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Abstract. Background/Aim: Esophagectomy for esophageal
carcinoma (EC) is known to lead to deterioration of
respiratory function (RF) due to thoracotomy and mediastinal
lymph node dissection. This study aimed to evaluate the
impact of transmediastinal esophagectomy (TME) on
pulmonary function. Patients and Methods: We retrospectively
analyzed the data of 102 patients with EC who underwent
transthoracic esophagectomy (TTE) or TME and underwent
RF tests within three months postoperatively at Kyoto
Prefectural University of Medicine between 2014 and 2022.
Perioperative pulmonary functions were evaluated based on
vital capacity (VC) and forced expiratory volume in one
second (FEV1.0). Results: Among 102 patients undergoing
esophagectomy, 12 (11.8%) patients were included in the TTE
group, and the remaining 90 (88.2%) patients were included
in the TME group. Neoadjuvant treatments were significantly
more common in the TTE group (p=0.011), with more
advanced tumor stages (p=0.017). The TME group had
significantly lower estimated blood loss (p=0.015). RF after
esophagectomy showed a decrease in VC, and VC of predicted
(%VC). The decrease rate in VC, %VC, and FEVI.0 was
significantly greater in the TTE group than in the TME group.
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Conclusion: TME is a surgical procedure with a less severe
postoperative decline in RF than TTE.

Esophageal carcinoma (EC) is the sixth most common cause of
cancer-associated death worldwide despite improvements in
survival outcomes due to advances in multimodal treatment
strategies (1). Esophagectomy is characterized by its high
incidence of postoperative morbidity and deterioration in
respiratory function (RF) due to thoracotomy and mediastinal
lymph node (LN) dissection (2), with decreased vital capacity
(VO) (3), low forced expiratory volume in one second (FEV1.0)
(4), and reduced lung diffusing capacity (5) reportedly
associated with postoperative pulmonary complications.
Therefore, preoperative evaluation of pulmonary functions
using spirometry testing is widely employed to select surgical
candidates and predict the development of postoperative
pulmonary complications (6, 7). Although histopathological
findings are the most powerful prognostic determinants for
patients with EC (8), assessment of preoperative physiological
status is crucial for optimizing clinical outcomes in patients with
EC undergoing esophagectomy, which is a highly invasive
procedure involving considerable morbidity (9).

Recently, minimally invasive esophagectomy (MIE) was
shown to be associated with a lower frequency of postoperative
complications compared with conventional open esophagectomy,
and a trend toward MIE is observable worldwide (10).
Esophagectomy with transcervical and transhiatal mediastinal
LN dissection, transmediastinal esophagectomy (TME), was
recently developed as radical esophagectomy without
thoracotomy for EC, with the significant benefit of reducing
pulmonary complications compared with transthoracic
esophagectomy (TTE) (11). Although TME can be more safely
applied to older patients, patients with comorbidities, and those
who have difficulty opening the chest due to adhesions or poor
pulmonary function, its impact on postoperative RF remains
unclear. This study aimed to evaluate the impact of TME on
pulmonary function.
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Table 1. The clinicopathological characteristics of each surgical procedure.

Surgical procedure Univariate
Variables TTE (n=12) TME (n=90) p-Value?
Age, years (mean+SD) 65.4+7.0 67.5+8.6 0.336
Sex 1.000
Female 3 (25%) 26 (29%)
Male 9 (75%) 64 (71%)
Preoperative BMI, kg/m? (mean+SD) 20.3+£3.6 21.2+3.1 0.561
Performance status, (ECOG) 0.687
0 11 (92%) 73 (81%)
1-2 1 (8%) 17 (19%)
Smoking 1.000
No 2 (16%) 21 (23%)
Yes 10 (84%) 69 (77%)
Respiratory disease 1.000
No 11 (92%) 82 (91%)
Yes 1 (8%) 8 (9%)
Ventilatory impairment 1.000
None 8 (66%) 58 (64%)
Restrictive or Obstructive 4 (34%) 32 (36%)
Preoperative RF (median, range)
VC,L 34(23-44) 34 (1.6-53) 1.000
%N C, % 100.6 (76.9-121.8) 98.8 (62.3-140.0) 0.983
FEV1.0,L 2.5(1.9-3.1) 24 (1.1-4.5) 0.712
FEV1.0%, % 75.5 (65.0-82.3) 75.8 (33.5-98.0) 0.596
Tumor location 0.528
Upper (Ce/Ut/Mt) 9 (75%) 56 (62%)
Lower (Lt/Ae) 3 (25%) 34 (38%)
Neoadjuvant treatment 0.011
No 1 (8%) 44 (43%)
Yes 11 (92%) 47 (47%)
Pathological TNM stage 0.017
I 0 (0%) 30 (33%)
I-1v 12 (100%) 60 (67%)

TTE: Transthoracic esophagectomy; TME: transmediastinal esophagectomy; BMI: body mass index; RF: respiratory function; VC: vital capacity; %VC,
VC of predicted; FEV1.0: forced expiratory volume in one second; FEV1.0%: FEV1.0/forced VC; CT: chemotherapy; CRT: chemoradiotherapy.
4Univariate analysis included Chi-squared and Fisher’s exact probability tests. Statistically significant p-values are shown in bold.

Patients and Methods

Patients. This study was conducted per the ethical principles of
Kyoto Prefectural University of Medicine and the Declaration of
Helsinki. Informed consent was obtained from all participants
through our hospital website on the basis of opt-outs. The Ethical
Review Board of the Kyoto Prefectural University of Medicine
approved the experimental protocol (ERB-C-1414-1). This study
included 542 patients who underwent curative esophagectomy for
EC at Kyoto Prefectural University of Medicine Hospital in Japan
between January 2014 and December 2022. Of these, 102 patients
with EC who underwent TTE or TME and underwent RF tests
within three months postoperatively after surgery were enrolled, and
the data were retrospectively analyzed.

Clinical and pathological staging was performed using the 8th
edition of the Union for International Cancer Control tumor, nodes,
and metastases (TNM) staging (12). The patients underwent
esophagectomy with LN dissection with or without neoadjuvant

treatment following the guidelines of the Japan Esophageal Society
(13). Postoperative pulmonary complications and anastomotic leak
defined as Grade 2 or higher according to the Clavien-Dindo
classification were determined as positive. An otolaryngologist
evaluated postoperative recurrent laryngeal nerve paralysis.

Evaluation of perioperative RF. Perioperative pulmonary function
tests were performed using spirometry. In all cases, spirometry
was performed in a sitting position using a FUDAC-77 device
(Fukuda Denshi, Tokyo, Japan) in our RF laboratory. Preoperative
spirometry was performed during the patient’s first visit to the
outpatient clinic. For patients who received preoperative treatment,
the test was performed before preoperative treatment.
Postoperative spirometry was performed at the first outpatient visit
after discharge. The median time to postoperative RF testing was
43 days, with a range of 24-90 days. VC of predicted (%VC) and
FEV1.0/forced VC ratio (FEV1.0%) were used to assess
ventilatory function.
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Table II. The surgical outcomes of each surgical procedure.

Surgical procedure Univariate
Variables TTE (n=12) TME (n=90) p-Value?
Surgical procedure 1.000
Subtotal esophagectomy 12 (100%) 90 (100%)
Reconstruction route 0.058
Retrosternal 8 (67%) 80 (89%)
Ante thoracic or Posterior mediastinal 4 (33%) 10 (11%)
Lymph node dissection 0.687
Two fields 11 (92%) 73 (81%)
Three fields 1 (8%) 17 (19%)
Operative time, min (median, range) 353 (243-463) 335 (221-633) 0.347
Estimated blood loss, ml (median, range) 220 (72-880) 125 (18-1,240) 0.015
Anastomotic leak 0.586
No 12 (100%) 78 (87%)
Yes 0 (0%) 12 (13%)
Postoperative pulmonary complications 1.000
No 11 (92%) 82 (91%)
Yes 1 (8%) 8 (8%)
Recurrent laryngeal nerve paralysis 0.744
No 8 (67%) 64 (71%)
Yes 4 (33%) 26 (29%)
Postoperative RF (median, range)
VC,L 2.3 (1.6-3.5) 29(1.2-42) 0.040
%V C, % 72.0 (49.0-99.4) 84.6 (46.0-127.6) 0.009
FEV1.0,L 1.8 (1.5-2.6) 2.1 (0.9-3.5) 0.334
FEV1.0%, % 82.9 (61.2-97.1) 75.5 (29.5-100) 0.171
Duration of RF test, days (median, range) 46 (31-79) 43 (24-90) 0.712

TTE: Transthoracic esophagectomy; TME: transmediastinal esophagectomy; RF: respiratory function; VC: vital capacity; % VC: VC of predicted;
FEV1.0: forced expiratory volume in one second; FEV1.0%: FEV1.0/forced VC. @Univariate analysis included Chi-squared and Fisher’s exact

probability tests. Statistically significant p-values are shown in bold.

Surgical procedure. For TME, patients were placed in the supine
position with both arms fixed to the trunk and both lower limbs
abducted. Esophagectomy with radical lymphadenectomy was
performed using transcervical and transhiatal approaches with
single-port mediastinoscopy and laparoscopy. The details of the
surgeon’s position, skin incision, port placement, and procedures
were previously described (11). For TTE, patients were placed in
the left lateral decubitus position, and the thoracic procedure was
performed with an open approach.

Statistical analysis. Data were analyzed using JMP version 10 (ASA
Institute, Cary, NC, USA). Chi-square and Fisher’s exact probability
tests were used to compare categorical variables between groups,
whereas Student’s t-tests and Mann—Whitney U-tests were used for
unpaired continuous data. Survival curves were estimated using the
Kaplan—-Meier method, and differences were evaluated using the
log-rank test. Statistical significance was set at p<0.05.

Results

Differences in  clinicopathologic  characteristics —and
preoperative RF in TTE and TME. Table I shows the differences
in the clinicopathological characteristics and preoperative RF

between the surgical procedures. Twelve (11.8%) patients were
included in the TTE group, and the remaining 90 (88.2%)
patients were included in the TME group. Univariate analysis
revealed that neoadjuvant treatments were significantly more
common in the TTE group than in the TME group (p=0.011),
with a more frequent advanced tumor stage at the diagnosis of
EC (p=0.017). There were no correlations between the two
groups regarding age, sex, body mass index (BMI),
performance status, tumor location, smoking status, incidence
of respiratory disease, or ventilatory impairment. The median
RF before esophagectomy was not significantly different
between the TTE and TME groups.

Differences in surgical characteristics and postoperative RF
in TTE and TME. Table II shows the differences in surgical
characteristics and postoperative RF between the surgical
procedures. All patients underwent subtotal esophagectomy.
The retrosternal route was more often the reconstructive route
in the TME group (p=0.005). Estimated blood loss was
significantly lower in the TME group (p=0.015). The two
groups did not differ significantly regarding lymph dissection,
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Figure 1. Perioperative changes in respiratory function (RF) after esophageal carcinoma surgery according to surgical techniques. Patients were classified
into transthoracic esophagectomy (TTE) and transmediastinal esophagectomy (TME) groups and evaluated by calculating the change ratio of: A) vital
capacity (VC) with postoperative VC/preoperative VC; B) %VC with postoperative %VCl/preoperative %VC; C) forced expiratory volume in one second
(FEV1.0) with postoperative FEV1.0/preoperative FEV1.0; and D) FEV1.0% with postoperative FEV1.0%/preoperative FEvI.0%.*p<0.05.

operative time, or postoperative complications. Postoperative
RF was significantly lower in the TTE group for VC
(p=0.040) and %VC (p=0.009); FEV1.0 and FEV1.0% were
not significantly different between the two groups. The
median time to RF after esophagectomy was not significantly
different between the TTE and TME groups.

Impact of operative procedure on RF after esophagectomy.
Figure 1 shows the change ratio in perioperative RF in patients
stratified by group. RF after esophagectomy showed a decrease

in VC, %VC, and FEV1.0. Comparing the two groups, the
decrease in VC, %VC, and FEV1.0 was statistically
significantly greater in the TTE group than in the TME group.
The difference in FEV1.0% between the two groups was not
significant, with no postoperative functional decline.

Discussion

This study revealed several novel findings, including that
TME is associated with a less severe decline in postoperative
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respiratory function compared to TTE. The presence of
impaired RF has been reported to be associated with mortality
in the general population (14) and with decreased survival in
patients undergoing surgery for upper gastrointestinal
malignancies (15-17). The degree of decline in RF after
esophagectomy varies significantly depending on surgical
technique, and it has been reported that respiratory
deterioration persists even five years postoperatively (18, 19).
Functional destruction of respiratory muscles by thoracotomy
or laparotomy leads to a persistent deterioration of
postoperative RF, which was also evident in this study in the
TTE group. MIE by right thoracoscopic approach resulted in
a smaller thoracic wound, avoided chest wall fractures, and
few pulmonary manipulations compared to TTE (20), but
decreased postoperative RF (19). In contrast, transhiatal
esophagectomy (THE) has been reported to have a mild
postoperative RF decline, thought to be due to the absence of
a thoracotomy and preservation of respiratory muscles (19).
However, as a disadvantage in oncologic relevance in EC, the
extent of mediastinal LN dissection is limited in THE (21).
TME in this study is a radical surgical approach without
thoracotomy applicable to all operable EC and comparable to
conventional TTE in radical surgery for EC (22, 23).
Therefore, TME may be useful as a minimally invasive
approach for preserving RF in radical surgery for EC.

The poor long-term prognosis due to postoperative
complications is not limited to EC but has been reported in
many other types of cancer (24, 25). Pulmonary complications
in EC have a significant postoperative morbidity due to the
procedure and play an important role in perioperative
management. The effectiveness of TME in reducing
respiratory complications was first reported by Mori et al.
(26), and some studies have reported the possibility of fewer
respiratory complications than with TTE (27). Our findings
highlight the advantages of TME over TTE in maintaining
postoperative RF. Patients who underwent TME had less
pronounced reductions in VC, %VC, and FEV1.0 compared
to those who underwent TTE. Some reports suggest that
preoperative low RF is associated with increased postoperative
pulmonary complications in EC (28), suggesting that the
minimally invasive nature of TME, which avoids open
thoracotomy and one-lung ventilation, may contribute to better
preservation of postoperative RF, thereby reducing
postoperative pulmonary complications. These results are
consistent with those of previous studies highlighting the
benefits of minimally invasive approaches in reducing
postoperative complications after esophagectomy (26, 27).

Limitations of this study include its retrospective nature and
single-center cohort, which may limit the generalizability of
the findings. Additionally, the lack of long-term follow-up data
precludes an assessment of the durability of the observed
differences in RF between TME and TTE. Future prospective
studies with larger multicenter cohorts and longer follow-up

periods are warranted to validate our findings and further
elucidate the optimal surgical approach for preserving RF in
patients undergoing esophagectomy.

In conclusion, our study showed that TME was associated
with a less severe decline in RF compared to TTE in patients
undergoing esophagectomy for EC.
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