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ABSTRACT

Objective: Primary hyperparathyroidism (PHPT) is associated with increased cardiovascular morbidity and mortality with inconsistent results on the 
reversibility of cardiovascular changes after parathyroidectomy (PTx). The present study was undertaken to evaluate both structural and functional 
cardiac changes and their reversal after PTx in patients with PHPT.

Material and Methods: Thirty patients of symptomatic PHPT without cardiovascular risk factors were evaluated prospectively by means of 2D echocar-
diography (ECHO) and Multigated Acquisition (MUGA) study before surgery and six months after curative parahyroidectomy.

Results: Nine of 30 patients had hypertension which improved in two after PTx (p 0.20). Two patients had left ventricle hypertrophy on 2D ECHO pre-
operatively which improved after PTx (p< 0.001). Left ventricular ejection fraction (LVEF) did not show significant change before and after PTx on 2D 
ECHO. Nine out of 30 patients had hypertension which improved in two after PTx (p 0.20). Two patients with left ventricle hypertrophy on 2D ECHO 
preoperatively improved after PTx (p< 0.001). Left ventricular ejection fraction (EF) did not depict significant change before and after PTx on 2D ECHO. 
Whereas, four out of six patients with preoperative EF <50% representing systolic dysfunction on MUGA study showed improvement after PTx. On 2D 
ECHO, eight patients depicted diastolic dysfunction which improved in six patients after curative surgery (p= 0.07). However, on MUGA study, 13 pa-
tients presented with tTPF >180 ms indicating diastolic dysfunction, of which ten showed improvement after PTx (p= 0.007).

Conclusion: The present study analyzed preoperative and postoperative cardiac function using both 2D ECHO and MUGA study. MUGA study provided 
a more objective assessment of the cardiac function by determining left ventricular ejection fraction and diastolic dysfunction.
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IntRODuCtIOn

Primary hyperparathyroidism (PHPT) is the third most common endocrine disorder 
characterized by raised serum calcium and parathyroid hormone (PTH) levels; and 
is mainly asymptomatic at the time of diagnosis in western countries (1,2). Howev-
er, in India, most of the PHPT patients are symptomatic with nephrolithiasis, osteo-
porosis, cardiovascular disorders and other symptoms related to hypercalcemia (3). 

Hypercalcemic PHPT is associated with increased cardiovascular morbidity and 
mortality as elevated levels of both PTH and calcium have direct positive ionotropic 
effect on the heart (4). Patients with PHPT may have both structural and function-
al cardiovascular changes like increased left ventricular mass index and impaired 
left ventricular function (diastolic dysfunction, abnormal left ventricular ejection 
fraction). There are conflicting reports for the clinical significance of cardiovascular 
co-morbidities in PHPT as according to the 4th international guidelines for the man-
agement of asymptomatic PHPT, cardiovascular involvement is not an indication 
for parathyroidectomy (PTx) (5). In addition; there are inconsistent results on the 
reversibility of cardiovascular changes after PTx (6-8).

Cardiovascular changes in PHPT have been assessed by 2D echocardiography (2D 
ECHO) in various studies. Although, 2D ECHO is easy to perform and does not im-
part any radiation to the patient, the procedure is highly operator-dependent and 
has several limitations, especially in obese patients. Multigated Acquisition (MUGA) 
study is a noninvasive established modality for the evaluation of left ventricle sys-
tolic and diastolic function. It is more specific in detecting regional wall motion 
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abnormality with a specificity of more than 90% even in obese 
patients. It has been used in patients with known or suspected 
coronary heart disease, lesions in heart valves, congestive heart 
failure, patients taking cardiotoxic drugs to detect abnormalities 
in ventricular wall motion or systolic dysfunction. Therefore, the 
aim of this study was to evaluate both structural and functional 
cardiac changes in patients of PHPT without cardiovascular risk 
factors, using 2D ECHO and MUGA study. The study also aimed 
to assess any improvement in these parameters after curative 
PTx.

MAtERIAL and MEtHODS

This prospective study was conducted in the department of 
General Surgery and department of Nuclear Medicine from July 
1st, 2018 to December 31st, 2019. Thirty patients who under-
went curative PTx for PHPT were included after obtaining ethics 
approval from the institute (INT/IEC/2019/001000). A written 
informed consent was taken from all patients. Patients with 
pre-existing cardiac disease and a body mass index of >28 kg/
m2 were excluded from the study. 

All patients underwent 2D echocardiography and MUGA study 
prior to surgery and six months after PTx. Echocardiography 
was performed using Philips EPIQ 7 ultrasound machine by an 
experienced cardiologist. On 2D ECHO, mitral and aortic valve 
calcification, left ventricular hypertrophy (LVH), left ventricular 
ejection fraction (EF), inter ventricular septal thickness (IVST), 
and posterior wall thickness (PWT) were assessed. LVH was di-
agnosed using IVST and PWT on 2D ECHO; 9-11 mm thickness 
was considered normal, 12-13 mm was considered as mild LVH, 
14-17 mm was considered as moderate LVH and >17 mm was 
considered as severe LVH. Systolic dysfunction was considered 
if EF was <50%. Diastolic dysfunction was diagnosed on 2D 
ECHO by measuring early filling to atrial filling ratio (E/A).

MuGA Study Protocol

Patients were given potassium perchlorate salt (10 mg/kg body 
weight) orally with intravenous injection of 1 ml of DTPA. Af-
ter a waiting period of 20 minutes, patients were injected with 
20 mCi of 99mTc sodium pertechnetate. Imaging was obtained 
with a gamma camera after 20 minutes of injection to achieve 
the equilibrium. ECG gating was carried out using R wave as a 
trigger. The cardiac cycle was divided into 32 frames. Scan was 
acquired in the left anterior oblique with best septal view (in 
which the interventricular septum is best visualized delineat-
ing both right and left ventricular blood pool). The review and 
analysis of the data were undertaken both by qualitative and 
quantitative modes with regard to the ventricular contraction 
and wall motion. After initial visual assessment, a region of inter-
est (ROI) was drawn around the left ventricular blood pool with 
background ROI to generate the generated left ventricular ejec-
tion fraction, peak filling rate (PFR) and time to peak filling (tTPF) 
with the aid of software. PFR was expressed in EDV/s, and tPFR 

was expressed in ms. Diastolic dysfunction was assessed on 
MUGA study by measuring PFR and tTPF. Diastolic dysfunction 
was considered if PFR was <2.5 EDV/s and tTPF was >180 ms.

Parathyroidectomy was considered curative if patient’s serum 
calcium and PTH levels stayed in the normal range six months 
after PTx. 

Stastistical Analysis

Data was analyzed using SPSS (version 26). All quantitative 
variables were estimated using measures of mean, median, 
standard deviation (SD) and interquartile range (IQR). Normal-
ity of data was checked by measures of skewness and Kolmog-
orov Smirnov tests of normality. For normally distributed data, 
mean was compared using Student’s T-Test. For skewed data, 
Mann-Whitney test was applied. Categorical variables were de-
scribed as frequencies and proportions. Proportions were com-
pared using Chi square or Fisher’s exact test. All p values were 
considered significant when they were ≤0.05.

RESuLtS

Thirty PHPT patients with a single gland disease were enrolled 
in the study. Mean age was determined to be 49.87 years (49.8 
± 10.9), in the range of 25-73 years. In this group, only three 
were males while 27 were female patients. All patients of PHPT 
were symptomatic for the disease; majority had nephrolithiasis 
(80%) followed by bone disease (66.6%) (Table 1). Preoperative 
median serum PTH was 1018 pg/ml (1st IQR 169, 3rd IQR 1514), 
median serum calcium was 11.88 mg% (1st IQR 11.03, 3rd IQR 
13.42) and median vitamin-D was 28.13 ng/ml. All underwent 
curative PTx with median serum PTH of 33.5 pg/ml (1st IQR 23, 
3rd IQR 41) and median serum calcium of 9.15 mg% (1st IQR 8.9, 
3rd IQR 9.7) after six months of PTx (Table 2).

table 1. Demographic profile of patients of Primary Hyperparathy-
roidism (n= 30)

Age (years) 49.87+10.9

Sex (M:F) 3:27

Symptoms (n,%)

-Renal stones 24 (80)

-Bone pain 20 (66.6)

-Fractures 06 (20)

-Pancreatitis 01 (3.3)

-Acid peptic disease 01 (3.3)

-Behavioral problems 01 (3.3)

Serum PtH (pg/ml) 

Median (1st IQR, 3rd IQR) 1018 (169, 1514)

Serum Calcium (mg/dl) 

Median (1st IQR, 3rd IQR) 11.88 (11.03, 13.42)

Vitamin-D (ng/ml) 

Median (1st IQR, 3rd IQR) 28.13 (15.35, 44.5)
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Nine out of 30 patients of PHPT were hypertensive and were 
prescribed anti-hypertensive medications. After curative PTx, 
hypertension improved in two of these nine patients on follow 
up at six months, and they did not require anti-hypertensive 
medications subsequently (p= 0.20) (Table 2).

Left Ventricular Hypertrophy and Valvular Calcification

On 2D ECHO, two of 30 patients had moderate LVH with wall 
thickness of 14 mm (6.7%). LVH improved in both these patients 
post operatively at six months (p 0.49) with decrease in left 
ventricular wall thickness to 10 mm. Valvular calcifications were 
present in seven patients (23.3%); four patients depicted aortic 
and three developed mitral valve calcifications. There was no 
change in valvular calcification after PTx (Table 2).

Systolic Dysfunction

On 2D ECHO, no patient had systolic dysfunction (EF <50%). 
Preoperative mean EF was 55.8 ± 2.9% and six months after PTx 
mean EF was 55.4 ± 3.8% without any significant difference (p= 
0.379) (Table 2). However, on MUGA study, six patients had EF 
<50% representing systolic dysfunction. After curative PTx, EF 
was improved in four of these six patients (p= 0.25).

Diastolic Dysfunction

On 2D ECHO, eight patients had diastolic dysfunction which 
improved in six of them after curative surgery (p 0.07). How-
ever, on MUGA study, mean PFR before and after six months of 
PTx was 3.48 ± 0.82 and 3.18 ± 0.74 respectively (p= 0.058). PFR 
was in the normal range both pre- and post-operatively. Pre- 
operative mean tTPF was 171 ± 41.75 ms and after six months 
post-operatively mean tTPF was 156.63 ± 34.23 ms (Table 2). 

Thirteen of 30 patients depicted tTPF >180 ms indicative of 
diastolic dysfunction and ten of these patients presented with 
improvement in tTPF to <180 ms after six months of PTx; signi-
fying improvement in diastolic function after curative surgery 
(p= 0.007).

When preoperative serum calcium and PTH levels were com-
pared among patients with or without systolic and diastolic 
dysfunction, it was observed that there was no correlation of 
left ventricle dysfunction with serum PTH and serum calcium 
levels (Table 3).

DISCuSSIOn

In this study, pre- and post-operative cardiac function in PHPT 
patients using both 2D ECHO and MUGA study were compared. 
MUGA study provided an enhanced objective assessment of 
cardiac function by determining left ventricular ejection fraction 
and diastolic dysfunction; which also showed improvement in 
left ventricular function after PTx. Presence of systolic and di-
astolic dysfunction and their reversal also depends upon the 
duration of hypercalcemia, the level of serum PTH, and whether 
patient was symptomatic or asymptomatic. However, associa-
tion of raised serum calcium and PTH levels with left ventricular 
dysfunction could not be established. All PHPT patients in this 
study were symptomatic which may be the reason that the car-
diovascular changes may exist for a prolonged duration of time, 
resulting in a delayed reversal or may not occur at all.

Cardiovascular involvement in PHPT patients may be as hyper-
tension, left ventricular hypertrophy, diastolic dysfunction and 
valvular or myocardial calcification. Hedback et al. (9) have re-

table 2. Pre-and six month post-operative biochemical, 2D ECHO and MUGA study parameters in primary hyperparathyroidism patients (n 30)

Pre-operative Post-operative p

Serum PtH (pg/ml) 

Median (1st IQR, 3rd IQR)

1018 (169, 1514) 33.5 (23,41) <0.0001

Serum calcium (mg/dL) 

Median (1st IQR, 3rd IQR)

11.88 (11.03, 13.42) 9.15 (8.9, 9.7) <0.001

Hypertension (n) 09/30 07/30 0.20

2D ECHO Fischer’s Exact Value

EF (%) 0/30 0/30 -

LVH (n) 02/30 0/30 0.49

Mitral valve calcification 03/30 03/30 -

Aortic valve calcification 04/30 04/30 -

Diastolic dysfunction atrial filling ratio (E/A) 08/30 02/30 0.07

MuGA study

Fischer’s Exact Value

EF (%) 06/30 02/30 0.25

ttPF (ms) 13/30 03/30 0.007

PTH: Parathormone, EF: Ejection Fraction, LVH: Left Ventricular Hypertrophy, PFR: Peak filling rate, tTPF: Time to peak filling rate.
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ported increased cardiovascular deaths in 4461 PHPT patients 
with risk ratio of 1.71 among men and 1.85 in women. In the 
present study, hypertension improved in two of nine patients 
after PTx, subsequently they did not require anti-hypertensive 
medication. Improvement in blood pressure has been reported 
by various studies (10-12). However, there are reports in the lit-
erature where there is no improvement in blood pressure after 
PTx (13,14).

LVH, which is a significant predictor of cardiac morbidity and 
mortality in PHPT patients, was present on 2D ECHO in two pa-
tients in this study; which improved after six months of surgery 
by decrease in left ventricular wall thickness from 13 mm to 10 
mm in both these patients. In a meta-analysis by Mc Maohnet al, 
457 PHPT patients from 15 studies have been analyzed and they 
have reported that there was decrease in left ventricular mass 
by 12.5% six months after PTx (15). They have also hypothesized 
that PTH rather than calcium may be the casual factor leading 
to LVH in PHPT. On the contrary, there are reports in the liter-
ature where no significant regression of LVH is observed after 
6-24 months of PTx (13,16,17).

Left ventricular function is the most important factor for pre-
dicting cardiovascular morbidity in patients’ with PHPT; and 
echocardiography is an easy, inexpensive, and non-invasive 
method. In this study, echocardiography was used for assess-
ing the effect of PHPT on systolic and diastolic function; none 
of the patients showed systolic dysfunction on 2D ECHO as EF 
remained the same both pre and postoperatively. However, 
diastolic dysfunction was detected in eight patients and six of 
them showed improvement after PTx. In a recent meta-analysis 
by Best et al., echocardiogram changes after PTx in PHPT have 
analyzed, and they have concluded that there was no signifi-
cant difference in left ventricular ejection fraction, diastolic dys-
function, IVST, and PWT pre and post- PTx (18). Nappi et al. have 
evaluated systolic and diastolic dysfunction by Doppler and M 
mode echo in patients with PHPT before and after PTx (17). They 
have reported LVH and significant impairment of LV diastolic 
function but only trivial impairment of LV systolic function; and 
after PTx there was no substantial improvement in structure and 
function even after attaining normocalcemia. Farahnak et al., in 

51 PHPT patients, have also reported that systolic function (EF) 
on 2D ECHO stayed the same even after one year of PTx (19). On 
the contrary, Agarwal et al. have demonstrated left ventricular 
systolic function on 2D ECHO with significant improvement af-
ter six months of surgery (p< 0.001) (20).

MUGA study is a noninvasive diagnostic test which aids in ac-
curate and reproducible evaluation of left ventricular ejection 
fraction in addition to assesses the diastolic dysfunction such as 
peak filling rate and time to peak filling rate. Assessment of ven-
tricular function with 2D ECHO requires mathematical assump-
tion about geometry of the ventricle and such assumptions 
work well only when ventricle shape is maintained. However, 
MUGA study results in higher reproducibility as there is no geo-
metric assumption and has the advantage of being operator 
independent (21). 

MUGA study documented systolic dysfunction (EF <50%) in 
six patients pre-operatively whereas there was no systolic dys-
function on 2D ECHO in these patients. Hence, MUGA study 
provided a more objective assessment of cardiac function as 
compared to 2D ECHO. Similarly, MUGA study also document-
ed diastolic dysfunction (tTPF >180 ms) in 43.33% (n 13) PHPT 
patients in comparison to eight patients on 2D ECHO; with sig-
nificant improvement in ten of these patients after surgery (p= 
0.007). Whereas Stefenelli et al. (15), in 53 PHPT patients, have 
not observed any improvement in diastolic function by 2D 
ECHO over a 12 month follow-up. However, there are contradic-
tory reports available in the literature showing improvement in 
diastolic dysfunction after PTx (20). 

Cardiovascular involvement is still not considered as an in-
dication for PTx despite the fact that PHPT is associated with 
increased cardiovascular morbidity and mortality. This may be 
based upon the variable incidence or presence of cardiovas-
cular changes as mentioned in the literature. However, in this 
study, it was determined that MUGA study provided additional 
objective assessment of cardiac function in PHPT patients with 
demonstrable improvement in left ventricular function after 
PTx. Therefore, presence of cardiac dysfunction can be consid-
ered as one of the indications for surgical intervention. 

table 3. Correlation of left ventricle dysfunction with serum PTH and serum calcium levels (n 30)

Ejection Fraction on MuGA 
study

p

Diastolic dysfunction on 2D 
ECHO

p

Diastolic dysfunction on 
MuGA study

p

>50%  

(n 24)

<50%  

(n 6)

normal  

(n 22)

Dysfunction 

(n 8)

<180ms  

(n 17)

>180ms 

(n 13)

Serum Calcium (mg %)

Median (1st IQR, 3rd IQR)

12 (10.95, 

13.60)

11.68 

(11.20, 12.34)

0.19 12.1 

(11.5, 13.27)

11.35 (10.67, 

12.16)

0.66 12 

(11.54, 13.36)

11.67

(11.30, 13.60)

0.37

Serum PtH (pg/ml)

Median (1st IQR, 3rd IQR)

1096.5 

(185, 1735.75)

756 

(201.5, 1159)

0.24 1018 

(169, 1343)

756 

(231.25, 1773.5)

0.83 405 

(161, 1290.5)

696 

(193, 1291)

0.76

PTH: Parathormone.
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Limitations

In this study, both sample size and follow-up were small. Fur-
ther randomized control trials with larger number of patients 
are required including both symptomatic and asymptomatic 
patients with PHPT to assess the changes in cardiac function at 
regular intervals over a longer period of time. 

COnCLuSIOn

The present study compared pre- and post-operative cardiac 
function using both 2D ECHO and MUGA study in PHPT pa-
tients without any pre-existing cardiovascular co-morbidities. 
MUGA study provided a more objective assessment of cardiac 
function by determining left ventricular systolic and diastolic 
dysfunction. MUGA study is limited to academic centers only, 
which might be a prohibitive factor for its use. 
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ÖZET

Giriş ve Amaç: Primer hiperparatiroidizm (PHPT), artmış kardiyovasküler morbidite ve mortalite ile ilişkilidir ve paratiroidektomi (PT) sonrası 
kardiyovasküler değişikliklerin geri döndürülebilirliği ile ilgili çelişkili sonuçlara sahiptir. Bu çalışma, PHPT’li hastalarda hem yapısal hem de fonk-
siyonel kardiyak değişiklikleri ve bunların PT sonrası geri dönüşünü değerlendirmek için yapılmıştır.

Gereç ve Yöntem: Kardiyovasküler risk faktörleri bulunmayan 30 semptomatik PHPT hastası, ameliyattan önce ve küratif PT’den altı ay sonra 2D 
Ekokardiyografi (ECHO) ve Multigated Acquisition (MUGA) çalışması ile prospektif olarak değerlendirildi.

Bulgular: 30 hastanın dokuzunda hipertansiyon vardı ve ikisinde PT sonrası düzeldi (p 0,20). Preoperatif 2D ECHO’da sol ventrikül hipertrofisi olan 
iki hastada PT sonrası iyileşme görüldü (p< 0,001). Sol ventriküler ejeksiyon fraksiyonu (EF), 2D ECHO’da PT’den önce ve sonra önemli bir değişiklik 
göstermedi. Oysa MUGA çalışmasında preoperatif EF <%50 olan altı hastadan dördü sistolik disfonksiyonu temsil etmektedir; PT sonrası gelişme 
gösterdi. 2D ECHO’da sekiz hasta, küratif cerrahiden sonra altı hastada düzelen diyastolik disfonksiyon gösterdi (p= 0,07). Bununla birlikte, MUGA 
çalışmasında, diyastolik disfonksiyona işaret eden tTPF (zirve dolum zamanına kadar geçen süre) >180 ms ile başvuran 13 hasta, on hasta PT 
sonrası iyileşme gösterdi (p= 0,008).

Sonuç: Bu çalışma, hem 2D ECHO hem de MUGA çalışmasını kullanarak preoperatif ve postoperatif kardiyak fonksiyonu analiz etti. MUGA ça-
lışması, sol ventrikül ejeksiyon fraksiyonunu ve diyastolik disfonksiyonu belirleyerek kalp fonksiyonunun daha objektif bir değerlendirmesini 
sağlamıştır.

Anahtar Kelimeler: MUGA çalışması, birincil hiperparatiroidizm, sol ventrikül disfonksiyonu, 2D ekokardiyografi, paratiroidektomi, kardiyak be-
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