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Introduction

Quality of  surgical  care is  a  current topic in the 
management of esophageal cancer (1), which causes 
significant disease burden and cancer-related mortality 
worldwide (2). Although survival rates have improved 
with modern multimodal treatment protocols, surgery still 
offers the best chance for cure in early or locally advanced 
disease (3,4). Esophagectomy is the mainstay of these 

protocols. Nevertheless, it remains a complex and cost-
demanding procedure, with high postoperative morbidity 
and mortality (5,6). In order to reduce surgery-associated 
morbidity and mortality, minimally invasive esophagectomy 
(MIE) has been introduced (7). Single center series and 
one randomized study suggested reduced postoperative 
morbidity, shorter hospital stay, and improved patient 
satisfaction after MIE (8-11). In a population-based study 
from Finland and Sweden, MIE was associated with lower 
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90-day mortality (12).
In 2009, worldwide cancer collaboration database results 

were published consisting of 7,884 patients who underwent 
open esophagectomy, with a 30-day mortality of 2% and 
a 1-year survival rate of 78% (13). Just recently, 13 high-
volume centers published the outcomes of a cohort of 1,057 
MIEs, with a 30-day mortality of 2.1%, 90-day mortality 
of 5.2%, and 1-year survival rate of 82.3% (1). Outcomes 
of esophagectomy vary significantly, however, between 
centers. The top 10% of hospitals in the US report a  
90-day mortality of 2.2% compared to 16.2% reported by 
the bottom 10% (5). To monitor performance in surgery, 
benchmarking has gained considerable weight (14). 
Recently, benchmark values for MIE were defined from the 
results of “ideal” patients with low comorbidity operated on 
at 13 high-volume centers (1). In this study by Schmidt et al.,  
benchmark values were defined as the 75th percentile of the 
median proportions, giving the “best possible” results for 
MIE to be pursued.

The aim of this study was to evaluate the validity of the 
defined benchmark parameters by comparing them to the 
outcomes in a medium-volume center performing around 
20 MIEs annually.

Methods

Patients

The MIE program at Central Finland Central Hospital, an 
affiliated hospital, was started by an experienced surgeon 
(ES) in September 2012 (15). During the past years, after 
a gradual increase in the number of operations, the annual 
caseload has been 18 to 20 operations. From September 
2012 to November 2017, all cancer operations of the tubular 
esophagus or cancer at the esophagogastric junction (n=79) 
were performed using minimally invasive techniques. Three 
patients who underwent MIE due to a benign indication 
(intractable stricture, unfunctional esophagus after surgery 
for perforation, and treatment resistant gastroesophageal 
reflux disease after four fundoplications) were included in 
the analysis, for a total of 82 patients. 

In cancer patients,  the preoperative diagnostic 
protocol included endoscopy, endoscopic ultrasound, 
body computed tomography (CT), and positron emission 
tomography (PET)-CT. Also, patients’ exercise tolerance 
and nutritional status was thoroughly evaluated (16). 
The patients’ baseline information is provided in Table 1.  
Of 79 patients,  63 received neoadjuvant therapy, 

including either chemotherapy or chemoradiation. The 
intended chemotherapy cycle consisted of a single dose 
of epirubicin (50 mg/m2) and cisplatin (60 mg/m2), and 
5-fluorouracil 200 mg/m2/day for 21 days. Three cycles 
were given preoperatively and three postoperatively. 
Chemoradiotherapy included paclitaxel (50 mg/m2) and 
carboplatin (180–300 mg) for four cycles, and 23 fractions 
of radiation for a total of 41.4 Gy. Patients were restaged 
before surgery with either CT or PET-CT according to 
primary fluorodeoxyglucose (FDG) avidity of the tumor. 
Only high FDG-avid tumors were re-staged by PET-
CT. The operation was performed after a 6-week recovery 
period.

Operative approach

A minimal ly  invas ive Ivor Lewis  procedure with 
intrathoracic anastomosis was our preferred procedure 
(n=71). Neck anastomosis (McKeown) was performed 
in 11 patients. In 75 patients, the planned operation 
was transthoracic total MIE and in 7 patients a hybrid 
procedure, either with chest (n=2) or abdomen (n=5), was 
performed using a minimally invasive technique. The 
reasons for the planned thoracotomies were T3-tumor 
location against the left main bronchus. Of 75 patients, 
two were converted to a hybrid procedure due to a short 
gastric conduit after a previous fundoplication or severe 
adhesions in the abdomen after peritonitis. All patients with 
malignant conditions underwent en bloc lymphadenectomy. 
For surgery, 3-dimensional optics has been used since June 
2013. The extent of lymphadenectomy from our center has 
been previously described (17). Laparoscopy was performed 
in supine and thoracoscopy in left lateral position. 
Intrathoracic end-to-side anastomosis was performed 
using a circular stapler and was reinforced with an omental 
flap modified from a technique described by Luketich  
(Figure 1) (18). Surgery included a feeding jejunostomy tube 
and endoscopic pyloric dilatation in all patients. All the 
operations were performed by an experienced thoracic and 
esophageal surgeon (ES) together with a general surgeon 
with expertise in upper GI surgery in a standardized 
manner (19-21).

Perioperative treatment and follow-up

All patients were admitted a day before the planned 
surgery. Approximately 12 hours prior to surgery, they 
received 40 mg of subcutaneous enoxaparin. Pneumatic 
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Table 1 Patient characteristics

Parameters Central Finland Central Hospital patients (n=82)

Age (years), median [IQR] 68 [59–72]

BMI (kg/m
2
), median (IQR) 25.4 (22.6–28.0)

Male, n (%) 59 (72.0)

WHO performance status, n (%)

Grade 0 49 (59.8)

Grade I 31 (37.8)

Grade II 2 (2.4)

ASA status, n (%)

Grade I 20 (24.4)

Grade II 54 (65.9)

Grade III 8 (9.8)

Grade IV –

Histology, n (%)

Adenocarcinoma 63 (76.8)

Squamous cell cancer 16 (19.5)

Other type of malignancy –

Benign 3 (3.7)

Tumor location, n (%)

Proximal half 3 (3.7)

Distal half 34 (41.5)

Esophagogastric junction 42 (51.2)

Preoperative therapy n (%)

None 16 (19.5)

Chemotherapy 20 (24.4)

Radiotherapy –

Chemoradiotherapy 43 (52.4)

Definitive chemoradiotherapy –

Surgical approach n (%)

McKeown 11 (13.4)

Ivor Lewis 71 (86.6)

Pathological UICC stage, n (%)

IA 18 (22.0)

IB 17 (20.7)

IIA 3 (3.7)

IIB 21 (25.6)

IIIA 10 (12.2)

IIIB 5 (6.1)

IIIC 5 (6.1)

IV –
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compression socks were placed for surgery and worn until 
mobilization. Early mobilization and chest physiotherapy 
was started at the intensive care unit (ICU) on the day of 
surgery. On postoperative day two, enteral feeding was 
started. Gradual oral feeding was permitted on the fifth 
postoperative day after an esophageal contrast study done 
by CT. The aim was to discharge patients on postoperative 
day 9. Follow up for 5 years was planned for all patients 
after surgery. The median follow-up time was 22 months. 
In three patients, follow-up ended before reaching the 
90-day mark. Mortality data was confirmed from the 
nationwide and obligatory Cause of Death registry held by 
Statistics Finland. The end of follow-up for this study was 
December 18, 2017. 

Benchmarking

Benchmark values were directly obtained from the study 
by Schmidt et al. (1). As suggested by the authors, primary 
outcome measures for comparison were overall and 
major (Clavien-Dindo ≥3a) (22) morbidity, readmissions, 
anastomotic, and pulmonary complications; all at 30 days 
after hospital discharge. The complications basic platform 
published by the Esophagectomy Complications Consensus 
Group (ECCG) (23) was used in a similar way as the 
benchmark study. Positive resection margin, the number 
of examined lymph nodes, 30- and 90-day comprehensive 
complications index (24), and 30- and 90-day mortality rates 
were reported.

Pathological analysis

Paraffin-embedded esophageal samples were analyzed 
by a gastrointestinal pathologist according to the normal 

standardized protocol. Staging was performed according to 
the American Joint Committee on Cancer, seventh edition 
criteria (4,17).

The study was approved by the Central Finland Hospital 
district. Because of the retrospective nature of the study, 
patient informed consent or ethical statement was not 
required.

Results

Basic characteristics of study patients

The median age of patients treated at our center was 68 
(IQR, 59–72) years, with a male majority (72.0%). Most 
patients were diagnosed with esophageal adenocarcinoma 
(n=63, 76.8%). The majority of malignant tumors were 
located in the distal esophagus or at the esophagogastric 
junction (n=76, 96.2%), with Sievert type II tumor being 
the most prevalent type (n=40). Of 79 cancer patients, 
63 (79.7%) received either neoadjuvant chemotherapy 
or chemoradiotherapy due to locally advanced disease. 
Complete response or near complete response was observed 
21 patients (26.6%), resulting in a considerable number 
of pathological stage I patients. Tumor stage and basic 
characteristics are listed in Table 1. 

Postoperative outcomes

Any morbidity at 30 days after surgery was observed in 
37 (45.1%) patients, with 5 patients (6.1%) experiencing 
major complications (Clavien-Dindo ≥3a) (Table 2). A fully 
anticoagulated patient with cardiomyopathy faced sudden 
death in the early morning of the planned discharge day 
(postoperative day 9) due to sudden major intra-abdominal 
bleeding. The cause of death was confirmed by autopsy. 
No additional deaths were observed and, therefore, both 
the 30- and 90-day mortality was 1.2%. The most common 
postoperative complications were pulmonary (n=18, 
22.0%), of which 9 (11.0%) were pneumonias. The second 
most common complication was cardiac events (n=13, 
15.9%), mainly atrial fibrillations (n=12) requiring medical 
treatment. Anastomosis leak was observed in 3 patients 
(3.7%); 2 type 1 leaks were treated with antibiotics and 1 
type 2 leak with esophageal stent in a patient with initial 
symptoms after discharge and who was readmitted and later 
required treatment in the ICU. Focal type 1 necrosis of the 
gastric conduit was observed in one patient treated with 
antibiotics. Other complications were rather uncommon 

Figure 1  Computed tomography image of intrathoracic 
anastomosis with omental flap reinforcement.
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Table 2 Postoperative outcomes

Parameters Central Finland Central Hospital patients (n=82)

LN examined, median [IQR] 21 [17–27]

Pos. resection margins, n (%) 1 (1.2)

Complications, n (%)

Any type 37 (45.1)

Minor (CDC Grade I–II) 32 (39.0)

Major (CDC Grade IIIa–V) 5 (6.1)

Anastomotic leak 3 (3.7)

Conduit necrosis 1 (1.2)

Chyle leak 1 (1.2)

Gastrointestinal event 2 (2.4)

Pulmonary event 18 (22.0)

Cardiac event 13 (15.9)

Thrombembolic event –

Urologic event –

Infection 5 (6.1)

Neurologic event –

Wound infection –

Change in level of care, n (%) 1 (1.2)

Blood product utilization, n (%)

Intraoperative 1 (1.2)

Postoperative 4 (4.9)

Intra- and postoperative –

ICU stay, median [IQR] 1 [1–1]

Hospital stay, median [IQR] 9 [9–12]

Readmission rate within 30 days of discharge, n (%)

Related to esophagectomy 5 (6.1)

Unrelated to esophagectomy 0

Comprehensive complication index, median (IQR)

30-day 0 (0–20.9)

90-day 0 (0–20.9)

Mortality, n (%)

30-day 1 (1.2)

90-day 1 (1.2)
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(Table 2). 
Median ICU and hospital stay were 1 (IQR, 1–1) and 

9 (IQR, 9–12) days, respectively. Five patients (6.1%) 
were readmitted to hospital within 30 days of discharge. 

Readmission was related to dysphagia (1 patient), delayed 
gastric emptying (3 patients), and anastomosis leak (1 
patient). All these patients were treated conservatively 
or endoscopically. An additional four patients (4.9%) 
were readmitted between 30 and 90 days of discharge for 
reasons related to formation of anastomosis stricture in 
two patients (treated with endoscopic dilatation), upper 
gastric pain in one and dysphagia in one patient (resolved 
without treatment). One patient with a complete response 
to neoadjuvant therapy in the primary tumor, but who had 
atypical cells in the resection margin, presented with local 
recurrence 10 months after the primary operation without 
distant metastases, and was treated with re-resection and 
colon interposition. Blood transfusions were administered 
intraoperatively in 1 patient (1.2%) and postoperatively in 4 
patients (4.9%) (Table 2).

Benchmark values

The suggested benchmark values are compared with the 
results from our center in Tables 3,4. At our center, older 
patients with more comorbidity had lower rates of all 
complications (45.1% vs. 56.0%) and severe complications 
(6.1% vs. 26.9%). Of the listed benchmark parameters, only 
lymph node yield was below the benchmark value at our 
center (median 21 vs. benchmark ≥23).

Survival

Overall survival in our series versus the benchmark patients 
was 88.3% vs. 85.5% at 1 year, and 67.7% vs. 62.2% at  
3 years.

Discussion

The present study revealed superior outcomes after MIE at 
a medium volume center compared to the recently reported 
“best achievable” results at high-volume centers. We 
suggest that the benchmark values that have been set should 
be viewed critically, with a shift in morbidity and 90-day 
mortality.

The most important difference between our and the 
benchmark study was seen in the rate of anastomotic 
leak. The reported leak rate of 15.9% in the benchmark 
study was highly associated with fatal outcomes and major 
complications (1). The benchmark cut-off was set at 
20.0%. Both of these rates are significantly higher than 
previously reported rates of around 10% (10,15,18,25,26). 

Table 3 Benchmark results

Benchmark parameters
Central Finland Central 

Hospital values

Complications of any severity 45.1%

Major complications (CD Grade ≥IIIa) 6.1%

Anastomotic leak 3.7%

Pulmonary complication 22.0%

Lymph nodes examined, median 21

Positive resection margins 1.2%

Hospital readmission 6.1%

30-day comprehensive complication 
index, median

0

90-day comprehensive complication 
index, median

0

30-day mortality 1.2%

90-day mortality 1.2%

Table 4 Benchmark results [Republished with permission of Kluwer 
Law International (1)]

Benchmark parameters Benchmark values 

Complications of any severity ≤55.7%

Major complications (CD Grade ≥IIIa) ≤30.8%

Anastomotic leak ≤20%

Pulmonary complication ≤31.6%

Lymph nodes examined, median ≥23¥

Positive resection margins ≤3.1%

Hospital readmission ≤18%

30-day comprehensive complication 
index, median

≤40.8

90-day comprehensive complication 
index, median

≤42.8

30-day mortality ≤1.0%

90-day mortality ≤4.6%

Benchmark values are the 75th percentile of the median 
proportions, except ¥ is the 25th percentile of the median proportion 
indicating the high number of lymph nodes yielded the better.
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One potential explanation for this is the high number of 
cervical anastomoses in the benchmark study (43.7% vs. 
13.4% in our report), even though the rate of distal tumors 
was nearly identical. Previous studies have shown higher 
postoperative mortality associated with neck anastomosis 
(25,27). Also, part of the benchmark centers, as addressed 
by the authors, were still in the middle of their learning 
curve, and also changing the approach used during the 
study period (28). The results can be further improved with 
omental reinforcement flaps, also used routinely at our 
center, which were shown to decrease overall leak rates (29). 
The best example of refinements to the MIE procedure was 
described by the pioneer of this technique, James Luketich 
who, during a 15-year span, adjusted the width of the gastric 
conduit, included the omental flap, and converted from 
neck anastomosis to intrathoracic anastomosis, improving 
the results (18). Following these principles, the leak rate 
at a medium volume center is now less than 5%. Until 
refinements are made and the MIE technique is mastered, it 
is too early to set benchmark values for MIE. 

The second important point was the mortality in the 
benchmark study, with an overall 30-day mortality of 
2.1% and 5.2% at 90 days, and 0.9% and 2.4% among 
the benchmark low-risk patients, respectively (1). The 
benchmark values were set at 1.0% and 4.6% at 30 and 
90 days (1). The 90-day mortality rate of 4.1% after 
MIE in Finland and Sweden was recently revealed at the 
population level (12). Accordingly, the “best possible” 
90-day mortality was higher than the mortality in the 
Scandinavian population-based study. Previously, the top 
10% of hospitals in the US reported a 90-day mortality rate 
of 2.2% (5). A 90-day mortality rate of 1%, as in our study, 
has been reported as well (30). The benchmark value, after 
the learning curve, should therefore be no more than 2–3%. 

The most common group of complications after 
esophagectomy is pulmonary, and the incidence has been 
successfully reduced by MIE (11). One possible explanation 
for the reduced number pulmonary complications in 
our series was the rate of neck anastomosis, for which 
a constantly higher rate of recurrent laryngeal nerve 
trauma has been reported (31). In the open era, this injury 
was related to the increased incidence of pulmonary 
complications, length of ventilator time, and ICU stay (32). 
The second reason, despite having older and comorbid 
patients, could be an enhanced mobilization program (33). 
This program, together with lower rate of complications 
compared to the benchmark series, has reduced the median 
ICU stay by 1 day and median hospital stay by 4 days. 

Overall, we should set the benchmark values for ICU and 
hospital stays as well, aiming for 1 and 9 days, respectively.

The number of lymph nodes examined, with a median 
of 21, was the only benchmark parameter in our series that 
did not reach the set cut-off value of ≥23. However, the 
pathological stage distributions between our series and those 
of benchmark patients were very similar, with equivalent 
1- and 3-year survival rates, reflecting a technically good 
oncological surgery.

The inclusion criterion for the participating hospitals was 
a caseload of more than 20 esophagectomies annually (1). 
Hospital volume (>20 cases/year) has been shown to reduce 
the operative mortality (34). This mortality seems, however, 
to be more dependent on surgeon volume (35). Both annual 
and overall case load have had an effect on the outcomes, 
with the best results reached after an annual volume of 20 
cases and an overall volume between 119 and 200 cases 
(36-38). These numbers, at our center, were reached by 
the operating surgeon (ES) performing a mean number of 
16 MIEs annually after a learning curve at a high-volume 
center with total of more than 200 open and 50 minimally 
invasive esophagectomies (19,20). In the benchmark study, 
the calculated annual number of MIEs per center was 16. 
Most likely, these operations were performed with at least 2 
surgeons per center, reducing the mean annual caseload to 
below 10. With a procedure as complex as MIE, especially 
during the learning curve phase, this is not the caseload 
needed to reach the “best achievable results”.

The major weakness in this study is that this is a 
relatively small single center study. On the other hand, 
this study is a snapshot of all esophageal cancer operations 
performed at a medium-volume center after a learning 
curve. Inclusion of all cancer patients regardless of age or 
comorbidities and including those who received hybrid 
procedures and conversions, addresses the actual life 
situation. In all cases during the study period, a MIE or 
hybrid procedure was an intention-to-treat operation, 
making selection bias unlikely. Furthermore, this data was 
collected prospectively and reconfirmed extremely carefully 
by a third researcher who was not responsible for treating 
these patients. In the data collection for complications, 
we strictly followed suggestions by ECCG as did Schmidt 
et al. Complete early follow-up 4 weeks after discharge at 
our center excludes the chance for missing any significant 
complications. Nationwide compulsory databases enabled 
us to receive complete long-term mortality data.

According to our results and those from previous (39)  
studies, the suggested benchmark values published by 
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Schmidt et al. do not represent the “best achievable 
outcome” for MIE. This is highlighted by the benchmark 
study itself with the presented variations in the rate 
of overall or severe complications between those 13 
participating centers. These benchmark levels for MIE 
should be critically evaluated in future studies at high-
volume centers with completed learning curves.
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