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Analysis of preoperative influential factors  «i

and construction of a predictive nomogram
of difficult thyroidectomy

Meng Dong'", Jun-Long Song'", Lin-Lin Hu'f, Chen-Chen Hong', Xin-Yue Nie', Zhong Wang'",
Shi-Chong Liao'" and Feng Yao'"

Abstract

Objective To explore the preoperative influential factors of difficult thyroidectomy and establish a preoperative
nomogram for predicting the difficulty of thyroidectomy.

Methods A total of 753 patients who underwent total thyroidectomy with central lymph node dissection between
January 2018 and December 2021 were retrospectively enrolled in this study and randomly divided into training
and validation groups at a ratio of 8:2. In both subgroups, the patients were divided into difficult thyroidectomy and
nondifficult thyroidectomy groups based on the operation time. Patient age, sex, body mass index (BMI), thyroid
ultrasound, thyroid function, preoperative fine needle aspiration (FNA), postoperative complications and other data
were collected. Logistic regression analysis was performed to identify the predictors of difficult thyroidectomy, and a
nomogram predicting surgical difficulty was created.

Results Multivariate logistic regression analysis demonstrated that male sex (OR=2.138, 95% Cl 1.055-4.336,
p=0.035), age (OR=0.954, 95% Cl 0.932-0.976, p<0.001), BMI (OR=1.233,95% Cl 1.106-1.375, p <0.001), thyroid
volume (OR=1.177,95% Cl 1.104-1.254, p<0.001) and TPO-Ab (OR=1.001, 95% CI 1.001-1.002, p =0.001) were inde-
pendent risk factors for difficult thyroidectomy. The nomogram model incorporating the above predictors performed
well in both the training and validation sets. A higher postoperative complication rate was found in the difficult
thyroidectomy group than in the nondifficult thyroidectomy group.

Conclusion This study identified independent risk factors for difficult thyroidectomy and created a predictive nomo-
gram for difficult thyroidectomy. This nomogram may help to objectively and individually predict surgical difficulty
before surgery and provide optimal treatment.
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Introduction

Thyroid cancer is the most frequently occurring
endocrine malignancy. The number of new cases
of global thyroid cancer in 2020 reached 586,000,
ranking 9th in global tumor incidence [1]. As the
main treatment for thyroid cancer, thyroidectomy is
becoming widely used in the clinic. With the improve-
ment of surgical technology and the understanding
of thyroid anatomy and physiology, thyroidectomy
has now become a safer operation [2]. However, thy-
roidectomy is still difficult because the thyroid gland
is rich in blood supply and is adjacent to parathyroid
glands and important nerves. In addition, a series of
complications, such as bleeding, hypoparathyroidism,
recurrent laryngeal nerve (RLN) injury, and chyle
leakage, will also seriously affect the quality of sur-
vival in patients [3]. Difficult thyroidectomies are
often characterized by longer operative time, more
intraoperative bleeding, and a higher incidence of
postoperative complications [4]. The literature shows
that difficult thyroidectomy (DT) is related to goiter,
inflammation, hyperthyroidism and other factors [4—
8]. However, the degrees of thyroidectomy difficulty
caused by various factors are different and difficult
to predict. Surgical difficulty is an urgent concern
for surgeons, as it is closely related to the effect and
safety of thyroidectomy. Therefore, effective and
objective approaches are urgently required to deter-
mine preoperative factors in thyroidectomy and eval-
uate the difficulty preoperatively.

Methods

Study population

All patients (N=1639) who underwent thyroidectomy
performed by the same three experienced thyroid sur-
geons between January 2018 and December 2021 in
the Department of Breast and Thyroid Surgery, Ren-
min Hospital of Wuhan University, were screened for
possible inclusion in the study. The inclusion criteria
were as follows: 1. Pathologically confirmed diagno-
sis of thyroid cancer. 2. Patients who underwent total
thyroidectomy and central lymph node dissection
(CLND). 3. Patients were followed up for more than
6 months. The exclusion criteria were as follows: 1.
Previous neck surgery or radiation therapy history 2.
Retrosternal goiter 3. Patients with incomplete data.
Ultimately, 753 patients were selected and randomly
divided into the training and validation groups at a
ratio of 8:2. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
All patients signed informed consent. The procedure is
shown in Fig. 1.
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Data collection

The clinical data included age, sex, BMI, thyroid ultra-
sound data, such as the volume and blood flow of the
thyroid, the size and location of the dominant nodule,
nodule close to the capsule and unifocal or multifo-
cal lesions; free triiodothyronine (FT3), free thyroxine
(FT4), thyroid-stimulating hormone (TSH), thyroglob-
ulin antibody (Tg-Ab, normal range: 0—-60 U/ml), and
thyroid peroxidase antibody (TPO-Ab, normal range:
0-60 U/ml); preoperative FNA; preoperative and post-
operative vocal cord assessment by laryngoscopy; oper-
ative time; and postoperative complications.

Operative procedures

Under general endotracheal anesthesia, all patients
underwent open total thyroidectomy with CLND. A
5-6 cm transverse collar skin incision was made into
the midline of the anterior neck 2 cm above the sternal
notch. The skin and subcutaneous tissues were separated,
and subplatysmal flap dissection was carried out inferi-
orly from the sternal notch to the hyoid bone after expos-
ing the lower layer of the platysma. Then, the midline of
the strap muscle was divided to expose the thyroid gland.
Dissection of the total thyroid and central lymph node
was performed, and the parathyroid glands and RLN
were preserved. A drainage tube was placed, and the inci-
sion was sutured. Bipolar coagulation forceps were used
to stop bleeding in all operations.

Difficult thyroidectomy

The operative time was defined as the time from skin
incision to wound closure and was obtained from the
anesthetic record sheet. It was taken as a numerical
measure of thyroidectomy difficulty. With the same
operator and surgical setting, a thyroidectomy with a
longer operative time was defined as a DT. The patients
were ordered by operative time. Those with an operative
time above the 75th percentile were grouped as difficult
thyroidectomy (DT), while those with an operative time
below the 25th percentile were considered nondifficult
thyroidectomy (NDT).

Outcomes

The main outcomes were surgical wound infection, sur-
gical reintervention for postoperative hemorrhage, and
RLN injury (paralysis of the vocal cord determined by
postoperative laryngoscopy and/or symptoms of hoarse-
ness and was considered permanent if it persisted for
more than 6 months). and hypoparathyroidism. Tempo-
rary hypoparathyroidism was defined as a postoperative
serum calcium level less than 2.00 mmol/L. Permanent
hypoparathyroidism was defined as a continuous need
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Fig. 1 Detailed process. Abbreviations: DCA, decision curve analysis; ROC, receiver operating characteristic curve

for calcium and/or vitamin D supplements to main-
tain normal calcium levels at six months or more after
surgery.

Statistical analysis

SPSS 25.0 and R software (version 4.2.0) were used for
the statistical analysis. The Kolmogorov—Smirnov test
was used to test the normality of the distribution of con-
tinuous variables. Normally distributed data are pre-
sented as the means and standard deviations ("x=+s) and
were compared by the T test. Nonnormally distributed
data are presented as medians and interquartile ranges
[M (Q1, Q3)] and were analyzed using the Mann—Whit-
ney U test. Categorical data are expressed as counts and

percentages [n (%)], and the chi-square test, Fisher’s exact
test, or Pearson’s correlation analysis were applied. Inde-
pendent risk factors for difficult thyroidectomy were
analyzed by univariate and multivariate logistic regres-
sions. Differences of p <0.05 were considered statistically
significant.

Construction and verification of the predictive model

Using R software, a clinical prediction nomogram was
constructed based on the results of the final multivari-
able logistic regression. To quantify the predictive abil-
ity of the nomogram, the area under the curve (AUC) of
the receiver operating characteristic curve (ROC), the
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Table 1 Patient characteristics in the training and validation

groups
Training group Validationgroup  p
n=603 n=150
Operative time(min) 120(99, 135) 120(95,138.5) 0.694
Sex 0.532
male 139(23.1%) 31(20.7%)
female 464(76.9%) 119(79.3%)
Agely) 48(37,55) 50(39,56) 0.157
BMI (kg/cmz) 23.72£334 23.40£347 0.162
Thyroid volume(mL) 11.02(8.92,14.65) 10.38(8.27,14.04) 0.145
Blood flow of thyroid 0423
rich 169(28.0%) 47(31.3%)
normal 434(72.0%) 103(68.7%)
Tumor size(cm) 0.88(0.57,1.40) 0.90(0.66,1.30) 0420
Tumor location 0.687
upper 102(16.9%) 23(15.3%)
middle 322(53.4%) 86(57.3%)
lower 179(29.7%) 41(27 4%)
Close to the capsule 0.257
yes 264(43.6%) 58(38.7%)
no 339(56.4%) 92(61.3%)
Lesion 0.656
unifocal 158(26.2%) 42(28.0%)
multifocal 445(73.8%) 108(72.0%)
FNA 0.283
yes 246(40.8%) 54(36.0%)
no 357(59.2%) 96(64.0%)
FT3(pg/mL) 3.35(3.10,3.62) 3.23(3.02,3.55) 0016
FT4(ng/dL) 1.17(1.07,1.29) 1.19(1.06,1.30) 0374
TSH(uIU/mL) 1.67(1.16,2.41) 1.69(1.08,2.30) 0.231
Tg-Ab(U/mL) 2040(15.00,73.25)  22.10(15.00,54.43) 0.674
TPO-Ab(U/mL) 38.50(28.00,57.40)  42.70(30.80,116.93)  0.067

Abbreviations: BMI body mass index, FT3 free triiodothyronine, FT4 free

thyroxine, TSH thyroid-stimulating hormone, Tg-Ab thyroglobulin antibody,
TPO-Ab thyroid peroxidase antibody
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calibration curve and decision curve analysis (DCA) were
conducted.

Results

Clinical characteristics

A total of 753 patients were enrolled in the study, among
which 603 patients were randomized to the training
group (160 in DT, 150 in NDT) and 150 to the validation
group (40 in DT, 42 in NDT). The detailed demograph-
ics and clinical characteristics of the patients are given in
Table 1.

A comparison of the temporary postoperative
complications in DT and NDT

A total of 98 (25.0%) complications were encountered in
the DT (69, 17.6%) and NDT (29,7.4%) groups. Of these
98 cases, 4 (1.0%) experienced surgical reintervention for
postoperative hemorrhage, 3 (0.8%) had surgical wound
infections, 19 (4.8%) had transient RLN injuries, 3 (0.8%)
had permanent RLN injuries, 67 (17.1%) experienced
transient hypoparathyroidism, and 2 (0.5%) had perma-
nent hypoparathyroidism. The results showed that the
incidence rates of transient hypoparathyroidism (22.5%
vs. 11.5%, p=0.004) and transient RLN injury (7.0% vs.
2.6%, p=0.043) were higher in the DT group than in the
NDT group. However, no significant differences were
observed in the incidences of surgical wound infection
(1.5%vs. 0%, p=0.261), postoperative hemorrhage (1.5%
vs. 0.5%, p=0.644), permanent hypoparathyroidism (1%
vs. 0%, p=0.496) and permanent RLN injury (1% vs.
0.5%, p =0.586) between the two groups (Table 2).

Analysis of risk factors

The univariate analysis showed that male sex (»=0.001),
age (p<0.001), BMI (p<0.001), thyroid volume
(»<0.001), Tg-Ab (p=0.003) and TPO-Ab (p=0.001)
were associated with DT (Table 3). Multivariate logis-
tic regression analyses were conducted to analyze the

Table 2 Comparisons of the operative complications in the DT and NDT groups

Operative complications DT and NDT in two groups DT in two groups NDT in two groups p
n=392 n=200 n=192
Complications 98(25.0%) 69(34.5%) 29(15.1%) <0.001
Postoperative hemorrhage 4(1.0%) 3(1.5%) 1(0.5%) 0.64
Surgical wound infection 3(0.8%) 3(1.5%) 0(0%) 0.26
RLN injury
Transient 19(4.8%) 14(7.0%) 5(2.6%) 0.04
Permanent 3(0.8%) 2(1.0%) 1(0.5%) 0.59
Hypoparathyroidism
Transient 67(17.1%) 45(22.5%) 22(11.5%) 0.004
Permanent 2(0.5%) 2(1.0%) 0(0%) 0.50

Abbreviations: DT difficult thyroidectomy, NDT nondifficult thyroidectomy, RLN recurrent laryngeal nerve
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Table 3 Univariate analysis of risk factors for DT in the training

Page 5 of 10

Table 4 Multivariate logistic regression analysis of risk factors for

group DT in the training group
DT NDT p 8 p OR (95% Cl)
n=160 n=150
Male sex 0.760 0.035 2.138(1.055-4.336)

Sex 0.0071 Agelyears) -0.047 <0001 0.954(0.932-0.976)

male 47(29.4%) 20(13.3%) BMI (kg/cm?) 0.210 <0001 1.233(1.106-1375)

female 113(70.6%) 130(86.7%) Thyroid volume(mL) 0.163 <0001 1.177(1.104-1254)
Agely) 45(3252) 50(39,57.25) <0001 15-Ab(U/mL) 0,002 0.123 1.002(1.000-1.003)
BMI (kg/cm?) 2455+3.54 2261+258 <0001 1pO-Ab(U/mL) 0.001 0.001 1.001(1.000-1.002)
Thyroid volume(mL)  13.19(9.59,19.01) 10.04(8.09,11.64)  <0.001

) Abbreviations: Cl confidence interval, Tg-Ab thyroglobulin antibody, TPO-Ab

Blood flow of thyroid 0213 thyroid peroxidase antibody

rich 36(22.5%) 43(28.7%)

normal 124(77.5%) 107(71.3%)
Tumor size(cm) 0.95(0.59,1.70) 0.85(0.59,1.53) 0732 predicted risk corresponding to this total score was the
Tumor location 0321 probability of DT.

upper 30(18.8%) 25(16.7%)

middle 95(59.4%) 81(54.0%)

lower 35(21.8%) 44(29.3%) Verification of the predictive model
Close to the capsule 0953 The AUCs (Fig. 3) for the training group and validation

yes 72(45.0%) 68(45.3%) group were 0.835 (95% CI: 0.791-0.879) and 0.823 (95%

no 88(55.0%) 82(54.7%) CIL: 0.732-0.913), respectively, indicating the favorable
Lesion 0425 discrimination and prediction capabilities of the nomo-

unifocal 47(29.4%) 38 (25.3%) gram. The calibration curves (Fig. 4) showed that the

multifocal 113(70.6%) 112(74.7%) predicted curves were close to the ideal curves, demon-
FNA 0.200 strating high agreement between the nomogram predic-

yes 69(43.1%) 54(36.0%) tions and actual outcomes. DCA (Fig. 5) was established

no 91(56.9%) 96(64.0%) to assess the net benefit of the nomogram to the decision
FT3(pg/mL) 3.44(3.19,3.68) 335(3.10,3.67) 0214 and showed that using the nomogram can lead to more
FT4 (ng/dL) 1.15(1.06,1.30) 118(1.07,128) 0866 clinical benefits.
TSH(WIU/mL) 1.58(1.06,2.38) 161(1.14229) 0922 The ROCs of the nomogram in the training (Fig. 3A)
Tg-Ab(U/mL) 2045(1500,133.13)  2035(10.103465) 0003  and validation (Fig. 3B) cohorts. The nomogram had
TPO-Ab(U/mL) 4085(2823,113598) 361025285130 0001 good discriminative performance, with areas under the

Abbreviations: BMI body mass index, DT difficult thyroidectomy, FT3 free
triiodothyronine, FT4 free thyroxine, NDT nondifficult thyroidectomy, Tg-Ab
thyroglobulin antibody, TPO-Ab thyroid peroxidase antibody, TSH thyroid-
stimulating hormone

variables showing statistically significant differences
in the univariate analysis. The results showed that
male sex (OR=2.138, 95% CI 1.055-4.336, p=0.035),
age (OR=0.954, 95% CI 0.932-0.976, p<0.001), BMI
(OR=1.233, 95% CI 1.106-1.375, p<0.001), thyroid vol-
ume (OR=1.177, 95% CI 1.104-1.254, p<0.001), and
TPO-Ab (OR=1.001, 95% CI 1.001-1.002, p=0.001)
were independent predictors for DT (Table 4).

Construction of the predictive model

Based on the independent risk factors shown in Table 4,
the visualized nomogram predicting the risk of DT was
constructed in R software and is shown in Fig. 2. Using
the nomogram, each prediction variable was scored, and
the sum of the scores was obtained as the total score. The

ROC curve (AUC) (95% confidence interval) of 0.835
(95% CI: 0.791-0.879) and 0.823 (95% CI: 0.732-0.913) in
the training and validation cohorts, respectively.

Calibration curves of the nomogram in the training
(Fig. 4A) and validation (Fig. 4B) cohorts (bootstrap 1000
repetitions). The nomogram-predicted probability of
difficult thyroidectomy is plotted on the x-axis, and the
actual probability is plotted on the y-axis. The 45-degree
line represents a perfect prediction by an ideal model,
and the solid line represents the performance of our
nomogram, which lays closer to the ideal line, indicating
a good performance of the nomogram.

Decision curve analysis (DCA) of the nomogram in
the training (Fig. 5A) and validation (Fig. 5B) cohorts.
The gray solid line represents the difficult operation risk
nomogram,; the black dotted line represents the assump-
tion that all patients are difficult surgery; and the solid
black line represents the assumption that no patients are
difficult surgery. The decision curve revealed that using
the nomogram to predict the difficulty of thyroidectomy
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adds more net benefit than any of the other predictors
alone.

Discussion

With the increasing incidence of thyroid cancer, there has
been growing interest in risk factors for DT, as surgery
is the most important treatment. Measuring the difficulty
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preoperatively is important because it is correlated with
the operative time and with increased complication rates.

To better predict the difficulty of surgery, Schnei-
der et al. developed a “Thyroidectomy Difficulty Scale”
(TDS), which has been recognized by a large number of
scholars. The TDS was completed independently by two
surgeons immediately after thyroidectomy [4]. Based on
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four items (vascularity, friability, mobility or fibrosis, and
gland size), each item was scored on a scale from one
to five, and the total score was 20 points. Similar to our
findings, the authors concluded that the higher the TDS
scores were, the longer the operative time and the higher
the rates of complications. In this study, the patients with
hyperthyroidism tended to score higher in vascularity,
while those with Hashimoto’s thyroiditis tended to score
higher in the mobility/fibrosis category. However, sur-
geons cannot use the TDS as a preoperative prediction
tool, as the TDS can only be applied after surgery and has
certain subjectivity.

To the best of our knowledge, the current research on
the difficulty of thyroidectomy is very limited, and no
study has quantified the difficulty of thyroidectomy pre-
operatively. Hence, more objective and efficient measures
are needed.

This study used the operative time as an objective
measure to define DT and found a higher postopera-
tive complication rate in the DT group than in the NDT
group. Multiple-factor logistic regression analyses con-
firmed that male sex, younger age, BMI, thyroid volume
and TPO-Ab were independent preoperative predictors
for DT. For the first time, we established and validated
a nomogram for the preoperative evaluation of the dif-
ficulty of thyroidectomy. Using this nomogram, we can
objectively evaluate the operative difficulty before thy-
roidectomy, which helps to perform individual risk
assessment, predict postoperative complications and
optimize the schedule of the operating room. Moreover,
for DT, it is necessary to select very experienced surgeons
in advance and to provide adequate physician—patient
communication.

Previous studies have shown that hyperthyroidism,
thyroiditis, male sex, age <45 years, goiter and BMI are
related to DT. In 2017, Kwak et al. showed that younger
age and male sex were related to DT in terms of operat-
ing time [7]. Similarly, our study also found that younger
age and male sex were predictive risk factors for DT. This
may be due to the tough neck muscle tissue and dense
interstitial space, which would require more time to dis-
sect the flap and tissue. In our study, all patients received
preoperative laryngoscopy; since only 2 patients were
diagnosed with preoperative vocal cord paralysis, this
factor was not assessed in this paper.

Hyperthyroidism is caused by an increase in the syn-
thesis and secretion of thyroid hormones due to the
hyperfunction of the thyroid gland, often accompanied
by a decrease in TSH. In patients with hyperthyroidism,
the thyroid gland is often characterized by hypervas-
cularity and increased vascular fragility with abundant
blood flow, which increase the difficulty of surgery. Sch-
neider et al. and Vieni et al. discovered that patients with
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hyperthyroidism had higher scores on the vascularity
item and believed that patients with hyperthyroidism
were more difficult to perform surgery [4, 6]. Mok et al.
also found that the diagnosis of hyperthyroidism was
associated with more difficult thyroidectomy and more
complications [5]. In contrast, the study of Frank et al.
found that the operation time and blood loss of patients
with hyperthyroidism were not significantly different
from those of other patients [9]. Hence, they believed
that hyperthyroidism does not increase the difficulty of
thyroidectomy. Our study also did not find an association
between free T3, free T4, TSH and DT, possibly because
all patients with hyperthyroidism in our center had well-
controlled thyroid function and iodine preparation was
strictly carried out before surgery to maintain their basal
metabolic rate within the normal range. All of the above
are beneficial to reduce thyroid blood flow and intraop-
erative bleeding, avoid surgical complications, and thus
reduce surgical difficulty.

Hashimoto thyroiditis (HT) is an autoimmune dis-
ease. In patients with HT, too much TG-AB and TPO-
Ab are produced, destroying thyroid tissue and leading
to fibrosis of the gland, which may increase the difficulty
of thyroidectomy [10]. Multiple studies have suggested
thyroiditis as a contributing factor to DT [5, 11, 12].
McManus et al. showed that the incidence of thyroidec-
tomy complications in patients with HT was higher than
that in those without HT, suggesting that thyroiditis leads
to DT [11]. When analyzing the factors affecting the
operative time of thyroidectomy, Kwak et al. found that
the increase in TG-AB was related to the longer time of
thyroid surgery [7]. Conversely, Consorti et al. believed
that thyroiditis would not affect the time of thyroidec-
tomy. In this study, TPO-Ab was an independent risk fac-
tor for DT [13]. However, TG-AB was associated with DT
in the univariate analysis, but statistical significance was
not observed in the multivariate analysis. The difference
may be related to the insufficient sample size in our study.

Generally, enlarged nodules or glands are rich in blood
supply, which will cause poor movement of the tumor,
compress blood vessels and nerves, and cause limited
surgical space, resulting in more difficult surgery [14].
Kwak et al. found no significant relationship between
nodule size and DT [7]. Agarwal et al. found that the
operation time and incidence of complications increased
with the enlargement of the thyroid gland [15]. Vieni
et al. also believed that goiter is a risk factor for DT, and a
preoperative ultrasound measurement of the thyroid vol-
ume is necessary to assess the difficulty of thyroidectomy
[6]. Consistent with previous studies, our research also
showed that thyroid gland volume was positively associ-
ated with thyroidectomy difficulty, whereas nodule size
was not.
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Regarding the effect of BMI on DT, Milone et al. found
that patients with BMI>25 kg/ cm? had longer opera-
tive time than those with normal BMI [16]. Buerba et al.
found that BMI was positively correlated with the opera-
tive time and incidence of complications, suggesting that
higher BMI was a predictor for DT [17]. The results of
this study also support that BMI is an independent risk
factor for DT, but some studies have suggested that neck
circumference is associated with surgery difficulty, not
BMI [13]. There is also a certain correlation between
neck circumference and BMI. As a retrospective analysis,
it is difficult to collect information on neck circumfer-
ence. Further research is needed on the influence of the
two on the difficulty of thyroidectomy.

There are some limitations to this study. First, this
study is a retrospective single-center study with a limited
sample size, and whether the risk factors and predictive
nomogram for DT can be widely used requires external
validation in further research. Second, this study did not
explore the relationship between surgical difficulty and
prognosis. Nevertheless, we will address these issues in
future studies.

Conclusion

In conclusion, this study found that DT was associated
with higher complication rates and indicated that male
sex, younger age, BMI, thyroid volume and TPO-Ab were
independent preoperative predictors for DT. For the first
time, we established a preoperative predictive nomogram
that can objectively and individually assess the difficulty
of surgery preoperatively, estimate the operation time
and postoperative complications, help clinicians and
nurses to better improve preoperative preparation, rea-
sonably arrange the operating room time, and improve
perioperative efficiency.

Abbreviations

BMI Body mass index

c Confidence interval

DCA Decision curve analysis

DoT Difficult thyroidectomy

FT3 Free triiodothyronine

FT4 Free thyroxine

HT Hashimoto thyroiditis

NDT Nondifficult thyroidectomy
RLN Recurrent laryngeal nerve
ROC Receiver operating characteristics
TDS Thyroidectomy Difficulty Scale
Tg-Ab Thyroglobulin antibody

TPO-Ab  Thyroid peroxidase antibody
TSH Thyroid-stimulating hormone
TV Thyroid volume

Acknowledgements
We would like to thank all the patients and their caretakers for participating in
this study.

Page 9 of 10

Authors’ contributions

MD, WZ, SCL and FY contributed to the study conception and design. LLH,
CCH, YXN and LJS collected the clinical data and finished data analysis. MD,
LLH and LJS searched prior articles and wrote the first draft of the manuscript.
LLH, CCH, YXN and LJS prepared all figures and tables, WZ, SCL, and FY revised
the manuscript. All authors contributed to the article and approved the
submitted version.

Funding

Fundamental Research Funds for the Central Universities (2042021kf0135) and
the Natural Science Foundation of Hubei Province (2022CFB643) to Dr. Liao
Shichong.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The Ethics Committee of Renmin Hospital of Wuhan University supported that
institutional research ethics committee approval was not needed for retro-
spective study of anonymous clinical data; thus, ethics approval was waived
by the Ethics Committee of Renmin Hospital of Wuhan University. The study
was conducted in accordance with the Declaration of Helsinki (as revised in
2013). All patients signed informed consent forms.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Department of Breast and Thyroid Surgery, Renmin Hospital of Wuhan Uni-
versity, Wuhan 430060, China.

Received: 21 November 2022 Accepted: 4 April 2023
Published online: 17 April 2023

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Gomez-Ramirez J, Sitges-Serra A, Moreno-Llorente P, Zambudio AR,
Ortega-Serrano J, Rodriguez MT, del Moral JV. Mortality after thy-
roid surgery, insignificant or still an issue? Langenbecks Arch Surg.
2015;400(4):517-22.

3. Cannizzaro MA, Lo Bianco S, Picardo MC, Provenzano D, Buffone A. How
to avoid and to manage postoperative complications in thyroid surgery.
Updates Surg. 2017;69(2):211-5.

4. Schneider DF, Mazeh H, Oltmann SC, Chen H, Sippel RS. Novel thyroid-
ectomy difficulty scale correlates with operative times. World J Surg.
2014;38(8):1984-9.

5. MokVM, Oltmann SC, Chen H, Sippel RS, Schneider DF. Identifying predic-
tors of a difficult thyroidectomy. J Surg Res. 2014;190(1):157-63.

6. Vieni S, Graceffa G, Rizzo GEM, Latteri F, Latteri MA, Cipolla C. An evalu-
ation score of the difficulty of thyroidectomy considering operating
time and preservation of recurrent laryngeal nerve. Updates Surg.
2019;71(3):569-77.

7. Kwak HY, Dionigi G, Liu X, Sun H, Woo SU, Son GS, Lee JB, Bae JW, Kim HY.
Predictive factors for longer operative times for thyroidectomy. Asian J
Surg. 2017;40(2):139-44.

8. Bothra S, Sabaretnam M, Kannujia A, Chand G, Agarwal G, Mishra SK,
Agarwal A. Patient, thyroid, and surgeon related factors that make thy-
roidectomy difficult-cohort study. Ann Med Surg (Lond). 2020;49:14-8.



Dong et al. BMC Surgery

(2023) 23:91

Frank ED, Park JS, Watson W, Chong E, Yang S, Simental AA. Total thyroid-
ectomy: safe and curative treatment option for hyperthyroidism. Head
Neck. 2020;42(8):2123-8.

Shih ML, Lee JA, Hsieh CB, Yu JC, Liu HD, Kebebew E, Clark OH, Duh QY.
Thyroidectomy for Hashimoto's thyroiditis: complications and associated
cancers. Thyroid. 2008;18(7):729-34.

. McManus C, Luo J, Sippel R, Chen H. Is thyroidectomy in patients with

Hashimoto thyroiditis more risky? J Surg Res. 2012;178(2):529-32.
D’'Orazi V, Sacconi A, Trombetta S, Karpathiotakis M, Pichelli D, Di Lorenzo
E, Ortensi A, Urciuoli P, Biffoni M, Ortensi A. May predictors of difficulty

in thyroid surgery increase the incidence of complications? Prospective
study with the proposal of a preoperative score. BMC Surg. 2019;18(Suppl
1:116.

Consorti F, Milazzo F, Notarangelo M, Scardella L, Antonaci A. Factors
influencing the length of the incision and the operating time for total
thyroidectomy. BMC Surg. 2012;12:15.

Gao B, Tian W, Jiang Y, Zhang X, Zhao J, Zhang S, Chen J, Luo D. Peri-oper-
ative treatment of giant nodular goiter. Int J Med Sci. 2012;9(9):778-85.
Agarwal A, Agarwal S, Tewari P, Gupta S, Chand G, Mishra A, Agarwal G,
Verma AK, Mishra SK. Clinicopathological profile, airway management,
and outcome in huge multinodular goiters: an institutional experience
from an endemic goiter region. World J Surg. 2012;36(4):755-60.

Milone M, Musella M, Conzo G, Campana G, De Filippo D, Coretti G,
Amato M, Salvatore G, Amato B, Milone F. Thyroidectomy in high body
mass index patients: a single center experience. Int J Surg. 2016,28(Suppl
1):538-41.

Buerba R, Roman SA, Sosa JA. Thyroidectomy and parathyroidectomy in
patients with high body mass index are safe overall: analysis of 26,864
patients. Surgery. 2011;150(5):950-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Analysis of preoperative influential factors and construction of a predictive nomogram of difficult thyroidectomy
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Data collection
	Operative procedures
	Difficult thyroidectomy
	Outcomes
	Statistical analysis
	Construction and verification of the predictive model

	Results
	Clinical characteristics
	A comparison of the temporary postoperative complications in DT and NDT
	Analysis of risk factors
	Construction of the predictive model
	Verification of the predictive model

	Discussion
	Conclusion
	Acknowledgements
	References


