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Objective: Once-yearly infusions of zoledronic acid (ZA) 5 mg may be optimal for secondary fracture prevention
after hip fracture (HF), but there are crucial side effects of ZA. This study assessed the tolerability of the first
infusion of once-yearly ZA within one to two weeks after HF surgery and to identify risk factors for acute-phase
reactions (APRs) and the decrease in serum calcium (Ca) concentration.

Methods: We analyzed 84 patients (average age: 83 years, 18 men and 66 women) who met the inclusion criteria.
The patients underwent the first infusion of ZA one to two weeks after HF surgery and received antipyretic
analgesics and active vitamin D analog.

Results: APRs occurred in ten patients (11.9%) and all these patients had pyrexia (>37.5 °C) and/or other
symptoms. The asymptomatic hypocalcemia (serum Ca < 8.3 mg/dL) incidence was 6.0% at 7 days after ZA
infusion. Compared with female patients without APRs, female patients with APRs had significantly higher levels
of serum 25-dihydroxyvitamin D at baseline and serum C-reactive protein on the day ZA was administered (day
0). Multiple linear regression analyses showed that serum level of tartrate-resistant acid phosphatase-5b were
significantly associated with an absolute decrease in serum corrected Ca from day O to day 7.

Conclusions: The first infusion of ZA within one to two weeks after HF surgery was well tolerated with the
combined use of antipyretic analgesics and active vitamin D analog. Higher inflammatory condition after surgery
which is more likely sensitized by ZA administration may increase the risk of APRs, and high bone turnover may

increase hypocalcemia risk.

1. Introduction

Osteoporosis has become a major public health concern worldwide,
with the increase in the number of elderly people [1]. Among osteopo-
rotic fractures, hip fracture (HF) has the greatest impact on morbidity
and mortality and results in a notable increase in medical and nursing
care costs [2-4]. Patients with a history of HF have the highest risk of
subsequent fractures, especially within 2 years after a fracture [4-7].
These patients should be preferentially offered assessment for the
initiation of pharmacologic therapy for osteoporosis, and precautions
should be taken against subsequent fractures [2-4].

Bisphosphonates (BPs) reduce the risk of fracture in older patients
with a history of HF [8-11]. The initiation of oral BPs (alendronate and
risedronate) has been strongly recommended as the first-line anti-
osteoporosis therapy for patients who have undergone HF surgery [4].

Currently, oral BPs are commonly used, but a study showed that patients
initiating oral therapies, including oral BPs, exhibited poorer persistence
and compliance than those initiating injectable therapies [12].
Intravenous zoledronic acid (ZA) infusion once-yearly has been
recommended as a useful first-line option for patients who have diffi-
culty with oral BPs (e.g., bed-bound elderly and patients with dysphagia
or cognitive impairment) [4]. ZA has the strongest affinity for hy-
droxyapatite and has inhibitory effects on osteoclasts [13]. In a ran-
domized controlled trial, ZA therapy significantly reduced new clinical
fractures by 35% and mortality by 28% in patients who had experienced
HF [9]. ZA could serve as an optimal agent to prevent secondary pre-
vention after HF. However, the American Society for Bone and Mineral
Research (ASBMR) Task Force Report does not recommend intravenous
and subcutaneous pharmacologic agents including ZA within the first 2
weeks after HF surgery because of two main reasons: 1) hypocalcemia
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associated with vitamin D deficiency and perioperative overhydration,
and 2) acute-phase reactions (APRs) of flu-like symptoms after ZA
infusion [4]. Distinguishing infections such as surgical site infection and
APRs is difficult [4]. Although there are several concerns such as APRs
and hypocalcemia, ZA infusion during hospitalization within the first 2
weeks after HF surgery has many advantages as follows: earlier initia-
tion of antiosteoporosis therapy for secondary fracture prevention, quick
response to each adverse effect, and securing space and time during ZA
infusion. No study has investigated whether ZA infusion within the first
2 weeks after HF surgery is associated with notable adverse effects in
fragile HF patients. Moreover, it is unclear if ZA infusion within the first
2 weeks is harmful.

This study aimed to 1) precisely investigate the incidence of APRs
and hypocalcemia and evaluate tolerability of the first infusion of ZA
within one to two weeks after HF surgery, and 2) identify risk factors for
the occurrence of APRs and for the decrease in serum calcium (Ca)
concentration.

2. Methods
2.1. Study design and participants

This study was an open-label, single-center, observational study
involving patients who received the first intravenous infusion of once-
yearly ZA 5 mg during hospitalization after hip repair. Consecutive
patients who underwent HF surgery were recruited between March 2018
and February 2020 at our hospital and were followed up until discharge.
HF was diagnosed in cases with low-energy trauma such as a fall on the
ground. In our protocol, all patients who met the study criteria were
treated with ZA (Reclast; Aasahi Kasei Pharma Co. Ltd., Tokyo, Japan) 5
mg infusion within one to two weeks after HF surgery. ZA was admin-
istered over at least 30 min at 10:00 on day O, and patients were
observed for 7 days (Fig. 1). During the investigation period, all patients
were started on daily supplementation with oral active vitamin D analog
(alfacalcidol or eldecalcitol) after admission. Patients who had not taken
oral active vitamin D analog or had taken cholecalciferol before
admission were started taking alfacalcidol 0.5 pg/day. For patients who
had already received oral active vitamin D analog before admission,
they continued the same dose of alfacalcidol or eldecalcitol. All patients
started taking antipyretic analgesics such as nonsteroidal anti-
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inflammatory drugs (NSAIDs) or acetaminophen as postoperative pain
medication just after HF surgery and continued for 2 weeks after sur-
gery. The study was conducted in accordance with the Declaration of
Helsinki and with the approval of the ethical review boards of our
institution. All patients in the study provided written informed consent.

2.2. Inclusion and exclusion criteria

Patients who underwent HF surgery were eligible for the study,
regardless of having taken antiosteoporosis agents except ZA. The
exclusion criteria were as follows: patients with other diseases with
unstable physical status such as advanced-stage cancer, patients who
refused to receive ZA, patients who received ZA in the past, and patients
with contraindications to ZA. Moreover, patients with hypocalcemia
(serum corrected Ca (cCa) level of <8.3 mg/dL [2.075 mmol/L]) before
HF surgery were excluded from the study. Patients with severe renal
disorders [creatinine clearance (CCr) of <35 mL/min calculated by the
Cockcroft and Gault formula: CCr [mL/min] = (140 — age) x body
weight (kg) x [0.85, if female] / 72 x serum creatinine (mg/dL)] were
also excluded from the study. No patient enrolled in this study had
pathological HFs with primary bone tumors, metastatic bone tumors,
myeloma, myelitis, or metabolic bone diseases such as osteomalacia and
hyperparathyroidism.

2.3. Clinical assessments

At recruitment, age, sex, height, weight, and body mass index (BMI)
were recorded for all study participants. Medical history including
osteoporotic fracture history and the presence or absence of pharma-
cologic therapy for osteoporosis was assessed. We evaluated each pa-
tient regarding the presence of cognitive impairment or mental illness
such as depression, walking capability before injury, and history of
conditions that affect walking capability (leg paralysis caused by cere-
brovascular or spinal disorders and leg surgery such as total knee or hip
arthroplasty and fracture repair).

In this study, APR was defined as an influenza-like illness and/or
pyrexia starting within 3 days following ZA infusion in accordance with
previous studies [14-16]. The presence or absence of nasopharyngitis,
arthralgia, myalgia, headache, malaise, chills, and other symptoms
starting within 3 days following ZA infusion were examined by one

Discharge
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examination of blood

Fig. 1. Study design and schedule.

cCa serum corrected calcium, CCr Creatine clearance, iPTH serum intact parathyroid hormone, ZA zoledronic acid.
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observer (M.K.) everyday within 7 days after ZA infusion. Body tem-
perature was recorded by medical staff at 10:00 every morning during
hospitalization (Fig. 1). Body temperature at baseline was set as the
average body temperature of 3 days before ZA infusion. Body temper-
ature was recorded at 10:00, 14:00, and 19:00 on day 0, at 6:00, 10:00,
and 19:00 on day 1, and at 10:00 every morning from day 2 to 7 under
antipyretic analgesics (Fig. 1). Pyrexia after ZA infusion was defined as
an increase in body temperature from baseline of >1 °C in addition to a
body temperature of >37.5 °C [15,16]. If a patient had pyrexia, body
temperature was continuously measured every 3 to 4 h until the body
temperature decreased to the baseline value. NSAIDs or acetaminophen
were given for all patients for 2 weeks after surgery including the period
before and after ZA infusion (Fig. 1). The type and dose of antipyretic
analgesics were determined by reference to CCr (oral acetaminophen
900-1500 mg daily for patients with CCr 35-50, oral loxoprofen 120-
180 mg daily for patients with CCr 50<).

2.4. Biochemical examination of blood

Blood samples were collected in the morning after an overnight fast,
and routine serum chemistry tests were performed using standard
automated techniques. The levels of serum albumin (Alb), creatinine
(Cr), C-reactive protein (CRP), and Ca were measured on the day before
surgery and on day 0, 1, and 7 after ZA infusion (Fig. 1). Serum Ca levels
were corrected for Alb using the following formula: cCa = [total Ca +
(4.0 — Alb)] x 0.8, where Alb <4.0 g/dL. The normal range of serum cCa
was 8.3-10.3 mg/dL [2.075-2.585 mmol/L] in our laboratory, and
hypocalcemia was defined as serum cCa < 8.3 mg/dL [2.075 mmol/L]
according to a previous study [17]. CCr was calculated using the pre-
viously described formula. The incidence of laboratory hypocalcemia by
grade was classified according to the Common Terminology Criteria for
Adverse Events version 5.0. Acute kidney injury after ZA infusion was
defined as any of the following: 1) increase in serum Cr > 0.3 mg/dL on
day 1 or 2) increase in serum Cr on day 7 > 1.5 times compared with the
value on day 0, according to the modified Kidney Disease Improving
Global Outcomes criteria [18]. Serum intact parathyroid hormone
(iPTH) was measured by electrochemiluminescence immunoassay
(Roche Diagnostics, Tokyo, Japan) on the day before surgery, day 0, and
day 7 after ZA infusion. Serum 25-dihydroxyvitamin D [25(0OH)D] was
measured by electrochemiluminescence immunoassay (Roche Di-
agnostics) before surgery. Tartrate-resistant acid phosphatase 5b
(TRACP-5b) was measured by enzyme immunoassay (Osteolinks TRAP-
5b; SB Bioscience Co. Ltd., Tokyo, Japan) before surgery.

2.5. Radiological assessment

Frontal and lateral whole-spine radiographs were obtained before ZA
infusion. The presence or absence of vertebral deformity in the coronal
and sagittal planes occurring subsequent to vertebral fractures was also
assessed. Bone mineral density (BMD) values were measured by dual
energy X-ray absorptiometry (DXA) (Horizon W; Hologic, Inc., Marl-
borough, MA, USA) before ZA infusion. Areal BMD of the lumbar spine
(L1-4) and the femoral neck in the opposite non-implanted side was
assessed by DXA. A BMD T-score was calculated for all measured sites.

Plain hip radiographs were reviewed 12 months postoperatively, and
hip fracture healing was evaluated using plain radiographs in patients
who underwent internal fixation.

2.6. Statistical analysis

Categorical variables are presented as numbers and percentages.
Continuous valuables are expressed as means or means + standard de-
viation (SD). Two-sided p-values <0.05 were considered statistically
significant. Statistical analysis of comparisons between groups was
performed using the Mann-Whitney U test, chi-square test, and Fisher
exact test. Changes in paired data were analyzed using the Wilcoxon
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signed-rank test. The associations are expressed as the results of the
Pearson correlation test. Linear regression models were used to deter-
mine the influence of independent variables in order to explain the ab-
solute decrease in cCa from day O to day 7 after the first ZA infusion
(ACag_7q). To assess the predictors of ACag_74q, multiple regression
analysis with forward stepwise selection was performed with thresholds
of = 0.10 and o = 0.05 for entry and retention, respectively. The
explanatory variables included items examined in the study (age, sex,
BMI, active vitamin D analog supplementation period, previous treat-
ment for osteoporosis, BMD T-score of the lumbar spine and femoral
neck, and biochemical data at baseline [cCa, iPTH, 25 (OH)D, and
TRACP—5b]). We removed multicollinearity in multivariable logistic
regression analysis; when there were two variables with a Spearman
correlation coefficient of >0.7, we eliminated one variable. All statisti-
cal analyses were performed using JMP software (version 12.2.0; SAS
Institute, Inc., Cary, NC, USA).

3. Results
3.1. Baseline characteristics

From 131 consecutive patients who underwent HF surgery, 84 pa-
tients (64.1%) were enrolled in our study (Fig. 2). Thirty-six patients
with CCr < 35 mL/min, six patients who refused ZA infusion, three
patients with unstable physical status due to advanced-stage cancer, one
patient who had already received ZA, and 1 patient with primary hy-
perparathyroidism were excluded (Fig. 2).

Table 1 shows the characteristics of the 84 patients who underwent
the first intravenous infusion of ZA after HF surgery (66 women and 18
men; mean age at HF surgery, 82.8 years). Seventy percent of the 84
patients needed assistance in walking before their injury, and 25% of
them lived in nursing facilities. Thirty-seven percent of all patients had a
history of leg paralysis or leg surgery. Furthermore, 37 patients (44%)
were diagnosed with cognitive impairment or depression. Rates of
pharmacological therapy for osteoporosis was notably low (9%),
although 61 patients (73%) had a history of prevalent osteoporotic
fracture, and the BMD T-score in the femoral neck area was markedly
low (average T-score; —3.8).

3.2. Adverse events after the first ZA infusion within one to two weeks
after HF surgery

Ten patients (all female; mean age, 82.6 years) had pyrexia after ZA
infusion and were treated with intravenous fluid infusion during hos-
pitalization. Three patients complained of headache and malaise, 1 pa-
tient complained of a headache, and 1 patient complained of myalgia
and arthralgia. The remaining 5 patients had only pyrexia. In all ten
patients, their symptoms occurred within 12-24 h after infusion and
completely disappeared within 72 h. All patients with symptoms had
both negative blood and urine cultures and negative flu test results.
Chest radiography or contrast computed tomography did not reveal any
sources of pyrexia in the lung, and there were no signs of infection in the
surgical wounds. After a serial examination, all patients with symptoms
were diagnosed with APRs, and the incidence rate of APR was 11.9%.

All patients started daily supplementation with active vitamin D
analog after admission, and the mean administration period before ZA
infusion was 12.8 days. Seventy-three patients (87%) started taking
alfacalcidol (mean dose; 0.53 pg/day) before ZA infusion (mean
administration period: 12.6 days). The mean serum cCa level (mg/dL)
was 9.34 + 0.43 before starting active vitamin D analog, 9.74 + 0.42 just
before ZA infusion (day 0), and 9.42 + 0.43 and 9.21 + 0.44 on day 1
and day 7, respectively (Fig. 3a). Serum cCa level significantly increased
after starting active vitamin D analog supplementation (p < 0.001).
Serum cCa level rapidly and significantly decreased after ZA infusion
(day O vsday 1: p < 0.001, day O vs day 7: p < 0.001, day 1 vsday 7: p <
0.001). Although none of these patients exhibited symptomatic

Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 15,
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



M. Kashii et al.

131 patients after

Bone 155 (2022) 116298

84 patients received

hip repair surgery

J

y

v

the first once-yearly
ZA infusion

47 patients were excluded

[Reasons]

36 severe renal disorder (CCr <35 ml/min)

6 Refusal

3 Unstable physical status by advanced-stage cancer
1 Hypocalcemia with primary hyperparathyroidism
1 Past administration history of ZA

Fig. 2. Study flowchart and disposition of subjects.
CCr Creatine clearance, ZA zoledronic acid.

Table 1
Characteristics of patients receiving once-yearly ZA infusion after HF surgery.

Characteristics (n = 84)

Age (yr) 82.8 +6.3
Gender (male:female) 18 (21%):66
(79%)
BMI (kg/m?) 20.9 + 3.6
Residence (home:nursing facilities) 63 (75%):21
(25%)

Walking capability before HF surgery

Without aid 25 (30%)

With aid (stick, senior's cart, handrail) 48 (57%)

Wheel chair 11 (13%)
Presence of history which affects walking capability 31 (37%)
Presence of cognitive impairment or mental illness 37 (44%)
Presence of prevalent osteoporotic fracture 61 (73%)
Presence of prevalent HF 4 (5%)
Presence of pharmacologic therapy for osteoporosis

Naive 76 (90%)

Oral bisphosphonate 7 (8%)

Denosumab 1(1%)
LS BMD T-score —-24+1.5
FN BMD T-score -3.8+1.1
Serum cCa (mg/dL) 9.34 +0.43
CCr (ml/min) 54.5 + 19.7
iPTH (pg/mL) 43.4+19.5
TRACP-5b (mU/dL) 440 + 308
25 (OH) D (ng/mL) 10.5+£5.1
Interval between surgery and ZA infusion (days) 11.0 £ 2.6

Active vitamin D analog supplementation after admission
(dose [pg/day], administration period before ZA infusion
[days])

Alfacalcidol (n = 73) 0.53 +£0.14, 12.6
+4.3

0.64 +0.13,15.8

+ 3.9

Eldecalcitol (n = 11)

Values are shown as mean + SD.

BMD Bone mineral density, BMI Body mass index, cCa Corrected calcium, CCr
Creatine clearance, FN femoral neck, LS lumbar spine, iPTH intact parathyroid
hormone, TRACP-5b tartrate-resistant acid phosphatase 5b, ZA zoledronic acid,
25(0H)D 25-hydroxycholecalciferol.

hypocalcemia during the study, grade 1 hypocalcemia, defined as <8.3
mg/dL [2.075 mmol/L], was observed in 1 patient (1.2%) on day 1 and
in 5 patients (6.0%) on day 7. Thirteen patients (15.5%) had serum cCa
< 8.8 mg/dL [2.2 mmol/L] on day 7 and the return of serum cCa level to
baseline level was subsequently confirmed in 9 of the 13 patients. The
mean serum iPTH levels (pg/mL) was 43.9 + 19.4 at baseline, 46.0 +
18.8 on day 0, and 83.0 + 64.5 on day 7. Serum iPTH level rapidly and
significantly increased after ZA infusion (baseline vs day 0: p = 0.70,
baseline vs day 7: p < 0.001, day 0 vs day 7: p < 0.001) (Fig. 3b).

Mean CCr was maintained before and after infusion (day 0: 55.6 +
18.6, day 1: 55.3 + 18.6, day 7: 54.6 + 18.4), but 6 patients (7.1%) had
CCr < 35 mL/min on day 7. No patients met the criteria for acute kidney
injury during the investigation period.

The effect for fracture healing after ZA infusion could be evaluated in
59 patients (70%) 12 months postoperatively. Thirty-nine internal fix-
ations and 20 hemiarthroplasties were performed. There were no pa-
tients with delayed union or pseudoarthrosis in these 39 patients.

3.3. Risk factors for APRs within one to two weeks after HF surgery

To identify risk factors for the occurrence of APRs, patients were
divided into two groups (group with APR [n = 10] and group without
APR [n = 74]). Univariate analysis of the APR+ and APR— groups
revealed that the serum CRP level on day 0 was significantly higher in
the APR+ group (APR+: 3.78 + 3.59; APR—: 1.57 + 1.55; p = 0.043).
The serum level of 25(OH)D at baseline was significantly higher in the
APR+ group (APR+: 14.6 £+ 5.5; APR-: 10.0 + 4.9; p = 0.016). No male
patients had APRs in this study. Results of the univariate analysis of the
APR+ and APR- groups are shown in Table 2, with the female patients
divided into two subgroups (APR+ [n = 10], APR— [n = 56]). The serum
level of 25(OH)D at baseline was significantly higher in the APR+ group
(p = 0.024). The serum level of CRP on day 0 was significantly higher in
the APR+ group (p = 0.023).

3.4. Risk factors for decreased serum cCa within one to two weeks after
HF surgery

The decrease in cCa from day O to day 7 after the first ZA infusion
(ACag_7q) had a significant positive correlation with log TRACP-5b (r =
—0.358, p = 0.003) and a significant negative correlation with previous
treatment for osteoporosis (r = 0.262, p = 0.03) (Table 3). After we used
stepwise methods for the multivariate analysis, one explanatory variable
had notably high statistical significance: log TRACP-5b. The results of
the multiple regression analysis using four explanatory variables (age,
sex, BMI, log TRACP-5b) revealed that log TRACP-5b (p = —0.466, p =
0.007) was significantly and independently associated with ACag_7q.

4. Discussion

To our knowledge, this is the first study to investigate the tolerability
of the first ZA infusion within one to two weeks after HF surgery. This
study revealed that the first infusion of ZA was well tolerated under the
combined use of antipyretic analgesics and active vitamin D analog.
Higher inflammatory condition after HF surgery which is more likely
sensitized by ZA administration may increase the risk of APRs, and high
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Fig. 3. Time-course changes of serum (a) cCa and (b) iPTH level after the first intravenous infusion of ZA.

Data are presented as mean =+ SD, *p < 0.01.

CCr Creatine clearance, iPTH serum intact parathyroid hormone, ZA zoledronic acid.

bone turnover may increase the risk of hypocalcemia.

Intravenous and subcutaneous pharmacologic agents were adminis-
tered as the therapeutic options after the first 2 weeks of the perioper-
ative period, and one of the concerns within the first 2 weeks of the
perioperative period is APR, particularly in patients without pretreat-
ment with BPs [4]. Reid et al. investigated adverse events in 7765
postmenopausal women with osteoporosis, and reported the APRs
occurred in 42% of the ZA administration group [14]. APRs were more
common in non-Japanese Asians, younger subjects, and NSAIDS users
and were less common in smokers, patients with diabetes, previous users
of oral BPs, and Latin Americans [14]. Shiraki et al. assessed the inci-
dence of APRs in Japanese patients with primary osteoporosis and re-
ported that APRs after the first infusion occurred in 51.2% (169/330) of
the ZA administration group [19]. Comparison of baseline factors
showed APRs were less common with a higher neutrophil/lymphocyte
ratio, lower serum levels of procollagen type I N-terminal propeptide,
older age, and higher percentage of pretreatment with BPs. Similarly,
Takada et al. reported the APRs occurred in 17.4% (32/184) after the
first ZA administration in real clinical practice, and odds ratios (OR) of
the significant factors involved in the development of APRs were
significantly smaller for patients aged >80 years (OR 0.23, vs. age <69
years) and for the switching cases who had continuously received other
BPs until ZA administration (OR 0.12, vs. those who had not taken other
BPs for more than 2 years before ZA administration or had never
received BPs) [20].

Simple comparisons cannot be made because of differences in the
patients' background, longer ZA infusion time, and the presence of the
combined use of antipyretic analgesics and active vitamin D analog.
However, the incidence of APRs in this study was considerably lower
than in previous studies [17,20,21], although the rate of pretreatment
for osteoporosis including BPs was low (9%). This is explained by the
significant contribution of older age, longer infusion time, and usage of
antipyretic analgesics including NSAIDS to the occurrence of APRs.
Several studies suggest the difference in immune responses is associated
with the occurrence of APRs. Previous studies reported that amino-BPs
inhibit farnesyl pyrophosphate synthase (FPPS), and increasing the
production of isopentenyl pyrophosphate by inhibiting FPPS stimulates

the immunological system, leading to the release of inflammatory cy-
tokines from peripheral blood y8 T cells [22-24]. It is unclear why APRs
are more common in younger patients, but it could be inferred that
stronger reaction to amino-BPs occurred because of the younger age.

In this study, patients received ZA for longer infusion time (>30 min)
during hospitalization instead of 15 min employed in the two HORIZON
FDA registration trials [9,17]. AKI was not seen in this study as that has
been associated with an infusion period of less than 15 min, and longer
infusion time may be associated with the lower incidence of APRs. ZA
given as an infusion of 45-60 min is recommended from the aspect of
safety [25].

Furthermore, the lower incidence of APRs was attributed to the
suppression of inflammatory responses or because the patients' condi-
tions made inflammatory response difficult. Wark et al. reported that
administration of acetaminophen/paracetamol or ibuprofen for 3 days
just after ZA administration significantly lowered the incidence of
temperature increases by half and reduced the incidence of the symp-
toms [15]. Okimoto et al. reported that the incidence of ZA-induced
APRs was decreased by about 30% with loxoprofen administration
[16]. In this study, all patients started NSAIDS or acetaminophen
paracetamol after HF surgery and continued during the period before
and after ZA infusion. The lower incidence of APRs in this study can be
explained by the use of antipyretic analgesics. A high serum CRP level
before ZA administration was identified as a significant risk factor for
APR in our study. Generally, serum CRP increases after HF repair sur-
gery and decreases to the normal range about 2 weeks after surgery.
Dicounzo et al. revealed that ZA administration induces a transient in-
crease in tumor necrosis factor-a and interleukin-6, and these cytokines
were higher in APR+ patients [26]. They suggested that these cytokines
are involved in fever pathogenesis [26]. In fact, serum CRP on day 1 was
higher than on day 0 in this study (data not shown). Our finding suggests
that patients with higher inflammatory condition after HF surgery are
more likely sensitized by stimuli induced by ZA administration. It may
be safe to postpone ZA administration if patients show higher CRP levels
after HF surgery.

A high serum level of 25(OH)D at baseline was also identified as a
significant risk factor for APR in this study. The relationship between
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Table 2
Univariate analysis of characteristics of female patients receiving ZA infusion:
with APR versus without APR.

Characteristic APR (+) APR (-) p value
[n = 10] [n = 56]
Age (yr) 82.6 + 83.5 + 0.66
5.6 5.9
BMI (kg/m?) 20.2 + 20.9 + 0.55
3.0 3.7
Presence of cognitive impairment or mental 6 (60.0%) 24 0.36
illness (42.8%)
Presence of pharmacologic therapy for 3(30.0%) 14 0.79
osteoporosis (25.0%)
Interval between surgery and ZA infusion 11.3 £ 11.2 + 0.91
(days) 0.7 3.2
Active vitamin D analog supplementation 15.1 + 13.0 £ 0.18
period before ZA infusion [days] 4.5 4.4
Antipyretic analgesics administration period 109 £ 119 + 0.46
before ZA infusion [days] 4.7 3.9
Body temperature at baseline 36.8 + 36.7 + 0.55
0.22 0.37
LS BMD T-score -2.8 + —-2.6 + 0.75
1.1 1.4
FN BMD T-score —4.1+ —4.0 £ 0.82
1.2 1.0
Serum cCa on day 0 (mg/dL) 9.90 + 9.73 + 0.24
0.26 0.43
Serum creatine on day 0 (mg/dL) 0.63 + 0.61 + 0.68
0.13 0.14
CCr on day 0 (ml/min) 49.0 + 53.9 + 0.40
11.8 17.7
WBC on day 0 (x10%/pL) 7.14 + 6.35 + 0.68
2.79 1.91
CRP on day 0 (mg/dL) 3.78 + 1.34 + 0.023*
3.59 1.31
iPTH (pg/mL) 39.0 + 44.6 + 0.41
12.0 20.5
TRACP-5b (mU/dL) 493 + 394 + 0.32
331 235
25 (OH) D (ng/mL) 14.6 + 10.1 + 0.024*
5.5 5.3

Values are shown as mean + SD.

p < 0.05 was considered a statistically significant difference (*p < 0.05).

BMD Bone mineral density, BMI Body mass index, cCa Corrected calcium, CCr
Creatine clearance, CRP C-reactive protein, FN femoral neck, iPTH intact para-
thyroid hormone, LS lumbar spine, NSAIDs Non-steroidal anti-inflammatory
drugs, TRACP-5b tartrate-resistant acid phosphatase 5b, WBC white blood cell,
ZA zoledronic acid, 25(OH)D 25-hydroxycholecalciferol.

Table 3
Regression coefficients for ACag.7q versus other parameters.
Correlation p value
coefficient (r)
vs ACag.7q
Age 0.040 0.74
Gender (0; female, 1; male) —0.046 0.71
BMI —0.081 0.51
Prior treatment for osteoporosis —0.262 0.03*
(0; No, 1; Yes)
Active vitamin D analog supplementation period ~ —0.195 0.11
before ZA infusion
LS BMD T-score 0.088 0.45
FN BMD T-score —0.068 0.10
Serum cCa at baseline 0.023 0.85
log CCr at baseline —0.106 0.39
log TRACP-5b 0.358 0.003**
log iPTH —0.032 0.80
log 25 (OH)D —0.104 0.40

p < 0.05 was considered a statistically significant difference (*p < 0.05, **p <
0.01).

BMD Bone mineral density, BMI Body mass index, cCa Corrected calcium, CCr
Creatine clearance, FN femoral neck, iPTH intact parathyroid hormone, LS
lumbar spine, TRACP-5b tartrate-resistant acid phosphatase 5b, ZA zoledronic
acid, 25(0OH)D 25-hydroxycholecalciferol.
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serum 25(0OH)D level and APRs is controversial [20,27,28]. In this
study, the discrepancy in 25(OH)D may be explained by the extremely
lower level of 25(OH)D at baseline [means 10.5 ng/mL] and daily
supplementation of active vitamin D analog in all patients.

Another concern during the early recovery period is hypocalcemia
associated with vitamin D deficiency and perioperative overhydration
when ZA is administered in the first 2 weeks of the perioperative period
[4]. Previous studies argued that many patients who undergo surgery
have hypocalcemia in the perioperative period, and hypocalcemia is
associated with perioperative complications such as delirium [29-31]. In
this study, the mean serum 25(OH)D before HF surgery was 10.5 ng/mL,
and half of all patients had severe vitamin D deficiencies. However,
serum cCa level significantly increased despite the early perioperative
period. We speculate that the main reason why serum cCa level
increased during this period may be explained by daily supplementation
of active vitamin D analog after admission for a mean of 12.8 days.
Hypocalcemia associated with vitamin D deficiency and perioperative
overhydration during the perioperative period after HF surgery may be
prevented by active vitamin D analog supplementation, and no patients
had hypocalcemia before ZA administration.

In the HORIZON-PFT study, 49 patients (1.3%) had transient and
asymptomatic hypocalcemia (<8.3 mg/dL) 9 to 11 days after the first ZA
infusion [17], but few studies have investigated the transition of serum
cCa levels after the first ZA infusion in patients with osteoporosis [21].
Takada et al. reported that 104/184 (56.5%) patients received active
vitamin D analog before the first ZA infusion, and none of the patients
showed hypocalcemia (<8.3 mg/dL) at 1 month after the first ZA infu-
sion. However, the serum Ca levels in patients who had not taken other
BPs for more than 2 years before ZA administration or received BPs were
significantly lower compared to those who had continuously received
other BPs until ZA administration, even when combined with active
vitamin D analog [21]. Serum Ca decrease induced by ZA was signifi-
cantly higher in patients who were not co-administered with active
vitamin D analog, and they suggested that the combine used of active
vitamin D analog is preferable in patients without a history of BP
administration [21]. In our study, all HF patients also received active
vitamin D analog, no patients exhibited symptomatic hypocalcemia, and
transient hypocalcemia (<8.3 mg/dL) was observed in 1 patient on day
1 and 5 patients on day 7, although the majority of patients had no
pretreatment with antiresorptive agents or coexisting vitamin D
deficiencies.

In this study, multiple regression analysis revealed that serum
TRACP-5b at baseline and cCa level on day O was associated with
ACag_74. The relationship between serum TRACP-5b at baseline and
ACag_yq suggests that patients who depend on high bone turnover to
maintain normal serum Ca level are more susceptible to bone turnover
suppression by ZA. Measuring serum cCa levels on day 7 after ZA
administration is important clinically, and measuring serum cCa levels
after day 7 is necessary, especially in patients with high serum TRACP-
5b level at baseline.

Our study has several limitations. First, the number of patients was
relatively small in one-treatment arm. However, withholding anti-
osteoporosis drugs could cause subsequent fractures; therefore, it would
be ethically unacceptable to set up a control group that did not receive
ZA therapy after HF. Second, this study included some male patients
with HF. Because most previous studies included only postmenopausal
female and reported the adverse events related to first ZA administra-
tion, a simple comparison was difficult because of differences in the
male/female ratio. Third, the effects of ZA administration after HF
repair surgery for BMD in the lumbar spine and contralateral hip and
further fracture prevention were not elucidated. Further studies with
larger samples are needed to assess the effectiveness of ZA administra-
tion during the perioperative period after HF. Fourth, the effects for hip
fracture healing were not fully elucidated due to the small number of
patients and a lower follow-up rate after HF, although previous studies
concluded that ZA infusion after HF surgery has no adverse effects on
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fracture healing and the timing of ZA infusion also has no effect on
fracture healing [9,32,33].

However, an important strength of the study was that body tem-
perature was recorded by medical staff in detail and the incidence of
APRs was precisely investigated in all patients. Additionally, the tran-
sition of serum cCa levels after the first ZA infusion was investigated in
detail.

5. Conclusion

The initiation of oral BPs has been strongly recommended as the first-
line antiosteoporosis therapy for patients who receive HF surgery, but it
seems very difficult for most HF patients to continue visiting the hospital
and adhere to the oral BP regimen. This study reveals that tolerability of
the first ZA infusion within one to two weeks after HF surgery is
generally good in combination with antipyretic analgesics and active
vitamin D analog. Once-yearly ZA infusion during the perioperative
period seems a useful option to prevent secondary fracture in HF pa-
tients who have difficulty starting or continuing oral antiosteoporosis
drugs.

Funding

This research received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors.

Ethics approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study was conducted
in accordance with the approval of the ethical review boards of our
institution (2019-03-02). Informed consent was obtained from all indi-
vidual participants included in the study.

CRediT authorship contribution statement

Masafumi Kashii: Conceptualization, data curation, formal analysis,
Interruption of results, writing — original draft.

Takashi Kamatani: Investigation, data curation, writing — review &
editing.

Shingo Abe: Investigation, data curation, writing — review & editing.

Ayanori Yoshida: Investigation, data curation, writing — review &
editing.

Kota Koizumi: Investigation, data curation, writing — review &
editing.

Naoko Mizuno: Investigation, data curation, writing — review &
editing.

Kengo Yamamoto: Conceptualization, writing — review & editing,
supervision.

Kohji Kuriyama: Conceptualization, writing — review & editing,
supervision.

Hideki Yoshikawa: Conceptualization, writing — review & editing,
supervision.

Declaration of competing interest

MK has received payments for lectures and consultancy from Asahi-
Kasei. MK has received payments for lectures from Astellas, Amgen, and
Teijin. The other authors declare that they have no conflicts of interest.

Acknowledgments

The authors thank Kazuma Kitaguchi MD, Yuji Miyoshi MD, Junichi
Aoki MD, Takuya Furuichi MD, Eriko Hata MD, Shogo lkeda MD,

Bone 155 (2022) 116298

Masayuki Bun MD, Rie Suzuki MD, Toshiki Shimada MD, Yohei
Tomiyma MD, Hiroki Kondo MD, Shizune Hara MD, and all of the
medical staff in Toyonaka Municipal Hospital for their excellent coop-
eration in conducting the study.

The authors would like to thank Enago (www.enago.jp) for the En-
glish language review.

References

[1] O. Strom, F. Borgstrom, J. Kanis, J. Compston, C. Cooper, E. McCloskey,

B. Jonsson, Osteoporosis: burden, health care provision and opportunities in the
EU: a report prepared in collaboration with the international osteoporosis
foundation (IOF) and the European Federation of Pharmaceutical Industry
Associations (EFPIA), Arch. Osteoporos. 6 (2011) 59-155, https://doi.org/
10.1007/s11657-011-0060-1.

[2] T.P. Ip, J. Leung, A.W.C. Kung, Management of osteoporosis in patients
hospitalized for hip fractures, Osteoporos. Int. 21 (Suppl 4) (2010) 605-614,
https://doi.org/10.1007/s00198-010-1398-8.

[3] J.A. Eisman, E.R. Bogoch, R. Dell, J.T. Harrington, R.E. McKinney Jr., A. Mclellan,
P.J. Mitchell, S. Silverman, R. Singleton, E. Siris, ASBMR task force on secondary
fracture prevention, making the first fracture the last fracture: ASBMR task force
report on secondary fracture prevention, J. Bone Miner. Res. 27 (10) (2012)
2039-2046, https://doi.org/10.1002/jbmr.1698.

[4] R.B. Conley, G. Adib, R.A. Adler, K.E. Akesson, LM. Alexander, K.C. Amenta, R.
D. Blank, W.T. Brox, E.E. Carmody, K. Chapman-Novakofski, B.L. Clarke, K.

M. Cody, C. Cooper, C.J. Crandall, D.R. Dirschl, T.J. Eagen, A.L. Elderkin, M. Fujita,
S.L. Greenspan, P. Halbout, M.C. Hochberg, M. Javaid, K.J. Jeray, A.E. Kearns,
T. King, T.F. Koinis, J.S. Koontz, M. Kuzma, C. Lindsey, M. Lorentzon, G.P. Lyritis,
L.B. Michaud, A. Miciano, S.N. Morin, N. Mujahid, N. Napoli, T.P. Olenginski, J.
E. Puzas, S. Rizou, C.J. Rosen, K. Saag, E. Thompson, L.L. Tosi, H. Tracer, S. Khosla,
D.P. Kiel, Secondary fracture prevention: consensus clinical recommendations from
a multistakeholder coalition, J. Bone Miner. Res. 35 (1) (2020) 36-52, https://doi.
org/10.1002/jbmr.3877.

[5] J.A. Cauley, M.C. Hochberg, L.Y. Lui, L. Palermo, K.E. Ensrud, T.A. Hillier, M.

C. Nevitt, S.R. Cummings, Long-term risk of incident vertebral fractures, JAMA 298
(23) (2007) 2761-2767. https://do0i:10.1001/jama.298.23.2761.

[6] T.A. van Geel, S. van Helden, P.P. Geusens, B. Winkens, G.J. Dinant, Clinical
subsequent fractures cluster in time after first fractures, Ann. Rheum. Dis. 68 (1)
(2009) 99-102, https://doi.org/10.1136/ard.2008.092775.

[7] A. Balasubramanian, J. Zhang, L. Chen, D. Wenkert, S.G. Daigle, A. Grauer, J.

R. Curtis, Risk of subsequent fracture after prior fracture among older women,
Osteoporos. Int. 30 (1) (2019) 79-92, https://doi.org/10.1007/500198-018-4732-
1.

[8] M. Osaki, T. Tatsuki, T. Hashikawa, T. Norimatsu, K. Chiba, S. Motokawa,

I. Furuichi, Y. Doiguchi, K. Aoyagi, H. Shindo, Beneficial effect of risedronate for
preventing recurrent hip fracture in the elderly japanese women, Osteoporos. Int.
23 (2) (2012) 695-703, https://doi.org/10.1007/s00198-011-1556-7.

[9] K.W. Lyles, C.S. Colon-Emeric, J.S. Magaziner, J.D. Adachi, C.F. Pieper,

C. Mautalen, L. Hyldstrup, C. Recknor, L. Nordsletten, K.A. Moore, C. Lavecchia,
J. Zhang, P. Mesenbrink, P.K. Hodgson, K. Abrams, J.J. Orloff, Z. Horowitz, E.

F. Eriksen, S. Boonen, Zoledronic acid and clinical fractures and mortality after hip
fracture, N. Engl. J. Med. 357 (18) (2007) 1799-1809, https://doi.org/10.1056/
NEJMo0a074941.

[10] L. Bondo, P. Eiken, B. Abrahamsen, Analysis of the association between
bisphosphonate treatment survival in danish hip fracture patients—a nationwide
register-based open cohort study, Osteoporos. Int. 24 (1) (2013) 245-252, https://
doi.org/10.1007/s00198-012-2024-8.

[11] D. Prieto-Alhambra, A. Judge, N.K. Arden, C. Cooper, K.W. Lyles, M.K. Javaid,
Fracture prevention in patients with cognitive impairment presenting with a hip
fracture: secondary analysis of data from the HORIZON recurrent fracture trial,
Osteoporos. Int. 25 (1) (2014) 77-83, https://doi.org/10.1007/s00198-013-2420-
8.

[12] E. Durden, L. Pinto, L. Lopez-Gonzalez, P. Juneau, R. Barron, Two-year persistence
and compliance with osteoporosis therapies among postmenopausal women in a
commercially insured population in the United States, Arch. Osteoporos. 12 (1)
(2017) 22, https://doi.org/10.1007/s11657-017-0316-5.

[13] R.G.G. Russell, N.B. Watts, F.H. Ebetino, M.J. Rogers, Mechanisms of action of
bisphosphonates: similarities and differences and their potential influence on
clinical efficacy, Osteoporos. Int. 19 (6) (2008) 733-759, https://doi.org/10.1007/
s00198-007-0540-8.

[14] LR. Reid, G.D. Gamble, P. Mesenbrink, P. Lakatos, D.M. Black, Characterization of
and risk factors for the acute-phase response after zoledronic acid, J. Clin.
Endocrinol. Metab. 95 (9) (2010) 4380-4387, https://doi.org/10.1210/jc.2010-
0597.

[15] J.D. Wark, W. Bensen, C. Recknor, O. Ryabitseva, J. Chiodo 3rd, P. Mesenbrink, T.
J. de Villiers, Treatment with acetaminophen/paracetamol or ibuprofen alleviates
post-dose symptoms related to intravenous infusion with zoledronic acid 5 mg,
Osteoporos. Int. 23 (2) (2012) 503-512, https://doi.org/10.1007/s00198-011-
1563-8.

[16] N. Okimoto, A. Sakai, T. Yoshioka, T. Kobayashi, K. Asano, S. Akahoshi,

T. Ishikura, S. Fukuhara, Y. Fuse, T. Mizuno, Y. Katae, H. Matsumoto, T. Ogawa,
S. Nishida, S. Ikeda, K. Menuki, J. Saito, Y. Okazaki, N. Mizuno, S. Fujiwara,
Efficacy of non-steroidal anti-inflammatory drugs on zoledronic acid-induced

Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 15,
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


http://www.enago.jp
https://doi.org/10.1007/s11657-011-0060-1
https://doi.org/10.1007/s11657-011-0060-1
https://doi.org/10.1007/s00198-010-1398-8
https://doi.org/10.1002/jbmr.1698
https://doi.org/10.1002/jbmr.3877
https://doi.org/10.1002/jbmr.3877
https://doi:10.1001/jama.298.23.2761
https://doi.org/10.1136/ard.2008.092775
https://doi.org/10.1007/s00198-018-4732-1
https://doi.org/10.1007/s00198-018-4732-1
https://doi.org/10.1007/s00198-011-1556-7
https://doi.org/10.1056/NEJMoa074941
https://doi.org/10.1056/NEJMoa074941
https://doi.org/10.1007/s00198-012-2024-8
https://doi.org/10.1007/s00198-012-2024-8
https://doi.org/10.1007/s00198-013-2420-8
https://doi.org/10.1007/s00198-013-2420-8
https://doi.org/10.1007/s11657-017-0316-5
https://doi.org/10.1007/s00198-007-0540-8
https://doi.org/10.1007/s00198-007-0540-8
https://doi.org/10.1210/jc.2010-0597
https://doi.org/10.1210/jc.2010-0597
https://doi.org/10.1007/s00198-011-1563-8
https://doi.org/10.1007/s00198-011-1563-8

M. Kashii et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

acute-phase reactions: randomized, open-label, Japanese OZ study, J. Bone Miner.
Metab. 38 (2) (2020) 230-239, https://doi.org/10.1007/s00774-019-01050-8.
D.M. Black, P.D. Delmas, R. Eastell, L.R. Reid, S. Boonen, J.A. Cauley, F. Cosman,
P. Lakatos, P.C. Leung, Z. Man, C. Mautalen, P. Mesenbrink, H. Hu, J. Caminis,
K. Tong, T. Rosario-Jansen, J. Krasnow, T.F. Hue, D. Sellmeyer, E.F. Eriksen, S.
R. Cummings, Once-yearly zoledronic acid for treatment of postmenopausal
osteoporosis, N. Engl. J. Med. 356 (18) (2007) 1809-1822, https://doi.org/
10.1056/NEJMo0a067312.

M.E. Thomas, C. Blaine, A. Dawnay, M.A. Devonald, S. Ftouh, C. Laing, S. Latchem,
A. Lewington, D.V. Milford, M. Ostermann, The definition of acute kidney injury
and its use in practice, Kidney Int. 87 (1) (2015) 62-73, https://doi.org/10.1038/
ki.2014.328.

M. Shiraki, T. Kuroda, Y. Takeuchi, T. Sugimoto, S. Tanaka, H. Suzuki, K. Hiraishi,
T. Nakamura, Acute phase reactions after intravenous infusion of zoledronic acid in
japanese patients with osteoporosis: sub-analyses of the phase III ZONE study,
Calcif Tissue Int. (2021), https://doi.org/10.1007/500223-021-00884-7 (Online
ahead of print).

J. Takada, K. Iba, O. Yamamoto, T. Dohke, A. Saito, M. Yamamura, T. Takebayashi,
T. Akatsuka, T. Yamashita, Early adverse events after the first administration of
zoledronic acid in Japanese patients with osteoporosis, J. Bone Miner. Metab. 39
(5) (2021) 903-910, https://doi.org/10.1007/s00774-021-01231-4.

T. Nakamura, M. Fukunaga, T. Nakano, H. Kishimoto, M. Ito, H. Hagino, T. Sone,
A. Taguchi, S. Tanaka, M. Ohashi, Y. Ota, M. Shiraki, Efficacy and safety of once-
yearly zoledronic acid in japanese patients with primary osteoporosis: two-year
results from a randomized placebo-controlled double-blind study (ZOledroNate
treatment in efficacy to osteoporosis; ZONE study), Osteoporos. Int. 28 (1) (2017)
389-398, https://doi.org/10.1007/s00198-016-3736-y.

A.J. Roelofs, M. Jauhiainen, H. M6nkkonen, M.J. Rogers, J. Monkkonen,

K. Thompson, Peripheral blood monocytes are responsible for y& T cell activation
induced by zoledronic acid through accumulation of IPP/DMAPP, Br. J. Haematol.
144 (2) (2009) 245-250, https://doi.org/10.1111/1.1365-2141.2008.07435.x.

M. Rossini, S. Adami, O. Viapiana, R. Ortolani, A. Vella, E. Fracassi, D. Gatti,
Circulating y8 T cells and the risk of acute-phase response after zoledronic acid
administration, J. Bone Miner. Res. 27 (1) (2012) 227-230, https://doi.org/
10.1002/jbmr.521.

J.L. Welton, M.P. Morgan, S. Marti, M.D. Stone, B. Moser, A.K. Sewell, J. Turton,
M. Eberl, Monocytes and y5 T cells control the acute-phase response to intravenous

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Bone 155 (2022) 116298

zoledronate: insights from a phase IV safety trial, J. Bone Miner. Res. 28 (3) (2013)
464-471, https://doi.org/10.1002/jbmr.1797.

P. Kotian, A. Boloor, S. Sreenivasan, Study of adverse effect profile of parenteral
zoledronic acid in female patients with osteoporosis, J. Clin. Diagn. Res. 10 (1)
(2016). OC04-6, https://doi:10.7860/JCDR/2016/17061.7021.

G. Dicuonzo, B. Vincenzi, D. Santini, G. Avvisati, L. Rocci, F. Battistoni, M. Gavasci,
D. Borzomati, R. Coppola, G. Tonini, Fever after zoledronic acid administration is
due to increase in TNF-alpha and IL-6, J. Interf. Cytokine Res. 23 (11) (2003)
649-654, https://doi.org/10.1089,/107999003322558782.

F. Bertoldo, S. Pancheri, S. Zenari, S. Boldini, B. Giovanazzi, M. Zanatta, M.

T. Valenti, L.D. Carbonare, V. Lo Cascio, Serum 25-hydroxyvitamin D levels
modulate the acute-phase response associated with the first nitrogen-containing
bisphosphonate infusion, J. Bone Miner. Res. 25 (3) (2010) 447-454, https://doi.
org/10.1359/jbmr.090819.

M. De Santis, F. Cavaciocchi, A. Ceribelli, C. Crotti, E. Generali, G. Fabbriciani,
C. Selmi, M massarotti, gamma-delta T lymphocytes and 25-hydroxy vitamin D
levels as key factors in autoimmunity and inflammation: the case of zoledronic
acid-induced acute phase reaction, Lupus 24 (4-5) (2015) 442-447, https://doi.
org/10.1177/0961203314559633.

L.H. Wang, D.J. Xu, X.J. Wei, H.T. Chang, G.H. Xu, Electrolyte disorders and aging:
risk factors for delirium in patients undergoing orthopedic surgeries, BMC
Psychiatry 16 (1) (2016) 418, https://doi.org/10.1186/s12888-016-1130-0.

P. Gai, H. Sun, L. Sui, G. Wang, Hypocalcaemia after total knee arthroplasty and its
clinical significance, Anticancer Res. 36 (3) (2016) 1309-1311.

N. Binkley, D. Coursin, D. Krueger, P. Iglar, J. Heiner, R. Illgen, M. Squire, J. Lappe,
P. Watson, K. Hogan, Surgery alters parameters of vitamin D status and other
laboratory results, Osteoporos. Int. 28 (3) (2017) 1013-1020, https://doi.org/
10.1007/s00198-016-3819-9.

C. Colén-Emeric, L. Nordsletten, S. Olson, N. Major, S. Boonen, P. Haentjens,

P. Mesenbrink, J. Magaziner, J. Adachi, K.W. Lyles, L. Hyldstrup, C. Bucci-
Rechtweg, C. Recknor, HORIZON recurrent fracture trial, association between
timing of zoledronic acid infusion and hip fracture healing, Osteoporos. Int. 22 (8)
(2011) 2329-2336, https://doi.org/10.1007/s00198-010-1473-1.

H. Jalan, R. Perumal, S. Prabhu, S. Palanivelayutham, V.K. Viswanathan,

S. Rajasekaran, Intravenous bisphosphonate therapy does not delay fracture
healing in inter-trochanteric femur fractures - a randomised controlled study, IJ
Clin. Orthop. Trauma. 20 (2021), 101472, https://doi.org/10.1016/j.

jcot.2021.06.002.

Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 15,
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1007/s00774-019-01050-8
https://doi.org/10.1056/NEJMoa067312
https://doi.org/10.1056/NEJMoa067312
https://doi.org/10.1038/ki.2014.328
https://doi.org/10.1038/ki.2014.328
https://doi.org/10.1007/s00223-021-00884-7
https://doi.org/10.1007/s00774-021-01231-4
https://doi.org/10.1007/s00198-016-3736-y
https://doi.org/10.1111/j.1365-2141.2008.07435.x
https://doi.org/10.1002/jbmr.521
https://doi.org/10.1002/jbmr.521
https://doi.org/10.1002/jbmr.1797
https://doi:10.7860/JCDR/2016/17061.7021
https://doi.org/10.1089/107999003322558782
https://doi.org/10.1359/jbmr.090819
https://doi.org/10.1359/jbmr.090819
https://doi.org/10.1177/0961203314559633
https://doi.org/10.1177/0961203314559633
https://doi.org/10.1186/s12888-016-1130-0
http://refhub.elsevier.com/S8756-3282(21)00464-6/rf202112092245110910
http://refhub.elsevier.com/S8756-3282(21)00464-6/rf202112092245110910
https://doi.org/10.1007/s00198-016-3819-9
https://doi.org/10.1007/s00198-016-3819-9
https://doi.org/10.1007/s00198-010-1473-1
https://doi.org/10.1016/j.jcot.2021.06.002
https://doi.org/10.1016/j.jcot.2021.06.002

	Tolerability of the first infusion of once-yearly zoledronic acid within one to two weeks after hip fracture surgery
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Inclusion and exclusion criteria
	2.3 Clinical assessments
	2.4 Biochemical examination of blood
	2.5 Radiological assessment
	2.6 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Adverse events after the first ZA infusion within one to two weeks after HF surgery
	3.3 Risk factors for APRs within one to two weeks after HF surgery
	3.4 Risk factors for decreased serum cCa within one to two weeks after HF surgery

	4 Discussion
	5 Conclusion
	Funding
	Ethics approval
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


