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Abstract
The purpose of this study was to edit a renovated thyroidectomy difficulty scale (rTDS) in order to identify underlying thyroid 
diseases with a longer operative time and higher technical difficulty, also considering preservation of recurrent laryngeal 
nerve. We developed a renovated scale with a maximum score of 20 points by creating a form in which five variables were 
considered: vascularity, friability, mobility/fibrosis, gland size and difficulty in preservation of the recurrent laryngeal nerve. 
Two surgeons separately evaluated each of these. Through a simple linear regression analysis, we have analyzed the rela-
tionship between rTDS score and operative times, and between rTDS score and preservation of recurrent nerve. Eventually, 
Spearman’s rank correlation coefficient has been used in order to evaluate our double-blind study. Our cohort included 131 
patients undergoing total thyroidectomy. The mean of the rTDS was 9.00 ± 3.67 for Surgeon A and 8.31 ± 3.42 for Surgeon 
B, with Spearman’s rank correlation coefficient between surgeons of 0.85 (p < 0.0001). We have shown that the rTDS score 
significantly influences the operating times (R2 = 0.44 for surgeon A, R2 = 0.46 for B, p < 0.0001 for both). Moreover, we 
can say that the rTDS score significantly influences preservation of the recurrent nerve (R2 = 0.37, Beta 0.61, 8.84 t test, 
p < 0.0001). Our rTDS is a useful tool and, thanks to it, we identified hyperthyroidism and goiter as the hardest underlying 
disease for surgery. Thus our scale could change operative approach, resulting in better surgeries’ scheduling and identifica-
tion of pathologies that require higher attention.
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Introduction

Surgeons have identified an association among underlying 
thyroid diseases and the degree of surgical difficulty of thy-
roid removal, which often correlates with a higher compli-
cation rate [1]. Editing a scale of difficulty is not new in the 
modern history of surgery: other evaluations of difficulty 
have been developed for different types of procedures, such 
as in laparoscopic colorectal surgery, in phacoemulsification 
cataract surgery, and yet in the surgical technique implanting 
the collum femoris preserving (CFP) hip arthroplasty [2–5].

Thyroidectomy is a surgical technique that has been per-
fected in the last centuries with an initial high mortality due 

to hemorrhage, infections and thyroid storm. Later Kocher, 
changed the approach to thyroidectomy and was able to 
bring the percentage of mortality down to less than 1% [6]. 
Nowadays, total thyroidectomy has virtually 0% mortality 
rate and an extremely low morbidity, when performed by 
experienced surgeons and in specialized centers [7–11]. 
Nevertheless, thyroid surgery retains a modest incidence 
of complications, such as a 0–15% of hypoparathyroidism, 
which could be transient or permanent, approximately 1% 
of dysphonia due to recurrent laryngeal nerve injury and a 
0.1–2% of post-operative bleeding [12–17].

Few studies focused on identifying underlying dis-
eases that can give a harder surgery. The present study 
focuses on editing a renovated thyroidectomy difficulty 
scale (rTDS) considering the most important parameters 
of difficulty while performing surgery with the main out-
come to identify through these the harder underlying dis-
eases for thyroidectomy. Some author has already showed 
that patients with hyperthyroidism, thyroglobulin greater 
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than 150 ng/ml and positive anti-thyroglobulin antibodies, 
may have a difficulty thyroidectomy associated with longer 
operative times and increased complications [18]. Then, 
the identification of parameters of harder surgery and high 
risk underlying diseases becomes a primary objective for a 
surgeon and it is our main goal. Quantifying the difficulty 
of a thyroidectomy remains complicated, even because 
the literature is lacking of big studies and it is limited 
to case reports, opinions and technical-scientific articles 
[19–23]. Hence, we renovated a previously developed thy-
roidectomy difficulty scale through the assessment of more 
variables, including recurrent laryngeal nerve isolation 
and preservation, based even on the degree of agreement 
between the two main surgeons and furthermore correlated 
with the operative time, in order to have a useful and rel-
evant tool to identify high risk diseases for thyroidectomy.

Materials and methods

This prospective study was carried out on 131 patients 
who underwent total thyroidectomy in our Division of 
Oncological and General Surgery in the period between 
January 2016 and July 2017. The preoperative diagnosis 
comprised of multi-nodular goiter (both toxic and non-
toxic), Graves’ disease, Hashimoto’s thyroiditis, benign 
thyroid neoplasms and differentiated thyroid carcinoma. 
Exclusion criteria were any case of retrosternal goiter, 
considering the possibility of performing sternotomy, any 
re-operative thyroidectomy and any patients undergoing 
concomitant lymph nodes dissection, since procedures 
have longer operative times.

The indication for an elective total thyroidectomy was 
at all times discussed and established with the referring 
endocrinologist after an accurate preoperative workup, 
which included interview and clinical examination, thy-
roid ultrasound and scintigraphy, cytological sampling 
with fine needle aspiration biopsy, and thyroid hormone 
assay. The major indications for a total thyroidectomy 
included an increase in glandular volume causing com-
pressive symptoms, a hyperthyroidism not responsive to 
anti-thyroid drugs and, above all, a chronic thyroiditis with 
suspected neoplastic degeneration of one or more nodules. 
The evaluation of hyperthyroidism was made by laboratory 
tests evaluating serum levels of TSH, and it was diagnosed 
to those who had values under 0.4 μU/mL or undetect-
able. Physical examination and ultrasound examination 
were used as basic tools in the diagnosis of goiter, while 
the final diagnosis of the diseases with surgical indication 
have been waiting for confirmation or revision by the his-
tology post-surgery of the gland, in order to be correctly 
integrated into the scale.

Renovated Thyroidectomy Difficulty Scale (rTDS)

A scale of difficulty was developed (rTDS) with a maxi-
mum score of 20 points by creating a form in which four 
variables were considered: vascularization, friability, 
mobility/fibrosis and gland size. Each of them had been 
evaluated through the use of a Likert scale with scores 
from 1 to 5. In particular, friability was considered as 
the break-up of the gland while it is pulled or held by an 
instrument or surgeon’s hands. In addition to them, the 
difficulty of identification and preservation of the recur-
rent laryngeal nerve was considered and evaluated with a 
score from 1 to 3, with 1 meaning that surgeon took less 
then 5 min to identify every nerve (easy), 2 meaning that 
he took between 5 and 15 min (moderate), and 3 that he 
spent more than 15 min to identify and preserve every 
nerve (severe) (Fig. 1).

Each operation was separately evaluated by the main 
operator (Surgeon A) and by the assistant surgeon (Sur-
geon B). The two graphs illustrating the scale show the 
distribution of operations in our rTDS, using the four 
groups of diagnosis as a criterion of division of the cases 
(Fig. 2).

Considering the importance of the surgeons’ experi-
ence, all operations were performed by the same surgeons, 
Surgeon A who has over 25-years of surgical experience 
and by a Surgeon B, an expert in thyroid surgery, with over 
15-years surgical experience. All the involved surgeons 
regularly perform more than one hundred thyroidectomies 
per year. In order to gain a greater objectivity through a 
double-blind method both surgeons filled out a form, at 
the end of the surgery, with the scores for rTDS and tran-
scribed the scores. Thus, this inter-rater agreement was 
developed in order to analyze the correlation between the 
values of the surgeons in each parameter. rTDS forms for 
surgeons are identical, except for the variable “isolation 
and preservation of recurrent laryngeal nerve” that was the 
only one given by the main surgeon (Surgeon A), mostly 
involved in the research and preservation of this nerve.

Furthermore, while taking data and considering post-
surgery histological diagnosis, the pathologies were 
divided into four big groups: hyperthyroidism, thyroidi-
tis, goiter, neoplasias. Also taking into consideration that 
these diseases are not mutually exclusive as they could 
coexist in many groups, therefore some of them were 
added to more groups whenever needed (Table 1).

Statistical analysis

The statistical analysis aims to validate the renovated scale 
of difficulty. To this aim, the following hypothesis was 
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established to evaluate whether rTDS score influences sig-
nificantly operative time, whether and how the rTDS scale 
can influence isolation and preservation of recurrent laryn-
geal nerve, and to check which among the four param-
eters of rTDS can influence operative times. Therefore, 

simple linear regression analysis was performed in order 
to analyze the relationship between rTDS score and opera-
tive time, and between rTDS score and the isolation and 
preservation of recurrent laryngeal nerve. On the other 
hand, a multiple regression model was used to evaluate 

Renovated Thyroidectomy difficulty scale

(rTDS)
Surgeon  A

Pa�ent's name ________________________________________

Surgeon _________________________________________

Diagnosis _________________________________________

Date _________________________________________

Opera�ve �me Start: _______    End:________      Total:________

Gland size 1
Normal

2 3
Bigger than 

normal

4 5
Goiter over 

average

Mobility / 
Fibrosis

1
Easy to li�

2 3
Difficulty to 

move

4 5
Blocked and 
extremely 

difficult to pull
Friability 1

Easy to pull
2 3

It some�mes 
lacerates while 

pulling

4 5
Extremely 

hard to 
hold/pull

Vascularity 1
Normal

2 3
Moderate

4 5
Severe

Total: ____ / 20

Isola�on and preserva�on of the recurrent laryngeal nerve 1
Easy

2
Moderate

3
Severe

Notes:

Fig. 1   Model form to gather data post-surgery
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the relationship among the four components of the rTDS 
score and the operative time. Finally, Spearman’s rank cor-
relation coefficient was used in order to evaluate the inter-
surgeons agreement. The analysis of data was performed 
by using the software S.P.S.S. v.20 (Statistical Package for 
Social Science).

Results

There were 131 patients included in the study, the mean 
age of the patients was 51.82 years (range 22–85), 99 were 
female (75.57%) and 32 males (24.43%). In the sample, the 

Fig. 2   a Distribution of diseases 
in rTDS according to surgeon 
A’s score. b Distribution of 
diseases in rTDS according to 
surgeon B’s score
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percentage of manifestation of disease according to final 
histopathological examination and considering that these 
diseases are not mutually exclusive as they could coexist in 
many groups, was as follows: hyperthyroidism was shown 
on 22 cases (16.79%), and even within this group the toxic 
multinodular goiter was the predominant diagnosis with 
63.64%; thyroiditis with indication for thyroidectomy was 
shown in 23 patients (17.56%) out of the total number, 
considering the whole sample; nodular goiter occurred on 
90 cases (68.7%) with a clear majority of goiter (75.56%); 
malignancies occurred in 56 patients (42.75%), the pre-
dominant diagnosis was of papillary carcinoma (62.5%) 
followed by follicular nodule (37.5%), follicular carcinoma 
(3.57%) and medullary carcinoma (1.79%).

The average of rTDS among cases was 9.00 ± 3.67 
according to Surgeon A and 8.31 ± 3.42 according to Sur-
geon B. Referring to the first research hypothesis, it emerged 
that rTDS score significantly influences operative times with 
a p < 0.0001 in both surgeons’ score (Table 2), scatter plots 
were reported showing existence of a positive linear rela-
tionship among variables (Fig. 3a, b). Regarding the second 
research objective, it can be asserted that rTDS score signifi-
cantly influences the time of isolation and preservation of 
the recurrent laryngeal nerve (Table 3) and, moreover, data 
show that 73 out of 131 surgeries (55.73%) had 1 as score 
in isolation and preservation of RLN score, while 40 surger-
ies (30.53%) had 2 and only 18 out of 131 (13.74%) had 3 
(simultaneously to surgeries with the highest rTDS-score). 
Concerning the third hypothesis of this study, it was shown 
that only two among the four items considered in the rTDS 

have a significant impact on the operative time; they are 
vascularity (p < 0.0001 for Surgeon A; p = 0.005 for Surgeon 
B) and size of the gland (p = 0.003 for Surgeon A; p = 0.004 
for Surgeon B), while the influence of friability (p = 0.113 
for Surgeon A; p = 0.018 for Surgeon B) and mobility/fibro-
sis (p = 0.786 for Surgeon A; p = 0.184 for Surgeon B) is 
irrelevant.

As a result, the study found that the two most important 
features of the gland which correlate with the difficulty of 
the thyroidectomy are vascularity and gland size. Moreover, 
concerning gland size, a conversion table was developed 
and used to find gland size-score before surgery (Table 4). 
Furthermore, inter-rater agreement was calculated by the 
Spearman’s rank correlation coefficient in order to verify the 
degree of agreement between the two surgeons; it was equal 
to 0.85 (p < 0.0001), then it showed an overall high degree of 
agreement in the assessment of the characteristics detected 
during surgery. Through the drafting of the scale and its 
application, it has also been shown that thyroidectomy, 
which appear to have a longer operative time and greater 
difficulties, are those in which the diagnosis is hyperthy-
roidism (average of rTDS score ~ 10 and operative time of 
141.36 ± 27.65 min) or goiter (average of rTDS score ~ 9 and 
operative time of 138.17 ± 38.30 min) (Fig. 4 and Table 5).

Discussion

rTDS is an updated tool, which improves previous attempts 
to stratify patients undergoing this procedure. Moreover, the 
scale evaluates some parameters that change according to 
the underlying thyroid diseases on the one hand, and the 
close relationship that this gland possesses with the recur-
rent laryngeal nerve on the other. Our study considered 131 
patients, which is one of the most numerous samples in the 
literature. A previous study had already identified similar 
parameters in order to edit a difficulty scale [1], but it did not 
consider the tight relationship between gland and recurrent 

Table 1   Cases grouped by 
diagnosis, considering also 
histological diagnosis

Group of diagnosis No. cases per group (%) Pathology No. cases (%)

Hyperthyroidism 22 (16.79%) Graves’ disease 7 (31.81%)
Toxic multinodular goiter 14 (63.63%)
Toxic adenoma 1 (4.54%)

Thyroiditis 23 (17.56%) Hashimoto’s thyroiditis 23 (100%)
Goiter 90 (68.7%) Non-toxic multinodular goiter 68 (75.55%)

Toxic multinodular goiter 14 (15.55%)
Colloid nodular goiter 8 (8.88%)

Neoplasia 56 (42.75%) Follicular nodule 21 (37.5%)
Papillary thyroid carcinoma 35 (62.5%)
Medullary thyroid carcinoma 1 (1.78%)
Follicular thyroid carcinoma 2 (3.57%)

Table 2   Results about linear relation between rTDS score and opera-
tive time

Variable Beta t test p value R2

rTDS-A 0.67 10.15 < 0.0001 0.44
rTDS-B 0.68 10.49 < 0.0001 0.46
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laryngeal nerve, which was added to the present study, as it 
is considered fundamental with regards to the difficulty of 
the operation and variation of operative time. Furthermore, 
it does not focus on grading underlying thyroid pathologies.

The present rTDS starts from a minimum value of 4 until 
it reaches the maximum value of 20, according to scores 
given by sum of four items: vascularity, friability, mobility/

Fig. 3   a Scatter plot showing 
existence of a positive linear 
relationship between variables 
rTDS score-operative time of 
surgeon A. b Scatter plot show-
ing existence of a positive linear 
relationship between variables 
rTDS score-operative time of 
surgeon B

Table 3   Results of linear regression analysis on rTDS score and vari-
able “isolation and preservation of RLN”

Variable Beta t test p value R2

rTDS-A 0.61 8.84 < 0.0001 0.37
rTDS-B 0.53 7.01 < 0.0001 0.27
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fibrosis and gland size, present in the form which surgeon 
fill. The choice of these parameters depends on some issues 
still debated such as the increased incidence of complica-
tions associated, for example, with vascularity and friability 
of the gland in Graves’ disease, with fibrosis in Hashimoto’s 
thyroiditis and large gland size in some thyroid pathologies. 
This study used histological diagnosis after surgery, in order 
to confirm or inspect diagnostic indication for surgery given 
by admission diagnosis. This was done in order to make 
association between rTDS scores and characteristics of the 

pathological gland as meaningful as possible. To ensure the 
validity of this scale, it was correlated to the degree of agree-
ment between the two surgeons and related to the operating 
time. This gives rise to this research hypotheses, which have 
by far been confirmed by the results obtained.

It is worth noting that this study acquired further sta-
tistical significance and a greater acquisition of objectiv-
ity due to the high degree of agreement among surgeons 
(Spearman correlation of 0.85 with p < 0.0001). In addi-
tion, regarding the first hypothesis of this study, it has been 
shown that rTDS score significantly influences operative 
time (p < 0.0001), then a high score of rTDS is associated 
with a longer operative time, thus allowing to designate 
rTDS as a useful tool to be used in the future in the pre-
operative management. In agreement with this analysis, this 
study has a higher statistical impact than previous studies, 
because it shows a p-value and other statistical indicators 
extremely more significant (p < 0.0001 vs p < 0.01 in previ-
ous studies). The results relative to the second hypothesis 
is even more satisfactory, since it indicates that rTDS score 
significantly influences time of isolation and preservation of 
the recurrent laryngeal nerve (p < 0.0001), therefore gain of 
rTDS-score increases the degree of difficulty in isolation and 

Table 4   This converter table shows the equivalent gland size’s rTDS-
score of gland’s volume during US-examination, based on our data’s 
study

Gland size’s rTDS-score Equivalent gland’s 
volume at US-exam-
ination

1 < 15 cc
2 16–21 cc
3 22–28 cc
4 29–40 cc
5 > 41 cc

Fig. 4   Scatter plot reporting 
the correspondence between 
operative time and average 
rTDS score for each group of 
diagnosis. It shows that the 
most difficult thyroidectomy is 
performed on patients suffering 
from hyperthyroidism, fol-
lowed by thyroiditis, goiter and 
neoplasia

Table 5   Average and Dev. St. of 
operative time and rTDS score 
for every diagnosis

Hyperthyroidism Thyroiditis Goiter Neoplasia

rTDS—A 10.09 ± 3.77 8.70 ± 3.14 9.44 ± 3.74 8.02 ± 3.34
rTDS—B 9.45 ± 3.33 7.65 ± 2.72 8,69 ± 3.60 7.36 ± 2.98
Average RTDS A/B ~ 10 ~ 8 ~ 9 ~ 8
Time (min) 141.36 ± 27.65 127.61 ± 20.27 138.17 ± 38.30 125.09 ± 25.47
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preservation of the recurrent laryngeal nerve. For this rea-
son, by considering that this parameter has never been used 
in the literature on thyroidectomy difficulty scale, this study 
is the first one affirming this relationship (LRN and opera-
tive time) as fundamental in thyroidectomy. Hence, it can be 
stated that, in the future, the use of rTDS could increase the 
likelihood of early identification of operations with a higher 
degree of difficulty in isolation and preservation of the laryn-
geal nerve, thanks to the parameters included in the scale 
(like fibrosis and mobility) which are more related to it. The 
third hypothesis allows us to highlight how, ultimately, the 
two relevant parameters useful to identify an operation with 
a prolonged operative time (so more difficult) are identified 
with vascularity and size gland, eventually allowing for a 
focus on these parameters during diagnosis and preoperative 
management. Therefore, focusing on gland size, a converter 
table was developed in order to take advantage of these find-
ings. This tool was edited comparing surgeons’ scores with 
the volume of the gland after surgery, so a volume range was 
assigned to every score in order to use it during preoperative 
US’s examination and finding the expected rTDS-gland sizes 
before surgery. This specific tool was truly considered use-
ful for the final goal, that means stratifying patients before 
surgery according to their feasible difficulty in thyroidec-
tomy. Moreover, we are truly sure that it would be possible 
to identify preoperatively rTDS parameters using imaging 
instruments such as us-doppler for vascularity and elasto-
sonography for fibrosis, in order to have an rTDS score.

In addition, it should be noted that during the analysis 
of data, changes to every item’s score were comprehended 
according to underlying pathologies. Thus, it has been 
shown that hyperthyroidism patients tended to have a higher 
score in the vascularity item (2.73 ± 1.20); those with goiter 
had an average score of the parameter gland size signifi-
cantly higher than the others (2.71 ± 1.22), while patients 
with a diagnosis of cancer showed a higher score in the 
mobility/fibrosis parameters (2.07 ± 1.04) and gland size 
(2.16 ± 1.07). Thanks to this, gland size-score using preoper-
ative US-examination can be predicted, taking advantage of 
the equivalent volume based on our study. Finally, following 
the positive results obtained in the processing of our research 
hypotheses, the data have been grouped and summarized 
with regard to the operative time and rTDS score, according 
to diagnosis with surgical indication, as shown in Table 5. 
Our data show that diagnosis such as hyperthyroidism and 
goiter are at the top of our scale because they have a mean 
rTDS score, considering both of the surgeons, respectively 
of ~ 10 and ~ 9, and that this average is correlated in our 
sample with an operative time (in minutes) of 141.36 ± 27.65 
for hyperthyroidism and 138.17 ± 38.30 for goiter, so they 
are high risk diseases for a difficult thyroidectomy. Fur-
thermore, according to our data, thyroiditis and cancer 
have a lower rTDS score than the previous diagnoses (both 

diagnoses ~ 8), so in these cases operative time is shorter 
(127.61 ± 20.27 min for thyroiditis, and 125.09 ± 25.47 min 
for neoplasia), so they get an easier thyroidectomy. Hypo-
thetically, based on the disease, these times may be used to 
identify patients who require a greater demanding of the 
staff in the operating theatre and more attention during the 
operation.

Conclusions

The rTDS that we propose, has been a valuable tool to 
identify the most difficult thyroid surgery-related diseases 
(Fig. 4), indeed it has shown that hyperthyroidism (rTDS 
score ~ 10, ot 141.36 ± 27.65) and goiter (rTDS score ~ 9, 
ot 138.17 ± 38.30) are the hardest underlying diseases for 
thyroid surgery. Moreover, the intervention approach could 
change resulting in an improvement in preoperative manage-
ment and in a better surgical scheduling, considering operat-
ing times. In addition, this study shades light on identifica-
tion of parameters that can predict the difficulty of surgery 
and a higher operating time, such as high vascularity and 
gland size.

The goals of this study have been achieved and, subse-
quently, a useful specific tool (our converter table for thyroid 
size) has been developed, which can be used before surgery 
to find gland’s size rTDS score. Next step will be to create 
other tools to identify preoperatively other important param-
eters of our renovated thyroidectomy difficulty scale, such as 
vascularity through US color Doppler and fibrosis through 
elastosonograpghy. In the future, preoperative identification 
of our rTDS parameters will make the identification of oper-
ative time more accurate through the developed relationship 
between rTDS-score and operative time.

Finally, this study intends to attain a confirmation of the 
results got through a re-evaluation after its application on a 
larger sample on the one hand, and to assess whether rTDS 
can be an important predictive tool for the development 
of post-surgery complications on the other. Beyond that, 
the next step will also be to identify pre-operative labora-
tory values, treatment and comorbidities that can be inte-
grated to the rTDS, helping to predict a greater difficulty of 
thyroidectomy.
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