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It has been 86 years since the publication 
of the classic study by Mixter and Barr, 
which established the involvement of 
disc herniation in the pathophysiological 
mechanisms of sciatica. However, 
treatment of this disease still causes a lot 
of controversy in the medical community.

Periodic pain in the lumbosacral 
spine occurs in 60–80 % of the world’s 
adult population [1]. In the United States, 
low back pain ranks 5th in the frequency 
of medical visits, with 30 to 50 billion 
health care US dollars being spent on its 
treatment annually [2].

Radicular pain syndrome compris-
es a significant subgroup of patients 
with degenerative spinal diseases [3, 4]. 
Depending on the time period studied, 
the prevalence of radicular pain through-
out life varies from 12.2 % to 43.0 % in 
different groups [5]. The annual inci-
dence of an episode of radicular pain 
ranges from 1 to 5 % [6]. Radhakrish-
nan et al. [7] found that the annual inci-
dence of cervical radiculopathy is 107.3 
and 63.5 cases per 100,000 for men and 
women, respectively.

The modern concept of radicular pain 
syndrome as a complex disease involves 
the interaction of various factors: inflam-
matory, immunological, and compressive 
ones [8–11].

In the majority of patients, invasive 
procedures can be avoided, and pain syn-
drome can be relieved by using various 
methods of conservative treatment [12–
15]. Along with physiotherapy, conser-
vative treatment using various combina-
tions of non-steroidal anti-inflammatory 
drugs (NSAIDs), opioid analgesics, mus-
cle relaxants, antidepressants, systemic 
corticosteroids, and anticonvulsants is 
the first line of treatment for patients 
with radicular pain syndrome due to disc 
herniation [16–17].

Discectomy with or without stabi-
lization is a proven and popular tech-
nique in cases when drug therapy in 
these patients has been unsuccessful. A 
significant number of patients who have 
underwent this treatment somehow 
require reoperation, with some of them 
not receiving the expected effect from 
surgery, which significantly increases 

healthcare costs [18–23]. According to 
the literature [24–29], epidural injections 
at the preoperative stage can provide sig-
nificant advantages in the treatment of 
patients with disc herniation and radicu-
lar pain syndrome and even help avoid-
ing surgery in some cases.

The aim of the study was to analyze 
the data on the use of epidural injec-
tions in the treatment and diagnosis of 
patients with herniated intervertebral 
discs and radicular pain.

Surgical Techniques

According to the Russian clinical guide-
lines, patients with intervertebral disc 
herniation of the lumbosacral spine in 
the presence of radiculopathy and the 
absence of the effect of conservative 
treatment for four weeks are recom-
mended to have surgery [30].

To date, a large number of methods of 
surgical intervention for a herniated disc 
have been developed. All of them can be 
divided into three types: microsurgical, 
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microendoscopic, and endoscopic tech-
niques [31].

Discectomy is the most common neu-
rosurgical procedure in the United States; 
more than 480,000 procedures are per-
formed there annually [32, 33]. Micro-
surgical discectomy has been considered 
one of the most effective and popular 
techniques for quite a long time [34].

Comparison of microdiscectomy 
with tubular and endoscopic discectomy 
showed the best short-term results for 
the latter two techniques, while assess-
ment of long-term results after one 
month, six months, and one year did not 
reveal a significant difference in the out-
comes between the techniques [35–36].

The method of percutaneous decom-
pression includes several different tech-
niques, which are aimed at eliminating 
the compression of nerve structures, 
reducing the size of the protrusion and 
restoring the function of the affected 
disc. These techniques are classified 
into mechanical, thermal, and chemi-
cal decompression, as well as biomate-
rial implantation [37]. Among these, the 
most common technique is nucleoplas-
ty, which is considered an alternative to 
open surgery. It uses bipolar radio fre-
quency energy to reduce the intradiscal 
pressure [38]. It has been established in 
the above-mentioned review article that 
this technique allows reducing the inten-
sity of pain syndrome by 66 %. In addi-
tion, a 50 % decrease in the degree of dis-
ability was noted by the end of the first 
month after the procedure.

Patients who had underwent surgical 
treatment for disc herniation of the lum-
bar spine experienced a rapid improve-
ment in their condition after three 
months (the average VAS score was 15.3; 
the mean Oswestry score was 15.5); how-
ever, the patients still complained for 
pain and mild-to-moderate functional 
disorders after a five-year follow-up (the 
average VAS score was 21.0; the mean 
Oswestry score was 13.1) [36].

Despite the growing experience of 
surgical interventions and the improve-
ment of surgical technologies, pain recur-
rence in individuals who have undergone 
surgery on intervertebral disc occurs 
with a frequency of 4 % to 67 % [18]. Up 

to 42 % of lawsuits filed by neurosurgical 
patients are related to spinal surgery [19]. 
From 10 % to 40 % of patients who had 
underwent spinal fusion had the failed 
back surgery syndrome [20]. In a review 
article with a meta-analysis, Chen et al. 
[23] investigated the incidence of compli-
cations after various surgical techniques 
for resection of a herniated disc. For the 
techniques considered, complications 
were observed in 5.8–25.8 % of the oper-
ated patients. Up to 50 % of unsatisfacto-
ry results were obtained in patients who 
had underwent discectomy for protru-
sions and hernias of lumbar interverte-
bral discs [22].

The average additional annual cost of 
any reoperation on the lumbar spine is 
about $ 11,161 [21].

Despite all of the above, it is impor-
tant to note that discectomy using a 
microscope or an endoscope remains 
an effective and proven technique. Mean-
while, it is necessary to optimize the diag-
nostic algorithms, methods of providing 
medical care, as well as the strategy for 
selecting the candidates for surgery.

Epidural Injections

One of the most frequently discussed 
aspects of treating patients with pain in 
the cervical and lumbar spine accompa-
nied by radicular pain syndrome is epi-
dural injections.

Taking into account the inflamma-
tory component in the pathophysiology 
of radicular pain, it seems reasonable to 
use epidural steroid injections as one of 
the strategies for treating this disease [39].

A local anesthetic solution was initial-
ly used for these purposes. The first injec-
tion of corticosteroids was performed 
and described in 1952 [40].

Currently, there are a number of 
injection approaches that allow epidur-
al drug administration of drugs: caudal 
epidural injection, interlaminar epidural 
injection, and transforaminal epidural 
injection [41–43].

Due to the fact that modern scientific 
literature describes significant differences 
both in the technical features of epidural 
injections via different approaches and in 
the effectiveness and outcomes for vari-

ous pathologies, they are usually consid-
ered as independent techniques [44].

All procedures are recommended to 
be performed under X-ray or ultrasound 
control [45–48].

A caudal epidural injection is per-
formed by advancing the needle through 
the sacral canal into the sacral epidural 
space [45, 49]. Kim et al. [50] showed that 
10 ml of injection solution is sufficient 
for reaching the L3–L4 segment. The 
authors also found that, after the initial 
injection of 10 ml, the subsequent 30 ml 
of the solution reach only the L2–L3 lev-
el, i.e., they spread one segment cranially.

In interlaminar epidural injection, a 
needle is inserted into the epidural  inter-
laminar space [46, 51].

The options for patient positioning 
for transforaminal epidural injection, as 
well as radiographic landmarks deter-
mining the site of needle insertion, can 
vary depending on the level of pathology 
[45, 47]. This is due to the anatomical fea-
tures of osseous and neural structures, as 
well as blood flow path typical of various 
regions of the spinal column [52].

The spread of the contrast along the 
nerve root confirms the correct needle 
positioning, after which drug solutions 
are injected slowly [48].

C o m p a r a t i v e  E f f e c t i v e n e s s 
of Epidural Injections

A study by Manchikanti et al. [53] 
describes the use of epidural injections 
for the relief of radicular pain and low 
back pain in patients with lumbar disc 
herniation. The results of three large stu-
dies, which included 120 patients each, 
revealed no significant advantages of 
either caudal, transforaminal, or inter-
laminar approaches after a two-year fol-
low-up [53]. The results of the six-month 
follow-up and assessment of improve-
ment in the functional status after one 
year showed that lumbar interlaminar 
epidural injections had a potentially 
greater efficacy in managing pain relief. 
There were no significant differences 
in the effectiveness of the techniques 
depending on the level of pathology in 
the lumbar spine [54–56].
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A study by Singh et al. [57] established 
the advantage of caudal epidural steroid 
injections compared to transforaminal 
epidural steroid injections based on the 
results of a one-year follow-up. In addi-
tion, the authors demonstrated a higher 
efficacy of pain relief: pain intensity was 
decreased by 58.2 % in the group receiv-
ing caudal epidural steroid injections and 
by 46.8 % in the group with transforam-
inal epidural block [57]. Sighnificantly 
higher regression of functional impair-
ment according to the Oswestry scale 
was also noted (27.0 % and 41.7 % in cau-
dal epidural injections and transforami-
nal epidural injections, respectively) [57].

Pandey et al. [58] performed a com-
parative assessment of the efficacy of 
caudal epidural injections in patients 
with radicular pain syndrome and low 
back pain. The results of a one-year 
follow-up revealed a significant advan-
tage in the group with the transforami-
nal approach, in which only 10.0 % of 
patients were treated ineffectively [58]. 
The same parameter for the groups with 
caudal and interlaminar routes of injec-
tion reached 25.6 % and 22.2 %, respec-
tively [58].

Kamble et al. [59] compared the effec-
tiveness of the above-mentioned tech-
niques. Despite the fact that the results 
of short-term relief of pain intensity were 
comparable across the groups, patients of 
the transforaminal group had an advan-
tage: the absence of a significant increase 
in pain intensity according to the results 
of one-month and six-month follow-up, 
as well as a more pronounced decrease 
in functional impairment [59]. However, 
it is worth noting that long-term efficacy 
was not evaluated in this study.

The work by Adilay et al. [60] indicates 
the high efficiency of the transforaminal 
technique in patients with lumbar radic-
ular pain syndrome.

Makkar et al. [61] studied the effica-
cy of a modified interlaminar technique 
using the lateral parasagittal approach in 
comparison with conventional interlami-
nar and transforaminal epidural injec-
tions. The results of a six-month follow-
up demonstrated that the most effective 
pain relief was noted for modified inter-
laminar epidural injections (80 %) and 

transforaminal epidural injections (75 %), 
without a statistically significant differ-
ence between the groups.

In 2018, Lee et al. [62] conducted a 
systematic literature review with a meta-
analysis. The authors compared the effi-
cacy of caudal epidural injections and 
transforaminal epidural injections in 
patients with lumbar disc herniation. 
Of the 6,711 studies, six were selected 
that matched the criteria and subject 
of the review. Four studies supported 
the superiority of the transforaminal 
technique; one study demonstrated the 
advantage of the caudal approach; and 
one article showed no significant differ-
ence between the effectiveness of trans-
foraminal and caudal epidural injections. 
The authors concluded that transforam-
inal epidural injections provide better 
clinical benefit than caudal injections 
and, despite the low level of evidence in 
the meta-analysis, may be considered as 
the preferred method of epidural steroid 
administration.

Bensler et al. [63] found no statistical-
ly significant difference in the efficacy of 
interlaminar and transforaminal epidural 
injections in patients with lumbar disc 
herniation. However, they noted a trend 
towards slightly better results in case of 
interlaminar injections. It is worth not-
ing that the study was limited to a one-
month follow-up period and did not 
assess the long-term efficacy.

A review by Smith et al. [64] provides 
an analysis of the studies on the transfo-
raminal technique. The efficacy of trans-
foraminal epidural injections was found 
to be higher in patients with a shorter 
duration of radicular pain, an early posi-
tive response to injection, and radicu-
lopathy confirmed by electromyography. 
In addition, a number of publications 
indicate a greater efficacy of transforami-
nal epidural injections in patients with a 
low degree of nerve root compression 
evidenced by MRI than in patients with 
a high degree of compression [65, 66].

The duration of the analgesic effect 
of injections varies. In most studies, one 
injection was sufficient to achieve a suc-
cessful outcome. In case of recurrence 
of pain after the first successful relief, 
it is possible to use the transforaminal 

epidural injection again. However, the 
potential systemic side effects of epidural 
corticosteroid administration are well 
known. For this reason, the dosage of 
the administered drug and the frequency 
of such injections should be limited to 
the minimum effective amount and fre-
quency with appropriate time intervals 
between the procedures. Most of the stu-
dies discussed in this review favored the 
3–6-month treatment (and some even 
the 1–2-year treatment) option after 
transforaminal epidural injections. A rea-
sonable explanation for such a long-term 
effect is most likely the favorable natural 
history of lumbar radicular pain in some 
patients rather than one-year or two-year 
effect, which is directly related to corti-
costeroid administration [64].

In 2006, Lin et al. [24] retrospectively 
analyzed the outcomes of 70 candidates 
with disc herniation subjected to surgi-
cal intervention for cervical radicular 
syndrome who had transforaminal epi-
dural injections due to the ineffective-
ness of conservative treatment. Follow-
up examination (the average follow-up 
period, 13 months) showed that 63 % of 
the patients managed to avoid surgery.

Costandi et al. [25] conducted a ret-
rospective analysis of the outcomes of 
64 patients with cervical disc herniation 
and radicular pain receiving transforami-
nal epidural injections of 10 mg of dexa-
methasone and 1 ml of 0.5 % bupivacaine 
solution. The previous conservative treat-
ment and physiotherapy for eight weeks 
had not resulted in any improvement in 
the condition of all patients. After three 
years, 70.3 % of patients (95 % CI1/4, 
57.6–81.0 %) managed to avoid surgery. 
The difference in the mean VAS scores 
before and after the procedure was 
4.4 (95 % CI1/4, 3.75–5.10). The mean 
reduction in pain intensity was 66 % [25].

In 2018, Kesikburun et al. [26] per-
formed a retrospective study of 64 
patients with pain syndrome associated 
with disc herniation of the cervical spine. 
All patients had transforaminal epidur-
al block. Based on the data obtained, a 
significant decrease in the average pain 
intensity from the score of 8.6 ± 1.4 at 
baseline to 3.2 ± 2.5 was achieved at the 
control visit two weeks after the injec-
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tion. In order to achieve the therapeu-
tic effect, patients received one to three 
injections. More than 80 % of patients 
noted an over 50 % reduction in pain 
intensity compared to the baseline. The 
average duration of the therapeutic effect 
of a transforaminal epidural injection 
was 13.3 ± 9.44 months.

It was also found that a higher base-
line VAS score correlated with a more 
pronounced analgesic and a longer 
therapeutic effects (p = 0.042 and 0.011, 
respectively). The authors concluded that 
the study results indicated that transfo-
raminal epidural injections are an effec-
tive method for treating neck pain radi-
ating to the arm in patients with cervical 
disc herniation.

A systematic literature review with a 
meta-analysis by Conger et al. [67] con-
ducted in 2019 revealed no studies of 
the technique of transforaminal epidural 
injections in patients with cervical disc 
herniation that would meet the inclusion 
and exclusion criteria, since all the stu-
dies lacked the comparison group.

The proponents of a more aggressive 
surgical strategy often argue that, despite 
the high efficiency of epidural injections 
in the first months after block, patients 
with intervertebral disc herniation 
require surgery in the long-term period.

This position can be challenged, since 
there are studies demonstrating a sig-
nificant decrease in the size of a hernial 
bulging over several years up to its com-
plete disappearance [68–71].

In general, the use of epidural injec-
tions allows achieving a good clini-
cal effect in more than half of patients 
(Table 1).

Diagnostic and Prognostic Value 
of Transforaminal Epidural Injections

Neurologists and neurosurgeons often 
meet patients with a clinical picture 
that does not correspond to the data of 
instrumental examination, which can 
lead to an erroneous interpretation of 
the data obtained. For instance, a number 
of studies indicate a low correlation 
between the MRI data of facet joints, 
spinal stenosis, and the integrity of the 

posterior longitudinal ligament with the 
intraoperative data [72–74].

The possibility of the point injection 
of a drug solution to the nerve roots 
during transforaminal epidural block 
makes this technique a fundamentally 
unique diagnostic tool in the treatment 
of patients with intervertebral disc her-
niation [27]. This feature can also be use-
ful in multilevel lesions of adjacent inter-
vertebral discs and when predicting the 
success of the subsequent surgery at this 
level.

In 1992, Derby et al. [28] established a 
correlation between the efficacy of trans-
foraminal epidural block and the out-
come of the subsequent surgery. Among 
patients with more than one-year dura-
tion of radicular pain syndrome, a pos-
itive outcome of surgery was noted in 
85 % of cases in the group with effec-
tive injections, while poor outcome was 
observed in 95 % in the group with inef-
fective injections [28].

Leung et al. [29] highly appreciated 
the diagnostic value of transforaminal 
epidural injections performed in 186 
patients, since an immediate response to 
the administration of a local anesthetic 
and a steroid drug was obtained in 80.2 % 
of cases.

In their review, Datta et al. [75] indi-
cate that the diagnostic value of trans-
foraminal epidural injections at the pre-
operative stage has not been proven, 
although further study of this issue is of 
interest to researchers.

A study of cervical transforaminal epi-
dural injections performed by Costan-
di et al. [25] confirmed the predictive 
value of the technique by showing that 
all patients with a good outcome after 
surgery noted a significant pain reduc-
tion after the injection. Patients in whom 
surgery was ineffective, on the contrary, 
achieved less than 50 % relief of radic-
ular pain after transforaminal epidural 
injection. In general, despite the lack of 
a consolidated opinion in the medical 
community and a sufficient evidence 
base regarding the diagnostic value of 
transforaminal epidural injections, the 
authors note that many experienced doc-
tors consider this technique a useful tool.

Solutions for Epidural Injections

To date, the most common groups of 
drugs for epidural injections are steroid 
solutions and solutions of local anesthet-
ics, which can be used both individually 
and in combination.

The division of steroid drugs into par-
ticulate and non-particulate substances 
is based on the chemical properties of 
solubility of synthetic corticosteroids in 
water and their aggregation characteris-
tics. Particulate steroids are usually poorly 
soluble in water; they can precipitate and 
crystallize in a hydrophilic environment. 
For this reason, steroids with a larger 
particle size were suggested to impose a 
greater risk of small artery occlusion as 
a result of their iatrogenic intravascular 
administration via epidural steroid injec-
tion and lead to brainstem, cerebellar, or 
spinal cord infarction [76].

In this regard, Derby et al. [77] con-
ducted a microscopic examination of 
the solutions of dexamethasone sodium 
phosphate (a non-particulate steroid), 
triamcinolone acetonide, betametha-
sone sodium phosphate, betamethasone 
acetate, and methylprednisolone acetate 
(particulate steroids). The largest parti-
cles of triamcinolone acetonide were 12 
times the average size of the erythrocyte. 
The particles of triamcinolone and beta-
methasone are tightly packed and form 
large aggregates of up to 100 μm in size. 
Particles and aggregates of methylpred-
nisolone individually and mixed with a 
local anesthetic (1 % lidocaine hydro-
chloride) and iodinated contrast medi-
um (240 mg/ml iohexol) turned out to 
be smaller than an erythrocyte. Howev-
er, they are tightly packed and can form 
emboli. Dexamethasone particles, alone 
and mixed with a local anesthetic and 
a contrast agent, were 10 times smaller 
than the average size of an erythrocyte 
and did not show a tendency to aggre-
gation [77].

El-Yahchouchi et al. [78] showed that 
the use of triamcinolone improved the 
outcomes in patients after epidural ste-
roid injections only insignificantly and 
noted no significant difference in the 
efficacy in comparison with dexametha-
sone and betamethasone.



Hirurgia Pozvonochnika 2020;17(3):53–65 

Degenerative diseases of the spine

57

A.L. Krivoshapkin et al. Therapeutic and diagnostic value of transforaminal epidural injections in patients

Zheng et al. [79] concluded that the 
risk of adverse intravascular outcomes 
in epidural steroid injections can be 
reduced by using particulate steroids and 
avoiding mixing hormones with anes-
thetics that can cause precipitation. In 
particular, a mixture of dexamethasone 
and ropivacaine, which do not form solid 
particles alone, may crystallize under cer-
tain acidic/basic conditions.

Feeley et al. [31] performed a meta-
analysis comparing particulate and 
non-particulate steroid use in epidural 
steroid injections. No significant ben-
efit was shown for the use of particu-
late steroids for pain relief. At the same 
time, the authors specify that, until that 
moment, no specific cause of paraplegia 
has been established in certain patients 
after epidural steroid injections, while 
the hypothesis on embolization by ste-
roid particles has not been confirmed, 
since the correlation is not the establish-
ment of a causal relationship.

In a literature review, Mehta et al. 
[81] compared the efficacy of particu-
late and non-particulate steroids for epi-
dural injections. The obtained data did 
not reveal the advantages of certain ste-
roids in relieving radicular pain. However, 
taking into account the risk of possible 
severe complications, which were noted 
in the use of particulate steroids, the use 
of non-particulate steroids was recom-
mended as a first-line drug.

Bensler et al. [63] compared the effects 
of triamcinolone and dexamethasone in 
patients with lumbar disc herniation in 
transforaminal epidural injections and 
noted a significantly greater efficacy 
of particulate steroids. According to the 
results of one-month follow-up, improve-
ment was noted in 44.3 % of cases in 
the triamcinolone group and in 33.1 % 
of patients of the dexamethasone group.

Comparison of Safety and the Risk 
of Complications after Epidural 
Injections

Lee et al .  [82] studied complica-
tions after epidural injections that 
required hospitalization in patients 
after 52,935 manipulations using 
both triamcinolone acetonide (32,805 

injections) and dexamethasone (20,130 
injections). Transforaminal, caudal, and 
interlaminar approaches were used for 
drug administration. The total number 
of complications was 244 (0.46 %), 56 
(0.11 %) of which were directly related 
to the effect of the administered drug 
(Table 2).

In the Closed Claims Database of the 
American Society of Anesthesiologists, 
complaints related to cervical epidural 
steroid injections represent 22 % of all 
complaints related to chronic pain man-
agement and reported in the period of 
2005–2008. When conducting epidural 
steroid injections, embolization of glu-
cocorticoid suspensions with large par-
ticles of the drug into the brain and spi-
nal cord is possible. Taking into account 
that the cervical epidural space is located 
just a few millimeters from the cervical 
spinal cord, direct needle injury is more 
common during an interlaminar epidural 
injection [83].

Engel et al. [84] described a number 
of serious complications associated with 
epidural steroid injections in the cervical 
spine. An incorrectly performed injection 
was shown to cause such pathological 
conditions as spinal cord infarction, epi-
dural hematoma, tetraplegia, vertebral 
artery occlusion, cerebellar infarction, or 
Horner’s syndrome.

Meanwhile, a study by Kesikburun 
et al. [26] did not register any serious 
complications after transforaminal epi-
dural injections in the cervical spine, 
with the exception of short-term vaso-
vagal syncope in several patients with 
a maximum duration of no more than 
two minutes.

No cases of serious complications 
were observed after cervical transfo-
raminal epidural injections in 17 papers 
selected for the review article by Conger 
et al. [67]. Only mild side effects were 
reported: syncope and transient verti-
go, headache or facial flushing [85–88], 
transient dizziness or nystagmus [89], 
increased pain in the arm or neck [90], 
and transient Horner’s syndrome [91].

Costandi et al. [25] did not find a sin-
gle case of complications during the pro-
cedure in 64 patients subjected to cervi-
cal transforaminal epidural injections.

Bush et al. [92] conducted a total 
of 1,047 procedures and evaluated the 
safety of transforaminal epidural injec-
tions in the cervical spine in 527 patients. 
Complications were noted only in six 
cases; they resolved on their own without 
any intervention and were considered 
insignificant.

Zini et al. [93] observed serious com-
plications after epidural injections in 
different levels of the spine in less than 
0.05 % of cases.

Arachnoiditis is more common dur-
ing interlaminar epidural injections and 
can occur due to inadvertent injection 
of glucocorticoid suspensions containing 
large drug particles into the intrathecal 
space [94–96].

Rapid administration of large 
amounts of the drug for caudal epidural 
block followed by an increase in reti-
nal venous pressure caused blindness in 
some cases [97].

Racoosin et al. [98] note that, in order 
to avoid the development of secondary 
lipodystrophy, the maximum number 
of repeated injections at the same level 
should not exceed four procedures per 
year.

Infectious complications after epidur-
al steroid injections, in particular men-
ingitis and epidural abscess, are quite 
rare and mainly associated with a fungal 
infection, the development of which can 
be avoided by sterilizing the surgical site 
[95, 97, 99].

Unusual transient post-procedure 
complications are known after transfo-
raminal epidural injections in the lum-
bar spine, including hiccups, oculomo-
tor nerve palsy, and perineal pruritus 
[100–102]. A number of publications 
[103–108] describe technical problems 
associated with dural puncture and inad-
vertent injection of a drug into a vein or 
disc. However, none of the above cases 
led to the development of irreversible 
impairments.

There is a report on the formation of 
a secondary epidural hematoma caused 
by bleeding from a periarticular cyst after 
a transforaminal epidural injection in a 
patient after cessation of clopidogrel 
and aspirin one week before the proce-
dure [109]. The most common compli-
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cations after lumbar transforaminal epi-
dural injections are associated with cere-
brospinal infarction: 14 such cases have 

been reported [110–115]. Moreover, in 
all cases, with the exception of one [110], 
a suspension of glucocorticoids contain-

ing large drug particles was used. It was 
initially considered that the main cause 
of complications during cervical transfo-

Table 1

Results of the studies on the efficacy of epidural injections

Study Technique 

(number of 

patients)

Total number of 

patients, n

Follow-up 

period, 

months

Affected region Results

Manchikanti et al. [53] IEI (120)

TEI (120)

CEI (120)

360 24 Lumbar spine A significant decrease (> 50 %) in VAS and Oswestry scores was 

observed in 63.0 %, 65.0 %, and 61.0 % of cases for CEI, IEI, and 

TEI, respectively (all patients). Among patients responding to 

treatment (improvement within at least 3 weeks in response to 

no more than 2 treatments), a significant improvement (a > 50 % 

decrease in VAS and Oswestry scores) was observed in 76.0 %, 

72.0 %, and 77.0 % for CEI, IEI, and TEI, respectively

Singh et al. [57] TEI (40)

CEI (40)

80 12 Lumbar spine The average decrease in the patient’s VAS score was 46.8 % in the 

TEI group and 58.2 % in the CEI group. The average decrease in 

the Oswestry score was 46.7 % in TEI patients and 65.4 %  

in CEI patients

Pandey et al. [58] CEI (82)

TEI (40)

IEI (18)

140 12 Lumbar spine According to the Japanese Orthopedic Association (JOA score), 

effective pain relief was noted in 90.0 %, 77.7 %, and 74.3 % in the 

TEI, IEI, and CEI groups, respectively

Kamble et al. [59] CEI (30)

TEI (30)

IEI (30)

90 6 Lumbar spine The decrease in the average VAS score was 73.4 % for TEI, 51.5 % 

for IEI, and 51.4 % for CEI

Adilay et al. [60] TEI  (1097) 1097 4 Lumbar spine 

(L4–L5, L5–S1)

The decrease in the average VAS score was 75.0 % for TEI at L4–

L5 and 55.8 % for TEI at L5–S1

Smith et al.  

(review article) [64]

TEI 30 studies 1–24 Lumbar spine Among the studies included in the review, a significant decrease  

in the VAS score (> 50 %) was observed in 64.0 % of patients  

(57–71 %) after a 12-month follow-up

Rados et al. [65] TEI (32)

IEI (32)

64 6 Lumbar spine A significant decrease (> 50 %) in the VAS score was noted  

in 5.0 % in the IEI group and in 63.0 % in the TEI group; a decrease 

in the Oswestry score by more than 10 points was found in 50.0 % 

and 66.0 % of the patients in the IEI and TEI groups, respectively

Makkar et al. [61] Lateral

IEI (20)

IEI (21)

TEI (20)

61 6 Lumbar spine A significant decrease (> 50 %) in VAS was noted in 80.0 % of 

the modified IEB group (16/20) and in 75.0 % of the TEI group 

(15/20). In the IEI group, this score was 42.9 %

Lee et al.  

(review article) [62]

IEI

CEI

6 studies 1–6 Lumbar spine Four studies supported the superiority of TEI, one paper favored 

CEI, and another article showed no significant difference between 

the effectiveness of TEI and CEI

Lin et al. [24] TEI (70) 70 36 Cervical spine A significant reduction in the severity of symptoms according to 

the outcome scale after cervical spine surgery (Odom scale) was 

observed in 63.0 % of patients

Costandi et al. [25] TEI (64) 64 36 Cervical spine Complete regression of symptoms was observed in 70.3 % of 

patients; no surgical treatment was required

Kesikburun et al. [26] TEI (64) 64 21,4 ± 9,4 Cervical spine A significant decrease (> 50 %) in the VAS scores was noted in 

81.2 % of patients

Bensler et al. [63] IEI (99)

TEI (99)

198 1 Lumbar spine No significant difference in the effectiveness of the techniques 

was found using the PGIC scale, according to which, 53.3 % and 

43.9 % of patients with IEI and TEI, respectively, experienced an 

improvement. The average decrease in theVAS score was 33.7 % 

and 28.7 % for IEI and TEI groups

IEI –interlaminar epidural injection, CEI – caudal epidural injection, TEI – transforaminal epidural injection.
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raminal approach is direct injury to the 
vessel leading to vascular spasm or dis-
section. However, over time and with the 
deepening of scientific knowledge about 
vascular anatomy and the properties of 
steroid drugs obtained in animal studies, 
the embolic mechanism of complications 
in intravascular administration of large-
particle steroids has been established as 
the most likely one [116].

Cases of subdural injection of the 
drug for transforaminal epidural block 
have been described [117]. However, 
the incidence of this complication is 
extremely low and, according to a large 
multicenter study [118] of the results of 
16,638 epidural injections, equals 0.04 % 
for transforaminal route and 0.20 % for 
interlaminar route of injection.

In a review article, Smith et al. [64] 
note that the published data on the risks 
of transforaminal epidural injections is 
mainly based on case reports, and there-

fore the evidence is of very low quality. 
Taking into account a significant number 
of procedures (more than 14,000) that 
did not reveal any neurological, hemor-
rhagic, or infectious complications, the 
authors confidently state that, although 
the complications can be catastrophic, 
their prevalence is extremely low [64].

Conclusion

Analysis of the literature data allows 
us to conclude that, despite the wide-
spread use of epidural injections in 
back pain, there is no clear algorithm 
and method of drug administration for 
treating patients with intervertebral disc 
herniation and radicular pain.

It should be noted that perform-
ing transforaminal epidural injection in 
accordance with methodological guid-
ance and algorithms, using fluoroscopic 
control, a contrast agent, and adequate 

solutions for the injection can signifi-
cantly reduce the risk of complications 
for a technique with a sufficiently high 
safety profile.

The literature analysis performed sug-
gests that transforaminal epidural injec-
tions present a potentially effective tech-
nique for relieving pain, which in some 
cases makes it possible to stabilize the 
patient’s condition without the need 
for surgery. Furthermore, the diagnos-
tic modality of transforaminal epidural 
injections can be useful in determining 
the extent of the subsequent surgery. The 
degree of effectiveness and the signifi-
cance of transforaminal epidural injec-
tions in the treatment of patients with 
intervertebral disc herniation and radicu-
lar pain syndrome require a further study.

The study was not supported by a specific funding. 

The authors declare no conflict of interest.

Table 2

Types of complications in admitted or applying to admission department  patients who had epidural injections, according to Lee et al. [83]

Complications directly related to the 

procedure (n = 14)

Complications related to the effect of the drug  

(n = 56)

Complication of unknown cause  

(n = 174)

Post-injection hypotension (n = 8);

spinal infection/sepsis (n = 3);

spinal hematoma (n = 2);

septic shock of unknown origin (n = 1) 

Various gastrointestinal disorders (n = 17); 

psychological disorders (n = 14);

dizziness (n = 9); 

increased blood glucose (n = 8);

uncontrolled hypertension (n = 5); 

increased heart failure (n = 2);

menstrual irregularities (n = 1)

Deterioration of the existing neurological 

symptoms (n = 156);

urinary infection (n = 10); 

ischemic stroke (n = 8)
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