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Popliteal Artery Injury and Loss of Limb After Intraosseous
Needle Placement During Resuscitation
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Abstract

Intraosseous (I0) access is used most frequently for emergent vascu-
lar access during the care of critically ill infants and children when
intravenous access cannot be rapidly achieved. Although generally
safe and effective, complications may occur with extravasation of
injected materials or needle damage to soft tissue, bone or vascular
structures. We report the rare occurrence of damage to the popliteal
artery following IO placement in the proximal tibia of an infant that
resulted in distal limb ischemia and loss of limb. Although generally
safe and effective, complications may occur with 10 placement and
its subsequent use related to extravasation of injected materials or
needle damage to soft tissue, bone or vascular structures. The history
of 1O resuscitation is reviewed, techniques of placement discussed,
and potential complications outlined.
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Introduction

The potential clinical utility of the intraosseous (I0) route for
fluid and medication administration during resuscitation was
first proposed in 1922 by Drinker et al during pathologic ex-
amination of the marrow cavity of the sternum [1]. Clinical
use was first reported in 12 patients with pernicious anemia
who received liver concentrate administered via the marrow
cavity of the sternum [2]. Use of the 10 route for resuscitation
was subsequently reported in 1940 by Tocantins and O’Neill
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who described their experience with the IO administration of
blood, saline solutions, and glucose to a cohort of 17 pediatric
patients [3]. During World War II, the IO route was used by the
British surgeon, Dr. Hamilton Bailey, who devised a special
trocar for use in the 10 space of the sternum without injury to
the underlying organs [4]. After the end of the second World
War, use of the 10 route for vascular access declined, due to
the development of plastic intravenous catheters and improved
intravenous cannulation techniques.

During the 1980s, the IO route for emergency vascular
access re-emerged, being led by pediatric intensive care unit
(ICU) physicians including Dr. James Orlowski, who described
the impact of 10 access on the resuscitation of severely dehy-
drated children during a cholera pandemic in India [5]. Subse-
quently, the renewed interest in 10 access and continued suc-
cess with its applications led to its inclusion in resuscitation
guidelines from the American Heart Association and Pediatric
Advanced Life Support when intravenous access was not avail-
able or could not be rapidly achieved [6]. Rapid advancement
in technology has resulted in specialized devices that have in-
creased the efficiency and accuracy of 10 placement [7]. The
increased experience with the technique and improvements in
technology have led to the suggestion that 10 access may have
a role not only in emergent, but also semi-elective scenarios
when intravenous access fails or is not technically feasible [8].

Although generally safe and effective, complications may
occur with IO placement and its subsequent use related to ex-
travasation of injected materials or needle damage to soft tis-
sue, bone or vascular structures. We report damage to the pop-
liteal artery following IO placement in the proximal tibia of an
infant that resulted in distal limb ischemia. Clinical uses of 1O
resuscitation are reviewed, techniques of placement discussed,
and potential complications outlined.

Case Report

Review of this case and presentation in this format followed
the guidelines of the Institutional Review Board of Nation-
wide Children’s Hospital (Columbus, Ohio). The patient was
a 2-month-old infant who presented to an outside hospital for
treatment of vomiting, dehydration, and weight loss. Past his-
tory was positive preterm birth at 35 weeks gestation, intrau-
terine growth retardation, poor feeding, and jaundice requiring
a 2-week admission to the neonatal ICU. Following discharge
from the neonatal ICU stay, she had been doing well and had
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Figure 1. Following the resuscitation, there was progressive decreased
perfusion and cyanosis of the left lower extremity with significant color
change from the mid-tibia distally to the foot. The intraosseous needle
insertion site is noted (white arrow).

gained weight up to approximately 4 kg. A clinical diagnosis of
presumed viral gastroenteritis was made and she was admitted to
pediatric inpatient ward for additional workup and management
of dehydration. Following hospital admission, multiple attempts
to gain peripheral venous vascular access were unsuccessful.
Therefore, the decision was made to provide enteral nutrition
and rehydration through a nasogastric tube. Workup for the gas-
troenteritis revealed an adenovirus infection. During the contin-
ued enteral feeding, the patient continued to have diarrhea with
persistent metabolic acidosis. Further workup for an inborn error
or metabolism or renal tubular acidosis was negative. She also
developed a urinary tract infection (Klebsiella pneumoniae) dur-
ing her inpatient hospitalization which was treated with a 7-day
course of intravenous ceftriaxone. She had a prolonged 2-week
inpatient hospital course without significant improvement. Sub-
sequently, she had an acute episode of altered mental status with
lethargy and agonal respirations that progressed to cardiac ar-
rest with pulseless electrical activity. She was transferred to the
pediatric ICU and her trachea was intubated. During the resus-
citation, an 10 needle was placed in the left tibia. Following two
doses of epinephrine, 30 mL/kg of isotonic fluids, and 11 min of
cardiopulmonary resuscitation, there was return of spontaneous
circulation. The 10 access lasted only temporally with swelling
noted in the area surrounding the insertion site and no free flow
of fluid. The 1O needle was removed. Other attempts to gain
vascular access were unsuccessful, including 10 access into the
right proximal tibia and central vascular access into both femo-
ral veins and the right internal jugular vein. To secure venous ac-
cess, the patient was transferred to the operating room, a venous

Articles © The authors | Journal compilation © Int | Clin Pediatr and Elmer Press Inc™

cut-down performed, and a Broviac® catheter placed into the left
external jugular vein. Further evaluation to determine the etiol-
ogy of the cardiac arrest revealed hypoglycemia with a blood
glucose of 16 mg/dL at the time of cardiac arrest. Following the
cardiac arrest, she developed acute kidney injury (peak serum
creatinine 1.49 mg/dL) and computed tomography (CT) of the
head revealed a right transverse and sigmoid dural venous sinus
thrombosis. Following the resuscitation, there was decreased
perfusion and cyanosis of the left lower extremity with signifi-
cant color change from the mid-tibia distally to the foot (Fig.
1). Arterial thrombosis was suspected and a heparin infusion
was started. Arterial duplex ultrasound displayed lack of flow
in the popliteal artery distal to the popliteal fossa. The patient
was then transferred to our hospital for further assessment and
management. Initial physical examination revealed stable vital
signs with a blood pressure of 74/40 mm Hg and heart rate of
140 - 150 beats/min. The trachea was intubated and ventilation
controlled. The infant was alert, slightly hypotonic, but prior to
sedation, was moving all extremities spontaneously although
somewhat decreased on the left lower extremity. There was
symmetric facial movement and the pupils were equal, round,
and reactive. Vascular surgery consultation was of the opinion
that the limb was non-salvageable and the patient was not a sur-
gical candidate due to her size, age, associated renal and cardiac
involvement, and given that the injury had occurred more than
6 h ago. During her subsequent hospitalization, there was a de-
crease in the platelet count to 47,000/mm? which prompted an
evaluation for heparin-induced thrombocytopenia (HIT) and a
transition to argatroban for systemic anticoagulation due to the
dural venous thrombosis. The HIT panel was subsequently neg-
ative, the thrombocytopenia resolved (was attributed to ongoing
disseminated intravenous coagulation following the cardiac ar-
rest), and heparin was restarted. The patient was subsequently
weaned from mechanical ventilation and her trachea extubated
on day 4 of her admission to our hospital. The affected limb
showed progressive demarcation of the injured extremity (Fig.
2). On day 11, the patient underwent a through the knee amputa-
tion of the left extremity. The remainder of her hospital course
was uneventful. Renal function returned to normal. There were
no apparent neurologic sequelae from the cardiac arrest and the
dural vein thrombosis. She has subsequently been fitted with a
prothesis and is doing well at 17 months of age with outpatient
follow-up with neurology, orthopedic surgery, and gastroenter-
ology services.

Discussion

The 10 route continues to be the preferred route of access and
medication administration during resuscitation when intrave-
nous access is not present or cannot be rapidly obtained within
three attempts or 90 s. Although 1O access is generally safe and
effective with a low incidence of complications, complications
may occur during initial needle placement or during the ad-
ministration of medications. Serious adverse events including
lower limb ischemia have been anecdotally reported especially
in neonates and small infants.

Although the first use of IO access involved insertion of
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Figure 2. Photograph showing progressive demarcation of the injured
extremity.

the needle into the intramedullary cavity of the sternum of
adults, the practice has changed primarily to involve the use of
the intramedullary cavity of long bones, primarily the proxi-
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mal tibia [9, 10]. Since its reintroduction into clinical practice
in the 1980s, IO access has been shown to be superior to or
equivalent to intravenous access for resuscitation in both hos-
pital and pre-hospital settings [11-14].

Despite the relative safety of the technique, significant
complications have been reported, related either to the initial
placement of the needle or its subsequent use. Complications
related to initial needle placement include osteomyelitis, bone
fracture, superficial cellulitis, osteomyelitis, misplacement of
the needle with tissue or vascular damage, and injury to the
growth plate. The latter are most common when needle place-
ment is too high on the proximal tibia as opposed to the recom-
mended 1 - 2 cm inferior and medial to the tibial tuberosity on
the medial face of the tibia. Complications may occur related
to the extravasation of fluid and medications including tissue
damage and necrosis, the development of compartment syn-
drome, or even loss of limb. We postulate that the complication
noted in our patient resulted from the needle penetrating the
posterior aspect of the tibia and directly damaging the popliteal
artery during its use for the initial resuscitation. Alternatively,
extravasation of fluid or medications may have resulted in
damage to and thrombosis of the popliteal artery.

Direct vascular injury may occur anywhere along the
course of the artery. In our case, we postulate that the 10 nee-
dle penetrated the posterior aspect of the tibia and directly
damaged the popliteal artery as it exits the popliteal fossa (Fig.
3). The femoral artery originates from the external iliac artery

- Femur

—— Fibula

— Anterior tibial
artery

Figure 3. Diagram showing the course of the popliteal artery. The femoral artery, a continuation of the external iliac artery travels
through the adductor canal on the medial side of the femur above the medial epicondyle. The adductor canal, an opening in the
adductor magnus muscle hiatus, is located at the junction of the middle and lower thirds of the thigh. The artery is anterior to
the femur in the femoral canal, but then travels anteromedially, and crosses behind the medial epicondyle of the femur into the
popliteal fossa. In the popliteal fossa, it becomes the popliteal artery and travels posterior to the tibia.
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and travels anterior in the proximal thigh. It then enters the ad-
ductor canal in the medial midthigh and then crosses posterior
behind the medial femoral condyle. There, it transitions into
the popliteal artery as it enters the popliteal fossa and heads
posterior to the proximal tibia.

Initial misplacement of the needle or its dislodgment dur-
ing subsequent use can lead to the extravasation of fluid and
medications. Regardless of the fluid administered, the extrava-
sation of large volumes into limited tissue spaces can result in
the development of compartment syndrome. Various reviews
have focused on potential complications and their incidence
during IO placement and its subsequent use [15-17]. In a ret-
rospective review of the electronic health record data base
involving 1,012 patients from 37 institutions, complications
were noted in 29 pediatric patients for an incidence of 2.9%
[15]. Lower limb ischemia was the most commonly reported
adverse event, occurring in 16 patients (1.6%), most of whom
(n=13) were less than 1 year of age. A subsequent study used
an on-line questionnaire to accumulate data from physicians’
recollections of clinical 10 use [16]. A total of 1,802 clinical
cases of IO use was reported by 386 responders. Reported
problems with establishing 1O access included inability to as-
pirate bone marrow (12.3%), difficulties with penetration of
the periosteum with the IO needle (10.3%), patient discomfort/
pain (7.1%), and a bent of broken needle (4.0%). When using
an established 10 access, the reported complications were dif-
ficulties with injection of fluid and medications (7.4%), slow
infusion (8.8%), movement and dislodgement after insertion
(8.5%), and extravasation of fluid (3.7%). More serious com-
plications included compartment syndrome (0.6%) and osteo-
myelitis (0.4%). Although the majority of these complications
can be identified early and treated by discontinuation of the 10
infusion, anecdotal reports have documented potentially dev-
asting injuries including loss of limb [18-22].

A key to the prevention of injury is use of the correct tech-
nique and equipment. This is especially true in neonates and
infants as the majority of reports of severe limb ischemia and
compartment syndrome following IO access have been in this
patient population. In neonates, given the limited width of the
intramedullary cavity in neonates (approximately 7 mm in a
neonate and 10 mm in an infant), there is an increased risk
that the needle may penetrate the entire intramedullary cav-
ity and exit the posterior cortical side especially with repeated
attempts of needle insertions in the same location. The needle
should be inserted 1 - 2 cm below the tibial tuberosity and 1 cm
medially toward the tibial plateau. This point is preferred as
the cortex of the tibia is the thinnest and the adjacent epiphy-
seal cartilage plate can be avoided. Insertion of the 10 needle
should be perpendicular to the skin. The needle is advanced
until loss of resistance is felt, which indicates needle passage
through the cortex and positioning within the intramedullary
space. At this point, the needle should hold itself in position
without external stabilization. Further confirmation can oc-
casionally be achieved by aspiration of blood or marrow ele-
ments. Most importantly, there should be free flow of fluid
by gravity. Saline should be able to be injected with a syringe
without resistance or signs of extravasation. If either occur, the
needle should be removed and reinserted in a different extrem-
ity. Early detection of extravasation may help in preventing
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the rare and severe complications of limb ischemia and com-
partment syndrome. Recently, the use of ultrasound has been
suggested as an additional means of confirming placement by
real-time imaging of the IO space during infusion of a small
volume of fluid. Absence of Doppler colored signals within
the 10 space indicates extravasation of fluid to the surrounding
structures [23]. Ongoing assurance of the correct location of
the 10 needle is mandatory not only for its initial use but also
during the ongoing resuscitation as the needle may become
dislodged during prolonged resuscitations with cardiopulmo-
nary resuscitation (CPR) and patient movement.

Use of the correct equipment can also decrease the potential
for complications by ensuring correct needle location. There are
a wide variety of commercially available needles and devices
[24]. Although initial clinical experience used a wide variety
of readily accessible needles including bone marrow biopsy
needles, spinal needles, and standard intravenous venous, there
are now several specialty devices for IO access. These include
semi-automatic spring-loaded devices like the Bone Injection
Gun (BIG™), New Intraosseous Device (NIO™), and the First
Access for Shock and Trauma 1 (FAST-1™). There are also bat-
tery-driven drill devices such as the Easy Intraosseous Access
Device (EZ-1I0™) [7, 25, 26]. The latter device has needles of
various lengths (15, 25, and 45 mm), which are chosen based on
the patient’s age, weight, and site of IO access.

The IO route is mostly commonly used for the adminis-
tration of resuscitation medications (epinephrine, atropine) or
isotonic fluids (normal saline). However, it can be used for ad-
ministration of several other medications including amiodar-
one, dopamine, fentanyl, ketamine, neuromuscular blocking
agents (rocuronium, succinylcholine), antibiotics, and electro-
lytes. Administration of hypertonic fluids (greater than 0.9%
saline, glucose concentrations greater than 10%), strongly al-
kaline (sodium bicarbonate), or potentially caustic solutions
(calcium) is not recommended [27]. Additionally, care should
be exercised when medications, which may result in vasocon-
striction and tissue necrosis (norepinephrine), are infused into
the 10 space. Appropriate equipment and assurance of correct
needle location in the 10 space are mandatory to limit the inci-
dence of complications. The 10 access should be immediately
removed once suitable intravenous access is obtained. With
these caveats in mind, IO access can be life-saving during re-
suscitative efforts in both pediatric and adult patients.
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