandeld met chemotherapie en bestraling.

Deel ll. De invloed van chirurgische technieken op complicaties na een slokdarm-
resectie

Hoofdstuk 5 toont door middel van een propensity-score matched analy-
se aan dat de incidentie van ernstige naadlekkages en 90-dagen mortaliteit
na een minimaal invasieve transthoracale slokdarmresectie lager is wanneer
er een intrathoracale anastomose is aangelegd dan wanneer er een cervica-
le anastomose wordt gecreéerd. In Hoofdstuk 6 wordt er dieper ingegaan op
patiénten met naadlekkages na een slokdarmresectie. Hoewel de absolute in-
cidentie van ernstige naadlekkages na een Ivor Lewis slokdarmresectie lager is
(12,4%) dan na een McKeown slokdarmresectie (23,3%), laten uitkomsten
van dit onderzoek zien dat naadlekkages die ontstaan na een transhiatale of
een McKeown slokdarmresectie relatief minder ernstig verlopen. Om de intra-
thoracale anastomose tegen (ernstige) naadlekkages te beschermen kan de
buismaag aan de pleuraflap gehecht worden, waarbij de anastomose bedekt
wordt door de pleuraflap en vervolgens het omentum er omheen gedrapeerd
wordt. Hierdoor wordt de trekkracht op de anastomose verminderd, de anasto-
mose beschermd tegen de omgevende negatieve intrathoracale druk en wordt
er een barriére gecreéerd tegen verspreiding van infecties door de thorax. Deze
technieken worden samen de ‘flap en wrap' reconstructie genoemd. Hoofdstuk
7 laat zien dat na deze ‘flap en wrap' reconstructie de incidentie van naadlekk-
ages na een transthoracale slokdarmresectie 7,3% bedraagt. Daarnaast leiden
de naadlekkages die toch ontstaan na aanleg van een ‘flap en wrap' recon-
structie tot een minder ernstig verloop dan wanneer de reconstructie zonder
deze techniek wordt aangelegd in de thorax. De 'flap en wrap' reconstructie is
een veilige techniek die na het bereiken van de plateaufase in de chirurgische
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leercurve naadlekkages lijkt te verminderen en de ernst hiervan te beperken bij
patiénten die fit genoeg zijn om een transthoracale slokdarmresectie te onder-
gaan. De leercurve van de lvor Lewis slokdarmresectie laat een steile helling
zien aan het begin van de curve, dat past bij het verkrijgen van vaardigheid
voor een zeer complexe chirurgische techniek. Het weergeven van een leercur-
ve voor een nieuwe chirurgische techniek draagt in belangrijke mate bij aan
de interpretatie van studieresultaten. Evaluatie van de leercurve van een nieu-
we chirurgische techniek dient bij elk wetenschappelijk onderzoek betrokken te
worden om zo een eerlijke en transparante vergelijking te kunnen maken van de
uitkomsten. Dit heeft tevens belangrijke implicaties voor het in praktijk brengen
van een nieuwe techniek in een landelijke setting.

In Hoofdstuk 8 worden de incidentie, risicofactoren, diagnostiek, behandeling
en gevolgen van een symptomatische hernia diafragmatica na een slokdarm-
resectie beschreven. Dit is een minder vaak voorkomende (2,5% van alle slok-
darmresecties in deze serie) en onderbelichte complicatie die ook in een latere
fase na een slokdarmresectie kan optreden. Het onderzoek uit dit hoofdstuk
toont aan dat de minimaal invasieve Ivor Lewis procedure een risicofactor is
voor het ontstaan van deze complicatie, met een incidentie van 9,5%. Reci-
dieven van symptomatische hernia diafragmatica na een eerdere behandeling
ontstaan relatief vaak, in 19,0% van de patiénten. Bewustwording voor het
belang van snelle diagnostiek en behandeling van een symptomatische hernia
diafragmatica na een slokdarmresectie is vereist om de mogelijke ernstige ge-
volgen te kunnen beperken.

Het laatste hoofdstuk van dit proefschrift laat zien dat er veel veranderd is in
de behandeling van slokdarmkanker over de afgelopen 25 jaar (Hoofdstuk 9).
Het belangrijkste resultaat van dit onderzoek is een stijging van de algeme-
ne 5-jaars overleving van 30% in het begin van de jaren '90 naar 50% voor
patiénten die een slokdarmresectie ondergingen in de afgelopen jaren. Daar-
naast is te zien dat de patiént karakteristieken in de huidige tijd anders zijn
dan die van patiénten uit het begin van de jaren '90. De gemiddelde leeftijd
en body mass index van de huidige patiénten zijn hoger, en het aandeel pati-
enten met een adenocarcinoom ten opzichte van het plaveiselcelcarcinoom is
gestegen. Ook wordt bevestigd dat meer dan 90% van alle patiénten tegen-
woordig wordt behandeld met neoadjuvante chemoradiotherapie gevolgd door
een minimaal invasieve lvor Lewis slokdarmresectie. Doordat bewustwording
van complicaties heeft geleid tot een betere complicatieregistratie en thans
tot mogelijkheden om chirurgische technieken te verbeteren, is in dit hoofdstuk
te zien dat postoperatieve uitkomsten ook in de laatste 5 jaar van het onder-
zoek verbeterden. Met name in dit laatste hoofdstuk wordt de waarde van het
uitvoeren van kwalitatief goed onderzoek naar diagnostiek, behandelingen en
complicatieregistratie in grote groepen patiénten onderstreept.
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DANKWOORD

In de jaren dat ik dit proefschrift tot stand heb gebracht zijn er verschillende
mensen die hieraan hebben bijgedragen, waarvan ik er een aantal in het bij-
zonder wil bedanken.

Beste prof. Van Berge Henegouwen en dr. Gisbertz, - Lieve Mark en Suzanne,
ik kan niet genoeg uitdrukken hoe ontzettend dankbaar ik ben voor jullie bege-
leiding tijdens mijn promotie. Ik heb ontzettend veel geleerd van jullie kennis en
doorzettingsvermogen. Jullie zijn beiden individuen die er met vlag en wimpel in
slagen om positiviteit en keihard werken als één groot feest te combineren. Last
minute overleg werd gekoppeld aan een diner aan huis, werkbezoeken in Padua
gecombineerd met een lectuur over Napoleon Bonaparte, en congressen met
gezellige diners of een ontbijt in de vorm van een contactlens. Mark, bedankt
voor het vertrouwen en alle zondagavonden en vliegreizen waarin je tijd maak-
te om mijn last-minute stukken van dit proefschrift na te kijken. Suzanne, be-
dankt voor de ontelbare keren dat je -desnoods via Whatsapp foto's vanuit een
restaurant of Facetime vanuit de operatiekamer- nog één keer kritisch naar
mijn stukken keek voor ik het definitief instuurde. Bedankt voor jullie openheid,
flexibiliteit, motiverende gesprekken en gezelligheid in de afgelopen jaren.

Beste leden van mijn leescommissie, Prof. Dr. Ruurda, Dr. Lagarde, Prof. Dr.
Bemelman, Prof. Dr. Fockens, Dr. Hulshof, hartelijk dank voor uw tijd voor het
lezen van mijn proefschrift en het deelnemen in mijn promotiecommissie. Sehr
geehrter Prof. Dr. Schréder, vielen Dank daf3 Sich meinem Lesekomitee abge-
schlossen haben. Ich hoffe das wir uns in Zukunft wieder sehen mit Suzanne
und Mark.

Sjoerd Lagarde, Wietse Eshuis en Stijn Esser; dank jullie wel voor alle hulp bij
het schrijven, de statistiek, congrespresentaties en het invullen van de OK-
formulieren tijdens jullie fellow periode destijds in het AMC.

Annelies, dankjewel voor je opstap naar dit onderzoek. Dankjewel voor de tal-
loze koffietjes op het voetenplein die zo lang duurden dat AMC-collega’s vroe-
gen of we hier nog steeds, of alweer zaten. Door jou werd ik geinspireerd en
gemotiveerd, dank.

Lieve 'Upper Gl Research & Tonic’ groep, dank jullie wel voor alle hulp en gezel-
ligheid tijdens borrels, diners en congressen. Marianne, doordat jij mij als semi-
arts onder jouw hoede nam op de chirurgie in het OLVG zijn we vriendinnen ge-
worden en tot mijn vreugde kwam je bij onze Upper Gl groep onderzoek doen.



Wat wds het gezellig en motiverend in jouw bijzijn, met name om samen de
laatste loodjes door te komen. We hebben het geflikt.

Beste LUMC-AIOS, MT-onderwijs collega's en stafleden, dank jullie wel voor
de gezelligheid, het begrip, en het aanhoren van mijn geratel. In het bijzonder
Laurens, Ling, Raman, Fatih en Eveline. Als de COVID-besmettingen het weer
toelaten halen we de gemiste gezelligheid met de afdeling weer in.

Beste secretariaat van G4 die dit mogelijk hebben gemaakt; Els, Indra, Joke,
Jacqueline en llse. Veel dank voor de antwoorden op mijn vragen en de hulp
vanaf dag één.

Mijn paranimfen Dana en Manon, onwijs bedankt dat jullie dit voor mij wilden
doen. Ik had niemand liever dan jullie aan mijn zijde gewild. Dana, de keren dat
jij mij er doorheen hebt getrokken op de Tweede van Swindenstraat zijn niet
op handen te tellen. Jij zorgde er steeds weer voor dat ik ook tijd voor mijzelf
nam en ontspande. Je bent zo'n ongelofelijk waardevol, attent en betrouwbaar
persoon dat maakt dat ik supertrots ben op jou en onze vriendschap, dankjewel.
Manon, vanaf onze ontmoeting op Surfana was er direct een klik. Dit was des-
tijds door de gezamenlijke interesse in geneeskunde, maar al snel voornamelijk
door jouw gezelligheid, je hilarische cynische humor en de waardevolle gesprek-
ken die ik regelmatig met jou heb. Dank je wel.

Lieve vriendinnen die hier ook absoluut een plek verdienen; Britt, Lotte, Sylke,
Sjoukje, Lyske, dank jullie wel voor de uitlaatklep en het ein-de-loze geduld die
jullie hadden als ik weer eens weinig tijd had om af te spreken. Dank voor de
vriendschap en dat jullie er voor mij zijn. Oud-huisgenoten van de Hogeweg 17;
Nonja, José en Eline, dank voor de hilarische momenten in ons huis en de ruimte
die jullie mij gaven in de beginperiode van mijn promotie. |k weet dat wat er ook
gebeurt, wij elkaar altijd weer ergens vinden en er lachend voor zullen zorgen
dat iedereen thuiskomt, 66k als de benzine weer eens op is van de boot in Frys-
lan of als iemand het “te ver” vindt om naar huis te fietsen vanuit de bosjes op
5 meter van ons huis.

Lieve 'de Greefies', ik hou van jullie. Bijzonder is de band die er is met elkaar.
Er voor elkaar zijn als het nodig is. En het wds nodig in het afgelopen jaar, voor
sommigen meer dan voor anderen, maar gelukkig gaan we vanaf nu weer
vooruit. Malu, het ‘aller-trotst’ ben ik op jou. Bij elk behaald succes hoopte ik
dat Henk net zo trots zou zijn, maar ik kan mij niets anders voorstellen. Jullie
doen het zé goed.
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Liefste pap, liefste mam. Dank jullie wel voor het vertrouwen, de onvoorwaar-
delijke liefde, het begrip, het motiveren, het aanhoren van mijn verhalen, de
knuffels, en ga zo maar door. Woorden schieten te kort. |k hou zoveel van jullie.

Lieve liefde, lieve Titus. Dankjewel voor alles. Je gaf mij de ruimte om dit
proefschrift af te maken en zonder jouw steun en eindeloze geduld had ik dit
nooit volbracht. Doordat je mij telkens weer met beide benen op de grond zet
laat je mij zien wat er allemaal nog meer waardevol is in het leven. Jij weet wan-
neer ik afgeremd moet worden (vaak!) en trekt mij voorbij obstakels. Ik weet
niet goed hoe ik kan laten blijken hoe ontzettend blij ik ben dat ik jou heb leren
kennen vijf jaar geleden. Nu is het onze tijd. Ik hou zoveel van je.
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