THE SURGICAL TREATMENT OF
SUBSTERNAL GOITER
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Substernal goiter remains a common consideration in the differential diagnosis of a mediastinal mass. Given
the potential for serious goiter-related complications as well as the inability to rule out associated malignancy,

it has been our policy to treat all substernal goiters surgically over the past 20 years. During the period from
1972 to 1992, 101 patients with the major component of their goiters below the thoracic inlet underwent
thyroidectomy. The most common symptoms were related to airway compression (82%) and dysphagia (37%).
In addition, there was a 13% incidence of malignancy and a similar occurrence of thyrotoxicosis in this group of
patients. Although total thyroidectomy was performed only for malignant goiters during the first decade, 71%
of patients had total thyroidectomies during the second and, with a few exceptions, all procedures were done
through a cervical incision. No patient developed permanent hypoparathyroidism, although two developed
permanent unilateral vocal cord palsies. Surgical treatment is a safe procedure with rare mortality (none in this
series) and low morbidity. Total thyroidectomy was not associated with added morbidity and it eliminates the

possibility of recurrent goiter.

Throughout the past 75 years, there has been a pro-
gressive decline in the incidence of multinodular goiter in
the United States. Furthermore, as pointed out by
Shambaugh et al,' fewer patients are presenting for initial
medical evaluation with massive goiters. The central
factor thought to be responsible for this decline is in-
creased American dietary iodine, particularly since the
introduction of iodized salt. Other probable contribut-
ing factors include (1) the increasing use of levothyroxine
with intent to suppress goitrogenic growth, and (2) the
availability of sophisticated imaging studies to facilitate
earlier diagnosis and, in turn, earlier intervention.

Despite its diminishing frequency, substernal multi-
nodular goiter must remain a common consideration in
the differential diagnosis of a mediastinal mass. Left un-
attended, substernal goiters often cause disabling symp-
toms and can lead to life-threatening airway obstruction.

The reported incidence of substernal goiter ranges from
2.6% to 21% of patients having thyroidectomies (Table 1).
The wide variation is undoubtedly influenced by regional
endemic goiter belts and referral patterns, as most series
have been collected at tertiary care institutions.

The difficult task of determining the true incidence of
substernal goiter is complicated by the lack of a standard-
ized definition throughout the medical literature. In
1945, Lahey'® proposed that substernal goiters were
glands “in which the greatest diameter of the intratho-
racic mass by roentgenogram is well below the upper
aperture of the thoracic cage made by the sternum, first
rib and vertebral bodies.” ~Wakeley and Mulvany® clas-
sified substernal goiters into three groups: (1) a “small
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substernal extension” of a mainly cervical goiter (most
common in their series), (2) “partial” intrathoracic goiter
with a major portion of the gland located within the tho-
rax, and (3) “complete’ intrathoracic goiter in which the
entire gland lies within the thorax.

It is our opinion that all substernal goiters should be
treated surgically and that their presence alone is an in-
dication for resection. Given the potential for serious
goiter-related complications as well as the inability to ac-
curately rule out associated malignancy, we support this-
opinion with the following results of our 20-year clinical
experience with substernal goiter.

CLINICAL MATERIAL

A review of 1,992 patients undergoing thyroidectomy at
the University of Michigan from 1972 to 1992 identified
101 patients with substernal goiters. In each of these,
the major component of the thyroid enlargement was be-
low the thoracic inlet (Wakeley and Mulvany: Type 2 or
3). This group of patients comprised 5.1% of all patients
undergoing thyroidectomy during this time period.
The incidence during the first decade was 5.7% and de-
creased to 4.5% during the most recent decade. The pa-
tients ranged in age from 23 to 87 years with a mean age
of 64 years. There were 75 women and 26 men, yielding
a female:male ratio of 2.9:1.

Thirteen patients (12.9%) were hyperthyroid at initial
presentation, all due to toxic multinodular goiter. None
of the patients had Graves’ disease. All other patients
(87.1%) were clinically and biochemically euthyroid or
mildly hypothyroid.

Malignant thyroid neoplasms were identified in 13 pa-
tients (12.9%). All were ultimately treated with total
thyroidectomy except for 1 patient with anaplastic carci-
noma whose disease precluded complete removal of the
gland. A formal neck dissection accompanied thyroid-
ectomy in 1 patient with medullary carcinoma as well as
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in 1 patient with papillary carcinoma who required ster-
notomy and neck incision to remove his goiter. One
patient underwent an extensive mediastinal node dissec-
tion in addition to resection of a completely intrathoracic
goiter containing Hurthle-cell carcinoma. Incidental be-
nign neoplasms included a large follicular adenoma (10
cm in diameter) within a multinodular goiter and three
parathyroid adenomas. One patient was diagnosed
with Pendred’s syndrome.

The most common symptoms reported were those as-
sociated with tracheal compression. Eighty-three pa-
tients (82%) complained of dyspnea, cough, wheezing, or
nocturnal dyspnea. Thirty-seven patients (36.6%) re-
ported significant dysphagia. Progressive hoarseness or
voice changes were noted by 14 (13.9%) patients. Three
patients reported weight loss as their primary symptom
and 4 patients presented with chest pain. Two patients
required emergency thyroidectomy for acute respiratory
compromise. Superior vena cava obstructive signs were
present in 14 patients (13.9%). Many patients with
symptoms were aware of their enlarged thyroid glands
for 15 to 20 years before seeking surgical intervention.

Preoperative evaluation routinely included chest roent-
genogram, electrocardiogram, and thyroid function tests
(Fig1). When compared with patients treated surgically
for goiter from 1972 to 1982, patients treated from 1982 to
1992 were much more likely to undergo preoperative
computed tomography (CT) (74.5%) (Figs 2-4). A recip-
rocal decrease in the frequency of radioisotope scanning
was also noted. Unlike the routine use of diagnostic ra-
dioiodine scanning in nearly all patients during the first
decade, only 51% of second decade patients underwent
any isotope imaging. Barium swallow, pulmonary func-
tion testing, fine needle aspiration, and bronchoscopy
were used only in selective cases.

Eighteen patients (17.8%) had undergone a previous
thyroid resection, most often for symptomatic diffuse
glandular enlargement or discrete nodules. Fifteen pa-
tients had had a lobectomy and 3 patients had subtotal
resections performed at other hospitals an average of 20
years before surgical treatment at the University of Mich-
igan.
gNearly half of all patients had been taking suppressive
doses of thyroid hormone preoperatively. Propylthiou-
racil had been used in 3 patients and radioactive iodine
recently administered to 2 patients to control their hyper-
thyroidism before referral for surgery. Two patients had
previously been treated with radioiodine for thyrotoxico-
sis. One patient had been exposed to previous head and
neck irradiation for chronic tonsillitis.

TABLE 1. Incidence of Substernal Golters

Total Substernal
Study Thyroidectomies Goiters Incidence
Lahey and Swinton 2 5,131 1,086 21.0%
Wakeley and Mulvany® 1,265 111 8.7%
McCort* 908 23 3.0%
Pemberton® 4,006 542 13.5%
Reeve® 2,000 173 8.6%
DeAndrade’* 9,100 1,300 14.2%
Allo and Thompson® 872 50 5.7%
Shaha et al® 370 72 19.0%
Maruotti et al'® 1,103 51 4.6%
Wax and Briant 938 24 2.6%
Sanders et al'* 646 52 8.0%
Fritts and Thompson 1,992 101 5.2%

* Reported as total number of thyroidectomies specifically for goiter.
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FIGURE 1. Standard posterior-anterior chest roentgenogram
showing large substernal goiter causing symptomatic tracheal
narrowing at the thoracic inlet and deviation from left to
right.

SURGICAL MANAGEMENT

The majority of patients in this series had substernal goi-
ters that would be typed as “’partial”’ using the classifica-
tion system proposed by Wakeley and Mulvany in 1940.3
The major portion of the glandular enlargement was lo-
cated within the thorax, although a connection with the
cervical gland component was preserved. Most had an-
terior mediastinal goiters but 6 (5.9%) had posterior me-
diastinal goiters. Only 1 patient had a completely in-
trathoracic goiter without any identifiable connection to a
histopathologically unremarkable cervical thyroid gland.

From 1972 to 1982, all patients with benign goiters un-
derwent either lobectomy and isthmusectomy for unilat-
eral gland enlargement or a subtotal thyroidectomy when
the contralateral cervical lobe was diffusely enlarged.
Total thyroidectomy was limited to the 8 patients (16%)
found to have malignant disease. Patients treated sub-
sequent to 1982 were more likely to undergo total thyroid-
ectomy. Twenty-two patients (43%), including 5 with
malignancy, underwent complete gland removal at the
time of initial operation. An additional 14 patients
(27.5%) with benign goiters underwent completion total
thyroidectomy at the University of Michigan, 10 having
had previous lobectomies and 4 having had previous sub-
total resections at other institutions. Thus, 36 of 51 pa-
tients (71%) underwent total thyroidectomy either as a
primary or completion procedure during the second de-
cade of this study.

Eight patients had unilateral gland enlargement that
was amenable to total lobectomy and isthmusectomy.
Seven patients were treated with subtotal thyroidectomy
as a bilateral procedure.

All patients were placed on levothyroxine replacement
or suppression therapy postoperatively. Two patients
with papillary carcinoma were treated with iodine 131
postoperatively. One patient with a Hurthle-cell carci-
noma underwent external beam radiotherapy following
resection.

All patients but 1 underwent an initial thyroid explo-
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FIGURE 2. CT scan
showing moderate
tracheal compression by
multinodular goiter.
Substernal components
involved both lobes,
located circumferentially
around the trachea,
which was deviated to
the right by the larger left
lobe.

FIGURE 3. CT scan showing
substernal tumor mass
descending to the aortic arch.
Primary tumor was a papillary
carcinoma measuring 10 cm in
diameter.

ration through a cervical incision. Sternotomy was re-
quired in only three cases to facilitate goiter removal.
One patient was a 68-year-old woman with chest pain
who was found by CT scan to have a mediastinal mass.
The mass was mistakenly diagnosed as a thymoma and
her operation was performed by the cardiothoracic ser-
vice. A completely intrathoracic goiter with foci of
Hurthle-cell carcinoma was found. This patient subse-
quently underwent a total cervical thyroidectomy as well,
although as a secondary procedure. The second patient
requiring sternotomy was a 73-year-old man with airway
obstruction and a severe superior vena cava syndrome
caused by his goiter. He had had previous tuberculosis,
which was felt to contribute to the dense adhesions be-
tween the pleura and the intrathoracic portion of his
gland. These adhesions coupled with severe venous en-
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gorgement precluded a safe excision of his gland through

the cervical incision alone. The third patient was a 58-
year-old man with papillary carcinoma within an ex-
tremely large goiter associated with marked desmoplastic
reaction within the anterior mediastinum.
Tracheostomies were performed in 2 patients with
long-standing airway obstruction. These patients re-
quired urgent preoperative endotracheal intubation and
had significant laryngeal edema. Both tracheostomy
tubes were removed within 2 weeks of their thyroidecto-
mies. One patient was treated with tracheal suspension
to the midline strap muscle closure because of apparent
tracheal instability and kinking (Fig 5). No patient de-
veloped a wound infection but 1 patient did develop a
sizable seroma that required several aspirations. One
patient developed a large hematoma in the operative site
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FIGURE 4. CT scan showing
severe tracheal compression
by benign goiter involving
both lobes. The larger right
lobe deviated trachea to the
left.

approximately 8 hours after operation requiring emer-
gency wound exploration and evacuation of clot. There
was no operative mortality.

In 2 patients, a lower pole parathyroid gland was re-
sected along with the goiter because of its location.
The parathyroid gland was then minced and transplanted
into a sternocleidomastoid muscle. In each case, the re-
maining parathyroid glands had been preserved and ap-
peared viable. Neither patient developed postoperative
hypocalcemia.

Permanent unilateral vocal cord palsy occurred in two
patients (2%) and was verified by laryngoscopy. In nei-
ther case was the nerve felt to have been transected or
clamped but restoration of nerve function had not oc-
curred at the time of follow-up (Fig 6). No cases of per-
manent hypoparathyroidism occurred. Temporary hy-
pocalcemia, requiring oral calcium and/or vitamin D ther-
apy, had occurred in 13 patients (12.9%). One of these
patients had had a parathyroid adenoma removed at the

FIGURE 5. Technique for tacking or suspending an elongated
or compressed trachea in the midline after thyroidectomy.
Absorbable sutures are placed into the pretracheal fascia or
tracheal rings as the strap muscles are reapproximated in the
midline.

182

time of the substernal goiter excision that may have con-
tributed to her suppressed parathyroid function postop-
eratively. Four of the remaining 12 patients had under-
gone thyroid resection elsewhere and the status of their
parathyroid glands could not be fully determined.

OPERATIVE TECHNIQUE

A transverse collar incision was used in all cases to ex-
plore the thyroid gland (Fig 7). Before any manipulation
of the substernal component, the anterior suspensory lig-
ament and pyramidal lobe were mobilized to the level of
isthmus. The superior pole was mobilized on the side of
a unilateral goiter or bilaterally in the setting of diffuse
glandular enlargement. After dividing and ligating the
superior pole vessels at a level that avoided possible in-
jury to an external branch of the superior laryngeal nerve,
the upper pole was retracted medially and a search made
for any possible superior parathyroid gland attached
within the thyroid sheath of the upper pole (Fig 8).
When found, the parathyroid gland was carefully dis-
sected away from the thyroid pole with efforts made to
prevent injuring its blood supply. Extreme care must be
used in the identification and dissection of the superior
parathyroid gland because the inferior glands may be in-
jured or devascularized during mobilization of the sub-
sternal portions of the goiter. In all cases, the superior
parathyroid gland or glands, if both sides were removed,
were left with an intact blood supply.

The inferior thyroid artery branches were then identi-
fied as they entered the thyroid capsule and individually
ligated and divided. In some cases, particularly those
patients with large goiters extending into the cervical por-
tion of the wound, it was not possible to see the inferior
thyroid artery until the substernal component had re-
tracted out of the thoracic inlet. This then allowed fur-
ther medial mobilization of the cervical portion of the
gland. In the usual case, ligation and division of the
inferior thyroid artery branches could be accomplished
before attempted delivery of the intrathoracic portion of
the goiter into the neck (Fig 9).

Once the major arterial supply has been controlled and
the gland rotated medially, the recurrent laryngeal nerve
(RLN) may or may not be easily identified. It should be
noted that the recurrent laryngeal nerve can be located
anteriorly or laterally on the surface of the enlarged goi-
ter. More often, the nerve cannot be seen until the sub-
sternal component can be retracted medially in the neck.

SURGERY FOR SUBSTERNAL GOITER



FIGURE 6. Occasionally,
a nodule within the most
posterior extension of the
thyroid lobe (tubercle of
Zuckerkandl) may grow
and enlarge under the
RLN, displacing it
anteriorly where it is
vulnerable to injury.
Normally the nerve
courses under the
tubercle before its
entrance into the larynx.
On rare occasion, the
RLN may be stretched
out over the substernal
tumor mass causing vocal
cord dysfunction or palsy
that may or may not
recover after
thyroidectomy.

In cases where the goiter is too large for medial rotation,
it is obvious that the nerve cannot be seen at all until the
substernal component has been retracted from the chest.
In either situation, gentle finger dissection is used to free
the goiter circumferentially from the surrounding soft tis-
sues, starting anteriorly at the thoracic outlet and pro-
ceeding laterally, posteriorly, and inferiorly (Fig 10).
This dissection is facilitated by simultaneous traction on
the previously mobilized superior pole. As inferior thy-
roid veins are identified, they are sequentially clamped,
divided, and ligated. It is assumed that the middle thy-
roid vein has been previously identified, divided, and
ligated before medial rotation of the upper portion of the

FIGURE 7. “Typical” predominantly intrathoracic goiter on
the right side with tracheal deviation to the left. The cervical
thyroid may vary in size from near normal to that of an
obvious multinodular goiter involving both lobes. On
occasion, the contralateral lobe may be free of any palpable
nodularity.
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RLN anterior to
Tubercle of Zuckerkand|

gland. In cases where the recurrent laryngeal nerve has
not been previously identified, care is taken to palpate
along the lateral surface of the gland to make sure that the
nerve is not stretched on that surface. Usually, the RLN
is medial to the substernal portion of the goiter. With
the inferior veins divided, the goiter will slowly slip out
of the mediastinum with traction. Occasionally, the goi-
ter is so deep that the negative pressure of the chest will
prevent this until the suction effect is broken either by the
finger or the use of a long sterile soup spoon or a metal

FIGURE 8. The exposure is through a standard collar incision
placed two finger breadths above the clavicles. After the
anterior suspensory ligament (including any pyramidal lobe)
has been divided, the avascular space between larynx and
upper pole is entered. With caudal retraction, the superior
thyroid vessels are divided between clamps and ligated,
avoiding injury to any aberrant external branch of the
superior laryngeal nerve. Frequently, the middle thyroid vein
is clamped and divided before this is done to further facilitate
the downward retraction of the upper pole.
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FIGURE 9. After division of the middle thyroid vein(s) and
any readily exposed inferior veins, the gland is rotated
medially. In some cases in which the cervical thyroid is not
grossly enlarged, exposure of the inferior thyroid artery
branches allows for their clamping and division at this stage
(always medial to possible parathyroid gland blood supply).
As the upper pole is rotated medially, the superior
parathyroid gland can usually be observed and carefully
dissected free of the posterior thyroid capsule if it is attached
there. In some cases, exposure of the inferior thyroid artery
and RLN is not possible until the intrathoracic component of
the lobe has been freed and delivered into the neck.

suction device (Fig 11). Once the substernal component
has been brought into the neck, traction on both the in-
ferior and superior pole medially will allow visualization
of the region of the tubercle of Zuckerkandl (the most
posterior extent of thyroid tissue) and the RLN. If the
inferior thyroid artery branches have not been ligated
previously, this is done at this time, taking care to visu-
alize the distal course of the RLN before placing clamps
(Figs 12 and 13).

In three cases, large, macrocystic, grossly benign goi-
ters were encountered that could not be mobilized from
the mediastinum because of their size until they were
decompressed. This was accomplished by inserting a
long metal suction cannula through a small anterior cap-
sular incision. This allowed evacuation of all the con-
tained fluid and gelatinous material. In each case, the
newly decompressed gland was easily removed. This
maneuver is obviously contraindicated when a malignant
neoplasm is suspected.

When there is a large mediastinal dead space that does
not close spontaneously after excision of the goiter, a soft
Silastic (Dow-Corning Co, Midland, MI) closed sump
drain is placed in the anterior mediastinum and brought
out through a separate, small cervical stab incision.
The drains are maintained for 24 to 48 hours depending
on the volume of evacuated serum.

In patients with elongated or flattened tracheas result-
ing from the chronic distortion and compression caused
by the goiter, the trachea can be tacked anteriorly in the
midline to the strap muscles as they are reapproximated
in the midline. We have used absorbable sutures for
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FIGURE 10. Gentle finger dissection around the thyroid
capsule while retracting the upper portion of the lobe
medially and in a cephalic direction is done, taking great care
not to avulse any remaining inferior thyroid veins.

this because the midline suspension is not necessary on a
permanent basis. This simple maneuver presents any
possibility of postoperative tracheal kinking and airway
obstruction based on tracheal laxity (Fig 5).

DISCUSSION

To fully appreciate the potential complications associated
with substernal goiter as well as to make appropriate de-
cisions regarding the evaluation of and the operative ap-
proach to substernal goiter, it is essential to understand
the anatomy of these enlarged glands.

The large majority of goiters with small substernal ex-
tensions are located anteriorly within the visceral medi-
astinal compartment. They often extend along the un-
dersurface of the sternum to the cephalad aspect of the
great vessels. As noted by Shields,' further enlarge-
ment of goiters occurs in a caudal direction, subsequently
displacing the great vessels dorsally and caudally, and
creating the impression that the goiter itself has entered
the true anterior or prevascular mediastinal compartment
(Fig 14). Dahan et al'® and Sweet'® favor the concept of
goiter invasion into the anterior mediastinum. How-
ever, substernal goiters largely remain beneath the pre-
tracheal fascia, supporting Shield’s conclusion that actual
descent of a partial or complete substernal goiter into the
prevascular compartment is very rare.

There is ongoing controversy regarding the true exis-
tence of exclusively intrathoracic goiter arising de novo
from developmentally deposited intrathoracic thyroid tis-
sue. Shields' as well as other investigators believe that

SURGERY FOR SUBSTERNAL GOITER



FIGURE 11. With further cephalic retraction and deeper
finger dissection, the negative pressure can be broken and
eventually the deepest component of the goiter can be felt.
Occasionally, it is helpful to use either a soup spoon or large
metal suction device inserted lateral and posterior to the
deepest portion of the goiter. With medial pressure and slight
upward force, a recalcitrant goiter can usually be “released”
without too much difficulty.

many of the reported cases of intrathoracic heterotopic or
aberrant thyroid goiter'”?° actually represent intratho-
racic extensions of lower pole cervical goiters that may
have subsequently lost parenchymal and/or vascular con-
nection with the cervical thyroid mass.

However, Cove?' reports that thyroid tissue can be dis-
placed inferiorly during formation of the embryonic
heart, accounting for described associations between foci
of thyroid tissue and the aortic arch, the pericardium, and
the diaphragm. Furthermore, there are isolated case re-
ports of true ectopic intrathoracic thyroid coexisting with
normal cervical thyroid glands.”"*? The patient in this
series (as described above) who was found at mediastinal
exploration for presumed thymoma to indeed have an
intrathoracic goiter with Hurthle-cell carcinoma most
likely represented an example of true ectopic intratho-
racic goiter. The blood supply to these rare lesions is
usually derived directly from the intrathoracic great ves-
sels and we agree with Shields that the optimal treatment
for true intrathoracic ectopic goiters is transsternal exci-
sion.

Armed with the knowledge that nearly all substernal
goiters reside beneath the pretracheal fascia within the
visceral mediastinal compartment, it is easy to under-
stand how a superior vena cava obstruction syndrome
can develop. As goiters enlarge, most often posterior
and medial to the great vessels, the great vessels are pro-
gressively compressed anteriorly and laterally against the
bony structure of the upper thoracic cage. In actuality,
the internal jugular and or innominate veins are most
often obstructed with rare involvement of the deeper,
more centrally located superior vena cava per se.

FRITTS AND THOMPSON

FIGURE 12. As the goiter is retracted into the neck, any
remaining veins are clamped, divided, and tied. With
retraction of the entire lobe medially, the inferior thyroid
artery, its branches, and the RLN can then be readily
identified. In patients with benign multinodular goiter, the
gland often falls away, exposing these structures without
sharp dissection. Division of the individual branches of the
inferior thyroid artery, medial fo the parathyroid glands,
allows the lobe to be retracted medially so that its only
remaining attachment is the ligament of Berry.

Presence of a superior vena cava syndrome is an abso-
lute indication for surgical treatment of a substernal goi-
ter.222%  Patients with chronic goiter-related venous
obstruction can also develop “downhill” esophageal va-
rices that may present with acute upper gastrointestinal
bleeding without associated portal hypertension, %

Perhaps the most critical indication for goiter resection
is airway obstruction, which can occur g)rogressively over
time as well as acutely. Shaha et al® report that 30 of
120 patients treated for airway problems caused by goiter
presented with acute airway compromise requiring hos-
pitalization; 12 of the 30 patients required emergency in-
tubation. Melliere* reports major respiratory compro-
mise in 58 of 2,908 patients with goiter.

A third strong indication for surgical therapy is the
inability to accurately exclude carcinoma within the en-
larged substernal thyroid. We report a 12.9% incidence
of malignancy, which is within the range of 5% to 25.8%
reported elsewhere in the literature.”'+152630  Ganders
et al'? and Melliere?® could find no predictive association
between either associated symptoms or duration of goiter
and the presence of carcinoma within a substernal goiter.
In contrast to the findings of Cady,* Melliere found be-
nign rather than malignant disease to be the principal
cause of airway compression. Because of the relatively
indolent nature of most thyroid cancers, we agree that
the absence of symptoms, particularly voice changes and
airway compressive symptoms, and the long-standing
presence of a seemingly stable goiter do not preclude
malignant disease.
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FIGURE 13. After division of the ligament of Berry, the lobe
and isthmus are freed from the trachea. In patients with
multinodular goiters grossly involving the contralateral lobe,
we prefer to proceed with a total thyroidectomy, provided
that the parathyroid glands can be easily preserved.
Additional indications for a total thyroidectomy include
clinically significant thyroid carcinomas within the goiter and
toxic nodular goiters.

FIGURE 14. Substernal component arising from the isthmus
of the thyroid. In such cases there may be no tracheal
deviation but significant compression in the anterior-posterior
plane causing airway compromise.

Furthermore, there is little value in the use of either
radioisotope scanning or fine needle aspiration biopsy to
exclude cancer. Although Park et al*” and Irwin et al>
report accurate diagnosis of substernal goiter using **'l
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scintiscanning, Bashist et al, Glazer et al,*® and Shahian
and Rossi*® describe poor correlation between radioiso-
tope scanning and operative findings. Based on the ex-
perience reported in this. series, we agree that the utility
of radioisotope scanning is limited at best. Likewise,
there is little value to the use of random fine needle as-
piration biopsy because large portions of many goiters are
inaccessible behind the sternum and the likelihood of
sampling error is high.

As previously reported,® some multinodular goiters
may result in either incipient or frank thyrotoxicosis.
This may occur secondary to discrete, hyperfunctioning
nodules within a generally enlarged gland or to an in-
crease in overall functional thyroid tissue mass.

Despite the widespread use of suppressive levothyrox-
ine, which undoubtedly has altered the incidence of go-
itrogenic growth, there is clearly a subset of patients with
long-standing substernal goiter that fails to respond to
levothyroxine suppression.'>?*%42 Nearly half of the
patients in this series had been placed on thyroid-
suppressive therapy without success before referral for
surgery.

Although radioactive iodine ablation therapy had been
successfully used in other thyroid disease states, it has
rarely been shown to alleviate either tracheal deviation or
compression caused by large multinodular goiter.*?
LeRoux et al** report that administration of *'I may, in
fact, induce temporary radiation thyroiditis, exaggerating
preexisting airway compromise. We consider radioac-
tive iodine contraindicated whenever compression symp-
toms are present.

Resection of substernal goiter is the only viable treat-
ment option. We do not agree with Lamke et al*> who
write that “with scintigraphy and aspiration biopsy,
many of these cases can safely be left without operation
and thus the number of diagnostic and prophylactic ex-
tirpations can be greatly reduced.”

During the past 10 years, all patients with airway com-
pression symptoms with the exception of those few re-
quiring emergent endotracheal intubation when first
seen, were evaluated electively in a “Difficult Airway
Clinic” by an anesthesiologist with a special interest and
expertise in intubation problems. In selected cases, a
variety of special radiographic and pulmonary function
studies and laryngeal examinations were performed and
specific recommendations made about technique and
type of anesthesia to be used. Heliox was used in those
patients who were recommended for an awake intuba-
tion. In several patients, heliox was administered for 12
or more hours while awaiting an elective or urgent rather
than emergent procedure. It is estimated that the de-
creased viscosity of this mixture of gases allows up to five
times the delivery of oxygen to the lungs with each breath
compared with room air.

Nearly all substernal goiters can and should be
removed via a low transverse collar cervical incision.
Ninety-seven percent of goiters in this series were suc-
cessfully removed through this approach; many other au-
thors>7/26-28:42.46 report similar success (92% to 100%).
In no instance did we find it necessary to combine the
cervical approach with an anterolateral thoracotomy as
recommended by DeAndrade” or Johnston and Twente.*’
The 6 patients with largely posterior mediastinal goiters
were also successfully treated through an anterior collar
incision (Fig 15). None required a posterolateral thora-
cotomy as advocated by Sweet'® and Ellis et al.*®
Excluding the single patient with the intrathoracic goiter
with Hurthle-cell carcinoma, only 2 patients required a

SURGERY FOR SUBSTERNAL GOITER



FIGURE 15. Anterior-
posterior view of left-
sided posterior substernal
goiter with the major
component dissecting
between the trachea and
the esophagus. These
patients may have both
dysphagia and
compromised airway
symptoms. Extra care
must be taken not to
injure the RLN when
delivering the tumor from
the thorax.

partial sternal split, using the technique described by Lil-
ienthal.*

With the exception of the unusual, large primary ma-
lignant neoplasm, substernal thyroid enlargements are
caused by multinodular colloid goiters. Not infre-
quently, there are also nodules within the isthmus or
contralateral lobe that have remained in a cervical loca-
tion. Where multiple palpable nodules are present, we
currently prefer to perform a total or near total thyroidec-
tomy to prevent future recurrence of either cervical or
substernal goiter. A significant number of our cases rep-
resent recurrent goiter many years after a previous lobec-
tomy or subtotal thyroidectomy, often despite thyroid re-
placement therapy. It is apparent that nodules larger
than 1 or 2 cm in diameter are often autonomous in
growth and are not influenced by hormone suppression.
Lobectomy and isthmusectomy appear to be successful
where there are no palpable or dominant nodules within
the remaining thyroid lobe. We have had no recurrent
goiters in any of our patients during the past 20 years.
However, as noted previously, 75% of our patients have
had a total thyroidectomy during the last 10 years of this
study. We consider total thyroidectomy to be the treat-
ment of choice whenever a clinically significant papillary
carcinoma (1 cm), medullary, Hurthle-cell, or follicular
carcinoma is diagnosed at operation, even when the con-
tralateral lobe is normal to palpation.

Finally, surgical therapy should be regarded as a safe
procedure with rare associated mortality and minimal
morbidity. DeAndrade’ reports an operative mortality
of 0.7% and Dahan et al™® report a mortality rate of 2.8%.
There were no operative deaths in this series. Our re-
ported 2% incidence of permanent unilateral vocal cord
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paralysis is in keeping with the 6% and 10% reported by
Dahan et al'®> and Watt-Boolen et al,*® respectively.
In this series, there was no added morbidity from total
thyroidectomy as there were no RLN injuries on the side
contralateral to the substernal component. None of our
patients sustained permanent hypoparathyroid injury
following surgery.

In conclusion, substernal multinodular goiter should
be treated with primary resection because there is no ef-
fective medical therapy available. Respiratory compro-
mise, thyrotoxicosis, and dysphagia are major complica-
tions associated with substernal goiter and can develop
insidiously or acutely even in goiters of long-standing
duration. Furthermore, there is no reliable method to
accurately exclude the presence of malignancy in those
diagnostically inaccessible glands. Nearly all goiters can
be removed through a cervical incision with relatively low
morbidity and mortality.
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