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Abstract

Background: Esophagectomy is associated with pulmonary complications. This study evaluated
if thoracoscopic minimally invasive esophagectomy (MIE) mitigates these risks by comparing
pulmonary findings on postoperative computed tomography (CT) between open esophagectomy
and MIE.

Method: Postoperative (day 5) thoracic CT from 40 patients (20 open and 20 MIE) who had
undergone esophagectomy with epidural analgesia and right-sided thoracic drainage were reviewed.
On an axial view, the areas of atelectasis and pleural effusion were measured at | and 5 cm above
the right diaphragmatic dome and at the level of the carina. In addition, the total distribution
of atelectasis and pleural effusion was estimated on an ordinal scale (0-5), with =3 considered
clinically important.

Results: The groups were well-matched in terms of age, sex, and smoking status. There were no
differences in the areas of atelectasis or pleural effusion for open surgery compared with MIE. The
groups did not differ in the proportion of patients with clinically important atelectasis (right: 30% vs.
25%, left: 65% vs. 65%) or pleural effusion (right: 15% vs. 15%, left: 65% vs. 45%). More pleural effusion
and atelectasis at the |-cm level was present on the left side at day 5 in both open and MIE patients.
Conclusion: Despite major differences in surgical trauma and ventilation strategies between
open and MIE, CT evaluation at day 5 was surprisingly similar. Less right-sided pleural effusion
demonstrates the effect of surgical drains. We believe that the defined levels of measurement used
in this study, performed at clear anatomical landmarks, can be of value in future studies.
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I
Context and Relevance

this material. Previously described differ-
ences in postoperative pulmonary complica-
tions must be explained by other factors. The
measurement at clear anatomical landmarks
used in this study may be of value in future
studies.

No difference was seen in atelectasis and
pleural effusion on postoperative (day 5) tho-
racic computed tomography between open
and minimally invasive esophagectomy in
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.|
Introduction

Esophageal and gastroesophageal junction (GEJ) cancer is
the seventh most common cancer and, because of its grim
prognosis with less than one fifth of the patients surviving the
first Syears from diagnosis, it is the sixth leading cause of
cancer death.! Despite recent advances in surgical care,?
esophagectomy results in postoperative complications in
more than half of the patients, with pulmonary pathology
being most common.? Hybrid minimally invasive approach
has reduced pulmonary complications in trial settings.*?
These findings have, however, not always been demonstrated
outside of the controlled environment of clinical trials,%” and
concerns of too hasty introduction of minimally invasive
approach in routine care have also been raised.®

After esophageal resection, a gastric conduit is anastomo-
sed to the remaining part of the esophagus, either intratho-
racically (Ivor Lewis esophagectomy)? or on the neck
(McKeowns three-field esophagectomy).!? During the thora-
cotomy part of open procedures, the right lung is purposely
collapsed to give room for the surgeon, influencing lung
pathophysiology in several ways despite efforts to use protec-
tive ventilation techniques.!! Single-lung ventilation also
exposes the isolated lung to additional inflammation, besides
direct surgical trauma, thus increasing the risk for developing
lung injury and postoperative pulmonary complications.!?13
Based on the open techniques, minimally invasive esophagec-
tomy (MIE) has been developed with a thoracoscopic
approach, using four or five 12mm trocars. With thoracos-
copy in the prone position, first described by A. Cuscheiri et
al,'# single-lung ventilation can be avoided as the lung does
not interfere with the operative field during capnothorax due
to gravity. This is theoretically beneficial for the patient.

In modern healthcare, the diagnosis and assessment of
pulmonary complications are commonly performed with
computed tomography (CT) scan of the chest. We hypothe-
sized that there would be radiological differences on postop-
erative CT regarding the amount of atelectasis and pleural
effusion when comparing open surgery to MIE. We therefore
aimed to perform detailed descriptions of said pathologies
and compare the findings after open and MIE. As descrip-
tions of postoperative radiologic appearance after esophagec-
tomy are scarce, we also present a suggestion for standardized
CT evaluation, based on clear anatomical landmarks, in this
group of patients.

Methods

Forty patients who had undergone surgery for esophageal
(ICD C15.0-15.9) or gastroesophageal junction cancer,
Siewert I and II (ICD C16.0a and 16.0b), between 2008 and
2018, 20 with open technique and 20 with MIE, at a tertiary
esophageal cancer center, were retrospectively identified and
included in the study. Patients were excluded in cases of

anastomotic leakage (10%) or symptomatic chyle leak
(n=0)" and if pre- or post-operative CT imaging could not be
accessed. An identical posterolateral thoracotomy with sin-
gle-lung ventilation was performed in the two open surgical
procedures—Ivor Lewis esophagectomy with a circular sta-
pled intrathoracic anastomosis and McKeown’s three-field
esophagectomy with a handsewn left-side cervical anastomo-
sis. The gastric conduit was prepared in a midline laparotomy.
The minimally invasive approaches were performed by
thoracoscopy in the prone position, with capnothorax and
maintained double-lung ventilation, after preparing the gas-
tric conduit by laparoscopy. In both procedures, routine (one
or two) right-sided chest tubes were placed perioperatively.
All patients received thoracic epidural analgesia, supple-
mented with systemic opioids as needed. During the postop-
erative phase, all patients were urged to early ambulation and
instructed to use a handheld positive expiratory pressure
device to promote mucus clearance. Nasal oxygen therapy
was given when needed.

All patients had undergone a preoperative and a postoper-
ative (day 5) CT thorax, performed with intravenous- and
peroral contrast, according to clinical routine.

Baseline characteristics and perioperative data were col-
lected from the patients’ electronic medical records. Pre- and
post-operative (day 5) CT scans as well as postoperative
chest X-rays were collected and anonymized on all patients.
A consultant radiologist (A.T.) reviewed all examinations.
The total lung volume was acquired using the entire CT scan
volume with aid from a medical software system (AW server,
G.E. Healthcare version 3.2 Ext 3.3). The areas of atelectasis
and pleural effusion were outlined and measured bilaterally
in three anatomically defined axial levels: 1cm above the
right diaphragm dome, 5 cm above the right diaphragm dome,
and at the level of the carina. In addition, a sagittal recon-
struction just lateral to the main bifurcation of the left and
right pulmonary arteries respectively was used for the same
measurements on all patients (Fig. 1 and Fig. 2). Finally, the
total amount of atelectasis and pleural effusion was estimated
on a six-graded scale (0-5). Software for measurements of
affected areas was provided by Sectra ris/pacs version 22.1
and AW server, G.E. Healthcare version 3.2 Ext 3.3.

Statistical analysis

Descriptive statistics were used to analyze baseline character-
istics and perioperative data by using Fisher’s exact test for
categorical variables and Mann—Whitney test for continuous
variables. Differences in areas of atelectasis and pleural effu-
sion in cm? were analyzed using the Mann—Whitney test.
Fisher’s exact test was used when analyzing differences in
the estimated total amount of atelectasis and pleural effusion.
In a preliminary analysis, between 5% and 30% of the lung
area 1 cm above the diaphragm was represented by atelectatic
lung tissue. A clinically relevant reduction in atelectasis area
was set to 10 percentage units in MIE compared with open
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—healthy lung tissue

—atelectasis
—pleural effusion

Fig. I. The three anatomically defined levels (at | and 5cm above the right diaphragm dome and the level of the carina) used for
delineation and area calculation of postoperative atelectasis (in light gray) and pleural effusion (in gray) after esophagectomy.

Fig. 2. (A) Preoperative axial CT scan with normal lung parenchyma outlined. (B) Postoperative (day 5) axial CT scan | cm above the
right diaphragm dome. Aerated lung tissue (white arrows) , dorsal pleural effusions (red arrows) and atelectasis (white outline, no

arrow) are outlined.

surgery. With a power level (beta) of 80% and a significance
level (alfa) of 5%, this yielded a sample size of 32 patients
(16 in each group). To account for this and a margin for logis-
tical and technical issues, 20 patients of each operation type
were reviewed. All statistical analysis was done using Stata®
version 15.1 (Stata Corp, College Station, Texas, USA).

Ethics

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by

the regional ethics board of Uppsala (No. 2018/466 and 2019-
04615), and individual consent for this retrospective analysis
was waived.

|
Results

Both groups included 20 patients (18 men and 2 women in
both groups) with 85% having adenocarcinoma and 15%
squamous cell carcinoma. The groups (open vs. MIE) were
well-matched in terms of age (65years vs. 69years),
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Table I. Baseline data on patients with esophageal or GEJ cancer who had undergone esophagectomy grouped by type of surgery.
Open N=20 MIE N=20 p
Sex, no (%)
Male 18 (90) 18 (90) 1.00°
Female 2 (10) 2 (10)
Age (years), median (IQR) 65 (58-71) 69 (63-73) 0.16¢
Smoking, no (%)
Smoking® 10 (50) 12 (60) 0.83
Non-smoking 3 (I5) 3 (15)
Missing 7 (35) 5 (25)
TNM, no (%)
<3 12 (60) 8 (40) 0.34°
>3 8 (40) 12 (60)
Histology, no (%)
AC 17 (85) 17 (85) 1.00°
SCC 3 (15) 3 (15)
Oncological treatment, no (%)
nCT I (5) 10 (50) 0.0020
nCRT 16 (80) 10 (50)
None 3(15) 0 (0)
BMI pre-op (kg/m?), median (IQR) 27 (25-28) 25 (21-28) 0.18
FEV 1%, median (IQR) 90 (79-100) 80 (72-93) 0.28°
Postoperative antibiotics, no (%)
No 15 (75) 14 (70) 1.00°
Yes 5 (25) 6 (30)
Duration of surgery (min), median (IQR) 309 (275-334) 276 (252-297) 0.02¢
Post operative care (days), median (IQR) 14 (12-15) 10 (9-11) <0.001¢
Days with oxygen treatment, median (IQR) 6 (4-9) 6 3-7) 0.32¢

TNM: classification of malignant tumors eighth edition; 0 to 5 divided into two groups, <3 and =3; AC: adenocarcinoma; SCC: squamous cell carcinoma; FEV|: Forced
Expiratory Volume; nCT: neoadjuvant chemotherapy; nCRT: neoadjuvant chemoradiotherapy; IQR: interquartile range.

2Including previous and ongoing smoking.
bFisher’s exact test.
Mann—-Whitney test.

smoking status (50% vs. 60% previous/active smokers),
body mass index (BMI; 27 kg/m? vs. 25 kg/m?). The preop-
erative percentage of forced vital capacity (FEV1%) did
not differ significantly between the patients having open or
MIE (90% vs. 80%, p=0.28). The open surgery group had
a longer median duration of surgery (309 min vs. 276 min,
p=0.02) as well as length of stay (14days vs. 10days,
p<<0.001). All patients were extubated before leaving the
operating room, and none needed mechanical ventilation or
intensive care postoperatively. There was no statistically
significant difference in the number of days with oxygen
treatment (6 days vs. 6 days, p=0.32), nor the number of
patients treated with antibiotics postoperatively (25% vs.
30%, p=1.00). There was a statistically significant differ-
ence in preoperative oncological treatment, with

neoadjuvant chemotherapy being more common in the MIE
group (5% vs. 50%, p=0.02) (Table 1).

As demonstrated in Table 2, there were no significant dif-
ferences in atelectasis or pleural effusion between open and
minimally invasive surgery. On postoperative day 5, the chest
tubes had been extracted in two patients (one open and one
MIE). No chest tubes were seen in the left hemithorax and
more pleural effusion as well as atelectasis on a 1-cm level
was present on the left side at day 5. In the postoperative CT
scan, the occurrence of pneumomediastinum was similar
between the two groups (5 vs. 4 patients). A trend toward
noticing intra-abdominal gas more frequently (13 vs. 7
patients, p=0.11) was seen after open surgery, although the
difference was not statistically significant. The volume of the
gastric conduit, placed anatomically in the dorsal
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Table 2. Post operative data on patients with esophageal or GEJ cancer who had undergone esophagectomy grouped by type of

surgery.
Open N=20 MIE N=20 P Right vs. left p-value

Atelectasis (cm?), | cm

Right, median (IQR) 2.9 (0.3-6.3) 6.5 (0.3-8.8) 0.382

Left, median (IQR) 15.5 (3.3-26.4) 15.3 (8.3-21.0) 0.752 <0.001
Atelectasis (cm?), 5cm

Right, median (IQR) 2.1 (0.2-6.8) 1.8 (0-4.5) 0.562

Left, median (IQR) 3.4 (0-10.7) 1.5 (0.4-3.5) 0.402 0.90
Pleural effusion (cm?), | cm

Right, median (IQR) 2.6 (1.4-3.8) 1.9 (1.4-8.4) 0.94

Left, median (IQR) 18.8 (12.7-42.4) 26.7 (15.8-37.1) 0.672 <0.001
Pleural effusion (cm?), 5cm

Right, median (IQR) 2.9 (2.3-4.0) 1.4 (1.2-3.5) 0.312

Left, median (IQR) 18.9 (5.4-26.4) 17.1 (8.5-21.9) 0.982 <0.001
Atelectasis right, no (%)

<3 14 (70) 15 (75) 1.00®

=3 6 (30) 5 (25)
Atelectasis left, no (%)

<3 7 (35) 7 (35) 1.00° 0.002

=3 13 (65) 13 (65)
Pleural effusion right, no (%)

<3 17 (85) 17 (85) 1.000

=3 3(I5) 3(I5)
Pleural effusion left, no (%)

<3 7 (39) 11 (55) 0.34° <0.001

=3 13 (65) 9 (45)

Estimated total amount atelectasis/pleural effusion scale 0-5, divided into two groups, <3/=3.

Anatomically defined levels | and 5cm above the right diaphragmatic dome.
aMann—Whitney test.
bFisher’s exact test.

mediastinum, was somewhat larger after open surgery com-
pared to MIE (294 mL vs. 208 mL p=0.01).

.|
Discussion

The postoperative radiologic appearance in esophagectomy
is not previously described in detail. We present CT data, per-
formed at three clear anatomical landmarks, after open and
MIE. The possible clinical advantages with the minimally
invasive approach were not reflected in the radiology
appraisal in this study.

Esophagectomy is a complex and high-risk procedure,
resulting in postoperative complications for more than half of
the patients. These can be fatal and can also adversely impact
the quality of life as long as 10 years after the operation.'¢
Pulmonary complications are the most frequent postoperative

complications for this intervention.!” Previous studies investi-
gating open versus minimally invasive approaches have
shown conflicting results regarding postoperative pulmonary
complications. A study by Briez et al. showed a lower fre-
quency of major pulmonary complications including acute
respiratory distress syndrome (ARDS) in patients who had
undergone a hybrid minimally invasive (laparoscopy and
open thoracotomy) approach compared with open surgery.
The authors also declared less postoperative atelectasis in the
hybrid MIE group.” However, in a later prospective rand-
omized controlled trial from the same group, there was no dif-
ference in respiratory failure or ARDS.* In a Japanese study
by Sakamoto et al.!® studying total MIE, the authors did not
see any decrease in pulmonary complication, although a
higher incidence of re-intubation was seen in the MIE group
compared to open surgery. Finally, the multicenter randomized
trial, the TIME trial, by Biere et al.l° saw a reduction from
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29% to 9% of patients affected by postoperative pneumonia in
the MIE group compared to open surgery, although they did
not see any difference in ARDS or respiratory failure. The
results above have not been demonstrated outside of con-
trolled trials, and lack of pre-defined registration of complica-
tion patterns has been suggested as an explanation for this.?

Atelectasis is formed in dependent lung regions close to
the diaphragm in most patients shortly after induction of gen-
eral anesthesia.2!22 Factors related to the surgery procedure,
such as patient positioning, single-lung ventilation, and post-
operative pain, also contribute to lung collapse and the fact
that atelectasis commonly persists postoperatively.??
Atelectasis impairs blood oxygenation and constitute the
pathophysiologic basis for the development of other postop-
erative complications.?*25

Patients undergoing open surgery with single-lung venti-
lation are known to be extra vulnerable to lung complica-
tions.?® Single-lung ventilation increases the amount of
atelectasis and pleural effusion on the side of the temporarily
closed lung.?” As single-lung ventilation was applied only in
the present open surgery group, we were surprised not to see
an increased amount of atelectasis and pleural effusion in this
group. How can this be explained? It is possible that although
patients undergoing MIE with thoracoscopy have both lungs
ventilated during the whole operation, the right lung is still
partially collapsed because of the contra-pressure by the cap-
nothorax used in order to access the dorsal mediastinal struc-
tures. Another possible factor contributing to our results is
that the positive end-expiratory pressure (PEEP), used in
almost all types of thoracoabdominal surgery, often needs to
be lowered to facilitate for the surgeon. In addition, a degree
of lung manipulation and compression is inevitable during
thoracoscopic surgery.

All patients in this study received one or two 28-32Fr
drains in the right hemithorax according to the operative rou-
tine. There was a significant difference between the right and
left hemithorax in total atelectasis and pleural effusion. The
difference affirms the efficacy of thoracic drainage, and the
finding of more pleural fluid in the left hemithorax raises the
question of routine postoperative drainage of the contralateral
side. A recent meta-analysis by Bull et al.2® discloses that
most centers routinely place one or two drains on the right or
left hemithorax, even though this might increase postopera-
tive pain and has limited evidence for efficacy. In this study,
there was a significant difference in the number of drains
remaining on the postoperative day 5 CT, with two drains
only appearing in the open surgery patients. This might affect
the result but is unavoidable in a retrospective study, as both
MIE and the use of one chest tubes have increased over
time.?8 Finally, in patients undergoing esophagectomy, the
use of thoracic drainage might also be purposeful for surveil-
lance of anastomotic or chyle leakage, not examined in this
study.

Patients with anastomotic leakage were excluded from
this study. As the main aim was to investigate the difference
between thoracotomy and thoracoscopy, and an anastomotic

leak will undoubtedly obscure any such difference.
Postoperative complications affecting the lungs, such as
pneumonia, pneumothorax, ARDS, pleural effusion, and pul-
monary oedema- or embolism are more common than anasto-
mosis leakage, and we aimed to investigate as normal
postoperative radiology as possible. Interestingly, mediasti-
nal gas was found in one quarter of the patients at day 5 of a
normal postoperative course, as was intra-abdominal gas in
half of the patients. No significant differences were found
between the groups in this regard.

The shorter operation time and length of stay after mini-
mally invasive surgery compared to open was expected and
in line with previous reports.??3% As in many previous studies
comparing open esophagectomy with MIE, the continuous
strive to shorten postoperative length of stay can be a bias, as
MIE was being practiced more in later years.

It would have been optimal to calculate the total volume of
both atelectasis and pleural effusion. This was, however, very
difficult due to the complicated geometry. Furthermore, the
two entities influence each other, as increasing pleural effu-
sion results in increased risk of atelectasis. The three ana-
tomically defined landmarks, that is, 1 and 5Scm above the
right diaphragm dome and the level of the carina, were, how-
ever, easy to use for delineation as well as in repeated meas-
urements. We hope that this robust and simple approach can
be of value for others.

Limitations

The sample size of 40 patients, 20 in each group, was chosen
to investigate what we believed to be a clinically relevant
reduction in atelectasis area of 10 percentage units for the
MIE group. This sample size might, however, have been too
small to reveal smaller differences between the open and
minimally invasive approach. We do not believe that the non-
significant difference in tumor stage between open and MIE
(lower tumor stage in the open group) impacts the results, as
the same resectional procedure was performed in all patients,
without any extra-esophageal resections (such as lung or per-
icardial resections). Our study demonstrates reduced atelecta-
sis and pleural effusion in the drained hemithorax compared
to the other; however, we did not have access to data concern-
ing postoperative pain and discomfort due to the thoracic
drainages.

.|
Conclusion

In this comparative study of open surgery and MIE, there
were no differences in atelectasis or pleural effusion on post-
operative (day 5) thoracic CT. The differences in postopera-
tive lung complications between open esophagectomy and
MIE, presented in other studies, must be explained by other
factors. We believe that the defined levels of measurement
used in this study, situated at clear anatomical landmarks, can
be of value in future studies.



264

Scandinavian Journal of Surgery 114(2)

Data availability
The data supporting this study are not publicly available.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Swedish
Cancer Society (CAN 2017/1086, J.H.) and Bengt lhre Foundation
(Thre project support 2022, J.H.).

Informed consent

Individual consent was waived by the ethical review board (no.
2018/466 and 2019-04615).

ORCID iDs

Christine J. Hannan https://orcid.org/0000-0002-4337-4366
Erland Ostberg https://orcid.org/0000-0002-7449-3907
Magnus Sundbom https://orcid.org/0000-0002-6243-2859
Jakob Hedberg () https://orcid.org/0000-0003-1308-4592
References

1. Bray F, Ferlay J, Soerjomataram I et al: Global cancer statis-
tics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin
2018;68:394-424. DOI: 10.3322/caac.21492.

2. Low DE, Allum W, De Manzoni G et al: Guidelines for perio-
perative care in esophagectomy: Enhanced recovery after sur-
gery (ERAS((R))) society recommendations. World J Surg
2019;43:299-330. DOI: 10.1007/500268-018-4786-4.

3. Seesing MFJ, Wirsching A, van Rossum PSN et al: Defining pneu-
monia after esophagectomy for cancer: Validation of the Uniform
Pneumonia Score in a high volume center in North America. Dis
Esophagus 2018;31:doy002. DOI: 10.1093/dote/doy002.

4. Mariette C, Markar SR, Dabakuyo-Yonli TS et al: Hybrid mini-
mally invasive esophagectomy for esophageal cancer. N Engl J
Med 2019;380:152—162. DOI: 10.1056/NEJMo0al1805101.

5. Briez N, Piessen G, Torres F et al: Effects of hybrid minimally
invasive oesophagectomy on major postoperative pulmo-
nary complications. Br J Surg 2012;99(11):1547-1553. DOI:
10.1002/bjs.8931.

6. Linder G, Jestin C, Sundbom M et al: Safe introduction of min-
imally invasive esophagectomy at a medium volume center.
Scand J Surg 2020;109(2):121-126. DOI: 10.1177/145749691
9826722.

7. Nilsson M, Kamiya S, Lindblad M et al: Implementation
of minimally invasive esophagectomy in a tertiary refer-
ral center for esophageal cancer. J Thorac Dis 2017;9(suppl
8):S817-S825. DOI: 10.21037/jtd.2017.04.23.

8. Markar SR, Ni M, Gisbertz SS et al: Implementation of mini-
mally invasive esophagectomy from a randomized controlled
trial setting to national practice. J Clin Oncol 2020;8(19):2130—
2139. DOI: 10.1200/JCO.19.02483.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Morris-Stiff G, Hughes LE: Ivor Lewis (1895-1982)—
Welsh pioneer of the right-sided approach to the oesopha-
gus. Dig Surg 2003;20(6):546-552, discussion 552. DOI:
10.1159/000074055.

McKeown KC: Total three-stage oesophagectomy for cancer of
the oesophagus. Br J Surg 1976;63(4):259-262. DOI: 10.1002/
bjs.1800630403.

Lohser J, Slinger P: Lung injury after one-lung ventilation: A
review of the pathophysiologic mechanisms affecting the ven-
tilated and the collapsed lung. Anesth Analg 2015;121(2):302—
318. DOI: 10.1213/ANE.0000000000000808.

Verhage RJ, Boone J, Rijkers GT et al: Reduced local immune
response with continuous positive airway pressure dur-
ing one-lung ventilation for oesophagectomy. Br J Anaesth
2014;112:920-928. DOI: 10.1093/bja/act476.

De Conno E, Steurer MP, Wittlinger M et al: Anesthetic-
induced improvement of the inflammatory response to one-
lung ventilation. Anesthesiology 2009;110(6):1316-1326.
DOI: 10.1097/ALN.0b013¢3181a10731.

Cuschieri A, Shimi S, Banting S: Endoscopic oesophagectomy
through a right thoracoscopic approach. J R Coll Surg Edinb
1992;37:7-11.

Jeremiasen M, Linder G, Hedberg J, et al. Improvements in
esophageal and gastric cancer care in Sweden-population-based
results 2007-2016 from a national quality register. Diseases of
the esophagus : official journal of the International Society for
Diseases of the Esophagus 2019;33(3):doz070. DOI: 10.1093/
dote/doz070

Kauppila JH, Johar A, Lagergren P: Postoperative complica-
tions and health-related quality of life 10 years after esophageal
cancer surgery. Ann Surg 2020;271(2):311-316. DOI: 10.1097/
s1a.0000000000002972.

Seesing MFJ, Gisbertz SS, Goense L et al: A propensity
score matched analysis of open versus minimally invasive
transthoracic esophagectomy in the Netherlands. Ann Surg
2017;266:839-846. DOT: 10.1097/51a.0000000000002393.
Sakamoto T, Fujiogi M, Matsui H et al: Comparing periopera-
tive mortality and morbidity of minimally invasive esophagec-
tomy versus open esophagectomy for esophageal cancer: A
nationwide retrospective analysis. Ann Surg 2021;274:324—
330. DOI: 10.1097/SLA.0000000000003500.

Biere SS, van Berge Henegouwen MI, Maas KW et al:
Minimally invasive versus open oesophagectomy for patients
with oesophageal cancer: A multicentre, open-label, randomised
controlled trial. Lancet (London, England) 2012;379:1887—
1892. DOI: 10.1016/s0140-6736(12)60516-9.

Hayami M, Ndegwa N, Lindblad M et al: Population-based
cohort study from a prospective national registry: Better
long-term survival in esophageal cancer after minimally
invasive compared with open transthoracic esophagectomy.
Ann Surg Oncol 2022;29(9):5609-5621. DOI: 10.1245/
$10434-022-11922-5.

Lundquist H, Hedenstierna G, Strandberg A et al: CT-assessment
of dependent lung densities in man during general anaesthesia.
Acta Radiol 1995;36(6):626—632.

Hedenstierna G, Tokics L, Reinius H et al: Higher age and obe-
sity limit atelectasis formation during anaesthesia: An analysis
of computed tomography data in 243 subjects. Br J Anaesth
2020;124(3):336-344. DOI: 10.1016/j.bja.2019.11.026.


https://orcid.org/0000-0002-4337-4366
https://orcid.org/0000-0002-7449-3907
https://orcid.org/0000-0002-6243-2859
https://orcid.org/0000-0003-1308-4592

Hannan et al.

265

23.

24.

25.

26.

Lagier D, Zeng C, Fernandez-Bustamante A et al:
Perioperative pulmonary atelectasis: Part II. Clinical impli-
cations. Anesthesiology 2022;136:206-236. DOI: 10.1097/
aln.0000000000004009.

Miskovic A, Lumb AB: Postoperative pulmonary complications.
Br J Anaesth 2017;118:317-334. DOI: 10.1093/bja/aex002.

van Kaam AH, Lachmann RA, Herting E et al: Reducing
atelectasis attenuates bacterial growth and translocation
in experimental pneumonia. Am J Respir Crit Care Med
2004;169:1046-1053. DOT: 10.1164/rccm.200312-17790C.
Okahara S, Shimizu K, Suzuki S et al: Associations between
intraoperative ventilator settings during one-lung ventila-
tion and postoperative pulmonary complications: A prospec-
tive observational study. BMC Anesthesiol 2018;18:13. DOI:
10.1186/s12871-018-0476-x.

27.

28.

29.

30.

Bussiéres JS, Marques E: Atelectasis in one lung ventilation:
The good, the bad, and the ugly: A narrative review. Curr Chall
Thorac Surg 2022;5:1-12.

Bull A, Pucher PH, Lagergren J et al: Chest drainage after
oesophageal resection: A systematic review. Dis Esophagus
2022;35:doab069. DOI: 10.1093/dote/doab069.

Kalff MC, Fransen LFC, de Groot EM et al: Long-term
survival after minimally invasive versus open esophagec-
tomy for esophageal cancer: A nationwide propensity-score
matched analysis. Ann Surg 2020. DOI: 10.1097/SLA.0000
000000004708.

Tapias LF, Mathisen DJ, Wright CD et al: Outcomes with open
and minimally invasive Ivor Lewis esophagectomy after neo-
adjuvant therapy. Ann Thorac Surg 2016;101(3):1097-1103.
DOI: 10.1016/j.athoracsur.2015.09.062.



