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Abstract

Background Total pharyngolaryngoesophagectomy (PLE) is used as a curative treatment for synchronous laryn-

gopharyngeal and thoracic esophageal cancer or for multiple cancers in the cervical and thoracic esophagus. Gastric

pull-up is commonly used after PLE, but postoperative complications are common. The present study evaluated these

procedures in patients with esophageal cancer.

Methods Fourteen patients (7 with synchronous pharyngeal and thoracic esophageal cancer, 4 with synchronous

cervical and thoracic esophageal cancer, and 3 with cervicothoracic esophageal cancer) underwent reconstructive

surgery after PLE involving gastric pull-up combined with free jejunal graft between 2004 and 2015.

Results Esophagectomy via right thoracotomy was performed in 9 patients, and transhiatal esophagectomy was used

in 5. The posterior mediastinal route was used in 13 patients, excluding one patient with early gastric cancer.

Interposition of a free jejunal graft included microvascular anastomosis using two arteries and two veins in all

patients. Anastomotic leakage and graft necrosis did not occur in any of the 14 patients who underwent the above

surgical procedures. Tracheal ischemia close to the tracheostomy orifice occurred in 4 patients (28.6%), but none of

these patients developed pneumonia. No hospital deaths were recorded.

Conclusions The results indicate that gastric pull-up combined with free jejunal graft is a feasible reconstructive

surgery after PLE. This procedure is a promising treatment strategy for synchronous pharyngeal and thoracic

esophageal cancer or multiple cancers in the cervical and thoracic esophagus. Larger series are needed to show the

distinct advantages of this procedure in comparison with conventional methods of reconstruction after PLE.

Introduction

Esophageal cancer is one of the most virulent gastroin-

testinal cancers. It often spreads to regional and distant

lymph nodes at a relatively early stage [1], and it some-

times invades adjacent structures, such as the trachea and

left main bronchus, especially in advanced stages of the

disease [2, 3]. Esophageal cancer, especially esophageal

squamous cell carcinoma, is sometimes associated with

head and neck cancers, such as laryngopharyngeal cancer,

and it may exhibit multiple lesions in the area extending

from the cervical to thoracic esophagus [4]. This charac-

teristic primarily occurs because cancers of the upper
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aerodigestive tract share common risk factors, such as

smoking and alcohol, which induces field cancerization [5].

Total PLE is often indicated as a curative treatment for

patients with double cancer of the laryngopharynx and

thoracic esophagus or multiple lesions of cervical and the

thoracic esophagus.

PLE is one of the most invasive and challenging surg-

eries for gastrointestinal cancers based on reported rela-

tively high morbidity and mortality rates [6–9]. In

particular, reconstruction after PLE is associated with

various problems, e.g., the need for a long reconstructed

conduit to cover the defect after PLE, and insufficient

blood flow to the oral end of conduits [10]. Gastric pull-up

is commonly used for reconstruction after PLE. Elongated

stomach roll [11, 12] and colon interposition [13, 14] is

sometimes used when the conduit must cover a wide

defect. Microvascular anastomosis is sometimes addition-

ally performed when the blood supply of the oral end in the

reconstruction conduit is insufficient [11, 12]. The first

choice surgical technique in our hospital involves recon-

structive surgery using gastric pull-up combined with free

jejunal graft after PLE. This procedure resolves two

problems that are associated with post-PLE reconstruction:

the need to cover a wide defect and insufficient blood flow

to the oral end of conduit. This study retrospectively

assessed the clinical outcome of reconstructive surgery

involving gastric pull-up combined with free jejunal graft

after PLE.

Materials and methods

Patients

A total of 739 patients with esophageal cancers underwent

surgery at the Department of Digestive Surgery, Osaka

Medical Center for Cancer and Cardiovascular Diseases,

between January 2004 and December 2015. Sixteen of

these patients underwent PLE. Two of these 16 patients

underwent reconstruction using colonic interposition after

PLE because they had previously undergone total gas-

trectomy for gastric cancer. The remaining 14 patients

underwent reconstructive surgery involving gastric pull-up

combined with free jejunal graft after PLE. These 14

patients are the subject of this study. All 14 patients were

diagnosed with squamous cell carcinoma of the

hypopharynx and/or cervical and thoracic esophagus based

on histopathological examination of biopsy material

obtained before surgery.

Table 1 summarizes the clinical characteristics of the 14

patients. The mean age was 62 years (range 44–73 years).

They included 13 men and 1 female. Seven patients had

synchronous pharyngeal cancer and thoracic esophageal

cancer, 4 patients had synchronous cervical esophageal

cancer and thoracic esophageal cancer, and 3 patients had

cervicothoracic esophageal cancer extending from the

cervical esophagus to the upper thoracic esophagus. Four

of the 14 patients with PLE received preoperative

chemoradiotherapy to the esophagus including the cervical

esophagus to thoracic esophagus, and one patient received

preoperative chemotherapy. The remaining 9 patients

underwent surgery alone. The Human Ethics Review

Committees of Osaka Medical Center for Cancer and

Cardiovascular Diseases, Osaka, Japan, approved the study

protocol.

Surgical procedure

Esophagectomy was performed via right thoracotomy or

using a transhiatal approach.

Surgery in PLE with esophagectomy via right thoraco-

tomy began with a thoracic approach in the left lateral

decubitus position. The thoracic esophagus and mediastinal

lymphadenectomy were resected, and the patient was

placed in a supine position to perform pharyngolaryngec-

tomy with cervical esophagectomy and cervical lymph

node dissection. Median laparotomy was performed in

parallel with the cervical procedure to construct the gastric

tube, together with upper abdominal lymphadenectomy and

harvesting of a jejunal segment. The gastric tube which

was 3.5–5 cm in width was made using linear stapler, and

was pulled up to the cervical position, and the free jejunal

graft was implanted immediately to cover the surgical

defect in the neck and implanted in isoperistaltic position,

with minimum ischemic time to ensure jejunal graft sur-

vival. Gastrojejunostomy was performed via a side-to-end

anastomosis between the edge of the gastric tube and distal

jejunum using 25-mm circular stapler, and the top of gas-

tric conduit was resected using linear stapler. Microvas-

cular anastomosis was performed after completion of

gastrojejunostomy to shorten the ischemic time of the free

jejunal graft. Basically, two sets of microvascular anasto-

moses using two arteries and two veins were performed in

our hospital for free jejunal graft. The harvested jejunal

graft was usually needed to be 60–70 cm in length for this

technique, but the actually used jejunal graft for intestinal

anastomosis was 15–20 cm in length while the remaining

jejunal graft was sacrificed. The first set of microvascular

anastomosis was completed under a surgical microscope,

and an end-to-end anastomosis was performed via hand-

sewn anastomosis between the hypopharynx and proximal

jejunum. This was followed by a second set of microvas-

cular anastomosis (Fig. 1a–c). The reason of this procedure

is that we adjust the location of the second set of

microvascular anastomosis in accordance with the position

of free jejunal graft after completing intestinal
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anastomosis. Harvesting jejunal graft and two sets of

microvascular anastomoses was performed by the recon-

struction team consisting mainly of plastic surgeons.

Surgery for PLE with transhiatal esophagectomy began

with a cervical approach in the supine position and

pharyngolaryngectomy with cervical esophagectomy and

Fig. 1 a Reconstructive surgery involving gastric pull-up combined

with free jejunal graft after total pharyngolaryngoesophagectomy.

b Total pharyngolaryngoesophagectomy was completed, and the

gastric tube was pulled up to the neck. The free jejunal graft was

placed in the neck, and two sets of microvascular anastomose were

performed (Case 10). c Arterial anastomosis was performed between

the right superior thyroidal artery and the jejunal artery. Venous

anastomosis was performed between the right superior thyroid vein

and the jejunal vein (Case 10)
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cervical lymph node dissection were performed. Partial

sternotomy was added when necessary to complete the

dissection of the upper mediastinal LN and/or to secure the

distal margin of the trachea from the cervical approach. A

median laparotomy was performed to conduct the transhi-

atal esophagectomy and construct the gastric tube, together

with upper abdominal lymphadenectomy and harvesting of

a jejunal segment. Intestinal reconstruction and vascular

anastomosis were performed in a manner similar to PLE

with esophagectomy via right thoracotomy.

Results

Operative factors

Esophagectomy via right thoracotomy was performed in 9

of the patients who underwent PLE, and transhiatal

esophagectomy was performed in 5 patients (Table 2).

Partial sternotomy was added to the cervical approach in 4

of the latter 5 patients. The posterior mediastinal route was

used as the route of reconstruction in 13 patients, excluding

one patient who underwent partial gastrectomy for

synchronous early gastric cancer. Cervical tracheostomy

was performed in 11 patients, and mediastinal tra-

cheostomy was performed in 3 patients because they har-

bored tumors that infiltrated the mediastinal trachea.

Two sets of microvascular anastomoses using two

arteries and two veins were performed in all 14 patients

who underwent reconstruction involving gastric pull-up

combined with free jejunal graft after PLE to interposition

the free jejunal graft. The most commonly harvested

recipient arteries were the superior thyroid artery and

transverse cervical artery which arises from thyro-cervical

trunk. The former was used in 12 patients, including two

patients in whom bilateral superior thyroid arteries were

used. The transverse artery was also used in 12 patients,

including one patient in whom bilateral transverse arteries

were used. The most commonly used recipient vein was the

facial vein, which was used in 7 patients, including one

patient in whom bilateral facial veins were used. The other

most commonly used recipient veins were the transverse

cervical vein and the external jugular vein, which were

used in 6 patients. The superior thyroid vein and internal

jugular vein were also used in some cases.

Operative complications

None of the 14 patients who underwent reconstruction

involving gastric pull-up combined with free jejunal graft

after PLE developed anastomotic leakage or graft necrosis

(Table 3). Bleeding from the cervical wound occurred in

one patient who underwent re-operation for hemostasis.

None of the 14 patients developed pneumonia. Ischemia of

the tracheal stump occurred in 4 patients (28.6%). Three of

these 4 patients underwent only debridement of the

necrotic tissue near the tracheostomy orifice and re-sewing

the tracheal stump to the skin. The remaining one patient

required resection of the ischemic tracheal ring and newly

developing mediastinal tracheostomy because the extent of

tracheal ischemia was relatively long. Ischemia of the

tracheal stump orifice did not occur in 5 patients who

Table 2 Operative factors

Surgical approach

Right thoracotomy 9

Transhiatal with sternotomy 4

Transhiatal without sternotomy 1

Location of tracheostomy

Cervical 11

Mediastinal 3

Reconstruction route

Posterior mediastinal 13

Subcutaneous 1

Operative time (min) 843 ± 90

Blood loss (ml) 1300 ± 414

Recipient artery

Transverse cervical 13

Superior thyroidal 14

Facial 1

Recipient vein

Transverse cervical 6

Superior thyroid 4

Internal jugular 3

External jugular 6

Anterior jugular 1

Facial 8

Data are presented as the mean ± SD or number (percentage) of

patients

Table 3 Operative complications in patients with PLE

Anastomotic

leakage

0 (0)

Graft necrosis 0 (0)

Pneumonia 0 (0)

Bleeding 1 (7.1)

Ischemia of trachea 4 (28.6)

Lymphorrhea 1 (7.1)

Hospital death 0 (0)

Data are presented as number (percentage) of patients
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underwent PLE with transhiatal esophagectomy, but it

occurred in 4 of the 9 patients who underwent PLE with

esophagectomy via right thoracotomy. The right bronchial

artery was not preserved when PLE was performed in these

4 patients. Preoperative therapy did not affect the incidence

of postoperative complications in this study.

No hospital deaths were recorded in this series.

Survival

The median survival time was 19.6 months. Recurrent dis-

ease occurred in 7 patients during the follow-up period:

cervical lymph nodes in 2 patients, mediastinal lymph node

in 1 patient, lung and brain in 1 patient, lung and liver in 1

patient, lung in 1 patient, and liver in 1 patient. Two cervical

lymph node recurrences were within surgical field, and one

mediastinal lymph node recurrence was without surgical

field because the latter was occurred in right main bronchus

lymph node in 1 patient who underwent transhiatal

esophagectomy. Eight patients died during the follow-up

period. Five patients died from cancer recurrence (esopha-

geal cancer in 4 patients and hypopharyngeal cancer in 1

patient). One patient died from metachronous gum cancer

despite treatment with radiation therapy, and one patient died

from metachronous ethmoid cancer despite treatment with

chemoradiotherapy. The remaining one patient death was

due to choking on sputum at 8 months postoperatively.

Therefore, 4 patients were alive without cancer recurrence,

and 2 patients were alive with cancer recurrence.

Discussion

The present study described reconstruction involving gas-

tric pull-up combined with free jejunal graft after PLE in

14 patients, including 7 patients with double cancer of the

laryngopharynx and thoracic esophagus, 4 patients with

multiple lesions of the cervical and thoracic esophagus, and

3 patients with cervicothoracic esophageal cancer. The

results suggest that this procedure is a feasible recon-

struction technique after PLE because neither anastomotic

leakage nor graft necrosis occurred in this series.

Gastric pull-up via the posterior mediastinal route is the

most commonly used procedure in previous studies

[6, 15–18]. Gastric pull-up reconstruction has several

advantages. This technique is the simplest procedure

because it requires only one anastomosis within the ali-

mentary tract. This technique also covers a long defect

after PLE using a narrow gastric tube [19]. However, blood

flow in the oral end of the gastric conduit tends to be poor,

which leads to anastomotic leakage and graft necrosis. The

recent reported incidence of anastomotic leakage and graft

necrosis in patients who underwent reconstructive surgery

involving gastric pull-up reconstruction after PLE is

3.5–17.2 and 0–5.3%, respectively [6–9, 20, 21]. Elongated

gastric pull-up with microvascular anastomosis using short

gastric vessels or left gastric vessels is sometimes applied

after PLE to keep blood flow in the oral end of the gastric

conduit [11, 12]. However, perigastric lymph node dis-

section can be inadequate in this procedure due to preser-

vation of perigastric vessels. Therefore, elongated gastric

pull-up with microvascular anastomosis seems to be

unsuitable for patients with synchronous hypopharyngeal

cancer and thoracic esophageal cancer because perigastric

lymph node metastasis is common in thoracic esophageal

cancer. The present study used gastric pull-up combined

with free jejunal graft for reconstruction after PLE, and

neither anastomotic leakage nor graft necrosis was

encountered in this series. This result is likely due to the

adequate blood supply in the oral end of the reconstruction

conduit, which was used for anastomosis to the pharynx,

and the lack of tension on the reconstruction conduit via

interpositioning of the free jejunal graft.

Another commonly used reconstruction after PLE is

colonic interposition. This procedure offers distinct

advantages: it provides a long segment with minimum risk

of sutures under tension; shorter time to restoration of good

deglutition despite the absence of effective peristalsis; and

fewer symptoms of gastric reflux than gastric pull-up

[13, 15]. However, this procedure also has certain disad-

vantages, including the need for three intestinal anasto-

moses (pharyngocoloplasty, colon–colic and colon–gastric

anastomosis) and tenuous blood supply to the oral end

[13, 15]. The reported morbidity and mortality rates of

colonic interposition are relatively high compared to

reconstruction using the gastric pull-up [6, 13, 18]. The

gastric pull-up combined with free jejunal graft used in our

series has clear advantages over colonic interposition in

terms of morbidity and mortality despite the need for

microvascular anastomosis to the free jejunal graft. Colonic

interposition may be suitable for patients in whom gastric

tube cannot be used due to synchronous gastric cancer or

history of gastric surgery.

This series performed microvascular anastomosis using

two arteries and two veins for free jejunal graft in all cases.

Advances in microvascular surgery have increased the

patency rate of microvascular surgery up to 95% [22].

However, the reported incidence of graft ischemia in free

jejunal graft remains 11.1% [18]. Graft ischemia is the

most serious complication in free jejunal graft because re-

operation is needed in most cases, and it sometimes leads

to septic shock once graft ischemia occurs. Therefore, we

usually used two sets of microvascular anastomoses using

two arteries and two veins for free jejunal graft after PLE

or cervical esophagectomy with or without laryngopha-

ryngectomy in our hospital to minimize the risk of graft
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ischemia. The incidence of anastomotic leakage and graft

necrosis in free jejunal grafting using two microvascular

anastomosis techniques at our hospital is 4.3 and 0% in

recent 231 cases. The transverse cervical artery and supe-

rior thyroidal artery were used in almost all cases in this

series, but the recipient veins used for microvascular

anastomosis in free jejunal graft varied considerably. In

addition to the transverse cervical vein and superior thy-

roidal vein, the facial vein was also commonly used

because pharyngojejunal anastomosis in reconstructive

surgery involving gastric pull-up and free jejunal grafting

after PLE tends to be located cranially. The internal and

external jugular veins are also suitable for recipient veins in

microvascular anastomosis in free jejunal graft, but the

internal jugular vein was less frequently used in this series.

One reason of this result is that microvascular anastomosis

device is usually used for venous anastomosis in our

hospital.

Ischemia of tracheal stump is one of the possible com-

plications after PLE, especially in cases with mediastinal

lymphadenectomy via right thoracotomy [11, 23]. In

addition to the decrease in blood supply to the tracheal wall

due to laryngectomy, complete resection of the cervical

and thoracic paratracheal lymph nodes reduces blood

supply to the trachea, with potential tracheal ischemia

during PLE. In our series, all four patients who developed

necrosis of tracheal stump underwent mediastinal lymph

node dissection for thoracic esophageal cancer, including

subcarinal lymph nodes, via right thoracotomy. The right

bronchial artery could not be reserved in these four patients

although we routinely try to preserve the bronchial arteries

in mediastinal lymphadenectomy. However, none of the 5

cases of PLE with transhiatal esophagectomy developed

ischemia of tracheal stump. Therefore, surgeons must be

careful in PLE with mediastinal lymphadenectomy for

thoracic esophageal cancer via right thoracotomy to avoid

damage to bronchial arteries and may have to apply less

aggressive mediastinal lymphadenectomy such as medi-

astinal lymphadenectomy without subcarinal lymph node

dissection in consideration of the blood supply to the tra-

cheal wall.

This retrospective study has several limitations. First,

the functional and nutritional results such as regurgitation,

dysphagia, and weight loss were not examined in this

study. Further studies are needed to show the functional

advantages of gastric pull-up combined with free jejunal

graft over gastric pull-up only. The second limitation is

relatively small sample size. In this series, blood loss in

surgical procedure of PLE and reconstruction using gastric

pull-up combined with free jejunal graft was substantial,

compared with standard transthoracic esophagectomy with

reconstruction using gastric tube. This may result from

longer operative time in this procedure. However, efforts

should be made to limit blood loss during this procedure

because blood loss can have a negative influence on post-

operative short-term and long-term outcomes.

In conclusion, we described reconstruction involving

gastric pull-up combined with free jejunal graft in 14

patients who underwent PLE. The results indicate that this

procedure is feasible and is not associated with anastomotic

leakage or graft necrosis. Larger series are needed to show

the distinct advantages of this procedure in comparison

with conventional methods of reconstruction after PLE.
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