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Abstract

Background Pulmonary complications occur most fre-
quently following a transthoracic esophagectomy for
esophageal cancer and would get to be lethal occasionally.
In this study, we sought to determine the effect of
respiratory physiotherapy, corticosteroid administration,
and the use of the video-assisted thoracoscopic (VATS)
esophagectomy with a small thoracotomy incision, on the
incidence of pulmonary complications following a trans-
thoracic subtotal esophagectomy.

Materials and methods Approximately 184 patients who
had undergone a right transthoracic subtotal esophagectomy
for squamous cell carcinoma of the thoracic esophagus
were studied. To reduce the incidence of pulmonary
complications, we performed clinical trials using respiratory
physiotherapy, corticosteroid administration, and the VATS-
esophagectomy surgical technique.

Results The independent risk factors for pulmonary com-
plications in the multivariate logistic regression analysis
were not administering corticosteroids, blood loss greater
than 630 ml, and not providing respiratory physiotherapy.
In addition, the use of a small surgical incision, less than
10 cm, for the thoracotomy had no effect on the prevention
of pulmonary complications.

Conclusions We concluded that patients with thoracic
esophageal cancer could undergo a three-field dissection
in comparative safety if the patients were provided with
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corticosteroid medication in the perioperative period, if the
patients received sufficient respiratory physiotherapy, and if
surgical blood loss was reduced.
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Introduction

Transthoracic subtotal esophagectomy for esophageal can-
cer is a highly invasive procedure and has been associated
with high mortality and morbidity rates [1, 2]. Recent
advances in the surgical technique, in the administration of
anesthesia, and in the medical management of the perioper-
ative period have resulted in a reduction in postoperative
morbidity and mortality [3—6]. Pulmonary complications are
the most common, occurring in 10-20% of patients [7—10].
Patients with severe pulmonary complications frequently
require extended postoperative intensive care and extended
hospitalization [8, 9].

To reduce the incidence of pulmonary complications and
the risk of death in patients undergoing esophagectomy, we
performed clinical trials using respiratory physiotherapy,
corticosteroid administration, and the video-assisted thor-
acoscopic (VATS) esophagectomy surgical technique. We
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initiated respiratory physiotherapy in 1999 and added
corticosteroid administration to the perioperative medical
regimen in 2001. It has been reported that respiratory
physiotherapy reduces the incidence of postoperative
pulmonary complications following open surgery [11, 12].
Recent clinical studies have also reported that the prophy-
lactic administration of corticosteroid reduces the incidence
of pulmonary complications and the morbidity rate [13—15].

Recently, it has been reported that the use of thoraco-
scopic surgery for performing thoracic esophagectomy with
radical lymphadenectomy results in better preservation of
pulmonary function, an improved quality of life, and a
lower mortality rate [16, 17]. Therefore, we introduced the
use of video-assisted thoracoscopic surgery with a small
incision in 1996.

The purpose of this study was to identify the factors
which affected the rate of pulmonary complication follow-
ing an esophagectomy during a 15-year period. Of specific
interest was an evaluation of the effect of the changes in
medical and surgical care which we introduced sequentially
beginning in 1996 and determination of whether or not
these changes in therapy result in a reduced incidence of
pulmonary complications.

Materials and methods

Approximately 184 consecutive patients with squamous
cell carcinoma of the thoracic esophagus, who underwent a
one-step subtotal esophagectomy, were investigated in this
study between 1991 and 2005 at Wakayama Medical
University. Patients who had cervical esophageal cancers
were excluded because of their different oncological
characteristics and operative procedures.

All patients were directed to stop smoking and to quit
drinking alcohol at the time of patients’ first visit, which
was 3-4 weeks before surgery. Patients with severe
esophageal stenosis were provided with intravenous total
parenteral nutrition. Perioperative respiratory physiotherapy
has been provided by physiatrists and physiotherapists
since 1999. The respiratory physiotherapy included breath-
ing exercises with pursed lips, huffing, coughing, abdom-
inal respiration, and expectoration. Information was
provided regarding the importance of changing positions
in bed and early mobilization. In addition, the patients were
instructed to perform systemic exercise, such as riding a
bicycle and walking, during about 2 weeks before surgery.
Deep breathing with huffing and coughing and postural
drainage to assist breathing and expectoration were per-
formed, beginning on the first postoperative day [11, 12].

The administration of corticosteroid medication was
initiated in 2001. Intravenous methylprednisolone
(125 mg) was administered twice to each patient, at the
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start of the thoracotomy and at the conclusion of the
operation.

The patients underwent radical esophagectomy with a two
or three-field lymph node dissection via a cervicothoracoab-
dominal approach. We performed a conventional esophagec-
tomy through a right posterolateral incision of 30 cm length
through 1995. Between 1996 and 2000, we performed the
VATS-esophagectomy, accomplished via a small anterolateral
thoracotomy with a 5-8 c¢m skin incision, to reduce surgical
stress. However, we performed an esophagectomy through an
anterolateral thoracotomy (12—13 cm) after 2001 because we
could not adequately dissect the superior mediastinal lymph
nodes through the smaller incision.

We principally used a gastric conduit through the retro-
sternal rout or through the posterior mediastinum to recon-
struct the anastomosis with the cervical esophagus. However,
in patients with a prior gastrectomy or concomitant gastric
cancer, the right ileo-colon was used. The circular stapler was
mainly used for securing the anastomosis.

Patients were usually admitted to the intensive care unit
(ICU) immediately after the operation. The timing of
extubation was determined by the results of blood gas
analysis, chest radiography, and bronchoscopy. Patients who
were able to breathe spontaneously for approximately 6 h,
with a positive end-expiratory pressure (PEEP) of 5 cm H,O
and pressure support of 5 cm H,0O, were extubated so long as
they did not fulfill any of the following weaning failure
criteria: (1) respiratory rate greater than 25/min, (2) heart rate
greater than 120/min, (3) arterial oxygen saturation less than
95%, (4) an increase in sputum volume, (5) blunting of the
cough reflex, or (6) restlessness [15]. All of the patients were
provided with intravenous total parenteral nutrition after the
operation. Epidural analgesia was used routinely for postop-
erative pain management for 1 week.

The pathologic classification of the primary tumor, the
degree of lymph node involvement, and the presence of
organ metastasis were characterized according to the
tumor—node—metastases (TNM)/International Union Against
Cancer (UICC) classification.

Postoperative complications were defined in the follow-
ing manner. Pulmonary complications were defined by the
presence of bronchopneumonia and aspiration pneumonia
as diagnosed by their radiologic, clinical, and microbiolog-
ical features, as well as the presence of respiratory failure
requiring ventilatory support [5]. The ICU staffs, medical
specialists of respiratory medicine, and surgical staffs
defined and diagnosed pulmonary complications. The
diagnosis of these complications was not done in a blinded
fashion but was done retrospectively from patient charts.
Chylothorax was defined as the presence of a pleural
effusion with identification of chylomicrons upon lipopro-
tein electrophoresis of the effusion or by Ilaboratory
determination of an effusion triglyceride level greater than
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110 mg/dl [18]. Anastomotic leakage was diagnosed by
gastrography and based on the clinical features. The
occurrence of hepatic failure was defined as a peak total
bilirubin level of greater than 3 mg/dl and/or an elevation of
either the aspartate aminotransferase or the alanine amino-
transferase level to a value of >200 IU/l (normal range is
<40 TU/1 at our institute) [15]. The 30-day mortality was
defined as death within 30 days of esophageal resection.
Any death in the hospital after surgery was recorded as a
hospital death.

The independent factors influencing the rate of pulmo-
nary complications were specifically studied with logistic
regression analyses. The perioperative factors examined
included the patients’ sex, age, the percentage of vital
capacity (%VC), the percentage of forced expiratory
volume in 1 s (FEV, o0,), the use of respiratory physiother-
apy, the administration of corticosteroid medication, the
presence of preexistent pulmonary or cardiac disease, and
the use of neoadjuvant therapy (chemotherapy, radiation
therapy, and chemoradiation therapy). Operative factors
included the number of lymph-node fields dissected, the
length of the thoracotomy incision, the organ used for esoph-
ageal substitution, the rout of the reconstruction, the amount
of blood loss experienced, and the duration of the operation.
The tumor-specific factors considered were the location of the
tumor and the TNM stage of the disease.

The study was divided into three time periods: 1991 to
1995 (period I), 1996 to 2000 (period II), and 2001 to 2005
(period III). The rationale for this division is that the VATS-
esophagectomy with a small skin incision (5-8 cm) for the
anterolateral thoracotomy approach was performed in

period II, and the administration of corticosteroid medica-
tion was initiated in period III. The purpose of our study
was to examine the effect of these therapeutic measures on
the rate of pulmonary complications.

Quantitative results are expressed as the meanzthe
standard deviation. Statistical analysis was performed by
analysis of variance and Fisher’s test. A univariate and
multivariate analysis of the factors influencing the rate of
pulmonary complication was performed with logistic
regression. p Values of less than 0.05 were considered
significant. All statistical analyses were carried out using
the StatView program (SAS Institute, Cary, NC, USA).

Results

Table 1 details the clinical characteristics of the patients
studied in each of the three time periods. The mean age of
patients was 64 years, and the sample was predominantly
male (83.7 %, n=154). The percentage of male patients was
higher in period II than in periods I and III (»p=0.02), and
the FEV| o, of patients in period I was significantly lower
than in periods II and III (p=0.01). Eight patients (44.4%)
had neoadjuvant therapy in period I (chemotherapy, 1;
radiation, 5; chemoradiation, 1). No significant difference
in the other clinical characteristics of the patients was noted
between the three time periods.

In the surgical procedure performed, obvious differences
were present. In period I, we usually used a conventional
posterolateral incision. In period II, most patients under-
went esophagectomy with lymphadenectomy via an antero-

Table 1 Clinical characteristics and the types of management for the patients

Period 1 Period 11 Period 111 Total P
Number 26 58 100 184
Age (years+SD) 62.2+6.0 62.8+7.2 65.1+8.3 64.0+7.7 0.10
Sex (M/F) 20/6 55/3 79/21 154/30 0.02
Preoperative respiratory function
%VC (%) 105.7+20.2 103.8+16.5 99.7+£15.1 101.8+16.3 0.15
FEV| g0 (%) 68.7+10.1 76.0+7.8 73.3£10.7 73.6+10.0 0.01
Performance status (0/1) 19/7 43/15 74/26 136/48 0.99
Preoperative disease (cardiac, pulmonary; yes/no) 4/22 13/45 30/70 47/137 0.25
Neoadjuvant therapy (yes/no) 8/18 5/53 3/97 16/168 <0.0001
Tumor location (Ut/Mt/Lt) 4/19/3 11/33/14 12/61/27 27/113/44 0.40
Advanced stage (Il + IV) 14 29 42 85 0.44
The length of thoracotomy (10 cm=/10 cm>) 26/0 9/49 96/4 131/53 <0.0001
Lymph node dissection (2 fields/3 fields) 23/3 34 /24 30/70 87/97 <0.0001
Conduit (stomach/colon) 26/0 48/10 86/14 160/24 0.09
Route of reconstruction (retrosternum/posterior mediastinum) 21/5 35/23 53/47 109/75 0.04
Duration of surgery (min) 456.9+52.9 462.7+£92.6 581.2+129.5 530.0+126.4 <0.0001
Operative blood loss (ml) 605.5+254.1 691.4+468.6 596.3+359.9 625.2+384.9 0.35

Period I From 1991 to 1995, period II from 1996 to 2000, period III from2001 to 2005, SD standard deviation, %VC percent of vital capacity,
FEV, ¢, percent of forced expiratory volume in 1 s, Ut upper thoracic esophagus, M, middle thoracic esophagus, Lt lower thoracic esophagus

@ Springer



130

Langenbecks Arch Surg (2008) 393:127-133

Table 2 Postoperative complications, morbidity, and mortality

Parameters Values %
Pulmonary complications (pneumonia, atelectasis) 36 19.6
Anastomotic leak 17 9.2
Anastomotic stricture 19 10.3
Chylothorax 3 1.6
Cervical abscess 5 2.7
Pyothorax 6 33
Recurrent nerve injury (permanent) 3 1.6
Hepatic failure 6 33
Abdominal abscess 2 1.1
ARDS 8 43
Others 10 5.4
Morbidity 78 42.4
Mortality 6 33
Within 30 days 1 0.5
Hospital death 5 2.7

lateral thoracotomy with a small skin incision (less than
10 cm), assisted by thoracoscopy (84.4%). Twelve of the
patients underwent complete thoracoscopic esophagectomy
without any skin incision. In period III, we principally
performed an anterolateral thoracotomy using a medium-
sized incision (12—13 cm) to allow for thorough dissection
of the superior mediastinal lymph nodes. There was a
significant difference in the size of the skin incisions
utilized between period II and periods I and III (»p<0.0001).
A three-field lymph-node dissection was performed in a
limited number of cases, although the frequency increased
during periods II and III (»p<0.0001). The differences in the
surgical procedures performed influenced the duration of
surgery in period III (»p<0.0001). There was no significant

difference noted in considering either the method of
esophageal reconstruction or the operative blood loss
between periods I, 11, and III.

The postoperative complications and the mortality rates
are listed in Table 2. The most common pulmonary
complications were pneumonia and atelectasis, occurring
in 36 patients (19.6 %); acute respiratory distress syndrome
(ARDS) occurred in eight patients. An anastomotic leak
occurred in 17 patients (9.2%), and 3 patients experienced
permanent recurrent laryngeal nerve palsy (1.6%). The
morbidity rate was 42.4 %, and the mortality rate was 3.3 %.

The changes in the rate of pulmonary complications and
the morbidity and mortality rates, from 1991 to 2005, are
shown in Fig. 1. No significant difference was noted in the
incidence of pulmonary complications or in the rates of
morbidity and mortality between periods I and II. However,
the frequency of pulmonary complications decreased in
period III, as did the rates of morbidity and mortality. The
incidence of pulmonary complications in period III was
significantly lower than in periods I and II (8.0 vs 26.9 and
36.2%; p<0.05, p<0.0001), and the morbidity rate in
period III was also lower than in periods I and II (29.0 vs
53.8 and 60.3%; p<0.05, p=0.0002). Moreover, the
mortality rate was lower in period IIT (2.0%) than in either
period I (3.8%) or period II (5.2%).

To determine which factors were associated with
pulmonary complications, a logistic regression analysis
was performed (Table 3). Risk factors for pulmonary
complications identified by univariate analysis were as
follows: no administration of respiratory physiotherapy, no
administration of corticosteroid medication, reduced length
of the thoracotomy incision, increased blood-volume loss,
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Fig. 1 Change in pulmonary complications, morbidity rates, and
mortality rates after an esophagectomy from 1991 to 2005. The
changes in pulmonary complications, the morbidity rates, and
mortality rates from 1991 to 2005 are shown. The incidence of
pulmonary complications in period III was significantly lower than in
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2001-2005

periods I and II (8.0 vs 26.9 and 36.2%; p<0.05, p<0.0001), the
morbidity rate in period III was also lower than in periods I and II
(29.0 vs 53.8 and 60.3%; p<0.05, p=0.0002). Moreover, the mortality
rate was lower in period III (2.0%) than in periods I (3.8%) and II
(5.2%)
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Table 3 Risk factor analysis in all 184 patients for pulmonary complications based on a univariate analysis

Risk factor Category Univariate analysis Odds ratio(95% confidence range)
Sex Female vs male 0.7197 1.210 (0.428-3.422)
Age <70 years vs 270 years 0.1441 0.494 (0.192-1.273)
Spirometry Normal vs abnormal 0.8098 0.908 (0.412-2.001)
Respiratory physiotherapy Yes vs no 0.0249 2.351 (1.114-4.963)
Administration of corticosteroid Yes vs no 0.0002 4.798 (2.097-10.974)
Tumor Location Mt, Lt vs Ut 0.1340 2.027 (0.804-5.109)
Lymph node dissection (field) 2vs3 0.3963 0.726 (0.347-1.521)
The length of thoracotomy 210 cm vs <10 cm 0.0052 2.965 (1.384-6.350)
Conduit Stomach vs colon 0.0613 2.463 (0.958-6.332)
Rout of reconstruction Posterior mediastinum vs retrosternum 0.2146 1.643 (0.750-13.598)
Blood loss <630 ml vs 2630 ml 0.0255 2.346 (1.110-4.957)
Operation duration <530 min vs 2530 min 0.4109 0.719 (0.328-1.578)
TNM stage L 1T vs 11, IV 0.0306 2.310 (1.082-4.934)
Preoperative disease No vs yes 0.7792 1.112 (0.528-2.344)
Neoadjuvant therapy No vs yes 0.0571 2.876 (0.968-8.540)

Ut Upper thoracic esophagus, M¢, middle thoracic esophagus, Lt lower thoracic esophagus

and advanced stage of disease (Table 3). These factors were
incorporated as independent variables, with pulmonary
complications which were considered to be a dependent
variable, and an analysis via logistic regression was
performed. Factors that were independently associated with
an increased risk for pulmonary complications in a
multivariate analysis were as follows: no administration of
corticosteroids (p=0.0010), blood loss more than 630 ml
(»=0.0105), and no respiratory physiotherapy (p=0.0371).
A small incision for thoracotomy had no effect on the
prevention of pulmonary complications. These p values and
odds ratios are shown in Table 4.

Discussion

Pulmonary complications have been reported to be the most
common cause of postoperative death [5, 8, 9] and also
have a large negative impact on survival after esophagec-
tomy for cancer [19]. We have tried to reduce the incidence
of pulmonary complications and to improve the patient
morbidity and mortality rates by introducing surgical and
medical changes during the past 15 years. As a result, the
incidence of pulmonary complications has decreased to

8.0%, and the mortality rate has decreased to 2.0% in the
most recent 5 years. Although it is possible that the
improved results were partially due to subtle improvements
in operative technique, it is very important to review all
factors which contribute to the improvement of the surgical
outcome.

In the present study, we analyzed the factors affecting
the pulmonary complications in 184 patients undergoing
esophagectomy and identified the following as independent
factors affecting the rate of pulmonary complications: the
administration of corticosteroids, blood-loss volume, and
respiratory physiotherapy. In recent studies, several factors
have been identified as contributing to a decreased
incidence of pulmonary complications, including epidural
analgesia, bronchoscopy, a decreased history of smoking,
decreased surgical blood-volume loss, advanced age, tumor
location, and operative duration [5, 8, 9, 20]. In this study,
epidural analgesia and bronchoscopy were not included in
the analysis because all patients had epidural analgesia and
bronchoscopy was not performed prophylacticly.

The administration of corticosteroid medication was
identified as a most important contributor to the reduction
of pulmonary complications in our patient cohort. Several
studies, including one randomized controlled trial, have

Table 4 Risk factor analysis in all 184 patients for pulmonary complications based on a multivariate analysis

Risk factor Category Multivariate analysis Odds ratio (95% confidence range)
Respiratory physiotherapy Yes vs no 0.0371 3.942 (1.085-14.318)
Administration of corticosteroid Yes vs no 0.0010 11.187 (2.652-47.186)
The length of thoracotomy 210 cm vs <10 cm 0.2444 1.744 (0.684-4.448)
Blood loss <630 ml 0.0105 3.022 (1.295-7.052)

vs=630 ml
TNM stage L I vs 1L IV 0.0586 2.231 (0.971-5.124)
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demonstrated the benefit of preoperative administration of
corticosteroid medication in patients undergoing esopha-
gectomy for esophageal cancer [15, 21]. The perioperative
administration of a bolus of an active steroid was reported
to alleviate surgical stress by decreasing postoperative
serum levels of IL-6 [13, 14]. Consideration must also be
given to the possibility that perioperative steroid adminis-
tration may adversely affect the patient’s wound healing
and immune response. We based our regimen on the
previously reported data that steroid administration had no
effect on serum cytokines which were already released but
suppressed cytokine production from monocytes and
macrophages [22, 23]. Therefore, we administered steroid
medication at the start of the thoracotomy and following the
completion of the operation. The findings of this study
demonstrate that corticosteroid administration could im-
prove the postoperative early condition of the patient
undergoing esophagectomy without evoking any adverse
effects, these findings being similar to those described in a
previous report [21].

The use of respiratory physiotherapy also played an
important role in the reduction of pulmonary complications
in this study. Several studies have demonstrated that
respiratory physiotherapy reduces the incidence of postop-
erative pulmonary complications after open abdominal
surgery [11, 12]. On the other hand, Pasquina et al. [24]
have reported that the benefit of respiratory physiotherapy
for the prevention of pulmonary complications after cardiac
surgery remains unproven. There have been no reports
mentioning the importance of perioperative physical ther-
apy administered and supervised by physiatrists and
physiotherapists after an esophagectomy. Our results
showed that perioperative respiratory physiotherapy and
systemic exercises were a preventive factor relative to the
occurrence of pulmonary complications. Most patients with
esophageal cancer have a history of smoking and often
suffer from chronic obstructive pulmonary disease. In
addition, radical esophagectomy with upper mediastinal
lymph-node dissection may have an adverse effect on the
patient’s respiratory function. Therefore, it is important to
improve the respiratory function prior to the operation and
to actively assist in the recovery of respiratory function as
soon after the surgery as is possible. Moreover, we
considered that motivation for operation would be ad-
vanced by preoperative respiratory physiotherapy.

We evaluated the effects of respiratory physiotherapy
using the %VC and the FEV; g, before and after
respiratory physiotherapy. However, they were not im-
proved significantly after respiratory physiotherapy. At
present, we have started the prospective clinical study
analyzing changes of preoperative maximum oxygen
uptake (VO,max) by respiratory physiotherapy to prove
improvement of respiratory function.

@ Springer

Recently, Luketich et al. [16] have demonstrated that
minimally invasive esophagectomy offered results as good
as, or better than, open operation in the areas of mortality,
quality of life, and patient survival. Taguchi et al. [17] have
shown that thoracoscopic surgery is associated with a better
preservation of the pulmonary function, such as vital
capacity and performance status, than open surgery, even
in cases requiring three-field esophagectomy for esophageal
cancer. In the present study, the length of the thoracotomy
incision was not a significant factor in the prevention of
pulmonary complications, as determined by multivariate
analyses. This may result from the fact that the anterolateral
thoracotomy performed in our present surgical procedure,
with an incisional length of 13-15 cm, can preserve the
serratus anterior muscle and the latissimus dorsi muscle. In
addition, the bronchial artery and the bronchial branches of
the vagus nerve are usually preserved in the upper
mediastinal lymphadenectomy, resulting in preservation of
the physiological tolerance to surgical stress [25].

The volume of the blood loss was found to be an
independent factor affecting the pulmonary complication
rate. A decreased blood loss has been reported to be
associated with a decreased hospital death rate, as well as
long-term survival after major surgery, such as a hepatec-
tomy [26]. Increased intraoperative blood loss has been
shown to be associated with an increased incidence of
pulmonary complications and hospital death after an
esophagectomy [8]. These findings imply that the surgeon
can reduce the risk of pulmonary complications by refining
and improving his surgical technique for resection. Obvi-
ously, the surgeon should make every effort to reduce blood
loss during the operation.

Some Japanese groups have reported that a three-field
dissection improved a long-term survival and was the same
as a two-field dissection in the mortality rates, postopera-
tive course, and quality of life in patients with cancer of the
thoracic esophagus [20, 27-29]. In this study, the number
of lymph node fields dissected and the duration of the
operation had no influence on the rate of pulmonary
complication. We therefore conclude that patients with
thoracic esophageal cancer can undergo a three-field
dissection in comparative safety with the perioperative
administration of corticosteroid medication and with suffi-
cient respiratory physiotherapy in the perioperative period.
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