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To investigate the characteristics and influencing factors of electrocardiogram changes in patients with thyroid
cancer after operation. This study retrospectively analyzed the case data of 122 patients who underwent thyroid
surgery for the first time in the department of breast and thyroid surgery from January 2020 to December
2021. All patients were pathologically confirmed to be papillary thyroid carcinoma. Firstly, the perioperative
changes of electrocardiogram indexes were compared in all patients and then the influencing factors (age,
sex, blood lipid level, body mass index and surgical method) of perioperative electrocardiogram changes were
analyzed by univariate analysis. After operation, the serum thyroid stimulating hormone of all patients was
higher and serum free triiodothyronine and free thyroxine were lower than that before operation (p<0.05).
After operation, PR interval and QRS duration was shorter than before operation (p<0.05). The perioperative
changes of heart rate were statistically significant in different age groups (p=0.043). The age group >55 y
old had more obvious heart rate changes than the age group <55 y old. There was a difference in heart
rate change between groups in different body mass index group (p=0.05). Perioperative free triiodothyronine
was positively correlated with heart rate (r=0.476, p=0.004). The change of perioperative free thyroxine
was negatively correlated with the change of PR interval duration (r=-0.411, p=0.016). The difference of
perioperative corrected QT interval between male and female was statistically significant (p=0.027). There was
a negative correlation between perioperative free thyroxine change and p wave change (r=-0.416, p=0.014).
Age, gender and body mass index have a certain influence on the changes of perioperative electrocardiogram
indicators. Postoperative cardiac function monitoring should be strengthened in elderly and obese patients.
The change of thyroid hormone level is correlated with the change of perioperative electrocardiogram index.
In the process of long-term thyroid stimulating hormone suppression treatment after operation, it can be tried

to establish the sex-age related electrocardiogram standard of stratified thyroid hormone level.
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Thyroid cancer is a common malignant tumor of
the endocrine system, among which Differentiated
Thyroid Cancer (DTC) includes papillary thyroid
cancer and follicular thyroid cancer, accounting for
more than 90 % of thyroid cancer. In recent years,
a large number of domestic and foreign studies
have shown that the incidence of thyroid cancer
has presented a significant upward trend!'-3l. The
treatment of DTC depends on preoperative risk
assessment and staging according to tumor location,
size, number, local invasion and lymph node status,
on which the treatment plan is decided. For patients
with DTC, treatments usually include removal of the

*Address for correspondence
E-mail: 13993642228@163.com

Special Issue 2, 2023

primary tumor tissue and metastatic lymph nodes;
I-131 radiotherapy was selected according to tumor
stage; long-term Thyroid Stimulating Hormone (TSH)
suppression after surgery or radiotherapy; long-term
follow-up was performed to monitor tumor recurrence
and metastasis. For DTC, special attention should be
paid to balance the advantages and disadvantages of
treatment to avoid over-diagnosis and treatment in
low-risk patients or patients with benign nodules.
Studies have shown that Thyroid Hormones (TH)
can not only regulate basal metabolism, but also have
some effects on Heart Rate (HR), blood pressure
and body temperature. Studies have proved that the
greater the degree of TSH inhibition, the greater
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the risk of cardiovascular diseases, especially atrial
fibrillation'!. Therefore, all patients with thyroid
cancer received exogenous intake of levothyroxine
(TH) after operation and inhibited TSH level at the
same time. In the process of long-term TSH inhibition
therapy, the serum Triiodothyronine (T,) level and
T,/Thyroxine (T,) value are increased and patients
also faced with increased incidence and mortality of
cardiovascular diseases and significantly increased
risk of osteoporosis while suffering from physical,
psychological and quality of life damage!'s!. As
an important auxiliary examination method,
Electrocardiogram (ECG) examination is often used
to identify cardiac lesions and arrhythmia screening
and diagnosis because of its noninvasive, low cost
and convenience. At present, there is no study on the
changes of ECG in patients with exogenous subclinical
hyperthyroidism caused by TSH inhibition after
DTC. This study investigated the characteristics and
influencing factors of ECG changes in patients with
thyroid cancer after operation.

MATERIALS AND METHODS
General information:

Theclinical dataof122 patients whounderwentthyroid
surgery in the Department of Thyroid Surgery of our
hospital from January 2020 to December 2021 were
collected. All patients underwent total resection.
Total  thyroidectomy-+isthmus resection+central
group lymph node (VI) dissection (80 cases) and total
thyroidectomy-+isthmus resection+lateral cervical
lymph node (II, III, I'V) dissection (42 cases). The
operation process was smooth and there were no
special complications. Papillary thyroid carcinoma
was confirmed by postoperative paraffin pathology.
Clinical data including gender, height, weight,
preoperative Triglyceride (TG), preoperative serum
TSH, serum Free Triiodothyronine (FT3), serum
Free Thyroxine (FT4) and serum FT4 were collected.

Twelve-lead ECG indicators: HR, PR interval,
P wave, QRS wave, QT interval, Corrected QT
Interval (QTc) duration, serum TSH, FT3, FT4, ECG
indicators on the 3™ d after surgery.

Inclusion criteria: Complete medical records of
patients; papillary thyroid carcinoma was confirmed
by postoperative pathological paraffin section; first
thyroid surgery and sign the informed consent.

Exclusion criteria: Pregnant or lactating women;
previous history of head and neck irradiation and
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thyroid surgery; patients with previous history
of tumor or chemotherapy; previous history of
thyroid disease; previous history of hypertension,
rheumatic heart disease, acute heart failure, coronary
atherosclerotic heart disease, congenital heart
disease, valvular heart disease, arrhythmia; previous
use of amiodarone or alpha (a)/beta (p)-blockers or
antagonists and patients with previous diagnosis of
mental illness.

Methods:

Thyroid-related hormones: TSH, FT3 and FT4.

Abnormal ECG changes: ECG indicators including
HR, P wave, PR interval, QRS duration, QT interval
duration and QTc duration.

Measurement methods of the index:

Determination of serum thyroid related hormone
levels: TSH, FT3 and FT4 levels were measured by
chemiluminescence immunoassay (ADVIA Centaur
XP, Siemens, United States of America (USA)).
Normal TSH reference range was 0.27-4.2 mU/I;
FT3 normal reference range was 3.1-6.8 pmol/l and
FT4 normal reference range was 12-22 pmol/l.

Body Mass Index (BMI) calculation: The height
(m) and weight (kg) of the patient were measured
on admission and the weight (kg) was divided by the
square of the height (m) (kg/m?), i.e., BMI=weight
(kg)/height (m?).

Twelve-lead ECG tracing and analysis method:
The subjects underwent routine 12-lead ECG
examination before and on the 3™ d after surgery in
a quiet state, with the paper speed set at 25 mm/s
and the voltage set at | mV=10 mm. The results
were interpreted by manual analysis and automatic
instrument report. The indicators included HR,
P wave, PQ interval, QRS duration, QT duration
and QTc duration. ECG diagnosis refers to clinical
electrocardiography.

Methods of research grouping:

Patients were divided into two groups according
to age; <55 y and >55 y. According to gender, they
were divided into two groups; male and female.
Patients were divided into normal group and
hyperlipidemia group according to their blood lipid
levels. According to BMI, they were divided into
three groups; normal group (BMI was <22.9 kg/
m?), overweight group (BMI was 22.9-28.5 kg/m?)
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and obese group (BMI was >28.5 kg/m?). Next, the
changes of perioperative ECG indicators and thyroid
related hormones in all patients were statistically
analyzed, and the correlation between the two was
analyzed.

Statistical analysis:

SigmaStat 3.5 statistical software was used for
data analysis. Measurement data were expressed as
meanzstandard deviation (x+s) and t-test was used.
Non-normal measurement data were expressed as
x+s and F-test was used. Pearson correlation analysis
was used for correlation analysis. p<0.05 indicates
statistical significance.

RESULTS AND DISCUSSION

100 and 22 patients with papillary thyroid cancer
were included in the study. There were 42 males and
80 females, with an average age of 45.29+11.39 .
There were 28 cases with hyperlipidemia and 94
cases with normal blood lipids. There were 18 cases
of BMI obesity (BMI was >28.5 kg/m?), 72 cases
of normal group (BMI was 22.9-28.5 kg/m?) and 32
cases of low group (BMI was <22.9 kg/m?), as shown
in Table 1.

The preoperative and postoperative TSH, FT3 and
FT4 values of all patients did not follow normal
distribution according to the normality test. The
preoperative and postoperative TSH, FT3 and FT4
values of all patients were compared before and
after operation and the differences were statistically
significant (p<0.05) as shown in fig. 1. Fig. 1 showed
that on the 3™ d after operation, the serum levels
of FT3 and FT4 of patients in the total resection
group were significantly decreased compared with
those before operation and the serum TSH level was
increased.

The HR, PR interval, QRS duration, QT duration, QTc
duration and P wave of the patients before and after
surgery followed normal distribution by normality
test and were compared and analyzed before and

TABLE 1: BASIC CLINICAL DATA OF THE PATIENTS

after surgery, as shown in fig. 2. PR interval was
shorter after operation than before operation and the
difference was statistically significant (p<0.05). QRS
duration was significantly shorter after operation
than before operation (p<0.05). The other indexes
showed no perioperative changes and the difference
was not statistically significant (p>0.05).

There were significant differences in the
perioperative HR changes among different age
groups (t=2.103, p=0.043) and the HR changes were
greater in the >55 y old group than in the <55y
old group. The difference of BMI was statistically
significant by Analysis of Variance (ANOVA)
(F=3.293, p=0.050) and there was no significant
difference between the 22.9-28.5 kg/m? group and
the >28.5 kg/m? group and the <22.9 kg/m? group.
There was no significant difference in perioperative
HR between males and females, as shown in Table
2. Correlation analysis was performed between the
change values of perioperative TSH, FT3 and FT4
and the change values of perioperative HR. There
was a positive correlation between the change values
of perioperative FT3 and HR (r=0.476, p=0.004), as
shown in Table 3.

There was no significant difference in the change
of PR in different age, gender, blood lipid and BMI
groups (p>0.05), as seen in Table 4. According to
Table 4, there was no significant difference in the
change of PR in ECG during the perioperative period
between the two groups. The correlation analysis
between the changes of perioperative TSH, FT3,
FT4 and the changes of perioperative PR showed that
there was a negative correlation with the changes of
perioperative FT4 (r=-0.411, p=0.016), as shown in
Table 5. There was no significant difference in the
change of QRS in patients with different age, gender,
blood lipid and BMI (p>0.05), as seen in Table 6.
The correlation analysis between the changes of
perioperative TSH, FT3, FT4 and the changes of
perioperative QRS showed no correlation (p>0.05)
as shown in Table 7.

Clinical data Composition Number Composition ratio (%)

Age (year) <55 90 73.77
>55 32 26.23
Gender Male 42 34.43
Female 80 65.57
Serum Lipid level Normal o4 77.05
Increase 28 22.95
<22.9 32 26.23
BMI (kg/m?) 22.9-28. 5 72 59.02
>28.5 18 14.75
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Fig. 2: Perioperative changes of various ECG indicators
Note: *p<0.05 compared with preoperative, ( mm ): Before and (=3 ): After

TABLE 2: COMPARISON OF PERIOPERATIVE HR CHANGES IN

PATIENTS WITH DIFFERENT GENERAL

DATA GROUPS
Variety Group HR change value t/F p
<55 3.80+9.43
Age (year)
>55 -4.56+12.28 2.103 0.043
Male -0.40+6.47
Gender
Female 2.42+12.11 -0.691 0.494
Normal 0.96+9.69
Serum lipid level
Increase 4.00+14.79 0.661 0.513
<22.9 0.36+11.61
BMI (kg/m?) 22.9-28.5 -0.61+8.05
>28.5 12.2+13.10 3.293 0.05

TABLE 3: CORRELATION ANALYSIS BETWEEN PERIOPERATIVE CHANGES IN TSH, FT3, FT4 AND
PERIOPERATIVE CHANGES IN HR IN PATIENTS

r P
TSH change value -0.42 0.815
FT3 change value 0.476 0.004
FT4 change value -0.18 0.307
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TABLE 4: COMPARISON OF PERIOPERATIVE PR CHANGES IN PATIENTS WITH DIFFERENT GENERAL
DATA GROUPS

Variate Group PR change value t/F p
<55 0.01+0.01
Age (year)
>55 0.01+0.01 -1.551 0.131
Male 0.01x0.01
Gender
Female 0.01x0.01 -1.433 0.162
Normal 0.01+0.01
Serum lipid level
Increase 0.01+0.01 1.227 0.211
<22.9 0.01x0.02
BMI (kg/m?) 22.9-28.5 0.01+0.01
>28.5 0.01x0.01 0.783 0.466

TABLE 5: CORRELATION ANALYSIS BETWEEN CHANGES IN TSH, FT3, FT4 AND CHANGES IN PR DURING
PERIOPERATIVE PERIOD IN PATIENTS

r P
TSH change value 0.145 0.412
FT3 change value 0.072 0.685
FT4 change value -0.411 0.016

TABLE 6: COMPARISON OF PERIOPERATIVE QRS CHANGES IN PATIENTS WITH DIFFERENT GENERAL
DATA GROUPS

Variate Group QRS change value t/F p
<55 0.00 (0.01)
Age (year)
>55 0.00 (0.01) -0.059 0.953
Male 0.00 (0.01)
Gender
Female 0.00 (0.01) -0.171 0.864
Normal 0.00 (0.01)
Serum lipid level
Increase 0.00 (0.01) -0.632 0.534
<22.9 0.00 (0.01)
BMI (kg/m?) 22.9-28.5 0.00 (0.01)
>28.5 0.00 (0.02) 0.217 0.897

TABLE 7: CORRELATION ANALYSIS OF PERIOPERATIVE TSH, FT3, FT4 CHANGES AND PERIOPERATIVE
QRS CHANGES IN PATIENTS

r P
TSH change value -0.069 0.698
FT3 change value -0.242 0.168
FT4 change value 0.014 0.963
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There was no significant difference in QT change
values between different age, gender, blood lipid and
BMI groups (p>0.05) as shown in Table 8. There was
no correlation between the changes of perioperative
TSH, FT3, FT4 and the changes of perioperative QT
(p>0.05) as shown in Table 9.

The changes of perioperative QTc in different age,

gender, blood lipid and BMI groups were compared
and the changes of perioperative QTc in different
gender groups were statistically significant (t=-
2.212, p=0.027) as shown in Table 10. There was
no correlation between the changes of perioperative
TSH, FT3, FT4 and the changes of perioperative
QTc (p>0.05) as shown in Table 11.

TABLE 8: COMPARISON OF PERIOPERATIVE QT CHANGES IN PATIENTS WITH DIFFERENT GENERAL

DATA GROUPS
Variate Group QT change value t/F P
<55 0.01 (0.03)
Age (year)
>55 -0.01 (0.04) -0.82 0.412
Male -0.01 (0.07)
Gender
Female 0.01 (0.03) -2.212 0.027
Normal 0.00 (0.04)
Serum lipid level
Increase -0.03 (0.04) -0.213 0.831
<22.9 0.01 (0.04)
BMI (kg/m?) 22.9-28.5 0.01 (0.03)
>28.5 0.01 (0.05) 3.821 0.148

TABLE 9: CORRELATION ANALYSIS BETWEEN PERIOPERATIVE CHANGES IN TSH, FT3, FT4 AND

PERIOPERATIVE CHANGES IN QT IN PATIENTS

p
TSH change value 0.177 0.316
FT3 change value -0.025 0.887
FT4 change value -0.291 0.095

TABLE 10: COMPARISON OF PERIOPERATIVE QTC CHANGES IN PATIENTS WITH DIFFERENT GENERAL

DATA GROUPS
Variate Group QTc change value t/F p
<55 -0.01 (0.05)
Age (year)
>55 0.01 (0.04) -0.059 0.953
Male -0.01 (0.08)
Gender
Female -0.01 (0.04) -2.212 0.027
Normal -0.01 (0.04)
Serum lipid level
Increase -0.01 (0.05) -0.632 0.534
<22.9 0.00 (0.03)
BMI (kg/m?) 22.9-28.5 0.01 (0.04)
>28.5 -0.02 (0.07) 0.217 0.897
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TABLE 11: CORRELATION ANALYSIS BETWEEN PERIOPERATIVE CHANGES IN TSH, FT3, FT4 AND

PERIOPERATIVE CHANGES IN QT IN PATIENTS

p
TSH change value 0.215 0.153
FT3 change value 0.246 0.16
FT4 change value -0.297 0.088

Thyroid is an important endocrine organ of the
body, which regulates HR, blood pressure, body
temperature and basal metabolism by secreting
TH'). According to existing studies, TH can increase
the activities of Sodium (Na")-Potassium (K™)-
Adenosine Triphosphatase (ATP) enzyme and
Calcium ion (Ca®)-ATPase enzyme, accelerate the
protein synthesis of cardiomyocytes, increase the
contractility of cardiomyocytes, exert genomic
and non-genomic effects on cardiomyocytes and
is essential for normal cardiovascular function!’#!.
Serum TSH can also regulate cardiovascular function
and normal structure by regulating the level of TH
and other ways. Changes in TH levels in serum or
tissues can directly cause changes in cardiovascular
function. Many studies have shown that the risk
of heart failure is significantly increased and the
prognosis is poor when the level of serum TH is
lowl™!%. In patients with thyroid cancer, especially
after total thyroidectomy, the structure of the normal
TH secreting glands is reduced, the compensatory
role of the residual glands is limited and the levels
of TH in the circulation are significantly reduced.
Therefore, levothyroxine L-T4 is usually used for
a long time to reduce the risk of recurrence and
metastasis of thyroid cancer on the basis of supple
mating the physiological requirements of TH and
maintaining thyroid function. However, a large
number of studies have shown that long-term TSH
suppression therapy has corresponding side effects,
mainly including heart complications and bone loss
(osteoporosis). In this study, the serum FT3 and FT4
levels of all patients were decreased after surgery and
the TSH level was increased significantly compared
with that before surgery. Studies have shown that
there may be a transient increase in TH levels in
the circulation on the 1* d after surgery, mainly T4,
which may be related to the release of a large amount
of TH into the blood by squeezing the thyroid tissue
during surgery!"l. With the consumption of TH,
serum FT4 was gradually decreased, but the function
of residual thyroid tissue in the hemi-resection
group was gradually recovered and serum FT4 was
gradually increased. Serum TSH is affected by the
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negative feedback regulation system, especially FT4,
which is increased in the early postoperative period.

There were no significant changes in HR, QT interval,
QTc duration and P wave before and after surgery,
but PR interval and QRS duration were significantly
shorter than those before surgery. The effect of TH
on myocardial cells is similar to catecholamine,
which has a sympathomimetic effect. Increase HR,
enhance myocardial contractility and then increases
cardiac output and cardiac work!'?!, When the level
of TH is decreased, the sensitivity of cardiomyocytes
to catecholamine’s 1is decreased, which affects
the normal physiological signal transduction of
cardiomyocytes and reduces the excitability of
sympathetic and parasympathetic nervous systems.
P wave represents the atrial depolarization process,
which is acommonly used noninvasive ECG indicator
to predict paroxysmal atrial fibrillation. In patients
with hyperthyroidism, P-wave prolongation has been
confirmed to be an independent risk factor related to
paroxysmal atrial fibrillation. P wave dispersion (P, )
is the difference between P wave maximum duration
(P_ ) and P wave minimum duration in 12-lead
ECG. The increase of P _in patients with subclinical
hyperthyroidism reflects the inhomogeneity of
atrial repolarization, while the prolongation of P_
indicates the presence of atrial conduction delay and
abnormal atrial conduction. QT interval is the total
duration of excitation and recovery of myocardial
cells, but it mainly represents the repolarization
process of myocardium, which is significantly
affected by HR. Therefore, the QTc interval obtained
by HR correction can better reflect the ventricular
depolarization and repolarization process, which is
usually calculated by Bazett’s square root formula
(QTc=QT/RR'?)B. QRS duration represents the
time required for the activation process of ventricular
muscle, the occurrence of structural changes and
dysfunction of the left heart may be related to the
prolonged QRS duration. PR interval was shortened
after surgery, but it was in the normal range and no
short PR interval was found. The PR interval in the
ECG from the origin of the P wave to the origin of
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the QRS represents the conduction time from the
atrium to the ventricular sinus node excitation, also
known as the atrioventricular conduction time. The
shortening of PR interval is related to the increase
of sympathetic nerve tone. Although patients have
a certain degree of decrease in TH levels after
surgery, the stimulation of surgical procedures often
increases the sympathetic nerve tone. Due to the
short observation time, the effect of surgery cannot be
completely excluded. In addition, some patients have
postoperative tachycardia, but the HR returns to the
normal range in the follow-up clinical observation,
which can be considered as transient tachycardia. For
elderly patients, surgery is also one of the reasons for
their HR acceleration.

In this study, different age, sex, blood lipid level
and BMI of patients, duration of QRS wave, QT
interphase, QTc time and P wave duration had
no obvious difference. Therefore, there were no
significant changes of patients after PTC in
ventricular depolarization time, total time of
ventricular  depolarization and repolarization,
ventricular depolarization and repolarization time
after HR correction and atrial depolarization time.
There was no correlation between the changes of
serum TSH, FT3 and FT4 and the changes of QRS,
QT interval and QTc duration during the perioperative
period, suggesting that the changes of serum TH levels
during the perioperative period had relatively little
effect on the changes of these electrocardiographic
parameters. The perioperative change of FT3 was
positively correlated with the perioperative change of
HR and the change of FT4 was negatively correlated
with the change of P wave duration and PR interval.
Atrial fibrillation is the most common arrhythmia
and also the most common arrhythmia in patients
with hyperthyroidism besides sinus tachycardia. In
this study, the effect of BMI on the change of HR
was observed, but the changes of other ECG indexes
were not observed. Obesity is a disease that may
be associated with early abnormalities on ECG or
echocardiography. Even without obvious clinical
manifestations, obese patients may also present with
abnormal T waves on ECG, left ventricular axis
deviation and low QRS voltage. Severe obesity can
also lead to changes in cardiac morphology, such
as left atrial and left ventricular dilatation, left and
right ventricular hypertrophy, which is high risk
factor for ventricular arrhythmia and sudden death.
The cardiac autonomic nervous regulation activity of
obese patients is often abnormal, which affects the
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intra-atrial and atrial conduction time and increases
the probability of atrial fibrillation.

Thyroid cancer is the only oncologic disease that
includes age as a prognostic factor in the Tumor Size,
Nodal and Metastatic (TNM) staging system. In the
latest American Joint Committee on Cancer (AJCC)
guidelines for thyroid cancer, the age at diagnosis of
TNM staging system has been changed from 45 y
old to 55 y old, which has better predictive value for
mortality than before. In this study, in the process
of analyzing the influencing factors of perioperative
changes of various ECG indicators, it was found that
age was the influencing factor for the difference in
HR change and gender had a certain effect on the
change of QTc during the perioperative period.
However, there was no significant difference in the
perioperative changes of other indicators. This may
be related to the combined effect of variable factors
and TH changes and the small sample size is also
an important reason. A variety of reasons can affect
surgical patients to have prolonged QTc interval,
including advanced age, gender!'*!], abnormal blood
electrolytes, antipsychotic drugs and some anesthetic
drugs. The prolongation of the QTc interval is
associated with the risk of cardiovascular mortality
and acute coronary syndrome. Heart Rate Variability
(HRV) obtained by holter monitoring can often reflect
the individual cardiac autonomic nervous function
and regulatory function and is also an important
predictor of cardiovascular disease.

In conclusion, age, gender and BMI have a certain
impact on the changes of perioperative ECG
indicators and postoperative cardiac function
monitoring should be strengthened in elderly
and obese patients. The changes of TH levels are
correlated with the changes of perioperative ECG
indicators. In the process of postoperative TSH
suppression therapy, it is necessary to establish a sex
specific and age specific ECG standard for TH levels
stratification, in order to more accurately evaluate
the cardiac function of patients with DTC during
TSH suppression therapy.
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