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xperienced and Inexperienced Interventionalists

atthew Smuck, MD, Zachary Abbott, DO, Eric Zemper, PhD

M
P
s
h
4
e
D

Z
i
M
D

E
i
M
D

S
a

bjective: Determine how accurately inexperienced interventionalists interpret epidural
ontrast dispersal patterns compared with experienced interventionalists.
esign: Prospective comparative study.
etting: University spine center.
articipants: Two experienced interventionalists and 3 pain fellows in training.
ethods: Each participant independently interpreted 100 images showing contrast

ispersal patterns from transforaminal epidural injections. All images were obtained by
nother physician after 0.5 mL of contrast material was injected. The true contrast dispersal
attern was determined under live fluoroscopy during the injection and classified as follows:
pidural only, vascular only, or simultaneous epidural and vascular. Participants were told
o assume that 0.5 mL of contrast had been injected before each image and were asked to
escribe the contrast patterns as epidural, vascular, both, or neither.
ain Outcome Measure: Variance in agreement with the true contrast patterns

etween experienced and inexperienced participants.
esults: Overall, the inexperienced participants were in exact agreement with the true
attern in 52% of the images versus 70% for experienced participants (P�.03). Experienced
articipants correctly identified epidural contrast patterns with greater accuracy than

nexperienced participants (94% and 76%, respectively; P�.01). Not surprisingly, the
ccuracy for all participants was low in the identification of vascular patterns on these static
mages, with 73% accuracy for the experienced and 68% for the inexperienced (P�.18).
onclusion: Even with 6 months of intensive experience, trainees are significantly less

ccurate than experienced physicians in the interpretation of contrast dispersal patterns
rom transforaminal epidural injections. The competency of interventional trainees and the
mount of experience necessary to safely perform epidural injections deserve further
xamination.

NTRODUCTION

he number of physicians performing spine injection procedures has been increasing;
ubsequently, the number of epidural injections performed annually has increased substan-
ially. Between 1994 and 2001, the number of epidural injections performed by physiatrists
ncreased by 1289% [1,2]. The skills to perform these procedures are acquired through a
ariety of formal and informal training mediums. Nevertheless, there is a dearth of literature
egarding the quantity and quality of training necessary to perform these procedures
roperly.

Transforaminal epidural injections of anesthetic and corticosteroids generally are safe,
ith a reported minor complication rate between 0.32% and 9.6%, depending on the

riteria used [3-5]. Rare but serious morbidity also has been documented, including
ubdural hematoma, transient paraplegia, brain or spinal cord infarction, and death [6-14].
any of these adverse outcomes are thought to be secondary to inadvertent intravascular

njection and embolization of corticosteroid particles via radiculomedullary arteries or the
ertebral artery [3,7-14]. Therefore, the ability to recognize vascular contrast patterns is
aramount to the safety of transforaminal epidural corticosteroid injections.

In addition, outcomes of epidural injections depend on the accurate delivery of thera-

eutic agents to the epidural space [15]. Consequently, interventionalists use contrast and
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56 Smuck et al INTERPRETATION OF CONTRAST DISPERSAL PATTERNS
uoroscopy to confirm proper contrast flow before injecting
he treatment medication. Failure to correctly identify con-
rast patterns can result in nonepidural or intravascular in-
ections, subsequently compromising the procedure’s effi-
acy and safety.

Requirements for minimum experience with epidural in-
ections during formal training programs are currently based
n expert opinion. Still, there has been no attempt to objec-
ively quantify the adequacy of these requirements. The
urpose of this study was to investigate the amount of train-

ng necessary to accurately interpret contrast dispersal pat-
erns. More specifically, it is designed to test the following
ypothesis: physicians with 6 months’ experience are less
ccurate than those with several years’ experience in identi-
ying contrast patterns from transforaminal epidural injec-
ions.

ETHODS

rospectively, the authors identified contrast dispersal pat-
erns by observing the dynamic flow of contrast under live
uoroscopy during 50 epidural injections: 23 cervical and 27

umbar. All injections were performed by a single practitio-
er (M.S.), a fellowship-trained, pain board-certified physi-
ian with 5 years’ postfellowship experience. Digital subtrac-
ion angiography was not used during these injections. The
tudy was approved by the University of Michigan Institu-
ional Review Board and compliant with the Health Insur-
nce Portability and Accountability Act (HIPAA).

Details of the cervical and lumbar epidural injection tech-
iques were previously described [16,17]. During each injec-
ion, 0.5 mL of iohexol (Ominpaque 240, GE Healthcare Inc.,

aukesha, WI) was injected under live fluoroscopy, and the
ynamic flow was observed. Thus, the true contrast pattern
or each injection was determined and recorded by the treat-
ng physician as follows: epidural only, vascular only, or
imultaneous epidural and vascular. This recording deter-
ined the criterion standard contrast pattern for each injec-

ion. Additionally, 2 static images were saved from each
njection. The first was the image automatically saved by the
uoroscope on release of the activation pedal simultaneous to
he completion of the 0.5 mL contrast injection. The second
mage was a spot image taken 1 second after completing the
ontrast injection. With 2 images from each injection, a total
f 100 images were obtained (Table 1).

All 100 images were assigned numbers, and then were
andomly ordered by drawing the 100 numbers from a hat.

able 1. Number of levels included in the 100 images viewed
y experienced and inexperienced participants

Cervical n Lumbar n

C3/4 6 L1/2 2
C4/5 6 L2/3 2
C5/6 20 L3/4 6
C6/7 10 L4/5 16
p
C7/T1 4 L5/S1 28
ive physician interventionalists voluntarily participated in
he study. Each physician had experience using live and
ntermittent fluoroscopy and none of these 5 physicians was
resent during the actual performance of the injections in-
luded in this study. Two of these participants had more than
years of interventional spine experience (the experienced

roup); the remaining 3 were 6 months into an Accreditation
ouncil for Graduate Medical Education (ACGME)-accred-

ted pain fellowship (the inexperienced group) and had each
articipated in approximately 300 lumbar and 40 cervical
uoroscopically guided transforaminal injections.

These independent raters were instructed to progress
hrough each of the 100 images without returning to previ-
us images. They were also informed that 0.5 mL of contrast
as injected into the patient before each image. Finally, they
ere asked to identify the contrast patterns on each image as

pidural, vascular, both, or neither (Figure 1). Each of the 5
ndependent raters reviewed the images alone and recorded
is or her findings on a corresponding numbered data col-

ection form. The main outcome measure was variance in
greement with the true contrast patterns between the expe-
ienced and inexperienced participants. The data also were
nalyzed to identify potential causes of the variance.

To provide context regarding the clinical importance of
rrors by the participants, the errors were divided into 2
ategories. Critical errors were defined as false-negative vas-
ular (failure to identify a vascular contrast pattern when

igure 1. An example from the 100 fluoroscopy images where
ll 5 participants correctly identified the vascular contrast
attern. This image demonstrates vascular contrast spread

black arrow) during an attempted right C4-C5 transforaminal
pidural injection. Interestingly, vascular injections were cor-

ectly identified by all 5 participants only in images in which the
ascular injection occurred alone, that is, without simultaneous
pidural contrast spread.
resent in the true pattern) and false-positive epidural (iden-
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57PM&R Vol. 1, Iss. 1, 2009
ification of an epidural pattern when not present in the true
attern). Noncritical errors were false-positive vascular and
alse-negative epidural.

All data were collected and analyzed by an independent
hird party. The mean agreement for each rater was com-
uted versus the criterion standard, the true contrast pattern.
ean agreement with the criterion standard was expressed in

ercentages and calculated for multiple subgroups of images,
ncluding epidural only, vascular only, and simultaneous
pidural and vascular. With the use of SAS software (Version
, Cary, NC), a paired sample t-test was used to test for
tatistical differences between mean values in the different
ubgroups.

ESULTS

nexperienced participants were less accurate than experi-
nced participants in their interpretations of the contrast

igure 2. One example from the 100 fluoroscopy images
resented to the 2 experienced and 3 inexperienced partici-
ants. This image demonstrates both epidural (white arrow)
nd vascular (black arrow) contrast flow during a right L4-L5

ransforaminal epidural injection. For this particular image, all
articipants correctly identified the epidural contrast pattern.
lthough both of the experienced participants recognized the
ascular pattern, only 1 of the 3 inexperienced participants

dentified it.

able 2. Incidence of critical and noncritical errors comparing
ignificance of differences between means of the 2 groups

Type of Error Experienced, %

ritical Errors
False-negative vascular 23.0
False-positive epidural 1.0
oncritical Errors
False-positive vascular 3.5

False-negative epidural 5.0
atterns on the 100 images (Figure 2). Overall, exact agree-
ent with the true pattern was 52% for the inexperienced

ersus 70% for the experienced participants (P�.03). The
reatest impact on overall accuracy for both groups was from
rrors identifying vascular contrast patterns. When examin-
ng only vascular contrast patterns, experienced participants
id slightly better, 73% versus 68% accuracy, but the differ-
nce was not significant (P�.18). With epidural contrast
atterns, inexperienced participants were again less accurate
6% versus 94% (P�.01).

Interestingly, there was no difference in the number of
ritical errors between the 2 groups (24.3% inexperienced
ersus 24.0% experienced, P�.94). Here again, the majority
f these errors occurred in relation to vascular contrast pat-
erns. When we compared experienced to inexperienced
articipants, we found that false-negative vascular errors
ere 23.0% and 23.7%, respectively (P�.90), and false-
ositive epidural errors were 1.0% and 0.7%, respectively
P�.67).

The experienced group had significantly fewer noncritical
rrors than the inexperienced group, 8.5% versus 30.7%
P�.01). False-negative epidural errors were 5.0% in the
xperienced group versus 22.7% in the inexperienced group
P�.02), and false-positive vascular errors were 3.5% in the
xperienced group versus 8.0% in the inexperienced group
P�.26). (See Table 2.)

ISCUSSION

ccording to the Medicare Part B claims database, the use of
pidural injections has increased substantially during the last
5 years [1,2]. This increase is in part the result of an

ncreasing number of physicians performing spine injection
rocedures. Still, there is a paucity of literature regarding the
uantity or quality of training necessary to perform these

njections competently. In this study, we examined the accu-
acy of physician interventionalists with 6 months of
CGME-accredited pain fellowship training in identifying
ontrast dispersal patterns during transforaminal epidural
njections.

Under ideal conditions, one would expect the experienced
articipants to be in perfect agreement with the “true” con-
rast patterns. In this study, the experienced participants
ere not 100% accurate. They properly identified vascular

ontrast patterns 73% of the time and epidural patterns 94%
f the time. Most likely, the primary cause of these deficits is
he disadvantage created by interpreting static fluoroscopy

ienced and inexperienced participants and showing statistical

Inexperienced, % P Value

23.7 .90
.7 .67

8.0 .26
exper
22.7 .02
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58 Smuck et al INTERPRETATION OF CONTRAST DISPERSAL PATTERNS
mages. Observing dynamic flow of contrast during live flu-
roscopy provides visual feedback about epidural and vascu-
ar patterns that cannot be reproduced on static images. In
act, research has demonstrated that vascular contrast pattern
ecognition is reduced with intermittent static fluoroscopy
16]. Video clips of the contrast injections could have pro-
ided more details; unfortunately, the fluoroscope used in
his study was not capable of saving video images.

Of course, a computer-based review of the final fluoros-
opy images obtained from multiple epidural injections can-
ot reproduce the full context and experience of participating

n the injections. The best study design would have all
articipants present during the injections to interpret the
ontrast flow simultaneously under live fluoroscopy. In ad-
ition, there would be a second treating physician present to
etermine the true contrast flow pattern instead of relying on
single treating physician as the gold standard. The size of

he treatment room and the busy schedules of the participat-
ng physicians made such a study impractical.

Because we lacked the ability to save video fluoroscopy
mages, and with limited time and space for physicians in the
reatment room, the only remaining option was to save static
uoroscopy images to present to the study participants at a

ater time. This intrinsic limitation in the study design likely
educed the accuracy of all of the study’s participants. How-
ver, it was sufficient to test the primary hypothesis of this
tudy. Because both the experienced and inexperienced par-
icipants were subject to the same limitations, the differences
bserved are relevant and attributable to their different levels
f experience and not to other external factors.

Although inexperienced participants were less accurate in
dentifying epidural contrast patterns (76% versus 94%;
�.01) and vascular contrast patterns (68% versus 73%;
�.18), the clinical relevance of these differences is not

mmediately clear. To draw more valuable conclusions, the
esults also were analyzed in terms of 2 distinct groups of
rrors: critical errors and noncritical errors (Table 2).

The participant’s failure to recognize a vascular contrast
attern (false-negative vascular) was considered a critical
rror because it could lead to inadvertent intravascular injec-
ion of the treatment medications. When accidental intravas-
ular injections occur, intra-arterial injections present the
reatest danger and can lead to serious neurologic injury or
eath [3,7-14]. Fortunately, the majority of intravascular

njections are venous and not arterial. Still, intravenous in-
ections should be avoided because they cause medication to
e carried away from the intended site. In this study, the
ifference in false-negative vascular errors between the expe-
ienced and inexperienced groups was statistically insignifi-
ant. Thus, interventionalists with only 6 months of intensive
raining were as able as experienced interventionalists to
ecognize intravascular injections when they occurred.

The participant’s erroneous identification of an epidural
attern when not present (false-positive epidural) also was
onsidered a critical error because it results in the injection of
herapeutic agents into nontarget tissue. This reduces the

iagnostic or therapeutic value of the intended treatment. a
hese errors of epidural addition were quite low and essen-
ially the same for both the experienced and inexperienced
articipants. In this regard, inexperienced interventionalists
ere as accurate as experienced interventionalists.
Although the rates of critical errors were similar between

he experienced and inexperienced groups, the latter made
ignificantly more noncritical errors. Further study is re-
uired to determine why the inexperienced group had a
ignificantly greater rate of missed epidural contrast patterns.
ne potential explanation is that it was because of their

imited experience observing the variable forms of epidural
ontrast flow. Their tendency to overcall intravascular pat-
erns may represent a hypervigilance inherent to their trainee
tatus.

Although these noncritical errors do not have the same
otential for morbidity as the critical errors, they are not
ithout consequence. Either of the noncritical errors would

ause the interventionalist to reposition the needle and again
nject contrast. Once confirmed, the injection should be
ompleted accurately. However, this action unnecessarily
engthens the procedure time, requires excess needle manip-
lation, and increases the amount of contrast material and
uoroscopy time used. Thus, the patient experiences addi-
ional discomfort, and both the interventionalist and the
atient are exposed to increased radiation.

At the time of their participation in the present study, the
nexperienced participants had each completed 6 months of
raining in an ACGME-accredited pain fellowship program.
ach had participated in approximately 300 lumbar and 40
ervical fluoroscopically guided transforaminal injections.
he current ACGME Pain Medicine fellowship guidelines
uggest that trainees perform a minimum of 25 image-guided
umbar spine injections and 15 image-guided cervical spine
njections. The results of the present study suggest that these

inimum training guidelines are insufficient to prepare in-
erventionalists to perform transforaminal epidural injections
ith maximal accuracy and efficiency.

ONCLUSION

ven with 6 months of intensive interventional experience
ith numbers that greatly exceed the ACGME Pain Medicine

ellowship guidelines (nearly triple the recommended num-
ers for cervical and more than tenfold greater for lumbar

njections), trainees are less accurate than experienced inter-
entionalists in correctly interpreting contrast dispersal pat-
erns from transforaminal epidural injections. Fortunately,
ignificant differences are observed only in noncritical errors,
esulting in only mildly increased risk. The competency of
nterventional spine trainees and the amount of experience
ecessary to safely perform epidural injections deserve fur-
her examination. Current ACGME Pain Medicine fellowship
uidelines appear to be inadequate, significantly underesti-
ating the number of injections required to maximize com-
etency. In light of the potential consequences of the errors
bserved in this study, and until additional data become

vailable, it is recommended that physicians performing
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hese procedures have more than 6 months training under
he supervision of experienced practitioners and that the
inimum requirements in ACGME Pain Medicine fellowship

uidelines be re-evaluated. Additionally, the authors of fu-
ure studies should determine whether a significant differ-
nce remains between the inexperienced and experienced
hysicians at the end of a 12-month fellowship.
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