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ABSTRACT

Introduction Numerous published case reports have
described retained drug needle fragments in soft tissue
as causes of localised pain and infections in persons who
inject drugs (PWIDs). Furthermore, there are case reports
of PWIDs with lung and heart embolisations caused by
needle emboli. Subcutaneously retained needles also
pose a risk of needlestick injury to medical staff. There
are no previous epidemiological attempts to evaluate how
common X-ray-confirmed retained drug needle fragments
are among community-dwelling PWIDs. Due to the unclear
clinical relevance of needle fragment retentions, there

is a need to systematically evaluate the prevalence of
retained needles, related complications and risk factors
predisposing needle fragmentations.

Methods and analysis We have planned a prospective
cross-sectional study covering multiple ambulatory clinics
that manage PWIDs in Tampere, Finland. PWIDs will be
asked to give their written informed consent prior to any
study procedures. Initially, we aim to recruit a sample for
a pilot study of 20 adults (>18 years) who will be asked

to fill out a questionnaire related to their drug use history
and their suspicions of having retained needle fragments.
Subsequently, participants will undergo X-ray imaging of
the injection sites as part of the study. Female participants
of childbearing age (<50 years) will undergo urine sample
pregnancy testing prior to X-ray imaging. If a needle
fragment is found, the participant will be referred to a

tertiary centre for consultation at their individual discretion.

After the pilot study, we aim to recruit 80 more adult
participants.

Ethics and dissemination We submitted the study
protocol for ethics review to the Tampere University
Hospital Ethics Committee and received their favourable
opinion (study code: R22037). We subsequently sought
organisational permission from the clinics to conduct
the study. To be enrolled, PWIDs must provide written
informed consent. The study results will be published
in international peer-reviewed journals and conference
proceedings.

Trial registration number NCT05679284.

.2 Irina Rinta-Kiikka,?> Markku Sumanen,’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Prospective multicentre setting and the first epide-
miological study of the topic with X-ray confirmation.

= As participants will be recruited from low-threshold
drug abuse service units and a communal health-
care centre, the study will not be representative of
all persons who inject drugs (including those who
are hospitalised for complications, do not use low-
threshold drug abuse services or healthcare ser-
vices, or are incarcerated).

= Participants will undergo one projection imaging per
anatomical site, potentially resulting in some needle
fragments being missed.

INTRODUCTION

In 2018, it was estimated that 0.7-2.9% of the
adult population in the USA inject drugs.'
Among the numerous potential complications
of intravenous drug use, one that has received
relatively little attention, is the retainment of
fragmented needles in subcutaneous tissue.”
As far as we know, there is only one large
cohort study, which was published by Norfolk
and Gray.” They interviewed 70 persons who
inject drugs (PWIDs) who had been arrested
by police, 14 (20%) of whom reported having
had broken needle fragments at some point.
No radiologically confirmed prevalence esti-
mates of needle fragments among PWIDs
have been published.

There are numerous published case reports
on the condition and related complications.*’
Although retained needle fragments can be
asymptomatic,’ the most common compli-
cations based on case reports appear to be
local pain and infections. In rare and severe
cases, especially when the needle fragment
was located near large veins, reports have
described needle emboli in the lungs, heart
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and brain.* > 7® In addition, retained needle fragments
may predispose medical staff to haematologically conta-
gious infections, including HIV, hepatitis B and hepatitis
C, all of which are known to be more prevalent among
PWIDs than among the general population. For example,
in upper-middle-income countries, the point prevalence
of hepatitis C virus is 73% among PWIDs.” Moreover,
for radiologists, information about needle fragments
is important when considering the safety of MRI. Our
discussions with doctors in primary care and hospitals
indicate that medical staff are generally not aware of the
possibility of retained needle fragments.

The prevalence of retained needle fragments and their
clinical relevance remains somewhat unclear, because
their clinical course has not been evaluated systematically.
We have designed a prospective multicentre study that
seeks to provide the first radiologically confirmed prelim-
inary prevalence estimates. Furthermore, we will study
the risk factors that predispose PWIDs to needle fragmen-
tation and will follow up with PWIDs with detected needle
fragments to determine their clinical outcomes.

METHODS AND ANALYSIS

Ethics review and study registration

The study protocol received a positive review from the
Tampere University Hospital Ethics Committee (study
code: R22037). We subsequently received the organisa-
tional permissions necessary to conduct the study. The
protocol was also registered to ClinicalTrials.gov (Clini-
calTrials.gov identifier: NCT05679284) prior to the start
of the recruitment.

Research questions

The primary research question is as follows:

1. What is the prevalence of radiologically confirmed
needle retention among PWIDs*?

The secondary research questions are as follows:

1. Do self-reported symptoms and suspicions of retained
needles correspond to radiologically confirmed nee-
dle retentions?

2. What are the predisposing factors to needle fragmen-
tation and retention?

3. Have PWIDs sought medical attention prior to the
study for possible symptoms in the injection sites?

4. How frequently are verified needle fragments surgical-
ly removed within 5 years after their detection, and are
verified needle fragments a proxy or a risk factor for
mortality?

*As only individuals in outpatient care will be recruited,
the sample will not be entirely representative of all PWIDs
in the study area (eg, people who are hospitalised or
imprisoned will not be recruited).

Inclusion and exclusion criteria

The inclusion criteria include written informed consent
to participate in the study, participantreported history
of intravenous drug use and adherence to completing

the questionnaire. The candidate must be recruited
through a local low-threshold drug abuse service unit or
primary healthcare centre participating in the study to
ensure healthcare contact. PWIDs who do not complete
the questionnaire, refuse X-ray imaging or are underage
(<18 years) will be excluded. Moreover, pregnancy
detected prior to imaging is an exclusion criterion,
because, according to the study protocol, the presence
or absence of needle fragments in injection sites will be
confirmed with X-ray imaging that may predispose the
fetus to unnecessary doses of radiation. Female partici-
pants of childbearing age (<50 years) will undergo urine
sample pregnancy testing prior to X-ray imaging to rule
out pregnancy.

Study overview and recruitment

The study overview is presented in figure 1. PWIDs will
be recruited from two low-threshold drug abuse service
units in Tampere, Finland, including the A-Clinic Foun-
dation (A-klinikkasdatio), the Deaconess Foundation

Distribution of the
PIS

-

Verbal information

-

Written informed Wio

consent

l Yes

Included

l 1 Positive

Pregnancy test

Excluded

Negative
Study questionnaire

Referral to imaging J Females <50
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All males & >50-year-old ; Targeted imaging
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Figure 1 An illustrative description of the study recruitment
protocol. The attending low-threshold drug service units

and the primary healthcare centre will distribute patient
information sheets (PISs) to their clients/patients. Persons
who inject drugs (PWIDs) interested in the study will be asked
to contact the study doctor. The clinics will be equipped

with mobile telephones to allow free calls for the clinics’
clientele. The PWIDs who choose to participate will be asked
to complete a questionnaire. Based on their responses, the
participants will be referred to the local radiology department
for targeted plain radiographs. Women of childbearing
potential (<50 years) will be tested for pregnancy prior to
imaging; participants found to be pregnant at this point will
be excluded from the study.
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(Diakonissalaitos) and one primary healthcare centre
(Hatanpaa Health Center). Information about this study
will be distributed to these low-threshold drug abuse
service units and the participating primary healthcare
centre. The personnel of these units will be encouraged
to distribute the study information to PWIDs, who, after
reviewing the materials, will be asked to directly contact
the study doctor to ask questions. If the prospective study
candidate then chooses to participate, they will give
written informed consent. The participating PWIDs will
be advised to fill in the questionnaire (see online supple-
mental material) after giving written informed consent.
The questionnaire covers relevant baseline characteris-
tics, including drug use history and known risk factors of
needle retention. Based on the information provided by
the participant, the study doctor will refer the participant
to the local radiology department for plain radiographs.
Female participants of childbearing potential (aged <50
years) will undergo urine sample pregnancy testing prior
to the X-ray imaging to rule out pregnancy. If a needle
fragment is found, the participant will be contacted and
referred to a tertiary centre for consultation at their indi-
vidual discretion.

Questionnaire and collection of clinical and follow-up data
The questionnaire (see online supplemental material)
consists of 22 questions and can be completed in approxi-
mately 15 min. Most of the questions are closed questions
(ie, yes/no or multiple choice questions). The participant
is given the opportunity to describe their other injection
site symptoms freely. Using an illustration of a human, the
participant is asked to circle and mark the areas where
they have injected drugs or where they suspect having
retained needle fragments.

The questionnaire will be used to collect basic infor-
mation about the participant (age and sex). It enquires
about different symptoms of the injection sites, as it
is important to know whether the symptoms correlate
with the presence of needle fragments. To shed light
on predisposing factors, the questionnaire asks about
the participant’s intravenous drug use history, the use of
used needles, whether the participant injects themselves,
whether they have hepatitis C and whether they have
been homeless. The questionnaire also aims to identify
potential protective factors (such as the use of substitu-
tion treatment) and attitudes towards them (such as will-
ingness to use supervised injection facilities and whether
the participant would like to receive injection instructions
from the healthcare personnel). It also asks whether the
participant has previously sought treatment for possible
injection site symptoms from healthcare providers and, if
not, asks why they did not seek medical attention.

We will review the participants’ Patient Data Repository
entries (Kanta) to verify the participant-reported medical
histories. Furthermore, those with needle fragments
will be followed up through the Patient Data Repository
entries for 5 years to determine whether they underwent
removal of the fragments.

Radiological analyses and radiation exposure

The presence of needle fragments will be confirmed/
excluded with targeted X-ray imaging on the basis of
the participantreported injection history using radia-
tion doses that are as low as reasonably achievable. One
projection per anatomic site will be captured as part of
the study. According to the in-house study protocol, the
images will be captured in a manner allowing soft tissue to
be visualised. The projections used in this study have been

Table 1
equivalences

List of expected possible anatomical injection sites, determined projection views, and effective doses and dose

Anatomical site Projection view

Effective dose (mSv)

Dose equivalence during exposure to
background radiation*

Upper limb
Hand+wrist Lateral 0.00008
Forearm Lateral 0.0001
Elbow Lateral 0.0001
Upper arm Lateral 0.0004

Lower limb
Foot Lateral 0.00002
Ankle Antero-posterior 0.00004
Shin Lateral 0.0001
Knee Lateral 0.0002
Thigh Antero-posterior 0.0004
Inguinal region Antero-posterior image of  0.0004

the pelvis
Neck Antero-posterior 0.0201

*Background radiation: 0.01 mSv/day

12min
15min
15min
1 hour

3min
6min
15min
30min
1 hour
1 hour

2days
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defined so that areas with large veins are best visualised.
The genital areas (including gynaecological organs) will
be covered in every participant as a radiation-protection
measure. Expected possible anatomical injection sites,
the determined projection views, and the estimated effec-
tive doses and dose equivalences are shown in table 1.

Pilot, recruitment target and power analyses

We will conduct a pilot study with 20 participants. Expe-
riences from the pilot will be used to refine the study
protocol, if needed. If modifications are made, they
will be subjected to ethics review and will be reported
on ClinicalTrials.gov. After the pilot study, we aim to
recruit an additional 80 participants (totaling up to 100
participants).

In the interview study by Norfolk and Gray, patient-
reported history of ever having needle retention was
20%.” Assuming that the true prevalence is lower, such
as 10%, we would need to recruit 90 participants to iden-
tify at least 5 participants with needle fragments with a
95% probability. With a prevalence of 20%, only 44
participants are required to identify five participants with
needle fragments.

Timeline

Participant recruitment commenced in February 2023
and will continue until the end of December 2027 or until
we have finalised the recruitment of 100 participants.
Participants with needle fragments will be followed up for
5 years to evaluate whether they have had the fragments
removed.

Publication plan

The research group will seek opportunities to present
the results in international scientific conferences over
the coming years. The results will also be reported in
international peer-reviewed journals. The group favours
open-access publication of the results. However, not all
data will be made publicly available to ensure partici-
pants’ anonymity in accordance with good research prac-
tice and national laws and regulations. Reporting of the
study in journals will comply with the STrengthening
the Reporting of OBservational studies in Epidemiology
checklist."

Patient and public involvement

No formal patient and public involvement activities were
carried out during the study planning phase. However,
the procedure results (ie, radiograph results) will be
personally discussed with the participant, and the study
results will be made available and shareable to partici-
pating institutions allowing research result dissemination.

Representativeness, biases and safety considerations
Representativeness and selection bias

As the study participants will be volunteers recruited from
low-threshold drug abuse service units and a communal
healthcare centre, the study will not be representative
of all PWIDs (including those who are hospitalised for

complications, do not use low-threshold drug abuse
services or healthcare services or are incarcerated).
Furthermore, a low participation rate from recruiting
units may translate into less reliable results. To estimate
the proportion of volunteers from all participants in low-
threshold clinics, we will attempt to obtain an estimate
of the total number of PWIDs treated in these clinics
during the recruitment period. It can be hypothesised
that the PWIDs with the most unstable life situations who
cannot adhere to treatments at these service units could
be at higher risk of injection complications, including
needle fragment retention, and may also be less likely to
choose to participate. On the other hand, it is possible
that PWIDs with previous local needle complications or
possible needle fragmentation symptoms are more inter-
ested in volunteering than PWIDs without complications.

The decision to image only one projection per anatom-
ical site to minimise radiation exposure may cause some
needle fragments to be missed. We will attempt to maxi-
mise the yield of needle fragment detection by optimising
the projections. Furthermore, we will image participants
based on their recalled injection sites; therefore, if the
participant does not recall all the sites where they have
injected, some anatomical locations will not be imaged,
and some needles may be missed.

Safety considerations

The key safety consideration for this study is the use of
radiation to capture X-ray images. We will only image the
anatomical sites that the participant has reportedly used
as injection sites. This will help to avoid unnecessary radi-
ation exposure. Furthermore, all women of childbearing
potential will be tested for pregnancy prior to imaging; if
the participant is pregnant, she will be excluded and no
imaging will be performed.

Data management and dissemination of study results
Written informed consent and questionnaires will be
collected in paper format and preserved in the hospital
(Tampere University Hospital). The information will then
be exported into a Microsoft Excel (Microsoft Corpo-
ration, 2018) sheet and stored in the hospital’s General
Data Protection Regulation environment. The study
results will be published in international peer-reviewed
journals and conference proceedings.

Statistical analysis

To calculate the prevalence of drug needle retention,
the numerator is the number of PWIDs with at least
one radiologically confirmed needle fragment retained.
The denominator is the total number of study partici-
pants. Statistical significance is defined as an alpha level
of 0.05. Binomial (95%) CI will be calculated using the
Clopper—Pearson method."" Risk factors will be exam-
ined by comparing PWIDs with and without radiologically
confirmed drug needle retentions. Unconditional multi-
variable logistic regression analysis will be used to calcu-
late the ORs and 95% CI for risk factor variables. The

4

Laukkala H, et al. BMJ Open 2025;15:€099521. doi:10.1136/bmjopen-2025-099521



selection of independent variables for adjustment should
generally be based on knowledge from previous studies;
however, as there are no similar studies, we cannot base
these selections on previous studies. We therefore plan to
adjust analyses for age, gender or other independent vari-
ables that are strongly associated in univariate analyses.
As a rule of thumb, there should be at least 10 outcomes
against an independent variable to avoid too large a SE."?
Thus, in the case of 20 participants with drug needle
fragment retention, the model should incorporate only
two independent variables. Multicollinearity between
independent variables will be tested before entering the
variables into the model. Chronological age, the age at
which the participant started using intravenous drugs and
the number of years using intravenous drugs are the only
continuous variables. Whether their association with the
log odds is linear will be examined using the Box-Tidwell
test, which incorporates the interaction of the natural log
of the variable to the model. Model goodness-of-fit will
be calculated using the Hosmer—Lemeshow statistic. IBM
SPSS Statistics (IBM Corp, Armonk, New York, USA) will
be used for statistical analyses.

DISCUSSION

The prevalence of needle fragments retained in subcuta-
neous tissues among community-dwelling PWIDs remains
unknown. We have designed a preliminary prospective
multicentre study that seeks to provide the first radiolog-
ically confirmed prevalence estimates on the presence of
needle fragments. Furthermore, we aim to identify risk
factors predisposing PWIDs to needle fragment reten-
tion, and we will follow up PWIDs with detected needle
fragments to determine their clinical outcomes. Learning
the prevalence of needle fragment retention may help to
provide better services to PWIDs. Furthermore, this esti-
mate informs medical professionals of the risks of needle-
stick accidents.

Although the study will set out to prospectively answer
the study questions in a multicentre setting, we acknowl-
edge that the study has some limitations. First, PWIDs
may have various social and health-related difficulties,
making participation difficult. In addition, competing
priorities in their lives can limit participation. We have
therefore planned a preliminary prospective multicentre
cohort study aiming to recruit 100 participants. The small
study sample may limit the power of the study, and the
results must be viewed as preliminary. Second, the study
may not be fully representative. As the study participants
are volunteers recruited from low-threshold drug abuse
service units and a communal healthcare centre, the study
is not representative of those PWIDs who are hospitalised
for complications, do not use low-threshold drug abuse
services or healthcare services or are incarcerated. More-
over, it is possible that PWIDs with previous local needle
complications or possible needle fragmentation symp-
toms are more interested in volunteering than PWIDs
without complications. Third, the decision to image only

one projection per anatomical site that the participant
remembers having injected intravenous drugs into may
cause some needle fragments to be missed. However,
the projections will be carefully selected to maximise the
visualisation of the soft tissue compartments adjacent
to major vessels. Furthermore, the decision to screen
the injection sites for needle fragments using only one
projection was based on the desire to minimise unneces-
sary doses of radiation.
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