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Objective: The aim of this study was to clarify the anatomic variations of the
intrathoracic nerve of Kuntz, and this should help delineate the resection margins
during video-assisted thoracic sympathectomy.

Methods: Sixty-six thoracic sympathetic chains of 39 adult Korean cadavers were
dissected on both sides of the thorax in 27 cadavers (54 sides) and on one side in 12
cadavers (12 sides).

Results: The intrathoracic nerve was observed in 45 (68.2%) sides and was present
bilaterally in 48.1% of cadavers. No intrathoracic nerve or ascending ramus com-
municans arising from the second thoracic nerve was observed in only 5 (7.6%)
sides. The diameter of the intrathoracic nerve was 1.25 ± 0.55 mm on average. The
arising point of the intrathoracic nerve from the second thoracic nerve was 7.3 mm
on average from the sympathetic trunk. Presence of the stellate ganglion was noted
in 56 (84.8%) sides, and 6 (9.1%) sides showed a single large ganglion formed by
the stellate and the second thoracic sympathetic ganglia. The second thoracic sym-
pathetic ganglion was most commonly located (50%) in the second intercostal space.

Conclusion: The anatomic variations of the intrathoracic nerve of Kuntz and the
second thoracic sympathetic ganglion were characterized in human cadavers. It is
hoped that this study will help to improve the recurrence of symptoms caused by
the intrathoracic nerve in an upper thoracic sympathectomy for hyperhidrosis.

E
ndoscopic thoracic sympathectomy is an effective method of reliev-
ing the symptoms of craniofacial, palmar, or axillary hyperhidro-
sis.1-3 Some patients experience postoperative symptom recurrence,
which may be due to incomplete resection or the presence of
anatomic variation and axonal regrowth of the sympathetic trunk.4,5

Such anatomic variations are considered to involve the intrathoracic
nerve of Kuntz (INK). Kuntz6 described an inconstant intrathoracic ramus connect-
ing the first and second thoracic nerves, involving sympathetic nerve fibers reach-
ing the brachial plexus without passing through the sympathetic trunk. However, the
detailed anatomy of this ramus has not been well documented.

The purpose of this study was to identify the anatomic variations of the INK and
to help delineate the resection margins during video-assisted thoracic sympathectomy.

Materials and Methods
Sixty-six thoracic sympathetic chains of 39 adult Korean cadavers (male, 23; female, 16)
were dissected. Both sides of the thorax were used in 27 cadavers (54 sides), and one side
was used in 12 cadavers (12 sides). After removing the sternum and ribs from the bilateral
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midaxillary line, the intrathoracic organs were removed to expose
the posterior mediastinum. We focused our dissection on the
anatomy of the INK.

The diameter of the INK was defined as the mean of the long
and short diameters of the middle portion of the INK. We mea-
sured the distance from the arising point of the INK from the sec-
ond thoracic nerve to the sympathetic trunk. All measurements
were made with digital calipers (Mitutoyo).

Results
Among the 66 thoracic sympathetic chains dissected, INK
was observed in 45 (68.2%), and it was present bilaterally

in 48.1% of 27 cadavers. INK was classified into 4 types
according to the connecting nerves (Figure 1): type A, con-
nection from the T2 to the T1 nerve (Figure 2); type B, con-
nection from the T2 to the first intercostal nerve; type C,
INK originated from the T2 nerve and was connected to the
ramus communicans between the stellate ganglion and the
T1 nerve; and type D, INK was branched and connected
from the T2 nerve to the T1 nerve and the first intercostal
nerve (Figure 3). Forty-seven percent were type A, 12.1%
were type B, 7.6% were type C, and 1.5% were type D.
Twenty-one sides did not have an INK, but 16 (24.2%) sides
had ramus communicans connecting from the T2 nerve to
the stellate ganglion to appear as though it had an INK. The
INK or other ascending ramus communicans from the T2
nerve was absent in only 7.6%. The INK was noted between
the T2 and T3 nerves in 5 (7.6%) sides.

Figure 1. Four types of INK and ramus communicans from the T2
nerve to the stellate ganglion. ICN, Intercostal nerve; RC, ramus
communicans; SG, stellate ganglion; ST, sympathetic trunk.

Figure 2. Upper thoracic sympathetic trunk. BP, Brachial plexus;
ICA, intercostal artery; RC, ramus communicans; SG, stellate gan-
glion; ST, sympathetic trunk. Arrowheads indicate the ramus com-
municans.

Figure 3. The INK from the second thoracic nerve divides and con-
nects the first intercostal and thoracic nerves. The second tho-
racic sympathetic ganglion fuses with the stellate ganglion. The
highest intercostal artery descends and crosses the INK. HIA,
Highest intercostal artery; ICN, intercostal nerve; SG, stellate gan-
glion; ST, sympathetic trunk; T2G, second thoracic sympathetic
trunk. Arrowheads indicate the ramus communicans.
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The distance from the INK to the sympathetic trunk was
7.3 mm on average: 28.3% were between 0 and 5 mm,
52.2% were between 5 and 10 mm, and 19.5% were
between 10 and 15 mm. The diameter of the INK was on
average 1.25 ± 0.55 mm (range, 0.38-3.38 mm).

The stellate ganglion was noted in 56 (84.8%) sides, and
among these, 6 (9.1%) sides had a single large ganglion
formed by a combining of the stellate and the T2 sympa-
thetic ganglia (Figure 3).

The location of the T2 sympathetic ganglion was grouped
according to the relationship with the second and third ribs
(Figure 4). The most frequent location of the ganglion was in
the second intercostal space (50.0%), and it was followed by
the upper border of the third rib (19.7%), elongated from the
second to the third rib (9.1%), where the T2 sympathetic gan-
glion seemed to be fused to the stellate ganglion, the lower
border of the second rib (7.6%), and from the second to the
third intercostal space over the entire length of the third rib
(6.0%), where the T2 sympathetic ganglion appeared to be
fused with the T3 sympathetic ganglion. In 7.6% of 66 cases,
the T2 sympathetic ganglion could not be identified.

Discussion
Increased interest and the development of better equipment
in video-assisted thoracic surgery have allowed improved
management in patients with hyperhidrosis.7-9 Clear vision
of the thoracic sympathetic chain is possible by means of
video-assisted thoracic surgery, and many are satisfied with
the result of surgical treatment. However, there are
instances of failed symptom improvement, which are
believed to be due to incomplete thoracic sympathectomy4

caused by the INK directly connecting the second or third
thoracic ganglion to the brachial plexus.

The second thoracic nerve is not generally regarded as con-
tributory to the brachial plexus. However, Kuntz6 examined
48 cadavers and noted a high incidence (62.5%) of intratho-
racic ramus connecting the first and second thoracic nerve.

Moreover, whenever this ramus joins the first thoracic nerve,
it is probably that the sympathetic fibers below the stellate
ganglion maintain connection with the brachial plexus.

There are relatively few reports10,11 concerning the surgi-
cal landmarks during sympathectomy. The second thoracic
segment is the most important sympathetic innervation to
the upper extremity,12 and variations in the number of con-
nections made by rami communicans between the second
intercostal nerve and the second sympathetic thoracic gan-
glion are possible.4 This variation causes some of the sym-
pathetic innervation to remain intact during sympathectomy,
and these may adopt the function of the resected nerve bun-
dles and cause remnant hyperhidrosis.

The recommended surgical technique of sympathectomy
has been reported to avoid postoperative hyperhidrosis.13

The sympathetic chain should be resected from immedi-
ately below the stellate ganglion to the level just above the
T3 sympathetic ganglion, and the INK should also be
divided to prevent the possibility of gray rami connecting
directly from the stellate ganglion to the brachial plexus.

The anatomy around the T2 sympathetic ganglion is of
utmost importance in the incidence of remnant symptoms
after T2 or T3 sympathectomy. Type A INK, which has a
connection between the T1 and T2 nerves, was the most
common type (47%), and in these cases a connecting branch
between the stellate ganglion and the INK was present. In
one case of type A, there were 2 INKs arising from the T2
sympathetic ganglion, and this form of variation carries a
higher chance of remnant symptoms postoperatively caused
by the greater likelihood of partial ligation of the INK.

The main body of the T2 sympathetic ganglion is usually
located in the second intercostal space, and according to its
relationship with the third rib, the T2 sympathetic ganglion
was classified into 3 subtypes14 and found to be easily rec-
ognized at the upper border of the third rib in 85% of the
cases. Our data are similar, and the T2 sympathetic ganglion
was to be located at the margin of the second intercostal
space or the upper margin of the third rib in 78.8% of cases.

One needs to bear in mind the location of the INK aris-
ing from the sympathetic trunk. Because 19.5% arise
between 10 and 15 mm from the trunk, with a mean dis-
tance of 7.3 mm, it is necessary to cut parietal pleura over
the rib longitudinally for at least 1.5 cm laterally from the
sympathetic trunk to be sure of successful INK ligation.
And it is probably worth rementioning that cases that
remain symptomatic postoperatively are presumably caused
by an incomplete margin of resection near the INK. In some
patients who have undergone reoperation because of only a
partial response to surgical treatment, the symptoms disap-
pear after wider longitudinal resection over the ribs, which
supports our surgical technique of pleural resection for a
distance of at least 1.5 cm lateral from the sympathetic
trunk.

Figure 4. Location of the second thoracic sympathetic ganglion.
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