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ABSTRACT

Surgical management of benign thyroid diseases (BTDs) has been a topic of interest and confusion for many years. Almost 80%
of thyroidectomies at an average endocrine surgical unit are carried out for BTDs. Resistance to surgical intervention in BTDs
has been based on the belief that increased complication rate is inherent in its use, this is despite the potential advantages in terms
of confirming the benign nature of the lesion, controlling the disease, and relieving local symptoms of large neck mass. Benign
thyroid diseases are more likely to occur in middle-aged women living in iodine deficient areas, or have a family history of
goiter, or in patients taking iodine-containing drugs, like amoidarone, or in patients with previous history of x-ray exposure.
However, the physician must be careful in making the diagnosis of BTDs in patients at the extremes of age or in the presence of
positive history of radiation, or in patients with family history of thyroid or colon cancer. In this article we will review the

etiology, epidemiology, diagnostic methodologies and the recent trends in the surgical and medical management of BTDs.
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Disorders of the thyroid gland occur in 3-5% of the
population and are the second most common
endocrine disorder, next to diabetes mellitus.'* Autopsy
studies have shown that thyroid nodules are present in
approximately 37% of general population, and they have
been shown to be benign in 70-90% of cases depending
on the selectivity of surgical indication.** Until the late
1800s, surgical treatment of thyroid disorders was
reserved for patients with impending death from
suffocation due to fears of surgical complications, such
as hemorrhage and infection.®” With the introduction of
anesthesia, antisepsis, and fine surgical instruments, and
the development of new thyroidectomy techniques,
surgery became a safer alternative, offering the chance
of cure to many patients.>¢ Today thyroidectomy is a
routine procedure performed for thyroid cancer, and
many cases of BTDs.” Overall, death from thyroid
surgery is rare, and the incidence of recurrent laryngeal
nerve injury, neck hematoma, thyroid storm, and
hypoparathyroidism is low. These  reported
complication rates vary dramatically, ranging from O-

14% for permanent recurrent laryngeal nerve injury and
from 1.2-11% for permanent hypoparathyroidism.®
Several advances have been made in the field of
diagnosis, medical management and the molecular
biology of BTDs. The surgical treatment, however,
remains a matter of controversy. A major reason is
differences in experience and attitudes towards surgical
resection of benign thyroid lesions and the possibility of
complications.'"3

Predisposing factors. Several studies have shown
that living in iodine deficient or endemic goiter areas is
the most frequent predisposing factor for the
development of BTDs such as multinodular goiter
(MNG) or diffuse goiter.'*'” According to the WHO
iodine deficiency disorders (IDD) are significant health
problem in 118 countries around the globe. An estimated
1.58 billion people worldwide live in iodine deficient
environment and therefore are at risk of IDD.'$* The
Eastern Mediterranean region has one of the highest
goiter prevalence rates, with more than 42% of the
population at risk for iodine deficiency.'®'* In Jordan,
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and in spite of the iodisation program, which was
launched in the early 1990s, Jordan still has high
prevalence of goiter rate that is close to 34%.° High
levels of circulating immunoglobulins such as long
acting-thyroid  stimulator and thyroid-stimulating
immunoglobulins increase the risk of Graves Disease.?!
Patients with defined inherited metabolic defects in
thyroid hormone synthesis will develop hyperplastic
goiter, which could lead to MNG. Drugs particularly the
anti thyroid, pyocynate, perchlorate, sulfonamide,
lithium and amiodarone are known goiterogens.?
Previous radiation exposure has been shown to increase
thyroid nodularity 2320

Evaluation of benign thyroid diseases. (a) Clinical
examination. It is very important to ask the patient
with thyroid swelling about local pressure symptoms
such as dyspnoea, dysphagia, neck discomfort and risk
factors that might give important clues towards
diagnosis and the need for surgical intervention. Patients
at the extremes of age (younger than 14 years and older
than 60) particularly in males and presenting with
thyroid nodules are more likely to have malignant
nodules. Past history of radiation exposure increases the
frequency of both benign and malignant thyroid nodules.
The presence of family history of medullary thyroid
carcinoma or papillary thyroid carcinoma or familial
polyposis or vocal cord paralysis also increases the risk
of cancer. The presence of a very hard, irregular mass or
enlarged pathological cervical lymph nodes can also
increase the risk of cancer. The risk of thyroid cancer in
a dominant nodule of a MNG is as high as in a true
single nodule in euthyroid or hypothyroid or toxic
goiters approximately 10-30%.'37

(b) Investigations. Serum concentration of
sensitive TSH is necessary to evaluate the functional
status of the thyroid gland in BTDs. Normal TSH level
negates the need for further testing of thyroid hormones.
The levels of free triiodothyronine (FT3) and free
thyroxine (FT4) should be determined in patients with
clinical evidence of hypo or hyperthyroidism or patients
with abnormal TSH results.’” Patients with Graves
disease and solitary toxic nodules usually have marked
elevation in thyroid hormones in contrast to patients with
toxic MNG (plummers disease) which have only
marginally raised levels. Serum thyroglobulin level
(measured by RIA) together with antithyroglobulins and
antimicrosomal antibodies need to be measured routinely
in patients suspected to have thyroiditis.!72*

(¢) Chest roentgenogram. Chest radiographs with
special thoracic enlet radiographs are helpful in BTDs to
identify and evaluate the extent of tracheal compression
or deviation and in patients with retrosternal goiter.

(d) A computed tomography chest and neck with
enhancement. A computed tomograhy (CT) scan is
useful when retrosternal goiter is suspected clinically.
Also it is recommended in patients with recurrent goiter
or patients referred for completion thyroidectomy to
assess thyroid remnant.??

(e) Radioisotope scanning ("I or *"Tc). These

454  Saudi Med J 2003; Vol. 24 (5) www.smj.org.sa

studies have a limited value in the initial evaluation of
BTDs thyroid disease. However, these studies are
indicated in patients with thyrotoxicosis in whom a
thyroid nodule is present clinically raising the possibility
of a solitary toxic nodule. Scanning may help determine
whether a nodule is ‘hot” or ‘cold’ .3

() Ultrasound. Not useful in the initial
assessment of patients with BTDs. However, ultrasound
(U/S) may sometimes help provide assistance for needle
biopsy of nodules that are difficult to localize by simple
palpation,' or in evaluating thyroid nodularity during
pregnancy and occasionally in Graves' disease patients
with questionable nodules. The presence of background
multinodularity on U/S does not decrease the risk of
malignancy nor does the presence of cystic lesions on
the U/S 3132

(g) Fine needle aspiration biopsy. The single best
test to predict the need for surgery in BTDs is fine
needle aspiration biopsy (FNAB). This procedure is
safe, reliable and cost effective diagnostic method for
thyroid abnormalities. Fine needle aspiration biopsy is
quick, simple and easily performed at an outpatient
clinic. A thin gauge needle (number 21-23) is passed
through the nodule and the specimen is collected on a
glass slide then some slides are left to air-dry and some
preserved in 95% alcohol. The result of FNAB is most
reliable for the diagnosis of papillary carcinoma,
medullary carcinoma and anaplastic carcinoma. The
presence of (malignant cytology) consistent with these
cancers is a clear indication for surgery. On the other
hand, FNAB is least reliable in distinguishing benign
from malignant follicular and Hurthel cell neoplasms
(suspicious cytology); in this case the patient will
require surgical resection of the involved lobe to
establish a clear diagnosis. The presence of normal
follicular cells with plenty of colloid (benign cytology)
commonly seen in colloid goiter or thyroid cysts require
no further treatment and the patient can be followed
clinically. Complications of this technique are extremely
rare, hematomas seldom develop and no seeding of the
needle tract has been reported in collective experience of
many investigators dealing with this procedure.’>** Fine
needle aspiration biopsy has 96% sensitivity rate and
99% specificity rate in diagnosing thyroid cancer.

Management of benign thyroid diseases. A.
Multinodular goiter. Multinodular goiter is the most
common of all the disorders of the thyroid gland. It is
thought that genetic heterogeneity of follicular cells with
regard to function and growth in the presence of
stimulatory factors may lead to irregular proliferation of
thyroid tissue resulting in MNG. These stimulatory
factors may be TSH or local tissue growth factors
released as a result of iodine deficiency, inborn errors of
thyroid hormone synthesis, goitrogens or immunogenic
growth factors. If an euthyroid MNG is small and is
producing no symptoms and the FNAB is benign, there
is no need for treatment. Surgery is indicated in patients
with pressure symptoms, cosmetic reasons or in patients
suspected to have cancer. Total thyroidectomy is
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recommended for patients with bilateral nodularity.
Hemithyroidectomy might be a good alternative if the
disease is localized to one lobe.?”**#% The aim is to
remove all of abnormal thyroid tissue, which, reduces
the risk of persistent symptoms and removes the risk of
future recurrence. Surgery for recurrent goiter carries
much higher risk of complications. The only potential
disadvantage to total thyroidectomy compared to
subtotal thyroidectomy is a higher risk of complications
such as recurrent, laryngeal nerve injury or permanent

hypoparathyroidism. However,  these  possible
complications will not be increased when total
thyroidectomy is performed by skilled surgeons.

Another advantage for total thyroidectomy is the use of
thyroxine as a replacement therapy instead of
suppression.’??#!

B. Solitary thyroid nodules. Adenomas of the
thyroid gland usually arise from follicular epithelium,
usually single with a uniform histologic structure.®?+3
They are classified according to the size or presence of
follicles and degree of cellularity. Macrofollicular
adenomas are the most common and they closely
resemble the thyroid tissue. Other variants of adenomas
include microfollicular, embryonal and Hurthle cell
adenoma. Architectural features of follicular adenomas
are similar to follicular carcinoma; the only difference,
however, is greater tendency for invasion to the capsule,
lymphatic channels or blood vessels in follicular
carcinomas. Typically macrofollicular adenomas or
colloid nodules will demonstrate a benign cytology on
FNA, and will not require surgery. Microfollicular
adenoma will demonstrate an atypical pattern
(suspicious cytology), which requires diagnostic thyroid
lobectomy. The minimum operation for a single thyroid
adenoma is complete lobectomy, except for true midline
lesions in the isthmus, which can be managed by
ismethectomy or large nodules >4cm, which requires
total thyroidectomy. It has been argued that frozen
section at the time of surgery might help in these cases,
however, in our experience and the experience of others
frozen section diagnosis of follicular lesions was not
helpful and in some cases misleading.*-4

C. Substernal goiter. Substernal goiters are
considered if more than 50% of the thyroid is located
behind the sternum. These goiters can cause local
compression of mediastinal structures.#’# Dyspnea and
dysphagia are common symptoms that are often
exacerbated by recumbency. Occasionally patients with
substernal goiter might present with chest pain or
superior venacava obstruction. The optimal treatment for
substernal goiters is surgical removal®*° which can be
managed through a cervical thyroidectomy in the
majority of patients. However, ectopic intra thoracic
goiters that have no cervical extension require a median
sternotomy.

D. Thyroid cysts. Thyroid cysts constitute 10-15%
of all thyroid nodules.’' Fine needle aspiration will cure
most of thyroid cysts after one or more aspiration.
However, some cysts will rapidly recur and refill, if it

recurs more than 3-4 times, the cyst should be surgically
removed. Large cysts (4 cm or more) should also be
removed surgically as they have a higher risk of
malignancy. Diagnostic lobectomy is recommended for
solitary cysts and total thyroidectomy for bilateral
lesions.”

E. Recurrent goiter. Recurrent goiter is the usual
sequale of suboptimal surgery for multinodular goiter .’
Surgery for recurrent goiter caries a much higher risk of
complications to the recurrent laryngeal nerve and the
parathyroid glands. The risk varies from 9.5-25% and 5-
15% 75253 Surgery for recurrent goiter is recommended
only if the patient has significant mechanical
compression or suspected malignancy. It s
recommended in these cases to identify the recurrent
laryngeal nerves and the parathyroid glands during
surgery. We also recommend a lateral approach to the
thyroid proceeding form the carotid sheath towards the
midline making use of the vergin planes not touched in
previous surgery,

F. Thyrotoxicosis. Thyrotoxicosis is a general term
reflecting that the tissues are exposed to excessive level
of thyroid hormones T4, T3, or both. It can be caused by
several BTDs including: Graves' disease, toxic
multinodular goiter, or a solitary toxic nodule, and
occasionally, it can be drug induced secondary to
amiodarone administration.

Graves disease. 1s an autoimmune syndrome in
which thyroid stimulating antibodies act in the same
way as thyroid stimulating hormones, the patient
manifestations may include hyperthyroidism, diffuse
thyroid  enlargement, exophthalmos, periorpital
myxedema and thyroid acropachy. The prevalence of
Graves disease in the United States of America
population has been estimated to be 0.3% .54

Toxic multinodular goiter. The existence of
follicles with a very high degree of autonomisty with
normal or even non-functioning thyroid follicles. A
patient with toxic MNG develops hyperthyroidism if the
production of thyroid hormones by these nodules
exceeds the normal needs. This hyperthyroidism usually
takes several years to develop.

Toxic adenoma. A discrete thyroid mass (nodule)
whose function is independent of pituitary control. The
prevalence of toxic adenoma depends on iodine
availability and geographical location; it ranges from 2-
9% in thyrotoxic patients.’

Amiodarone induced thyrotoxicosis. Amiodarone
contains 37% iodine by weight. Patients with pre-
existing thyroid abnormalities develop iodide induced
thyroid hormone synthesis and hyperthyroidism.
Management of this condition is by withdrawal of the
drug if possible, administration of antithyroid drugs
including potassium perchlorate if necessary and the use
of prednisolone. Another effect of this drug might be
destructive thyroiditis due to the excess iodide exposure.
The management of this effect is by steroids similar to
that used to manage thyroiditis.”#

Hashimotos thyroiditis. A

chronic  thyroiditis,
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affecting women more than men. The patient present
with firm or hard goiter with or without hypothyroidism.
If the goiter is asymmetrical or the patient has developed
solitary thyroid nodule during the course of the disease,
malignancy should be suspected and surgery is indicated
to rule out malignancy.

Subacute (granulomatous) thyroiditis. A viral
infection in the thyroid that can be caused by a wide
range of viruses including mumps, measles, Epstein-
Barr, influenza, and Coxsackievirus. It is 3 times more
common in women and incidence peaks in the age 30-50
years. Viral infection with fever, malaise and painful
goiter followed by patient going through 3 phases in this
disease: in the first phase he suffers thyrotoxicosis
(release of preformed thyroxine), followed by a phase of
hypothyroidism, and then recover which might take 1-3
months. Surgery has no role in subacute thyroiditis
except if the patient has coexistent thyroid nodule,
surgery is indicated in this case to rule out malignancy.®

Management of thyrotoxicosis. Three main options
are available for the management of thyrotoxicosis,
namely: antithyroid medications, radioactive iodine "*'I,
and surgery. Which option is best is decided on the
following basis: the etiology of thyrotoxicosis;
concomitant diseases or pregnancy, presence of
ophthalmopathy; goiter’s size; response to previous
therapy; advantages and disadvantages of each
management option as it relates to specific patient’s
need.®!

1. Antithyroid drugs. Antithyroid drugs are
indicated for the thyrotoxicosis caused by hyperfunction
of the thyroid gland. They are also indicated in patients
presenting with subclinical thyroiditis (normal thyroid
hormones and low TSH value) of the following groups:
Women in post-menopause; patient with osteoporosis;
patient with cardiac disease; patient with multinodular
goiter. Antithyroid drugs are not effective if
thyrotoxicosis is due to follicular damage, disruption,
and leakage of preformed thyroid hormones or due to
thyrotoxicosis factitia (exogenous administrations of
thyroid hormones). Three antithyroid drugs are
available: propylthiouracil (PTU), methimazole (US)
and its precursor carbimazole (United Kingdom).
Propylthiouracil can be initiated in a dose of 300-600 mg
in a divided or single dose daily. While carbimazole is
initially given at doses of 15-40 mg daily (methimazole
started at 30-60 mg in 3 divided doses or single dose
daily). Response to treatment with antithyroid drugs is
monitored with T4 concentration, which should be
measured at 4-8 weeks intervals. Once euthyroid
function is achieved, tapering of the dose should be
carried out on a monthly bases. The maintenance daily
doses for PTU, carbimazole and methimazole are 50-300
mg, 5-15 mg, and 5-30 mg. During the maintenance
phase, which could last from 6-18 months, the levels of
T4 and thyrotropin should be measured every 3 months.
Patients failing to respond to therapy are either non-
complaint or have another underlying disorder and have
been initially misdiagnosed. Less than 50% of patients
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receiving antithyroid drug, remain in permanent
remission. When the patient has not been responsive to
medications, 2 other alternatives are available: surgery
or radioactive iodine "*'I administration.

2. Iodides. They are often used as adjunctive
therapy to prepare patients for surgery, to attain quick
euthyroid states in severely thyrotoxic patients with
compromised cardiac function. When used to prepare a
patient for surgery they should be administered 7- 14
days before surgery. The usual dose range is 120-400
mg/day in water or juice. If iodide is to be used as an
adjunct in radioactive iodine (RAI) treatment it should
be given 3-7 days after the administration of RAI so as it
would not compete with the RAI concentrating in the

thyroid gland.®
3. Beta-blockers for hyperthyroidism. Beta-
blockers are essential drugs for controlling the

undesirable cardiovascular effects in hyperthyroidism.
They can be the sole treatment in the management of
thyroiditis or iodine induced hyperthyroidism. Not all 3-
blocker are the same. The selection of the appropriate
B-blocker depends on the patient’s condition. Selective
1 blockers are better for patients with following
diseases: peripheral vascular disease; obstructive airway
disease; hyperlipidemia, and diabetic patients receiving
oral hypoglycemics. Nonselective B-blockers may be
better for patients suffering from migraine, anxiety, or
essential tremor. Both selective and non-selective drugs
have withdrawal syndrome, which is absent in 3-blocker
with partial agonist activity %3¢

3. Radioactive iodine. Radioiodide therapy is easy
to administer and effective. It is contraindicated in
children, in pregnancy and in women who are breast-
feeding. Thyroelimination with the administration of
radioiodide ' is recommended without previous
medicaments preparation. Up to 25-30 mCie can be
administered in the out patient department. The patient
should receive subsequent immediate treatment with

thyrostatics and [p-blockers wuntil remission of
thyrotoxicosis is achieved (6-12 weeks).% A dose of
1BI] that results in accumulation of 8 mCie (296 MBq) in
the thyroid gland 24 hour after administration is an
effective treatment for the majority of patients with
Graves hyperthyroidism. Young patients with larger
thyroid glands, higher serum T4 concentrations, and
higher 24-hour thyroid '*’I uptake values, and those pre-
treated with antithyroid medications for greater than 4
months are at higher risk for treatment failure. A higher
does of 'l may be advisable in such patients.5”7
Surgical management of thyrotoxicosis. Surgery is
generally indicated for solitary toxic nodules, toxic
multinodular ~ goiter,  and amiodarone-induced
thyrotoxicosis. Surgery is appropriate for Graves disease
patients presenting with large goiter, during pregnancy,
breast-feeding and in women, and children where there
is a pre-existing nodule. Surgery offers the advantage of
being rapid and consistent method to control the disease
process, at the same time it provides tissue for histologic



Management of benign thyroid diseases ... Younes & Albsoul

examination and avoids the risk of radioactive iodine.
After surgery the patient might become euthyroid on no
medication, although the incidence of this varies greatly
depending on the extent of residual thyroid tissue.™

Preoperative preparation. All patients must be
rendered euthyroid prior to surgery using antithyroid
drugs. Occasionally the patient may require the addition
of perchlorate therapy, or iodine in difficult cases. For
patients with Graves disease, iodine is added (Lugol’s
solution 5 drops daily), 7-14 days before surgery to help
bring a toxic gland under control and reduce blood flow
to the gland.*' Propranolol can be used to control the
sympathetic over activity caused by elevated thyroxine
such as tachycardia, arrhythmias, or anxiety. Depending
on the size of the gland and the presence of significant
ophthalmopathy, 3 surgical options are available for
patients with Graves’ disease; the standard treatment is
bilateral subtotal thyroidectomy. The aim being to leave
6 gm of residual thyroid tissue (approximately 3 gm on
each side). The second option is to do unilateral
lobectomy and to leave 6 gm on the contralateral side,
but this has not been shown to affect the outcome or the
risks of complications. Following this approach, 50% of
the patients will become permanently hypothyroid, the
majority within 6-12 months and recurrence is less than
1%. The third option is to do total thyroidectomy for
patients with severe Graves' ophthalmopathy, large toxic
multinodular goiter and for patients with amiodarone-
induced thyrotoxicosis. Patients with single toxic
adenoma are best treated with unilateral lobectomy .>57

Complications  of  thyroidectomy. Specific
complications associated with thyroidectomy are: (1)
bleeding and hematoma formation, (2) recurrent
laryngeal nerve injury, (3) hypoparathyoidism, (4) injury
to the external branch of the superior laryngeal nerve
injury, (5) thyroid storm. Mortality on the other hand is
extremely rare. As a result of the advances in surgical
techniques and preoperative preparation.”!27!

1) Bleeding. 1t is an early post-operative problem,
usually occurs within the first 12 hours. The usual cause
is bleeding from branches of the inferior or superior
thyroid artery presenting as a swelling of the neck or
respiratory obstruction.  Actual compression of the
trachea is unlikely but laryngeal and subglottic edema
can occur by the expanding hematoma obstructing
venous drainage. Urgent treatment is necessary, the
wound must be opened and the clot evacuated at the
bedside. Later the patient can be brought to the theatre to
secure the bleeding vessel under general anasthesia.””!-7#

2) Recurrent laryngeal nerve injury. Permanent
recurrent laryngeal nerve injury has been reported in the
order of 0.1-4.5%. The incidence, however, is less than
0.1% in many specialized endocrine centers around the
world.””'7¢ The best way to protect and preserve the
nerve during surgery is to visualize it and protect it
through its course towards the cricothyroid membrane.”
If nerve injury is identified postoperatively, it should be
observed for at least 6-9 months before being labeled as
permanent as recovery can occur up to 18 months after

surgery. Temporary recurrent laryngeal nerve pulsy is
common it occurs in 5%-15% of cases. It occurs as a
result of minor trauma to the nerve during dissection
resulting in a huskiness of the speaking voice, which
takes several weeks before it improves.’”!7

3) Injury to the external branch of the superior
laryngeal nerve. The external branch of the superior
laryngeal nerve is related to the superior thyroid pole
during its course towards the cricothyroid muscle.
Approximately, in 10-15% of the cases, the nerve hooks
around the superior thyroid vessels on the surface of the
thyroid gland. It is in this situation where the nerve
becomes vulnerable to injury resulting in low-pitched
voice. This problem improves during the 3-6 months
after thyroidectomy.””

4) Hypocalcemia. Transient postoperative
hypocalcemia may result from bruising or damage to
one or more parathyroid glands or "hungry bone
disease" in thyrotoxic patients. The reported incidence
of permanent hypoparathyroidism ranges from O0.1-
13.5%. The incidence is much less if the surgery was
performed by an experienced thyroid surgeon. It is a
serious complication requires lifetime calcium therapy
and thus should be avoided. Following the technique of
capsular thyroidectomy and the meticulous parathyroid
dissection in addition to routine parathyroid
autotransplantation in doubtful cases of parathyroid
injury, the incidence of this complication has been
brought down to zero level.”s”

5. Thyroid storm. This is a serious complication of
thyroidectomy, which occurs, in the postoperative
period as a result of thyroid manipulation in
inadequately prepared patient. Thyroid storm can have
mortality rates 20-30% and is characterized by fever,
hypotension, congestive heart failure and circulatory
collapse. Treatment involves initial resuscitation with
intravenous fluids, potassium iodine to suppress thyroid
synthesis and steroids to treat adrenal insufficiency.
Propranolol is helpful in managing cardiac
manifestations.$3!

Minimally invasive thyroid surgery. With the rapid
development of laparoscopic surgery in the last decade,
endoscopic neck surgery has evolved starting with
parathyroidectomy. The early cases of endoscopic
parathyroidectomy were performed using conventional
laparoscpic instruments that were not suited for neck
surgery. Following the advances in endoscopic
instrumentation and the introduction of the miniscops
and miniature instruments, many cases of parathyroid
adenomas were removed and endoscopic procedures for
other cervical structures were tried.$>%¢  Multiple
endoscopic approaches for thyroid excision have been
developed, ranging from gasless video-assisted approach
to complete endoscopic approach. There are, however,
very few prospective randomized studies for these new
techniques. Careful selection of patients is the key for
good outcome from this kind of surgery; small thyroid
nodules, small thyroid volume and no history of
thyroiditis or previous neck explorations are required.
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These techniques are minimally invasive and provide an
excellent cosmetic result but still they are long
procedures and require good experience with endoscopic
surgery .82 At the present time, these procedures will be
offered to a minority of patients who undergo thyroid
surgery and at very specialized centers in the world.
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