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Objective
To evaluate surgical complications, patterns of lymph node
metastases, and calcitonin response to compartment-ori-
ented lymphadenectomy in patients with primary or recurrent
medullary thyroid carcinoma (MTC).

Summary Background Data
The majority of patients with invasive MTC have metastasis to
regional lymph nodes at the time of diagnosis, as evidenced by
the frequent finding of persistently elevated calcitonin levels after
thyroidectomy and the high rates of recurrence in the cervical
lymph nodes reported in retrospective studies. These data have
provided the rationale for surgeons to perform a more extensive
lymphadenectomy at the time of initial thyroidectomy and to
consider reoperative cervical lymphadenectomy in patients with
persistently elevated calcitonin levels after thyroidectomy.

Methods
Forty patients underwent surgery for MTC from 1991 to 1997
(23 sporadic cases, 17 familial cases). Patients were divided into
three groups based on whether they had undergone previous
thyroidectomy and on the results of standardized staging studies
performed after referral to the authors’ institution. Group 1 (11
patients) had received no previous surgery; group 2 (13) under-
went thyroidectomy before referral and had an elevated calcito-
nin level without radiologic evidence of local-regional or distant
metastases; and group 3 (16) underwent thyroidectomy before

referral and had an elevated calcitonin level with radiologic evi-
dence of local-regional recurrence. The central neck compart-
ment was dissected in all patients; preoperative staging and the
extent of previous surgery dictated the need for lateral (modified
radical) neck dissection. After primary or reoperative surgery,
calcitonin levels were assessed.

Results
All patients had major reductions in postoperative calcitonin
levels. Seven (29%) of 24 patients in groups 1 and 2 achieved
normal calcitonin values compared with only 1 (6%) of 16 in
group 3. Postoperative complications included seven cases
(17%) of permanent hypoparathyroidism; five (71%) of these
occurred in group 3. There were no iatrogenic recurrent laryn-
geal nerve injuries; one patient required recurrent nerve resec-
tion to achieve complete tumor extirpation. At a median fol-
low-up of 35 months, local recurrence was documented in 5
(13%) of 40 patients.

Conclusions
Compartment-oriented lymphadenectomy performed early in
the course of MTC is safe and may return calcitonin levels to
normal in up to 25% of carefully selected patients. However,
reoperation for bulky cervical disease (group 3) rarely results
in normal calcitonin levels and is associated with a high inci-
dence of permanent hypoparathyroidism.

Medullary thyroid carcinoma (MTC) originates in the
thyroid C cells, which produce both calcitonin and carcino-

embryonic antigen (CEA). MTC occurs either as a sporadic
event or secondary to a germline mutation with an autoso-
mal dominant pattern of inheritance. Familial MTC may
occur as part of multiple endocrine neoplasia type 2A (MEN
2A; MTC, pheochromocytoma, and parathyroid hyperpla-
sia) or type 2B (MEN 2B; MTC, pheochromocytoma, mu-
cosal and alimentary tract neuromas, and marfanoid habi-
tus) or without other endocrinopathies (familial non-MEN
MTC).1,2 Unlike with most other solid tumors, the presence
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of microscopic residual disease within the thyroid, local-
regional lymph nodes, or distant organs can be detected by
elevated serum levels of calcitonin and CEA. Therefore, by
measuring calcitonin it is possible to detect MTC when
disease cannot be detected by any other technique. There is
general agreement that patients with elevated calcitonin and
CEA levels after resection of a primary MTC have residual
MTC. However, there are no data to predict the percentage
of patients with elevated calcitonin or CEA levels in whom
identifiable metastases will develop, and the percentage
who will die of metastatic disease. Thus, it remains impos-
sible to predict the course of the disease after thyroidectomy
in patients without radiologic evidence of metastatic disease
(stage I, II, or III) based on the calcitonin level.3 This group
represents the majority of patients with MTC. Despite the
often indolent course of MTC and the absence of obvious
metastatic disease, management is complicated by the pro-
gressive rise in calcitonin levels frequently seen in such
patients during outpatient follow-up. Long-term follow-up
data on patients with postoperative elevated calcitonin lev-
els (without measurable distant metastatic disease) are
needed.

Similar to the case with differentiated carcinoma of the
thyroid, factors associated with an increased rate of MTC
recurrence and decreased survival duration include ad-
vanced age, extracapsular (thyroid) tumor extension, pro-
gression of cervical nodal disease to the mediastinum, ex-
tranodal tumor extension, and incomplete surgical resection
of the primary tumor and adjacent lymph node metasta-
ses.4–11 However, in contrast to patients with papillary
carcinoma of the thyroid, data are not currently available to
translate these prognostic factors into specific treatment
recommendations for the individual patient. This is largely
because radioactive iodine ablation and thyroid suppression
are ineffective therapies in MTC and because the use of
external-beam irradiation (EBRT) remains controversial
owing to its toxicity profile and the conflicting evidence in
support of its efficacy.12–14 In addition, the lack of a stan-
dardized approach to preoperative radiologic imaging and
surgical technique makes data regarding cervical recurrence
impossible to interpret. If lymph nodes are not removed,
they cannot be assessed for metastatic involvement by the
pathologist.

In an effort to provide prospective data on the natural
history of MTC, we standardized our diagnostic approach
and surgical treatment. In this study, we evaluated surgical
complications, patterns of lymph node metastases, and cal-
citonin response to compartment-oriented lymphadenec-
tomy in patients with primary or recurrent MTC.

METHODS

Staging

After referral to the University of Texas M.D. Anderson
Cancer Center, all patients underwent standard pretreatment

staging studies that included physical examination, cervical
ultrasonography or computed tomography (CT), CT of the
chest, CT or magnetic resonance imaging (MRI) of the
liver, and a bone scan. As our experience with cervical
ultrasonography increased, it became the preferred tech-
nique for assessing the extent of cervical disease and/or
cervical recurrence, and CT of the neck was no longer
performed. Preoperative serum calcitonin levels were as-
sessed in our clinical laboratory by radioimmunoassay (Ni-
chols Inst., San Juan Capistrano, CA). Patients with normal
or undetectable calcitonin values were assayed at 30, 60,
120, and 240 seconds after stimulation with 0.5mg/kg of
pentagastrin.

Patients were divided into three groups based on whether
they had undergone previous thyroidectomy and on the
results of staging studies performed after referral to our
institution. Group 1 had undergone no previous surgery;
group 2 had undergone thyroidectomy before referral and
had an elevated calcitonin level without radiologic evidence
of local-regional (neck) or distant (liver, lung, or bone)
metastases; and group 3 had undergone thyroidectomy be-
fore referral and had an elevated calcitonin level and radio-
logic evidence of local-regional recurrence but no radio-
logic evidence of distant (liver, lung, or bone) metastases.
Laparoscopic examination of the liver was performed when
technically possible at the time of cervical reoperation in
groups 2 and 3.

Patients with an elevated calcitonin level after a prior
thyroidectomy without radiologic evidence of local-regional
(neck) or distant (liver, lung or bone) metastases (group 2)
or with subclinical cervical disease detected only by ultra-
sonography (group 3) underwent selective hepatic venous
sampling of calcitonin. Catheters were placed with fluoro-
scopic guidance in the right and left hepatic veins, and blood
samples were taken for calcitonin measurement at 30, 60,
120, and 240 seconds after pentagastrin injection (0.5mg/
kg) into a peripheral vein or (more recently) hepatic ar-
tery.15 The highest hepatic vein calcitonin level obtained
after pentagastrin stimulation was divided by the peripheral
(or hepatic arterial) calcitonin level to create the hepatic/
peripheral calcitonin ratio.

Surgical Management

Patients with a positive RET mutation status who were
members of a known MTC family and had an abnormal
calcitonin response to pentagastrin and normal cervical
sonograms underwent total thyroidectomy with central
compartment lymphadenectomy. Extracapsular total thy-
roidectomy was performed, and devascularized parathy-
roids were autografted into the nondominant forearm.

Patients with familial or sporadic MTC with clinical or
biochemical evidence of invasive MTC were managed as
initially described by Tisell et al.16 In patients with familial
MTC and an elevated basal calcitonin level or a thyroid
nodule visualized by ultrasonography or palpable on phys-

698 Fleming and Others Ann. Surg. ● November 1999



ical examination, we performed total thyroidectomy with
central compartment lymphadenectomy and bilateral mod-
ified radical neck dissection. In patients with presumed
sporadic MTC who had not undergone previous surgery, we
performed total thyroidectomy, central compartment
lymphadenectomy, and ipsilateral (unilateral) modified rad-
ical neck dissection. Patients referred after thyroidectomy
with or without some form of neck dissection underwent
reexcision of the central neck compartment and bilateral
modified radical neck dissection if it had not already per-
formed; we did not reoperate on the lateral compartment
(jugular nodal chain) in the absence of visible disease on
ultrasonography. However, all patients who underwent re-
operative neck dissection underwent reexcision of the cen-
tral neck compartment.

Central compartment lymphadenectomy involved com-
plete mobilization of the sternohyoid muscles and resection
of the underlying sternothyroid muscles (with the thyroid
and/or lymphatic specimen) to provide adequate exposure
of the central thoracic inlet at the level of the innominate
vein and artery. The thymic fat pad was removed, and the
extent of transcervical mediastinal dissection was based on
anatomic considerations related to body habitus and the
extent of previous surgical procedures. All paratracheal
nodal tissue was removed, skeletonizing the trachea, esoph-
agus, and recurrent nerves from the hyoid bone to the
innominate vessels (Fig. 1). Every attempt was made to
preserve (in situ) the superior parathyroid glands, which are
usually located just superior and posterior to the junction of
the recurrent laryngeal nerve and inferior thyroid artery. The
inferior parathyroids were usually inseparable from the
cluster of lymph nodes and thymic horn that extends from
the lower pole of the thyroid gland just inferior and anterior

to the junction of the inferior thyroid artery and recurrent
laryngeal nerve. The inferior parathyroids were identified
when possible, confirmed histologically (so as not to au-
tograft a lymph node metastasis), and autografted into either
the sternocleidomastoid muscle in the neck or the brachi-
oradialis muscle in the nondominant forearm. Modified
radical neck dissection used as its limits of dissection the
posterior belly of the digastric muscle superiorly, the 11th
nerve posterolaterally, and the thoracic inlet inferiorly (Fig.
2). The sternocleidomastoid muscle, jugular vein, carotid
artery, and vagus nerve were preserved; the omohyoid mus-
cle was resected with the specimen.

Postoperative Management

Patients were extubated in the operating room and taken
to the recovery room before transfer to the floor; intensive
care monitoring was not used. The serum calcium level was
maintained at the lower limit of normal with supplemental
intravenous and oral calcium and calcitriol as needed. Hy-
poparathyroidism was defined as the need for.1 g of oral
calcium per day or the need for calcitriol or ergocalciferol
combined with a low or unmeasurable level of intact para-
thyroid hormone at 3 months from the date of surgery.

Six to 8 weeks after surgery, the calcitonin levels of all
patients were assessed; those with normal or undetectable
calcitonin levels were evaluated using pentagastrin stimu-
lation. Postoperative basal and stimulated calcitonin levels
were used to define partial response (decrease in calcitonin
by .50% after surgery), complete response (normal basal
calcitonin level after surgery), and sustained complete re-
sponse (normal basal and stimulated calcitonin level after
surgery) on all follow-up outpatient visits. Patients with an

Figure 1. Anatomy of the central
and lateral neck after reoperative bi-
lateral neck dissection and reexci-
sion of the central neck compart-
ment. The sternohyoid muscles
have been fully mobilized. The un-
derlying sternothyroid muscles
were resected with the central neck
contents.
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elevated calcitonin level and no abnormal physical findings
underwent ultrasound examination of the cervical and su-
praclavicular regions, chest roentgenography, and MRI of
the liver at 6-month intervals. Suspected cervical recur-
rences identified on radiologic images were subjected to
fine-needle aspiration biopsy; reoperation was performed
for confirmed cervical recurrences.

Local-regional EBRT was recommended to patients with
microscopic residual disease or histologic evidence of ex-
tranodal soft tissue extension of tumor and to patients who
had recurrences after a cervical operation performed at our
institution. Systemic chemotherapy was reserved for pa-
tients with rapidly progressive measurable metastatic dis-
ease.

RESULTS

Forty patients underwent surgery for MTC between 1991
and 1997. Twenty-three patients (57%) had presumed spo-
radic disease, and 17 (43%) were believed to have familial
MTC based on family history. There were 25 women (63%)
and 15 men (35%). The median age was 46 years (range 30
to 79 years) for the patients with sporadic MTC and 32
years (range 7 to 60 years) for those with familial disease.
Eleven patients (27%) had not undergone prior cervical

surgery (group 1); 13 patients (32%) had an elevated calci-
tonin level after previous thyroidectomy with or without
neck dissection and had no radiologic evidence of local-
regional or distant recurrence (group 2); and 16 patients
(40%) had an elevated calcitonin level after previous thy-
roidectomy with or without neck dissection and radiologic
evidence of cervical recurrence (group 3).

Clinical data and RET mutation status are depicted in
Table 1. RET mutational analysis was performed in 37 of 40
patients. The surgical procedures performed before referral
were determined by review of the operative notes; if the
surgeon stated that a central neck dissection had been per-
formed, it is listed as such in Table 1. The surgical proce-
dures performed at our institution are listed in Table 2. After
the primary (group 1) or reoperative (groups 2 and 3)
surgical procedure performed at our institution, 32 of the 40
patients had undergone complete cervical lymph node dis-
section consisting of total thyroidectomy, central neck dis-
section, and bilateral modified radical neck dissection. Eight
patients underwent lesser procedures: four in group 1, one in
group 2, and three in group 3. The four patients in group 1
included one patient with familial MTC detected by RET
analysis and treated with total thyroidectomy and central
neck dissection and three patients with sporadic MTC
treated with total thyroidectomy and central and ipsilateral
neck dissections. Similarly, one patient in group 2 and one
patient in group 3 underwent central and ipsilateral neck
dissections for sporadic MTC. The remaining two group 3
patients included one patient referred with recurrence in a
previously dissected ipsilateral jugular compartment despite
EBRT, and one patient whose disease recurred in the central
neck compartment after central and ipsilateral neck dissec-
tion.

Diagnostic laparoscopy of the liver was performed on 13
patients from groups 2 and 3 at the time of cervical reop-
eration; no metastatic lesions were identified.

Pathologic data for all 40 patients are listed in Table 3.
The median size of the primary tumor increased from 1.6
cm (range 0 to 5.0 cm) in group 1 to 2.3 cm (range 0.5 to 8.0
cm) in group 3. A similar trend was noted for the percentage
of patients with regional lymph node metastases. Eight
(20%) patients had no histologic evidence of lymph node
metastases. These included five patients in group 1: one
40-year-old woman with familial non-MEN MTC (known
RET mutation and an abnormal calcitonin response to pen-
tagastrin stimulation) in whom the thyroid was normal by
physical examination and ultrasonography who underwent
thyroidectomy and central neck dissection; three patients
with familial MTC with known RET mutations and elevated
basal calcitonin levels treated with total thyroidectomy and
central and bilateral neck dissection; and one patient with
sporadic MTC who had a thyroid nodule treated with total
thyroidectomy and central and ipsilateral neck dissection.
The three node-negative group 2 patients were a 10-year-old
boy with MEN 2B and two patients with sporadic MTC, all

Figure 2. Anatomy of the lateral neck. Potential complications associ-
ated with dissection of the lateral neck compartment include iatrogenic
injury to the spinal accessory nerve or the thoracic duct (posterolateral
to the origin of the left jugular vein). The major complications associated
with surgery for MTC involve anatomic structures in the central neck
compartment (e.g., the recurrent laryngeal nerve and the parathyroids,
which are structures at risk when performing total thyroidectomy even in
the absence of formal compartment-oriented lymphadenectomy).
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of whom underwent reoperative cervical lymphadenectomy
for postthyroidectomy calcitonin elevations,100 pg/ml.

The median number of lymph nodes removed (per pa-
tient) in all surgical procedures was 57 (range 17 to 124).
The pathologic finding of extranodal soft tissue extension of
tumor was most common in patients in group 3 (12/16;
75%).

The distribution of positive lymph nodes within the ipsi-
lateral and contralateral central and lateral neck compart-
ments is shown in Table 4. Ten (31%) of the 32 patients
who underwent bilateral neck dissection (often at multiple
procedures) were found to have metastatic lymph nodes in
the contralateral lateral neck compartment. Of the 16 pa-
tients with familial MTC who had bilateral neck dissections,
3 (19%) had metastatic lymph nodes in the contralateral
lateral neck compartment. Of the 16 patients with sporadic
MTC, 7 (44%) had contralateral lateral lymph node metas-
tases—a reflection of the extent of disease at diagnosis.
When the primary tumor size was#1 cm (T0 or T1), two
(22%) of nine patients had metastases in the contralateral
jugular (lateral) compartment.

Surgical results and complications are listed in Table 5.
Thirty-three (83%) of the 40 patients had a.50% reduction
in serum calcitonin level (partial response) after surgery at
our institution, including 10 (91%) of the 11 patients in
group 1. The postoperative basal serum calcitonin level
returned to normal (CR, complete response) in 15 patients
(38%). However, at last follow-up, 3 of these 15 patients
were found to have an abnormal basal calcitonin level (at 7,

10, and 11 months after surgery). Eight of the remaining 12
patients, representing 20% of the study population, had a
normal calcitonin level before and after pentagastrin stim-
ulation (sustained CR). Postoperative complications in-
cluded seven cases (17%) of permanent hypoparathyroid-
ism; five (71%) of these occurred in patients in group 3 (see
Table 5), with three cases being evident before reoperation
at our institution. One patient required resection of the right
recurrent laryngeal nerve for direct tumor invasion; no other
patients had clinical evidence of recurrent laryngeal nerve
injury. One patient had postoperative palsy of the 11th
cranial nerve; this injury required a brief period of physical
therapy.

Preoperative selective hepatic vein sampling of calcitonin
after pentagastrin stimulation was performed in 13 patients.
Because of the investigational nature of this procedure, the
inability to base clinical management on the results ob-
tained, and potential risks associated with such invasive
procedures, some eligible patients did not undergo hepatic
vein sampling. Table 6 compares the maximum stimulated
calcitonin ratio (hepatic vein calcitonin level/peripheral vein
or hepatic artery calcitonin level) with postoperative out-
come as assessed by the presence or absence of a CR
(normal calcitonin level) and the development of liver me-
tastases. Four of the 13 patients achieved a postoperative
CR, and all 4 had calcitonin ratios,1.0.

Eight patients received EBRT, one before referral and
seven after surgery at our institution. One patient was in
group 1 and seven were in group 3. Using CT-guided

Table 1. CLINICAL FEATURES, RET MUTATION STATUS, AND PRIOR SURGICAL
PROCEDURES FOR 40 PATIENTS WITH MTC

Clinical/Laboratory Feature

No. of Patients by Group

1 2 3

Total patients 11 13 16
Median age (range) 40 yr (14–68) 44 yr (7–58) 45 yr (18–79)
Sporadic MTC 5 6 12
Familial MTC 6 7 4
RET mutation analysis (# completed/total) 11/11 12/13 14/16

Codon 609 mutation 1 1 0
Codon 618 mutation 0 0 1
Codon 620 mutation 0 1 0
Codon 634 mutation 3 2 2
Codon 891 mutation 1 1 0
Codon 918 mutation 1 1 0
No mutation identified 5 6 11

Extent of prior surgical procedures
Subtotal thyroidectomy NA 0 4
Total thyroidectomy NA 7 4
Total thyroidectomy, CND NA 3 2
Total thyroidectomy, CND, ipsilat ND NA 3 6

Median preoperative calcitonin level* 640 pg/ml 331 pg/ml 2,875 pg/ml
Range 38–7150 pg/ml 16–7010 pg/ml 76–34,000 pg/ml

CND, central compartment (neck) dissection; ipsilat ND, ipsilateral neck dissection; NA, not applicable.
* Before surgery at M.D. Anderson Cancer Center.
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planning, the standard radiation dose was 60 Gy delivered in
30 fractions to the thyroid bed and 56 Gy to the surgical
field. Serum calcitonin levels decreased after EBRT: the
median preradiation calcitonin level for the seven patients
treated after surgery at our institution was 790 pg/ml (range
87 to 4236); the postradiation median calcitonin level de-
creased to 600 pg/ml (range 40 to 3540).

Two patients, both in group 2, received systemic chemo-
therapy for rapidly progressive metastatic disease. Both
patients had liver metastases identified during the follow-up
period and experienced diarrhea and flushing. One of the
patients also had evidence of progressive local recurrence.
Doxorubicin, dacarbazine, and cyclophosphamide were given
in combination and resulted in improvement in symptoms
and a reduction in local and distant disease progression by
physical examination and radiologic studies. Both patients
are currently alive with disease.

After a median follow-up of 35 months (range 5 to 82
months), 37 patients (93%) have no evidence of disease by
imaging studies or physical examination. Five (13%) pa-
tients have experienced local recurrence detected by fol-
low-up cervical ultrasonography; four of them underwent
reoperation and are free of disease.

Univariate analysis was performed using a sustained CR
(normal serum level of calcitonin after pentagastrin stimula-
tion) as the end point to examine the impact of clinicopatho-
logic variables (Table 7). The inability to achieve a normal
postoperative (stimulated) calcitonin level was associated with
a high preoperative calcitonin level, the presence of metastatic
lymph nodes (p5 0.010), extranodal soft tissue extension of
tumor (p5 0.011), and a time interval of.2 years from initial
surgery to reoperation at our institution (p5 0.017).

DISCUSSION

Medullary thyroid carcinoma is unique among solid tu-
mors because of its ability to secrete calcitonin, a highly
sensitive and specific serum marker of persistent or recur-
rent disease even at a microscopic level. Previous investi-
gators have focused on the use of cervical lymphadenec-
tomy to achieve a clinical and biochemical systemic cure as
assessed by serum levels of calcitonin. This approach was
based on the theory that indolent diseases such as MTC may
metastasize to regional lymph nodes in the absence of
established distant organ (liver, lung, or bone) metasta-
sis.16,17 Proponents stated the obvious: many patients with
lymph node metastasis from other solid tumors (breast and
colon cancer), as well as MTC, have long-term survival, the
duration of which appears adequate to be termed a cure.
Critics of extended surgical procedures for MTC favor a
biologic view, suggesting that lymph nodes are a marker of
systemic disease and therefore that wider surgical resections
would not affect critical host–tumor relationships, which
determine the development of distant metastasis, and that
lymphadenectomy would result in little change in the over-
all survival duration.18 The relatively slow growth of MTC
makes measurement of survival end points impractical, and

Table 3. PATHOLOGIC
CHARACTERISTICS FOR 40 PATIENTS

WITH MTC*

Characteristic

No. of Patients (%) by Group

1 2 3

Total patients 11 13 16
Median size of

primary tumor (cm)
1.6 1.9 2.3

Extrathyroidal tumor
extension (primary
tumor)

2 (18) 6 (46)† 6 (37)†

Positive lymph nodes 6 (55) 10 (77) 16 (100)
Extranodal tumor

extension
3 (27) 5 (38) 12 (75)

* Includes data from all operations performed (before referral and at M.D. Ander-
son).

† Derived from the pathology report dictated at referring institution (site of initial
thyroidectomy); considered present in this table only if documented in the pathol-
ogy report—incidence may be underestimated.

Table 2. SURGICAL PROCEDURES
PERFORMED AT M.D. ANDERSON
CANCER CENTER IN 40 PATIENTS

WITH MTC

Surgical Procedures
and Other Therapies
Performed at M.D.

Anderson

No. of Patients by Group

1 2 3

Total patients 11 13 16
Total thyroidectomy 0 NA NA
Total thyroidectomy,

CND
1 NA NA

Total thyroidectomy,
CND, unilateral MRND

3 NA NA

Total thyroidectomy,
CND, bilateral MRND

7 NA NA

Reexcision CND NA 13 16*
Unilateral MRND NA 1 3
Bilateral MRND NA 11 9
Completion bilateral

MRND (one side done
before referral)

NA 1 3

Total thyroidectomy,
CND, bilateral MRND†

7 12 13*

EBRT 1 0 7
Chemotherapy 0 2 0

NA, not applicable; CND, central compartment dissection (lymphadenectomy);
MRND, modified radical neck dissection; EBRT, external-beam radiation therapy.
* One patient received repeat central compartment dissection alone after prior

bilateral neck dissections.
† Includes operations performed before referral to M.D. Anderson; this row re-
flects the total number of patients in each group who underwent central and
bilateral cervical lymphadenectomy during the course of their surgical treat-
ment(s).
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rates of recurrence are prone to underestimation due to
variability in surgical technique and the frequent inaccuracy
of patient follow-up. However, serum calcitonin is easily
measured and accurately reflects the presence or absence of
disease. It was therefore unavoidable that the end point for
surgical therapy would be the presence or absence of mi-
croscopic disease as assessed by serum levels of calcitonin.

Norton et al were the first to describe the use of reopera-
tive cervical surgery for resection of clinically occult MTC
(Table 8).4,7,9,11,16,17,19–21The ability to measure serum
levels of calcitonin, with the addition of selective venous
sampling (and pentagastrin stimulation), made it possible to
consider surgery for clinically occult disease. In the absence
of such a sensitive and specific marker of persistent MTC,
these patients would have been considered potentially cured
rather than returned to the operating room. The fact that
persistent disease could be documented, even if just at a
biochemical level, made reoperation a reasonable therapeu-
tic option. In 1986, Tisell et al published their experience
with reoperative neck dissection, incorporating the use of
magnifying glasses and meticulous surgical technique to
remove all fibrofatty and lymphatic tissue in the neck.16

Because metastatic disease could be found histologically in
grossly normal lymph nodes, they believed that a more
extensive operation was necessary. Again, the end point for
analysis was the postoperative level of serum calcitonin, and
in their initial experience, 4 of 11 patients were biochemi-
cally cured by reoperative cervical surgery. However, be-
cause of the long survival duration of patients with MTC, it
is difficult at this time to assess the impact of the extent of
cervical surgery on overall survival. Otherwise stated, a
specific subset of patients known to receive a statistically
significant survival benefit from reoperative cervical sur-
gery has not been identified—although one would assume
that a normal postoperative basal and stimulated calcitonin
level would confer a survival advantage.

The relatively long survival duration experienced by most
patients with MTC, regardless of the extent of surgical
treatment, combined with the visible nature of surgical
complications, including voice change and permanent hy-
poparathyroidism, has caused most surgeons to take a con-
servative approach to the surgical management and fol-
low-up of patients with MTC.11 However, the patient,
family physician, and endocrinologist become concerned as

Table 4. INCIDENCE AND LOCATION OF HISTOLOGICALLY CONFIRMED METASTATIC
LYMPH NODES*

T
Stage†

Total
Patients

No. of Patients with Positive Nodes/No. Dissected (%)
Median No.

of Nodes
Sampled
(Range)

Ipsilateral Contralateral

Lateral Central Central Lateral

0 3 2/3 (67) 2/3 (67) 0/3 0/3 72 (56–89)
1 8 4/7 (57) 4/8 (50) 3/8 (37) 2/6 (33) 65 (21–89)
2 20 17/20 (85) 17/20 (85) 11/20 (55) 4/16 (25) 50 (18–101)
3 4 3/4 (75) 4/4 (100) 2/4 (50) 1/3 (33) 57 (17–58)
4 5 5/5 (100) 5/5 (100) 4/5 (80) 3/4 (75) 99 (27–124)

Total 40 31/39 (79) 32/40 (80) 20/40 (50) 10/32 (31) 57 (17–124)

* Includes data from all operations performed (before referral and at M.D. Anderson).
† T0, no evidence of primary tumor; T1, tumor #1 cm in greatest dimension; T2, tumor size .1 cm and #4 cm; T3, tumor limited to the thyroid and .4 cm; T4, tumor
of any size extending beyond the thyroid capsule.

Table 5. SURGICAL RESULTS,
COMPLICATIONS, AND INCIDENCE OF

CERVICAL RECURRENCE FOR 40
PATIENTS WITH MTC

Surgical
Result/Complication

No. of Patients (%) by Group

1 2 3

Total patients 11 13 16
PR* at last follow-up 10 (91) 9 (75) 14 (82)
CR† at last follow-up 5 (45) 4 (33) 3 (18)
Sustained CR‡ at last

follow-up
4 (36) 3 (39) 1 (6)

Median calcitonin
level at last follow-up

54 pg/ml 23 pg/ml 92 pg/ml

Range ,10–618
pg/ml

,10–53,000
pg/ml

,10–1400
pg/ml

**No evidence of disease
at last follow-up

11 11 15

**Alive with disease at last
follow-up

0 2 1

Cervical recurrence§ 1 2 2
Permanent

hypoparathyroidism
1 1 5

Median follow-up (months) 34 33 35

* PR (partial response), decrease in calcitonin by .50% after surgery.
† CR (complete response), normal basal calcitonin level after surgery.
‡ Sustained CR, normal basal and stimulated calcitonin level at last follow-up.
§ Cervical recurrence was defined by physical examination, radiologic study,
and/or pathologic evaluation of biopsy specimens.
** Clinical disease status based on radiologic studies and physical examination.
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the calcitonin level slowly rises, indicating persistent and
usually progressive invasive cancer. To address this clinical
dilemma, we developed a standardized diagnostic and sur-
gical strategy to maximize local-regional tumor control and
facilitate patient management.

The rationale for a more extensive, compartment-oriented
(the term coined by Dralle et al17 for the removal of lymph
nodes from anatomically defined compartments) cervical
lymphadenectomy was the high published rates of local-
regional tumor recurrence after initial thyroidectomy (Table
9).6,8,11,13,17,22–24Regardless of one’s view on the use of
local-regional surgery to affect serum (systemic) levels of
calcitonin, recurrence rates as high as those listed in Table
9 mandate greater attention be paid to the surgical manage-
ment of this disease. The surgical approach outlined in this
article attempts to maximize local-regional tumor control
and minimize complications by avoiding unnecessary reop-

eration.25 As seen in Table 4, lymph node metastases in the
central neck and ipsilateral jugular chain are present in
almost all patients with a grossly evident MTC, regardless
of size, at the time of diagnosis. Contralateral cervical
lymph node metastases are present in at least one third of
patients with measurable primary tumors. Importantly, one
can assess the incidence of lymph node metastasis only by
performing anatomically defined, compartment-oriented
lymphadenectomy followed by careful pathologic analysis.
Classifying patients as node-positive or node-negative after
thyroidectomy, which may or may not have included some
form of lymphadenectomy, artificially understages many
patients.

In our study, patients were placed into one of three groups
based on whether they had undergone prior surgery and on
the results of preoperative radiologic imaging. The patients
with clinically or radiologically evident persistent or recur-
rent cervical disease after initial thyroidectomy performed
before referral (group 3) had the highest incidence of ex-
tranodal soft tissue extension of tumor, the highest median
postoperative calcitonin level, and the highest incidence of
permanent hypoparathyroidism (see Tables 3 and 5). When
performing reoperation for bulky cervical disease (group 3),
parathyroid localizationin situ is often impossible, and it is
also difficult to find normal glands (for autografting) within
the resected specimen. In contrast, iatrogenic injury to the
recurrent laryngeal nerve is uncommon even in the reopera-
tive setting when the nerves are identified deep within the
thoracic inlet, as described in this report. Resection of the
sternothyroid muscles and retraction of the overlying ster-
nohyoid muscles allowed identification of the origin of the
right subclavian artery and the origin of the right recurrent
laryngeal nerve. On the left side, access to the thoracic inlet
allowed identification of the left recurrent laryngeal nerve

Table 6. RESULTS OF PREOPERATIVE SELECTIVE HEPATIC VEIN SAMPLING AND
OUTCOME IN 13 PATIENTS WITH MTC

Patient
Site of Pentagastrin

Injection
Maximum Calcitonin

Ratio*
CR or

Sustained CR
Liver

Recurrence
Follow-Up
(months)

1 Hepatic artery 0.84 Yes No 10
2 Peripheral vein 0.85 Yes No 13
3 Hepatic artery 0.85 Yes No 39
4 Peripheral vein 0.94 No No 19
5 Hepatic artery 0.96 Yes No 6
6 Hepatic artery 1.02 No No 10
7 Hepatic artery 1.08 No No 13
8 Peripheral vein 1.16 No No 15
9 Hepatic artery 1.22 No No 10

10 Peripheral vein 1.23 No Yes 44
11 Peripheral vein 1.47 No No 81
12 Peripheral vein 1.93 No No 15
13 Hepatic artery 2.58 No No 8

* Calcitonin ratio represents the highest hepatic vein value obtained after pentagastrin stimulation (0.5 mg/kg) divided by the peripheral vein (or hepatic arterial) calcitonin
value.

Table 7. VARIABLES ASSOCIATED WITH
A FAILURE TO ACHIEVE A NORMAL
(STIMULATED) CALCITONIN LEVEL

AFTER SURGERY

Variable Univariate p Value

Age . 40 years 0.161
Male sex 0.885
Sporadic MTC 0.889
Tumor size . 2.0 cm 0.267
Preoperative calcitonin . 835 pg/ml* 0.038
Lymph node positivity 0.010
Extranodal extension 0.011
Time interval . 2 years from initial surgery 0.017

* Median preoperative calcitonin was 835 pg/ml (16–3400 pg/ml).
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deep to the proximal left common carotid artery; in reop-
erative cases, we found that this area had virtually never
been dissected at the initial thyroidectomy. We did not leave
gross diseasein situ in any patient. When tumor was abut-
ting either the right or left recurrent laryngeal nerve, sharp
dissection was used to skeletonize the nerve. This was not
possible in one patient, who required nerve resection. Iat-
rogenic recurrent laryngeal nerve injury did not occur in any
patient in this small series. However, postoperative indirect
laryngoscopy was performed only in symptomatic patients,
and asymptomatic vocal cord palsies may have been missed.
We would always favor performing unilateral recurrent
laryngeal nerve resection if necessary for complete tumor
clearance rather than leaving gross tumor adjacent to the
trachea or esophagus.

We did not perform elective median sternotomy for re-
moval of possible occult metastasis in mediastinal lymph

nodes. Unlike for cervical and central neck metastases, there
are no data to suggest that deep mediastinal lymph node
metastases contribute to clinically significant complications
or necessitate therapeutic reoperation. Further, previous in-
vestigators who performed elective median sternotomy have
rarely seen the serum calcitonin level return to normal.4,7,16

Importantly, the deep central neck at the level of the tho-
racic inlet should be dissected through a standard cervical
incision; the technique for access to the central neck that we
used provides direct visualization of the innominate artery
and vein. By fully mobilizing the sternohyoid muscles and
by removing the underlying sternothyroid muscles, access
to the deep central neck is maximized. We encountered only
one patient who required median sternotomy for removal of
central neck disease that could not be safely removed from
the innominate artery because of inadequate vascular con-
trol from the transcervical approach.

Table 8. REOPERATIVE CERVICAL SURGERY FOR MTC

Author
Year

Published
Years of

Study

No. of Patients

Total
Familial/
Sporadic

Image-Positive
Disease
Before

Reoperation

Bilateral Neck
Dissection
Performed

PG Stimulation
Negative After
Reoperation

(%)

PG-
Negative
Familial/
Sporadic

Norton19 1980 NA 7 2/5 0 0 1/7 (14) 1/0
Tisell16 1986 1973–80 11 4/7 1 10 4/11 (36) 1/3
van Heerden11 1990 1970–85 11 NA 11 NA 0/11 (0) NA
Frank-Raue20 1992 1988–90 14 NA 6 NA 3/14 (21) NA
Dralle17 1994 1970–90 55 NA NA NA 8†/55 (15) NA
Abdelmoumene21 1994 1973–92 13 4/9 3 2 1/13 (8) 0/1
Buhr4 1995 1988–94 53 9/44 0 24 8/53 (15) NA
Gimm7 1997 1988–96 36 NA 27/34 34‡ 9/34 (26) NA
Moley9 1997 1992–96 45 21/24 22 30 17*/45 (38) NA
Present series 1999 1991–97 40 17/23 16/29 25 4/29 (14) 0/4

PG, pentagastrin; NA, not available.
* Not stated whether the 17 stimulation-negative patients had image-positive disease before surgery.
† Four (27%) of the 15 patients treated with more aggressive compartment-oriented microdissection.
‡ All patients had median sternotomy and mediastinal lymph node dissection.

Table 9. CERVICAL RECURRENCE OF MTC REQUIRING REOPERATION

Author
Year

Published
Years of

Study
No. of

Patients
Median or Average

Follow-Up (yr)
No. With Cervical
Recurrence (%)

Simpson22 1982 1958–79 16 NA 8 (50)
Saad13 1984 1944–83 143 6 39 (27)
van Heerden11 1990 1970–85 40 12 26 (65)
Gharib23 1992 1946–70 65 24 18/52 (35)
Kallinowski8 1992 1970–85 40 6 26 (65)
Dralle17 1994 1970–90 39 5 23 (59)*
Marzano24 1995 1977–90 33 5 10/25 (40)
Fuchshuber6 1998 1961–95 34 19 6/28 (21)
Present series 1999 1991–97 40 3 5/40 (13)

* Cervical recurrence rate was 10% after compartment-oriented lymphadenectomy.

Vol. 230 ● No. 5 Medullary Thyroid Carcinoma 705



Clinical, laboratory, and pathologic variables associated
with persistent calcitonin elevation after operation in group
1 and reoperation in groups 2 and 3 included a high preop-
erative calcitonin level (.835 pg/ml), the presence of ex-
tranodal soft tissue extension of tumor, and a long interval
(.2 years) from initial thyroidectomy to reoperation. These
findings are consistent with previous reports4,5,7,9 and fur-
ther support the use of complete compartment-oriented cer-
vical lymphadenectomy while the tumor burden is low
rather than waiting for the development of bulky cervical
disease (often associated with soft tissue extension of tu-
mor). Data regarding the use of selective hepatic vein sam-
pling to detect occult hepatic metastases appear encourag-
ing, although the small numbers make our experience
difficult to interpret.

Our data provide preliminary support for a standard on-
cologic approach to cervical surgery for MTC. The primary
tumor and regional lymph node basins are removed by total
thyroidectomy and compartment-oriented lymphadenec-
tomy. Dissection of the central compartment is associated
with a lower incidence of permanent hypoparathyroidism
when the tumor burden is low. Vocal cord palsy should be
uncommon if the recurrent laryngeal nerve is identified at
the level of the thoracic inlet and followed cephalad to its
entrance into the cricothyroid muscle. In addition, when a
complete lymphadenectomy is performed early in the
course of the disease, postoperative management is simpli-
fied. In patients who have undergone complete dissection of
the central and lateral neck compartments, reoperative cer-
vical surgery should be considered only if imaging studies
(cervical ultrasonography) document recurrent disease. If
cervical lymphadenectomy has been complete and the cal-
citonin level is rising, asymptomatic distant metastasis can
be evaluated by CT of the chest, MRI of the liver, and bone
scintigraphy. Importantly, one would not consider systemic
cytotoxic chemotherapy in the absence of progressive, mea-
surable distant metastatic disease.

Brierley et al recently reported on the use of adjuvant
cervical EBRT in high-risk patients.12 High-risk patients
were defined as those with microscopic residual disease,
lymph node metastasis, or extraglandular tumor invasion;
patients with gross residual disease were excluded.
Twenty-five patients received EBRT after surgery, and
15 patients received surgery alone. The local-regional
recurrence rate was 14% in patients who received post-
operative adjuvant radiation therapy and 48% in those
who received surgery alone. Brierley et al were the first
to recommend postoperative adjuvant EBRT in patients
with an elevated calcitonin level after adequate cervical
surgery. Their suggested radiation therapy program en-
compasses the cervical, supraclavicular, and upper me-
diastinal lymph node distributions to a total dose of 40
Gy in 20 fractions using AP/PA fields. Patients with
microscopically positive surgical margins then received a
10-Gy boost in five fractions over 1 week.

Our current practice is to consider EBRT in patients with

histologic evidence of extranodal soft tissue extension and
in all patients who have recurrences within the central or
lateral neck compartments after standardized compartment-
oriented lymphadenectomy performed at our institution. In
our study, seven patients received EBRT for these indica-
tions. We did not recommend irradiation to all patients who
had a persistent elevation in calcitonin after reoperation,
although calcitonin levels (in the seven patients who re-
ceived therapeutic irradiation) did decrease after EBRT.
The more liberal application of EBRT in patients with MTC
warrants further consideration; however, patient numbers
are likely to be too small to conduct a randomized clinical
trial.

The application of standard principles of surgical oncol-
ogy to patients with MTC would suggest that a more com-
plete cervical lymphadenectomy be performed early in the
course of this disease to decrease rates of local-regional
recurrence and maximize survival duration. Our choice of
surgery for patients with sporadic MTC and no evidence of
cervical adenopathy on physical examination or cervical
ultrasonography is total thyroidectomy, central neck dissec-
tion, and ipsilateral (unilateral) modified radical neck dis-
section. In patients with familial MTC who were not part of
a screening program and who have gross disease at diagno-
sis (elevated basal calcitonin level), we recommend total
thyroidectomy, central neck dissection, and bilateral modi-
fied radical neck dissection. The high incidence of lymph
node metastasis in the central and lateral neck compart-
ments supports this recommendation. In patients who are
members of known familial MTC kindreds and who are
diagnosed based on the discovery of a RET mutation, thy-
roidectomy alone is adequate therapy, assuming there is no
significant elevation of basal calcitonin or abnormality on
physical examination or cervical ultrasonography. For pa-
tients who have undergone prior thyroidectomy with or
without neck dissection, reoperation is clearly indicated
when recurrent disease is documented radiologically or by
physical examination. Reoperation for elevations in calci-
tonin in the absence of radiologic evidence of recurrence
remains controversial because of the lack of accurate natural
history information and the relatively short follow-up pro-
vided in most studies, including our own.

Our data suggest that compartment-oriented lymphade-
nectomy performed early in the course of MTC is safe and
may return calcitonin levels to normal in up to 25% of
carefully selected patients. Further, reoperation before the
development of bulky recurrent disease may be associated
with a lower incidence of permanent hypoparathyroidism.
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