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Abstract

Thas study was designed as a systematic réview of published cose reports and small cose series, Study selection and
reporting were structured in sccordance with PRISMA 2020 and PRISMA-5. Findings were synthesized narratively
i line with 5Wild, and the full reproducible search strategies are provided in Supplementary File 1. The reproducible
PubMed™MEDLINE search dentified 21 records, of which 14 publications comprising 20 individual patients weng
included in the qualitative synthesis. The Literature spanned 1992 1o 2025, and % of the 14 publications (64.3%) were
published from 2020 onward, Cases ranged from a day-old neonate to a Te-year-old adolt. Events aroze predominantly
from upper-extremity peripheral venous access and were commonly associated with repeated cannulation attempts,
reinsartion of the introducer needie into a partially advanced cannula, device manipulation, or difficult removal.
Fragments were usually retimed within superficial upper-lunb veins, although central embolization o the pulmonary
artery or heart/great vessels was documetded in 2 of 20 patients { 10.0%). Ultrasound and computed tomography were
the most informative localization modalities when radiography was negative or inconclusive. Management was
predominant]yv active rettieval, and fivorable short-term outoomes were reported in 18 of 20 patients (90.0%). The
available case-based evidence sugpests that fractured PIVC fragments should be approached as time-sensitive
intravascular foreign bodies. These findmgs support 2 practical strategy focused on avoiding needle reinsertion and
repeated monipulation of the same cannula, topether with prompl contmnment, mmaging-based localization, and
anatomy-directed retrieval, while recognizing that comparative effectiveness cannot be established from the current
literature. Peripheral inteovenows cannula; peripheral intravenous catheter; catheter racture; retained intravascular
foreign body; cannuly embalization; venotomy; endovasoular retrieval; systematic review.
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Introduction

Peripheral intravenous catheters (PIVCs) are
fundamental to contemporary hospital care
and remain the most frequently used invasive
device in routine chinical practice [1]. Their
ubiguity is substantial; a recent systematic
review and meta-analysis noted that more
than two billion PIVCs are used globally each
year, underscoring the scale at which even
low-lrequency complications may translate
into a considerable absolute clinical burden
[1]. Because PIVCs are inserted across
emergency, medical, surgical, and pediatric
settings, they are often perceived as simple
and  low-risk  devices.  However,  this
perception may  obscure the fact that
peripheral venous access 1s not a benign
intervention. particularly when device failure
interrupls treatment, necessitates remsertion,
or precipitates downstream complications [ 1-
2]

The broader literature on PIVC outcomes
confirms that catheter-related complications
are common and clinically important. In the
largest recent synthesis, Marsh et al. analyzed
69 studies comprising 478,586 PIVCs and
reported that all-cause PIVC failure before
completion of therapy occurred in 36.4% of
catheters, equivalent to approximately one in
three devices [1]

systematic review focused on non-infectious

In a complementary

complications 1 adults. the same research

group found that phlebitis,
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infiltration/extravasation, occlusion, leakage,

pamm, and dislodgement occurred at
appreciable rates, with phlebitis reported in
19.3% of catheters when explicitly defined
and nfiltration/extravasation in 13.7% [2].
Importantly, these events are not merely
technical  inconveniences.  Analysis  of
SRE, 375 qualifying hospital admissions in the
United States showed that patients with
peripheral intravenous-related complications
had a longer adjusted mean hospital stay,
higher hospitalization costs, lower likelihood
of discharge home, and a higher risk of death
than those without such complications [3].
these data establish that

complications associated with peripheral

Collectively,

VENous HCCEeSS meaningful

carry
consequences for patients, clinicians, and

health systems.

Apainst this background of frequent overall
PIVC failure, fracture of the peripheral
intravenous  cannula  with  retention,
migration, or embolization of a fragment
represents  a  distunctly  uncommon  but
potentially serious event. Published case
literature  consistently characterizes  this
complication as rare, underreported, and
potentially devastating [4-6].
Nyamuryekung'e et al. described fracture of a
peripheral intravenous cannula in situ as a
rare but potentially serious complication
whose etiology and prevention are not widely
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recognized by clinicians  performing
cannulation [4]. Simularly, Kumar and
Ranjan emphasized that iatrogenic fracture
with proximal migration 18 an extremely rare
and underreported complication that may
behave as a retained intravascular foreign
body with lethal conseguences [3]. In
pediatric practice, Pu et al. recently reiterated
the rarity of catheter fracture and highlighted
that migration of retained fragments may
result i pulmonary embolism or cardiac
arrhythmias, while also noting that PIVC
fractures appear underreporied despite the
widespread use of these devices [8].

The chinical significance of this event lies not
only in its rarity but also in the nature of the
complications that may follow delayed
recognition or failed containment of the
fragment. Retained cannula segments can
function as intravascular foreign bodies and
may migrate proximally, leading to local
vascular mjury or more distant embaolic
phenomena [5-6]. Reported and postulated
sequelae in the hiterature nclude sepsis,
dysrhythmia, myocardial infarction,
pulmonary embolism, and other severe
consequences related to embolization or
intravascular retention [4-5; 8]. Although not
CVery case progresses to a major adverse
event, the possibility of rapid migration
means that fracture of a PIVC should be
viewed as a time-sensitive complication that
requires  prompt  climeal  suspicion,
localization, and management [5; 7-8].

Another important concem 15 that the
mechanisms,  preventive  lessons,  and
management pathways for fraciured PIVCs
are not consolidated in one easily accessible
body of evidence. Case reporis have

a1

implicated potentially avoidable procedural
factors such as reinsertion of the introducer
needle into the plastic cannula, repeated
insertion attempis with the same device,
excessive manipulation, patient agitation or
self-removal, and delayed recognition of the
missing fragment [4: 6; 8]. Once a fracture 15
suspected, the published literature describes
the use of physical containment measures,
bedside ultrasonography,  radiclogical
localization, wvenolomy, open surgical
exploration, and, in selected circumstances,
other [4-5: 7-8].
Mevertheless, Isiguzo et al , in a case series of
s1x adult patients, specifically noted a paucity
of well-defined retrieval techniques in the
literature, emphasizing that management
knowledge remains fragmented and largely
experience-based [7].

retrieval  strategies

This fragmentation is reflected in  the
structure of the existing evidence base.
Unlike the extensive literature on infection,
phlebitis, infiltration, and owverall catheter
failure, reporis dealing specifically with
broken peripheral mitravenous cannulas are
scattered across case reports and small case
series in surgical, emergency, radiological,
and pediatric journals [1-2: 4-8]. As a result,
clinicians confronted with a retained or
embolized cannula fragment may have
limited access to a synthesized overview of
the typical clinical settings, risk factors,
anatomical locations, diagnostic work-up,
retrieval techniques, and outcomes reported
in prior cases. For a rare adverse event, this
lack of synthesis can hinder both recognition
and standardization of management.

Accordingly, the present review was

undertaken to provide a comprehensive
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synthesis of published case reports and case
series involving fractured, retained. migrated,
or embolized peripheral intravenous cannula
frapments, with particular attention to the
circumstances  of  fracture. localization
strategies, management approaches, and
patient outcomes. By consolidating the
dispersed case-based literature. the review
clarifies the clinical spectrum of this
complication, identifies recurring procedural
and contextual themes, and provides a
practical evidence base for clinicians
managing retaned or mugrated peripheral

intravenous cannula fragmenis.

Materials and Methods
Review Design and Reporting Framework

This study was designed as a systematic
review of published case reports and small
case series describing fracture, breakage,
relention, migration, or embolization of
peripheral intravenous cannula fragments
and the diagnostic and management
approaches used after these events. The
methodological  structure and  reporting
framework were developed in accordance
with the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses

2020 (PRISMA 2020), which provides the

current  core guidance for transparent
reporting of systematic reviews [9]. The
reporting of the electronic scarch strategy
was alipned with PRISMA-S, the dedicated
extension for literature search reporting in
systematic reviews [10].  Because the
available evidence in this topic consists
predominantly of descriptive reports of rare
adverse events with marked climical
heterogeneity, the synthesis was narrative
rather than quantitative and was structured in
line with the Synthesis Without Meta-
analysis (SWiM) reporting guidance where

apphicable [11].

Review Question and Objectives

The review addressed the following question:
What are the reported clinical characteristics,
diagnostic pathways, management stralegies,
and outcomes of published incidents
involving a broken or retained fragment of a
peripheral intravenous cannula? The primary
objective was to idennfy and svnthesize all
published patient-level reports ol peripheral
intravenous cannula fracture. The secondary
objectives  were 0 summarize the
circumstances of fracture, the anatomical
location of retained or migrated fragments,
the imaging modalities used for localization,

the technigues used for retrieval or



Kareem. 12,3(79-102)

conservative management, and the outcomes

reported after intervention.

Eligibility Criteria

The eligibility criteria were defined a priorn
for descrnipuve clinical evidence. Eligible
reports were full-text human case reports or
small case senies published in peer-reviewed
journals that described a fractured, broken,
transected, separated, retained, migrated, or
embolized fragment of a peripheral
intravenous cannula. Studies involving either
adult or pediatric patients were considered
cligible, To be mncluded, a report had to
provide patient-level clinical information on
al least one of the following domains: the
mechanism or context of cannula fracture, the
site of cannulation, the location of the
retained fragment, the diagnostic or imaging
the retrieval or

work-up, management

approach, or the clinical outcome.

The review excluded narative reviews,
systematic reviews, editorials, comments,

conference  abstracts  without  sulficient

patient-level information, technical notes

without a clinical case, animal studies, and
reports involving devices outside the scope of
peripheral intravenous cannulation, including
central catheters,

VENous hemodialysis
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catheters, peripherally inserted central

catheters, implantable venous access ports,
epidural catheters, and arierial catheters.
When an article deseribed a mixed device
population, it was considered ¢ligible only if
the pernipheral intravenous cannula cases
were clearly identifiable at the individual-

patient level.

Information Sources and Search Strategy

The formal electronic search underpinning
this review was performed on 31 January
2026. PubMed/MEDLINE was used as the
primary structured biomedical database, and
Google  Scholar  was  searched as  a
supplementary source to identify additional
case reporis that might not be readily
captured through PubMed indexing alone.
Both sources were searched from database
incepiion to 31 January 2026, and no date
filters were applied during the search process,
The full database-specific search strategies
are reproduced in Supplementary File 1.

The exact PubMed query executed for this

review was as follows:

{("mtravenous cannula” OR  "peripheral
intravenous cannula” OR "penpheral venous
cannula"  OR  "peripheral  intravenous
catheter” OR "peripheral venous catheter”
OR PIVC) AND (fracture OR fractured OR
broken OR breakage OR  retained OR
fragment OR fragments OR embolized OR
embolised OR embolization OR
embolisation OR migration OR migrated OR
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transection) AND ("case report" OR "case
reports™))

The supplementary Google Scholar query

executed on the same date was:

("intravenous cannula" OR  "peripheral
intravenous cannula" OR "peripheral venous
catheter™) AND (fracture OR broken OR
retained OR fragment OR embolized OR

migration) AND ("case report")

Al the ume of execution, the PubMed query
retrieved 21 records, whereas the Google
Scholar search displaved approximately
1,210 results. PubMed was treated as the
principal structured source for reproducible
retrieval, while Google Scholar was used as a
supplementary sensitivity search (o improve
capture of rare and inconsistently indexed
case reports. Because Google Scholar returns
dynamically ranked results rather than a
stable, exportable indexed set, it was not used
a5 the basis for the numerie PRISMA flow. In
keeping with PRISMA-S, the search terms,
source names, execution date, and search role
of each source were recorded explicitly [10],
and the full strategies are reproduced in
Supplementary File 1.

Study Records and Selection Process

All retrieved references were collated in a
structured  screemung  spreadsheet,  and
obvious duplicates were removed manually
before eligibility assessment. Study selection
was orgamized i two sequential stages

consisting  of utle-and-abstract  sereening

followed by full-text review. During
screening, records were retained for full-text
assessment whenever the title or abstract
suggested peripheral intravenons cannula
fracture, a retained cannula fragment,
intravascular migration, or embolization
related to penipheral venous access. Reports
in which the device type was unclear at the
title-and-abstract stage were carried forward
to full-text review to reduce the risk of
erroneous exclusion of rare but relevant

CAsCs.

During the full-text assessment, articles were
evaluated against the predefined eligibility
criteria with particular attention to whether
the retained or fractured device was a
penpheral intravenous cannula rather than
another catheter type and whether sufficient
patient-level climcal detail was available for
extraction. Reasons for exclusion at the full-
text stage were predefined as wrong device
iype, absence of patient-level data, duplicate
publication, insufficient clinical detail, or
non-casc-based publication format. The
numeric PRISMA flow was anchored to the
reproducible PubMed/MEDLINE retnieval
set; Google Scholar served only as a
supplementary  sensitivity  source  and
therefore was not assigned a  separate

denominator in Figure 1.
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Data Extraction and Data Items

A standardized data-extraction framework
was developed before a detailed review of
cligible reports. For each included case, the
extracted variables included the first author,
publication year, couniry of origin, clinical
relevant

setting, patient age and  sex,

comorbidities, ndication for cannulation,
cannula size or gauge, cannula matenal when
reported, insertion site, laterality, dwell time
before fracture, immediate circumstance or
suspected mechanism of breakage, whether
reinsertion of the introducer needle was
described or suspected, anatomical location
of the retained or migrated fragment,
presenting symploms and signs, interval
between fracture and diagnosis, imaging or
localization  modality, management or
retrieval technique, use of anesthesia when
applicable, retrieval success, complications,
and

follow-up information, final patient

outeome,

For analytical consistency, extracted

information  was  organized o five

prespecified clinical domains: device-related
factors, procedure-related factors, patient-
related factors, diagnostic approach, and
management and outcome  variables:
Management approaches were categorized

pragmatically as local surgical retrieval, open

a5

operative  retrieval,  image-guided  or

endovascular  retrieval, or conservative
observation when no mvasive intervention

was undertaken.
Methodological Quality Appraisal

The methodological quality of included
reports was appraised using the framework
proposed by Murad et al. for case reports and
[12]. This

particularly suitable for rare adverse climcal

case  series framework 15
incidents because it evaluates descriptive
evidence across four domains: selection,
ascertamment, causality, and reporting [12].
Given the nature of the evidence base, the
appraisal was interpreied at the domain level
rather than reduced to a single agprepate
score, thereby allowing identification of the
principal reporting himitations within each

included report.

Data Synthesis

A formal meta-analysis was not underiaken
because the available evidence base was rare,
and

clinically heterogeneous,

methodologically descripuive. Insicad, the

findings were structured for narrative
synthesis and tabular presentation. In
accordance with SWiM, the synthesis

framework was organized around climeally
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relevant SrOUpings, including the
circumstances of cannula fracture, the pattern
of fragment retention or embolization, the
diagnostic methods used for localization, the
retrieval or management strategy employed,

and the reported clinical outcomes [11].

A formal meta-analysis was not undertaken
because the available evidence base was rare,
climeally heterogeneous, and
methodologically  deseriptive. Instead, the

findinps were structured for narrative
synthesis  and tabular presentation. In

accordance with SWiM, the synthesis
framework was orgamzed around clinically
relevant orOupIngs, including the
circumstances of cannula fracture. the pattern
of fragment retention or embolization, the
diagnostic methods used for localization, the
retrieval or management strategy employed,
and the reported clinical outcomes [11].

Where  the
meaningful

available
COMpPArison,
summarized according to age group, site of

data permitted
cases  were

cannulation, superficial versus intravascular
location of the retained fragment, and
surgical versus non-surgical management.
Descripive  summary — measures  were
restricted to simple counts, proportions, and
ranges when these could be derived
consistently from the included literature; no
pooled effect estimate was undertaken.
Accordingly, the results are presented as a
structured descnptive statistical synthesis
rather than as inferential comparative
analysis.

a6

Because this study used data denived

exclusively from previously published
literature and did not involve direct patient
recruitment or access (o identifiable personal
data, formal institutional ethics approval was
not required for this type of evidence

synthesis.

Results
Study Selection

The study-selection pathway is illustrated in
Figure 1. The numeric counts in Figure 1
the

correspond o reproducible

PubMed MEDLINE retrieval set.

The reproducible PubMed/MEDLINE search
vielded 21 records. After title-and-abstract
screening followed by full-text ehigibility
assessment against the predefined criteria, 14
publications were retained for guahiative
synthesis, while 7 records were excluded.
The excluded records comprised one ammal
report, four clinically unrelated false-positive
records, one ophthalmic report i which an
intravenous cannula was used as a procedural
instrument rather than being the fractured
device of interest, and one report involving a
peripherally inserted central catheter rather
than a peripheral intravenous cannula. The

final evidence base consisted of 12 single-



Kareem. 12,3(79-102)

patient case reports, one dual pediatric case
report, and one 6-patient adult case senes,
yielding 20 individual patients overall.

Because reporting completeness  varied

across  arlicles, the denominator differs

between individual descriptive domains.

Overall Characteristics of the Ineluded
Literature

The the included
publications and patients are summarized in

Table 1.

characteristics  of

The included publications spanned the period
from 1992 to 2025, with 9 of the 14 reports
(64.3%) published from 2020 onward,
indicating a noticeable concentration of
reporting in recent years [13; 8; 7: 14-16; 4;
17; 5]. The evidence base was domuinated by
isolated case descriptions, and only one
publication reported more than two patients,
namely a 6-patient  adult Series
describing a J-flap retneval approach [7]. In
reports m which ape was explicitly provided,
the age spectrum ranged from the first day of
life 1w 76 years, demonstrating that this
complication can occur across the full
clinical age range [8; 14-15; 4; 17; 5-6; 19].
The pediatric evidence included a 1-day-old
neonate, a 1-year-old infant, and a 30-month-
old toddler [8; 17], whereas the adult
literature included voung adults, middle-aged
adults, and elderly patients, including
individuals aged 23, 29, 30, 40, 55, 63, and
76 years [13-16; 4-6; 19].

case

a7

When the access site was reported, the event
almost  always originated from upper-
extremity  peripheral  venous  access.
Frequently deseribed sites included the
dorsum of the hand, dorsal metacarpal veins,
forearm, wrist, cubital fossa, cephalic vein,
and median cubital vein [[4-16; 4; 17; 5-6;
18-20]. The pediatric literature additionally
described fracture after left axillary venous
access and right temporal superficial venous
access, demonstrating that  nonstandard
pediatric access locations may also be
affected [B].

Circumstances and Suspecied
Mechanisms of Cannula Fracture

Across the included literature, fracture events
clustered around four recurrent scenarios.
First. several reports descnbed repeated
failed cannulation attempts, often involving
continued use of the same cannula. as the
immediate procedural background o catheter
failure [14; 17; 6; 19]. Second, a number of
cases were recognized during removal of an
indwelling cannula, when inspection of the
removed device showed that the tip or distal
catheter segment was missing [14-16; 4-5;
18; 20]. Third, some reports highlighted the
contribution of patient movement, agitation,
or forceful self-removal after difficult
insertion, most clearly in the intoxicated adult
patient reporied by Khoo et al. and in the
military case reported by Lossos etal. [13:6].
Fourth, delaved recognition of the retained
fragment was documented 1n both older and
newer reports, including the pediatne
temporal-vein case that  remained
unrecognized for 6 days and the fatal
historical report that presented with severe
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infectious sequelae afier embolization [8;
21].

A particularly consistent procedural theme
was the potential harm of reintroducing the
needle into a partially advanced plastic
cannula or continuing repeated
manipulations with the same device. This
mechanism was  explicitly  deseribed  or
strongly suspected in multiple contemporary
reports and was repeatedly associated with
transection or loss of structural integrity of
the plastic catheter wall [16; 4; 6; 19].
Likewise, the toddler case and the 63-year-
old adult case both emphasized multiple
difficult attempts as a plausible precipitating
factor [14: 17]. The 6-patient adult case series
also reinforces the practical reality that
accidental fracture and peripheral venous
embolization are not confined to isolated
anecdotes, but may present repeatedly in
routing surgical practice when access is
difficult or management is delayed [7].

Fragment Location, Retention Pattern,
and Migration

Most fragments were either retained locally

or migrated within superficial upper-
extremity veins, but the literature also
documented clinically important  central

embolization. Peripheral or locoregional
venous refention accounted for the great
majority of reported cases, whereas central
embolization to the pulmonary ariery or
heart/great vessels was documented in 2 of
the 20 pauents (10.0%,) [15; 21]. Reported
peripheral locations included the cephalic
vein just above the cubital fossa [16], the
median cubital region [4]. the dorsal

as

metacarpal or digital venous system of the
hand [6; 19], the distal forearm [17]. the
superficial forearm/cubital venous pathway
[18], and the cephalic vein after migration
from a superficial right wrist vein [20]. In the
2020 case reported by Kumar and Ranjan,
migration of approximately 10 cm from the
mid-forearm toward the cubital fossa was
documented [5]. In the 2015 report by Singh
et al., the fragment had migrated 13 cm by the
time of operative retrieval [18]. A similar 13
cm distal cephalic-vein location was also
described in the 2021 Fogariy-assisted
reirieval report [16].

The distal direction of migration within the
upper limb was not uniform. Khadim et al.
described distal venous embolization o the
dorsal digital vein of the muddle finger, from
which a 2.2 cm catheter tube was retrieved by
venotomy [19]. Bloom et al. documented
embolization of a 28 mm distal cannula
segment from a superficial right wrist vein to
the cephalic vem at the antecubiial fossa,
where it was localized by computed
tomography before removal [20]. In the
pediatric dual case report, the neonate’s
fragment was localized in the left subelavian
and axillary venous svstem, whereas the
second child had a retained 1.5 cm fragment

afier fracture of a right temporal vein catheter

[8].

The most serious migration patterns mvolved

the central circulation. Giragani et al
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reported  embolization of a  fractured

peripheral intravenous cannula tip to the
anterior scgmental branch of the right
descending pulmonary artery [15]. The 1992
Chest report described the severest outcome

in  the literature, namely fatal sepsis

secondary to proximal embolization of a
peripheral intravenous cannula fragment 1w
the heart and major vessels [21]. The recent
military case reporied by Lossos et al. further
illustrates that embolization can occur rapidly
when a fractured fragment 15 not stabilized

effectively after the imnal event [13].

Diagnostic Evaluation and Localization
Strategies

Clinical examination remained an important
first step. but 1t was often msufficient as a
stand-alone  strategy. Several reports
described a palpable linear cord, tender
swelling, or localized discomfort along the
course of the affected vein, thereby raising
suspicion of a retained fragment [4-6; 18-19].
However, nonpalpable fragments were also
common, particularly when the segment had
migrated away from the puncture site or
embolized centrally [15-17]. The diagnostic
pathway was therefore strongly imaging-
dependent.

Plain radiography vielded mixed results. In
some reports, radiography helped identify a
linear foreign body, including the 63-vear-
old woman with hand-cannula fracture, the
self-inflicted adult case reported by Khoo et
al., and the 20113 distal digital-vein embolus
[14;: 6; 19]. In contrast, radiopraphy was

a9

inconclusive or unremarkable in other cases.
particularly when the retained plastic
fragment was poorly radiopaque or
radiolucent [15-17; 5]. This inconsistency is
climcally relevant because it demonsirates
that a negative radiograph does not reliably
exclude a retained peripheral
fragment.

cannula

Ultrasound was frequently used as the first
locahization modality for  superficially
retained  fragments. Bedside or formal
ultrasonography  localized the retained
segment in the 2025 military case, the
pediatric dual case report, the Tanzanian
case, the cephalic-vem nmigration case, and
the 2021 Cureus report [13; B: 16; 4-5].
Ultrasound was especially useful when the
fragment remained within a  superficial
peripheral venous segment and could be
correlated with focal symptoms or a palpable
venous cord. Even so, sonography was not
umversally diagnostic. In the 2015 report by
Singh et al. and in the toddler case reported
by Adeosun et al., ultrasound failed to
localize the fragment adequately, prompling
escalation 1o cross-sectional imaging [17-18].
(CTy or CT

Computed tomography

angiography (CTA) proved decisive in a
literature,

substantial  proportion  of the

especially  when  the  fragment  was
nonpalpable, radiography was negative, or
central embolization was suspected. CT
identified the fragment in the distal forearm
in the toddler case after both ultrasound and
radiographs had failed [17]. Singh et al. vsed

CT to confirm an intravascular foreign body
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after unsuccessful sonographic localization
[18]. Khadim et al. used CT of the affected
upper limb and chest to identify distal

embolization adjacent to the proximal

phalanx of the middle finger [19]. Bloom et

al.  used contiguous axial CT  with

reconstructions to precisely localize a 28 mm
cannula segment in the cephalic vein [20]. In
the neonate, CT angiography showed the
fragment within the left subclavian and
axillary veins [8], whereas Giragam et al.
used multidetector CT thorax to demonstrate
embolization to a segmental pulmonary
artery branch [15]. Collectively, these reporis
indicate that CT-based imaging became the

decisive  modahty  whenever  bedside

examination and superficial-vein imaging

were insufficient.

Management Approaches

Most reports described actuve retrieval rather
than prolonged observation, usually by local
or open surgical exploration with venotomy
or phlebotomy [§; 14; 16: 4; 17: 5-6; 18-20].
In  adulis with superficially retained
fragments, direct surgical retrieval under
local anesthesia was common and often
involved exposure of the affected wvein,
venotomy, removal of the fragment, and
vessel ligation or repair when required [16; 4-
6; 18-20]. The Tanzanian case, the self-
inflicted adult case, the 2013 distal digital-
vein embolus, and the 1996 upper-limb
embolization case all followed this broad
operative logic [4; 6; 19-20].

90

Pediatric  patients  and  deeply located
fragments were more often managed under
gencral anesthesia, The neonate in the dual
pediatric report underwent open exposure of
the axillary/subclavian venous segment with
vascular clamping and retrieval of an intact
3.5 cm fragment [8]. The toddler reported by
Adeosun et al. underwent inhalational
reneral anesthesia followed by a wnst-crease
incision and careful dissection afier CT-
based localization [17]. The second child in
the 2025 dual report also required 1maging-
removal

putded surgical after delayed

recognition [8].

The literature additionally documented
several techmeally distinctive management
approaches. Masood et al used a 4-Fr
Foparty catheter to retrieve a nonpalpable
cephalic-vein fragment located
approximately 13 cm from the cubital fossa
[16].

identified case series, describing a novel 1-

Isiguzo et al. reported the only
flap surgical technique across six adult
patients managed over a 24-month period [7].
At the opposite end of the technical spectrum,
Girapam et al.  desenibed  successful
endovascular retrieval of a pulmonary-artery
embolized fragment through right femoral
venous access, pulmonary angiography, and
capture with a 15 mm Amplatz pooseneck
snare,

thereby showing that minimally
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invasive retrieval may be feasible even for a
radiolucent peripheral cannula fragment once

it has embolized centrally [15].

Immediate Anti-migration Measures and
Short-term Ouicomes

Key prevention and early-response lessons

distilled [rom the mecluded literature are

sumimarized in Table 3.

A recurring practical theme in the included
literature was the importance of immediate
steps aimed at preventing further migration
once the fracture was recognized. The
neonatal case was managed imtially with
proximal compression and positioning 1o
minimize movement [8]. Toumniguet use was
emphasized in the 1996 report, in the 2013
CT-guided operative case, in the 2021
cephalic-vein retrieval report, and in the 2025
military report [13; 16; 18; 20]. The self-
inflicted adult case additionally used skin
marking and wrist dorsiflexion with a splint
immediately after the fractured segment was
identified [6]. These maneuvers were
consistently described as temporizing steps
before defimtive localization and retrieval.

Short-term chinical outcomes were favorable
in most contemporary reports when diagnosis
and retrieval were prompt. Favorable short-
terim outcomes were documented in 18 of the
20 pauents (90.0%). whereas one child
presented with localized inflammation after
delaved recognition and one historical patient
died of sepsis after central embolization [8;
15; 21]. Uneventful postoperative or post-
procedural recovery was documented after
direct operative retrieval in multiple adult

91

patients [14; 16; 4-6; 18-20], after surgical
management in the toddler [17], and after
neonatal open retrieval with no complications
during follow-up tw 1| wvear [8]. The
pulmonary-artery embolization case also had
no periprocedural complications, and the
patient was discharged the next day [15]
Nevertheless, delay 1 recognition was
associated with  more  problematic
presentations. The second pediatric case in
the 2025 dual report was overlooked for 6
days and presented with localized
inflammation before surgery [B]. The
historical Chest case remains the clearest
demonstration of the worst-case scenano,
namely, fatal systemic infection after central
embolization of the fragment [21].

Publication-level Summary of Included

Cases

Overall, the published literature shows that
broken peripheral  intravenous  cannula
fragments most often remain within upper-
extremity peripheral wveins but can  also
embolize distally or centrally, including to
the digital veins, axillosubelavian venous
system, pulmonary artery, and heart/great
vessels. Across the modem literature, the
most consistent pattern of favorable outcome
was rapid recognition, prevention of further
migration, accurate imaging localization, and
prompt definitive retrieval [13; 8; 15-16; 4;
17; 5-6; 18-20].

Methodological Quality Appraisal
The methodological quality of the included

case reporis and case series was appraised

using the Murad et al. framework [12]
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Selection representativeness was generally
unclear because the evidence base consisted
predominantly of isolated case reports rather
than consecutive cenire-based series. By
contrast, ascertainment was usually strong, as
most publications documented a  visibly
incomplete cannula, mmnaging-based
localization, operative retrieval, or a clearly
detined clinical endpoint. The causality items

related to challenge/rechallenge and dose-

response were not applicable to this device-

related complication  literature, whercas
consideration of alternative causes was
variably reported. Owerall, the included
literature was considered methodologically
adequate for descnptive synthesis  of
presentation, localization, and management
patterns, but limited for causal inference and
estimation of incidence. Detailed judgments

are summanzed in Table 2.

Records identified from databases
PubMed/MEDLINE (n=21)

Records removed before screening

Duplicate records removad (n=0)

Records screenad

{n=21)

»

1

-

Records excluded
(n=0)

Reports sought for retrieval

) |

{n=21)

Reports not retrieved
(n=0)

)

-

Reports excluded (n =7}
+ Unrelated topic (n = 4)
« Wrong device/scope (n = 2)
= Animal report (n=1)

Reporis azgessed for eligibility

{n=21) @'ﬂ]

——

w

Studies included in review
{n = 74 publications)
{r = 20 individual patients)

&

Figure 1. PRISMA 2020 flow diagram for study selection based on the reproducible
PubMed™MEDLINE retrieval set (21 records screened, 21 full-text reports assessed, 7 excluded, and
14 publications representing 20 patients included).
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Table 1. Characteristics of the included publications and patients®,

Rel, | Stady Design | Patients, | Age/papulation | Sea Canruilaflragrme | Cifcumstance ar Bingreitic/localitation | Management | Repesied
n st ar mechansam af method outEame
ernbalization fractune
Iotation
[13 Logsod, 25 Case 1 1-yoar-akl L] Perpaharal IV Canmula Drdakage Piind=pl-cang Exgradinad Prompg
Feport achilt canmula dged auring use with il assnng diagrasis and iantificatiaon
during militory corstern for megratian msnpgemenl pndl
training; ater rupinre using 4 management;
embabicabon alter taismiquet- repot
rupture aszmted emphazirzd
aporoach prevention of
migratikn
-1 Pu, 1025 Dial 1 1-day neanate; Famale Left axdlary Frociuwe with defayed Ultrazarnd and CT Surgiial Mz
cose 1-pear-oid neonate; | catheter; right recognition inone angugraphy after retrieval omphcatons
report irfar male temporal vein child and prompt compression In the
miant catheter recognition im the snmabilization proenpaly
other recognized
case; lncaiized
Infarmirmation
aftar 6-day
delay i the
pihes czae
7 Isiguzn, 2023 Casa B Acults MA Pangheral vedns Aocidentad fracturs Mot roparted n Surgleal Successhad
FOrEES ared pminelization ol ahisiracs retrikgeal rafriaval insis
perpheral IV canrula using & naval AlETE O A
fragmants L-flap FA-month
technigue period
[18) | Woa, 2023 Cans 1 B3-yaar-okl Famals Hard Fnpeaiod attamgts Plain radingrapiny wenotomy in | Successid
repart adult with an 18-gauga tha remaoal,
cannala in cofapsed RMBIEENEY authors
weing and poor skin denartimant BLrERgEd] Sty
earditan Fetriendal B
prevent
vasculitiy of
wembolization
[15) | Giragari, 2021 Cage 1 Adhlt il Palmonary artery Fracfuse Follownsd iy Imaging-hased Encloviscular | Sutcessidl
Teport birandh alter Intrayasules lacafijation for Perlneal enchavascular
permheral [V ermbokration of & endavasouler rietrieal mansgement
canruls fracture radmkicent fragment of a
putmonary
ariery
emanlized
fragmeent
[16] | Masood, 20321 Cose i Acdult L E] Cephafic veir Broksn penpheral Prepperative imaging Cperatwe Surzesshs
report infravencus cannuls retriewal with | remowal;
retained within the a Fagarty authors
uein cathher advocated
retrieval ta
aviail sorinus
complcataans
[af Hyamuryekeng's, | Case 1 Ta-pear-akd b Cubetal fossa Feinsestion of the Uhraszound Surgical Mo
2031 report adult perigheral 1Y guide needie inta the exploratian Intraoperative
canrila plastic cannula sheath undar Incal or
Was sukpactad to anagsifiokia postaperathve
. b catised fraciune compleatians
[17) | Adecsun, 2030 Case 1 -manth-old tdale Penpheral IV Several msertian Computed tomography | Surgical Successul
report toddlor canrula inserted atbempts using the romeval ratricval alier
i the emargancy Saa CRnnta) undar LT lncakzation
sting retaingd T-mm genaral
fragenant was rat anagsthesia
paaahla
(5} Kumar, 2020 Case 1 Ii-ypar-ak Female i Fraciuee during Imaging technigues Wenotomy Supcessiul
repnrt adult forearmyouhital canmla remoyal wihib and gentie ratrigyal;
fossa with provimal migratan o trsal authors
prasnal recommRnced
migrstioe in the marly
cuphils ven locairstion
and
exploraban
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{1 Khoa, 2008 Casa Adult Mat Perphaeral IV Muillipde attargts Radalagical imaging Wanotomy Surgassiid
Ry spacilied canrmila; using the same and taregn- rerredl afpes
imravasoular canmmils snd bady imaging
retained foemign subssguent sel- ramayval canfematbsan
body remaoval byan
intoaicated s gEressive
patiert
F1B] | Sagh; 2015 Case MR '] Broken Pechariam nal LCemnpuled CT-guided Sucgusshad
repart imtravEncus chaarhy detailed m the tomography-gusded remaval imape-guided
canrls retaired abatract localization removal when
as an intravascular lacafization
foreign bady was difficult
[19) | Khadin, 2003 Case R L L] Iicdle fimges Fepeated fajled Radsalogical imaging Wenatomy in Supcessul
m=port dorsal digitsd vein attemais uiing the theatrs retrieyal of &
with distal venous | seme cannule were .2-tm
embolzation corsidered o hawe catheter
compromised fragment
structural inbegrity
208 | Bloom, 19946 Cone L] '] Superficisd right Accideniled separalion Cemputed tomogranhy | Ketrieyal Sy
meport WTisk vedn with ared emioolization of a with reconstroctions urider [ocal lacafiration
migration toward: | 2&-mm fragment price anaesthesia and retrieval
the antecubital ko bowm iquet controd after CT
fossa
[21] | Freiberg 159492 Case 'L MR Penpheral IV Prommal embalization Mok reported m Mot clearky Fztal sepais
report canrula smbalus of the cannula ahstrach reparted m with muisiple
imichving the heart | fragment the abstract sepdic
ard mapar wessels omphcatons

*NR indicales information not reported clearly in the sowce report or available exiraction recard, The included
fiterature consistenily supports eavly fecalizavion and prompt reirieval, particilorly when fragment migration or
embalizaiion s suspected,

Table 2. Methodological quality appraisal of the included publications using the Murad et al.

framework®,
Reference Design | Cases | Q1 | Q2 | Q3 |04 | 05 | Q6 | Q7 | Q8 | Overall judgement
Lassos et al., Case 1 ] ) 5 5 WA | NA | Y i Maderate; strong ascertainment
2025 report and reporting, but selection
representativeness was unclear,
Pu et al., 2025 Dual 2 U |y Y ¥ WA | Na | Y Y Moderate-to-high; clear
Lase expasure and outcome
report ascertainment with useful
tollow-up, but selected cases
anly,
Isiguzo et al,, Case [ U Y ¥ U WA [ Na | U u Low-to-moderate; the series was
2023 series clinieally relevant, but reporting
granularity and follow-up detail
wiere limited,
Woo et al,, 2023 | Case i U |y Y ¥ WA [ NA | Y Y Moderate; diagnosis and
report management were clearly
described, but
representativeness remained
o unclear, .
Giragani et al,, Case 1 o[y |Y |Y | NA|NA|Y |Y¥ | Moderate-te-high; imaging
2021 report confirmation and procedural
reparting were strong, with
adequate short-term outcome
reparting.
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Masood et al., Caze MNA | NA Moderate-to-high; lecalization,

2021 report retrieval, and short follow-up
were sufficiently reported.

Wyamuryekung'e | Case M | b mModerate-to-high; the report

et al., 2021 report provided coherent exposure,
localization, management, and
outcome information.

Adeosun et al., Case MA | NA PModerate-to-high; CT-based

2020 report confirmation and operative
retrieval supported robust
ascertainment.

Kumar and LCase WA | NA Moderate-te-high; the case

Ranjan, 2020 report included clear localization,
retrieval, and postoperative
follow-up.

Khoo et al., 2018 | Case MA | NA Moderate-to-high; the report

report described the precipitating

context, localization, retrieval,
and immeadiate outcome
adeguately.

Singh et al,, Case WA | NA Moderate; exposure and

2015 report outcome were identifiable, but
the report available for appraisal
provided limited follow-up and
reparting detail.

Khadim et al,, Case MNA | NA mModerate-to-high; the

2013 report embalization pathway, imaging
confirmation, retrieval, and
recovery were sufficiently
described.

Bloom et al,, Case MA | NA Maderate; exposure and

1996 report retrieval were well established,
although reporting detall was
briefer than in newer reports,

Freiberg and Case MNA | NA Low-to-moderate; the

Barnes, 1992 report catastraphic autcome was clear,

but the published repart
available for appraisal offered
limited methodalogical detail,

*Y indicates that the criterion way judged fo beaet baved on the publiched report: U indicates Shaf the flenr wos
unclear oF msufficiendy veported; NA indicares tar the frem was fudeed nor applicable 1o this device-relared
complication fteratire. Chrestions (0F and (6 were freated as wot applicable because the retained-fragment
fiteratine adiresses a device-related procediival complication vather than a phormacological exposure-response

soengria [12],
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Table 3. Practical prevention and early-response lessons derived from published eases of peripheral
intravenous cannula fracture®.

Domain Practical lesson Rationale from the published case Clinical implication

literature

Prevention | Do not reinsert the Repeated case reports linked Discard the device and restart
introducer needle Into a reinsertion and repeated with a new cannula if
partially advanced plastic | manipulation to cannula damage or | advancemeant fails,
cannula. subseguent fracture [4] [5] (6] [14].

Prevention | Aveid repeated attempts | Fracture often followed difficult Escalate early to a more
with the same cannula, cannulation, repeated experienced operator of an
ezpecially in difficult manipulation, or movement-related | alternative access strategy.
access or agitated stress on the device [5] [6] [8].
patients,

Recopnition | Inspect the cannula Delayed recognition was a recurring | Treat an incomplete catheter
immediately after precursor to proximal migration and | as a time-sensitive
insertion fallure or mare camplex retrieval [4] [5] [15] intravascular fareign body until
remaval and presume f19]. proven otherwise,
intravascular retention If
any segment is missing.

Immediate | Limit migration Multiple reports described anti- Containment should begin

rESpOnsSe immediately with migration measures before before transfer or advanced
proximal compression, definitive localization and extraction | imaging whenever clinically
tourniguet placement 6] (8] [13] [16] [18] [20]. feasible,
when appropriate, limb
immabilizatian, and
minimal manipulation.

Locafization | Use ultrasound first for Ultrasound repeatedly localized Adopt a stepwise imaging
suspected superficial superficial fragments, but CT-based | strategy rather than relying an
retention, but escalate imaging was often needed when plain radiography alone,
premptly when findings radiographs were negative or
are inconclusive, migration was deeperfcentral [4] (5]

18] [13] [15] [18] [20].

Retrieval Choosze the retrieval Successful management included sSuperficial peripheral
technique according to venotomy, phlebotomy, Fogarty- fragments usually reguire
fragment location and assisted extraction, I-flap retrieval, direct cperative retrieval,
availzble expertise rather | and endovascular retrieval {7] [15] whereas central embolization
than wsing a single [16] [17] [20]. may warrant interventional or
universal method. endaovascular management.

Systems Document the event and | The evidence suggests that many Use pach event as a quality-

learning feed the case back into fracture events are praventable and | improvement trigger far
vascular-access training reflect remediable procedural competency reinforcement and
and adverze-event behaviar rather than unavoidable protocol review,
learning systems, device failure alone [1] [22].

®Thin synihesis fable manslates recorvent patrerns fram the caze literainve fnto practical bedside and svsiems-fevel
actions. It is fmtended to suppont preveniton, early recogmition, containment, {ecalization, and retrieval plunning
rather than to Imply comparative effectiveness between fechnigues,




Kareem, 12.3(79-102)

Suspected PIVE fracture or incomgleto
cathetor olter insertion or removal

! | confimimgmentremoral |
| e

of fracture, and feed findings back into
vascularaccess

Document the event, review the mechanizm
training and safety systems

Figure 2. Suggested clinical pathway for suspected peripheral intravenous cannula fracture. retention, or
embolization,
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The algonthm synthesizes the management
logic repeatedly observed across the included
case literature: immediate recognition of an
incomplete cannula, early containment to

reduce  migration, anatomy-appropriate

localization, and retrieval tailored to the
fragment location and available expertise.
Strengths and Limitations

A major strength of this review is its focused

synthesis  of a rare  but  clinically

consequential complication of penpheral

intravenous cannulation. By consolidating
dispersed case reports and small case series,
the review provides a patient-level overview
of recurrent fracture mechanisms, fragment

locations, localization  strategies, and

retrieval approaches that are otherwise

difficult to interpret from isolated

publications.

Methodologically, the review used a
transparent reporting structure aligned with
PRISMA 2020, PRISMA-5, and SWiM, and
the included reports were appraised using the
Murad et al. framework for case reports and
case series  [9-12]. This  improves
interpretability by making explicit both the
reproducible search structure and the low-
certainty nature of the underlying evidence.

The main limitations arise from the source

hterature itself. Nearly all ncluded

publications were single-patient case reports

or very small case series, and many

incompletely reported wvariables such as

cannula gauge, material, dwell time, operator

98

experience, interval to recognition, anti-
migration measures, and duration of follow-
up. As a result, the review cannotl esiimate
incidence, quantify risk factors, or compare
the effectiveness of competing retrieval
techniques with confidence.

A further limitation is that the reproducible
anchored  to
PubMed/MEDLINE, while Google Scholar

was used only as a supplementary sensitivity

numeric [Tora Wik

search. Although this 15 methodologically
defensible for a rare-event review, some non-
indexed or difficult-to-retrieve reports may

still have been missed. The conclusions

should therefore be interpreted as evidence-
informed clinical guidance based on pattern

recognition  rather  than  as  high-level

comparative recommendations.

Conclusion

This systematic review indicates that
peripheral intravenous cannula fracture is an
uncommen  but  chimically  important
complication. However, the available case-
based evidence only suggests, rather than
proves, that these events should be
approached as tme-sensitive intravascular
foreign-body events rather than minor
technical mishaps, Across the published case
literature, fracture was repeatedly associated
with  modifiable  procedural  factors,
particularly repeated attempts, continued
manipulation of the same device, reinsertion
of the mtroducer needle into a partially
advanced cannula, and delayed recognition
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of an incomplete catheter after insertion or
removal.

When fracture is suspected or confirmed, the
available reports support prompt ciforls (o
limit further migration, localize the fragment
with anatomy-appropriate  imaging, and
pursue retrieval according to the anatomical
site and available expertise. Ultrasound
appears particularly useful for superficially
retained fragments, whereas CT-based
imaging becomes especially important when
the fragment is non-palpable, radiography is
non-diagnostic, or central embolization is
suspecied. Because the evidence base is
restricted to case reports and small case
series, no comparative conclusion can be
drawn regarding the superiority of one
retrieval technique over another.

At a systems level, these findings support
consideration of fracture-prevention
messages in routine vascular-access training,
including avoidance of needle reinsertion,
abandonment of a cannula after failed
advancement, careful inspection of the
device after removal, and early escalation
when a retained segment 15 suspected. Future
progress will depend on muliicentre reporting

and more standardized  adverse-event
documentation so  that the incidence,
mechanisms, and optimal management

pathways of this rare complication can be
defined more precisely,
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