The Esophageal Axis and Its Relationship to the Resectability

HE RATE OF resectability of cancer of the esophagus

is still less than 50% which is indicative of the diffi-
culties in early detection. Despite improvement in recent
years in detection of csophageal carcinoma, a high per-
centage of non-resectable cases is still the rule because
of early infiltration into the surrounding mediastinum.
Preoperative judgment concerning the resectability of a
lesion and preoperative evaluation of surgical complete-
ness or palliative procedures is of obvious importance.
In evaluating esophagograms we have detected changes
in the “esophageal axis” which made it possible to accu-
rately predict the extent of local infiltration into the
surrounding tissues.

I. Physiological Esophageal Axis

It is essential to understand the physiologic changes
which may occur in the esophageal axis before it is
possible to definitely identify pathologic changes.

As Klinkhamer ! stated, the normal x-ray pattern of
the esophagus has major curvings at the aortic arch and
at the left main stem bronchus. Otherwise a relatively
smooth esophageal axis is usually noted. The x-ray in
Figure 1 was taken in the left anterior oblique position;
the left main stem bronchus impression is distinctly seen.

The course of the esophagus is by no means constant
at different ages. In daily practice, an exaggerated aortic
arch impression in the aged, a marked curvature of the
esophageal axis due to an enlarged heart, and compres-
sion or changes in the course of the esophagus due to ab-
normal elongation or tortuosity of the thoracic aorta are
frequently noted (Fig. 2). In 100 control cases without
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specific esophageal disease, abnormalities in the esopha-
geal course were studied in relation to age (Table 1).
X-ray studies of each case were taken in the dorsoventral,
right and left anterior oblique, and lateral position. No
abnormalities were noted in the 2029 age groups but in
all other groups esophageal abnormalities were noted and
increased in percentage with increasing age. It is in
the age range of 50-70, which also shows the most rapid
increase of physiologic abnormalities, that esophageal
cancer most frequently occurs. In any study of the
pathologic “csophageal axis,” therefore, such physiologic
abnormalitics must be taken into consideration.

II. Abnormalities in the Esophageal Axis Due to Dis-
eases Other Than Cancer

Diseascs other than esophageal cancer frequently
cause abnormalities in the course of the esophagus;
these are classified into two groups: intrinsic esophageal
diseases and diseases of surrounding organs (Table 2).

Figure 3 shows the aortogram of a 6l-year-old man
with an aneurysm of a markedly tortuous thoracic aorta.
Esophagography revealed marked traction and fixation
of the esophagus posteriorly along with the flexed aorta
(Fig. 4). The patient did not complain of dysphagia or
other symptoms even with this degree of distortion.

Figure 5 is an esophagogram of a 67-year-old man
with bilateral apical tuberculosis. The trachea and upper
esophagus are markedly retracted towards the right side.
Other diseases occasionally show marked esophageal dis-
placement and this fact should be kept in mind when
evaluating changes in the esophageal axis.
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Fic. 1. (left) Distinct left main bronchus impression. Fic. 2.
(right) Marked curving of the esophageal axis (65-year-old
woman) due to the impression of the aortic arch and tortuous
descending aorta.

IIL. Abnormalities of the Esophageal Axis in Carcinoma
of the Esophagus

The esophageal axis was, as a rule, normal in pa-
tients with cancerous infiltration not penetrating the
adventitia and with excellent mobility of the tumor
allowing uneventful resection. The following abbrevia-

TABLE 1. Abnormalities in Esophageal Axis by Age in 100 Control
Patients
Age No. Abnormal
cases axis (%)
20-29 12 0/12 ( 0%)
30-39 21 1/21 ( 4.8%)
40-49 25 4/25 (16.0%)
50-59 20 12/20 (60.0%)
60-69 18 11/18 (61.1%)
70-79 a4 3/4 (75.0%)
Total | 100 | 31,100(31.0%) v —_—
0 50
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Diseases Which May Produce Abnormalities in the Phys-
iological Esophageal Axis

TABLE 2.

A) Diseases of the esophagus itself
Achalasia
Esophageal diverticula (4 achalasia)
Hiatal hernia
Functional esophageal diseases, etc.
B) Diseases of the surrounding organs
1) Changes related to aging
Tortuosity of the thoracic aorta
Enlarged heart
Curvature of the vertebral column
2) Miscellaneous
Aneurysm of the thoracic aorta
Pulmonary tuberculosis
Congenital and acquired heart diseases
Congenital abnormalities of the aortic arch
Tumors of the posterior mediastinum, lungs and trachea
Metastasis from tumors of other organs, etc.

tions will be used to denote the clinical degree of pen-
etration by the tumor:2

Ao: No infiltration into the adventitia

A;: Slight infiltration into the adventitia

A,: Definite infiltration beyond the adventitia

A;: Infiltration of cancer into the neighboring organs

The same criteria were used for histological evaluation
and the results were expressed as ao, a;, a» and as,
respectively.

For example, Figure 6 is the esophagogram of a 65-
year-old man with cancer of the mid-esophagus denoted
by the funnel-shaped filling defect. No abnormality is

Fic. 3. Aneurysm of the thoracic aorta (aortography) (61-year-
old man).
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Fic. 4. Roentgenogram of the esophagus in the same patient. The
esophagus is flexed and displaced posteriorly with the aorta.

seen in the esophageal axis and the tumor on the whole
is located along the line of this axis. During resection,
no macroscopic infiltration into the adventitia was noted;
histologic examination confirmed this macroscopic evalua-
tion.

Figure 7 is the x-ray of a 58-year-old woman with
cancer of the mid-esophagus showing no abnormalities of
the esophageal axis. At the time of resection, the macro-
scopic degree of penetration was Ao, and this was sub-
stantiated histologically (Fig. 8). Obvious metastasis to
upper mediastinal lymph nodes, however, allowed only
a palliative local resection. These cases may be taken
as illustrative of the fact that the absence of deviation
or flexion of the esophageal axis is very often associated
with absence of infiltration into the adventitia. This, of
course, unfortunately does not rule out lymphatic me-
tastases.

Analysis of the abnormalities of the “esophageal axis”
from the preoperative esophagograms was performed in
cases where marked extra-adventitial infiltration had
allowed only palliation. The following features were
apparent in the studies (Fig. 9):

1) Tortuosity of the proximal side of the tumor.
2) Angulation of the esophageal axis.
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3) Deviation of the esophageal axis. (a) Axis devia-
tion above and below the tumor. (b) Axis de-
viation of the tumor. (c) Abnormality of distance
from the spine.

Tortuosity on the oral side of the tumor probably
occurs due to fixation of esophagus by tumor infiltration
into the surrounding tissues with subsequent dilatation
and elongation of the proximal side due to stenosis. The
angulation and deviation of the axis are caused by trac-
tion which results from tumor infiltration into the adjoin-
ing tissues. This is seen especially in cases with deep
infiltrating cancerous ulcers. Figure 10 illustrates proxi-
mal esophageal tortuosity. In this patient extensive direct
infiltration was noted on the membranous portion of the
tracheal bifurcation and only exploratory thoracotomy
was performed.

Figure 11 is the esophagogram of a 65-year-old man
with cancer of the mid-esophagus. The esophageal axis
was normal in the right anterior oblique position, but
is greatly angulated in the left anterior oblique view.
In this case, extensive direct infiltration into the aorta
(As) made palliative resection the only possible ap-
proach. As demonstrated by this case, the absence of
axis abnormality cannot be concluded from one view,
and observation from multiple directions is necessary.

Fic. 5. 67-year-old man, with
bilateral apical pulmonary tu-
berculosis greatest on the right.
The trachea and esophagus are
markedly retracted towards the
right side.
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Fic. 6. A 65-year-old man with
cancer of the mid-esophagus
without an abnormality in the
esophageal axis. A complete re-
section was performed.

Figure 12 shows the histopathologic findings in the same
case. There is obvious adventitial penetration. Figure
13 is the esophagogram of a 65-year-old man, with angu-
lation of the esophageal axis and an increased distance
from the mid-line of the vertebral column. Operation
revealed direct infiltration into the aorta (A;) and only
exploratory thoracotomy was performed. Figure 14 is a
61-year-old man, with cancer of the lower third of the
esophagus. The dorsoventral view revealed axis de-
viation at the tumor itself. Thoracotomy revealed direct
bilateral infiltration into the mediastinal pleura. Only
incomplete resection was accomplished.

The relationship between abnormalities in the
esophageal axis and operative results: X-ray studies of

Fic. 8. The same case as shown in Fig. 7. In the
center of the tumor the histological degree of pene-
tration is ao. (No infiltration into the adventitia.)
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Fic. 7. A 58-year-old woman with cancer of the mid-esophagus.
No abnormalities was noted in each direction.

82 cases of esophageal cancer collected from 1952-1960
were examined. Table 3 compared the abnormalities
found in these x-rays with the results of operation. Among
the 40 cases in which complete resection of the main
lesion was successful, no abnormalities were found in
the esophageal axis of 36 patients (90.0%). Unlike this
situation are the 12 patients with palliative resection, 11
of whom (91.7%) showed abnormalities in this esopha-
geal axis. In the 30 patients in whom only exploratory
thoracotomy (or laparotomy) was carried out or no oper-
ation was performed, abnormalities in the esophageal axis
were seen in 20 of 30 (66.7%) representing a somewhat
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Fic. 9. Abnormal pattern in
the esophageal axis due to
cancer in which infiltration
' has exceeded the adventitia.
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lower rate. This is probably due to other factors such
as organ metastasis, extensive lymph nodes metastasis
or a poor general condition.

Abnormalities in the esophageal axis and the his-
tological degree of penetration in the resected specimen:
Table 4 shows the relationship between the abnormality
in the esophageal axis and the degree of histologic
infiltration into the adventitia. Among the 40 patients
in whom complete local resection was performed, the
36 patients who had no abnormalities in the esophageal
axis also had no infiltration into the adventitia. Among
12 with incomplete local resection, stages a, to a; were
noted in all 11 patients who preoperatively had demon-
strated abnormalities of the esophageal axis.

Discussion

At the present time, esophageal cancer is non-resectable
in about one half of the occurrences. An accurate pre-
operative judgment as to resectability of the lesion is
therefore of prime importance. In its position as a medi-
astinal organ, the esophagus is in intimate relation with
other vital organs of the thorax; it is understandable
that esophageal cancer very early in its course becomes
incurable. Modes of evaluation stated previously include
azygography, radiography of the thoracic duct, medi-
astinoscopy, pneumomediastinum, and bronchoscopy.
While each of these are useful methods, their actual
examination is sometimes complicated and frequently
does not give adequate information to help in evaluation.

Judgment of the resectability and prognosis of esopha-
geal cancer has been attempted by numérous investigators
based on the length, type® and site of the filling defect
seen on esophagogram. A tumor with a long diameter of
less than 5-6 cm. by x-ray was considered by many to

represent a potentially curable lesion. Other workers
considered a diameter of less than 10 cm. as an indica-
tion, provided preoperative irradiation was used. It be-
came apparent that the length of the filling defect by
itself was an inadequate criteria to base the resectability
of a lesion. We have examined a series of cases, and by
assessing the “esophageal axis” have attempted to deter-
mine the local condition of the tumor and its degree
of infiltration into the surrounding tissues. A complete

Fic. 10. A 59-year-old man
with cancer of the mid-esopha-
gus demonstrated tortuosity on
the proximal side of the tumor.
Due to the presence of exten-
sive infiltration into the bron-
chus (As), only an exploratory
thoracotomy was performed.
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Fi. 11. 65-year-old man, Cancer of the mid-esophagus: the
right anterior oblique position, the esophageal axis was normal,
but the axis shows angulation in the left anterior oblique view.
Extensive direct infiltration into the aorta (As) limited surgery to
an incomplete resection.

study of the esophageal axis must include the physiologic
course and natural changes seen with aging, and it is
important to avoid the confusion which may arise with
these “normal” axial changes seen as a result of aging.
Abnormality of the esophageal axis due to non-cancerous
diseases should also be kept in mind.

When esophageal cancer showed marked infiltration
through the adventitia and/or into the surrounding tissue,
abnormalities in the esophageal axis such as tortuosity
~on the proximal side of the tumor, angulation of the
esophageal axis, and deviation in the esophageal axis
was observed. These findings showed excellent agree-

Fic. 12. Histopathologi-
cal findings of the case
shown in Figure 11

(as).

RESECTABILITY OF ESOPHAGEAL CARCINOMA 35

Fic. 13. 65-year-old man, Cancer of the mid-esophagus; angula-
tion of the esophageal axis and an increased distance from the
mid-line of the vertebral column is noted. Fic. 14. 6l-year-old
man, Cancer of lower third of the esophagus: Axis deviation
of the tumor itself is present. Infiltration into the mediastinal
pleura bilaterally limited operation to an incomplete resection.

ment with the operative and histologic observations. By
application of these facts, useful criteria are available
for the evaluation of resectability of each particular
tumor, in addition to the conventional x-ray classification
or simple measurement of the long diameter of the
tumor. In view of cases in which unresectability was
found despite a preoperative diagnosis of resectability
based on the length of a filling defect, and in other cases
with scarcely any adventitial infiltration despite a long
length of a tumor, it is apparent that other criteria of




36 AKIYAMA, KOGURE AND ITAI

TABLE 3. Abnormalities of Esophageal Axis and Results of

Ogperation
Abnormalities of
Axis
Results of No.

Operation Patients (+) (=)
Curative resection 40 (4/40) (36/40)
10.0% 90.0%,

Non-curative resection 12 (11/12) (1/12)
91.7% 8.3%
Non-resectable 30 (20/30) (10/30)
66.7% 33.3%
Totals 82 (35/82) (47/82)
41.59 58.59,

preoperative evaluation such as the “esophageal axis”
must be utilized.

Conclusions

Evaluation of the resectability of esophageal cancer
was approached by studying the “esophageal axis” in 82
patients. By detection of abnormalities in this parameter,
cancerous infiltration into the adventitia or surrounding
organs may be predicted with considerable accuracy,
according to this retrospective study of operative find-
ings correlated with histopathological observations. Ab-
normalities of the esophageal axis present as 1) tortuosity
on the proximal side of the tumor 2) angulation of the
esophageal axis and 3) deviation of the esophageal axis
consisting of a) axis deviation above and below the
tumor, b) axis deviation of the tumor itself c) or ab-
normal distance from the mid-line of the vertebral
column. While these facts are straightforward and may
well have been utilized vaguely by many workers, a com-
parison with operative and histological findings is reported
and improved preoperative prediction is suggested.

Ann. Surg. « July 1972

TABLE 4. Abnormalities of Roentgenological Esophageal Axis and
Depth of Cancer Invasion

Non-curative
Curative Resection Resection
Microscopic Abnormalities of Esophageal Axis
Depth of
Invasion (+) (=) (+) (=)
pmc 4
pml 1 3
a, 3 29
az 3 1
as 8
Totals 4 36 11 1

Key: pmc: up to the circular muscle
pml: up to the longitudinal muscle
a;: beyond the muscle layer but not into the adventitia
a,: definite infiltration beyond the adventitia
ay: infiltration into the surrounding organs.
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