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Abstract

Background Preoperative simulation of the thoracic duct using magnetic resonance thoracic ductography (MRTD)

would enable a safe lymph node dissection near the thoracic duct and the prevention of chylothorax after an

esophagectomy. The aim of this study was to determine whether MRTD is useful for preventing injury to the thoracic

duct during surgery and for reducing the incidence of chylothorax after surgery.

Methods We evaluated 130 patients who underwent preoperative MRTD followed by a thoracoscopic esophagec-

tomy for the treatment of thoracic esophageal cancer between August 2014 and April 2017 (MRTD group). These

patients were then compared with 160 patients with esophageal cancer who underwent a thoracoscopic

esophagectomy without preoperative MRTD (non-MRTD group).

Results Four patients in the non-MRTD group developed Type IIIB chylothorax (International Consensus on

Standardization), while none of the patients in the MRTD group developed Type III chylothorax. Some type of

abnormal finding was found during MRTD in 24 patients (18.5%). Among them, 13 patients (10.0%) exhibited

abnormal divergence, which was the most frequent finding, followed by 5 patients (3.8%) with window formation

and 2 patients (1.5%) with stitch formation.

Conclusions The present study revealed the frequencies of abnormal findings of the thoracic duct and of patients

with false-negative MRTD findings. Injury to the thoracic duct can be avoided through the use of appropriate care

during procedures performed in patients with abnormal findings on preoperative MRTD.

Introduction

Confirmation of the thoracic duct (TD) during thoracic

esophagectomy for the treatment of thoracic esophageal

cancer is very important to enable a safe lymph node dis-

section near the TD and to prevent chylothorax after an

esophagectomy [1]. During its development, the TD first

grows as two symmetrical tubes; numerous points of fusion

between the two tubes then occur and partly develop or

disappear. The lower right part and the upper left part

remain and become connected. Finally, the thoracic duct

forms as a single tube. The standard route of the TD is

upward along the right side of the descending aorta and

flowing into the left venous angle. During development,

sites that typically disappear sometimes remain, while sites

that typically persist sometimes disappear; these processes

can result in several anomalies of the TD [2, 3].

Chylothorax caused by injury to the TD can lead to a

considerable loss of water and protein, with potentially

serious effects on the respiratory and circulatory systems
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[4, 5]. Moreover, the treatment of chylothorax is very

difficult, since the site of TD injury can be difficult to find.

At our hospital, the TD is three-dimensionally recon-

structed from MRI results obtained before surgery as a part

of a preoperative imaging simulation. We believe that

preoperative simulation of the TD using magnetic reso-

nance thoracic ductography (MRTD) may enable a safe

lymph node dissection near the TD and may help to prevent

chylothorax after an esophagectomy.

With the development of endoscopic surgery, the rate of

thoracoscopic esophagectomy (TE) for esophageal cancer

is now more than 80% at our hospital. The detailed route of

the TD can be better visualized by the magnified view

available during TE, compared with the situation during a

thoracotomy. Therefore, preoperative imaging simulation

of the TD is expected to be even more useful than before.

The aim of the present study was to estimate whether

MRTD is useful for preventing injuries to the TD during

surgery and for reducing the incidence of chylothorax after

surgery by providing surgeons with a better awareness of

the TD route prior to the start of surgery.

Materials and methods

Patient selection

We evaluated 130 consecutive patients who underwent

preoperative MRTD followed by TE for thoracic esopha-

geal cancer at Tokai University Hospital between August

2014 and April 2017 (MRTD group). These patients were

then compared with 160 consecutive patients with eso-

phageal cancer who underwent TE before the introduction

of MRTD between September 2009 and July 2014 (non-

MRTD group).

Surgical procedure

The patients were placed in a prone position. Five trocars

were inserted into the right thoracic cavity: three 12-mm

trocars and two 5-mm trocars. Only the left lung was

ventilated, and a pneumothorax in the right chest was

created using 6 mmHg of CO2 gas [6]. Lymph node dis-

section in the upper mediastinum was first performed, and

the TD was identified on the dorsal side of the upper

esophagus. If a TD resection was planned, the duct was

resected at the level of the cervicothoracic junction. During

lymph node dissection in the middle and lower medi-

astinum, the TD was identified at the level of the aortic

arch and was then resected in the lower mediastinum.

Generally, TD resection was performed for patients with

clinical Stage II or higher advanced esophageal cancer. At

the department’s discretion, however, the TD was

preserved for patients with severe liver dysfunction (a

transaminase level of above 100 IU/L) or a poor nutritive

condition (a serum albumin level of below 3.0 g/mL).

Magnetic resonance imaging

The method used for MRTD was previously reported by

Nomura, who is a co-author of the present report [7].

MRTD was performed using a 1.5-T clinical scanner (In-

genia; Philips, Best, The Netherland) with a 32-channel

torso coil. The MRI scan was performed while the patient

was in a supine position without arm elevation. First,

sagittal and axial single-shot T2-weighted imaging was

performed to roughly identify the location of the thoracic

duct. The scanning area for MRTD was then defined as the

area from the caudal top of the thoracic duct to the level of

the diaphragm. Consequently, the scanning area consisted

of an oblique coronal plane, with the cranial portion

anteriorly and the caudal portion posteriorly. The actual

parameters for MRTD with balanced turbo field echo with

extended k-space sampling (bTFEe) were as follows: rep-

etition time/echo time, 5.5/2.8-ms; flip angle, 120 degrees;

matrix, 208 9 208; slice thickness, 1.6 mm; turbo factor

(number of data samplings per shot), 200; field of view,

300 mm; SENSE factor, 2; number of slices, 100; number

of acquisitions, 1.

Statistical analysis

The statistical analysis was performed using SPSS, Ver. 24,

software (SPSS Inc., Chicago, IL, USA). The differences in

the clinical findings between the MRTD group and the non-

MRTD group were analyzed using the Chi-square test and

the Student t test. Statistical differences were considered to

be significant for P\ 0.05.

Results

Patient characteristics in the MRTD group

compared with the non-MRTD group

The background data regarding the clinicopathological

features in the MRTD group and the non-MRTD group are

shown in Table 1. There were no significant differences

between the two groups in age, sex, location of tumor, and

pathological stage. In general, TD resection was performed

for patients with advanced esophageal cancer. However,

the TD was preserved at the discretion of the surgeons in

patients with severe liver dysfunction or a lower nutritive

condition. Moreover, the TD was preserved for two

patients (2%) in the MRTD group and for four patients

(3%) in the non-MRTD group because of the difficulty in
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intraoperative localization of TD. The TD was resected in

65 patients (50.0%) in the MRTD group and in 65 patients

(40.6%) in the non-MRTD group; no significant difference

in the resection rate was seen between the two groups

(P = 0.110). Table 2 shows the details of the relationship

between TD resection and the pathological stage of cancer

in the two groups. There was no difference in the rates of

TD resection between the two groups for any stage. Fur-

thermore, no difference was seen in the frequency of lymph

node metastasis around the TD, which was found in tissue

adjacent to TD during a post-resection examination of the

resected tissue, or in tumor invasion to the TD (P = 0.277,

P = 0.222, respectively). Nine patients in the non-MRTD

group (5.6%) developed chylothorax after surgery (the TD

had been resected in eight of these patients), while two

patients in the MRTD group (1.5%) developed chylothorax

(both in whom the TD had been resected) (P = 0.133).

Four patients had Type IIIB chylothorax (International

Consensus on Standardization for Complications Associ-

ated with Esophagectomy [8]) in the non-MRTD group,

while none of the patients in the MRTD group had Type III

chylothorax. The TD had been resected in all four patients

who developed Type III chylothorax.

Findings of MRTD

The MRTD findings for all the patients are shown in

Table 3. Twenty-four patients (18.5%) had some type of

abnormal finding on MRTD. Among them, 13 patients

(10.0%) exhibited an abnormal divergence, which was the

most frequent finding; the second and third most common

findings were window formation (5 patients, 3.8%) and

stitch formation (2 patients, 1.5%), respectively. The

abnormal divergence was found in the upper area above the

Table 1 Background data of clinicopathological features in MRTD group and non-MRTD group

MRTD (n = 130) Non-MRTD (n = 160) P value

Age (years old; mean) 67.2 65.8 0.165

Sex 0.640

Male 113 (87%) 136 (85%)

Female 17 (13%) 24 (15%)

Location of tumor 0.407

Upper 16 (12%) 17 (11%)

Middle 67 (52%) 95 (59%)

Lower 47 (36%) 48 (30%)

Pathological T 0.595

0 21 (16%) 24 (15%)

1 37 (28%) 56 (35%)

2 18 (14%) 24 (15%)

3 54 (42%) 56 (35%)

Pathological N 0.272

0 59 (45%) 77 (48%)

1 71 (55%) 71 (52%)

Pathological stage 0.419

0 18 (14%) 25 (15%)

I 22 (17%) 38 (24%)

II 44 (34%) 44 (28%)

III 46 (35%) 53 (33%)

Resection of TD 65 (50%) 65 (41%) 0.110

Metastasis of LN around TD 4 2 0.277

Invasion to TD 3 1 0.222

Chylothorax after surgerya

Total 2 9 0.133

Type IB 1 3

Type IIB 1 2

Type IIIB 0 4

aClassified with International Consensus on Standardization for Complications Associated with Esophagectomy [8]
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aortic arch in eight patients, in the middle and lower areas

below the aortic arch in three patients, and throughout both

areas in two patients. Window formation and stitch for-

mation were found in the middle and lower areas in all the

cases. On the other hand, three cases (2.3%) exhibited

abnormal TD findings during surgery, although their pre-

operative MRTD findings had been normal. Images of the

representative abnormal MRTD findings are shown in

Fig. 1.

Cases with abnormal divergence of the TD

Case 1

A 63-year-old man was referred to our hospital after

complaining of discomfort during swallowing. Endoscopic

findings showed a superficial tumor in the middle of the

esophagus, and the tumor was pathologically diagnosed as

a squamous cell carcinoma after a biopsy. After

examination, the clinical staging of the esophageal cancer

in this patient was T1N0M0, Stage I (TNM classification,

7th edition), and surgery was planned. Preoperative MRTD

showed an abnormal divergence below the aortic arch

(Fig. 2a). The TD was located on the dorsal side of the

mediastinum (Fig. 2b), and its divergence was found at the

left edge of the trachea, where it crossed with the left

recurrent laryngeal nerve (Fig. 2c). The TD was not injured

during surgery and was successfully preserved.

Case 2

A 59-year-old woman with dysphagia visited our hospital;

after an examination, she was diagnosed as having squa-

mous cell carcinoma of the esophagus (T2N0M0, Stage IB)

and surgery was planned. Preoperative MRTD showed a

normal TD; however, a section of the TD at the level of the

middle mediastinum was unclear (Fig. 3a). A divergent TD

was found below the aortic arch, and the right bronchial

artery was found between the divergent TD during surgery

(Fig. 3b). The TD was resected without injury.

Discussion

In the present study, the rate of abnormal MRTD findings

before TE was 18.5%. Abnormal divergence was the most

frequent abnormality, and all the abnormal TD routes

found during TE were as depicted in MRTD. Moreover, as

many of the abnormal divergences were found above the

Table 2 Relationship between TD resection and the pathological stage of cancer in the two groups

MRTD group (n = 130) Non-MRTD group (n = 160) p value

TD resection TD resection

? – ? –

Pathological T

0 3 18 10 14 0.091

1 14 23 13 43 0.128

2 12 6 15 9 1.000

3 36 18 27 29 0.051

Pathological N

0 21 38 28 55 0.818

1 44 27 37 40 0.089

Pathological stage

0 2 16 11 14 0.051

I 6 16 8 30 0.816

II 26 18 18 26 0.088

III 31 15 28 25 0.141

MRTD magnetic resonance thoracic ductography, TD thoracic duct

Table 3 MRTD findings of all patients

Normal 106 (81.5%)

Abnormal divergence 13 (10.0%)

Window formation 5 (3.8%)

Stitch formation 2 (1.5%)

Knob formation 1 (0.8%)

Flow into right clavicular vein 1 (0.8%)

Interruption 1 (0.8%)

Poor image 1 (0.8%)

False negative 3 (2.3%)
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(a) (b) (c) (d) 

(e) 

Fig. 1 Findings of MRTD. a Normal TD (arrow), b TD with abnormal divergence (arrow), c TD with window formation (arrow), d TD with

stitch formation (arrow), e A schema of TD with stitch formation

(a) 

(b) (c) 

E 
T 

LRN

Fig. 2 a MRTD findings for Case 1. An abnormal divergence of the

TD at the level of the aortic arch was identified (arrow). b Intraop-

erative findings at the upper mediastinum. The TD was identified

along the left wall of the esophagus (arrow). c A branch of the TD

was found along the left wall of the trachea (arrow). The branch

crossed the LRN. E esophagus, T trachea, LRN left recurrent

laryngeal nerve
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aortic arch, careful attention during lymph node dissection

was required in the upper mediastinum.

In terms of TD imaging evaluations, Hayashi et al. first

reported the usefulness of MRI in 1999 [9], simulation of

the TD using MRI before thoracic surgery was subse-

quently reported [10], and the usefulness of TD imaging for

the diagnosis of chylothorax was also reported [11]. Three-

dimensional lymphoscintigraphy was reported as a preop-

erative imaging simulation of the TD other than MRI [12].

The quality of TD imaging using this modality was higher

than that achievable using MRTD. However, MRTD was

more useful as a routine evaluation of the TD before sur-

gery because of issues concerning radiation exposure.

Adachi et al. reported the anatomical classification of TD.

They showed the patterns of TD routes based on the pro-

gression of development [13]. One previous report sug-

gested the usefulness of MRI in thoracic surgery for

classifying the TD according to the relation between the

TD and the spine [14]; however, the patterns and rates of

abnormal TD with the potential to influence lymph node

dissection during surgery for esophageal cancer have not

been previously reported.

The current study showed the patterns, sites, and fre-

quencies of abnormal TD identified during preoperative

MRTD with the potential to influence subsequent surgical

procedures. MRTD seems to be useful for reducing the

incidence of chylothorax. Actually, we were able to avoid

careless injury to abnormal TDs present at sites where the

normal TD would not be located, such as in Case 1,

because the abnormal TD route was successfully identified

using MRTD prior to surgery. Recently, TE has been fre-

quently performed for thoracic esophageal cancer, and the

detailed route of the TD can be seen more clearly by the

magnified view available during TE than by its direct

visualization during a thoracotomy. When an abnormal TD

finding is observed during MRTD prior to TE, the risk of

injury to the TD during TE can be reduced by careful

observation of the abnormal TD using a magnified view.

Chylothorax is a rare complication after an esophagec-

tomy for esophageal cancer, with a reported rate of 1–9%

[15–19]. As this complication can lead to the loss of water

and protein from the body within a short time, it can have

serious effects on the performance of the circulatory sys-

tem and on wound healing during the recovery period after

surgery [5, 20, 21]. Moreover, the point of rupture was

sometimes difficult to identify when attempting to stop the

leakage [22, 23]. In our series, four patients (3%) with

chylothorax (Type III according to International Consensus

on Standardization for Complications Associated with

Esophagectomy) after TE in the era before MRTD per-

formed this procedure, whereas it was not necessary in any

of the patients treated after the introduction of preoperative

MRTD. In some reports, the rate of chylothorax after TE

was 2.4–11.6% [24–26]. One report suggested that the rate

of chylothorax after TD resection was higher than that after

TD preservation [1], and the TD had been resected in 10 of

the 11 patients who developed chylothorax after surgery in

the present study (91%). We thought that the rationale

(a)

(b) 

E 
RBA

Fig. 3 a MRTD findings for

Case 2. Part of the TD at the

level of the middle mediastinum

was unclear (arrow).

b Intraoperative findings at the

level of the middle

mediastinum. The TD diverged,

and the RBA passed between

the branches of the TD (arrow).

E esophagus, RBA right

bronchial artery
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behind the relationship between TD resection and chy-

lothorax was as follows: Several branches from the TD

were failed by TD resection, and the lymphatic flow

pressure might increase after TD resection, causing mul-

tiple micro-collateral lymphatic routes to rupture and leak

lymph. Although there was no difference in the rate of

patients who underwent TD resection between the two

groups, the rate of patients with chylothorax after surgery

tended to be lower in the MRTD group than in the non-

MRTD group. This result suggests that preoperative

MRTD may help to prevent chylothorax after surgery.

There were three cases (2.3%) whose TD abnormalities

were identified during surgery, despite their preoperative

MRTD findings being normal. In all of these cases, the

abnormal divergence of the TD was observed within the

range of the mediastinal lymph node dissection. In Case 2,

an unclear area on the preoperative MRTD findings cor-

responded to the abnormal divergence found during sur-

gery. However, the other two cases did not have any

unclear findings, resulting in false-negative MRTD results

for these two cases. Surgeons should be aware that a small

number of patients may have false-negative MRTD find-

ings, and the clinical features of these patients and proce-

dures for improving the accuracy of MRTD should be

investigated in the future.

The limitations of the present study were that it was

conducted retrospectively and that a difference in the

evaluation periods between the two groups was unavoid-

able because the period during which the non-MRTD group

was treated was prior to the introduction of MRTD.

Therefore, a strict comparison of surgical outcomes

between the two groups is difficult, although no significant

differences were noted. The rates of chylothorax might

have been influenced by a selection bias, since the indi-

cations for TD resection were based on disease stage and

the individual patient’s condition. To prove that MRTD

contributes to the prevention of chylothorax, a prospective

clinical trial is needed. Additionally, it will be very

important to consider cost-effectiveness of preoperative

routine MRTD in order to standardize it. We proposed that

MRTD might be indicated only in patients scheduled to

undergo TD resection. Patients with clinical Stage II or

higher advanced esophageal cancer and without liver dys-

function or poor nutrition can be selected, but character-

istics of patients most likely to benefit from preoperative

MRTD should be investigated in the future.

Although a preventive effect of preoperative MRTD on

chylothorax could not be proved statistically in the present

study, the frequency of abnormal TD findings and of false-

negative MRTD results was identified. Therefore, the

present study suggests that TD injury can be avoided by a

careful procedure in patients with abnormal findings on

preoperative MRTD.
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