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Abstract

Background Reportedly, 10—15% of patients with goiters
ultimately require operative intervention, and recurrences
of multinodular goiter (MNG) account for up to 12% of all
thyroid operations.

Methods We performed an evidence-based review of
articles published in the English language between January
1987 and October 2007 relevant to the subject.

Results Medical treatment with T4 appears to be
associated with a greater proportion of patients whose
nodules decreased in size by more than 50% (22% vs.
10%; range = 14-39% vs. 0-20%). Recurrence rates of
benign nodular goiter after total thyroidectomy were
essentially nonexistent (range = 0-0.3%) compared with
those after subtotal thyroidectomy (range = 2.5-42%)
and more limited resections (range = 8-34%). There was
no difference between total and less-than-total thyroid-
ectomy with respect to temporary recurrent laryngeal
nerve (RLN) injury (1-10% vs. 0.9-6%, respectively) or
permanent RLN palsy (0-1.4%). There was, however, a
significantly higher rate of transient hypocalcemia after
total thyroidectomy than less extensive operations (9-
35% vs. 0-18%, respectively). In relation to redo sur-
gery, permanent hypoparathyroidism appeared to be far
more common in the redo group (0-22% vs. 0-4%)
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Moreover; the redo group had more frequent RLN
injury, both temporary (0-22% vs. 0.5-18%) and per-
manent (0-13% vs. 0-4%). About half the studies
examined conclude that postoperative TSH suppression is
effective in reducing recurrences, while the other half
state that it is not.

Conclusion The definitive management and prevention of
recurrence of benign nodular goiter is primarily surgical.
Total thyroidectomy essentially eliminates the risk of
recurrence without an accompanying increased risk of
permanent hypoparathyroidism or RLN injury. Therefore,
total thyroidectomy should be considered the procedure of
choice for benign multinodular goiter whenever possible,
especially considering that reoperations for goiter are sig-
nificantly more morbid than any initial operation.

Introduction

Goiters affect 5-7% of the world’s population [1, 2] and
are the second most common endocrinopathy worldwide
[3]. In some endemic areas, up to half of the population has
enlarged thyroid glands [2]. Moreover, up to 60% of
American adults develop thyroid nodules detectable by
sonography [4] or by autopsy [5]. While the vast majority
of patients with goiters live in these endemic areas, some
100 million patients with goiters hail from developed
countries where iodine prophylaxis is commonplace [6].
Reportedly, 10-15% of patients with goiters ultimately
require operative intervention [7], and recurrences of
multinodular goiter (MNG) account for up to 12% of all
thyroid operations [8, 9]. This is partially due to the fact
that recurrence from surgery for MNG is common, with
rates as high as 78% [10].
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History of therapy

The fascinating history of treatment for goiters dates back
to 2700 B.C., when iodine-rich seaweed was used [1].
Many consider the medieval medical school in Salerno
to be the birthplace of thyroidology [11], as it was there,
in the 1200s, where a variety of pharmacologic remedies
for goiters were developed. When these failed, patients
underwent surgery either via the seton method or ulti-
mately by scalpel.

Surgery for the thyroid gland did not gain widespread
acceptance until 1874 when Emil Theodor Kocher pub-
lished the results from his first 13 goiter operations (with
only 2 deaths). Dr. Kocher was awarded the 1909 Nobel
Prize in Physiology or Medicine for his multidisciplinary
work on the thyroid gland, and by 1912 he had performed
more than 2000 thyroid operations. Kocher’s pioneering
work was later refined by surgical greats such as Halstead,
Lahey, Crile, and Mayo, who perfected the technique of
thyroidectomy. Today, more than 100 years after Dr.
Kocher’s first thyroidectomy, debate still continues over
the extent of resection for benign and malignant thyroid
pathologies. The crux of the disagreement lies in the bal-
ancing act between the morbidity associated with total
thyroidectomy compared with that incurred by performing
a less radical operation and increasing the risk of recurrent
disease.

In this article we discuss the various surgical and non-
surgical treatment methods to address the problem of
MNG, with particular attention paid to surgical morbidity
and recurrence.

Methods
Study design

In our review of the most widely discussed clinical issues
pertaining to treatment for recurrent benign goiters, we
focused on two broad questions. First, we sought to identify
the best initial treatment, both surgical and medical, with
respect to the risk of recurrence. Second, we compared the
frequency of surgical complications as a function of the
extent of thyroidectomy. In addition, we compared initial
and “redo” operations in the specific setting of MNG.

Literature search

Our initial search was limited to all articles published in the
English language between January 1987 and October 2007,
excluding review articles and studies reported only as
abstracts. Key references from before 1987 were also
included when necessary. The search terms were identified
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in the title, abstract, text word, or medical subject heading;
the key words included thyroidectomy, thyroid stimulating
hormone, thyroxine, goiter, recurrent, reoperation, and
complications. A search of the Cochrane Library failed to
identify any relevant publications. We screened the sum-
maries and abstracts of the studies for exclusion/inclusion
criteria and relevance to our clinical questions. Only the
studies that passed the initial screening were further
assessed and thoroughly reviewed. Relevant data from each
study were extracted and analyzed.

Literature classification

We ranked each publication and assigned a grade of rec-
ommendation according to the American Association of
Clinical Endocrinologists’ protocol for standardized pro-
duction of clinical practice guidelines as previously
described [12]. Well-controlled, generalizable, randomized
trials that were adequately powered, well-controlled mul-
ticenter trials, and large meta-analyses with quality ratings
were categorized as level 1 evidence. Randomized con-
trolled trials with limited data, well-conducted prospective
cohort studies, and well-conducted meta-analysis of cohort
studies were ranked as level 2. Level 3 evidence included
methodologically flawed randomized clinical trials, obser-
vational studies, case series or case reports, and trials with
conflicting evidence with weight of evidence supporting the
authors’ recommendation. Level 4 evidence encompassed
expert consensus, expert opinion based on experience,
“theory-driven conclusions,” and “unproven claims.”

Results

Does thyroid hormone suppression effectively reduce
nodule size? Two recent meta-analyses help shed light on
this important and controversial topic. The first, published
by Castro et al. in 2002 [13], identified 13 studies that
evaluated the impact of T4 on single nodules. Of these, six
randomized controlled trials met the trial’s inclusion cri-
teria, and a total of 346 patients were included in their
analysis. Although not statistically significant, T4 treat-
ment was associated with greater a proportion of patients
whose nodules decreased in size by more than 50% (22%
vs. 10%; range = 14-39% vs. 0-20%).

This publication sparked a number of subsequent studies
seeking to validate or refute the Castro et al. findings.
These follow- up trials were included in a second meta-
analysis, published by Sdano et al. in 2005 [14]. This study
included nine randomized controlled trials (only 3 trials
that were not included in Castro’s study), and a total of 609
patients. Of the 310 patients who received T4 suppression,
69 (22%) had a 50% decrease in nodule size. Of the
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remaining 299 patients who received no treatment or pla-
cebo, 30 (10%) had a 50% decrease nodule size. Among
the trials included in this meta-analysis, the reported ranges
of response were 12-39% for the treatment arm and 0-20%
in the control arm. Although these results are statistically
significant, eight patients need to be treated in order to have
one patient benefit.

One study included in the Sdano et al. meta-analysis is
worthy of separate discussion. Koc et al. [15], designed a
two-arm crossover study to look for a dose-related response
to TSH suppression. This well-designed trial’s two groups,
low dose and high dose, were further subdivided and ran-
domized to receive a year’s course of T4 before or after
placebo. Equivalent (about 35%) volume reduction and
response rate (40% of patients) were shown for both the
high- and low-dose treatment arms.

Interestingly, the volume reduction that was noted in
patients who were initially treated with T4 reversed
with crossover to placebo. Similarly, patients in the two
subgroups that were randomized to receive placebo
first demonstrated nodule growth prior to crossover (not
significant). Subsequent T4 suppression resulted in signif-
icantly decreased nodule size.

A multi-institutional double-blind, placebo-controlled
study authored by the French Thyroid Research Group was
also recently published [16]. In this trial, T4 therapy
(verified by regular TSH measurements) resulted in greater
decrease in nodule volume than placebo (—0.36 £ 1.71 ml
vs. +0.62 £ 3.67 ml). Moreover, a larger proportion of
patients (27% vs. 17%) responded to therapy and had a
clinically significant decrease in nodule size.

Does extent of surgery influence the rate of recurrence
in patients with benign nodular goiters? We found 15
publications in the past 20 years that offered data on
recurrence rates after specific types of thyroidectomy for
benign nodular disease (Table 1). Most were in the form of
retrospective analyses (12/15), and only four of these were
comparative. As Table 1 shows, the ways in which dif-
ferent investigators defined primary disease, treatment
groups, length of follow-up, and recurrence were markedly
varied and therefore precluded meta-analysis.

There was one well-designed prospective randomized
controlled trial (level 1 evidence) that compared total
versus subtotal thyroidectomy for MNG at a single insti-
tution in Italy [17]. The rate of goiter recurrence after a
mean follow-up of 14 years was 14% for patients who had
undergone subtotal thyroidectomy versus 0% for those who
had undergone total thyroidectomy. These rates are con-
sistent with the range of recurrence rates from the pooled
data of the 14 other studies.

Overall, recurrence rates of benign nodular goiter after
total thyroidectomy were essentially nonexistent (range =
0-0.3%) compared to those after subtotal thyroidectomy

(range = 2.5-42%) and more limited resections (range =
8-34%). Surprisingly, recurrence rates seemed to depend
more on whether any thyroid tissue was left behind rather
than how much, a finding that disagrees with those from
studies that suggest that recurrence correlates with bilat-
erality of disease and resected thyroid volume [18, 19].

Is total thyroidectomy associated with a higher com-
plication rate in patients with benign nodular goiters
compared with lesser operations? We identified 13 studies
in the past 20 years that have examined complications after
various types of operations for benign nodular goiter
(Table 2). Eight were comparative studies and three were
prospective controlled trials. Since many recent studies
advocate total thyroidectomy for the treatment of MNG, we
compared the outcomes from this operation to all other less
extensive ones. Our reasoning was that we could presume
that total thyroidectomy might be associated with higher
complication rates than other operations, which, if any-
thing, would create a bias in favor of the control group.
Analysis of just the eight comparative studies showed no
differences between total and less-than-total thyroidecto-
mies with respect to temporary recurrent laryngeal nerve
(RLN) injury (1-10% vs. 0.9-6%, respectively). Moreover,
the frequency of permanent RLN palsy was identical for
each (0-1.4%). The results of the three prospective con-
trolled trials in particular agree with the findings from the
pooled data [17, 20, 21].

Four studies [21-24] demonstrated a significantly higher
rate of transient hypocalcemia after total thyroidectomy
than after less extensive operations (9-35% vs. 0-18%,
respectively). This increased risk, however, appears to
decrease over time, as evidenced by the equivalent
rates of permanent hypoparathyroidism between total
and less-than-total thyroidectomies (0—4% vs. 0-1.4%,
respectively).

Is reoperation associated with a higher complication
rate in patients with benign nodular goiters? Ten studies in
the past 20 years examined the complications of redo
thyroidectomies for recurrent benign nodular goiter
(Table 3). Nine were comparative studies. The remaining
study [25] was a retrospective series of reoperations for
recurrent goiter following initial total thyroidectomy, the
only study in our review that reported this phenomenon.

We defined two treatment groups: a “redo” group and a
comparison group consisting of all “initial” thyroidecto-
mies (regardless of the extent of resection). There were no
differences in transient hypocalcemia between redo and
initial thyroidectomies (0-25% vs. 1-27%, respectively).
However, permanent hypoparathyroidism appeared to be
far more common in the redo group (0-22% vs. 0-4%)
Similarly, the redo group had more frequent RLN injury,
both temporary (0-22% vs. 0.5-18%) and permanent (0—
13% vs. 0-4%).
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Table 1 Studies on the association between extent of thyroidectomy and recurrence of benign nodular goiter

Reference N Level of Design Primary disease Operation Mean follow-up Determination of Recurrence
evidence (years) recurrence
Anderson et al. [35] 185 III Retro MNG LT 10.3 H&P, U/S 15 (8.1%)
Bellantone et al. [18] 268 III Retro  Unilateral goiter LT 6.7 H&P, U/S 91 (34.0%)
Cohen-Kerem et al. 124 10 Retro MNG ST 7.8 H&P, U/S, RAIL, 21 (16.9%)
[6]7 FNA, surgery
Guberti et al. [59] 99 III Retro MNG, UNG LT 8.8 u/S 29 (29.3%)
Kraimps et al. [8] 1456 1II Retro  Benign goiter ST >5 H&P 36 (2.5%)
Marchesi et al. [24] 24 110 Retro  Single nodule LT 3.3° u/S 5 (20.8%)
59 MNG TT 0 (0.0%)
Pappalardo et al. [17] 72 1 RCT MNG ST 14.5° H&P, U/S, RAI 10 (13.9%)
69 TT 0 (0.0%)
Piraneo et al. [68] 60 III Retro  Benign goiter LT 7.5 H&P, U/S, FNA 18 (30.0%)*
24 ST 1 (4.2%)*
Reeve et al. [69] 853 111 Retro MNG ST ? Surgery 64 (7.5%)
Rios et al. [70] 19 1II Retro Compressive MNG LT 8.2 H&P 5 (26.3%)
13 ST 4 (30.8%)
120 TT 0 (0.0%)
Rios et al. [71] 11 110 Retro  Toxic MNG LT 8.2 ? 2 (18.2%)
6 ST 2 (33.3%)
95 TT 0 (0.0%)
Rojdmark et al. [72] 43 110 Retro  Benign goiter ST 30.0 H&P 18 (41.9%)
Snook et al. [25] 3044 111 Retro MNG TT 4.8 H&P 10 (0.3%)*
Subbiah et al. [37] 402 1II Retro  Benign radiation-related LT 17.7 U/S, RAI FNA, 122 (30.3%)*
77 nodules ST surgery 6 (7.8%)"
149 TT 0 (0.0%)
Wadstrom et al. [38] 229 III Retro MNG presenting as single LT 14 H&P 28 (12.2%)

nodule

Retro = retrospective analysis; RCT = prospective randomized controlled trial; MNG = multinodular goiter; UNG = uninodular goiter;
LT = limited thyroidectomy; ST = subtotal thyroidectomy; TT = total thyroidectomy; H&P = history and physical exam; U/S = ultrasound;
RAI = radioactive iodine scan; FNA = fine-needle aspiration biopsy; ? = not stated

 Significant in original publication

 Median values provided in original publication

Does surgeon or hospital volume correlate with recur-
rence rate? Our search identified no studies that directly
related recurrence rate of MNG to surgeon [26] or hospital
[27] volume. Reports on the subject do suggest that sur-
geon and hospital volumes are directly related to the
likelihood that a patient will undergo total thyroidectomy.

Does postoperative TSH suppression reduce recurrence
rate? There has been much interest in the practice of
postoperative TSH suppression in an effort to prevent, or
delay, recurrence. Despite marked inconsistencies in the
literature, supporters of this widely practiced therapy cite
data that suggest it is the only available method in pre-
venting MNG recurrence [28]. Opponents of this practice
identify numerous weaknesses in the subset of studies that
purport to demonstrate a benefit [29].

Unfortunately, the published studies vary methodologi-
cally: Some studies relied on physical exam to detect

@ Springer

recurrences [30-34], whereas others used ultrasound eval-
uation [2, 28, 29, 35]. The studies that used ultrasound are
further divided according to the authors’ definition of a
recurrence: Some [28, 29] looked at total remnant volume,
whereas others [10] evaluated specific nodule characteris-
tics. In addition, there is wide variation in the extent of
thyroidectomy in the series reported, and many of the
published studies are reports from endemic areas [10, 28,
36] where the impact of suppressive therapy may be dif-
ferent than in developed countries where iodine is
supplemented.

Two studies used a combination of suppressive and
substitutive doses of T4 [10, 36], none of the randomized
trials were placebo controlled, and few [29] documented
adequate suppression of TSH. Moreover, only four studies
had more than 10 years of follow-up [29, 35, 37, 38], and
many had 5 years or less [28, 33, 34]. Many studies that
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Table 2 Studies on the association between extent of thyroidectomy for benign nodular goiter and postoperative complications
Reference N Level of Design Initial Definition of Routine Transient- Transient Permanent Transient Permanent
evidence operation hypocalcemia DL? permanent hypocalcemia hypocalcemia RLN RLN
distinction injury injury
Colak et al. 95 11 NRCT NT Sx No 6 months 9 (9.5%) 0 (0.0%) 6 (6.3%) 0 (0.0%)
[20] 105 TT 12 (11.4%) 1 (1.0%) 10 (9.5%) 1 (1.0%)
Delbridge 1838 1II Retro NT ? Yes ? 4 (0.2%) ? 4 (0.2%)
etal. [73] 1251 TT ? 5 (0.4%) ? 6 (0.5%)
Erbil et al. 112 1 RCT NT Ca <8 mg/L Yes 3 months 11 (9.8%)" 0 (0.0%) 1(0.9%) 0 (0.0%)
[21] 104 TT 27 (26.0%)* 0 (0.0%) 1(1.0%) 0 (0.0%)
Friguglietti 164 1II Retro NT Sx No 2 months 4 (2.4%)* 2 (1.2%) 2 (1.2%) 1 (0.6%)
etal. [22] 563 TT 65 (11.5%)" 3 (0.5%) 15 (2.7%) 1 (0.2%)
Karanikolic 131 III Retro NT Ca< 1.7 Yes 6 months 7 (5.3%) 1 (0.8%) 5(3.8%) 1 (0.8%)
etal. [79] 73 TT mmol/L, 16 21.9%) 3 (4.1%) 5(6.8%) 1 (1.4%)
sX
Lang and 297 I Retro TT Ca< 1.7 Yes 1 year 54 (18.2%)* 4 (1.3%) 19 (6.4%) 4 (1.3%)
Lo [75] mmol/L,
SX
Liu et al. 98 III Retro TT Ca<9mg/ No 6 months 26 (26.5%)"* 0 (0.0%) 2 (2.0%) 0 (0.0%)
[23] L, sx
Marchesi 24 111 Retro NT ? ? 0 (0.0%)* 0 (0.0%) 1 (4.2%) 0 (0.0%)
etal. [24] 59 TT 13 (22.0%)* 0 (0.0%) 3(51%) 0 (0.0%)
Pappalardo 72 1 RCT NT Ca < 2.1 No 6 months 13 (18.1%) 1 (1.4%) 2 (2.8%) 1 (1.4%)
etal. [171 g9 TT mmol/L, 24 34.8%) 2 (2.9%) 2(2.9%) 0 (0.0%)
SX
Reeve et al. 738 1II Retro NT ? Yes 12 (1.6%) 2 (0.3%) 15 (2.0%) 1 (0.1%)
[69] 115 TT 10 (8.7%) 0 (0.0%) 2(17%) 0 (0.0%)
Rios et al. 45 1II Retro TT Ca < 8.5 mg/ No 1 year 6 (13.3%) 1 (2.2%) 7 (15.6%) 0 (0.0%)
[71] L, sx
Zambudio 301 OI Retro TT Ca < 8.5 mg/ No 1 year 29 (9.6%) 2 (0.7%) 26 (8.6%) 1 (0.3%)
et al. [76] L, sx
Serpell and 232 III Retro TT Ca<20 No 6 months 33 (14.2%) 4 (1.7%) ? 0 (0.0%)
Phan [77] mmol/L,

SX

NRCT = prospective nonrandomized controlled trial; Retro = retrospective analysis; RCT = prospective randomized controlled trial;
sx = symptoms; Ca = total serum calcium concentration; DL = direct laryngoscopy; ? = not stated

 Significant in original publication

critically evaluated factors that lead to recurrence of MNG
cited mean times to recurrence of about 10 years, with a
range of less than 1 year to more than 25 years [8]. Taken
as a whole, these studies are split in their conclusions:
About half conclude that postoperative TSH suppression is
effective in reducing recurrences, while the other half state
that it is not (Table 4).

To clarify the possible impact of TSH suppression on
MNG recurrence, Subbiah et al. [37] recently reviewed
their cohort of 632 patients with a history of radiation
exposure in childhood who had benign nodules found at
surgery. Of these, 226 (36%) had total or subtotal thy-
roidectomy, and the remainder had a lobectomy or
nodulectomy. At a mean follow-up of 17.7 years, 129
patients (21%) developed a recurrence. Of the 424 patients
(67%) who received suppressive doses of T4, 60 (14%)

developed a recurrence, in contrast with 67 (34.2%) in the
196 patients who did not.

Discussion

Total thyroidectomy is the most effective operation for
preventing recurrence of benign nodular goiters. To reduce
the inherent bias of comparing total thyroidectomy’s
recurrence rate of essentially 0% [25, 37] to that of any
other lesser procedure, we stratified the pooled operations
into three groups: total thyroidectomy; subtotal thyroidec-
tomy; and “limited” thyroidectomy, which encompassed
all other resections that left a significant amount of thyroid
tissue in situ (e.g., enucleation, lobectomy). As Table 2
shows, all resections other than total thyroidectomy are
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Table 4 Studies on the effect of postoperative TSH suppression on recurrence of benign nodular goiter
Reference N Level of Design Endemic TSH-suppressive ~ Mean follow-up Determination of  Recurrence
evidence region? therapy? (years) recurrence
Miccoli et al. [10] 28 1 RCT Yes Yes 3.0 u/S 6 (21.4%)
32 No 25 (78.1%)
Bistrup et al. [33] 40 1 RCT No Yes 9.0 H&P 5 (12.5%)
60 No 11 (18.3%)
Feldkamp et al. [28] 55 1I RCT Yes Yes 1.0 u/S 3 (5.5%)
Hegedus et al. [29] 100 I RCT No Yes 10.0 u/S 19 (19.0%)
102 No 27 (26.5%)
Berglund et al. [78] 29 10 Retro No Yes 6.0 H&P 3 (10.3%)
186 No 20 (10.8%)
Berghout et al. [32] 20 I Retro No Yes 7.5 H&P 1 (5.0%)
93 No 10 (10.8%)
Geerdsen et al. [31] 104 1III Retro No Yes 8.8 H&P 10 (9.6%)
71 No 8 (11.3%)
Anderson et al. [35] 14 1 Retro No Yes 10.2 u/S 6 (42.9%)*
171 No 9 (5.3%)*
Ibis et al. [36] 62 I Retro Yes Yes 7.8 ? 25 (40.3%)
148 No 116 (78.4%)
Persson et al. [34] 121 1II Retro No Yes 5.0 H&P 8 (6.6%)
76 No 3 (3.9%)
Banchuin et al. [30] 141 1III Retro No Yes 1.0 H&P 31 (22.0%)*
73 No 5 (6.83%)"
Wadstrom et al. [38] 28 I Retro No Yes 14.0 ? 6 (21.4%)
175 No 22 (12.6%)
Subbiah et al. [37] 426 I Retro No Yes 17.7 u/sS 60 (14.1%)
196 No 27 (13.8%)

RCT = prospective randomized controlled trial; Retro = retrospective analysis; U/S = ultrasound; H&P = history and physical exam

# Significant in original publication

associated with anywhere from 2.5% to 42% recurrence,
regardless of how much thyroid is actually left behind.
Furthermore, these findings also suggest that an inadequate
initial resection may be the most important predictor of
recurrence.

TSH suppression of goiters

The practice of suppressive thyroid hormone supplemen-
tation is now over a century old [8]. The aim is to create a
thyrotoxic state and minimize TSH release and is based on
the knowledge of thyroid-stimulating hormone’s trophic
effects on follicular cells. This practice has been shown to
lead to goiter regression in up to 85% of patients with
diffuse goiter [39], and it is also considered to be the
postoperative standard of care for differentiated malig-
nancies of the thyroid gland.

TSH suppression is also very common for treatment of
MNG. In surveys of American and European endocrinol-
ogists [40, 41], more than 40% state that they would use

TSH suppression as the treatment of choice for MNG. TSH
suppression for MNG was initially bolstered by several
studies in the 1960s [42, 43] that supported its effective-
ness. Subsequent studies demonstrated up to a 20-30%
decrease in MNG size with thyroid suppression therapy in
patients who had not undergone surgery [44, 45]. In regions
of iodine deficiency, iodine supplementation has also been
shown to effectively reduce thyroid nodule volume [46].
Enthusiasm for thyroid hormone suppression for benign
disease, however, began to wane in the 1980s and 1990s
because of reports that either contradicted [47] or did not
confirm [46, 48] the initial supportive studies. Moreover,
recent data that reported possible negative side effects of
long-term exogenous thyroid hormone supplementation
[49, 50] have rekindled interest in the effectiveness of
suppressive therapy of multinodular goiter. Increased
incidence of atrial fibrillation [51] and other arrhythmias
[52] are well-recognized cardiovascular complications of
thyrotoxicosis. The negative effects of TSH suppression on
bone mineralization are also well recognized. One study
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[53] showed that women with a low TSH level were three
times more likely to sustain a hip fracture and four times
more likely to sustain a vertebral fracture than euthyroid
patients.

Although early studies of the utility of primary TSH
suppression for nodular disease regression or improved
course of disease reported conflicting results, later studies
are far more unified in their conclusions: TSH suppression
appears to be effective and can produce a clinically sig-
nificant decrease in nodule size in a subset of patients (up
to 40%) [15]. In two well-designed studies [15, 16], the
average nodule size decreased by about one-third in
response to TSH suppression. Nevertheless, because some
nodules (average = 10%, range = 0-20%) demonstrate
spontaneous regression, it is estimated that eight patients
need to be treated in order to have one patient benefit [14].
As a result, we believe that most authors would agree that
TSH suppression cannot be recommended for routine use,
but may have a role in the management of certain, partic-
ularly high-risk, patients. This therapy should be monitored
closely for patient response because unsupervised use
would lead to many patients being treated unnecessarily.

Postoperative TSH suppression

Fewer studies have examined postoperative TSH suppres-
sion for decreasing the likelihood of goiter recurrence.
Because of methodologic inconsistencies, these studies
cannot be grouped and cannot be used to make practice
recommendations. Moreover, the two best studies offer
conflicting results: The best-designed prospective ran-
domized study of the subject evaluated T4 vs. no treatment
in 202 patients and demonstrated no treatment effect [29].
The most recent retrospective study, which had 17 years of
follow-up data, found a significantly higher recurrence rate
among 600 patients who did not receive postoperative
thyroid hormone suppression.

The reasons why postoperative TSH suppressions fails
to reduce the rate of recurrence are not entirely clear.
Certainly the heterogeneity of the examined studies can
account for much of the disparity in results. However, it is
also increasingly evident that at least some thyroid nodules
are autonomous and are no longer subject to the classical
hypothalamus-pituitary-thyroid axis of hormonal regula-
tion. This is supported by findings that nodules in recurrent
goiters are predominantly polyclonal [54, 55] and may
therefore be subject to multiple regulatory pathways.
Moreover, nodules have been found to differentially
express goitrogenic insulin-like growth factors (IGFs) and
their binding proteins (IGFBPs) [7].

Two studies of postoperative TSH suppression contrib-
ute to our knowledge about this subject without directly
addressing MNG recurrence: Rather, these authors used the
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degree of TSH suppression [56] and ultrasound measure-
ments of remnant size [29] as surrogate endpoints. In their
study of the impact of dose schedules, Goretzki et al. [56]
compared the standard daily dose of 0.1 mg/day of L-
thyroxine with a larger dose of 1.0 mg once a week. Sixty-
four patients who underwent bilateral subtotal thyroidec-
tomy were enrolled, and similar reduction of TSH was
achieved in both groups. In another study, Hegedus et al.
[57] randomized 110 consecutive patients to receive T4 or
no treatment; they found that the average remnant size
decreased by a similar amount (—11 vs. —15%) at 12
months.

Another study that used thyroid remnant size as its
primary endpoint was conducted in an endemic area [58].
In this study, 139 patients who underwent partial thyroid-
ectomy were randomized to receive T4 alone or T4 with
supplemental iodine. The average decrease in remnant
volume with T4 was —10%, and in the study group this was
augmented significantly when dietary iodine was added (—
39.7%). Although the quantitative effect of TSH suppres-
sion is similar to that demonstrated by Hegedus et al. [29],
both groups in this study exhibited wide ranges of variance
(+85% to —89% for T4 alone, +91% to —89% for the iodine
+ T4 group).

Other variables influencing risk of recurrence of
multinodular goiter

Some variables other than extent of initial operation and
TSH suppression have been traditionally accepted risk
factors for goiter recurrence; those most commonly men-
tioned include a positive family history, young age at
presentation, bilateral disease, and multinodular vs. single
nodules [18, 19, 27, 32, 59]. The most recent efforts to
elucidate their significance have come from a small number
of univariate and multivariate analyses by various Euro-
pean investigators on their respective patient populations
[18, 19, 59]. The first of these, by Gibelin et al., was a
retrospective case-control study comparing 244 patients
with and without recurrence after initial thyroidectomy.
They found that younger age and multinodularity were
significant risk factors (p < 0.0001 and p = 0.005,
respectively), whereas positive family history and bilateral
disease showed only a trend toward predicting recurrence
(p = 0.07 and p = 0.09, respectively) [19]. This was fol-
lowed by another univariate analysis in Turkey that
appeared to confirm the increased risk of younger age
(p < 0.001) and multinodularity (no statistics presented),
but not of positive family history (p > 0.05) [60]. One
criticism of both studies is that neither utilized more robust
multivariate statistics, thus potentially confounding their
results. This weakness was partially addressed by Bellan-
tone et al. [18], who retrospectively reviewed 268 patients
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in Italy who had undergone lobectomy for unilateral nod-
ular goiter. Multivariate analysis found that female gender
was an independent risk factor for recurrence (p = 0.016),
weight of the initial surgical specimen was an independent
risk factor for reoperation (p < 0.0001), and multinodu-
larity and lack of postoperative TSH suppression increased
the risk for both (p = 0.017 and 0.0009 for recurrence, and
0.008 and 0.0005 for reoperation, respectively) [18]. Of
note, age was found not to be an independent risk factor for
recurrence in this study, and the impact of a positive family
history was not studied.

While there is a significant body of literature regarding
patient-related and medical therapy-related predictors of
MNG recurrence, the evidence is insufficient to make
preventive recommendations. Nevertheless, regardless of
the mechanism, all discussions of goiter recurrence assume
that the initial surgeon had left a remnant of thyroid tissue,
however small, that would grow over time and cause
clinically recurrent disease. In practice, however, even
what were initially considered “total” thyroidectomies
appear to lead to occasional recurrences that require
reoperation. A recent study by Snook et al. [25] retro-
spectively examined a series of over 3000 consecutive total
thyroidectomies performed at the University of Sydney and
identified a small subset of patients who subsequently
developed recurrent benign multinodular goiter requiring
surgery. The investigators found that most (8/10) of these
recurrences were due to inadequate resection of embryo-
logic remnant thyroid tissue along the thyrothymic or
pyramidal tract. Interestingly, the importance of complete
removal of the pyramidal lobe was first emphasized 50
years ago [61] and reiterated by Makeieff [62]. Snook et al.
[25] concluded that total thyroidectomy, with careful
attention to identifying and removing the entire thyroid
gland along its embryologic descent, should effectively
abolish benign goiter recurrence.

Total thyroidectomy is generally agreed to be more
effective than lesser resections for the prevention of goiter
recurrence. However, is it associated with increased
perioperative morbidity? Despite the potential for greater
morbidity with the more extensive dissection required for
total thyroidectomy, our review suggests that this is not the
case. In fact, frequency of temporary and permanent vocal
cord dysfunction is identical after total thyroidectomy and
after lesser operations. While rates of temporary hypocal-
cemia are slightly higher after total thyroidectomy than they
are for lesser operations, the frequency of permanent
hypoparathyroidism is not different. Equally important is the
evidence that reoperations for recurrent goiters have sig-
nificantly higher rates of permanent vocal cord dysfunction
and hypoparathyroidism than initial operations (Table 3),
which further bolsters the assertion that total thyroidectomy
should be the operation of choice for multinodular goiter.

Our institutional practice

As is increasingly the practice worldwide, our tendency at
the University of California, San Francisco, is to perform
total thyroidectomy for most patients with MNG who
require a resection. Occasionally, a patient at high risk
for RLN injury will present with ultrasound evidence of
unilateral disease, i.e., one dominant nodule or multiple
unilateral nodules with a homogeneous-appearing small
contralateral lobe. In this situation, we have considered
(and have performed) total lobectomy on the affected side.
Similarly, when performing a total thyroidectomy for
MNG, surgeons may be unsatisfied with the progress of the
operation for one reason or another. If a surgeon suspects
involvement of the RLN or has failed to identify the RLN,
he or she may contemplate ending the procedure at a
lobectomy. The primary reason for this staged approach is
to avoid bilateral injury to the RLNs and the need for
tracheostomy. This way, the tissue planes around the
contralateral lobe remain undisturbed, and a completion
thyroidectomy may be performed safely after vocal-cord
function is evaluated laryngoscopically.

Recurrent goiters often present with local symptoms
such as airway obstruction, superior vena cava syndrome,
dysphagia, or dysphonia. Surgery is indicated when any of
these symptoms is present and whenever the presence of a
malignancy cannot be definitively excluded. In high-risk
patients, such as those with a prior history of radiation
exposure, nodularity in the thyroid gland is associated with
a 40% chance of malignancy, which may not necessarily be
within the suspicious nodule. In addition, any nodule that
grows rapidly should be resected.

Intrathoracic goiters constitute another category of
recurrence, and we believe almost all (even if asymptom-
atic) mandate reoperation, although the discussion of
intrathoracic goiters is beyond the scope of this review.
Finally, a patient’s desire for resection, for cosmetic or
other reasons, may be an indication for some reoperations.

When a recurrent MNG is being resected, bilateral RLN
injury must be avoided. All patients who require reopera-
tion should undergo preoperative laryngoscopic evaluation,
since as many as 20% may have existing permanent RLN
palsy [9] and up to 32% of these are known to be
asymptomatic [63]. In patients at high risk for postopera-
tive complications, we have staged the resection of
bilateral recurrences. Recently, we have been increasingly
using RLN monitoring for this situation. Starting the
resection on the symptomatic side, the contalateral lobe is
resected only after the nerve and parathyroid glands are
identified and preserved. Otherwise, the operation is ter-
minated with the patient’s symptoms addressed.

Several practical considerations that must be mentioned
include the paramount importance of intimate familiarity
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with normal anatomy and common variants. While the
RLN most commonly lies within the tracheoesophageal
groove, in approximately one-third of cases the nerve is
lateral to the trachea, and in approximately 1% the nerve is
anterior to the trachea [64]. Moreover, while many con-
sider the planes anterior to the inferior thyroid artery as
safe, this relationship is also variable: Surgical [64] studies
and autopsy [65] studies demonstrate that approximately
one-third of RLNs are found either anterior to or inter-
digitating with branches of the inferior thyroid artery.
These relationships are even further obscured when there is
scarring from a previous operation.

Reoperations for multinodular goiter

Some experts advocate the lateral approach to reoperations
on the thyroid gland [2, 9]. In this method, the patient’s old
Kocher incision is either reopened or excised, a subplat-
ysmal plane is elevated, and the strap muscles are
identified. Rather than reopening the median raphe, how-
ever, the straps are retracted medially and a plane anterior
to the sternocleidomastoid is entered. In many cases, this
approach obviates the need to dissect through scar tissue
anteriorly, but the risk to the RLN does not change if
the nerve is surrounded by adhesions. In fact, one series
demonstrated a slightly higher frequency of RLN paresis in
patients who had reoperations via the lateral approach. This
higher frequency may be due to the differences in the
appearance of the surgical field through this approach and
relative unfamiliarity of this view.

There is consensus that regardless of the approach used,
the best method to preserve vocal cord function is to
identify the RLN early in the operation, before dividing
any structures. In the classic study by Dralle et al. [66],
rates of RLN injury were inversely related to the effort
made to identify the nerve. In this large study, the subgroup
of patients with the highest risk for postoperative vocal
cord paresis were those undergoing reoperative surgery.

Recently, much attention has been paid to the relation-
ship between outcomes and surgeon and hospital volumes.
A cross-sectional study [26] in Maryland found that
although the highest-volume surgeons accounted for only
0.6% of all surgeons in the state, they performed the
highest percentage of total thyroidectomies. Moreover, this
subset of surgeons also had the fewest complications and
their patients had the shortest length of stay in the hospital.
Unlike surgeon experience, hospital volume had no impact
on complications or length of stay. A prospective multi-
center study in Germany evaluated the impact of hospital
volume on outcomes [27]. It found no relationship between
hospital volume and complications, but it concluded that
high-volume centers performed significantly more total
lobectomies and thyroidectomies than lower-volume

@ Springer

centers. While neither study had adequate follow-up to
comment on its recurrence rates, it follows that the patients
who undergo subtotal resection are at greater risk for
recurrence.

Limitations of this review

One of the limitations of this review is that most of the
studies we found were retrospective analyses, which gen-
erally offer a lower level of evidence than prospective
randomized studies. Another limitation was our exclusion
of articles in journals published in languages other than
English, which could have missed studies on goiter recur-
rence. Excluding such studies could potentially be even
more relevant since most regions with endemic goiter are
primarily non-English-speaking. Finally, the heterogeneous
way important variables like goiter recurrence, length of
follow-up, and hypocalcemia were defined prevented us
from performing pooled statistical analyses.

Conclusion

Medical management with TSH suppression as primary
treatment does not halt the progression of MNG in a sig-
nificant number of patients. Furthermore, there is
insufficient evidence to support the claim that postopera-
tive TSH suppression decreases the rate of goiter
recurrence. Therefore, the definitive management for pre-
vention of recurrence of benign nodular goiter is primarily
surgical. Total thyroidectomy essentially eliminates the
risk of recurrence, without an accompanying increased risk
of permanent hypoparathyroidism or RLN injury. There-
fore, total thyroidectomy should be considered the
procedure of choice for benign MNG whenever possible,
especially considering that reoperations for goiter are sig-
nificantly more morbid than any initial operation.

References

1. Gaitan E, Nelson NC, Poole GV (1991) Endemic goiter and
endemic thyroid disorders. World J Surg 5:205-215

2. Muller PE, Jakoby R, Heinert G et al (2001) Surgery for recurrent
goitre: its complications and their risk factors. Eur J Surg
167:816-821

3. Tunbridge WM, Evered DC, Hall R et al (1977) The spectrum of
thyroid disease in a community: the Whickham survey. Clin
Endocrinol (Oxf) 7:481-493

4. Brander A, Viikinkoski P, Nickels J et al (1991) Thyroid gland:
US screening in a random adult population. Radiology 181:683—
687

5. Mortensen JD, Woolner LB, Bennett WA (1955) Gross and
microscopic findings in clinically normal thyroid glands. J Clin
Endocrinol Metab 15:1270-1280

6. Matovinovic J (1983) Endemic goiter and cretinism at the dawn
of the third millennium. Annu Rev Nutr 3:341-412



World J Surg (2008) 32:1301-1312

1311

7.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Torre G, Barreca A, Borgonovo G et al (2000) Goiter recurrence
in patients submitted to thyroid-stimulating hormone suppression:
possible role of insulin-like growth factors and insulin-like
growth factor-binding proteins. Surgery 127:99-103

. Kraimps JL, Marechaud R, Gineste D et al (1993) Analysis and

prevention of recurrent goiter. Surg Gynecol Obstet 176:319-322

. Seiler CA, Glaser C, Wagner HE (1996) Thyroid gland surgery in

an endemic region. World J Surg 20:593-596; discussion 596—
597

. Miccoli P, Antonelli A, Tacconi P et al (1993) Prospective, ran-

domized, double-blind study about effectiveness of levothyroxine
suppressive therapy in prevention of recurrence after operation:
result at the third year of follow-up. Surgery 114:1097-1101;
discussion 1101-1092

Bifulco M, Cavallo P (2007) Thyroidology in the medieval
medical school of Salerno. Thyroid 17:39-40

American Association of Clinical Endocrinologists (2004) Pro-
tocol for standardized production of clinical practice guidelines.
Endocr Pract 10:353-361

Castro MR, Caraballo PJ, Morris JC (2002) Effectiveness of
thyroid hormone suppressive therapy in benign solitary thyroid
nodules: a meta-analysis. J Clin Endocrinol Metab 87:4154-4159
Sdano MT, Falciglia M, Welge JA et al (2005) Efficacy of thyroid
hormone suppression for benign thyroid nodules: meta-analysis of
randomized trials. Otolaryngol Head Neck Surg 133:391-396
Koc M, Ersoz HO, Akpinar I et al (2002) Effect of low- and
high-dose levothyroxine on thyroid nodule volume: a crossover
placebo-controlled trial. Clin Endocrinol (Oxf) 57:621-628
Wemeau JL, Caron P, Schvartz C et al (2002) Effects of thyroid-
stimulating hormone suppression with levothyroxine in reducing
the volume of solitary thyroid nodules and improving extrano-
dular nonpalpable changes: a randomized, double-blind, placebo-
controlled trial by the French Thyroid Research Group. J Clin
Endocrinol Metab 87:4928-4934

Pappalardo G, Guadalaxara A, Frattaroli FM et al (1998) Total
compared with subtotal thyroidectomy in benign nodular disease:
personal series and review of published reports. Eur J Surg
164:501-506

Bellantone R, Lombardi CP, Boscherini M et al (2004) Predictive
factors for recurrence after thyroid lobectomy for unilateral non-
toxic goiter in an endemic area: results of a multivariate analysis.
Surgery 136:1247-1251

Gibelin H, Sierra M, Mothes D et al (2004) Risk factors for
recurrent nodular goiter after thyroidectomy for benign disease:
case-control study of 244 patients. World J Surg 28:1079-1082
Colak T, Akca T, Kanik A et al (2004) Total versus subtotal
thyroidectomy for the management of benign multinodular goiter
in an endemic region. ANZ J Surg 74:974-978

Erbil Y, Barbaros U, Salmaslioglu A et al (2006) The advantage
of near-total thyroidectomy to avoid postoperative hypoparathy-
roidism in benign multinodular goiter. Langenbecks Arch Surg
391:567-573

Friguglietti CU, Lin CS, Kulcsar MA (2003) Total thyroidectomy
for benign thyroid disease. Laryngoscope 113:1820-1826

Liu Q, Djuricin G, Prinz RA (1998) Total thyroidectomy for
benign thyroid disease. Surgery 123:2-7

Marchesi M, Biffoni M, Faloci C et al (2002) High rate of
recurrence after lobectomy for solitary thyroid nodule. Eur J Surg
168:397-400

Snook KL, Stalberg PL, Sidhu SB et al (2007) Recurrence after
total thyroidectomy for benign multinodular goiter. World J Surg
31:593-598; discussion 599—-600

Sosa JA, Bowman HM, Tielsch JM et al (1998) The importance
of surgeon experience for clinical and economic outcomes from
thyroidectomy. Ann Surg 228:320-330

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Thomusch O, Machens A, Sekulla C et al (2000) Multivariate
analysis of risk factors for postoperative complications in benign
goiter surgery: prospective multicenter study in Germany. World
J Surg 24:1335-1341

Feldkamp J, Seppel T, Becker A et al (1997) Iodide or L-thy-
roxine to prevent recurrent goiter in an iodine-deficient area:
prospective sonographic study. World J Surg 21:10-14
Hegedus L, Nygaard B, Hansen JM (1999) Is routine thyroxine
treatment to hinder postoperative recurrence of nontoxic goiter
justified? J Clin Endocrinol Metab 84:756-760

Banchuin C, Panpimarnmas S (1997) Effect of post-operative
thyroid hormone therapy on the recurrence of benign thyroid
nodules. A study in Thai patients. ] Med Assoc Thai 80:715-719
Geerdsen JP, Frolund L (1984) Recurrence of nontoxic goitre
with and without postoperative thyroxine medication. Clin
Endocrinol (Oxf) 21:529-533

Berghout A, Wiersinga WM, Drexhage HA et al (1989) The long-
term outcome of thyroidectomy for sporadic non-toxic goitre.
Clin Endocrinol (Oxf) 31:193-199

Bistrup C, Nielsen JD, Gregersen G et al (1994) Preventive effect
of levothyroxine in patients operated for non-toxic goitre: a
randomized trial of one hundred patients with nine years follow-
up. Clin Endocrinol (Oxf) 40:323-327

Persson CP, Johansson H, Westermark K et al (1982) Nodular
goiter—is thyroxine medication of any value? World J Surg
6:391-396

Anderson PE, Hurley PR, Rosswick P (1990) Conservative
treatment and long term prophylactic thyroxine in the prevention
of recurrence of multinodular goiter. Surg Gynecol Obstet
171:309-314

Ibis E, Erbay G, Aras G et al (1991) Postoperative goitre recur-
rence rate in Turkey. Acta Endocrinol (Copenh) 125:33-37
Subbiah S, Collins BJ, Schneider AB (2007) Factors related to the
recurrence of thyroid nodules after surgery for benign radiation-
related nodules. Thyroid 17:41-47

Wadstrom C, Zedenius J, Guinea A et al (1999) Multinodular
goitre presenting as a clinical single nodule: how effective is
hemithyroidectomy? Aust N Z J Surg 69:34-36

Roher HD, Goretzki PE (1987) Management of goiter and thyroid
nodules in an area of endemic goiter. Surg Clin North Am 67:
233-249

Bennedbaek FN, Hegedus L (2000) Management of the solitary
thyroid nodule: results of a North American survey. J Clin
Endocrinol Metab 85:2493-2498

Bennedbaek FN, Perrild H, Hegedus L (1999) Diagnosis and
treatment of the solitary thyroid nodule. Results of a European
survey. Clin Endocrinol (Oxf) 50:357-363

Astwood EB, Cassidy CE, Aurbach GD (1960) Treatment of
goiter and thyroid nodules with thyroid. JAMA 174:459-464
Schneeberg NG, Stahl TJ, Maldia G et al (1962) Regression of
goiter by whole thyroid or triiodothyronine. Metabolism 11:
1054-1060

Hansen JM, Kampmann J, Madsen SN et al (1979) L-thyroxine
treatment of diffuse non-toxic goitre evaluated by ultrasonic
determination of thyroid volume. Clin Endocrinol (Oxf) 10:1-6
Perrild H, Hansen JM, Hegedus L et al (1982) Triiodothyronine
and thyroxine treatment of diffuse non-toxic goitre evaluated by
ultrasonic scanning. Acta Endocrinol (Copenh) 100:382-387

La Rosa GL, Lupo L, Giuffrida D et al (1995) Levothyroxine
and potassium iodide are both effective in treating benign
solitary solid cold nodules of the thyroid. Ann Intern Med
122:1-8

Gharib H, James EM, Charboneau JW et al (1987) Suppressive
therapy with levothyroxine for solitary thyroid nodules. A dou-
ble-blind controlled clinical study. N Engl J Med 317:70-75

@ Springer



1312

World J Surg (2008) 32:1301-1312

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Reverter JL, Lucas A, Salinas I et al (1992) Suppressive therapy
with levothyroxine for solitary thyroid nodules. Clin Endocrinol
(Oxf) 36:25-28

Burman KD (1990) Is long-term levothyroxine therapy safe?.
Arch Intern Med 150:2010-2013

Faber J, Galloe AM (1994) Changes in bone mass during pro-
longed subclinical hyperthyroidism due to L-thyroxine treatment:
a meta-analysis. Eur J Endocrinol 130:350-356

Sawin CT, Geller A, Wolf PA et al (1994) Low serum thyrotropin
concentrations as a risk factor for atrial fibrillation in older per-
sons. N Engl J Med 331:1249-1252

Biondi B, Fazio S, Palmieri EA et al (1999) [Effects of chronic
subclinical hyperthyroidism from levothyroxine on cardiac mor-
phology and function.]. Cardiologia 44:443-449

Bauer DC, Ettinger B, Nevitt MC et al (2001) Risk for fracture in
women with low serum levels of thyroid-stimulating hormone.
Ann Intern Med 134:561-568

Harrer P, Broecker M, Zint A et al (1998) Thyroid nodules in
recurrent multinodular goiters are predominantly polyclonal. J
Endocrinol Invest 21:380-385

Harrer P, Brocker M, Zint A et al (1998) The clonality of nodules
in recurrent goiters at second surgery. Langenbecks Arch Surg
383:453-455

Goretzki P, Roeher HD, Horeyseck G (1981) Prophylaxis of
recurrent goiter by high-dose L-thyroxine. World J Surg 5:855-
857

Hegedus L, Hansen JM, Veiergang D et al (1987) Does pro-
phylactic thyroxine treatment after operation for non-toxic goitre
influence thyroid size? Br Med J (Clin Res Ed) 294:801-803
Carella C, Mazziotti G, Rotondi M et al (2002) Iodized salt
improves the effectiveness of L-thyroxine therapy after surgery
for nontoxic goitre: a prospective and randomized study. Clin
Endocrinol (Oxf) 57:507-513

Guberti A, Sianesi M, Del Rio P et al (2002) Thyroid function
and goiter recurrence after thyroid lobectomy in elderly subjects.
J Endocrinol Invest 25:71-72

Erbil Y, Bozbora A, Yanik BT et al (2007) Predictive factors for
recurrent non-toxic goitre in an endemic region. J Laryngol Otol
121:231-236

Lange MIJ, Piercy JE (1957) Recurrent goitre. Lancet 272:177—
181

Makeieff M, Rubinstein P, Youssef B et al (1998) [Repeat
surgery for thyroid nodules (excluding cancer and hyperthyroid-
ism).]. Ann Chir 52:970-977

Farrag TY, Samlan RA, Lin FR et al (2006) The utility of evaluating
true vocal fold motion before thyroid surgery. Laryngoscope
116:235-238

@ Springer

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

Ardito G, Revelli L, D’ Alatri L et al (2004) Revisited anatomy of
the recurrent laryngeal nerves. Am J Surg 187:249-253
Steinberg JL, Khane GJ, Fernandes CM et al (1986) Anatomy of
the recurrent laryngeal nerve: a redescription. J Laryngol Otol
100:919-927

Dralle H, Sekulla C, Haerting J et al (2004) Risk factors of
paralysis and functional outcome after recurrent laryngeal nerve
monitoring in thyroid surgery. Surgery 136:1310-1322
Cohen-Kerem R, Schachter P, Sheinfeld M et al (2000) Multi-
nodular goiter: the surgical procedure of choice. Otolaryngol
Head Neck Surg 122:848-850

Piraneo S, Vitri P, Galimberti A et al (1994) Recurrence of goitre
after operation in euthyroid patients. Eur J Surg 160:351-356
Reeve TS, Delbridge L, Cohen A et al (1987) Total thyroidec-
tomy. The preferred option for multinodular goiter. Ann Surg
206:782-786

Rios A, Rodriguez JM, Canteras M et al (2005) Surgical man-
agement of multinodular goiter with compression symptoms.
Arch Surg 140:49-53

Rios A, Rodriguez JM, Balsalobre MD et al (2005) Results of
surgery for toxic multinodular goiter. Surg Today 35:901-906
Rojdmark J, Jarhult J (1995) High long term recurrence rate after
subtotal thyroidectomy for nodular goitre. Eur J Surg 161:725—
727

Delbridge L, Guinea AI, Reeve TS (1999) Total thyroidectomy
for bilateral benign multinodular goiter: effect of changing
practice. Arch Surg 134:1389-1393

Menegaux F, Turpin G, Dahman M et al (1999) Secondary thy-
roidectomy in patients with prior thyroid surgery for benign
disease: a study of 203 cases. Surgery 126:479-483

Lang BH, Lo CY (2005) Total thyroidectomy for multinodular
goiter in the elderly. Am J Surg 190:418-423

Zambudio AR, Rodriguez J, Riquelme J et al (2004) Prospective
study of postoperative complications after total thyroidectomy for
multinodular goiters by surgeons with experience in endocrine
surgery. Ann Surg 240:18-25

Serpell JW, Phan D (2007) Safety of total thyroidectomy. ANZ J
Surg 77:15-19

Berglund J, Bondesson L, Christensen SB et al (1990) Indications
for thyroxine therapy after surgery for nontoxic benign goitre.
Acta Chir Scand 156:433-438

Karanikolic A, Pesic M, Djordevic N et al (2007) Optimal sur-
gical treatment for bilateral multinodular goitre. Surg Prac 11:
12-16



	Treatment and Prevention of Recurrence of Multinodular Goiter: An Evidence-based Review of the Literature
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	History of therapy
	Methods
	Study design
	Literature search
	Literature classification

	Results
	Discussion
	TSH suppression of goiters
	Postoperative TSH suppression
	Other variables influencing risk of recurrence of multinodular goiter
	Our institutional practice
	Reoperations for multinodular goiter
	Limitations of this review

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


