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Abstract
Introduction Zoledronic acid (ZA) is an intravenous bisphosphonate used to treat pediatric osteoporosis. Adverse events 
including hypocalcemia and acute phase reaction (APR) are common following first-infusion. The purpose of this report is 
to describe implementation of a ZA clinical practice guideline and the subsequent process changes to improve adherence to 
aspects of the protocol related to safety and efficacy.
Methods Quality assurance was evaluated by chart review over a 5-year period to compare the prevalence of hypocalcemia 
and APR to published data. A quality improvement (QI) initiative consisting of process changes including the addition of 
an endocrine RN to coordinate infusions and a shift to patient/family self-scheduling of infusions was conducted. The effect 
of the interventions on safety (completion of pre- and post-infusion bloodwork) and efficacy (receipt of all prescribed infu-
sions) outcomes was evaluated.
Results Seventy-two patients received 244 infusions over the period. The frequency of hypocalcemia (22%) and APR 
(31%) was consistent with prior reports. 99% of patients received pre-infusion bloodwork, 78% received post-first-infusion 
bloodwork, and 47% received all prescribed infusions. QI initiatives increased the percentage of patients receiving post-
first-infusion bloodwork from 67 to 79% and those receiving all infusions from 62 to 74%, but fell short of the goal of 90%.
Conclusions The implementation of a standardized protocol for ZA use in children was successful in confirming patient 
eligibility with pre-infusion bloodwork but failed to ensure that patients obtained post-first-infusion bloodwork and received 
all prescribed infusions. Further efforts to systematize the management of children on ZA are needed.
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Introduction

Bisphosphonates are anti-osteoclastic pharmacologic agents 
used to treat disorders of bone and mineral metabolism 
including osteoporosis, hypercalcemia, and bone pain [1]. 
Large clinical trials have confirmed the safety and efficacy 
of bisphosphonates in adults [2]. High quality clinical trial 
data are lacking for pediatric populations, however, due to 
factors including the lower prevalence of severe bone disease 
and greater heterogeneity in the origin of disordered bone 
and mineral metabolism in children. As a result, clinical bis-
phosphonate therapy in children has largely been guided by 
observational studies and expert opinion [3, 4]. Intravenous 
(IV) formulations appear to have greater efficacy in children 
and are, therefore, more widely used than oral formulations 
[5].
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Zoledronic acid (ZA) is the most potent IV bisphospho-
nate, and has gained favor in pediatric use because of its 
short infusion time (typically 30 min) and reasonable dosing 
interval (generally every 6–12 months). Complications of 
ZA therapy include hypocalcemia (and sequelae, including 
tetany, seizure), hypophosphatemia (usually asymptomatic), 
acute kidney injury (if pre-existing renal insufficiency), and 
an acute phase reaction (APR, fever, myalgia, nausea, vom-
iting, diarrhea). These side effects typically develop within 
48–72 h after the infusion and are more common and intense 
with the first infusion. The severity of adverse reactions can 
be mitigated with appropriate patient selection, provision 
of calcium ± calcitriol (active vitamin D), and antipyretics. 
In rare cases, the reactions can be severe and lead to organ 
dysfunction [6].

Several centers have reported retrospective analyses 
investigating the safety and efficacy of ZA in clinical pedi-
atric practice [7, 8]. The rates of ZA related side effects, 
effects on bone density and fracture in these reports have 
varied widely [9]. Non-standardization of ZA dosing and 
heterogeneity in patient populations may explain some of 
these differences. Inconsistent adherence to treatment plans 
is another factor that is not often discussed but has the poten-
tial to increase risk and decrease efficacy of ZA infusions. 
ZA treatment protocols tend to be time intensive, in many 
cases requiring pre-infusion screening blood-work, travel to 
a referral center for IV infusion, and post-infusion monitor-
ing bloodwork. Moreover, many of the children prescribed 
ZA are medically complex and factors such as intercurrent 
illness and time competition with other medical specialty 
visits may interrupt or delay prescribed treatment courses.

The objective of this report is to describe the implemen-
tation of a clinical practice guideline for the use of ZA in 
a children’s hospital and the subsequent process changes 
attempted to improve provider and patient adherence to this 
guideline, especially with regards to elements intended to 
ensure safety and promote efficacy of therapy.

Materials and Methods

Setting

In 2015 we implemented a hospital approved practice guide-
line for the use of ZA in pediatric patients at the Golisano 
Children’s Hospital, University of Rochester Medical Center 
(URMC). The goal of the practice guideline (summarized 
in Supplemental Table 1) was to standardize ZA eligibil-
ity, dosing, prophylaxis, monitoring, and treatment of ZA 
related complications (hypocalcemia, acute phase response). 
Indication for ZA use at our institution under this protocol 
included treatment of primary and secondary osteoporosis, 
perioperative treatment of low bone mineral density for age 

in patients with underlying conditions placing them at high 
risk for skeletal fragility undergoing scoliosis repair (spinal 
muscular atrophy, for example), hypercalcemia, and bone 
pain associated with avascular necrosis, fibrous dysplasia, or 
chronic recurrent multifocal osteomyelitis. The protocol was 
designed such that the majority of infusions would occur in 
the outpatient Pediatric Treatment Center (PTC). A minor-
ity of patients deemed to be at high risk of complications 
(age less than 2 years, intractable or inadequately controlled 
epilepsy, respiratory insufficiency requiring supplemental 
oxygen or mechanical support, cardiac disease) would be 
admitted to the hospital for the first infusion. Order sets in 
the electronic health record (EHR) system were developed 
for use in both the PTC and in the Children’s Hospital. The 
guideline recommended that serum calcium and phosphorus 
be assessed and confirmed normal within 14 days prior to 
all infusions, that post-infusion calcium levels be checked 
48–72 h after first infusions, and that vitamin D sufficiency 
(serum 25-OH vitamin D ≥ 20 ng/mL) be established prior 
to first infusion and annually thereafter.

A multi-disciplinary team lead by a pediatric endocrinol-
ogist and including a clinical pharmacist, inpatient and out-
patient nurses, and office administrative staff was involved 
the development, evaluation, and process changes described 
in this report. A limited number of patients were treated 
under this guideline in the first year, under close supervision 
of the endocrine provider. After the first year, scheduling, 
pre-, and post-infusion calling of families was delegated to 
office administrative staff (OAS), based on a work-flow sheet 
developed jointly by the provider and OAS. A chart review 
conducted after approximately 12 months suggested that 
an unsatisfactory number of patients were meeting certain 
safety and efficacy elements of the protocol, prompting the 
quality improvement (QI) initiative.

Population and outcome measures

Clinical data were abstracted from the EHR for all pediatric 
patients who received ZA infusions between 2015 and 2020 
(Supplemental Fig. 1). Patients were identified from a list 
kept by the provider and checked against pharmacy records. 
The prevalence of hypocalcemia (serum calcium < 8.5 mg/
dL), symptomatic hypocalcemia (as documented in chart), 
signs/symptoms of APR (fever, myalgia as documented in 
the chart), hospital re-admission, post-infusion emergency 
department (ED) visits, and discontinuation of ZA prompted 
by side effects was calculated as means of assessing quality 
assurance (QA) for comparison to previously published data.

QI outcomes were selected that addressed safety, includ-
ing: (1) Was ZA eligibility confirmed with required pre-infu-
sion labs (normal calcium and phosphorus within 14 days 
of infusion), (2) Was vitamin D status confirmed to be ade-
quate in 12 months prior to infusion (serum 25-OH vitamin 
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D ≥ 20 ng/mL), (3) Did patients receive recommended labo-
ratory monitoring 48–72 h after the first infusion (to assess 
for hypocalcemia), and efficacy: (1) Did patients receive all 
of the prescribed ZA infusions over the time interval (allow-
ing for up to 3 months of delay. For example, if a patient was 
placed on an every 6-month dosing schedule, receipt of a 
second dose within 9 months would qualify as meeting the 
recommendation).

Interventions

Two subsequent process changes were implemented and 
evaluated. Three time periods were included in the QI evalu-
ation (pre-intervention, first follow-up, second follow-up). 
The evaluation periods were 18 months (the second follow-
up was truncated at 16 months d/t COVID pandemic) given 
the small number of patients on ZA. The goal was to achieve 
90% adherence for each outcome.

• The first process change consisted of four components 
aimed primarily at the provider team to enhance com-
munication and tracking of patients on ZA therapy:

o Infusion scheduling, along with pre- and post-infu-
sion patient communications was transitioned from 
OAS to a dedicated endocrine RN.

p RN would review pre- and post-infusion lab results 
and would alert provider to missing results or for 
results outside of the protocol parameters

q Patient infusion dates were added to the endocrine 
provider’s calendar by the RN to facilitate review of 
clinical data

r A shared ZA patient list was created in the EHR to 
facilitate tracking

• The second process change was aimed at patients/fami-
lies and intended to facilitate timely ZA infusion schedul-
ing:

o Patients were asked to schedule the follow-up infu-
sion prior to leaving PTC at current infusion. This 
process was facilitated by the PTC RN via an order 
placed in the EHR by the endocrine provider

Ethics

This project was determined by the URMC Institutional 
Review Board (IRB) to not meet the definition of human 
subject research. Per the IRB: “This project was conducted 
as a Quality Improvement initiative, and as such was not 
formally supervised by the Institutional Review Board per 
their policies.”

Statistical analysis

Standard descriptive statistics were used to summarize 
clinical data. Pre- and post-intervention proportions were 
compared using chi-square (or Fishers exact if any group 
contained less than five observations). All analyses were 
conducted in STATA 16 (StataCorp LLC). The manuscript 
was drafted to conform with the Squire 2.0 Quality Improve-
ment Reporting guidelines [10].

Results

Seventy-two patients received a total of 244 ZA infusions 
over the 5-year evaluation period. The majority (84%) of 
infusions occurred in the PTC, including 53% of first infu-
sions. The majority of patients (78%) received a first ZA 
dose of 0.0125 mg/kg, as per the protocol. Patients who 
were admitted for infusions were more likely to have sec-
ondary osteoporosis compared to those treated in the PTC, 
but did not differ by age, sex, racial group, or initial ZA dose 
(Table 1).

QA analyses

Post-infusion hypocalcemia occurred following 22% (17/76) 
of all infusions in which post-infusion labs were obtained. 
One case of hypocalcemia was documented as symptomatic 
(tetany). The prevalence of documented hypocalcemia did 
not differ between first (21%) and subsequent (25%) infu-
sions, p = 0.75. It is important to note, however, that as 
expected per protocol, the proportion of subsequent infu-
sions with post-infusion lab monitoring for hypocalcemia 
(12%) was dramatically lower vs first infusions (78%), 
p < 0.001. Patients with documented hypocalcemia did not 
differ from those without hypocalcemia in terms of age, 
diagnosis, ZA dose, or any pre-infusion laboratory param-
eter (including calcium, 25-OH vitamin D, alkaline phos-
phatase). Signs/symptoms of APR occurred following 31% 
of all infusions (29/93) in which notes specifically men-
tioned presence/absence of APR. The prevalence of docu-
mented APR did not differ between first (34%) vs subsequent 
(26%) of infusions, p = 0.43; noting that presence/absence of 
APR was documented in a greater proportion of first (86%) 
vs subsequent (18%), p < 0.001.

The prevalence of hypocalcemia following first infusion 
was non-significantly greater in admitted patients vs those 
treated in the PTC (29 vs 9%, p = 0.07), noting that post-
first-infusion labs were obtained in a greater percentage 
of admitted vs PTC patients (100 vs 58%, p < 0.001). The 
frequency of reported APR did not differ by location. Two 
patients (< 1% of infusions) were found to have unplanned 
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ED evaluations following the infusion for APR symptoms. 
Both had normal electrolytes and were discharged without 
admission. Discontinuation of ZA therapy was attributed to 
side-effects (seizure during infusion) in one patient (1% of 
treated patients).

QI analyses

Analyses of pre-intervention data (33 patients, 64 infu-
sions; including 24 first infusions) revealed that 100% of 
patients had acceptable pre-infusion bloodwork, 98% had 
documentation of vitamin D sufficiency in 12 months prior 
to infusion, 67% had received post-first-infusion blood-
work, and 62% had received all prescribed infusions. 
The effect of sequential processes changes on outcomes 
is shown in Fig. 1. The proportion of patients receiving 

Table 1  Characteristics of 72 patients receiving 244 zoledronic acid infusions

1 Includes all patients with at least one inpatient or outpatient infusion, respectively. Patients may contribute data to both categories if infusions 
were received in both locations, unless otherwise noted. p is the comparison for inpatient vs outpatient
2 Calculated in terms of unique patients
3 n (%), all such values not otherwise noted
4 Median (range)
5 Includes other rare genetic bone disorders with low bone density and fractures
6 Calculated for all infusions with documented post-infusion blood-work, denominator provided
7 Calculated for all infusions, where the presence or absence of acute phase reaction documented in chart, denominator provided
8 Median (interquartile range)
9 Documentation of serum 25-OHD ≥ 20 ng/mL in 12 months prior to infusion
10 Denominator based upon location of first infusion

All infusions Inpatient  infusions1 Outpatient  infusions1 p

Demographics
 Unique patients, n 72 34 62
 Infusions, n 244 40 204
 Male sex, n2 47 (65)3 20 (59)3 41 (66)3 0.48
Racial Group, n2 0.60
 White 55 (77) 25 (74) 51 (82)
 Black 11 (15) 6 (18) 7 (11)
 Other 6 (8) 3 (8) 4 (7)
 Age at first infusion, years 11.0 (0.2–21.2)4 9.9 (0.9–21.2)4 11.5 (0.2–20.1) 4 0.16
 Dose at first infusion, mg/kg 0.0125 (0.0125–0.025)4 0.0125 (0.0125–0.025)4 0.0125 (0.0125–0.025)4 0.10
 Average dose, all infusions, mg/kg 0.025 (0.0125–0.05)4 0.0125 (0.0125–0.025)4 0.025 (0.0125–0.05)4  < 0.01
Diagnosis, n2 0.05
 Osteogenesis  imperfecta5 21 (29) 5 (15) 20 (32)
 Secondary osteoporosis 36 (50) 24 (70) 28 (45)
 Other 15 (21) 5 (15) 14 (23)
Quality assurance outcomes
  Hypocalcemia6 17/76 (22) 13/40 (32) 4/36 (11) 0.03
 Symptomatic 1/76 (1) 1/40 (3) 0/36 (0) 0.34
 Acute phase  reaction7 29/93 (31) 14/40 (35) 15/53 (28) 0.49
 Emergency department visit 2/244 (1) 0/40 (0) 2/204 (1) 0.89
 Therapy stopped due to side effects 1/244 (< 1) 1/40 (3) 0/204 0.03
 Length of stay, hours N/A 48 (45.5–72.5)8 N/A N/A
Quality improvement outcomes
 Pre-infusion labs obtained 236/244 (99) 40/40 (100) 200/204 (98) 0.37
 Vitamin D sufficiency  established9 228/244 (93) 37/40 (93) 191/204 (94) 0.79
 Post-first-infusion labs obtained 56/72 (78) 34/34 (100) 22/38 (58)  < 0.01
 Received all prescribed infusions 34/72 (47) 9/34 (26.5)10 25/38 (66)  < 0.01
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post-first-infusion blood-work increased non-significantly 
after the first intervention (42 patients, 86 infusions; includ-
ing 18 first infusions) to 78% (p = 0.51) and then again to 
79% (p = 0.49 compared to baseline) after the second inter-
vention (38 patients, 71 infusions; including 14 first infu-
sions). The proportion of patients that received all prescribed 
infusions increased non-significantly to 74% after the first 
intervention (p = 0.32) and did not change further after the 
second intervention. The proportion of patients with accept-
able pre-infusion bloodwork and with documented vitamin 
D sufficiency remained > 90% for both post-intervention 
time periods.

Collectively over the entire 5-year study period, 99% of 
patients had acceptable pre-infusion bloodwork prior to all 
infusions, 93% had vitamin D sufficiency documented in 
every year an infusion was administered, 78% had post-
first-infusion bloodwork, and 47% received all prescribed 
infusions. 36% of patients had post-first-infusion bloodwork 
and received all infusions, 8% had neither bloodwork nor 
received all infusions, and 56% had one or the other. The 
six patients who met neither criteria were older than those 
who met both or one criterion [17.9 (IQR: 15.6–19.6) vs 
10.9 (IQR: 5.5–14.9) vs 10.4 (IQR: 7.4–14), p = 0.02], but 
did not differ by diagnosis or any other criteria. Patients with 
secondary osteoporosis were less likely to have received all 
prescribed infusions compared to other patients (33 vs 61%, 
p = 0.02). Patients who were admitted for at least one ZA 
infusion were also less likely to have received all infusions 
vs those treated solely in the PTC (32 vs 61%, p = 0.02). 
Patients with and without post-infusion bloodwork did not 
differ by any characteristics.

Discussion

To our knowledge, this is the first QA/QI report describ-
ing efforts to improve adherence to an institutional prac-
tice guideline for the use of ZA in children. Our protocol 
was successful in confirming eligibility of patients for ZA 
infusion through documentation and review of pre-infusion 
bloodwork. These tasks can be performed with the patient 
physically present and suggest that both inpatient and out-
patient teams were able to understand and adhere to the 
guidelines in the order-set. Our approach was less success-
ful in ensuring that patients obtained follow-up bloodwork 
48–72 h after first infusions and that patients received the 
full prescribed ZA treatment course.

Process changes including addition of an endocrine RN to 
the care team and a shift to encourage in-person scheduling 
of follow-up ZA infusions led to modest, though statisti-
cally insignificant increases in adherence to these outcomes 
that failed to achieve our target of 90%. We speculate that 
the effect of these interventions may have been limited by 
the fact that implementation remained highly dependent on 
individual actions (i.e., care team to actively maintain and 
review a patient list, patient/family to follow-through on care 
team requests). We identified only one prior report of a QI 
initiative related to ZA [11]. The prior project was com-
pleted in an adult infusion center; therefore, comparisons 
to our findings are limited. However, it is notable that the 
authors concluded that implementation of a standardized ZA 
protocol was successful in ensuring that appropriate pre-
infusion blood work was obtained.

The finding that less than half of patients on ZA therapy 
received the full prescribed dose over the analysis period was 
unexpected and concerning. Partial treatment may reduce 
the benefits of therapy and thereby change the risk/benefit 
ratio. Because the likelihood of ZA related adverse events is 
highest following the first infusion, patients who receive the 
first dose but fail to receive recommend follow-up doses may 
be exposed to the majority of the risk of treatment but fail to 
experience the full benefits. We could find no similar reports 
from other centers and are, therefore, unable to place these 
findings in context. Our data suggest that more medically 
complex patients (i.e., those with secondary osteoporosis 
and those admitted for first infusion) were at higher risk of 
incomplete treatment, but these factors need to be explored 
further. Next steps under consideration at our center include 
the possibility of systematizing the work-flow through the 
creation of a “dashboard” in the EHR. Ideally, this system 
would include a list of all patients on ZA therapy along with 
due dates of upcoming infusions, labs, and other meaning-
ful clinical outcomes. Further efforts to understand patient/
family barriers to meeting treatment goals are also needed.

Fig. 1  Effect of sequential quality improvement initiatives on adher-
ence to safety and efficacy outcomes in children on zoledronic acid 
therapy. The percentage of patients that received post-first-infusion 
bloodwork (to assess for hypocalcemia) within 72  h of infusion 
increased non-significantly from 67% to a maximum of 79% after 
the second intervention, the percentage of patients receiving all pre-
scribed zoledronic acid infusion increased non-significantly from 
62% to a maximum of 74% after the first intervention. The percentage 
of patients that had documentation of acceptable pre-infusion blood-
work and vitamin D sufficiency remained > 90% across the entire time 
period. n denotes denominator for each time period
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From a QA perspective, the prevalence of documented 
hypocalcemia (21%) and APR (34%) following first ZA infu-
sion in our patients was within the range of what has been 
previously reported in children: 16–28% for hypocalcemia 
and 17–77% for APR [7, 12–15]. The prevalence of hypocal-
cemia may have been higher if all patients had received post-
infusion bloodwork, but would not be expected to exceed 
29% (the prevalence of hypocalcemia in admitted patients 
at higher risk). In conjunction with the low prevalence of 
symptomatic hypocalcemia and ED evaluations, these data 
suggest that the implementation of our protocol has achieved 
safety outcomes consistent with the current standard of care.

Based upon the favorable safety outcomes achieved by 
the current guideline, we have begun to explore ways of 
reducing the patient/family burden of ZA infusions. This 
includes the development and implementation of a protocol 
for in-home ZA infusions administered by a visiting home 
RN for patients who have tolerated previous ZA infusions 
without adverse event. The low documented incidence of 
hypocalcemia following ZA infusions suggests the possibil-
ity that post-infusion lab assessment may not be necessary 
for all patients receiving their first infusion. However, we 
were unable to identify specific risk factors for hypocalcemia 
in this cohort and cannot provide evidence-based guidance 
as to which patients could safely forgo post-first-infusion 
bloodwork.

This project had limitations. Ascertainment of outcome 
data may have been incomplete if patients obtained blood-
work at external labs or sought post-infusion care at out-
side institutions. URMC is the regional referral center for 
complex pediatric care; therefore, we think it unlikely that 
any ZA treated patients would have been evaluated without 
notification of our team. Outside of temperature, the signs/
symptoms of APR are subjective and were not well docu-
mented. The development of a standard APR questionnaire 
has been discussed but not yet implemented. Collection of 
this data may be clinically relevant, especially if develop-
ment of more severe APR symptoms were to be associated 
with delay or discontinuation of ZA therapy. The reason for 
missed infusion was not captured and is an important future 
direction.

Conclusions

The clinical practice guideline described in this report was 
found to be effective at preventing severe ZA related adverse 
events and can serve as a model for clinicians interested in 
using ZA in children. Our data show that the majority of 
ZA infusions in children can be safely administered in an 
outpatient setting. The incidence of hypocalcemia following 
first infusions was low, raising the possibility that routine 
post-first-infusion blood draws may not be necessary in all 
patients. Larger samples derived from multiple institutions 

may be needed to more completely define the risk factors 
for ZA related adverse events. Our findings of inconsistent 
adherence to treatment regimens highlight the need for fur-
ther work to standardize and simplify clinical protocols for 
the use of bisphosphonates in children.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00774- 021- 01214-5.
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