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Background: Esophagectomy has high cardiac and pulmonary complication rates that can reach 43% and
58% respectively. The original Ivor Lewis esophagectomy was a two-stage procedure. We revisited this
procedure using a hybrid minimally-invasive approach.

Methods: Thirty-five consecutive patients with esophageal cancer were operated on over an eight-year
period. The first stage used laparoscopic mobilization of the stomach, while the second stage used open
thoracotomy. Six patients were aborted due to unresectable disease.

Results: Twenty-nine patients were studied. The mean operative times for stage-one and stage-two were
108 + 18 and 226 + 63 min respectively. All patients were extubated in the operating room. One (3.4%)
patients had cardiac complication and one (3.4%) patient had pulmonary complication.

Conclusion: Metachronous hybrid two-stage esophagectomy was associated with a low rate of cardio-
pulmonary complications. It may be considered as an alternative to the one-stage esophagectomy,

especially in low-volume centers, to decrease these high-risk cardio-pulmonary complications.

© 2018 Elsevier Inc. All rights reserved.

Introduction

The current open Ivor Lewis one stage esophagectomy (OIE) is a
complex and high-risk procedure. Operative and anesthesia times
for the procedure can extend to more than 7 h.' The original Ivor
Lewis esophagectomy, published In 1944, was a two-stage esoph-
agectomy with a two week interval between the two stages.” Nine
months later, Norman Tanner published his one-stage esoph-
agectomy.® Recent research by Scholes et al. suggests that anes-
thesia duration is among the largest risk factors for developing
post-operative pulmonary complications, with patients sedated
for more than 3 h having been found to be more than 4 times more
likely to develop these complications.* Canet et al., showed that
thoracic surgery is the second highest predictor of postoperative
pulmonary complications (39.6%) followed by abdominal surgery
(7.2%).> In that context, it is not surprising that studies of traditional
OIE have found high rates of post-operative pulmonary and cardiac
complications of 58% and 43% respectively."°

Several investigators have reported on attempts to reduce these
high complication rates by using minimally invasive techniques.
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While their specific approaches to Minimally Invasive Esoph-
agectomy (MIE) have varied, they shared the broad strategy of
performing the abdominal part laparoscopically while keeping the
chest portion as either an open thoracotomy or thoracoscopic
approach under the same session."6—8 Bailey et al., showed a
decrease in cardiac complications to 8% and pulmonary complica-
tion to 38% using laparoscopy/thoracotomy approach.® Noble et al.,
however, showed no change in cardiac complication rate of 14% or
pulmonary complication rate of 35% when using laparoscopic/
thoracoscopic approach.” On the other hand, Sihag et al. showed a
reduction in cardiac complications to 13% and pulmonary compli-
cations to 3% by using a laparoscopic/thoracoscopic approach with
aggressive extubation of the patients in the operating room.' In
using thoracoscopy instead of thoracotomy, Tapias et al. found a
significant learning curve in mastering the thoracoscopic portion
with surgeon's optimal performance being achieved after 35 to 40
cases.®

In view of the above findings of the continued high cardio-
pulmonary complications in spite of using minimally invasive ap-
proaches, our intention was to evaluate the possibility of decreasing
these complications. We planned to do this by separating the two
stages of a lengthy operation into two independent procedures on
different dates similar to the original Ivor Lewis approach with less
interval between the two stages and utilizing the laparoscopic
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approach for the first stage. We kept the second stage as an open
thoracotomy in order to maintain a quality cancer operation and to
avoid the long learning curve of the thoracoscopic approach
especially in our low volume hospital.

Materials & methods

Forty patients with esophageal cancer were operated on from
September 2010 to January 2018 at a single community teaching
hospital with an average of 5 cases per year. Five patients that were
operated on by different surgical teams were excluded. Thirty-five
consecutive patients were operated on using the two-stage
esophagectomy by the same surgical team. Six patients were
aborted due to un-resectable or metastatic disease. Five (14%) pa-
tients were aborted after the laparoscopic stage and one (3%) pa-
tient after the thoracoscopic stage. These six (17%) patients were
excluded from further analysis. The remaining twenty-nine (83%)
patients completed the second stage esophagectomy and formed
our cohort.

Stage-one esophagectomy was performed by laparoscopic
mobilization of the stomach with pyloromyotomy. Ten patients
(34.5%) had a feeding jejunostomy placed. Nine of them were
placed during the laparoscopic stage, while one patient had a
feeding tube placed before neoadjuvant. Open right trans-thoracic
esophagectomy, as the second stage procedure, was performed
within two days. Post-operative outcomes were measured
including length of each operation, number of lymph nodes
removed, epidural catheter use following stage-two, length of
Intensive Care Unit (ICU) stay, post-operative ventilation, hospital
length of stay (LOS), reoperation, complications, and thirty-day
morbidity and mortality. Institutional Review Board (IRB)
approval was obtained. Results were reported as simple
mean + Standard Deviation.

Surgical technique and hospital course

Our approach to this procedure utilized two different surgical
services to assure the best results. All our patients were operated on
by two surgeons using two-stage metachronous hybrid minimally
invasive approach (Laparoscopy/Thoracotomy). Stage-one, the
laparoscopic mobilization of the stomach, was performed by a
laparoscopic general foregut surgeon. This stage was performed
using four trocars with five puncture holes. The stomach was
mobilized with preservation of the right gastric and right gastro-
epiploic arteries. The hiatus was opened enough to allow the
stomach to be pulled up into the chest. A laparoscopic pylo-
romyotomy with omental patch was performed. The left gastric
artery was transected at its origin using a tristapler vascular load
(Covidien, Mansfield, MA). A laparoscopic feeding jejunostomy was
placed initially and abandoned later due to a complication. The
patient was then extubated in the operating room and was sent to
the regular surgical floor on clear liquid diet.

Within 2 days the second stage esophagectomy using a right
posterior-lateral thoracotomy was performed by a cardio-thoracic
surgeon. The esophagus was mobilized and the lymph nodes
were completely dissected. Care was taken to avoid injury to the
thoracic duct. The Azygos vein was divided. The stomach was then
pulled up into the chest. The general surgeon was then called back
where he joined the operation. The esophagus was then transected.
An esophago-gastric anastomosis was performed using a circular
stapler 4.8 mm (Covidien, Mansfield, MA). The esophageal donut
was sent to pathology to assure clearance of the margin. The
stomach was transected below the left gastric artery and the lymph
nodes with distance from tumor edge using a TA-90 stapler (Cov-
idien, Mansfield, MA). The patient was then extubated in the

operative suite, sent to the recovery room, and then to the intensive
care unit. After 24 h of observation, the patient was transferred to
the surgical floor. An upper gastro-intestinal study was performed
on the third post-operative day looking for leaks from the anasto-
mosis or the cut edge of the stomach. If no leak was present, a clear
liquid diet was started. The chest tube was removed when the
drainage was decreased with no evidence of any leak after initiating
the clear liquid diet. The diet was advanced and the patient was
discharged when tolerating soft diet.

Results

Twenty-nine consecutive patients (26 males and 3 females)
completed the two-stage esophagectomy. The mean age was 62 + 9
years. The mean operative time for stage-one was 108 + 18 min.
There were no intra-operative blood transfusions or conversions
from laparoscopy to laparotomy for complications.

The second stage thoracotomy was performed within 1-2 days.
The mean operative time was 226 + 63 min. The mean number of
lymph nodes removed was 12 + 7 nodes. All patients were extu-
bated post-operatively at the conclusion of each stage in the
operating room. Epidural catheters were placed before the thora-
cotomy in 24 (82.8%) patients. The mean ICU stay after the second
stage was 1.8 + 1.7 days. The mean total hospital LOS, including the
first stage, was 12 + 5 days excluding two (6.9%) patients who died;
one after a stroke and one from consequences of esophageal
anastomotic leak. Cardio-pulmonary complications occurred in two
patients. One (3.4%) patient had atrial fibrillation and one (3.4%)
patient had pneumonia. Eight (27.6%) patients had non-
cardiopulmonary complications. These complications are summa-
rized in Table 1.

Discussion

Outcomes post esophagectomy at our low-volume institution
compared favorably with those reported in studies of OIE and MIE
procedures conducted at major academic centers. For example,
Bailey et al. from Oxford University Regional Esophagogastric
Cancer Referral Center in the United Kingdom (UK) in a report on 73
patients over 2.5 years found that their MIE procedure reduced
their cardiac complication rate from 25% to 8% and pulmonary
complications from 58% to 38% in comparison to their open
approach.” Conversely, Noble et al. in a report on 106 patients over
6 years period from the University Hospital of Southamptom UK
found that complication rates did not differ substantially between
MIE and OIE procedures (13% vs. 14% respectively for cardiac

Table 1

Complications.
Complications # (%)
Cardio-pulmonary: 2 (6.9%)
Atrial Fibrillation 1(3.4%)
Pneumonia 1 (3.4%)
Non-cardio-pulmonary: 8 (27.6%)
Jejunostomy leak 1(3.4%)
Anastomotic leak 1(3.4%)
Chyle leak 2 (6.9%)
Gastroparesis 2 (6.9%)
Wound infection 1(3.4%)
Stroke 1(3.4%)
Reoperation 2 (6.9%)
for jejunostomy leak 1(3.4%)
for Chyle leak 1(3.4%)
Death: 2 (6.9%)
from anastomosis leak 1(3.4%)
from stroke 1(3.4%)
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complications and 32% vs. 35% respectively for pulmonary com-
plications).® Sihag et al. in a report on 114 patients over 3 year
period from Massachusetts General Hospital found a reduction in
the cardiac complication rate from 22% in the OIE to 13% in the MIE
while the pulmonary complication rate dropped from 43% in the
OIE to 3% in the MIE group.!

A recent multicenter study by Van Workum et al. from the
Netherlands of 787 patients comparing total minimally invasive
Ivor Lewis (TMIE) (laparoscopy/thoracoscopy, chest anastomosis)
to total minimally invasive McKeown esophagectomy (laparoscopy/
thoracoscopy, neck anastomosis), showed overall better results
with TMIE.® In spite of that, the TMIE overall complication rate after
score-matched analysis of the two groups was still high at 55.7%.
The cardiac complication rate was also high at 19.5%, with atrial
fibrillation of 16.7%, myocardial infarction 5.7% and asystole 6.2%.
Their pulmonary complication rate was 31.9% and pneumonia
19.0%. Their median operative time was 411 min. There was no
difference in the LOS between the two groups which was 11 vs. 12
days.

One important difference between our approach and that used
in some other centers was that all of our patients were extubated in
the operative room. Our pulmonary complications were the same
(3.4%) as those of Sihag et al. of 3% where they also aggressively
extubated their patients in the operating room. However, our car-
diac complications rate of 3.4% was lower than their cardiac
complication rate of 13% in their MIE group, which could be
attributed to the longer operative time of the single stage approach.
Our hybrid procedure can be best compared to that of Bailey et al.
since both studies used the laparoscopy for the first stage and the
open thoracotomy as the second procedure with the difference
being in the metachronous approach of the second stage that we
adapted. In Bailey et al. study all patients were ventilated overnight.
Their rate of pulmonary complications was considerably higher
than our pulmonary complication rate.® Ventilation status was not
reported by Noble et al.” (Table 2).

Our ability to decrease cardio-pulmonary complications can be
attributed, in part, to the metachronous two-stages with reason-
ably short operative time for each stage. This strategy was designed
to decrease the detrimental effect of the prolonged anesthetic on
the heart and lungs, along with early extubation immediately post-
operatively, and the use of epidural catheter for pain control.'?

Our combined average operative time for the two separate
stages of 334 (108 + 226) minutes is comparable to those reported
by the above authors for either the OIE or MIE approaches ranging
from 300 to 366 min with a high operative time that can reach
441 min.

We abandoned placement of feeding jejunotomy after one
adverse event in which the tube was pulled out accidentally,
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resulting in peritonitis on the day of discharge requiring re-
operation. Although placement of a feeding jejunotomy is a com-
mon practice during esophagectomy, we noticed that we hardly
used it post-operatively. Thus, in our opinion, the risk of placing
feeding jejunostomy was not justified, and therefore we did not
place it in the next 18 (62%) patients. None of these patients
required any parenteral feeding. All patients were able to tolerate
their oral intake.

Our waiting period between the two stages of 1-2 days is
shorter than the two weeks that was reported by Ivor Lewis, and
the 4—14 days reported by other studies involving two-stage pro-
cedures to achieve ischemic conditioning of the stomach.'®!' In
spite of that, however, we did not see any adverse effect from this
short period separating the two stages. In addition, our data
showed our mean total hospital LOS (including the 1—2 days be-
tween the stages) of 12 days is comparable to the other reported
means of hospital LOS after OIE or MIE which ranged between 7 and
18 days.5

An indirect logistical advantage of the metachronous two-stage
approach is the better utilization of the operating room and the
thoracic surgeon's time. Each stage is boarded with a reasonable
short operative time, 2 h for stage one and 4 h for stage two. This is
in contrast to the single stage esophagectomy which is usually
boarded with the traditional 6—8 h block. Therefore, in the event of
aborting the case after the first stage due to metastatic disease,
neither the operating room schedule nor the thoracic surgeon are
greatly impacted. In addition, the inherited value of the minimally
effect of laparoscopy on recovery time allows patients to start or
resume their adjuvant treatment of their metastatic disease rather
than waiting for recovery from a laparotomy incision. This occurred
in five (14%) of our cases.

Limitations of our study include the relatively small size cohort
(due to our low volume of cases seen at our community teaching
hospital), and the lack of a comparison group using traditional OIE
procedures. Although the results reported here are promising,
more research is needed before any definitive recommendation can
be justified.

Conclusion

Our experience demonstrates the potential benefits of our
hybrid laparoscopy/thoracotomy metachronous two-stage esoph-
agectomy as an alternative to the one-stage esophagectomy either
open or by minimally invasive approaches, especially in a low-
volume institutions. A dedicated team geared toward this
approach is very important to achieve good results. Further
research is needed to explore the benefits of this approach in a
larger sample, and with a methodology that allows for direct

Table 2
Comparison.
Volume Noble (7) Sihag (1) Bailey (6) Hawasli/Camero
18 pt/yr 38 pt/yr 29 pt/yr 5 pt/yr
Approach Lomy/ Lscopy/ Lomy/ Lscopy/ Lomy/ Hybrid Lscopy/ hybrid Two-Stage Lscopy/
and = pt Tomy =53 Tscopy =53 Tomy =76 Tscopy =38 Tomy =31 Tomy =39 Tomy =29
Pulmonary 32% 35% 43% 3% 58% 38% 3.4%
Cardiac 13% 14% 22% 13% 25% 8% 3.4%
Leak 4% 9% 5% 0% 3.4%
OR time 240 min 300 min 366 min 361 min 343 min 360 min 108 + 226 = 334 min
LOS 12 days 12 days 9 days 7 days 18 days 14 days 11.6 + 4.5 days
Mortality 2% 2% 2.60% 0% 6% 5% 3.40%
Conversion 8% 5% 0%

Lscopy: Laparoscopy, Lomy: Laparotomy, Tscopy: Thoracoscopy, Tomy: Thoracotomy.
OR: Operating LOS: Length of stay pt: Patients yr: year.
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comparison of patient's outcomes with other single stage open and
minimally invasive approaches.
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