
Background: Unplanned vascular trespass occurs in 20% of cervical transforaminal epidural 
steroid injections (CTFESI) and rarely results in devastating neurologic complications. The Trucath 
Spinal Injection System is a novel integrated catheter and needle device that is specifically 
designed to minimize vascular trespass risk.

Objective: To compare the vascular trespass incidence with the Trucath Spinal Injection System 
versus standard spinal needles during CTFESI treatment in patients with cervical radiculopathy.

Study Design: Prospective, multicenter, nonrandomized safety trial.

Setting: Six tertiary spinal pain management centers in the United States.

Methods: We treated 290 patients (411 levels) with recalcitrant cervical radiculopathy using 
CTFESI; 129 patients (180 levels) were treated with the Trucath Spinal Injection System (Test 
group) and 161 patients (231 levels) were treated with standard spinal needles (Control group). 
All injections were administered via a transforaminal approach. Each site attained IRB approval 
for this study before any research was performed. The primary study endpoint was vascular 
trespass per treated level. Secondary endpoints included nerve pain or paresthesia, injection 
accuracy, device performance measures, and procedural adverse events.

Results: Vascular trespass occurred more often (odds ratio (OR): 3.1, 95% Confidence Interval 
(CI): 1.8-5.4, P < 0.001) in Controls (26.8%, 62/231 levels) versus Test patients (10.6%, 19/180 
levels). Radicular pain or paresthesia from device positioning was more frequent (OR: 21.1, 95% 
CI: 6.9-64.5, P < 0.001) in Controls (26.4%, 61/231) versus Test participants (1.7%, 3/179). 
Inadequate epiradicular flow was observed in 3.0% (7/231) of Controls and 5.6% (10/179) of 
Test participants (OR: 0.5, 95% CI: 0.2-1.4, P = 0.22). Based on subjective physician judgment 
(scale: 1-10), there were no differences between the Test and Control groups, respectively, for 
ease of use (mean 8.9 vs. 9.0), visualization under fluoroscopy (mean 9.2 vs. 9.0), and overall 
performance (mean 9.0 vs. 8.6). No additional adverse effects were reported in either treatment 
group in this clinical study.

Limitations: The study did not randomly allocate the type of injection procedure to participants 
and no clinical outcomes beyond the initial treatment were collected.

Conclusions: The Trucath Spinal Injection System demonstrated a statistically significant 
reduction in the rate of intravenous and intra-arterial trespass, procedural pain, and paresthesia, 
and has similar accuracy and performance versus standard spinal needles for CTFESI treatment 
of cervical radiculopathy.
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late steroid, have been reported with transforaminal as 
well as interlaminar CESI approaches (32-34).

The Trucath Spinal Injection System (Smith & Neph-
ew, Inc., Memphis, TN) is a novel device that is specifi-
cally designed to minimize vascular trespass risk during 
CTFESI. The primary objective of this study was to com-
pare procedural safety of the integrated catheter and 
needle system versus standard spinal needles for CTFESI 
treatment in patients with cervical radiculopathy. The 
device is designed with a catheter integrated into a 
conventional spinal needle that allows the tip of the 
needle to be positioned away from sensitive structures 
such as nerves and blood vessels prior to advancing 
the catheter from the needle tip and into the epidural 
space. Given the unique design of the system, we hy-
pothesized that the vascular trespass rate would be 
lower in patients treated with the integrated catheter 
and needle system versus those treated with standard 
spinal needles.

Methods

Patients
This study was a prospective, multicenter, nonran-

domized safety trial that was conducted at 6 investi-
gative sites in the United States. Prior to patient en-
rollment in the clinical study, each study investigator 
performed a minimum of 10 training cases in patients 
using a standardized technique with the integrated 
catheter and needle system. A total of 290 patients (411 
levels, 1.4 levels/patient) were enrolled in the study; 129 
(180 levels, 1.4 levels/patient) were treated with the in-
tegrated catheter and needle system (Test group) and 
161 (231 levels, 1.4 levels/patient) were treated with 
standard commercially available spinal needles (Control 
group). Participants were treated between August 2008 
and November 2009. At each investigative site, partici-
pant enrollment in a treatment group was completed 
before treatment allocation alternated to the other 
treatment group. This nonrandomized method of en-
rollment was utilized to determine the most precise es-
timate of vascular trespass and adverse event incidence 
rates over a large consecutively treated sample for each 
injection method, while employing the same group of 
highly experienced physician operators. 

The single inclusion criterion of this trial was clinical 
signs and symptoms of cervical radiculopathy unrespon-
sive to conservative management, i.e. upper extremity 
radicular pain regardless of corresponding neurologi-
cal loss, or imaging evidence of neural impingement 

Cervical radiculopathy is a condition that 
affects 1 in 1,000 people each year (1) and is 
characterized by unilateral or bilateral arm 

pain with or without neck pain, often accompanied by 
numbness and tingling of the affected extremity, that 
results from irritation of a cervical spinal nerve and/
or the nerve roots (2). Cervical spondylosis and disc 
herniation are the most common causes of cervical 
nerve root compression. The initial treatment for 
cervical radiculopathy is conservative care, although 
gradual progression to more invasive treatments is 
necessary in recalcitrant cases. Conservative care options 
include activity modification, analgesics, nonsteroidal 
anti-inflammatory medications, and physical therapy. 
However, clinical success rates with these therapies are 
less than satisfactory and more than 1 in 4 patients 
will ultimately require surgery in an effort to achieve 
symptomatic relief (1). Unfortunately, surgery entails 
inherent risks and results in only moderate long-term 
benefit versus conservative management (3,4) with 
almost 1 in 3 patients experiencing recurring cervical 
radicular pain following surgery (1). Clearly, there is a 
great need for effective, minimally-invasive treatments 
to bridge the continuum of care between conservative 
management and surgery in cervical radiculopathy.

Epidural steroid injections (ESI) offer an intermedi-
ate and reasonable step in the continuum of care for 
radiculopathy in patients who are unresponsive to pro-
longed conservative management (5-17). The rationale 
for treatment with a cervical epidural steroid injection 
(CESI) is that direct and specific corticosteroid adminis-
tration precisely to the area of root compression/irrita-
tion will relieve the inflammation of the spinal nerve 
and its roots. Several randomized, prospective (17-23), 
retrospective (24-28) studies, a systematic review (10), 
and guidelines (5,6) have reported favorable long-term 
patient outcomes with cervical epidural steroid injec-
tions. Cervical transforaminal epidural steroid injec-
tions (CTFESI) are particularly appealing since they re-
quire only a small injectate volume and directly target 
the primary pathology site, which is commonly in the 
foraminal region. However, this procedure is not with-
out risk. Perhaps the most notable risk associated with 
CTFESI is vascular trespass, or unplanned injection into a 
vein or artery. Although vascular trespass incidence dur-
ing CESI is about 20% (29), resulting clinical sequelae 
are uncommon (0.3-1.7%) (30,31). Nonetheless, serious 
events such as seizure, infarction of the brainstem or 
spinal cord, and death, presumably caused by vascular 
trespass with resultant distal embolization of particu-
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caused by stenosis and/or disc pathology at the index 
level. Exclusion criteria included anticoagulant or anti-
platelet medication usage (other than low-dose acetyl-
salicylic acid therapy) within 5 days of the procedure, 
untreated bleeding disorders, pregnancy, tortuous ver-
tebral artery, anatomic anomaly of the foramen trans-
versarium, and history of vascular-related cervical injury 
secondary to cervical injection procedure. 

The study protocol was approved by Western Insti-
tutional Review Board (Olympia, WA) and each patient 
provided informed consent before any study proce-
dures were initiated.

Measurements
Baseline assessments included a complete physical 

examination with medical history, biplanar radiography, 
and magnetic resonance imaging, which were used to 
select the treated level(s). Vascular trespass was defined 
as contrast in a blood vessel (artery or vein) visualized 
under real-time fluoroscopy or retrograde blood ob-
served in the device (spontaneously or following aspira-
tion with a syringe). Intra-arterial trespass was identi-
fied by rapid contrast clearance from the injection site 
along the course of the vessel; cephalad flow indicates 
vertebral artery infiltration and medial flow implies ra-
dicular artery injection. Vascular trespass frequency was 
calculated based on the total number of treated levels. 
Nerve pain, or paresthesia, was defined as patient-re-
ported pain and/or tingling at or near the injection site 
or in distribution concordant with the affected nerve 
during device or needle positioning. Adequacy of epi-
radicular flow was evaluated by confirmation of media 
injection into the epidural space. Device malfunction 
was defined as any device-related event that necessi-
tated use of a new injection needle or termination of 
the procedure. Physicians subjectively evaluated device 
performance based on 3 parameters: ease of use, visu-
alization under fluoroscopy, and overall performance. 
Data were recorded on a 1-10 scale with a higher value 
indicating greater performance. Safety was assessed by 
calculating the incidence of procedural adverse events, 
which were classified as serious or nonserious and by 
relatedness to the device. 

Device Description 
Commercially available, 25-gauge, 1.5- to 3.5-

inch needles were used for all injections in Control 
participants.

The Trucath System consists of a flexible, retractable 
25-gauge injection catheter and a 1.8 inch 22-gauge 

Quincke point spinal needle designed for injection into 
the epidural space (Fig. 1). The injection catheter is in-
tegrated with the needle as one device and is passed 
through the inside of the hypodermic needle to a 
maximum of 7 mm distal to the needle tip. The injec-
tion catheter is advanced from the needle tip along 
a curved path and has an easily visible radiopaque 
marker at the blunt distal end and an injection orifice 
positioned on the outer curvature 2 mm proximal to 
the tip. This unique design allows the catheter to be 
positioned beyond the reach of conventional needles 

Fig.  1. Trucath Spinal Injection System. The blunt catheter 
tip is designed to deflect off  of  vascular and neural elements. 
The side injection orifice, proximal to the catheter tip, injects 
contrast or other therapeutic agents. A radiopaque marker is 
located at the catheter tip to enhance fluoroscopic visualization. 
Low flush volume, microbore tubing is pre-attached to the 
device to minimize inadvertent needle adjustments.



Fig. 2. Left C4/5 transforaminal cervical epidural steroid 
injection under fluoroscopic guidance.  The radiopaque 
marker is correctly placed within the intervertebral foramen 
and distal to the needle tip.
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and allows medication distribution proximal to the dis-
tal tip of the catheter to further reduce risk of vascular 
or nerve injection (Fig. 2). An end cap with a directional 
arrow is located on the needle body and points in the 
direction that the catheter will go when deployed. The 
curved catheter tip allows for directional positioning of 
the catheter into the area of pathology or in the epi-
dural space as desired by the physician. 

Procedural Details
For all procedures, regardless of the injection 

needle that was used, CTFESI was performed. The par-
ticipant was prepped and draped in the usual manner. 
The participant was then placed in a supine, oblique, 
or lateral decubitus position based on the individual 
preference of the investigator and adjusted so that the 
foramen was perpendicular to the fluoroscope. The 
fluoroscope was then adjusted to visualize the cervical 
spine with a focus on the target intervertebral fora-
men. A spinal needle was advanced to the posterior as-
pect of the foramen (Fig. 2). From here, the needle was 
advanced to the mid-sagittal line of the articular pillar. 
The needle was withdrawn slightly and/or repositioned 
if the patient experienced pain or paresthesia in the 
scapula or upper extremity. For procedures performed 
with the integrated catheter and needle system, the 
needle was advanced to the lateral aspect of the fora-
men. After confirmation of needle position with fluo-
roscopy, the catheter was deployed from the lumen of 
the needle into the foramen by advancing the plunger 

attached to the needle body.
A syringe filled with non-ionic contrast material 

was used to flush the connected microbore tubing pri-
or to placement in the patient. After confirmation of 
proper needle and catheter placement, non-ionic con-
trast material was injected to confirm epiradicular flow 
and to identify vascular infiltration. If intravascular con-
trast was observed, the catheter and/or needle tip was 
adjusted and contrast material was injected again to 
confirm epiradicular flow without vascular uptake/tres-
pass. Some physicians, after confirmation of accurate 
epiradicular flow, injected a test dose of a short-acting 
local anesthetic (e.g., lidocaine) in order to identify any 
neurologic deficit concordant with intra-arterial injec-
tion. If the patient reported no complications such as 
oral numbness, shortness of breath, agitation, or para-
paresis, then corticosteroid (e.g., dexamethasone 4 mg/
mL of betamethasone) was injected to complete the 
procedure.

Patient Follow-up
The objective of this trial was to assess procedural 

outcomes of CTFESI with the integrated catheter and 
needle system versus standard spinal needles. There-
fore, participants were discontinued from the trial im-
mediately following the CTFESI procedure and no clini-
cal follow-up data were collected.

Statistical Methods
A sample size of 231 Control levels and 180 Test 

levels provided 90% statistical power to detect an odds 
ratio of 2.5 or greater for vascular trespass frequency 
in Control versus Test participants, assuming a 19.4% 
Control group incidence (15). Statistical comparisons 
between treatment groups were performed with inde-
pendent samples t-tests for continuous measures and 
Fisher’s exact test for nominal variables. Odds ratios 
(OR) of Control vs. Test particpants and associated 95% 
confidence intervals (CI) were calculated by logistic 
regression. 

Results

All CTFESIs were completed successfully and proce-
dural data were available for all participants. No inves-
tigative site contributed more than 30% of the total 
levels in either the Test or Control groups. 

Vascular Trespass
The incidence of vascular trespass was notably 

higher (OR: 3.1, 95% CI: 1.8-5.4, P < 0.001) in Controls 



Table 1. Vascular trespass incidence by treated level and study 
group.

Level
Study Group

Test Control

C1-2 (0/0)  0% (0/1)

C2-3  14.3% (1/7)  50.0% (1/2)

C3-4 4.5% (1/22)  25.0% (5/20)

C4-5  3.3% (1/30)  26.3% (10/38)

C5-6  16.2% (12/74)  22.8% (21/92)

C6-7  9.3% (4/43)  31.0% (22/71)

C7-T1  0% (0/4)  42.9% (3/7)
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(26.8%, 62/231 levels) versus Test patients (10.6%, 
19/180 levels) (Fig. 3). Vascular trespass rates were con-
sistently higher in Control participants, regardless of in-
jection location (Table 1). The incidence of intra-arterial 
injection was also higher (P = 0.02) in Controls (3.0%, 
7/231 levels) compared to Test participants (0%, 0/180 
levels).

Secondary Outcomes
The frequency of operative nerve pain or paresthe-

sia was dramatically higher (OR: 21.1, 95% CI: 6.9-64.5, 
P < 0.001) in Controls (26.4%, 61/231) versus Test par-
ticipants (1.7%, 3/179). Inadequate epiradicular flow 
was similar between the groups with 3.0% (7/231) in 
Controls and 5.6% (10/179) in Test participants (OR: 0.5, 
95% CI: 0.2-1.4, P = 0.22). Reports of device malfunction 
were similar (P = 0.08) between Control (0%, 0/231) and 
Test (1.7%, 3/178) groups (Fig. 4). Each of the 3 device 
malfunctions in the Test group was related to kinking 
of the deployed catheter. 

Qualitative assessments of device performance im-
ply that the integrated catheter and needle system per-
formed well and was rated similar to standard spinal 
needles for ease of use (mean 8.9 vs. 9.0), visualization 
under fluoroscopy (mean 9.2 vs. 9.0), and overall per-
formance (9.0 vs. 8.6) (Fig. 5).

Fig. 3. Vascular trespass incidence per level between Test 
and Control groups. Error bars represent 95% confidence 
intervals.

Fig. 4. Incidence of  nerve pain, inadequate epiradicular 
flow, and device malfunction per level between Test and 
Control groups. Error bars represent 95% confidence 
intervals.

Fig. 5. Physician ratings of  device performance between 
Test and Control groups.
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Adverse Events
Aside from the pre-defined secondary outcomes, 

no adverse events were reported in either treatment 
group in this clinical study.

discussion

Transforminal cervical epidural injections are use-
ful in the diagnosis and management of radicular syn-
dromes. Cervical radicular syndromes are often caused 
by pathology in the foraminal zone of the cervical 
spine, and transforaminal injection is a reliable method 
to apply medications directly to the pathology (32). 

Recent reports in the literature have highlighted 
the potential complications and risks of cervical trans-
foraminal injections, although these case reports and 
surveys do not provide the necessary data to deter-
mine causation of the reported complications (35-41). 
However, it is clear that arterial trespass during cervical 
transforaminal injection can be accompanied by serious 
and even fatal consequences. The Trucath Spinal Injec-
tion System was developed in an effort to minimize 
these risks.

The results of this comparative safety trial demon-
strate that this novel integrated needle catheter sys-
tem is a potentially safer alternative to standard spinal 
injection needles for performing CTFESI. Participants 
treated with the integrated catheter and needle sys-
tem had statistically significantly lower rates of intrave-
nous trespass and, more importantly, no intra-arterial 
trespass was observed. There were also statistically sig-
nificantly lower rates of operative nerve pain or pares-
thesia, which may improve procedural patient comfort 
and, therefore, minimize pain responses that can cause 
patient movement during needle positioning. The rea-
son for the lower paresthesia rate in the Test group 
may be due to the blunt, flexible catheter tip that de-
flects off of neurovascular structures. Needle position-
ing with this catheter system may further lower the risk 
of paresthesia since the needle tip is positioned at the 
lateral margin of the foaramen and, therefore, contact 
with the nerve root is avoided.

The 10.6% vascular trespass incidence with the in-
tegrated catheter and needle system was notably lower 
than the 26.8% incidence in the Control group and the 
19.4% incidence reported by Furman et al (29). The 
unique design of the integrated catheter and needle 
system is a major advancement in CTFESI treatment 
and affords the physician user latitude for procedural 
and anatomical variability without compromising pa-
tient safety. Despite the fact that no serious adverse 

events were observed in the present study, they remain 
a distinct, albeit rare, possibility with CTFESI (30,31) es-
pecially given the wide variability in cervical vascular 
anatomy (42). 

Vascular trespass may occur more frequently than 
previously thought. A trial that utilized digital subtrac-
tion angiography in addition to real-time fluoroscopy 
reported vascular trespass in nearly 1 in 3 CESI proce-
dures, an incidence twice as high versus using fluoros-
copy alone (43). To the extent that vascular trespass 
may result in devastating neurologic complications, use 
of the integrated catheter and needle system may en-
hance procedural safety, although further investigation 
is required to demonstrate this benefit. 

Although the exact mechanism of neurological in-
juries during CESI has not been definitively established, 
the prevailing theory is inadvertent injection of particu-
late corticosteroid into a vertebral or radicular artery 
supplying the spinal cord and brainstem, which causes 
a distal infarct by obstructing the microvasculature. 
This notion is supported by the association of neuro-
logic injury with methylprednisolone acetate, but not 
with dexamethasone, when injected into the internal 
carotid artery of rats (44). Furthermore, Okubadejo 
and coworkers (45) injected 4 adult pigs with methyl-
prednisolone and 7 with non-particulate steroid (dexa-
methasone or prednisolone). Pigs who received meth-
ylprednisolone suffered diffuse neurological deficits 
while injection of non-particulate steroids resulted in 
no adverse sequelae. Finally, several reports have de-
tailed serious neurological injuries and even death 
following cervical injection of particulate steroids 
(35,36,38,46-51). 

A systematic review reported that the evidence for 
CTFESI in the management of cervical nerve root pain is 
strong with demonstrated short-term and long-term im-
provements (5,10). A separate review found moderate 
evidence to support CTFESI for cervical radiculopathy 
(5,10). Nevertheless, it has been suggested that the 
interlaminar approach is favored by physicians over a 
transforaminal approach by a 3-to-1 margin (30). The 
rationale for this observation is unclear but may relate 
to physician training and background and to reports 
in the literature that raise warnings regarding CTFESI 
complications (33,44,52,53). However, a critical review 
of the literature suggests that complications exist re-
gardless of the approach with no notable differences 
between transforaminal and interlaminar techniques 
(33). In fact, there is no strong evidence that a transfo-
raminal approach increases patient risk. 
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Kinking of the deployed catheter occurred in 3 
(1.7%) Test cases. The integrated catheter and needle 
system utilizes a catheter made from flexible tubing 
that deploys to a set distance from the distal tip of the 
needle. If the catheter is advanced into impenetrable 
tissues, there is potential for the catheter to fold over 
on itself and occlude flow. However, the clinical impor-
tance of this event is minor since no adverse sequelae 
were associated with these device malfunctions. Con-
tinued experience with this integrated catheter and 
needle system could result in improved techniques that 
may reduce the frequency of device malfunctions.

This study was not intended to evaluate clinical 
outcomes beyond the procedure itself. Therefore, com-
parative patient clinical outcomes with the integrated 
catheter and needle system versus standard spinal in-
jection needles are not reported herein. Since only a 
transforaminal approach was utilized during CTFESI, 
the relative safety of spinal needles used in interlami-
nal CESI versus the integrated catheter and needle sys-
tem was not addressed in this study. Treatment alloca-
tion was not randomized and, therefore, the outcomes 
of this study are prone to potential bias effects. Finally, 
because of the rarity of serious complications with CT-
FESI, we were unable to determine if the lower vascu-
lar trespass rate observed with the integrated catheter 
and needle system translated into a lower risk for neu-
rological complications.

conclusion

Cervical transforaminal epidural injections are 
a necessary and integral component in the diagno-

sis and management of cervical radicular syndromes. 
Most of these syndromes are caused by pathology 
in the foraminal zone of the cervical spine. Transfo-
raminal injection is a reliable method to directly ap-
ply medications to the foraminal zone of the cervical 
spine. In this study, use of the Trucath Spinal Injection 
System resulted in a lower incidence of vascular tres-
pass and nerve pain/paresthesia compared to stan-
dard spinal needles for CTFESI in patients with cervical 
radiculopathy.
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