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Abstract

Background Reports on quality of life (QOL) after min-
imally invasive esophagectomy (MIE) have been limited.
This report compares perioperative outcomes, survival, and
QOL after MIEs with open transthoracic esophagectomy
(TTE) and open transhiatal esophagectomy (THE).
Methods After institutional review board approval, ret-
rospective review of a prospectively maintained database
identified patients who underwent esophageal resection for
esophageal cancer at Creighton University between August
2003 and August 2010. Patients with preoperative stage 4
disease, emergent procedures, laparoscopic transhiatal
esophagectomies, or esophagojeujunostomies were exclu-
ded from the study. The study patients were categorized as
having undergone open TTE, open THE, or MIE. Overall
survival (OS) was the interval between diagnosis and death
or follow-up assessment. Disease-free survival (DFS) was
the interval between surgery and recurrence, death, or
follow-up assessment. For the patients who survived at
least 1 year after surgery, QOL was assessed using Euro-
pean Organization for Research and Treatment of Cancer
(EORTC-QLQ, version 3.0) and esophageal module (EO-
RTC-QLQ OES 18) questionnaires.

Results The study criteria were satisfied by 104 patients.
Lymph node harvest with MIE (median = 20) was similar
to that with open TTEs (median = 19) and significantly
higher (P < 0.001) than that with open THEs (median =
12). The percentage of patients requiring intraoperative
blood transfusion in the MIE group (23.4%) was
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significantly lower (P < 0.001) than in the open TTE
(73.1%) and THE (67.7%) groups. The volume of intraop-
erative blood product transfusion was significantly lower for
the MIE patients (median = 0 ml) than for the open TTE
(median =700 ml) and THE (median =700 ml) patients. The
incidence of respiratory complications with MIEs (10.64%)
was significantly lower than with open TTEs (34.61%) and
THEs (32.26%). The groups did not differ significantly in
terms of RO resection rates, OS, DFS, or QOL.
Conclusions MIEs offer a safe and viable alternative to
open esophagectomies because they reduce the need and
volume of intraoperative blood product transfusion and
postoperative respiratory complications without compro-
mising oncological clearance, survival, and QOL.

Keywords Esophageal cancer - Laparoscopic -
Thoracoscopic - Transhiatal - Transthoracic

Esophageal resection is the primary method for the treat-
ment of locoregional esophageal cancer, but it carries
significant morbidity and mortality. Whereas perioperative
mortality rates have fallen to below 5% at high-volume
esophageal centers [1, 2], postoperative morbidity rates
remain high, at approximately 50% [3].

Minimally invasive techniques were first incorporated
into the surgical armamentarium in 1990s with laparoscopic
cholecystectomy to reduce perioperative morbidity. De
Paula et al. [4] were the first to describe a minimally invasive
esophagectomy (MIE) via the transhiatal approach. Subse-
quently, Luketich et al [2] described a minimally invasive
alternative to an open transthoracic esophagectomy (TTE).
As with open esophagectomy, for which the optimal
approach remains an issue of debate, no consensus has been
reached on the optimal minimally invasive approach [5].
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Although MIE was first described in the mid-1990s, its
acceptance and incorporation has lagged behind that of
other minimally invasive esophageal surgeries, such as
antireflux surgery. The reason for this is that MIE, although
a proven safe alternative to open esophagectomy with
comparable perioperative outcomes, is a complex proce-
dure with a steep learning curve, which may extend to
more than 50 esophageal resections [5, 6].

Most studies have shown that MIEs are comparable with
open procedures in terms of perioperative morbidity and
have the potential to afford some benefit of reduced
respiratory complications and hospital stay [7, 8]. Addi-
tionally, we have previously shown that MIEs can provide
an oncologic clearance comparable with that of open TTEs
in terms of RO resections and lymph node harvest, both of
which are important prognostic markers [9]. However,
there have been limited reports in the literature on whether
this translates into comparable long-term survival.

Increasing attention is being paid to quality of life
(QOL) after surgery, and QOL should be taken into con-
sideration, especially for high-morbidity procedures. It is
reported that QOL returns to baseline within a year after
open esophageal resection [10, 11]. Similarly, a single-
center longitudinal study on QOL after MIE reported that
QOL returns to baseline levels within 6 months of an MIE
and that this is maintained at 1 year [12].

The current study aimed to extend our experience with
MIEs by comparing them with open TTEs and open
transhiatal esophagectomies (THEs), with a focus on sur-
vival and QOL.

Methods

A prospective database with information on pre-, intra-, and
postoperative variables of patients undergoing esophageal
resection is maintained at Creighton University Medical
Center (CUMC). The program coordinator updates this
database with survival and recurrence information at regular
intervals. After institutional review board approval, this
database was queried to identify and obtain information on
patients who underwent an esophageal resection for esopha-
geal cancer at CUMC between August 2003 and August 2010.
The exclusion criteria ruled out patients with emergent
esophagectomy, preoperative stage 4 disease, laparoscopic
transhiatal esophagectomy, or esophagojejunostomy.
Patients with MIEs converted to hybrid or complete open
procedures were analyzed as part of the MIE group.

Preoperative workup

All the patients were staged preoperatively using
esophagogastroduodenoscopy with biopsies, computed

tomography (CT) scans, and positron emission tomography
(PET) scans. Some patients also underwent endoscopic
ultrasound as part of their preoperative workup. The need
for neoadjuvant therapy was based on preoperative staging,
and the decision was made through discussion between the
surgeon, oncologist, and patient.

In general, patients with stages 2 and 3 disease received
neoadjuvant therapy. Neoadjuvant regimens largely
involved two to four cycles of cisplatin and 5-fluorouracil
with concurrent radiation (5,040 cGy). After neoadjuvant
therapy, the patients were restaged with CT scan, PET
scan, or both to ensure curative resectability.

Surgery

The type of surgery was dictated by tumor location and
patient comorbidities. To ensure a valid comparison, we
evaluated only esophageal resections with a gastric pull-up
in this study. A feeding jejunostomy was placed intraop-
eratively if not before surgery.

Earlier in the series, a pyloroplasty or pyloromyotomy
was performed as part of the operation. Since June 2010,
we have injected botulinum toxin into the pylorus instead.

We have previously described our approaches for TTE,
THE, and MIE [9]. More recently, we have started to perform
minimally invasive Ivor Lewis esophagectomies by incor-
porating a minimally invasive intrathoracic anastomosis.

QOL

Since QOL returns to baseline within 1 year after open
esophageal resection [10, 11], we surveyed patients more
than 1 year after their surgery to determine whether the
groups differed. Quality of life was assessed using the
European Organization for Research and Treatment of
Cancer QOL (EORTC-QLQ version 3.0) and esophageal
module (EORTC-QLQ OES 18) questionnaires [13, 14].
These surveys have been extensively described elsewhere
[13, 14].

The EORTC-QLQ version 3.0 collects information on
global health status (GHS) using 5 functional scales
(physical, role, emotional, cognitive, social) and 9 symp-
toms (fatigue, nausea and vomiting, pain, dyspnea,
insomnia, appetite loss, constipation, diarrhea, financial
difficulties) [13]. The EORTC-QLQ OES 18 collects
information on 10 variables through 4 symptom scales
(dysphagia, eating, reflux, pain) and 6 single items (trouble
swallowing saliva, choking at swallowing, dry mouth,
trouble with taste, trouble with coughing, trouble talking)
[14]. The global health scale (GHS) is scored from 1 (very
poor) to 7 (excellent), whereas the functional scales and
symptoms in the two questionnaires are graded from 1 to 4
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as follows: 1 (not at all), 2 (a little), 3 (quite a bit), 4 (very
much) [15].

For this study, functional scales and symptoms were
dichotomized in a manner previously described [15]. If a
patient indicated even one response of 3 (quite a bit) or 4
(very much) for any item in a functional scale, the patient
was considered to have poor function, whereas the
remaining patients were considered to have good function
[15].

For the symptom scales and items, the patients were
considered to have “minor or no symptoms” or were
considered to be “symptomatic” [15]. Patients with even
one response of 3 (quite a bit) or 4 (very much) for any
item within a symptom scale or for a single item were
considered to be symptomatic, whereas the remaining
patients were considered to have minor or no symptoms.
For the GHS, patients with a response of 4 or less to either
of the two questions in the scale were considered to have a
poor GHS, whereas the remaining patients were considered
to have a good GHS [15].

Survival

Overall survival (OS) was defined as the interval between
diagnosis and death or follow-up assessment. Disease-free
survival (DFS) was defined as the interval between surgery
and recurrence, death, or follow-up assessment. The MIEs
were further subcategorized into A (first group of 15
MIEs), B (second group of 15 MIEs) and C (third group of
17 MIEs) to evaluate the impact of the learning curve on
lymph node harvest and operative time.

Statistical analysis

All statistical analyses were performed using SPSS version
17 (SPSS Inc., Chicago, IL, USA). Continuous variables
were compared using the Kruskal-Wallis test or analysis of
variance (ANOVA). If the Kruskal-Wallis test showed any
significant differences, post hoc analysis was performed
using the Mann—Whitney U test. Categorical variables
were compared using chi-square and Fisher’s exact test.
Kaplan—Meier curves were used to analyze survival. The
log-rank test was used to compare survival between groups.

Results

During the study period, 127 patients underwent esopha-
geal resections for esophageal cancer at CUMC. All the
procedures were performed by the senior author (S.K.M.).
The study excluded patients who underwent laparoscopic
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THE (n = 7), had an emergent resection (n = 2), had
preoperative stage 4 disease (n = 2), or had an esopha-
gojejunostomy (n = 12) (Fig. 1). A total of 104 patients
(26 TTEs, 31 THEs, 47 MIEs) satisfied the study criteria
(Fig. 1). MIE was converted to a hybrid procedure in 7
patients (14.89%). Forty two patients either died within
1 year after surgery or had their last follow-up assessment
less than 1 year after surgery. Of the remaining 62 patients
eligible for assessment of QOL, we were able to survey 37
patients (59.67%) (10 TTEs, 11 THEs, 16 MIEs) using
EORTC QLQ-30 and QLQ-OES18 questionnaires.

Preoperative variables

Preoperative variables were similar between the groups
with the exception of age (Table 1). Patients in the open
THE group (mean age = 67.3 years) were significantly
older than the patients in the MIE (mean age = 61.7 years)
and open TTE (mean age = 59.7 years) groups.

Intraoperative variables

Intraoperative variables are listed in Table 2. Open THEs
(median = 300 min) were shorter in duration (P < 0.001)
than MIEs (median = 420 min). In turn, MIEs were shorter
in duration (P < 0.001) than open TTEs (median =
480 min). As seen in Fig. 2, the operative time for MIE
showed a nonsignificant decrease with experience
(P = 0.215).

The groups differed significantly in estimated blood loss
(EBL). The EBL was lowest for the MIE group (median =
500 ml) and highest for the open TTE group (median =
800 ml). Consequently, both the number of patients who
required intraoperative blood transfusion and the volume of
intraoperative blood product transfusion were significantly
lower with MIE than with open TTEs or THEs (Table 2).

The lymph node harvest was comparable between open
TTEs (median = 19) and MIEs (median = 20). However,
the lymph node harvest with open THEs (median = 12) was
significantly lower than with either open TTEs or MIEs.
There was a significant increase (P = 0.007) in lymph
node harvest with MIEs as experience was gained (Fig. 3).
The groups did not differ in terms of RO resection rates or
intraoperative morbidity.

Postoperative variables
Postoperative variables are listed in Table 3. The incidence

of respiratory complications in the MIE group (10.64%)
was significantly lower than in either the open TTE
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Fig. 1 Study population
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Table 1 Preoperative variables
Variable TTE (n = 26) THE (n = 31) MIE (n = 47) P value
Mean age: years (range) 59.7 (42.36-72.95) 67.3 (42.25-78.96) 61.7 (34.33-83.64) 0.006*
0.023**
Males: n (%) 25 (96.15) 27 (87.1) 38 (80.9) 0.185
Smokers: n (%) 14 (53.85) 21 (67.74) 34 (72.34) 0.272
DM: n (%) 4 (15.38) 10 (32.26) 11 23.4) 0.329
HTN: n (%) 13 (50) 20 (64.51) 25 (53.19) 0.487
CAD: n (%) 1 (3.85) 8 (25.81) 8 (17.02) 0.081
Neoadjuvant therapy: n (%) 19 (73) 21 (67.74) 35 (74.46) 0.804
Pathology 0.260
EAC: n (%) 23 (88.46) 29 (93.55) 38 (80.85)
SCC: n (%) 3 (11.54) 2 (6.45) 9 (19.15)

TTE open transthoracic esophagectomy; THE open transhiatal esophagectomy; MI/E minimally invasive thoracoscopic laparoscopic esopha-
gectomy; DM diabetes mellitus; HTN hypertension; CAD coronary artery disease; EAC esophageal adenocarcinoma; SCC squamous cell

carcinoma
* Significant difference between TTE and THE
** Significant difference between THE and MIE

(34.61%) or open THE (32.26%) group. The postoperative
morbidity rate in the open THE group (87.1%) was sig-
nificantly higher than in the open TTE (53.85%) or MIE

(59.5%) groups (Table 3). The perioperative in-hospital
and 30-day mortality rate for the entire series was 2.88%.
The groups had comparable perioperative mortality rates as

@ Springer



172

Surg Endosc (2012) 26:168-176

Table 2 Intraoperative

variablos Variable TTE (n = 26) THE (n = 31) MIE (n = 47) P value
Mean operative time (min) 480 (420-600) 280 (200-540) 420 (310-500)  <0.001*
<0.001%*
<0.001%##*
Site of anastomosis: n (%) Neck: 24 (92.31); Neck: 31 (100)  Neck: 31 <0.001**
chest: 2 (7.69) (65.96); chest: 0.012:%%*
16 (34.04)
Stapled anastomosis: n (%) 22 (84.62) 27 (87.1) 37 (78.72) 0.605
Median EBL: ml (IQR) 800 (550-1,200) 550 (337.5-825) 500 (300-750) 0.034*
0.002°%*
) Patients requiring 19 (73.1) 21 (67.7) 11 (23.4) <0.001%*
TTE open transthoracic intraoperative <0.00]##*
esophagectomy; THE open blood product transfusion:
transhiatal esophagectomy; MIE n (%)
minimally invasive Median volume of blood 700 (337.5-1,887.5) 700 (0-1,050) 0 (0-350 0.001%%
thoracoscopic laparoscopic N 1§n volume o bloo (337.5-1.887.5) (0-1,050) ( ) ’
esophagectomy; EBL estimated pro I;Cts & ml <0.007#**
blood loss; IQR interquartile transfused: ml (IQR)
range Median no. of lymph nodes 19 (14.75-24.75) 12 (8-17) 20 (14-27) <0.001*
* Significant difference resected: n (IQR) <0.001%*
between TTE and THE Patients with positive lymph 12 (46.15) 15 (48.39) 19 (40.43) 0.766
** Significant difference nodes: n (%)
between THE and MIE Intraoperative morbidity: n (%) 5 (19.23) 6 (19.35) 9 (19.15) 1
##% Significant difference RO resection (%) 92.3 100 93.61 0.318
between TTE and MIE
Operative Time Lymph Node Harvest with MIE
435
P=0.215 =1
430 SR P =0.007
425
420 20
415
410 7 15 o
405 A 2
400 i 10 +
395 A
— 1
A B C 0
& Qperative time A = 1st 15 MIEs A " c

B =2nd 15 MIEs
C =3rd 17 MIEs

(minutes)
Fig. 2 Operative time with minimally invasive esophagectomies

follows: TTE group (0%, n = 0), THE group (3.23%,
n = 1), and MIE group (4.26%, n = 2) (P = 0.577).

Survival
The median OS (open TTE = 51.367 months; open THE =
40.8 months; MIE = 51.433 months) did not differ between

the groups (P = 0.602) (Fig. 4). Neither did the groups
differ in terms of median DFS (open TTE = 45.33 months,
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C =3rd 17 MIEs

Fig. 3 Lymph node harvest with minimally invasive esophagectomies

open THE and MIE, median survival not reached to date;
P = 0.693) (Fig. 5).

Quality of life (EORTC QLQ-30)

The EORTC QLQ-30 results are listed in Table 4. The
groups did not differ significantly in any of the response
categories. Approximately 81% of the MIE patients sur-
veyed felt they had a good GHS. This response was not
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Table 3 Postoperative Variable TTE (n = 26) THE (n = 31) MIE (n = 47) P value
variables
Postoperative staging: stage (n) 0(3) 0(5) 0(®) 0.817
14 19 1(7) 0.255
2 (14) 2 (5) 2 (23) 0.004*
0.003%%*
34 3 (10) 3(8) 0.193
4 (1) 4(2) 4 (1) 0.624
Anastomotic leaks: n (%) 0 (0) 4 (12.9) 4 (8.51) 0.183
Chyle leaks: n (%) 4 (15.38) 2 (6.45) 7 (14.90) 0.477
TTE open transthoracic . S s
esophagectomy: THE open Respiratory complications: n (%) 9 (34.61) 10 (32.26) 5 (10.64) 0.018
transhiatal esophagectomy; MIE 0.013%s
minimally invasive Arrhythmia: n (%) 6 (23.08) 13 (41.94) 9 (19.15) 0.075
thoracoscopic laparoscopic SSL: 1 (%) 2 (7.69) 2 (6.45) 3 (6.38) 0.975
esophagectomy; SSI surgical . .
site infection: ICU intensive Fascial dehiscence: n (%) 0 (0) 1(3.23) 0 0.305
care unit; /QR interquartile Recurrent laryngeal nerve injury: n (%) 0 (0) 1(3.23) 1(2.13) 0.671
range Total postoperative morbidity: n (%) 14 (53.85) 27 (87.1) 28 (59.5) 0.005*
* Significant difference 0.009%*
between TTE and THE Anastomotic stricture: 1 (%) 10 (34.86) 7 (22.58) 19 (19.15) 024
** Significant difference . . N N .
between THE and MIE ifl/[ej%an ;CU 'Stjy- da}fs (;QR)I R 1451 (T072)5 20 12 (‘11395) 21 4116(31(7))75 21 géllg(l)
*#% Significant difference edian hospital stay in days (IQR) (10.25-20.5) (13.5-21) (10.75-21) 0.
between TTE and MIE Perioperative in-hospital mortality: n (%) 0 (0) 1(3.23) 2 (4.25) 0.577
Survival Functions Survival Functions
0= Surgery D=
3 e &
Fide - T
08 2-censors 08+ i H
5 s ]
g 08+ L 2 o084 -
: Bmeam: = |
@ @
g 04+ e E 4
© o
029 12
L P = 0.693
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Overall Survival

Fig. 4 Kaplan—Meier overall survival curves

different (P = 0.4) from that for the open THE (81.82%)
or the open TTE (60%) patients.

Quality of life (EORTC QLQ-OES 18)

The EORTC QLQ-OES 18 results are listed in Table 5. The
groups did not differ significantly in any of the response cat-
egories. Approximately 94.6% of the surveyed patients had
minor or no dysphagia (TTE = 90%; THE = 90.91%; MIE =

Disease Free Survival

Fig. 5 Kaplan—Meier disease-free survival curves

100%). For 81% of the surveyed patients, reflux was minor or
did not exist (TTE = 100%; THE = 63.64%; MIE = 81.25%).

Discussion

Minimally invasive approaches were first described in the
1990s for esophageal surgeries, particularly gastroesophageal
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Table 4 Quality of Life (EORTC QLQ-C-30 version 3.0)

Variable TTE THE MIE P value
m=10) (m=11) (n=16)
n (%) n (%) n (%)
Good GHS/QOL 6 (60) 9 (81.82) 13 (81.25) 04
Functional scales”
Physical functioning 8 (80) 8 (72.73) 14 (87.5) 0.626
Role functioning 8 (80) 8 (72.73) 14 (87.5) 0.626
Emotional 9 (90) 9 (81.82) 15(93.75) 0.388
functioning
Cognitive 9 (90) 9 (81.82) 15 (93.75) 0.615
functioning
Social functioning 8 (80) 9 (81.82) 15 (93.75) 0.525
Symptoms scales/items”
Fatigue 6 (60) 8 (72.73) 14 (87.5) 0.272
Nausea and 10 (100) 9 (81.82) 16 (100) 0.082
vomiting
Pain 8 (80) 9 (81.82) 15(93.75) 0.525
Dyspnea 9(90) 10 (90.91) 16 (100) 0.445
Insomnia 10 (100) 9 (81.82) 13 (81.25) 0.342
Appetite loss 9(90) 10(90.91) 14 (87.5) 0.957
Constipation 9(90) 10(90.91) 14 (87.5) 0.957
Diarrhea 9 (90) 8(72.73) 14 (87.5) 0.488
Financial difficulties 9 (90) 11 (100) 14 (100) 0.488

Table 5 Esophageal cancer quality of life (EORTC esophageal
cancer module QLQ-OES18)

Variable TTE THE MIE P value
n=10) (n=11) (n=16)
n (%) n (%) n (%)
Scales®
Dysphagia 9 (90) 10 (90.91) 16 (100) 0.445
Eating 9 (90) 9 (81.82) 15 (93.75) 0.615
Reflux 10 (100) 7 (63.64) 13 (81.25) 0.105
Pain 8 (80) 9 (81.82) 15 (93.75) 0.525
Single items®
Trouble swallowing 9 (90) 9 (81.82) 16 (100) 0.228
saliva
Choking at 10 (100) 9 (81.82) 16 (100) 0.082
swallowing
Dry mouth 9 (90) 9 (81.82) 16 (100) 0.228
Trouble with taste 10 (100) 10 (90.9) 15 (93.75) 0.642
Trouble with 9 (90) 8 (72.73) 14 (87.5) 0.488
coughing
Trouble talking 8 (80) 9 (81.82) 15 (93.75) 0.525

EORTC Esophageal Organization for Research and Treatment of
Cancer; TTE open transthoracic esophagectomy; THE open transhiatal
esophagectomy; MI/E minimally invasive thoracoscopic laparoscopic
esophagectomy; GHS global health status; QOL quality of life

? No. of cases showing good function

® No. of cases showing minor or no symptoms

reflux disease. However, although the volumes of laparo-
scopic antireflux surgery have increased and replaced open
approaches as the standard of care, acceptance and incor-
poration of MIEs have been more sedate [S]. In this ret-
rospective review of a single-surgeon experience, MIEs
were associated with a significant reduction in operative
time, intraoperative transfusion, and postoperative respi-
ratory complications compared with open TTEs. The MIEs
allowed for a significantly more extensive lymph node
resection than open THEs without increasing perioperative
morbidity. Both survival and QOL after MIE were com-
parable with those after open TTE and THE.

In the current study 10.64% of the MIE patients had
respiratory complications. This was significantly lower than
the rates for the open TTE and THE groups. It is hypothe-
sized that the decreased respiratory complications with
MIEs are due to reduced postoperative pain and analgesic
requirements [16]. Although not evident in every study [7,
16], most studies have found that MIEs are associated with a
reduction in respiratory complications [8, 17, 18].

In the current study, respiratory complications encom-
passed a wide spectrum, ranging from the mild pneumonia
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EORTC Esophageal Organization for Research and Treatment of
Cancer; TTE open transthoracic esophagectomy; THE open transhi-
atal esophagectomy; MIE minimally invasive thoracoscopic laparo-
scopic esophagectomy

* No. of cases showing minor or no symptoms

and persistent pleural effusion to life-threatening adult
respiratory distress syndrome (ARDS). Respiratory com-
plications are important because they have been identified
as responsible for more than 50% of in-hospital mortalities
after esophagectomies [19]. In this series, ARDS was the
immediate cause of death in two (67%) of the three peri-
operative in-hospital mortalities, with aortic hemorrhage
secondary to an anastomotic leak accounting for the third
in-hospital death.

Our results are consistent with the literature in showing
that MIEs are safe and do not increase the risk of periop-
erative mortality [7, 8, 20, 21]. The perioperative in-hos-
pital mortality for our study was 2.88%, with no difference
between the groups (TTE = 0%; THE = 3.23%; MIE =
4.25%; P = 0.577).

The operative time for MIEs (mean = 420 min) was
shorter than for open TTEs (mean = 480 min). An asso-
ciated decrease in operative blood loss and intraoperative
transfusion also has been reported previously [7, 17, 21,
22]. Although most studies report that MIEs require more
time to complete than open transthoracic procedures, this
could be secondary to a learning curve [7, 8, 18, 21]. When
we compartmentalized MIEs into sequential groups, we
found a nonsignificant decrease in operative time with
increasing experience (Fig. 2). Open THEs (median =
280 min) required less time than either TTEs or MIEs.
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The postoperative morbidity rate was significantly
higher in the open THE group (87.1%). Although the
groups did not differ significantly in comorbidities overall,
an inherent selection bias favored THE over TTE for older
and “fragile patients” early on based on the surgeon’s
perception. This could account for the higher morbidity
rate noted in the THE group. Currently, we routinely per-
form MIEs for these patients.

The oncologic clearance provided by MIEs was equiv-
alent to that of open TTEs, as evidenced by the comparable
lymph node harvest, RO resection rates, overall survival,
and disease-free survival. This has been validated else-
where [17, 21]. However, in one study, the investigators
reported a lower lymph node yield with MIE [8]. This
could be attributable to a learning curve because, concep-
tually, a thoracoscopic laparoscopic MIE should provide
access similar to that of an open TTE. Our lymph node
harvest increased significantly with experience (Fig. 3).

An open TTE allows for a more extensive mediastinal
lymph node dissection than an open THE while providing
adequate exposure for hemostasis [20]. The MIE procedure
affords the opportunity to perform a nodal dissection
comparable with that of an open TTE. This was apparent in
our study, in which the lymph node harvest with MIEs was
similar to that with open TTEs and greater than that with
open THEs.

Although the role of extended lymphadenectomy in
esophageal resection has been debated, there are reports of
a survival benefit afforded by extended lymphadenectomy
[23, 24]. This could be due either to stage migration or
eradication of occult micro-metastatic disease [24]. Peyre
et al. [24] reported a survival benefit for patients (no
neoadjuvant or adjuvant therapy) with 23 lymph nodes or
more resected compared with patients who had fewer than
23 lymph nodes resected [24]. We also have previously
reported a similar benefit of extended lymph node resection
for patients undergoing surgery after neoadjuvant therapy
[25].

However, extended lymphadenectomy did not translate
into a survival benefit for open TTE patients in a ran-
domized controlled clinical trial (RCT) that compared open
TTEs with open THEs, although the open TTEs had a
significantly greater nodal harvest [26]. In this trial, the
overall and progression-free survival benefit with open
TTEs was limited to patients with one to eight positive
lymph nodes. [26]. Unfortunately, preoperative estimation
to determine the number of affected lymph nodes based on
endoscopic ultrasound and CT scans is highly subjective
and unreliable. Hence, we advocate an extensive lymph
node dissection for all patients undergoing esophageal
resection for malignant disease.

To the best of our knowledge, this is the first review to
compare QOL after MIE with that after TTE and THE.

For this study, patients who were alive more than 1 year
after surgery were surveyed because QOL returns to
baseline within 1 year after open esophagectomy [10, 11].
Our response rate was approximately 60%. More than 75%
of the patients surveyed had a good GHS. In the open THE
and MIE groups, 80% of the patients had a good GHS
compared with 60% of the patients in the open TTE group.
This difference was not statistically significant.

About 95% of the patients had minor or no dysphagia,
whereas 81% of those surveyed had minor or no reflux. By
and large, the patients in all the groups scored well on the
functional scales and had good control of symptoms, with
no differences between the groups. We did not compare
QOL in the immediate postoperative period (<1 year),
limiting assessment of the potential impact of MIE during
this interval.

The weaknesses of this study included its retrospective
nature, small sample size, and short follow-up period. The
study had some selection bias, as is evident by older
patients in the THE group. Older patients were offered an
open THE earlier in this series to reduce the morbidity
associated with an open TTE. Toward the latter part of the
series, we performed more MIEs.

The strengths of this study included balanced distribu-
tion of important prognostic variables such as comorbidi-
ties, pathology, positive lymph nodes, and performance of
all the procedures by a single surgeon. There have been no
published results from RCTs to date. To the best of our
knowledge, this is the first study to review perioperative
outcomes, survival, and QOL after thoracosopic laparo-
scopic MIEs by a single surgeon. This is important because
it standardizes postoperative management across the vari-
ous groups and minimizes its role as a source of bias.

Conclusions

Lymph node harvest with MIEs increases with experience,
whereas operative duration decreases with experience. In
experienced hands, MIEs offer a safe and viable alternative
to open transthoracic esophagectomies without compro-
mising oncological efficacy, survival, or QOL.
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