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ABSTRACT
This project was started after an incident of
bisphosphonate-induced hypocalcaemia in September
2015. As part of management of lytic bone lesions in
patients with multiple myeloma were given either
Zoledronic Acid or Pamidronate Disodium at our
Haematology Day Unit. According to the British
National Formulary (BNF), it is necessary to correct
disturbances of calcium metabolism (e.g. vitamin D
deficiency, hypocalcaemia) and consider dental checkups before starting bisphosphonate infusion due to the
risk of osteonecrosis of the jaw. There was no formal
checklist in place for all patients prior to starting
bisphosphonate infusion. The aim of this quality
improvement project was (1) to avoid preventable
bisphosphonate induced adverse effects, (2) to
improve safety of bisphosphonate prescribing and
administration and (3) to increase patient’s awareness
of needing regular dental checks. Interventions were
modified over multiple Plan-Do-Study-Act (PDSA)
improvement cycles to improve bisphosphonate
infusion monitoring and patient safety.There was an
overall improvement in ensuring safety checks were
done prior to administration of bisphosphonate
infusion compared to baseline measurements. At
baseline, 36% (n=9) of patients had a dental check
within the last 6 months; after PDSA cycle 3, there was
an improvement of up to 69% (n=11). All patients had
renal function and bone profile checked prior to
infusion from throughout the study. It was all recorded
in the blood results section of the checklist with no
missing data. We found that 32% (n=8) of patients had
never had 25-OHD at baseline. After PDSA cycle 3, all
patients had 25-OHD checked at some point.

PROBLEM
As part of management of lytic bone lesions
in patients with multiple myeloma, patients
are given either Zoledronic Acid or
Pamidronate Disodium at our Haematology
Medical Day Unit. This project was started
after an incident of a bisphosphonate
induced hypocalcaemia secondary to signiﬁcantly low 25-hydroxyvitamin D (25-OHD) in
early September 2015. A 67 year old female
with newly diagnosed multiple myeloma
received Zoledronic Acid infusion. A few

days later on her routine follow-up, she was
found to have a low adjusted calcium of
1.74mmol/L. Of note, her adjusted calcium
was normal before the infusion. Further tests
revealed signiﬁcantly low (25-OHD) of less
than 20nmol/L, phosphate of 0.5mmol/L,
parathyroid hormone (PTH) of 39.6 pmol/
L. She had no signs of hypocalcaemia. After
repeat blood test, she was treated urgently
with 10% of calcium gluconate infusion and
was discharged home with alfacalcidol and
calcium carbonate tablets with a follow-up
appointment. Although this patient did not
come to any signiﬁcant harm, if this was left
untreated, she could have potentially suffered with symptomatic hypocalcaemia and
life threatening cardiac arrhythmias.
There was no formal system in place to
ensure that all necessary checks (such as
renal proﬁle, bone proﬁle, 25-OHD and
dental check-ups) were performed prior to
prescribing and administering bisphosphonate infusion. It relied on doctors to remind
patients about having regular dental checks
and ensured all necessary blood tests were
requested before prescribing bisphosphonate
infusion. Nursing staff administered the infusion as prescribed and may or may not aware
of adverse effects of bisphosphonate
infusion.
The bisphosphonate induced hypocalcaemia case described above could have been
prevented with the correction of 25-OHD
before initiating the infusion. The aim of this
quality improvement project was (1) to avoid
further bisphosphonate induced adverse
effects; (2) to improve safety of bisphosphonate prescribing and administration; (3) to
increase patients’ awareness of needing
regular dental checks. This quality improvement project was carried out at the
Haematology Medical Day Unit at Epsom
General Hospital, United Kingdom. The
team consists of four haematologist consultants, one senior house ofﬁcer (medical
doctor), four nursing staff (two of which are
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specialist nurses), a ward clerk and two medical secretaries. The senior house ofﬁce led the project with support
and guidance from the lead consultant. We administered on average twenty bisphosphonate infusions per
month at our unit.
BACKGROUND
The British Committee for Standards in Haematology
(BCSH) recommends all patients with multiple
myeloma should be considered for treatment with
bisphosphonate infusions to reduce the risk of vertebral
fractures and bone pain.1
In clinical practice, there are many drugs which
require close monitoring to avoid adverse effects, these
studies have used various methods to ensure accurate
monitoring to improve patient’s safety.2–4
According to the British National Formulary (BNF), it
is necessary to correct disturbances of calcium metabolism before starting bisphosphonate infusion (2). Patients
with signiﬁcantly low 25-OHD are at risk of developing
bisphosphonate-induced hypocalcaemia. Low vitamin D
levels should be corrected by vitamin D supplements
such colecalciferol or an active form of vitamin D (alfacalcidol). A repeat testing of 25-OHD levels should only
be done in patients who have very low baseline levels
and only after 3 months of treatment. Renal function
and bone proﬁle should be checked after 4 to 6 weeks
of starting treatment to ensure that patients do not
become hypercalcaemic due to the unmasking of
primary hyperparathyroidism.5 BNF advise to monitor
serum electrolytes, calcium, phosphate and magnesium,
and consider a dental check-up before initiating bisphosphonate due to the risk of osteonecrosis of the jaw.6
BASELINE MEASUREMENT
In order to take baseline measurements, we created a
form to collect data in order to measure the scale of the
problem over one month period, in October 2015. All
patients who received bisphosphonate infusion within
the month of October were analaysed. We would count
the total number of patients who received bisphosphonate infusion, total number of patients who had dental
checks, number of patients who had renal proﬁle, bone
proﬁle and 25-OHD checked. The senior house ofﬁce
and nursing staff ﬁlled out the form. The senior house
ofﬁcer entered the collected data into a spreadsheet.
These information will be collected once a month for
comparison. The results were entered to a spreadsheet
for analysis. There were a total of 25 patients (male,
n=19; female, n=6) who attended the day unit for
bisphosphonate infusion. We had to withhold the infusion from 2 of the patients. One of the patients had
adjusted calcium of 1.88 mmol/L and the other
patient’s renal function was off his baseline. Out of 25
patients, only 9 patients (36%) had their dental checks
within the last 6 months, 2 (8%) patients conﬁrmed that
they did not have dental checks within the last 6
2

months, and over half (n=14, 56%) of the patients was
labelled as “unknown”. All patients (n=25) had urea &
electrolytes (U&Es), renal proﬁle and bone proﬁles
checked. Seventeen patients (68%) had 25-OHD
checked at some point, however, there was 8 (32%)
patients had not had their 25-OHD checked. Out of the
17 patients who had 25-OHD checked at some point, 10
of them were due for a repeat 25-OHD.

DESIGN
We aim to have an increase in dental checks in patients
from baseline of 36% to 100% within a four-month
period in all patients. We also aim to have an increase in
25-OHD levels done from 68% to 100% within a fourmonth period in all patients.
After the adverse incident, we discussed the case in
our Monday morning team meeting. All members of
team agreed that this incident could have been prevented with various measures put in place; this includes
training and education on bisphosphonate infusion and
having a checklist prior to administration would be
useful as an aide memoir. This also helped to establish
written communication between doctors and nurses.
Based on the checklist created for baseline measurements and discussion in our Monday meeting, two
checklist forms were created. One of them was for
patients who were starting on bisphosphonate infusion
for the ﬁrst time and the other was for patients who
came to our unit monthly for bisphosphonate infusion.
The forms are named accordingly: (1) “Initiation:
Checklist for patient prior to starting bisphosphonate
infusion” and (2) “Follow-up: Checklist for patient on
bisphosphonate infusion”.
Both checklists are one A4 page. The initiation checklist encompassed four sections: (1) whether patient
information were given (either information leaﬂet or
verbal advice), (2) whether the patient had satisfactory
dental check with a date documented on the form, (3)
a table of blood test results which includes U&Es, renal
proﬁle, bone proﬁle and 25-OHD with three columns
(dates, blood test results and comments), and (4)
whether patient can be commenced on bisphosphonate
infusion of either Zoledronic Acid or Pamidronate
Disodium based on satisfactory checks. Under the blood
results table of Section 3, we incorporated guidelines on
vitamin D deﬁciency and the dose of colecalciferol
required based on the level of deﬁciency. This was taken
from our trust guidelines on treating vitamin D deﬁciency in adult patients, written based on the National
Osteoporosis Society guideline on vitamin D and bone
health.5
The follow-up checklist was very similar to the initiation checklist with three sections. It contained all sections except for Section 1 of the initiation checklist. All
three sections were as follows: (1) Dental check, (2)
Blood test results table and (3) Whether or not the
patient should be commenced on bisphosphonate
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infusion and date of infusion. Under Section 2, there
was a reminder that patients who had very low baseline
25-OHD levels will need to have a repeat testing of
25-OHD levels, 3 months after treatment. Renal function
and serum calcium should be checked after 4 to 6 weeks
after starting treatment with vitamin D therapy to ensure
that patients do not become hypercalcaemic due to
unmasking of primary hyperparathyroidism.
Training on the use of bisphosphonate infusion for
patient with multiple myeloma and education on the
importance of dental check and blood tests (ensuring
urea & electrolytes, renal function, bone proﬁle and
25-OHD levels were checked) was provided by the senior
house ofﬁcer. The checklist was introduced in those
training sessions and was emailed for all relevant
members of staff which includes, consultants, haematologist specialist nurses, staff nurse, ward clerk and
secretaries.
The checklist was also used as a communication tool
between the doctors and nurses, especially when there
was an abnormality found or treatment initiated which
required further follow-up. Once all of the issues raised
had been addressed, all checklists were scanned into the
electronic system. This enabled all health care professionals involved in the care of the patient to have the
information available to them regarding the patient’s
bisphosphonate infusion care. We anticipated that this
process was likely to be more time consuming and may
not be a favourable change as a result. However, patient
safety was emphasised throughout the process to encourage participation.
STRATEGY
Interventions
were
modiﬁed
over
multiple
Plan-Do-Study-Act (PDSA) improvement cycles to
improve bisphosphonate infusion monitoring and
patient safety. We conducted a total of three PDSA
cycles. Each PDSA cycle was conducted with an interval
of four weeks. Checklists were collected and entered
into a database after each PDSA cycle intervention to
help us identify areas that needed improvement. A
weekly meeting was held (on Monday morning) once a
week to discuss any issues or beneﬁts since interventions
between each cycle.
PDSA Cycle 1 Intervention
Once both initiation and follow-up forms were created
and approved by the clinical lead of the haematology
department, these checklists were enrolled to team
members (doctors and nurse) to be used. According to
the baseline measurements, there were many gaps left
unﬁlled when to came to the dental check section. 56%
(n=14) of the dental check section was left blank. 32%
(n=8) of patients did not have 25-OHD levels checked.
We discussed these results in our Monday morning
meeting. All members of staff were encouraged to ﬁll in
all sections and make note of any improvements
required before the next PDSA cycle. These forms were

returned to the senior house ofﬁce (doctor) for ﬁnal
review, ensuring all patients had required checks performed and any outstanding issues dealt with. This was
to ensure that all patients received the same standard of
care and had all necessary safety checks before receiving
the infusion to avoid preventable adverse effects.
PDSA Cycle 2 Intervention
After the intervention from the last cycle, all dental
checks columns were ﬁlled in with either “yes” or “no”,
none were left blank on the form. Only 1 patient did
not have 25-OHD performed compared to 8 patients
who did not have 25-OHD performed in the last month.
However, there were 7 patients due to have 25-OHD
levels checked. We aim to minimise this.
Teaching sessions were carried out to improve nursing
staff understanding of bisphosphonate infusion and
stressed the importance of checking 25-OHD and bone
proﬁle ( particularly calcium levels), due to the potential
of bisphosphonate induced hypocalcaemia secondary to
low 25-OHD levels. We also educated nursing staff on
danger of cardiac arrhythmias with dangerously low
calcium levels. In addition, we also emphasised the
importance of reminding patients to have initial and
6-monthly dental checks due to the risk of osteonecrosis
of the jaw. As nursing staff regularly came into contact
with patients, this would create an opportunity for them
to educate and increase awareness amongst the patients.
Both initiation and follow-up checklists were modiﬁed
and improved based on feedback from users, which
includes doctors and nurses. They would like more
space added for comments and annotations. There were
an extra column added to the blood results section for
any comments and annotations to be made of patient’s
blood test results. Moreover, the “comments” column
could be used to record patient’s baseline renal function
for comparison. Furthermore, more writing space was
created on the last section of the checklists to allow
team members write any comments of or outstanding
issues for ﬁnal review. The aim was to improve communication between healthcare team of any outstanding
issues and comments.
PDSA Cycle 3 Intervention
The number of patient who were due to have a 25-OHD
check were down from 7 to 2 patients. All patients’
dental check statuses were known. Patient and nursing
staff found the reminders of getting a 6-monthly dental
check were useful. They also found that the new comments columns were useful. However, there was a small
proportion of patients (n=6) due for a 6-monthly dental
check. In addition, we found it troublesome that we
needed to go through a pile of paperwork before we
can ﬁnd previous records on dental checks, blood test
results, vitamin D and calcium management. Therefore,
we proposed that all recorded checklists were scanned
to the electronic patient records system once the checklist has gone through the ﬁnal review and outstanding
issues were dealt with.
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The aim was to improve and extend communication
to consultants clinicians who follow-up patients regularly
at outpatient clinic. This allowed easy access to the documentation and information regarding patients bisphosphonate treatment. Nursing staff received further
training on the management of vitamin D deﬁciency
and bone health in myeloma patients. The management
of vitamin D deﬁciency and calcium supplementation
were explained to all medical doctors and nursing staff.
This increased staff conﬁdence and competency in
dealing with patients with vitamin D deﬁciency.
RESULTS
After the ﬁrst PDSA cycle intervention, a total of 19
patients attended the unit for bisphosphonate infusion,
with only 1 patient who did not receive the infusion due
to tooth extraction. Thirteen (68%) out of 19 patients
had dental checks within the last 6 months, the remaining 6 patients (32%) did not have dental check within
the last 6 months. All patients had renal function and
bone proﬁle checked prior to infusion. One patient had
renal function off from baseline and the dose of the
infusion was adjusted accordingly based on manufacturer’s guide. All patients were found to have normal
renal function test in this cycle. There were 18 out 19
patients who had 25-OHD checked at some point,
however 7 of those patients were due to have a repeat
25-OHD as it was not performed within the last 3
months.
After the second PDSA cycle intervention, there was
also a total of 19 patients who attended the unit for
bisphosphonate infusion. All patients received bisphosphonate infusion, with 6 patients required to have their
doses adjusted due to abnormal renal function.
Thirteen (68%) out of 19 patients dad dental checks
within the last 6 months, remaining 6 patients (32%)
did not have dental check within the last 6 months. All
patients had renal function and bone proﬁle checked
prior to infusion. Two patients had off-baseline renal
function and one patient had a mildly abnormal
adjusted calcium level of 2.06 mmol/L. Eighteen out of
19 patients had 25-OHD performed at some point with
only 2 patients due for a recheck. Only 1 patient had
not had 25-OHD performed at any point; 25-OHD was
done on the same day.
After the third PDSA cycle intervention, there was an
improvement of up to 69% (n=11) of patients had

dental checks within the last 6 months. Similarly to the
previous PDSA cycles, all patients had renal function
and bone proﬁle performed prior to infusion. By this
stage, all patients (n=16) had 25-OHD performed at
some point. Out of the 16 patients, only 4 patients were
due for a repeat 25-OHD. All patients received bisphosphonate infusion, with two patients having had doses
adjusted according to their renal function.
There was an overall improvement in ensuring safety
checks were done prior to administration of bisphosphonate infusion compared to baseline measurements. See
Table 1 and Figure 1 for comparison of each PDSA cycle
to the baseline measurement.
LESSONS AND LIMITATIONS
A main limitation of this project was the small sample
size and that we have only collected data over a fourmonths period. The improvement shown in this study
could be due to chance and as there was no statistical
testing. Ideally, sample size should be larger at a longer
period. This was not possible due to the small number
of patients that receive bisphosphonate infusion at our
unit. We had an average of 20 patients each month who
received this infusion. The baseline measurement was
limited as the relevant data points were not being
recorded prior to this study. We attempted to establish a
baseline for this project by collecting existing data using
a data collection sheet. The data collection sheet itself
may have prompted members of staff to perform more
checks that otherwise would not have happened. One of
the challenges was getting team members to participate
in the process earlier on the study. The process of ﬁlling
out a checklist may have been perceived as time consuming. If a similar project were initiated, we would recommend early staff training and education to justify the
change in practice.
The checklist provides guidance especially for nonspecialist doctors who are new to the unit or unfamiliar
with prescribing bisphosphonate infusions. This provides
safer practice and avoid preventable adverse effects
related to bisphosphonate infusion. To ensure the sustainability of this project, we have included the guidance
on prescribing bisphosphonate infusion and management of vitamin D deﬁciency in the Junior Doctors
Haematology Handbook for the next senior house
ofﬁcer (doctor) when he or she takes over. All consultants and nursing staff are actively involved in the

Table 1 Summary of results of dental check and 25-OHD at baseline, post PDSA cycle 1, 2 and 3.

Baseline (Oct)
PDSA-1 (Nov)
PDSA-2 (Dec)
PDSA-3 ( Jan)

4

Dental Check (within last 6 months), % (n)
Yes
No
Unknown

25-OHD, % (n)
Due

Not Due

Not Done

36.0 (9)
68.4 (13)
68.4 (13)
68.8 (11)

40.0
36.8
10.5
25.0

28.0 (7)
57.9 (11)
84.2 (16)
75.0 (12)

32.0 (8)
5.3 (1)
5.3 (1)
0.0 (0)

8.0 (2)
31.6 (6)
31.6 (6)
25.0 (4)

56.0 (14)
0.0 (0)
0.0 (0)
6.3 (1)

(10)
(7)
(2)
(4)
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Figure 1 Bar charts show
percentages of patients’ dental
check and 25-OHD check status.

current process and it is a requirement that all this
checklist form is ﬁlled out before administration of
bisphosphonate infusion.
Although more rigorous recordings of 25-OHD and
other blood tests may have led to more tests being
requested, this is in line with best practice guidelines for
bisphosphonate infusion. The anticipated reduction of
adverse incidents should also be considered in the
overall cost effectiveness of this process. Further study in
this area would be required to conﬁrm this.
CONCLUSION
Our project aimed to avoid preventable bisphosphonate
induced adverse effects, to improve safety of prescribing

and administrating bisphosphonate infusion, and to
increase patients' awareness of needing regular dental
checks. Since the intervention, there have been no
further bisphosphonate-related adverse events. The collation of data relevant to bisphosphonate infusion prescription on the checklist has led to more informed
prescribing and administration of medication. Any
abnormalities found from the checklist were dealt with
accordingly and infusions were withheld on three occasions over the period of this study to avoid potential
adverse effect. In regards to dental checks, the status of
over half of our patients were unknown at baseline.
After intervention, more than two thirds of patients had
checks within the last 6 months and we were more
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conﬁdent that patients had been advised to book checkups and instruction was being given by nursing staff.
Furthermore, this change has also gained interest from
another unit within the Trust and they are reviewing
their bisphosphonate infusion monitoring process and
would like to incorporate these ideas into their monitoring process.
In conclusion, the initiation and follow-up checklists
represent a standardised method and could be adapted
to other similar situations to ensure all safety precautions
are applied. This project was initiated after an adverse
incident; although this project may appear to meet its original aims and objectives, further studies on the cost
effectiveness of this intervention is recommended.
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