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Background: Total thyroidectomy (T'T), near-total thyroidectomy (NT), and subtotal thyroidectomy
(ST) are three surgical procedures for Graves’ disease (GD) patients, but most previous studies have only
evaluated the complications of TT versus ST or TT/NT versus ST; there is not a meta-analysis of NT
versus TT, so whether NT is superior to TT for GD patients still unclear.

Methods: We comprehensively searched PubMed, Embase, Web of Science, and the Cochrane Library,
without restriction to region, publication type, or language, on 10 June, 2020. We conducted this systematic
review and meta-analysis of all included studies assessing the two surgical procedures.

Results: In total, 528 cases were identified from two randomized controlled trials (RCTs) and three
retrospective studies. The incidence of permanent hypoparathyroidism after NT was lower than with
TT [odds ratio (OR), 0.22; 95% confidence interval (CI), 0.06-0.80; P=0.02], and there was no statistical
difference in the recurrence of hyperthyroidism (OR, 0.33; 95% CI, 0.01-8.12; P=0.50) and other
postoperative complications (P>0.05).

Conclusions: NT for GD was superior to TT regarding permanent hypoparathyroidism, but there
was no significant difference in preventing recurrent hyperthyroidism, as well as the other postoperative

complications.
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Introduction

Graves’ disease (GD), a common autoimmune disease (1),
is mainly caused by autoantibodies’ production against
thyroid-stimulating hormone (TSH) receptors, which
stimulates the follicular cells to overproduce. About 0.5-2%

of the population is affected by GD, which is the root cause

of 50-80% of hyperthyroidism cases (2-4). GD’s clinical
manifestations include diffuse goiter, ophthalmopathy or
orbital disease, skin disease (anterior tibial or localized
mucin edema), tachycardia and so on. About 50% of GD
patients develop Grave’s ophthalmopathy (GO), and 5% of
GD patients have severe GO (5).

The goals of treatment for GD patients are to quickly
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resolve the hyperthyroidism and its related symptoms,
prevent and treat sequelae, diagnose and treat occasional
thyroid carcinoma, delay the progression of GO and skin
lesions, and prevent recurrence (6). For GD patients,
there are three main treatments: antithyroid drugs
(ATDs), radioactive iodine (RAI), and thyroidectomy.
These treatments have their strengths and utilization.
Different indications, geographic regions, and patient/
clinician preferences influence selection. RAI is the first
choice in the USA, whereas, in Europe and Asia, it is
ATDs or thyroidectomy (7). Patients receiving ATDs
have the highest recurrence rate (*<40%), RAI (21%) ranks
second, and patients have the lowest recurrence rate after
thyroidectomy (<5%) (8,9). Generally speaking, drug
therapy is the first choice of initial treatment, and if it fails
or the disease recurs, RAI ablation or thyroidectomy is the
second option. Moreover, in some cases, thyroidectomy
is considered the best therapeutic option for GD, such as
suspected malignant nodules, severe GO, large goiters with
oppression symptoms, failure of RAI, or pregnant woman
hyperthyroidism (5,10).

There are three surgical procedures for GD: total
thyroidectomy (1), whose purpose is to achieve a
complete macroscopic resection of thyroid tissue; near-total
thyroidectomy (N'T) with remnant <lg thyroid remnant on
each side; and subtotal thyroidectomy (ST), which includes
two surgical methods: bilateral subtotal thyroidectomy
(BST) refers to bilateral thyroid residual of 2—4 g, and
unilateral total and contralateral ST (Dunhill procedure)
with a thyroid residual <7 g (11,12).

There is no doubt that the curative effect of
thyroidectomy for GD is definite, but the optimal extent
of resection is not yet clear. Regarding the two commonly
used surgical procedures, TT and ST, many previous
studies have compared their advantages and disadvantages.
A meta-analysis of five randomized controlled trials
(RCTs) in 2015 found that in preventing the recurrence
of hyperthyroidism, TT was more effective than BST and
Dunbhill procedure, but TT increased the risk of permanent
hypoparathyroidism when compared with ST (13). A
review in 2019 concluded that a high-volume thyroid
surgeon who performed TT was the preferred surgical
therapy for GD (6), but this conclusion was only based
on many research results of TT versus ST and did not
involve N'T. Additionally, NT and TT were sometimes
used interchangeably in previous studies (14). Based on the
scope of resection of NT being larger than that of ST, but
without complete removal of the thyroid, we wondered
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if the incidence of hypoparathyroidism and the risk of
recurrence of hyperthyroidism would be lower after NT
due to preservation of the parathyroid glands, and thus be
a superior surgical choice to TT. So far, there has not been
a meta-analysis of N'T versus T'T, so we collected existing
original studies related to T'T and NT and performed
a meta-analysis to quantify the two surgical procedures’
potential advantages. We present the following article in
accordance with the PRISMA reporting checklist (available
at http://dx.doi.org/10.21037/gs-20-757).

Methods
Registration

We successfully registered this systematic review on
PROSPERQO (registration no. CRD42020201770).

Search strategy

The literature search was performed on June 10, 2020,
regardless of geographic region, publication type or
language. The databases we searched were PubMed,
Embase, Web of Science, and the Cochrane Library. The
MeSH terms and their combinations were searched in
[Title/Abstract] as follows: “total thyroidectomy” and “near
total thyroidectomy” and “Graves’ disease/toxic goiter”.
We also used the related articles function to broaden the
search. When multiple reports involving the same crowd
were published, we used the latest and complete study.

Inclusion and exclusion criteria

Two investigators screened all abstracts and titles
independently and determined eligible studies based on the
following criteria.

Inclusion criteria: (I) prospective, retrospective, randomized
or controlled clinical trials; (I) clinical studies comparing
patients treated by N'T or T'T; (IIT) patients with GD.

Exclusion criteria: (I) studies not designed as prospective,
retrospective, randomized, controlled trials; (I) editorials,
letters, reviews, case reports or experimental animal studies;
(IIT) poor reporting of related outcome indicators.

Data extraction and outcomes of interest

The original data of the included studies were independently
extracted and summarized by two researchers (L Mu and C
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Figure 1 Flowchart of the study selection procedure.

Ren). Any disagreement was resolved by a third researcher (J
Xu). The two researchers used a standardized form for data
extraction, which included characteristics of the original
studies (authors, year of publication, area, study type,
etc.) and the outcomes of each trial [primary outcomes—
recurrent hyperthyroidism, transient hypoparathyroidism;
and secondary outcomes—permanent hypoparathyroidism,
transient recurrent laryngeal nerve palsy (RLNP),
permanent RLNP, ophthalmopathy progression, and
postoperative bleeding].

Quality assessment and statistical analysis

Among the included trials, the RCT's were assessed by the
Cochrane bias risk assessment tool (15) for methodological
quality. The retrospective studies were assessed by the
Newcastle-Ottawa scale (NOS) (16), which included three
factors: patient selection (4 items), comparability (2 items),
and exposure (3 items).

Each study was assigned a score of 0-9, and those with
a score >6 were considered high quality. Review Manager
5.4 was utilized to analyze the extracted data. Odds ratio
(OR) and 95% confidence interval (CI) were calculated
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for each trial. The chi-square (y) test and I’ test were
used to evaluate heterogeneity. If P<0.05 or I’>50%, the
heterogeneity was considered significant. The random-
effects model was used if I’>50%; otherwise, the fixed-
effect model was used. Sensitivity analysis was performed
by excluding individual studies stepwise to analyze the
study’s effect on the overall results. Unfortunately, we did
not perform subgroup analysis and evaluate publication bias
because of the limited number of trials.

Results
Literature search

A total of 386 records were retrieved through the literature
search. After preliminary screening, we screened out 75 full-
text papers for the next step of screening, while 311 studies
were excluded because they did not meet the inclusion
criteria or were irrelevant topics. Finally, there were five
studies (17-21) that met the predetermined inclusion
criteria, with 528 cases (207 cases of NT and 321 cases
of TT) for meta-analysis. The flowchart of the selection
process is shown in Figure 1.

Characteristics of the included studies

The characteristics of the included studies are shown in
Tuable 1. These trials were published between 1999 and 2019,
2 of which were from Germany, and the other 3 were from
Australia, the USA, and Japan, respectively. Two RCTs
(18,21) with the level of evidence of 1a and 1b, and, and 3
retrospective studies (17,19,20) with the level of evidence of 4,
2b and 2b. In terms of surgical indications, comprehensively,
they mainly included recent hyperthyroidism/early relapse,
oppression symptoms, failed drug therapy, and patient
preference. As for the surgery scope, in the vast majority of
patients with remnant thyroid after N'T, it was <1 mL; in the
only study (20) it was <2 mL. Follow-up ranged from 1 to
14 years but was mostly 1-5 years

Methodological quality of the included studies

The quality of the included studies was not high (Tuble 2,
Figure 24,B). The two RCTs did not describe the random
allocation method and allocation concealment. In one study,
the patients and observers were blinded, the results data
were complete, and reporting bias and other biases were
not found (21), but these parameters were not described in
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Table 1 Characteristics of included studies
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Sex (n) Mean age (years) _

Study Year Country Design Follow-up Remnant L(?vel of

Male Female NT T (months) after NT (g) evidence
Hermannetal. 1998  Austria R NA NA NA NA 66 [36-168] <1 4
Witte et al. 2000 Germany RCT 18 82 41 [17-66] 38 [19-68] 18-58 Most <1-2 1b
Wilhelm et al. 2010  America R NA NA 36.4+11.3 NA <1 2b
Yamanouchi 2015 Japan R 3 (NT); 18 (NT); 31[13-73] 43 [11-68] 40 [12-95] (NT); <2 2b
etal. 4(TT) 26 (TT) 24 [12-127] (TT)
Maurer et al. 2019 Germany RCT 17 (NT); 86 (NT); 43 [19-84] 42.5[18-76] 12 <1 1a

23(TT)  79(TT)

NA, data not available; NT, near-total thyroidectomy; R, retrospective; RCT, randomized controlled trial; TT, total thyroidectomy.

Table 2 Methodological quality of three retrospective studies

Comparability

Selection [4] 2] Exposure [3]
Study Selection The outcome Comparability Follow-up Total
Representativeness = " Exposure was not basedon  Assessment '~ Adequacy Scores
of the exposed ascertainment presentat the designor of outcome 9 of follow-up
nonexposed : enough
the start analysis

Hermann 1 0 1 0 0 1 1 0 5
etal. 1998

Wilhelm 1 0 1 0 0 1 1 0 5
etal. 2010

Yamanouchi 1 0 1 0 1 1 1 0 6
etal. 2015

the other RCT (18). As for the three retrospective studies
(17,19,20), none used an appropriate plan to allocate
treatment, and the allocation was usually determined by the
surgeon, there was also no description of the methods of
dealing with missing data and intention-to-treat analysis.
Four studies reported the duration of follow-up, and the
perioperative data was provided in all studies.

Primary outcomes

Recurrent hyperthyroidism

Only one case of recurrence was observed in the TT group
of one trial (21), and there was no recurrence reported in the
other four trials. The analysis results showed no significant
difference in recurrent hyperthyroidism between N'T and
TT groups (OR, 0.33; 95% CI, 0.01-8.12; P=0.50) (Figure 3).
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Transient hypoparathyroidism

Four trials reported the incidence of transient
hypoparathyroidism (18-21): there was no difference between
the NT and TT groups in the incidence of postoperative
transient hypoparathyroidism (OR, 0.55; 95% CI, 0.16-1.90;
P=0.34) (Figure 4). The y test showed an evident trend for
heterogeneity among the trials (transient hypoparathyroidism,
P=0.0007, I’=75%) (Figure 4), so the random-effects model
was used. To find the source of heterogeneity, we rechecked
whether the original data included in the study was correct;
after checking and verifying that nothing was wrong, we
used the stepwise method of removing individual studies
to eliminate each study, and we found that when this study
(18) was eliminated, the effect statistic OR was replaced with
risk ratio (RR), the I* dropped from 75% to 47%, indicating
that this study may have been the primary source of

Gland Surg 2021;10(2):729-738 | http://dx.doi.org/10.21037/gs-20-757



Gland Surgery, Vol 10, No 2 February 2021 733

A

Random sequence generation (selection bias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)

Elinding of outcome assessment (detection bias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

.Low risk of hias DUncIearrisk of hias .Highrisk of hias

Random sequence generation {selection hias)

= | Allocation concealment (selection hias)

-~

Elisaheth Maurer 2019

) . Selective reporting (reporting bias)

® | @ | other bias

) . Blinding of participants and personnel (performance hias)
B . Blinding of outcome assessment (detection bias)

) . Incomplete outcome data (attrition bias)

-~

Witte 2000 | 2

Figure 2 Risk of bias. (A) Judgments of review authors on the risk of each bias item presented as percentages; (B) summary of review

authors’ judgments on the risk of each bias item.

near total total Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Elizabeth Maurer 2019 o 103 1 102 100.0% 0.33[0.01,812] -
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Michael Hermann 1998 a0 27 I 19 Mot estimahle
Scott M 2009 i} ] o 120 Mot estimable
Witte 2000 0 a0 0 a0 Mot estimahle
Total (95% CI) 207 321 100.0% 0.33[0.01, 8.12] | — e A e
Total events 0 1 ) .

Heterogeneity: Mot applicable

Test for overall effect £= 0.68 (P = 0.590) 0.01 01 ! 10 100
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Figure 3 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of recurrent hyperthyroidism.

CI, confidence interval.
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Figure 4 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of transient hypoparathyroidism.

CI, confidence interval.

near total total Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Elisaheth Maurer 2019 2 a4 4 TE 331% 0.44 [0.08, 2.47] — &
k. YAMANOUCH! 2015 1] 21 3 0 229% 0.48([0.01,3.73 ¢ &
Scott M 2009 1] 3 0 120 Mot estimahle
\Witte 2000 i] 50 g a0 44.0% 0.08[0.00,1.52 * =
Total (95% CI) 161 276 100.0%  0.22[0.06, 0.80] eI
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Figure 5 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of permanent

hypoparathyroidism. CI, confidence interval.

near total total Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Elisabeth Maurer 2019 5 182 9 208 B61% 059018, 1.80] —l——
K. YAMAMNOQUCHI 2015 1 21 4 30 247% 0.33[0.03, 3.14] =
Scott M 2009 1] 3 2 120 2.0% 3.65([0.16,84.02)
Witte 2000 4 a0 1 a0 T2% 4.26([0.468 39.54]
Total (95% CI) 269 408 100.0%  0.85[0.38, 1.92] -
Total events 10 16
Heterogeneity: Chi*= 3.04, df= 3 (P = 0.27); F= 24% D o1 D=1 3 1=u mn:
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Figure 6 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of transient RLNP. CI,

confidence interval; RLNP, recurrent laryngeal nerve palsy.

heterogeneity, but there were also no substantial differences
in the results (RR, 1.01; 95% CI, 0.54-1.91; P=0.97; I'=47%)
with the elimination of this study.

Secondary outcomes

Permanent hypoparathyroidism
More cases of permanent postoperative hypoparathyroidism

© Gland Surgery. All rights reserved.

were observed in the T'T group (OR, 0.22; 95% CI, 0.06—
0.80; P=0.02), and it indicated no heterogeneity among the
trials (Chi-square =1.06; P=0.59; I’=0%) (Figure 5).

Transient RLNP

No significant difference between N'T and T'T" groups were
observed when transient RLNP was analyzed (OR, 0.85;
95% CI, 0.38-1.92; P=0.70; I’=24%) (Figure 6).
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Figure 7 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of permanent RLNP. CI,

confidence interval; RLNP, recurrent laryngeal nerve palsy.
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Figure 8 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of postoperative bleeding. CI,

confidence interval.
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Figure 9 Forest plot of comparison of near-total thyroidectomy versus total thyroidectomy for the outcome of ophthalmopathy progression.

CI, confidence interval.

Permanent RLNP

95% CI, 0.68-81.08; P=0.10; ’=0%) (Figure 8).

Three trials (18-20) reported the incidence of permanent

RLNP, which indicated there was no significant difference
in the incidence of postoperative permanent RLNP between
the 2 groups (OR, 1.00; 95% CI, 0.14-7.39;

(Figure 7).

Postoperative bleeding

Only two trials (19,21) reported postoperative bleeding,

Ophthalmopathy progression
T'wo trials (18,21) reported progression of ophthalmopathy,
P=1.00) and there was also no significant difference between NT

and TT groups (OR, 1.07; 95% CI, 0.49-2.32; P=0.87;
’=3%) (Figure 9).

Subgroup analyses

and the risk of postoperative bleeding, and there was still no

statistical difference among N'T and T'T groups (OR, 7.40;

© Gland Surgery. All rights reserved.

Because of the limited number of original studies, which is
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not enough to assess different subgroups’ effects, we did not
conduct subgroup analysis.

Sensitivity analyses

When we examined each outcome event for sensitivity
analysis by using different effect models, the results were
similar between fixed-effect and random-effect models
for the incidence of outcome events. Similarly, when we
examined each outcome event using different effect size
statistics (OR or RR), there were no substantial differences
in the results.

Assessment of reporting bias

We did not construct funnel plots owing to our limited
number of studies per outcome (n=5).

Discussion

In the 1940s, thyroidectomy was introduced as a treatment
for GD. Still, because of its higher risk of postoperative
complications, it was replaced by RAI therapy as the
first choice for GD (22). However, with the continuous
development of modern surgical techniques, thyroidectomy
has become a fast and permanent treatment option for GD
patients to return to normal thyroid hormone levels (23,24).
The preferred surgical option for GD has changed in the
past 20 years, from ST to T'T (10,25). Previous studies have
shown that compared with ST, T'T has a higher incidence
of permanent complications (26,27). However, more
recent studies have shown that in a large-volume facility
with experienced surgeons, the incidence of complications
is similar between the two surgical procedures, and
TT has the absolute advantage of preventing recurrent
hyperthyroidism (13,23,28).

To date, few studies have differentiated N'T and TT.
On the contrary, more often than not, these terms are often
used interchangeably in some references. However, NT
refers to leaving <1 g of thyroid remnant bilaterally, whereas
TT removes all visible thyroid tissue. It may be difficult
for surgeons to distinguish the two surgical procedures in
clinical practice if the thyroid remnant is not specifically
identified and measured. For example, in a multicenter
RCT, NT was described exactly, with remnant tissue of
0.5%0.5x0.5 cm’ in size at most (<1 g), and the surgical
site was photographed after resection for monitoring
purposes (21). If NT can indeed benefit patients, even if the

© Gland Surgery. All rights reserved.
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operation is much difficult, it is necessary to define which
procedure is being performed clearly.

In this study, we compared the therapeutic effects
of NT and TT in GD and the incidence of correlative
complications. N'T seemed to be more effective than
TT in preventing permanent hypoparathyroidism.
In terms of recurrence of hyperthyroidism, transient
hypoparathyroidism, and transient or permanent RLNP,
there was no significant difference between the two
surgical procedures. Also, only two trials reported on
ophthalmopathy progression and postoperative bleeding,
and the results of the meta-analysis also showed no
significant difference between NT and TT.

The results of our meta-analysis were slightly different
from the results of the single trials. The latest RCT showed
that N'T was not superior to TT in terms of postoperative
complications, but the risk of inadvertently removing the
parathyroid glands and postoperative bleeding tended to
be higher after N'T, so they preferred TT in the surgical
treatment of GD comparing with N'T (21). However,
another study indicated the rate of transient postoperative
RLNP was significantly higher in the T'T group (P<0.001),
and they believed that NT for GD was a reasonable
operative option regarding both efficacy and safety (20).

Transient or permanent hypoparathyroidism can lead
to postoperative hypocalcemia (29,30), and consequently,
patients need to take calcium and vitamin D tablets
daily. Previous large-scale registry studies have pointed
out that postoperative hypoparathyroidism is the main
complication after GD surgery (31,32). Even transient
postoperative hypoparathyroidism will affect the patients’
health and quality of life (33). Therefore, in our research,
it seemed that N'T for GD was superior to TT regarding
postoperative permanent hypoparathyroidism. We think
that the high incidence of permanent hypoparathyroidism
after TT may be because the operation is more likely to
damage the parathyroid glands when compared with NT,
NT retains less than 1gm of thyroid tissue on each side,
as it mentioned in the study by Maurer et /. (21), their
remnant was left at the superior suspensory ligament of
Berry, where is a dangerous area because of high risk of
damage to the recurrent laryngeal nerve and parathyroid
glands during surgery, so the parathyroid glands’ damage
will be slightly less, the corresponding incidence of
hypoparathyroidism is also lower. Besides, the incidence of
postoperative hypoparathyroidism may be lower because
the risk of intraoperative devascularization of the upper
parathyroid glands is reduced. However, this conclusion
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comes from a meta-analysis based on limited raw data, and
the corresponding accuracy and credibility were limited.
We intend to search for more high-quality studies on N'T'
and TT in the future to provide stronger evidence for
guiding the surgical treatment of GD patients.

Study limitations

Because of the limited number of original trials as the
subject of this research, not all were RCTs, and the quality
of the included trials was not high. Also, some outcome
indicators were reported in only two trials, which was far
from enough for a good meta-analysis.

Conclusions

"This study is the first meta-analysis comparing N'T with TT
in the treatment of GD. We found that NT was superior
to TT concerning permanent hypoparathyroidism, but
there was no significant difference in preventing recurrent
hyperthyroidism, as well as the other postoperative
complications.
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