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Abstract
Our study aims to investigate the changes in cardiac functions, especially myocardial performance index (MPI), in patients 
who underwent parathyroidectomy for secondary hyperparathyroidism. Patients who underwent parathyroidectomy for sec-
ondary hyperparathyroidism between June 2010 and September 2021 were analyzed retrospectively. The patients were divided 
into two groups: those who underwent total parathyroidectomy (group 1) and those who underwent subtotal parathyroidec-
tomy (group 2). The groups were compared according to the echocardiogram findings performed in the preoperative period 
and the postoperative sixth month. In addition, cardiac structure, and systolic and diastolic functions, especially myocardial 
performance index, were evaluated by echocardiography and Doppler imaging. Thirty-seven patients were examined; 16 
(43.2%) underwent total parathyroidectomy, and 21 (56.8%) had subtotal parathyroidectomy performed. Group 1’s mean left 
ventricular end-systolic diameter (LVES) decreased from 2.53 ± 0.57 to 2.35 ± 0.37 cm after parathyroidectomy. In Group 
1, the postoperative value of LVES and end-systolic volume decreased significantly compared to the preoperative period 
(p = 0.042, p = 0.008, respectively). EF increased from 59.25 ± 0.05 to 67.81 ± 4.04. In Group 1, EF and EV postoperatively 
increased significantly compared to the preoperative period (p = 0.023, p = 0.021, respectively). The mean MPI decreased 
from 0.45 ± 0.07 to 0.39 ± 0.04 after parathyroidectomy in group 1. In group 2, it decreased from 0.46 ± 0.06 to 0.40 ± 0.04 
(p < 0.001). The present study provides an improvement in myocardial functions after parathyroidectomy. While LVES, EF, 
ejection volume, end-systolic volume, and MPI improved in both groups, the MPI improvement was more evident in the 
total parathyroidectomy group.
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Introduction

Secondary hyperparathyroidism (SHPT) is a process aimed 
at providing vitamin and mineral homeostasis by increasing 
the proliferation of parathyroid cells and hormone secre-
tion by decreased calcium and vitamin D synthesis due to 
phosphorus uptake in advanced stages of chronic kidney 
disease (CKD) [1]. In addition to CKD, SHPT is also seen 
in malabsorption, vitamin D deficiency, and pseudohypopar-
athyroidism [2].

It is known that elevated parathyroid hormone (PTH) 
levels are associated with various cardiovascular diseases 
(CVD). Prolonged SHPT causes visceral and vascular calci-
fications due to disorders in the bone mineral cycle, leading 
to cardiovascular morbidity and mortality [3]. According 
to the data obtained based on the U.S Renal Data System 
registry data, it has been shown that an intact parathyroid 
hormone (IPTH) level of 91–197 pg/mL versus > 495 pg/mL 
is associated with a higher risk of sudden death than CVDs 
[4]. Therefore, keeping calcium and phosphorus ratios at 
certain values in SHPT is very important to minimize car-
diovascular risks. Although there are medical treatment 
alternatives, such as phosphate binders, calcimimetics, and 
vitamin D sterols/analogs in mild and moderate SHPT, the 

target PTH value can be kept below <300 pg/ml in only 22% 
of patients in severe SHPT [5]. For these reasons, surgical 
parathyroidectomy (PTx) is the most crucial step in treating 
severe SHPT patients. The type of surgical technique to be 
performed in secondary hyperparathyroidism depends on 
the clinicopathological characteristics of the patients and 
the experience of the surgeon; it can be total PTx, total PTx 
with autotransplantation, and subtotal PTx [6].

Especially in CKD patients, good results are seen in bio-
chemical parameters, cardiovascular functions, and mortal-
ity [7, 8] related to bone and mineral metabolism after PTx. 
Furthermore, positive effects on the cardiac system have 
been shown due to decreased cardiovascular calcifications, 
improved blood lipid profile, normalization of blood pres-
sure, and improved anemia after PTx [9]. In addition, cardiac 
hypertrophy is observed after PTx [10]; in this case, it affects 
the recovery of cardiac functions. The reason for cardiac 
hypertrophy is the decrease in Fibroblast Growth Factor-23 
level after PTx [11].

MPI is a measurement method that evaluates the systolic 
and diastolic functions of the ventricles together without 
being affected by blood pressure, age, heart rate, and ven-
tricular geometry [12]. It has been shown that elevation in 
MPI is an independent indicator of cardiac death in heart 
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diseases [13]. Although the effect of parathyroidectomy on 
left ventricle functions in SHPT is not fully understood, it 
has been reported that there is a 37–41% reduction in car-
diovascular mortality of patients after effective PTX [14]. 
Therefore, the present study aims to evaluate the changes in 
cardiac functions, especially myocardial performance index, 
in the pre- and post-PTx period in SHPT patients in line with 
echocardiography findings.

Material and method

Patient selection

The Mersin University Ethics Committee approved this 
study protocol under the number E-78017789-050.01.04-
1638902. The study has been registered on the ClinicalTrial.
gov website under the identification number NCT06187480.

The patients who developed secondary hyperparathy-
roidism after chronic renal failure and underwent subtotal/
total parathyroidectomy in our hospital between June 2010 
and September 2021 were analyzed with a single-center 
Nested case–control study design.

Patients with a diagnosis of chronic renal failure, second-
ary hyperthyroidism after chronic renal failure, preoperative 
and postoperative laboratory tests, parathyroidectomy opera-
tion, and preoperative and postoperative 6-month transtho-
racic echocardiography (ECHO) were included in the study.

Advanced-stage lung disease, atrial fibrillation, atrial and 
supraventricular tachycardia, extra-ventricular beats, intra-
ventricular conduction disorders, ventricular pacing, moder-
ate to severe valve pathology, history of bypass surgery, poor 
image quality in transthoracic echocardiography as cardiac 
comorbidities, patients with disease and missing data were 
excluded from the study.

Data collection

Demographic data (age, gender), surgery (total/subtotal par-
athyroidectomy), preoperative and postoperative laboratory 
analyses, and ECHO reports of the patients were recorded. 
In laboratory values, glucose, hemoglobin, albumin, blood 
urea nitrogen (BUN), creatinine, calcium, phosphorus, and 
parathormone values were recorded. In ECHO reports, left 
ventricular end-diastolic diameter (cm), left ventricular end-
systolic diameter (cm), left ventricular end-diastolic septum 
thickness (cm), left ventricular end-diastolic posterior wall 
thickness (cm), ejection fraction (%), fractional shortening, 
end-diastolic volume, end-systolic volume, ejection vol-
ume, isovolumetric relaxation time (IVRT), isovolumetric 

contraction time (IVCT), ejection time (ET), and myocardial 
performance index (MPI) data were recorded.

Surgical technique

Patients resistant to calcimimetics and vitamin D ana-
logs, patients with symptoms, such as bone and joint pain, 
persistent itching, and muscle aches, and patients whose 
symptoms affect their quality of life are among the indica-
tions for surgery. In addition, parathyroidectomy was per-
formed on patients with uncontrolled hyperphosphatemia, 
anemia hyporesponsive to erythropoietin therapy, hyper-
calcemia, and vascular and tissue calcifications, consid-
ered complications of SHPT.

Subtotal or total parathyroidectomy is performed in the 
SHPT. Total parathyroidectomy was performed to prevent 
recurrent resistant SHPT in patients with long life expec-
tancy and little or no possibility of kidney transplanta-
tion. In the preoperative period, routine ultrasound and 
99mTc-sestamibi scintigraphy were performed on the 
patients. During neck exploration, tissues considered the 
parathyroid gland were examined as a frozen section. As a 
result of the frozen section, the number of glands removed 
was confirmed. After parathyroidectomy was completed, 
intraoperative parathormone testing was performed in 
all patients, and it was observed that parathormone lev-
els decreased. In the subtotal parathyroidectomy proce-
dure, four parathyroid glands are explored. Usually, half 
of the parathyroid gland, closest to normal in appearance 
and size, is left in place with its vascular network. Other 
glands are excised. Four parathyroid glands are explored 
and excised in the total parathyroidectomy with autotrans-
planted procedure. Then, a part of the parathyroid gland 
closest to normal in appearance and size is auto-trans-
planted into the sternocleidomastoid muscle or the fore-
arm. The transplantation area is marked with a metal clip.

Echocardiography (ECHO)

All patients were evaluated with two-dimensional, pulse-
wave Doppler, and tissue Doppler echocardiography. 
Philips HD11 XE device was used to detect echocardio-
graphic data. Parasternal long axis view with M-Mode 
echocardiography method left ventricular interventricular 
septum thickness, left ventricular posterior wall thickness, 
left ventricular end-diastolic diameter, left ventricular 
end-systolic diameter, left ventricular end-diastolic vol-
ume, left ventricular end-systolic volume, left ventricular 
end-systolic volume, and fractional shortening data was 
determined. In addition, left ventricular stroke volume was 
determined by subtracting the left ventricular end-systolic 
volume from the left ventricular end-diastolic volume.
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Myocardial performance index calculation 
technique

The myocardial performance index (MPI) is a numerical 
value obtained using cardiac time intervals. This numeri-
cal value was obtained by dividing the sum of isovolumet-
ric contraction time (ICT) and isovolumetric relaxation 
time (IRT) by ejection time (ET). MPI can be detected 
using conventional Pulse-wave Doppler or tissue Doppler 
echocardiography. The mean average left ventricular (LV) 
MPI value is 0.39 ± 0.05. In adults, LV MPI values less 
than 0.40 are considered normal. Higher index values are 
associated with cardiac dysfunction [15].

Our study obtained cardiac time intervals using Pulsed 
wave Doppler echocardiography techniques. MPI, Pulsed 
wave Doppler echocardiography from the apical four-
chamber images, by placing the sample volume at the 
endpoints of the mitral valves, the time interval between 
the end and the beginning of the mitral flow (a), switch-
ing to the apical five-chamber images and placing the 
sample volume in the left ventricular outflow tract just 
below the aortic valves to determine the left ventricu-
lar ET (b) was done. The left ventricular isovolumetric 
(ICT + IRT) sum was calculated by subtracting left ven-
tricular ET from the time interval between the end and 
beginning of mitral flow (a-b). Thus, MPI [(a-b)/b] was 
obtained [16] (Fig. 1).

Statistical analysis

Mean and standard deviation were used for the statistics of 
continuous data. Median, minimum, and maximum values 
were used for continuous or ordinal data that did not show 
normal distribution. Frequency (n) and percentage (%) val-
ues were used to define categorical variables. Fisher’s exact 
test was used to compare the means of two independent 
groups. The chi-square test was used to evaluate the rela-
tionship between categorical variables. A paired t-test was 
used to compare the patients’ preoperative and postoperative 
numerical data. The statistical significance level of the data 
was taken as p < 0.05. The statistical program www.e- picos. 
com was used to evaluate the data.

Results

During the study, parathyroidectomy was performed on 317 
patients in our hospital. Parathyroidectomy was performed 
in 54 (17%) patients diagnosed with secondary hyperpar-
athyroidism. Fifty-four patients who underwent subtotal or 
total parathyroidectomy were analyzed. Three patients had 
cardiac arrhythmia, two patients had heart valve pathology, 
two patients had renal transplantation, one patient had a 
history of bypass surgery, one patient had lung pathology, 
one patient had liver pathology, one patient had a history 
of malignancy, two patients had a PTH value >100 ng/L 
after parathyroidectomy, and three patients follow-up period 

Fig. 1  Myocardial performance 
index calculation. Measurement 
of right ventricular pre-ejection 
period (PEP), ejection time 
(ET), isovolumetric contraction 
time (ICT), isovolumetric relax-
ation time (IRT), and calcula-
tion of myocardial performance 
index (MPI)

http://www.e-picos.com
http://www.e-picos.com
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after parathyroidectomy was shorter than 6 months and one 
patient was excluded because of missing data. Thirty-seven 
patients were included in the study (Fig. 2).

The mean age of the patients was 46.75 ± 13.19 years. 
Ten (27%) patients were female, and 27 (73%) were male. 
Total parathyroidectomy was performed in 16 (43.2%) 
patients, and subtotal parathyroidectomy was performed in 
21 (56.8%) patients. The patients were grouped and com-
pared according to the surgical technique (Table 1).

The mean age was 45.89 ± 12.56 years in group 1 (total 
parathyroidectomy) and 46.83 ± 12.21 years in group 2 (sub-
total parathyroidectomy). There were 4 (25%) women in 
group 1 and 6 (28.6%) in group 2. Hemodialysis was applied 
to all patients 3 times a week. There was no statistically 
significant difference between the groups regarding age and 
gender distribution (p > 0.05).

The groups’ preoperative and postoperative blood 
tests and ECHO findings are shown in Table 2. The pre-
operative (laboratory results and ECHO findings) and 

postoperative data of the patients were compared according 
to the groups. There was a statistically significant decrease 
in Ca (p < 0.001), P (p < 0.001), and PTH (p < 0.001) values 
in the postoperative period compared to the preoperative 
period in both groups. The mean end-systolic volume in 
the postoperative period was 21.56 ± 3.67 in group 1 and 
24.76 ± 4.41 in group 2. While there was no significant dif-
ference between the groups in terms of end-systolic volume 
mean in the preoperative period, it was significantly less in 
group 1 compared to group 2 in the postoperative period 
(p = 0.022). There was no statistically significant difference 
between the groups in terms of other laboratory results and 
ECHO findings in the preoperative and postoperative peri-
ods (p > 0.05) (Table 2).

In Group 1, the mean LVES was 2.53 ± 0.57 preop-
eratively and 2.35 ± 0.37 cm postoperatively. The mean 
end-systolic volume was 25.80 ± 21.56 preoperatively and 
21.56 ± 3.67 postoperatively. In Group 1, the postopera-
tive value of LVES and end-systolic volume decreased sig-
nificantly compared to the preoperative period (p = 0.042, 
p = 0.008, respectively) (Table 3).

EF was 59.25 ± 0.05 preoperatively and 67.81 ± 4.04 
postoperatively. Ejection volume was 45.50 ± 7.88 preop-
eratively and 49.56 ± 7.80 postoperatively. In Group 1, the 
postoperative value of EF and ejection volume increased 
significantly compared to the preoperative period (p = 0.023, 
p = 0.021, respectively) (Table 3).

The mean MPI decreased from 0.50 ± 0.07 preoperatively 
to 0.39 ± 0.04 postoperatively in group 1. The mean MPI 
decreased from 0.46 ± 0.06 preoperatively to 0.40 ± 0.04 
postoperatively in group 2. In both groups, the postopera-
tive value of MPI increased significantly compared to pre-
operatively (p < 0.001). There was no statistical difference 
between the preoperative and postoperative periods in other 
parameters in groups 1 and 2 (p > 0.05) (Table 3).

Discussion

Studies have shown that parathyroidectomy performed in 
secondary hyperparathyroidism resistant to medical treat-
ment due to chronic renal failure causes a significant reduc-
tion in cardiovascular diseases and mortality [17–19]. The 
current study analyzed the effect of total and subtotal par-
athyroidectomy for SHPT on cardiac functions through 
echocardiogram data. While echocardiogram findings 
showed improvement in both groups, the improvement was 
statistically significant in the total parathyroidectomy group, 
especially regarding myocardial performance index (MPI), 
EF, ejection volume, and end-diastolic volume.

The pathophysiology of the mechanism of formation of 
cardiovascular effects due to high parathyroid hormone and 
the resulting biochemical changes in the organism is not Fig. 2  Flow chart of the study
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fully understood. However, there are various hypotheses 
regarding this. Due to high calcium and phosphorus levels, 
calcification of arterial vascular systems is found in approxi-
mately 80% of SHPT patients [20]. Although vascular cal-
cification is closely related to cardiovascular diseases in the 
general population, considering that it occurs together with 
other cardiovascular risk factors, it is not clear to evaluate it 
as an independent predictive value [21]. On the other hand, 
another study showed that the mortality rate was higher in 
low iPTH and high serum calcium and phosphorus levels 
[22]. Furthermore, it has been reported that coronary arterial 
calcification decreases or does not progress after parathy-
roidectomy, and the risk of cardiovascular events decreases 
[23].

One of the most important reasons for the increased 
risk of cardiovascular disease and mortality in CKD 
patients is elevated fibroblast growth factor 23 (FGF23) 

and phosphate levels [24]. The increase in FGF23 levels is 
associated with cardiac fibrosis, left ventricular hypertro-
phy, and hypertension [25]. Therefore, treatment modali-
ties for correcting FGF23 and phosphate levels are crucial 
in minimizing CKD-related cardiovascular risks.

Myocardial hypertrophy is seen in approximately 40% 
of early-stage CKD patients; this rate reaches up to 80% 
in end-stage CKD patients [26]. In vitro and in vivo stud-
ies demonstrated that FGF23 is directly related to cardiac 
remodeling [27, 28]. In an experiment with mice, intramy-
ocardial or intravenous injection of FGF23 was shown to 
cause LVH through FGFR4-dependent activation of the 
calcineurin-nuclear factor of activated T-cells [29]. Thus, 
decreased FGF23 levels due to the normalized calcium and 
phosphorus balance after parathyroidectomy are associ-
ated with decreased risk of cardiovascular disease [30].

Table 1  Demographic and clinical data of the patients

Group 1
16 (43.2%)

Group 2
21 (56.8%)

All patient
(n = 37)
x ± SD

Age (mean. SD)
Median (min–max)

45.89 ± 12.56 46.83 ± 12.21 46.70 ± 13.19
44 (20–72)

n (%)

Gender
Female 4 6 10 (27)
Male 10 17 27 (73)
Preoperative biochemistry
Glucose (mg/dL) 93.50 ± 12.57 96.05 ± 27.69 94.77 ± 20.13
Hgb (g/dL) 10.8 ± 1.9 11.1 ± 1.7 11.0 ± 1.8
Albumin (g/dL) 3.62 ± 0.24 3.55 ± 0.69 3.58 ± 0.46
BUN (mg/dL) 96.69 ± 19.46 98.88 ± 33.35 98.88 ± 33.35
Cr (mg/dL) 8.11 ± 2.42 8.41 ± 3.01 8.26 ± 2.71
Ca (mg/dL) 9.58 ± 0.81 9.11 ± 1.49 9.34 ± 1.0
P (mg/dL) 5.55 ± 1.14 5.74 ± 2.19 5.65 ± 1.7
PTH (ng/L) 1443.9 ± 695.1 1671.5 ± 714.0 1557.6 ± 704.5
Echocardiography findings
LVED diameter (cm) 4.09 ± 0.22 4.26 ± 0.59 4.17 ± 0.41
LVES diameter (cm) 2.53 ± 0.57 2.62 ± 0.47 2.58 ± 0.52
LVED septum thickness (cm) 1.09 ± 0.14 1.11 ± 0.15 1.1 ± 0.15
LVED posterior wall thickness (cm) 1.05 ± 0.15 1.04 ± 0.21 1.05 ± 0.18
EF (%) 64.25 ± 0.05 63.37 ± 0.06 63.81 ± 0.06
Fractional shortening 40.58 ± 10.22 41.09 ± 7.22 40.83 ± 8.72
End-diastolic volume 71.30 ± 11.33 75.78 ± 6.39 73.54 ± 8.86
End-systolic volume 25.80 ± 5.96 28.87 ± 5.69 27.33 ± 5.82
Ejection volume 45.50 ± 7.88 49.91 ± 6.42 47.70 ± 7.15
IVRT 87.23 ± 12.50 84.30 ± 8.26 85.77 ± 10.38
IVCT 79.81 ± 5.53 77.30 ± 6.29 78.6 ± 5.91
ET 290.1 ± 23.13 288.0 ± 22.69 289.0 ± 22.9
MPI 0.45 ± 0.07 0.46 ± 0.04 0.46 ± 0.05
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In the current study, when cardiac functions were evalu-
ated after parathyroidectomy, we saw that only the end-sys-
tolic volume improved in favor of total parathyroidectomy 
between the two groups. In addition, when the two groups 
were evaluated regarding preoperative and postoperative car-
diac functions, there was a significant improvement in LVES 
diameter, end-systolic volume EF, ejection volume, and MPI 
in the total parathyroidectomy group. In the subtotal parathy-
roidectomy group, only improvement in MPI was found. In a 
study designed similar to our study, a dramatic improvement 
was observed in echocardiogram data performed in the first 
year after parathyroidectomy, especially in left ventricular 
mass and left ventricular mass index, and in parameters, 
such as EF%, left ventricular end-diastolic diameter, left 
ventricular end-systolic dimension [31].

In this study, EF%, the leading indicator of systolic 
cardiac function, was evaluated. The total parathyroidec-
tomy group observed an increase from 59.25 to 67.81%. 
In the subtotal parathyroidectomy group, improvement 

was observed from 58.37 to 59.68%. Another similar study 
showed that the %EF improved dramatically according to 
the echocardiogram results performed during the sixth post-
operative month [32]. Furthermore, it has been proven that 
high PTH levels are associated with low EF%, decrease the 
afterload, and improve the EF% by normalizing PTH [33].

In the current study, MPI was also evaluated, unlike the 
classical parameters used to evaluate cardiac functions after 
parathyroidectomy. The MPI was defined by Tei in 1995 
and is used to evaluate heart function, including systolic 
and diastolic time intervals. Since ejection time (ET), iso-
volumetric contraction time (ICT), and isovolumetric relax-
ation time (IRT) parameters are used in the formation of 
the MPI index; they provide sufficient information about 
myocardial functions. However, PMI is closely related to 
diastolic parameters and appears superior to traditional 
diastolic parameters in detecting impaired relaxation [34]. 
However, PMI varies inversely with EF; the higher the index 
value, the lower the EF, and vice versa [35]. In our study, 

Table 2  Comparison of preoperative and postoperative laboratory and echocardiographic results of the groups

Hgb hemoglobin, BUN blood urea nitrojen, Cr kreatinin, Ca calcium, P phosphorus, PTH parathormone, LVES left ventricular end-systolic, 
LVED left ventricular end-diastolic, EF ejection fraction, IVRT isovolumetric relaxation time, IVCT isovolumetric contraction time, ET ejection 
time, MPI myocardial performance index

N = 37 Preoperative Postoperative

Group 1
(n = 16)

Group 2
(n = 21)

p value Group 1  
(n = 16)

Group 2
(n = 21)

p value

x ± SD x ± SD x ± SD x ± SD

Biochemistry
Glucose (mg/dL) 93.50 ± 12.57 96.05 ± 27.69 0.686 95.56 ± 24.54 96.28 ± 13.41 0.910
Hgb (g/dL) 10.83 ± 1.96 11.15 ± 1.75 0.604 11.03 ± 1.51 11.17 ± 2.28 0.833
Albumin (g/dL) 3.62 ± 0.24 3.55 ± 0.69 0.701 3.75 ± 0.33 3.64 ± 0.66 0.546
BUN (mg/dL) 96.69 ± 19.46 98.88 ± 33.35 0.817 90.74 ± 19.57 97.85 ± 34.81 0.751
Cr (mg/dL) 8.11 ± 2.42 8.41 ± 3.01 0.746 7.86 ± 1.98 8.04 ± 2.18 0.794
Ca (mg/dL) 9.58 ± 0.81 9.11 ± 1.49 0.263 7.64 ± 1.09 8.12 ± 0.88 0.147
P (mg/dL) 5.55 ± 1.14 5.74 ± 2.19 0.968 4.34 ± 0.89 4.72 ± 0.91 0.212
PTH (ng/L) 1443.87 ± 695.10 1671.48 ± 714.02 0.338 36.75 ± 18.74 54.48 ± 20.63 0.268
Echocardiography findings
LVED diameter (cm) 4.09 ± 0.22 4.26 ± 0.59 0.282 4.42 ± 0.23 4.38 ± 0.70 0.828
LVES diameter (cm) 2.53 ± 0.57 2.62 ± 0.47 0.566 2.35 ± 0.37 2.42 ± 0.34 0.327
LVED septum thickness (cm) 1.09 ± 0.14 1.11 ± 0.15 0.654 1.11 ± 0.15 1.13 ± 0.13 0.734
LVED posterior wall thickness (cm) 1.05 ± 0.15 1.04 ± 0.21 0.496 1.00 ± 0.15 0.96 ± 0.36 0.671
EF (%) 64.25 ± 0.05 63.37 ± 0.06 0.731 67.81 ± 4.04 59.68 ± 20.46 0.128
Fractional shortening 40.58 ± 10.22 41.09 ± 7.22 0.858 43.93 ± 6.85 42.82 ± 6.54 0.625
End-diastolic volume 71.30 ± 11.33 75.78 ± 6.39 0.136 69.13 ± 9.72 73.71 ± 7.99 0.125
End-systolic volume 25.80 ± 5.96 28.87 ± 5.69 0.121 21.56 ± 3.67 24.76 ± 4.41 0.022
Ejection volume 45.50 ± 7.88 49.91 ± 6.42 0.078 49.56 ± 7.80 49.94 ± 7.51 0.882
IVRT 87.23 ± 12.50 84.30 ± 8.26 0.388 79.87 ± 10.94 78.90 ± 8.79 0.774
IVCT 79.81 ± 5.53 77.30 ± 6.29 80.06 ± 8.84 83.30 ± 4.86 0.154
ET 290.09 ± 23.13 288.04 ± 22.69 0.372 313.05 ± 26.37 303.26.37 0.161
MPI 0.45 ± 0.07 0.46 ± 0.04 0.587 0.39 ± 0.06 0.40 ± 0.04 0.547
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MPI decreased from 0.45 ± 0.07 to 0.39 ± 0.04 in the group 
of patients who underwent total parathyroidectomy and 
from 0.46 ± 0.06 to 0.40 ± 0.04 in the group of patients who 
underwent subtotal parathyroidectomy, and it was statisti-
cally significant in both groups.

There are several limitations in the present study. Among 
these are the small number of patients included in the study 
and the single center’s retrospective planning of the study. 
Another limitation stems from the fact that the medical treat-
ments used by the patients included in the study were due 
to secondary hyperparathyroidism and cardiovascular dis-
eases, and the factors contributing to cardiovascular diseases 
needed to be fully addressed. Despite these, although other 
factors affecting cardiac functions were not mentioned in 
the study, it was shown that left ventricular functions and 
myocardial performance index improved in patients who 
underwent parathyroidectomy. However, we will see that 
the effect of parathyroidectomy on cardiac functions will be 
more clearly elucidated in the coming years with prospective 

multicenter and more homogeneous studies to be conducted. 
Besides all the limitations of the study, there are also advan-
tages. The most important of these is that it is the only study 
in the literature in which the myocardial performance index, 
used to evaluate cardiac functions, is evaluated in patients 
who underwent parathyroidectomy due to secondary hyper-
parathyroidism. In this context, our study will contribute to 
the literature.

Conclusion

In line with the information obtained from the echocardio-
gram data of the present study, it has been shown that there 
is an improvement in cardiac functions after parathyroidec-
tomy. In the group that underwent total parathyroidectomy, 
improvement was observed in left ventricular end-systolic 
diameter, EF, ejection volume, and end-systolic volume. 
The statistical significance of these factors was not shown 

Table 3  Comparison of preoperative and postoperative results within the groups

Hgb hemoglobin, BUN blood urea nitrojen, Cr kreatinin, Ca calcium, P phosphorus, PTH parathormone, LVES left ventricular end-systolic, 
LVED left ventricular end-diastolic, EF ejection fraction, IVRT isovolumetric relaxation time, IVCT isovolumetric contraction time, ET ejection 
time, MPI myocardial performance index

N = 37 Group 1
(n = 16)

Group 2
(n = 21)

Preoperative Postoperative p value Preoperative Postoperative p value

x ± SD x ± SD x ± SD x ± SD

Biochemistry
Glucose (mg/dL) 93.50 ± 12.57 95.56 ± 24.54 0.768 96.05 ± 27.69 96.28 ± 13.41 0.871
Hgb (g/dL) 10.83 ± 1.96 11.03 ± 1.51 0.587 11.15 ± 1.75 11.17 ± 2.28 0.912
Albumin (g/dL) 3.62 ± 0.24 3.75 ± 0.33 0.212 3.55 ± 0.69 3.64 ± 0.66 0.668
BUN (mg/dL) 96.69 ± 19.46 90.74 ± 19.57 0.394 98.88 ± 33.35 97.85 ± 34.81 0.894
Cr (mg/dL) 8.11 ± 2.42 7.86 ± 1.98 0.751 8.41 ± 3.01 8.04 ± 2.18 0.651
Ca (mg/dL) 9.58 ± 0.81 7.64 ± 1.09 <0.001 9.11 ± 1.49 8.12 ± 0.88 <0.001
P (mg/dL) 5.55 ± 1.14 4.34 ± 0.89 <0.001 5.74 ± 2.19 4.72 ± 0.91 <0.001
PTH (ng/L) 1443.87 ± 695.10 36.75 ± 18.74 <0.001 1671.48 ± 714.02 54.48 ± 20.63 <0.001
Echocardiography findings
LVED diameter (cm) 4.09 ± 0.22 4.42 ± 0.23 0.715 4.26 ± 0.59 4.38 ± 0.70 0.781
LVES diameter (cm) 2.53 ± 0.57 2.35 ± 0.37 0.042 2.62 ± 0.47 2.42 ± 0.34 0.651
LVED septum thickness (cm) 1.09 ± 0.14 1.11 ± 0.15 0.812 1.11 ± 0.15 1.13 ± 0.13 0.907
LVED posterior wall thickness (cm) 1.05 ± 0.15 1.00 ± 0.15 0.924 1.04 ± 0.21 0.96 ± 0.36 0.759
EF (%) 59.25 ± 0.05 67.81 ± 4.04 0.023 58.37 ± 0.06 59.68 ± 20.46 0.312
Fractional shortening 40.58 ± 10.22 43.93 ± 6.85 0.192 41.09 ± 7.22 42.82 ± 6.54 0.642
End-diastolic volume 71.30 ± 11.33 69.13 ± 9.72 0.413 75.78 ± 6.39 73.71 ± 7.99 0.349
End-systolic volume 25.80 ± 5.96 21.56 ± 3.67 0.008 28.87 ± 5.69 24.76 ± 4.41 0.319
Ejection volume 45.50 ± 7.88 49.56 ± 7.80 0.021 49.91 ± 6.42 49.94 ± 7.51 0.891
IVRT 87.23 ± 12.50 79.87 ± 10.94 0.289 84.30 ± 8.26 78.90 ± 8.79 0.419
IVCT 79.81 ± 5.53 80.06 ± 8.84 0.569 77.30 ± 6.29 83.30 ± 4.86 0.241
ET 290.09 ± 23.13 313.05 ± 26.37 0.311 288.04 ± 22.69 303.11 + 26.37 0.572
MPI 0.45 ± 0.07 0.39 ± 0.06 <0.001 0.46 ± 0.04 0.40 ± 0.04 0.011
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in subtotal parathyroidectomy. However, while the myocar-
dial perfusion index, an important novel indicator of cardiac 
functions, demonstrated improvement in both groups, this 
improvement was more pronounced in patients who under-
went total parathyroidectomy.

Acknowledgements None declared by the authors.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Türkiye (TÜBİTAK). The authors received 
no financial support for the research and/or authorship of this article.

Declarations 

Conflict of interest The authors declare no conflict of interest.

Ethical approval The Mersin University Ethics Committee approved 
the study.

Research involving human participants and/or animals The Mersin 
University Ethics Committee approved the study.

Informed consent Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Rodríguez-Ortiz ME, Rodríguez M (2020) Recent advances in 
understanding and managing secondary hyperparathyroidism in 
chronic kidney disease. F1000Res 9:F1000 Faculty Rev-1077. 
https:// doi. org/ 10. 12688/ f1000 resea rch. 22636.1

 2. van der Plas WY, Noltes ME, van Ginhoven TM, Kruijff S (2020) 
Secondary and tertiary hyperparathyroidism: a narrative review. 
Scand J Surg 109(4):271–278. https:// doi. org/ 10. 1177/ 14574 
96919 866015

 3. Isakova T, Nickolas TL, Denburg M et al (2017) KDOQI US 
Commentary on the 2017 KDIGO clinical practice guideline 
update for the diagnosis, evaluation, prevention, and treatment of 
chronic kidney disease-mineral and bone disorder (CKD-MBD). 
Am J Kidney Dis 70(6):737–751. https:// doi. org/ 10. 1053/j. ajkd. 
2017. 07. 019

 4. Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port FK 
(2001) Association of elevated serum PO(4), Ca × PO(4) product, 
and parathyroid hormone with cardiac mortality risk in chronic 
hemodialysis patients. J Am Soc Nephrol 12(10):2131–2138. 
https:// doi. org/ 10. 1681/ ASN. V1210 2131

 5. Moe SM, Chertow GM, Coburn JW et  al (2005) Achieving 
NKF-K/DOQI bone metabolism and disease treatment goals 

with cinacalcet HCl. Kidney Int 67(2):760–771. https:// doi. org/ 
10. 1111/j. 1523- 1755. 2005. 67139.x

 6. Rodríguez-Ortiz ME, Pendón-Ruiz de Mier MV, Rodríguez M 
(2019) Parathyroidectomy in dialysis patients: indications, meth-
ods, and consequences. Semin Dial. 32(5):444–451. https:// doi. 
org/ 10. 1111/ sdi. 12772

 7. van der Plas WY, Dulfer RR, Koh EY et al (2018) Safety and 
efficacy of subtotal or total parathyroidectomy for patients with 
secondary or tertiary hyperparathyroidism in four academic cent-
ers in the Netherlands. Langenbecks Arch Surg 403(8):999–1005. 
https:// doi. org/ 10. 1007/ s00423- 018- 1726-6

 8. Zhang Y, Lu Y, Feng S, Zhan Z, Shen H (2019) Evaluation of 
laboratory parameters and symptoms after parathyroidectomy in 
dialysis patients with secondary hyperparathyroidism. Ren Fail 
41(1):921–929. https:// doi. org/ 10. 1080/ 08860 22X. 2019. 16667 24

 9. Evenepoel P, Claes K, Kuypers D, Maes B, Vanrenterghem Y 
(2005) Impact of parathyroidectomy on renal graft function, blood 
pressure and serum lipids in kidney transplant recipients: a single 
centre study. Nephrol Dial Transplant 20(8):1714–1720. https:// 
doi. org/ 10. 1093/ ndt/ gfh892

 10. Chow KM, Szeto CC, Kum LC et al (2003) Improved health-
related quality of life and left ventricular hypertrophy among 
dialysis patients treated with parathyroidectomy. J Nephrol 
16(6):878–885

 11. Takahashi H, Komaba H, Takahashi Y et al (2014) Impact of 
parathyroidectomy on serum FGF23 and soluble Klotho in 
hemodialysis patients with severe secondary hyperparathy-
roidism. J Clin Endocrinol Metab 99(4):E652–E658. https:// 
doi. org/ 10. 1210/ jc. 2013- 4050

 12. Lax JA, Bermann AM, Cianciulli TF, Morita LA, Masoli O, 
Prezioso HA (2000) Estimation of the ejection fraction in 
patients with myocardial infarction obtained from the combined 
index of systolic and diastolic left ventricular function: a new 
method. J Am Soc Echocardiogr 13(2):116–123. https:// doi. org/ 
10. 1016/ s0894- 7317(00) 90022-1

 13. Mikkelsen KV, Møller JE, Bie P, Ryde H, Videbaek L, Haghfelt 
T (2006) Tei index and neurohormonal activation in patients 
with incident heart failure: serial changes and prognostic value. 
Eur J Heart Fail 8(6):599–608. https:// doi. org/ 10. 1016/j. ejhea 
rt. 2005. 11. 015

 14. Nanasato M, Goto N, Isobe S et al (2009) Restored cardiac 
conditions and left ventricular function after parathyroidec-
tomy in a hemodialysis patient. Parathyroidectomy improves 
cardiac fatty acid metabolism assessed by 123I-BMIPP. Circ J. 
73(10):1956–1960. https:// doi. org/ 10. 1253/ circj. cj- 08- 0415

 15. Tei C, Ling LH (1995) New index of combined systolic and 
diastolic myocardial performance: a simple and reproducible 
measure of cardiac function-a study in normals and dilated car-
diomyopathy. J Cardiol 26:357–366

 16. Kjaergaard J, Hassager C, Oh JK, Kristensen JH, Berning J, 
Sogaard P (2005) Measurement of cardiac time intervals by 
Doppler tissue M-mode imaging of the anterior mitral leaflet. J 
Am Soc Echocardiogr 18:1058–1065

 17. Lau WL, Obi Y, Kalantar-Zadeh K (2018) Parathyroidectomy 
in the management of secondary hyperparathyroidism. Clin J 
Am Soc Nephrol 13(6):952–961. https:// doi. org/ 10. 2215/ CJN. 
10390 917

 18. Hiramitsu T, Hasegawa Y, Futamura K et al (2023) Treatment 
for secondary hyperparathyroidism focusing on parathyroidec-
tomy. Front Endocrinol 14:1169793. https:// doi. org/ 10. 3389/ 
fendo. 2023. 11697 93

 19. McCullough PA, Sandberg KR, Dumler F, Yanez JE (2004) 
Determinants of coronary vascular calcification in patients with 
chronic kidney disease and end-stage renal disease: a systematic 
review. J Nephrol 17(2):205–215

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/f1000research.22636.1
https://doi.org/10.1177/1457496919866015
https://doi.org/10.1177/1457496919866015
https://doi.org/10.1053/j.ajkd.2017.07.019
https://doi.org/10.1053/j.ajkd.2017.07.019
https://doi.org/10.1681/ASN.V12102131
https://doi.org/10.1111/j.1523-1755.2005.67139.x
https://doi.org/10.1111/j.1523-1755.2005.67139.x
https://doi.org/10.1111/sdi.12772
https://doi.org/10.1111/sdi.12772
https://doi.org/10.1007/s00423-018-1726-6
https://doi.org/10.1080/0886022X.2019.1666724
https://doi.org/10.1093/ndt/gfh892
https://doi.org/10.1093/ndt/gfh892
https://doi.org/10.1210/jc.2013-4050
https://doi.org/10.1210/jc.2013-4050
https://doi.org/10.1016/s0894-7317(00)90022-1
https://doi.org/10.1016/s0894-7317(00)90022-1
https://doi.org/10.1016/j.ejheart.2005.11.015
https://doi.org/10.1016/j.ejheart.2005.11.015
https://doi.org/10.1253/circj.cj-08-0415
https://doi.org/10.2215/CJN.10390917
https://doi.org/10.2215/CJN.10390917
https://doi.org/10.3389/fendo.2023.1169793
https://doi.org/10.3389/fendo.2023.1169793


 Updates in Surgery

 20. Sigrist MK, Taal MW, Bungay P, McIntyre CW (2007) Pro-
gressive vascular calcification over 2 years is associated with 
arterial stiffening and increased mortality in patients with 
stages 4 and 5 chronic kidney disease. Clin J Am Soc Nephrol 
2(6):1241–1248. https:// doi. org/ 10. 2215/ CJN. 02190 507

 21. Stevens LA, Djurdjev O, Cardew S, Cameron EC, Levin A 
(2004) Calcium, phosphate, and parathyroid hormone levels 
in combination and as a function of dialysis duration predict 
mortality: evidence for the complexity of the association 
between mineral metabolism and outcomes. J Am Soc Nephrol 
15(3):770–779. https:// doi. org/ 10. 1097/ 01. asn. 00001 13243. 
24155. 2f

 22. Daniel WT, Weber C, Bailey JA, Raggi P, Sharma J (2013) Pro-
spective analysis of coronary calcium in patients on dialysis 
undergoing a near-total parathyroidectomy. Surgery 154(6):1315–
1322. https:// doi. org/ 10. 1016/j. surg. 2013. 06. 030

 23. Vogt I, Haffner D, Leifheit-Nestler M (2019) FGF23 and phos-
phate-cardiovascular toxins in CKD. Toxins 11(11):647. https:// 
doi. org/ 10. 3390/ toxin s1111 0647

 24. Rodelo-Haad C, Santamaria R, Muñoz-Castañeda JR, Pendón-
Ruiz de Mier MV, Martin-Malo A, Rodriguez M (2019) FGF23, 
biomarker or target? Toxins 11(3):175. https:// doi. org/ 10. 3390/ 
toxin s1103 0175

 25. Paoletti E, Bellino D, Cassottana P, Rolla D, Cannella G (2005) 
Left ventricular hypertrophy in nondiabetic predialysis CKD. Am 
J Kidney Dis 46(2):320–327. https:// doi. org/ 10. 1053/j. ajkd. 2005. 
04. 031

 26. Faul C, Amaral AP, Oskouei B et al (2011) FGF23 induces left 
ventricular hypertrophy. J Clin Invest 121(11):4393–4408. https:// 
doi. org/ 10. 1172/ JCI46 122

 27. Di Marco GS, Reuter S, Kentrup D et al (2014) Treatment of 
established left ventricular hypertrophy with fibroblast growth 
factor receptor blockade in an animal model of CKD. Nephrol 
Dial Transplant 29(11):2028–2035. https:// doi. org/ 10. 1093/ ndt/ 
gfu190

 28. Molkentin JD (2004) Calcineurin-NFAT signaling regulates the 
cardiac hypertrophic response in coordination with the MAPKs. 

Cardiovasc Res 63(3):467–475. https:// doi. org/ 10. 1016/j. cardi 
ores. 2004. 01. 021

 29. Menon V, Greene T, Pereira AA et al (2005) Relationship of phos-
phorus and calcium-phosphorus product with mortality in CKD. 
Am J Kidney Dis 46(3):455–463. https:// doi. org/ 10. 1053/j. ajkd. 
2005. 05. 025

 30. Chen S, Sheng K, Shen Y et al (2020) Impact of parathyroid-
ectomy on left ventricular function in end stage renal disease 
patients. BMC Nephrol 21(1):479. https:// doi. org/ 10. 1186/ 
s12882- 020- 02139-3

 31. Goto N, Tominaga Y, Matsuoka S et al (2005) Cardiovascular 
complications caused by advanced secondary hyperparathy-
roidism in chronic dialysis patients; special focus on dilated car-
diomyopathy. Clin Exp Nephrol 9(2):138–141. https:// doi. org/ 10. 
1007/ s10157- 005- 0351-1

 32. van Ballegooijen AJ, Visser M, Cotch MF et al (2013) Serum 
vitamin D and parathyroid hormone in relation to cardiac structure 
and function: the ICELAND-MI substudy of AGES-Reykjavik. J 
Clin Endocrinol Metab 98(6):2544–2552. https:// doi. org/ 10. 1210/ 
jc. 2012- 4252

 33. LaCorte JC, Cabreriza SE, Rabkin DG et al (2003) Correlation 
of the Tei index with invasive measurements of ventricular func-
tion in a porcine model. J Am Soc Echocardiogr 16(5):442–447. 
https:// doi. org/ 10. 1016/ s0894- 7317(03) 00110-x

 34. Mansour H, Nassar AI, Abdel Rehim WA et al (2021) Can Tei 
index predict high syntax score in patients with chronic coronary 
syndrome and normal left ventricular systolic function? J Cardio-
vasc Echogr 31(1):11–16. https:// doi. org/ 10. 4103/ jcecho. jcecho_ 
73_ 20

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2215/CJN.02190507
https://doi.org/10.1097/01.asn.0000113243.24155.2f
https://doi.org/10.1097/01.asn.0000113243.24155.2f
https://doi.org/10.1016/j.surg.2013.06.030
https://doi.org/10.3390/toxins11110647
https://doi.org/10.3390/toxins11110647
https://doi.org/10.3390/toxins11030175
https://doi.org/10.3390/toxins11030175
https://doi.org/10.1053/j.ajkd.2005.04.031
https://doi.org/10.1053/j.ajkd.2005.04.031
https://doi.org/10.1172/JCI46122
https://doi.org/10.1172/JCI46122
https://doi.org/10.1093/ndt/gfu190
https://doi.org/10.1093/ndt/gfu190
https://doi.org/10.1016/j.cardiores.2004.01.021
https://doi.org/10.1016/j.cardiores.2004.01.021
https://doi.org/10.1053/j.ajkd.2005.05.025
https://doi.org/10.1053/j.ajkd.2005.05.025
https://doi.org/10.1186/s12882-020-02139-3
https://doi.org/10.1186/s12882-020-02139-3
https://doi.org/10.1007/s10157-005-0351-1
https://doi.org/10.1007/s10157-005-0351-1
https://doi.org/10.1210/jc.2012-4252
https://doi.org/10.1210/jc.2012-4252
https://doi.org/10.1016/s0894-7317(03)00110-x
https://doi.org/10.4103/jcecho.jcecho_73_20
https://doi.org/10.4103/jcecho.jcecho_73_20

	Changes in cardiac functions in patients treated with parathyroidectomy for secondary hyperparathyroidism
	Abstract
	Graphical Abstract

	Introduction
	Material and method
	Patient selection
	Data collection
	Surgical technique
	Echocardiography (ECHO)
	Myocardial performance index calculation technique
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


