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Summary

Introduction. There are controversial results in the risk of
atrial fibrillation as well as arrhythmogenic potential of bis-
phosphonates.

Method. 37 patients and 40 healthy controls were evaluat-
ed prospectively with regard to the cardiac side effects re-
lated to the use of zoledronic acid (ZA) and its effects on
electrocardiography (ECG) parameters.

Result. As the basal ECG results of the patients diag-
nosed with cancer compared with the control group, it
was determined that QT maximum was significantly low-
er, QT minimum was significantly higher. However; it
was determined that QT disp, P max, P min, and P disp
values were not significantly different. There was no sta-
tistically significant difference in P max, P min, P disp,
QT max, QT min, QT disp values of the ECG parameters
measured from cancer patients, before and 60 minutes
after ZA therapy.

Conclusion. There were no significant alterations in ECG
in the acute period, indicated that ZA had no arrhythmia
potential in the early period in patients with no underly-
ing cardiac disease. However: patients receiving ZA
should be monitored more closely because of the risk of
arrhythmia which may ensue due to hypocalcemia, hy-
pomagnesemia, or other chemotherapeutics.
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Introduction

Bisphosphonates are agents inhibiting bone resorption in vit-
ro and in vivo and they have been demonstrated to have ef-
fects on hypercalcemia secondary to malignancy in cancer
patients. Furthermore, they have effects on delaying or obvi-
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ating the cancer-related skeletal system morbidity, bone
pain, pathological fractures, and the necessity for radiothera-
py (1). Zoledronic acid (ZA) is a third-generation bisphospho-
nate containing heterocyclic nitrogen with imidazole side-
chain ring. The difference from the other bisphosphonates is
the presence of second nitrogen atom in the ring structure
(2). The most common side effects of ZA therapy in cancer
patients with bone metastasis are fatigue, anemia, myalgia,
fever and swelling in the legs, renal failure, and hypocal-
cemia. Jaw necrosis is a rare side effect in patients with mul-
tiple myelomas treated with ZA (2, 3). The cardiovascular
side effects are: atrial fibrillation (AF), bradycardia and hy-
pertension or hypotension. In HORIZON-PFT study, which is
performed included 3900 patients, it was demonstrated that
the risk of AF has increased twofold in patients treated with
ZA in comparison to the normal population (4). In a study by
Black et al. included 7700 patients, and that by Cummings et
al. in 6500 patients, it was determined that the therapy with
ZA and alendronate increased the risk of AF; however, there
was no significant increase in cardiovascular mortality and
stroke risk (5). Although there are controversial results in the
risk of AF; the arrhythmogenic potential and ECG findings of
ZA is not known definitely. In this context, for the first time
we researched early ECG findings in cancer patients with
bone metastasis treated with ZA.

Method

In this study, 37 patients were evaluated prospectively with
regard to the cardiac side effects related to the use of ZA
and its effects on ECG parameters. The study was conduct-
ed in oncology clinic of Bulent Ecevit University Medical Fac-
ulty Hospital between May 2011 and April 2012. Oral and
written consents were obtained from all the patients.

Our inclusion criteria for the study are having cancer diagno-
sis and newly diagnosis of bone metastasis. Exclusion crite-
rias were: malign hypercalcemia required acute dialyses, de-
termination of hyperpotassemia, previous use of antiarrhyth-
mic drug and antihypertensive drug, the presence of uncon-
trolled diabetes mellitus and the presence of history of is-
chemic heart disease.

ECG Measurement

Standard 12-lead ECG recordings were used in measure-
ments. ECG recordings were performed just before ZA ad-
ministration. The measurements were repeated 60 minutes
after ZA administration. ECG recordings were taken at the
rate of 256 mm/s. The ECG recordings which were obtained
were transferred to a computer as image files with a resolu-
tion of 200 ppi (by JPG extension) through the scanner. QT
and RR intervals of saved image ECG files recordings in 12-
leads were measured by using Adobe Photoshop CS4 soft-
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ware. Corrected QT interval (QTc) was calculated by using
Bazzett formula (QTc = QT/V/RR).

The subtraction of the longest corrected QT interval (QTc
max) from the shortest corrected QT interval (QTc min) re-
ceived from all leads was deemed as QT dispersion (QTd=
QTc max-QTc min).

Statical analyses: Descriptive and basic data were identified
as mean and standard deviation in those presenting normal
distribution and as median and low-high range in those not
presenting normal distribution. In group comparisons, Stu-
dent’s t-test was used as the parametric test and non-para-
metric Mann-Whitney U test was used according to the data
distribution. The values before and after treatment were cal-
culated by Paired Sample test. All P values were calculated
bi-directionally. SPSS 17.0 (SPSS Inc., Chicago, IL, USA)
was used in statistical calculations. The results were evaluat-
ed in the confidence interval of 95% and the significance lev-
el of p<0.05.

Results

There were 21 females and 16 males in the test group,
whereas there were 24 females and 16 males in the control
group. 14 patients had breast cancer, 8 patients had colorec-
tal cancer, 4 patients had lung cancer, 4 patients had gastric
cancer, 5 patients had prostate cancer, 1 patient had renal
cancer and 1 cancer had ovarian cancer. Ten patients had
other organ metastases with concomitant bone metastasis.
The locations of metastases except for bone were respec-
tively: liver in 5 patients, lung in 3 patients, ovarian in 1 pa-

Table 1 - Comparison of general characteristics.

tient and soft tissue in 1 patient. The mean age of the pa-
tients were 48,9 +16,3, ranging from 26 to 80 years.

As the general characteristics of both groups were com-
pared, the biochemical parameters seen in patients diag-
nosed with cancer were AST (35,78), ALT (29,51), Ca (9,70),
WBC (7216,22) and creatinine (0,95). As compared to con-
trol group, serum AST (35 vs 23 u/l, p=0.02), ALT (29 vs 20
u/l, p=0,01), Ca (9,7 vs 9,1 mg/dl, p=0,003), WBC (7216 vs
7077 K/Ul, p=0,002) and creatinine (0,9 vs 0,7 mg/dl,
p=0,04) levels were found higher. However, PLT (235,03-
253,40, p=0,006) value was significantly lower in patients di-
agnosed as cancer. In contrast, no statistically significant dif-
ference was detected in Hb values (Table 1).

As the basal ECG results of the patients diagnosed with can-
cer compared with the control group, it was determined that
QT maximum was significantly lower (0,44 vs 0,32,
p=0,0001), QT minimum was significantly higher (0,34 vs
0,42, p=0,004) (Table 2). However, it was determined that
QT disp, P max, P min, and P disp values were not signifi-
cantly different.

There was no statistically significant difference in P max, P
min, P disp, QT max, QT min, QT disp values of the ECG
parameters measured from cancer patients, before and 60
minutes after ZA therapy (Table 3).

Discussion
In our study researching early arrhythmia potential of ZA in-

fusion in 37 cancer patients with bone metastasis and a con-
trol group of 40 patients, no significant alteration was ob-

Parameter Patient Group (n: 37) Control Group (n:40) p Value
Age (age+SD) 53.70+14.1 44.63+17.22 0.860
Hb (g/dI+SD) 11.33+1.53 13.13+1.31 0.260
AST (U/1xSD) 35.78+17 23.93+9.23 0.020
ALT (U/ISD) 29.51+ 141 20.43+9.2 0.010
Ca (mg/dI+SD) 9.70+0.77 9.12+0.47 0.003
Platelets (1000/mI+SD) 235.03+109.72 253.40+55.68 0.006
Leukocyte (1000/mI+SD) 7.21£3.34 7.08+1.72 0.002
Creatinine (mg/dI+SD) 0.95+0.23 0.71+0.15 0.040

(p <0.05, statistically significant)

Hb: Hemoglobin, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, Ca: Calcium, PLT: Platelets, WBC: Leukocyte.

Table 2 - Comparison of basal ECG results of both groups.

Parameter Group 1 (n: 37) Group 2 (n: 40) p value

P min 0.04+0.01 0.05+0.01 0.800

P max 0.01+£0.02 0.10+0.01 0.130

P Disp 0.05+0.01 0.04+0.02 0.760

QT min 0.34+0.06 0.42+0.04 0.004

QT max 0.44+0.06 0.32+0.04 <0.001

QT Disp 0.1+0.02 0.1+0.02 0.800
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Table 3 - ECG Characteristics of Cancer Patients before and 60 minutes after ZA Therapy.

Parameter ECG taken before treatment ECG taken 1 hour after treatment p value
P min 0.05+0.02 0.05+0.02 0.760
P max 0.10+0.02 0.10+0.02 0.480
P disp 0.05+0.02 0.05+0.02 0.200
QT min 0.34+0.06 0.34+0.06 0.740
QT max 0.45+0.06 0.45+0.07 0.420
QT disp 0.11+0.02 0.11+0.03 0.570

served in QT disp, P disp and the other rhythm findings in
ECG of cancer patients with bone metastasis by ZA infusion.
By this evidence, it was revealed that ZA had no negative ar-
rhythmogenic effects in the acute period in patients treated
with this drug. It was considered why the liver function tests
were significantly higher, and PLT values were significantly
lower, and serum creatinine and calcium levels were insignif-
icantly higher in cancer patients with bone metastasis as
compared to control group were likely dependent to systemic
involvement of cancer and its metastases. It was also
demonstrated in our study that these findings do not provide
an additional contribution to the risk of arrhythmia clinically.
An increase in P wave dispersion is accepted as an indepen-
dent risk factor for atrial fibrillation regardless of the pres-
ence of overt heart disease (6). A significant correlation be-
tween increased P wave dispersion and atrial fibrillation is
demonstrated in patients with hypertension, dialysis, coro-
nary by-pass history, COPD, hyperthyroidism and hypothy-
roidism (6-9). In most of these researches, the increased P
dispersion was dependent on increase in P max duration. Al-
so QT dispersion is accepted as a risk factor for ventricular
arrhythmia (10). Especially in those with QT dispersion
>100ms, it was found to be a risk for serious ventricular ar-
rhythmia (10). In Rotterdam study, more than 6000 adults
were analysed and when all the other known risk factors
were equalized, it was demonstrated that the increased QT
dispersion elicited an increase in cardiac mortality (11). We
analyzed these parameters in ECG in patients treated with
ZA before drug and 60 minutes after drug, because they are
accepted as good indicators and predictive markers of atrial
and ventricular arrhythmias.

Atrial fibrillation is the most frequent cardiac arrhythmia and
this frequency is 1% under 60 years old, and it reaches 9%
in the age of 80 years (12). AF is frequently correlated with
hypertension, heart failure, myocardial ischemia, mitral
stenosis, thyrotoxicosis, excessive alcohol consumption and
cardiac surgery so we excluded patients with these diseases
in our study. Bisphosphonates are particularly used in osteo-
porosis treatment, in cancer patients with bone metastasis,
and in Paget’s disease (13). Approximately 30 million oral
bisphosphonates have been prescribed in USA. In recent
years at some observational studies, it was demonstrated
that bisphosphonates, which have been prescribed very fre-
quently, elicited an increase in the risk of cardiac arrhyth-
mias, especially in AF. First of these studies is HORIZON
study; about 7800 patients diagnosed with postmenopausal
osteoporosis were initiated ZA and after three-years follow-
up, a significant decrease was observed in the risk of verte-
bral and non-vertebral fracture (14). However, a significant
increase in the risk of arrhythmia was spotted by comparison
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to the placebo group in this study (6.9 vs 5.3%, P=0.003). Al-
so, among the serious side effects, the number of the pa-
tients diagnosed with AF, which is fatal and requiring hospi-
talization or causing an increase in morbidity, was higher in
the set of ZA (50 vs 30 patients, P=0.001). In this study, in
47 of 50 patients resulting serious side effects, the symp-
toms occurred 30 days after ZA infusion. However, the ar-
rhythmogenic findings (P disp and QT disp) were not moni-
tored in ECG. In another study (FIT study), published after
HORIZON, oral alendronate administration was compared to
placebo included 6500 postmenopausal female, and AF fre-
quency was detected in 47 (1.5%) vs 31 (1%) (15).

In the randomized double-blind analyses performed subse-
quent to these studies, conflicting results were revealed. In
one study, ZA infusion administration and placebo was com-
pared in 1100 patients with previously observed fracture,
there were similar arrhythmia and AF frequencies spotted in
both groups (2.8 vs 2.6%, P>0.5) (16). In a phase-3 study,
about 15,000 postmenopausal females who use risedronate
compared to placebo and there were no significant increase
determined in the risk of AF (17). In an observational study,
conducted in Denmark, about 13,500 females diagnosed
with AF or atrial flutter were compared to a control group of
68000 patients and in both groups, there were no significant
differences in terms of bisphosphonate use and also only
3.2% of these patients diagnosed with AF (435 patients)
were treated with bisphosphonate (18). However, in a broad-
er survey performed in the same community, 15,795 patients
with AF and using bisphosphonate compared to a control
group of 31590 patients were investigated (19). An increase
of 1.29 fold was found in the risk of AF (Cl 1.17-1.41). Nev-
ertheless, this significant value was decreased after exclud-
ing the other co-morbid conditions, bisphosphonates which
are used in case of underlying cardiac problems may trigger
AF is suggested by researchers. In a data survey of FDA in
USA, about 20,000 patients treated with bisphosphonate and
a control group of 19,000 patients receiving placebo were
compared and between both groups there were no signifi-
cant differences in the risk of AF by the end of the sixth
month and third year and the risk of AF was found to be
quite low, such as 0.3% (20). In an analogous study which
was conducted in England, no significant correlation were
found between the risk of AF and the use of bisphosphonate
(21). In a study, pamidronate and ZA administration have
been compared on patients with multiple myeloma and
breast cancer in the terms of cardiac side effects. There was
no placebo group in this study, and there was more frequent
AF was detected in the set of PA vs ZA (2.2 vs 0.5%,
P=0.18) (22). In the former of two meta-analysis on this top-
ic, there was a significant increase seen in the risk of AF re-
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sulting in serious events (odd ratio 1.47, P=0.04), while there
was no significant increase in the frequency of AF which was
not resulting in serious complications (P=0.15) (23). In an-
other meta-analysis, Mak et al. indicated that there was a lin-
ear relationship between the use of bisphosphonate and AF
(24). Most of the data derived from these studies are com-
posed of drug safety monitoring. Also, the term “AF resulting
in serious events” may vary according to researchers and
may elicit discrepancies in interpretation and conclusion. As
a matter of fact in some studies there was a risk of AF close
to 4% whereas in some studies this ratio was found to be
0.3%, so this point supports our view. Besides, in studies in
the literature, they have been suspicious of AF clinically, and
paroxysmal AF’s have been underdiagnosed due to the fact
that there were no regular ECG recordings. Also, in none of
the studies with ECG recordings, arrhythmogenic factors in
ECG (QT disp, P disp, etc.) have not been monitored or re-
ported. In this sense, our study is the first one in the litera-
ture. On the other hand, the great majority of the studies
have been conducted in non-cancer patients (osteoporosis).
In a study performed in our community, Yazici et al. investi-
gated cardiac arrhythmias by Holter monitorization in 52 can-
cer patients with bone metastasis before ZA and in the day
of infusion. In this study, supraventricular (SVT) and ventric-
ular tachycardia (VT) has been detected in 46% of the pa-
tients before ZA. During ZA infusion, SVT and VT have been
detected in the ratio of 28.8 and 26.9%, respectively. By the
19™ hour of ZA infusion, these ratios have risen to 92.3 and
78.8%, respectively. Mobitz type 2 block has been monitored
in two patients as well (25). This study was analogous to
ours because it was performed in cancer patients with bone
metastasis. However, the fact that there were SVT and VT
episodes in holter records in aproximately 50% of the pa-
tients before the drug infusion, gives rise to thought that ZA
infusion may prominently trigger arrhythmia in those with the
risk of arrhythmia. Again in the study of Yazici et al., most of
the patients have been treated with agents which may cause
cardiac damage such as anthracycline in the period before
bone metastasis. In our study, patients did not have a history
of chemotherapy beforehand, and there were no arrhythmias
detected in their basal ECG. Also in this study, arrhythmia
predictor parameters of ECG such as P disp, P min, P max,
QT disp were not monitored.

In a study of 124 cancer patients with bone metastasis, Ar-
slan et al. investigated the frequency of arrhythmias due to
the use of ZA over one year. In this study, AF was not de-
tected in any patients. Only SVT in 15% and ventricular ex-
trasystole in 5.7% was observed. In this study giving results
analogous to ours but parameters such as P disp and QT
disp were not monitored (26).

Cardiac arrhythmias are often caused by one of these follow-
ing three mechanism; abnormal automaticity, triggered activi-
ty, and reentry (27). Reentry mechanism is the most com-
mon responsible mechanism for arrhythmias such as SVT
and VT. Anatomical and electrical pathology is required to
form a reentrant tachycardia. These can occur due to fibro-
sis, drugs or hormonal effects (27, 28). Chronic ZA using
may provoke intracellular myocardial electrical imbalance or
increase the reentry mechanism, and in this way arrhythmia
mechanism of ZA could be explained, but in the acute peri-
od, these mechanisms may probably trigger arrhythmias in
the presence of an underlying cardiac damage.

In conclusion, the point of view that bisphosphonates trigger
cardiac arrhythmia is still a controversial issue. Contradictory
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results are due to the fact that the patient groups are hetero-
geneous, that is chemotherapies received beforehand, un-
derlying cardiac diseases etc. In our study, underlying car-
diac abnormalities were excluded by echocardiography and
there was no history of chemotherapy. Our study shows that
there were no significant alterations in ECG in the acute peri-
od, indicated that ZA had no arrhythmia potential in the early
period in patients with no underlying cardiac disease. However,
patients receiving ZA should be monitored more closely be-
cause of the risk of arrhythmia which may ensue due to
hypocalcemia, hypomagnesemia, or other chemotherapeutics.

Acknowledgement

We did not have any financial support for this study and the
Authors not have any conflict of interest.

References

1. Benjamin EJ, Wolf PA, D’agostino RB, et al. Impact of atrial fibrillation
on the risk of death: The Framingham Heart Study Circulation.
1998;98;946-952.

2. Maggioni AP, Latini R, Carsom PE, et al. Valsartan reduces the inci-
dence of atrial fibrillation in patients with heart failure: Results from the
valsartan heart failure trial (VAL-HEFT). American Heart Journal.
2005;149:548-557.

3.  Wang TJ, Larson MG, Levy D, et al. Temporal relations of atrial fibrilla-
tion and congestive heart failure and their joint influence on mortality: The
Framingham Heart Study. Circulation. 2003;107:2920-2925.

4. Mittal S, Movsowitz C, Steinberg JS. Ambulatory external electrocar-
diographic monitoring: Focus on atrial fibrillation. Journal American Col-
lege of Cardiology. 2011 oct 18;58(17):1741-1749.

5. Surawicz B. Ventricular Fibrillation. Journal American College of Cardi-
ology. 1985;5:43B-54B.

6. Ramazan Akdemir, Neslihan Ebru Eryasar, Kudret Celik, Askin Gun-
gunes, Hakan Cinemre, Cemil Bilir, Nermin Akdemir, Harun Kilic. In-
creased P wave dispersion in hypothyroidism: a sign of risk of atrial fib-
rillation. Turkish Journal of Medical Sciences. 2009;39(4):629-633.

7. OzerN, Aytemir K, Atalar E, Sade E, Aksoyek S, Ovunc K| et al. P wave
dispersion in hypertensive patients with paroxysmal AF. Pacing Clin
Electrophysiol. 2000;23(11 Pt 2):1859-1862.

8. Szabo Z, Kakuk G, Fulop T, Matyus J, Balla J, Karpati |, et.al. Effects
of haemodialysis on maximum P wave duration and P wave dispersion.
Nephrol Dial Transplant. 2002;17(9):1634-1638.

9.  Tsikouris JP, Kluger J, Song J, White CM. Changes in P wave disper-
sion and P wave duration after open heart surgery associated with the
peak incidence of AF. Heart Lung. 2001;30(6):466-471.

10. Malik M, Batchvarov VN SO. Measurement, interpretation and clinical po-
tential of QT dispersion. Journal of American College of Cardiology. 2000
Nov 15;36(6):1749-1766.

11. De Bruyne MC, Hoes AW, Kors JA, Hofman A, Van Bemmel JH,
Grobbee DE. QTc dispersion predicts cardiac mortality in the elderly: The
Rotterdam Study. Circulation. 1998 Feb 10;97(5):467-472.

12. Pazianas M, Compston J, L-H Huang C. Atrial Fibrillation and bisphos-
phonate Therapy. 2010 Jan 20. DOI: 10.1359/JBMR. 091201.

13. Drug Topics. Top 200 brand-name drugs by units in 2006. Available at:
www.drugtopics.com/drugtopics/PharmacyRFactsRAndR. Figures/Top-
200-brand-name-drugs-by-units-in-2006/ArticleStandard/Article/de-
tail/4076497context Categoryld U7604. Accessed December 9, 2008.

14. Black DM, Delmas PD, Eastell R, et al. HORIZON Pivotal Fracture
Trial. Once-yearly ZA for treatment of postmenopausal osteoporosis. N
Engl J Med. 2007;356:1809-1822.

15. Cummings SR, Schwartz AV, Black DM. Alendronate and atrial fibrilla-
tion. N Engl J Med. 2007;356:1895-1896.

16. Lyles KW, Colo” n-Emeric CS, Magaziner JS, et al. for the HORIZON Re-
current Fracture Trial. ZA in reducing clinical fracture and mortality af-
ter hip fracture. N Engl J Med. 2007;357:179917-09.

Clinical Cases in Mineral and Bone Metabolism 2017; 14(1):35-39



The effects of zoledronic acid on ECG: a prospective study on patients with bone metastatic cancer

20.

21.

22.

Karam R, Camm J, McClung M. Yearly ZA in postmenopausal osteo-
porosis. N Engl J Med. 2007;357:712-713.

Sorensen HT, Christensen S, Mehnert F, et al. Use of bisphosphonates
among women and risk of atrial fibrillation and flutter: population based
case-control study. BMJ. 2008;336:813-816.

Abrahamsen B, Eiken P, Brixen K. Atrial fibrillation in fracture patients
treated with oral bisphosphonates. J Intern Med. 2009;265:581-582.
Food and Drug Administration (FDA). The FDA safety information and
adverse event reporting program. Available at: www. fda. gov/med-
watch/safety/2008/safety08. htm#bisphosphonates2. Accessed Novem-
ber 15, 2008.

Grosso A, Douglas |, Hingorani A, MacAllister R, Smeeth L. Oral bis-
phosphonates and risk of atrial fibrillation and flutter in women: a self-
controlled case-series safety analysis. PLoS ONE. 2009;4:€4720.
Rosen LS, Gordon D, Kaminski M, et al. Long-term efficacy and safety
of ZA compared with pamidronate disodium in the treatment of skeletal
complications in patients with advanced multiple myeloma or breast car-

Clinical Cases in Mineral and Bone Metabolism 2017; 14(1):35-39

23.

24.

25.

26.

27.

28.

cinoma. Cancer. 2003;98:1735-1744.

Loke YK, Jeevanantham V, Singh S. Bisphosphonates and atrial fibril-
lation: systematic review and meta-analysis. Drug Saf. 2009;32:219-228.
Mak A, Cheung MW, Ho RC, Cheak AA, Lau CS. Bisphosphonates and
atrial fibrillation: Bayesian meta-analyses of randomized, controlled tri-
als and observational studies. BMC Musculoskel Disord. 2009;10:113.
Ozan Yazici, Sercan Aksoy, Ozgul Ucar, Nuriye Ozdemir, Mevlut Demir,
Mehmet Ali Nahit Sendur, Zafer Arik, Sebnem Yaman, Tulay Eren, Do-
gan Uncu, Nurullah Zengin. Arrhythmias during and after ZA infusion pa-
tients with bone metastasis. Med Oncol. 2013;30:609.

Cagatay Arslan, Sercan Aksoy, Omer Dizdar, Didem S. Dede, Hakan
Harputluoglu, Kadri Altundag. ZA and Atrial Fibrillation in cancer patients.
Supportive Care in Cancer. 2011;90:425-430.

Moss AJ, Kass RS Long QT syndrome: from channels to cardiac ar-
rhythmias. J Clin Invest. 2005;115:2018-2024.

Yap YG, Camm AJ. Drug induced QT prolongation and torsades de
pointes. Heart. 2003;89:1363-1372.

39





