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Objective: To evaluate the improvement of pain and function after cervical transforaminal epidural steroid in-
jections (CTFESI) for radicular pain.

Design: This is a retrospective observational study of patients receiving fluoroscopically-guided cervical trans-
foraminal epidural steroid injections under a single provider at a tertiary referral center from December 2013 to
December 2020. Primary outcome measures were Numeric Rating Scale (NRS), patient reported percent of pain
relief, the Patient Health Questionnaire, the Patient Reported Outcome Measurement Information System
(PROMIS) Global Health Physical and Mental Health score, and the Pain Disability Questionnaire.

Results: A total of 219 individual patients underwent 261 CTFESI and were included in the analyses. The average
subject age was 51.9 years (SD = 11.3) and 50.9 % were male. Following the intervention, average pain relief by
NRS at 3 months, 6 months, 1 year, and 2 years was —4.07, —3.82, —4.20, and —4.45, respectively. The average
functional improvement with PROMIS-GH physical at 3-months, 6-months, 1- year, and 2-years was 2.23, 2.35,
3.15, and 3.29, respectively.

Conclusions: Our results suggest that patients with cervical radiculopathy report significant pain relief and
functional improvement following CTFESI. They can also report clinically important improvement in their
health-related quality of life.

1. Introduction

Musculoskeletal complaints are common, and, specifically, neck pain
is the sixth leading cause of years lost to disability [1]. Cervical radi-
culopathy is a common cause of neck pain that radiates down the arm
(estimated annual incidence of 0.08 %), with men more likely to be
affected than women. The leading causes of cervical radiculopathy
include spondylosis and disc herniation [2]. The majority of cervical
radiculopathy patients are managed with conservative treatment,
including oral medications and physical therapy, with a favorable
prognosis. However, some patients experience a persistence of symp-
toms requiring more invasive interventions, such as spinal injections or
surgery [3,4].

* Corresponding author. 1730 West 25 Street, 1E, Cleveland, OH, 44113, USA.

E-mail address: goyalk@ccf.org (K.K. Goyal).

https://doi.org/10.1016/j.inpm.2023.100299

Fluoroscopically-guided cervical epidural steroid injections offer an
alternative to surgery for the treatment of refractory cervical radicul-
opathy. Historically, cervical spine injections have been performed
using an interlaminar approach to administer the epidural steroid in-
jection. Steroids in these injections act both to decrease local inflam-
mation at the nerve root and to block nociceptive nerve transmission [5,
6]. The transforaminal approach for the epidural injection allows the
physician to inject the steroid within close proximity of the inflamed
nerve where it can diffuse into the lateral and anterior aspects of the
epidural space. This approach may allow for greater diagnostic speci-
ficity and more targeted therapeutic placement. These injections are
guided using fluoroscopy to ensure correct injection placement and to
minimize the risk of adverse events [7].
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Fig. 1. Cervical spine imaging- Ipsilateral oblique, AP with contrast, and DSA image in AP with contrast in neuroforamen outlining the proximal end of the exiting C6

nerve root with spread centrally toward the epidural space.

Currently, questions remain regarding the efficacy of cervical
transforaminal epidural steroid injections (CTFESIs) in the treatment of
cervical radiculopathy. A previous systematic review suggests that about
half of patients receive 50 % pain relief at short and intermediate follow-
up from intervention with CTFESI [8]. Despite this, many physicians
worry about rare, but serious complications of the procedure that have
been reported in different case studies [9-11]. Thus, there is a great need
to further understand the benefits that patients receive from these in-
jections beyond pain relief. The present study evaluated the clinically
important reduction after CTFESIs, characterized not only by patient
reported pain, but also by utilizing patient reported outcome surveys
before and after intervention to evaluate improvement in both physical
and mental health. We also examined which patient and clinical char-
acteristics were associated with improvement in pain.

2. Materials and methods

This was a retrospective, observational study conducted at a tertiary
care center. After obtaining institutional review board approval, pa-
tients who received CTFESIs between December 11, 2013 and December
23, 2020 by a single spine fellowship-trained Physical Medicine and
Rehabilitation staff physician in the Center for Spine Health (completed
Spine Medicine Fellowship at the Cleveland Clinic) were identified using
the corresponding CPT codes. Two hundred and nineteen individual
patients were initially identified that met the inclusion and exclusion
criteria. The inclusion criteria were patients undergoing CTFESI for
cervical radicular pain due to cervical disc herniation, cervical foraminal
stenosis and/or pseudoarthrosis by a single spine medicine provider.
The exclusion criteria were patents undergoing selective nerve root
block without the administration of steroid.

Basic patient data was collected from eligible patient electronic
medical records. These data included age, gender, BMI, smoking status,
duration of cervical radiculopathy symptoms, prior history of spinal
surgery, cervical disk level of the injection, location (right vs left),
procedure time (minutes), fluoroscopy time (seconds), positive response
(defined as 80 % or greater relief of pain reported immediately post-
procedure, during the period of activity of the local anesthetic), pa-
thology (disk herniation vs bony foraminal stenosis), use of blood
thinners, physical therapy, MRI, CT, x-ray, EMG, time since this pro-
vider’s first injection (months), and progression to spine surgery (data
was based on chart review).

2.1. Theory

We hypothesized that patients who received fluoroscopically guided
cervical transforaminal injections for pain clinically due to cervical
radiculitis would experience a clinically important reduction in level of
pain and improvement in function after CTFESI.

2.2. Procedural description

All patients received at least one CTFESI. Following procedural
informed consent, patients were placed in the supine position with their
head turned towards the contralateral side. The fluoroscope was rotated
to ~45° ipsilateral and then, was optimized with further oblique and
cranial-caudal adjustments. A 25 gauge, 2.5-inch needle was then
inserted to contact the superior articular process. The needle tip was
then walked off to enter the posterior neuroforamen. Non-ionized
contrast, 180 or 300 mg omnipaque, and digital subtraction angiog-
raphy were used to confirm positioning. Adjustments were made if a
vascular flow was observed on any imaging plane. Once proper posi-
tioning was confirmed, 1 ml of 0.5%-2% lidocaine was injected. After a
30-s period without adverse symptoms, 10 mg of dexamethasone (non-
particulate steroid) was injected in accordance with SIS guidelines (see
Fig. 1) [12].

2.3. Outcome variables

Patient reported outcome (PRO) measures included the Numeric
Rating Scale (NRS), patient reported percent of pain relief, Patient
Health Questionnaire (PHQ-9), and Patient Reported Outcome Mea-
surement Information System Global Health (PROMIS-GH) Physical and
Mental Health T-scores [13,14]. NRS and percent relief were collected
verbally pre-procedurally and during follow-up visits. The NRS specif-
ically asked patients about their arm pain. The NRS was our primary
outcome. For percent relief, patients directly reported at follow-up visits
a percentage between 0 and 100 % to indicate their perceived amount of
pain relief compared to their pre-injection pain level. The remaining
PROs were conducted through standardized patient electronic survey
responses, pre- and post-procedurally. The PHQ-9 and PROMIS-GH are
used to measure patient reported depression, health related quality of
life, and self-perceived physical disability [13,14]. In 2015, PROMIS-GH
replaced EuroQol 5 Dimensions Questionnaire.

2.4. Statistical analysis

Descriptive statistics of baseline (pre-injection) patient and clinical
characteristics were obtained. The PROs were collected at variable time
points both pre- and post-injection, depending on when the patient had
an appointment. For pre-injection scores, we used the score closest to
but no more than 6 months before the patient’s first injection. For post-
injection scores, we used scores after the patient’s last injection and we
grouped follow-up times as: 3- month (1-120-days), 6-month (121-240
days), 1-year (241-540 days), and 2-year (541-900 days) post-last-
injection. Estimates of average scores at pre-injection and change from
pre-injection to each of these approximate follow-up times were ob-
tained for PROs using mixed-effects linear regression. Mixed-effects
modeling was used because not all patients had data at both pre-
injection and at the follow-up time points and we wished to use all
available data. For each PRO, the score was the dependent variable and
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Table 1
Descriptive statistics for patients who underwent cervical transforaminal
epidural steroid injection.

N 261

Age (years), mean (SD) 51.9(11.3)
Male 133 (50.9 %)
BMI, mean (SD) 29.1 (5.3)
Active Smoker 59 (26.9)
Duration of Symptoms (months), Median (IQR) 9 (4, 25)

History of Cervical Surgery
History of Cervical Interlaminar ESI

49 (18.8 %)
50 (19.2 %)

Disk Level
C3-4 10 (3.8 %)
C4-5 24 (9.2 %)
C5-6 109 (41.8 %
C6-7 99 (37.9 %)
C7-T1 19 (7.3 %)
Positive Response 224 (85.8 %)
Cervical Pathology

Disk Herniation
Bony Foraminal Stenosis

86 (32.9 %)
172 (65.9 %)

Pseudoarthrosis 3 (0.11 %)
Physical Therapy 215 (82.4 %)
MRI 255 (97.7 %)

CT 95 (36.4 %)
Xray 234 (89.7 %)
EMG 111 (42.5 %)

SD, standard deviation; IQR, Interquartile Range.

time was a fixed-effect categorical variable (pre-injection, 3-month, 6-
month, 1-year, 2-year follow-up). A random effect for patients was
included to account for repeated measurements.

Additionally, we conducted a responder analysis for each PRO. The
frequency and percentage of patients who improved by the minimal
clinically important difference (MCID) from pre-injection to the afore-
mentioned follow-up time points was computed for each PRO. The MCID
value for the NRS was 2 points [15], while the MCID for PHQ-9 and each
of PROMIS-GH Physical and Mental Health T-scores was 5. Because
many patients were missing PRO data at the various time points, we
conducted a worst-case responder analysis. The frequency and per-
centage of patients improving by the MCID was computed under the
assumption that those with missing data did not improve by the MCID.

To examine which patient and clinical factors were associated with
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improvement in NRS arm pain, we fit single-variable logistic regression
models. The dependent variable was improvement in NRS score by 2
points (yes vs. no), and we examined this as short-term improvement
(<3 months post-injection) and long-term improvement (>3 months
post-injection). Independent variables considered included age, sex,
BMI, active smoking status, symptom duration (0-3 months, 4-12
months, >12 months), history of cervical spine surgery, history of cer-
vical interlaminar injection, disk level, location (right vs left), procedure
time (minutes), fluoroscopy time (seconds), positive response, pathol-
ogy (disk herniation vs bony foraminal stenosis), use of blood thinners,
physical therapy, MRI, CT, x-ray, EMG, and time since this provider’s
first injection (months). Because of low sample size, we included only
one independent variable at a time and did not perform multivariable
modeling. Odds ratios along with 95 % confidence intervals and p-
values were computed.

All analyses were performed in R (version 4.3.1) [16]. All tests were
two-sided and p-values <0.05 were considered statistically significant.
Due to the exploratory nature of the study, we did not formally adjust for
multiple comparisons but interpret our findings in light of the many tests
being performed.

3. Results

A total of 219 individual patients who underwent cervical injection
between December 11, 2013 and December 23, 2020 were included.
Average age of the patients was 51.9 years (SD = 11.3 years), 50.9 %
were male, and 16.4 % (36/219) of patients had a repeat CTFESI
(Table 1). A few of these patients had a repeat injection at a different
side and/or different level. At pre-injection, patients reported mean NRS
arm pain of 6.9 (SD = 2.0), mean PHQ-9 score 9.1 (SD = 6.3), mean
PROMIS-GH Physical Health T-score 38.1 (SD = 7.0), and mean
PROMIS-GH Mental Health T-score 45.5 (SD = 9.9). Fig. 2 displays NRS
arm prior to CTFESI, and at estimated 3 months and 6 months follow-up
intervals.

Fig. 3 shows scatterplots of NRS arm, PRO scores over time for both
pre- and post-injection and Percent Relief. Estimates of PRO scores at
pre-injection and change from pre-injection to follow-up are shown in
Table 2. NRS arm pain and PROMIS-GH Physical Health T-scores
significantly improved at all follow-up time points. PHQ-9 scores
significantly improved from pre-injection to the 3- month, 6-month, and

Pre-injection and Follow-up NRS Arm Ratings
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Fig. 3. Scatterplots of NRS Arm, PRO scores for both pre- and post-injection and Patient reported Percent Relief of Arm pain.

2-year follow-up, but not at the 1-year follow-up. PROMIS-GH Mental T-
scores improved only at the 2-year follow-up time point. Patient-
reported percent relief mean (SD) reported values was 66.0 % (SD =
33.5 %) at 3-month, 66.2 % (SD = 37.4 %) at 6-month, 83.1 % (25.0 %)
at 1-year, and 85.8 % (SD = 28.4 %) at 2-year follow-up.

Responder analysis revealed that about 71 % of patients improved in
NRS arm pain at 3 and 6 months and about 81-88 % of patients
improved at the 1-year and 2-year follow-up marks. These percentages
are based on patients who had available data at pre-injection and each
post-injection time point. Assuming those with missing data did not
improve by the MCID (i.e. worst-case analysis), about 53 % would have
improved in NRS arm pain at 3-months and about 7-13 % would have
improved at the other time points. For the other PROs, about 23%-28 %
improved in PHQ-9 score, 26-38 % of patients improved in PROMIS-GH
Physical Health, and about 18-48 % of patients improved in PROMIS-

GH Mental Health. Worst-case analysis for these other PROs would
result in 10 % or fewer patients improving.

Among the 219 included patients, 18 patients never followed up after
their first injection and did not have surgery. Among the 201 patients
who followed up, 62 (30.8 %) went on to have cervical spine surgery.
Median follow-up time for all patients was 181 days (IQR, 67-619;
range, 6-2331).

Table 3 shows results of the logistic regression models for short-term
(<3 months) and long-term (>3 months) improvement in NRS arm pain.
A total of 163 patients had data for short-term improvement, of which
117 (71.8 %) improved by 2 or more points. A total of 84 patients had
data for long-term improvement, of which 64 (76.2 %) improved. For
short-term improvement, patients who had a positive response had 1.61
times higher odds of short-term improvement, compared to patients who
did not have a positive response (OR = 1.61, 95 % CI = 1.32-1.96, P <
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Mixed-effect linear regression model estimated means and change in means from pre-injection to approximate 3-month, 6-month, 1-year, and 2-year post-injection
follow-up, and responder and worst-case responder analysis. The worst-case responder analysis was conducted under the assumption that patients who were
missing data at the pre- and/or post-injection time point did not improve by the MCID.

Time N Estimated Mean (95 % Estimated Mean Change P-value  Responder (Improved by Worst-Case
CD From Pre-Injection (95 % MCID) Responder
Cn Proportion (%) Analysis
NRS Arm (MCID = 2) Pre- 217 6.89 (6.57, 7.22)
Injection
3-month 163 3.21 (2.81, 3.60) —-3.68 (—4.10, —3.27) <0.001  117/163 (71.8 %) 117/219 (53.4
%)
6-month 38 3.25 (2.50, 4.02) —3.64 (—4.40, —2.89) <0.001 27/38 (71.1 %) 27/219 (12.3 %)
1-year 36 2.65 (1.92, 3.43) —4.24 (-5.02, —3.47) <0.001  29/36 (80.6 %) 29/219 (13.2 %)
2-year 17 2.30 (1.14, 3.33) —4.60 (—5.69, —3.50) <0.001  15/17 (88.2 %) 15/219 (6.8 %)
PHQ-9 (MCID = 5) Pre- 97 9.01 (7.81, 10.32)
Injection
3-month 77 7.01 (5.65, 8.31) —2.00 (-3.39, —0.62) 0.005 20/71 (28.2 %) 20/219 (9.1 %)
6-month 43 6.66 (4.92, 8.21) —2.35(—4.07, —0.64) 0.007 9/39 (23.1 %) 9/219 (4.1 %)
1-year 51 7.66 (6.15, 9.32) —1.35 (—2.96, 0.26) 0.101 13/46 (28.3 %) 13/219 (5.9 %)
2-year 29 6.95 (5.22, 9.02) —2.06 (—4.08, —0.04) 0.046 6/25 (24.0 %) 6/219 (2.7 %)
PROMIS-GH Physical (MCID Pre- 82 38.17 (36.43, 39.78)
=5) Injection
3-month 68 40.87 (39.25, 42.60) 2.70 (1.24, 4.16) <0.001  22/63 (34.9 %) 22/219 (10.0 %)
6-month 42 40.86 (38.89, 42.73) 2.69 (0.95, 4.43) 0.003 10/38 (26.3 %) 10/219 (4.6 %)
1-year 51 41.69 (39.78, 43.53) 3.52(1.90, 5.13) <0.001  18/48 (37.5 %) 18/219 (8.2 %)
2-year 28 41.77 (39.44, 44.13) 3.60 (1.55, 5.64) <0.001 8/25 (32.0 %) 8/219 (3.7 %)
PROMIS-GH Mental (MCID = Pre- 80 45.62 (43.60, 47.71)
5) Injection
3-month 69 46.01 (43.91, 48.17) 0.39 (-1.23, 2.01) 0.636 16/63 (25.4 %) 16/219 (7.3 %)
6-month 43 46.39 (44.16, 48.77) 0.77 (-1.16, 2.71) 0.432 8/38 (21.1 %) 8/219 (3.7 %)
1-year 50 45.15 (42.83, 47.30) —0.47 (—2.30, 1.37) 0.616 8/45 (17.8 %) 8/219 (3.7 %)
2-year 28 48.31 (45.78, 50.74) 2.69 (0.41, 4.97) 0.021 12/25 (48.0 %) 12/219 (5.5 %)

CI - confidence interval; MCID — minimal clinically important difference.

0.001). No other variables were associated with short-term improve-
ment in NRS arm pain. For long-term improvement older age was
associated with greater odds of improving in NRS arm pain (10-year OR
=1.11,95 % CI = 1.03-1.21, P = 0.011), and female sex was associated
with lower odds of improvement (OR = 0.80, 95 % CI = 0.66-0.95, P =
0.015). No other variables were associated with long-term improvement
in NRS arm pain.

4. Discussion

One of the aims of this study was to evaluate the improvement in
pain relief after CTFESI. The effectiveness of CTFESIs in treating cervical
radicular pain has been examined previously in a review by Engel [9] in
2014. These authors concluded that the evidence after CTFESI provided
short-term relief of radicular pain and limited evidence of long-term
benefit. While some patients may experience pain relief, the evidence
was of very low quality according to the GRADE criteria, especially as
the follow-up time periods increased. In that study, they also reviewed
the literature for complications of the procedure and concluded that the
evidence at that time did not support the use of CTFESIs. They called for
future research and stated that future studies would likely change their
presented conclusions. A more recent systematic review and
meta-analysis [8] in 2020 concluded that about half of patients can
expect to have at least 50 % pain relief for up to 3 months. The same
review reported CTFESI using non-particulate steroids reduction of pain
scores by > 50 % was estimated at 56 % at 1 month and 68 % at 3
months. Other studies reported relief at 6 and 12 months, but were
excluded from this analysis due to inadequate technique description,
non-standard technique, or failure to utilized contrast imaging. This
updated systematic review and meta-analysis deemed the quality of
evidence for pain relief after CTEFSI as very low using the GRADE
criteria.

Our data is consistent with previous studies showing that patients
following CTFESI can achieve pain relief in the short-term. Similar to
other studies, significant improvement in pain based on NRS, did not

differ based on pathology due to spondylosis or disc herniation. We also
found that older age was associated with greater reduction in pain after
CTFES], similar to Kumar and Gowda [20],. In contrast to the existing
literature this cohort reports long-term pain relief greater than one year
and achieving MCID after CTESI in those patients who provided
long-term follow up. We believe utilizing a standardized technique with
peri-neural needle placement may account for our responder rates.

We also analyzed patient-reported outcomes on functional status
metrics as collected by patient-completed survey data. To the best of our
knowledge, this is the first study to examine the effects of CTFESIs on
patient quality of life measures using PHQ9 and PROMIS-GH. Previous
studies have often used the Neck Disability Index (NDI) to evaluate
functional status and shown improvement following CTFESI [8,17-21].
The NDI is used to measure patient-reported disability specific to neck
pain [22,23], however, NDI is not collected at our institution. The sur-
veys used in our study provide insight into the patient’s self-perceived
disability level, depression, and health-related quality of life, respec-
tively. This trend suggests that patients not only receive pain relief from
their injections, but also improve their functional quality of life. We
hope these findings help future researchers better understand the use of
these instruments in the assessment of cervical radiculopathy.

There have been cases documenting potentially serious complica-
tions associated with CTFESIs, many of which are thought to be due to
the intravascular uptake of injected steroid, leading to brain and spinal
cord infarction events [10]. While not the original objective of our study,
it is worth noting that, while no patients experienced cerebrovascular
accidents, one patient in this cohort had the procedure aborted due to a
seizure with no long term sequalae. A case series in 2007 investigating
selective cervical nerve root blocks described a single case of a grand mal
seizure following intervention; the patient’s seizure lasted 3-4 min and
he experienced full recovery within 30 min [24]. Another case report in
2011, described seizure-like activity following accidental injection of
lidocaine into the vertebral artery [25]. While we are unsure of the
etiology in our study, it is possible that a similar mechanism occurred.
No other complications were reported in our cohort of patients. Since
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Table 3
Single-predictor logistic regression model results for short-term (<3 months)
and long-term (>3months) improvement in NRS arm pain by 2 or more points.

Improvement <3
months post-injection

Improvement >3
months post-injection

(N =163) (N =84)
Odds Ratio P-value  Odds Ratio P-
(95 % CI) (95 % CI) value
Age (per 10 years) 1.04 (0.97, 0.266 1.11 (1.03, 0.011
1.10) 1.21)
Female (vs. Male) 1.09 (0.95, 0.216 0.80 (0.66, 0.015
1.25) 0.95)
Body Mass Index (per 10 1.13 (1.00, 0.061 1.04 (0.88, 0.645
units) 1.29) 1.23)
Active Smoker 0.98 (0.83, 0.775 0.89 (0.73, 0.257
1.15) 1.09)
Symptom Duration (years) 0.98 (0.96, 0.142 0.97 (0.93, 0.073
1.01) 1.00)
History Cervical Surgery 1.04 (0.86, 0.680 1.00 (0.80, 0.976
1.25) 1.26)
History Cervical 0.96 (0.81, 0.673 1.01 (0.82, 0.891
Interlaminar Injection 1.15) 1.25)
Disk Level (vs. C5-C6)
C6-C7,C7-T1 1.13(0.89, 0.316 1.02 (0.74, 0.891
1.44) 1.40)
C3-C4,C4-C5 1.02 (0.81, 0.897 0.95 (0.69, 0.742
1.28) 1.30)
Location Left 0.96 (0.83, 0.549 0.94 (0.78, 0.531
1.10) 1.13)
Procedure Time (per 10 0.92 (0.84, 0.120 0.96 (0.85, 0.521
min) 1.02) 1.09)
Fluoroscopy Time (per 10 1.00 (1.00, 0.523 1.00 (1.00, 0.980
min) 1.00) 1.00)
Positive Response 1.61 (1.32, <0.001 1.20 (0.91, 0.205
1.96) 1.59)

Cervical Pathology (vs. Disk Herniation)

Bony Foraminal Stenosis 0.88 (0.76, 0.106 1.10 (0.90, 0.363

1.03) 1.34)

Pseudoarthrosis 0.87 (0.51, 0.598 1.36 (0.73, 0.332
1.47) 2.52)

Blood Thinners 0.91 (0.66, 0.553 1.28 (0.78, 0.330
1.25) 2.10)

Physical Therapy 1.08 (0.90, 0.412 1.04 (0.79, 0.776
1.29) 1.37)

MRI 0.75 (0.50, 0.156 0.78 (0.48, 0.330
1.12) 1.28)

CT 1.00 (0.86, 0.981 1.08 (0.89, 0.439
1.15) 1.32)

X-ray 0.90 (0.68, 0.447 1.01 (0.66, 0.955
1.18) 1.56)

EMG 0.96 (0.83, 0.559 1.03 (0.85, 0.771

1.10) 1.24)
Time since Provider’s 1st 1.03 (0.99, 0.120 1.03 (0.98, 0.270
Injection (per year) 1.07) 1.09)

CI - confidence interval.

the single complication, our technique was altered with a lower dose of
lidocaine from 2 % to 0.5 % and no manipulation of extension tubing
once no vascular flow was visualized on digital subtraction angiography.
It is imperative to employ risk mitigation strategies including use of
non-particulate steroid, extension tubing, live fluoroscopy, and DSA
(digital subtraction angiography) also described as digital subtraction
imaging (DSI) [11,26,27]. The use of DSA is the safest way to minimize
risk, but not completely protective against complications such as
seizure, stroke, spinal cord injury, or death [9,11].

A recent retrospective review by Levin et al., noted that patients
referred by a spine provider who performs CTESI compared to a non-
interventionalist had better pain relief outcomes as defined by >80 %
pain reduction with a mean follow up of 21 days [28]. We observed that
approximately 25-30 % of our patients proceeded to spinal surgery
before the close of our study period. The only factor that was associated
with increased surgery rates in our population was prior cervical spinal
surgery. In our patients who had a history of cervical spine surgery
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(fusion or no fusion), there was an increased tendency for referral from
spine surgery compared to medical spine.

The retrospective study design under a single provider cohort may
limit our results. We chose a single provider and institution approach to
our analysis to limit procedure variability. The retrospective nature of
this study led to non-standardized follow-up time points. When using
patient survey data retrospectively, it is inevitable that some patients
will have incomplete data recorded resulting in exclusion from analysis.
This was certainly the case with our data, where large proportions of
patients were missing scores at follow-up time points, particularly those
beyond 3-months after their most recent injection. The results of our
analysis should be interpreted with caution. In addition, our cohort
included patients who travel vast distances and may have had follow-up
closer to home and were missing follow-up using our patient reported
outcome measures. Future prospective studies with standardized follow-
up and strategies to mitigate missing data are warranted. Since our data
was based on chart review, we may have missed cervical spine surgery
performed outside our health system. Finally, the follow-up period
represents a period longer than what is expected for corticosteroid
response. Therefore, sustained benefit may relate to other factors or
management, such as physical therapy, psychological support, use of
oral analgesics, all of which are difficult to account for in a retrospective
study, although all patients were managed with usual care. Finally,
therapeutic effectiveness or efficacy cannot be inferred from the tem-
poral relationship after CTFESI.

5. Conclusion

This study suggests that patients receiving CTFESIs for cervical
radiculopathy report improvements in pain relief and function following
intervention. These findings warrant future prospective, multi-
institutional investigation to gain a more applicable understanding of
long-term pain relief and function after CTFESIs.
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