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Review

INTRODUCTION

Total thyroidectomy (TT) is now the mainstay procedure for 
management of patients with bilateral benign thyroid disorders. 
Many authors have reported that TT is now performed safely, 
and that low complication rates can be achieved with a meticu-
lous surgical technique [1,2]. Although surgery is a good choice 
to avoid habitual consumption of medications, but patients still 
require life-long levothyroxine (L-T4) replacement therapy 
which has been reported to be associated with coronary heart 
disorders and dysfunction of lipid metabolism [3,4]. Apparently, 
postoperative control of hypothyroidism after TT by L-T4 re-
placement therapy seems easy, but for the patient, a daily dose 
of L-T4 and regular follow-up visits to the hospital may become 
somewhat a burden, and may interfere with reaching a euthy-
roid status using replacement therapy due to noncompliance of 

the patient [5]. Another problem that may interfere with reach-
ing a euthyroid status using replacement therapy is malabsorp-
tion of the medication due to any gastrointestinal disorder [6]. 
Autotransplantation of benign thyroid tissue after TT helps 
avoid life-time thyroid hormonal replacement therapy. Another 
advantage of heterotopic thyroid autotransplantation is main-
taining the autoregulatory mechanism of thyroxin production 
inside the body according to its needs [7]. Heterotopic thyroid 
autotransplantation was proposed to avoid reoperation at the 
site of previous neck surgery in cases of recurrent goiters or re-
current hyperthyroidism. In this article, we are aiming at review-
ing the history of thyroid transplantation regarding it experi-
mental trials and clinical applications.

LITERATURE REVIEW

A meticulous search in the literature was done for English arti-
cles reviewing thyroid autotransplantation published till 2015. 
The databases searched included Springer, PubMed, ScienceDi-
rect, and the Cochrane Central Register of Controlled Trials. 
Other important references were obtained from the bibliogra-
phies of selected recent articles.
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FAILINGS OF LEVOTHYROXINE 
REPLACEMENT THERAPY AFTER TOTAL 

THYROIDECTOMY

All patients after TT or should receive L-T4 replacement therapy 
for life in order to avoid hypothyroidism. Some patients who 
underwent subtotal thyroidectomy (STT) and even hemithy-
roidectomy also require such replacement therapy. Postoperative 
L-T4 has been commonly prescribed for physiologic replace-
ment of hypothyroidism over the many last years and there is 
no doubt about its efficacy and relative safety. It has many ad-
vantages, which include a long half-life, once-daily administra-
tion and no harm resulting from the occasional missing of a tab-
let. The low cost is another advantage [8,9]. However, several 
failings have been reported with life-long administration of L-T4 
which must be taken into consideration.

Poor compliance of the patients is of utmost importance, a 
study was performed in Brazil by Bagattoli et al. [10] in 2000, 
involving patients with decompensated hypothyroidism, of 
which more than 80% did not follow the medical instructions 
due to prescription misunderstanding or forgetfulness.

Several factors have contributed to the failure of some generic 
L-T4 products. The most critical factors are tablet potency, limit-
ed bioavailability of the generic preparation caused by poor or 
reduced absorption of thyroxine (T4) from the gut and the shelf 
life of the tablet. It has been reported that L-T4 tablets lose T4 at 
a rate of 5% per year [11].

Although international organizations continuously recom-
mend L-T4 monotherapy for treatment of hypothyroid patients, 
polymorphism of D2 gene should be considered in such patients 
who usually complain of fatigue in spite of proper L-T4 dosage 
and low normal serum thyroid stimulating hormone (TSH) lev-
els achieved. An important clue to this D2 gene polymorphism 
could be a higher than normal free thyroxine (FT4) and free tri-
iodothyronine (FT3) ratio [12]. In such patients, T3 with L-T4 
combined therapy is advised.

Postmenopausal women on life-long L-T4 replacement thera-
py have a greater hazard of bone loss [13]. The meta-analysis by 
Faber and Galloe [14] in 1994, found that the bone mineral den-
sity in postmenopausal women on L-T4 suppressive treatment 

was lower than that in matched controls by 9%. A recent and 
larger meta-analysis by Uzzan et al. [15], confirmed these results. 
The detrimental effect of chronic administration of L-T4 is more 
pronounced on cortical bone than on trabecular bone in 1996.

During long-term L-T4 replacement therapy, frequent epi-
sodes of subclinical hypothyroidism or hyperthyroidism may 
occur, which may cause cardiovascular abnormalities. Subclini-
cal hyperthyroidism is associated with increased heart rate, left 
ventricular hypertrophy with concentric remodeling, and im-
paired ventricular relaxation [16]. Effects of subclinical hypo-
thyroidism is that of impaired systolic and diastolic function and 
increased intima media thickness [17,18].

Recently, L-T4 has been reported as an oxidative stress gener-
ator and an important endogenous factor capable of supporting 
proliferation of lung cancer cells. Patients with small cell lung 
carcinoma often present with symptoms of hyperthyroidism 
(i.e., weight loss and anorexia), an observation that was made 
many years ago for these patients together with increased serum 
levels of both T4 and T3 [19].

Monthly follow-up of all pregnant patients is recommended 
until term and different L-T4 doses can be prescribed according 
to the baseline TSH level of each. This in fact makes it a great 
burden for them beside the other burdens of pregnancy [20].

Oral T4 is absorbed at the level of the duodenum, jejunum, 
and ileum, where some inflammatory disorders may cause hor-
mone malabsorption as celiac disease, small intestine bacterial 
overgrowth, lactose intolerance, chronic diarrhea due to Crohn’s 
enteritis, and short bowel syndrome [21]. In some gastric disor-
ders as Helicobacter pylori infection and chronic gastritis, a 
higher dose of oral L-T4 may be needed, highlighting a novel 
role for the stomach in subsequent intestinal T4 absorption [22]. 
Chronic obstructive liver disease, pancreatic insufficiency, and 
cystic fibrosis have also been described to be associated with 
L-T4 malabsorption [23].

Some frequently used medications cause L-T4 malabsorption 
as cholestyramine, sucralfate, ferrous sulfate, aluminum, calcium 
carbonate, carbamazepine, lithium, and amiodarone [24-31]. 
Soya and dietary rich fiber supplements, including walnuts, papa-
ya and cotton seeds, sequester L-T4 in the gastrointestinal tract 
[32,33]. Furthermore, beverages such as coffee and grapefruit 
juice and, may cause decreased L-T4 intestinal absorption [34,35].

HISTORY OF ENDOCRINE GLANDS 
AUTOTRANSPLANTATION

The implantation of endocrine tissue grafts is likely to become 
clinically useful for correcting hormonal deficiencies. The princi-
ple of autotransplantation of the endocrine glands after subtotal 
or total excision of the gland, to avoid postoperative functional 
insufficiency, was proposed by Halsted [36] in 1909. In the fol-
lowing decades, this principle was applied with great success for 

  �Thyroid autotransplantation was proposed to avoid life-long 
levothyroxine replacement.

  �Several failings have been reported with life-long administra-
tion of levothyroxine.

  �Experimental studies showed that autologous transplantation 
was successful in all cases.

  �Few clinical trials reported satisfactory results, however, meth-
odology was not consistent.
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the parathyroid and pancreatic glands, but not for adrenal, testic-
ular or ovarian tissues [37-41]. Data in the literature concerning 
thyroid autotransplantation are relatively poor and partially con-
troversial. Furthermore, no experimental or clinical studies are 
documented, which could confirm beyond any doubt the thyroid 
autograft functional capacity, according to the model of parathy-
roid autotransplantation. The clinical application of this tech-
nique was preceded by several animal studies that proved sur-
vival and function of heterotopically implanted thyroid tissue.

ANIMAL EXPERIMENTS

The earliest documented trial of thyroid autotransplantation was 
performed in Bulgaria by Chernozemski and Christov [42] in 
1967. They published a letter in Nature announcing their pioneer 
work in autotransplantation and homotransplantation of thyroid 
tissue in hamster cheek pouch. There was no difficulty with sur-
vival of the autotransplants. However, the homotransplants re-
quired special treatment with corticosteroids and implantation in 
special sites as the eye, the brain and testis in order to survive.

In 1968, Nagamine [43] described the technique of microvas-
cular anastomosis for thyroid autotransplantation. And in 1970, 
Yamane and Kamba [44] described autotransplantation of thy-
roid tissue in the bone marrow and in the vascular lumen.

Raaf et al. [45] conducted a study in which isogeneic thyroid 
glands were implanted into thyroidectomized recipient rats in 
1975. These grafts, fresh or cultured, were implanted under the 
renal capsule or in the hamstring muscle. Survival and function 
of the grafts were evaluated by restoration of normal serum lev-
els of T4, weight gain and histological appearance of re-excised 
implants. All fresh and cultured isografts showed good function 
as ectopic thyroid glands, though restoration of normal serum 
levels of T4 was more rapid with fresh implants. For all the 
above mentioned experimental studies no details about the 
technique or the results have been obtained.

The first detailed description of thyroid transplantation was in 
1996 in Japan by Shimizu et al. [46], in which both frozen and 
fresh thyroid tissue autotransplants were used in rats after ren-
dering them hypothyroid by STT. In a group of animals the im-
planted tissue was placed in the renal subcapsular space, while in 
another group it was placed in the muscles. Both fresh and fro-
zen thyroid grafts survived. The best recovery of thyroid function 
was observed after 6–8 weeks by laboratory studies, histology, 
immune-histochemical thyroglobulin staining, and isotope scan. 
The site of implant did not make a difference in the outcome.

Another large study was done by Pasteur et al. [47] in Ukraine 
in 1999, for developing a new culture technique to achieve the 
highest activity of newborn pig thyroid tissue hormones and 
preserve the morphological and other functional characteristics 
of thyroid follicles. The study showed that during culturing of the 
thyroid tissue of newborn pig, the morphological and functional 

features of thyrocytes are preserved for a period of 1 month. The 
highest functional activity is indicated by conditions of follicular 
epithelium, interfollicular tissue, colloid and stromal elements in 
5th and 10th day organ culture. Results also confirmed the ca-
pacity of newborn pig thyrocytes actively produce thyroid hor-
mones in vitro. Therefore, newborn pig thyrocytes culture may 
be used in experimental transplantology and management of 
patients with persistent hypothyroidism.

One well-described experimental study was published by Pa-
paziogas et al. [7] in 2002, where TT was done for 38 rabbits 
with implantation of the fresh thyroid tissue in different muscles 
of their bodies. Weekly thyroid hormone assessments were 
done. Progressive reduction in thyroid hormone levels was ob-
served till 2–5 weeks then they gradually increased till a euthy-
roid state was reached 5–8 weeks after the procedure with cor-
responding TSH changes. Scintigraphy at 8 weeks showed func-
tion in all implantation sites. Histopathological examination of 
the removed implants 2 days after the scintigram showed func-
tional thyroid follicles in all the examined tissues.

In 2005, Gal et al. [48] provided further details of the tech-
nique of thyroid autotransplantation. They did TT for 12 adult 
mongrel dogs and the autotransplanted thyroid tissue was sliced 
into 3–4 mm pieces and was frozen at –196ºC. Later on, the fro-
zen tissue was implanted either in flaps of the greater omentum 
or in the sternomastoid muscle. Starting levels of serum T3 and 
T4 for the animals were between 0.5 and 0.62 mmol/L and be-
tween 10.4 and 14.3 mmol/L, respectively. On the 5th postoper-
ative day, T3 and T4 levels decreased close to zero for all surviv-
ing animals, then gradually increased from the 8th day, and at 
the 3rd and 4th weeks they finally reached their starting values. 
Isotope scans of sternocleidomastoid muscle and greater omen-
tum showed a detectable rise in activity, which was significantly 
different from that of surrounding tissues. Histopathological ex-
amination of the sacrificed animals showed viable thyroid tissue.

Another important study was conducted by Dobrinja et al. [49] 
in Italy in 2008, and involved 60 rats divided into 6 equal groups, 
where TT was performed for all of them. Fresh and preserved tis-
sue implants were autotransplanted at different time intervals in 
the rectus abdominis muscle. The rats were followed by weekly 
FT3, FT4, and TSH for 30 days. Histopathology examinations 
were done after 1 month. The overall success rate was estimated 
by the authors to be 70%. They concluded that ectopic thyroid 
implants are able to survive and function completely if preserved 
in an adequate medium. Thyroid functions of the implants are re-
covered more rapidly if transplantation was performed immedi-
ately after thyroidectomy than if performed later on.

In a study by Karaman et al. [50] in Turky in 2011, 24 guinea 
pigs were divided into 4 equal groups. Group A had thyroidec-
tomy incision only made, group B had TT, group C had TT and 
thyroid autotransplantation, and group D had TT and thyroid 
heterotransplantation. The pigs were then weekly monitored 
with measurements of T3, T4, and TSH for 8 weeks. The auto-
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grafts and heterografts were histologically examined at the final 
stages. In group B, T3/T4 showed a gradual decrease, and in-
creased TSH levels. In groups C and D, T3/T4 showed a gradual 
decrease, and then a gradual increase until euthyroid levels and 
the exact opposite was reported for TSH levels. In histological 
examinations of the grafts, functional thyroid follicles were de-
tected in the grafts of animals of groups C and D. The study con-
firmed that a thyroid auto and heterograft could survive and re-
store its function within 8 weeks after TT.

HUMAN STUDIES

Clinical trials of thyroid autotransplantation are not well estab-
lished yet in the endocrine surgery field. One of the first trials 
was in 1957 in Italy, for an 18-year-old woman who was admit-
ted to the hospital for excision of her ectopic lingual thyroid and 
autotransplantation of this thyroid tissue into the right rectus 
abdominis and the preperitoneal cavity on the left side. No 
postoperative replacement medication was prescribed and the 
patient showed signs of hypothyroidism. Gradual recovery of 
thyroid function was evident clinically 5 months postoperatively. 
Iodine uptake in the right side of the abdomen only was dem-
onstrated, suggesting that autotransplanted tissues have survived 
in the muscles [51].

Sheverdin et al. [52] stated that Tsarikovskoji and Tkatsov 
performed the first immediate autotransplantation of thyroid 
tissue after STT in 1975, for an adolescent presented with hypo-
thyroidism 6 months postoperatively. However, they proposed 
the autotransplantation after TT or STT in children.

In 1984, Pushkar’ et al. [53] underwent thyroid autotrans-
plantation for patients who had post-thyroid surgery hypothy-
roidism. Frozen thyroid tissues were implanted 4–12 months af-
ter the initial surgery. A follow-up period of 18 months showed 
considerable rise in T3 and T4, hypothyroidism disappeared and 
the patients required no additional replacement therapy. Unfor-
tunately the data about this work was very defective concerning 
the number of patients, the amount of thyroid tissue resection, 
the transplanted tissue weight and its implantation site.

Okamoto et al. [54], carried out thyroid autotransplantation 
after STT for 5 patients presenting with Graves’ disease in order 
to avoid hypothyroidism postoperatively, as the weight of the 
thyroid remnant was too small (3–5 g) in 1990. About 0.5–2 g 
of thyroid tissue was sliced and autotransplanted into the ster-
nocleidomastoid muscles or the strap muscles. Patients were 
then followed for 2.2–7.0 years. Postoperatively, serum levels of 
TSH were normal or slightly elevated in 3 patients, while that of 
T3 were normal in all the 5 patients. None of the patients fell 
into a state of overt hypothyroidism. Thyroid scanning with io-
dine (123I) or technetium (99mTc) revealed active uptake trans-
plantation sites in 4 patients. The authors concluded that auto-
transplantation may help avoid postoperative hypothyroidism in 

patients with too small thyroid remnant after STT.
Shimizu et al. [55] reported their first patient who had thyroid 

autotransplantation of frozen thyroid tissue after TT for Graves’ 
disease in 1991.

In 1992, Sheverdin et al. [52] from Russia followed the results 
of 246 STT operations for children and adolescents with thyro-
toxicosis. Some of these patients had thyroid autotransplanta-
tion. Patients were followed for periods that ranged from 2 
months to 15 years. Signs of mild hypothyroidism were report-
ed in 3.2% of the patients with autotransplantation during the 6 
months interval postoperatively. In the control group (without 
autotransplantation) hypothyroidism was reported in 6.6% of 
the patients. The author concluded that autotransplantation of 
part of the excised toxic gland is an effective method to prevent 
postoperative hypothyroidism. However, again the information 
available about this study is very defective even it was not clear 
whether the transplanted tissues were fresh or preserved.

The work of Shimizu et al. [55], in Japan in 2002, though in-
volved 4 patients only, gave more insight about the technique 
and the results of thyroid autotransplantation. These 4 patients 
were among a group of Graves’ diseases patients who had STT 
and a part of the excised thyroid was stored frozen at –196ºC. 
The 4 patients found replacement therapy impractical and incon-
venient and they requested transplantation of their own thyroid 
tissue after a mean period of 2.8 years. For each patient 2.5–3.5 
g of their own thyrocytes was transplanted in the muscles of the 
forearm after slicing them into minute pieces. In each case they 
used 10–12 muscle pockets that were marked with monofila-
ment nylon sutures. Only 1 patient developed recurrence of hy-
pothyroidism and had to resume replacement therapy 6 months 
after autotransplantation. The authors stated that autotransplan-
tation of cryopreserved thyrocytes is a promising therapeutic 
technique for management of patients with Graves’ disease pre-
senting with permanent postoperative hypothyroidism [56].

In 2003, Roy et al. [57] from India gave further details about 
the concept of thyroid autotransplantation. They performed 
modified STT and fresh tissue autotransplantation for 15 pa-
tients. These included 7 with Graves’ disease, 6 with simple mul-
tinodular goiter (MNG) and 2 with nodular toxic goiter. Implan-
tation of thyroid tissue (3–5 g) was performed in the sternoclei-
domastoid muscle. Clinical follow-up, thyroid hormone profile 
and 99mTc scans of the neck were done to assess functions of 
remnant and transplanted tissues. Six patients with MNG and 4 
patients with Graves’ disease had functional implants. All pa-
tients with MNG who had a functional transplant became eu-
thyroid 6 months postoperatively. Only 1 patient with Graves’ 
disease from the four who had functional transplanted tissue be-
came euthyroid, while the other 3 required postoperative sup-
plemental therapy for hypothyroidism. These findings demon-
strated the ability of autotransplanted thyroid tissue to survive, 
grow and function in muscles away from its native blood supply.

In 2015, Mohsen et al. [58] from Egypt applied the technique 
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of fresh thyroid autotransplantation on 40 patients with simple 
MNG who underwent TT. For 12 patients, 5 g of their own thy-
roid tissue were implanted in the thigh muscles using the injec-
tion technique, while 10 g were injected for the other 28 pa-
tients. Follow-up was done after 2, 6, and 10 months postopera-
tively using 99mTc, FT3, FT4, and TSH. The authors reported sur-
vival of all transplants with different degree of function. Ten-
gram implants showed better results than 5-g implants and all 
showed improvement of function with time passage.

In 2016, Saleh [59] from Egypt, performed heterotopic auto-
transplantation of fresh thyroid tissue for 20 patients who un-
derwent TT (13 with simple MNG, 4 with Graves’ disease and 3 
with toxic nodular goiter). Intraoperatively, 10–15 g of the 
healthiest looking non-nodular part of the excised gland was 
minced into 1–2 mm slices after stripping of its fibrous capsule. 
The tissue was then made into an emulsion of 20 mL lactated 
Ringer’s solution and injected through the rectus femoris muscle 
in 6–8 different directions using a specially designed wide bore 
needle. The final postoperative pathology reported a follicular 
variant of thyroid papillary carcinoma in 2 patients in whom 
preoperative pathology missed their diagnosis. The 2 patients 
had their graft excised and were excluded from the study. Fol-
low-up of 18 patients was done to report the survival and func-
tion of the heterotopic transplanted thyroid tissue through 99mTc 
uptake at 2-month postoperatively and thyroid function tests 
(FT3, FT4, and TSH) at 2, 4, 6, 8, 10, and 12-month postopera-
tively. Results confirmed that all implants survived and showed 
variable degree of function as all the patients had normal 99mTc 
uptake at 2-month postoperatively and most of the patients had 
normal thyroid hormones levels at 12-month postoperatively. 
The best results in that study were achieved in young patients 
with preoperative pathology of nodular disease in whom maxi-
mum weight of non-nodular healthy thyroid tissue was implant-
ed within a short period of time in the same session of  TT.

Clinical application of thyroid autotransplantation was very 
limited in literature and did not gain popularity, this may be at-
tributed to the small number of candidates for thyroid transplan-
tation, heterogeneity of the transplantation technique, timing of 
transplantation (where some used frozen thyroid tissue as Shi-
mizu et al. [56], while others used fresh thyroid tissue as Roy et 
al. [57], and the variable amount of tissue transplanted [52-57].

Future perspectives include applying thyroid autotransplanta-
tion on a larger scale, using consistent methodology with the 
same technique and amount of transplanted tissue. Regular long 
term follow-up of the patients is also necessary to monitor the 
fluctuations in thyroid functions and proper response to feed-
back mechanisms. Moreover, a proper follow-up of the implan-
tation site must be done to detect any change in the nature of 
the implanted tissue. Whether to apply this technique or not for 
patients with Graves’ disease, is still largely unsettled.

CONCLUSION

In view of growing understanding of the technique of thyroid 
heterotopic autotransplantation, it is a safe and easy procedure 
that provides survival and function of the thyroid graft achiev-
ing a postoperative euthyroid state in the majority of selected 
patients undergoing TT without the need for further administra-
tion of L-T4 replacement therapy. Degree of graft function was 
variable throughout the different studies and affected by differ-
ent parameters; most important were the preoperative gland pa-
thology and weight of the transplanted tissue. Long-term follow-
up of patients is important especially the TSH level to guard 
against pituitary hyperfunctioning and also of the implantation 
site to detect any change in the nature of the implanted tissue 
with time passage. Further studies on larger populations of pa-
tients need to be done to determine the applicability of this pro-
cess for Graves’ disease patients.
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