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Abstract
Study Design/Setting: Systematic review/meta-analysis.

Objectives: The objective of this review was to assess how the risk of infection following lumbar spine surgery varies as a
function of the timing of preoperative corticosteroid spinal injections (CSls).

Methods: A systematic review and meta-analysis was performed in accordance with the PRISMA guidelines. PubMed and
EMBASE databases were searched and data was pooled for meta-analysis.

Results: Six studies were identified for inclusion. Two (33.3%) demonstrated a significant relationship between the timing of
preoperative CSls and the risk of postoperative infection, while 4 (66.7%) demonstrated no impact. A total of 2.5% (| 10/4,448) of
patients who underwent CSI <| month before surgery experienced a postoperative infection, as compared to 1.2% (1,466/
120, 943) of controls, which was statistically significant (RR = 1.986 95% CI 1.202-3.282 P = 0.007). A total of 1.6% (25/1,600) of
patients who underwent CSI 0-3 months before surgery experienced a postoperative infection, as compared to 1.6% (201/
12,845) of controls (RR = 0.887 95% C1 0.586-1.341, P = 0.569). A total of |.1% (199/17 870) of patients who underwent CSI 3-6
months before surgery experienced a postoperative infection, as compared to 1.3% (1,382/102, 572) of controls (RR = 1.053 95%
Cl 0.704-1.575, P = 0.802). Differences in infection risk for 0-3 months and 3-6 months were not statistically significant.

Conclusions: CSIs <| month prior to lumbar spine surgery are a significant risk factor for infection, while CSls beyond that point
showed no such association. Surgeons should consider avoiding CSls <| month of the use of CSls of the spine.

Introduction Given the value of CSIs, it is estimated that roughly 10%-
20% of patients undergo CSIs during their preoperative course
prior to definitive surgical management.'®'? Despite the ubi-
quity of this treatment modality prior to surgery, however,
there is growing debate as to the impact of CSIs on the subse-
quent risk of infection following surgical intervention. While
corticosteroids have the beneficial impact of interfering with
the immune pathways responsible for inflammation and pain,
these same pathways are responsible for the immune response
to infectious agents. Through inhibition of pro-inflammatory
pathways like the prostaglandin and cyclo-oxygenase path-
ways, mRNA and protein synthesis, and white blood cell

Corticosteroid spinal injections (CSIs) play an important role in
the management of back pain and radicular pain associated
with facet arthropathy, intervertebral disc herniation, spinal
stenosis, and other degenerative conditions of the spine.'”
Roughly 2.3 million CSIs are performed annually among
Medicare patients alone, making them the most commonly
performed procedure in pain clinics in the United States.®
The popularity of CSls is largely driven by their diverse
utility as a diagnostic and prognostic tool, in addition to
their therapeutic role in the treatment of spine pathology.
As a diagnostic and prognostic intervention, CSIs provide
valuable information to the surgeon and patient regarding
the source of back and radicular symptoms, as well as the Department of Orthopaedic Surgery, Hospital for Special Surgery, NY, USA
likelihood of response to surgical intervention. Furthermore,
while CSIs are rarely used as definitive treatment for back Corresponding Author: } ) )
and radicular pain, they are frequently used as a temporary 5H;£ éo;(()lm, Department of Orthopaedic Surgery, Hospital for Special Surgery,
th St, NY 10021, USA.
bridging measure in patients who may eventually require  gmail: kimh@hss.edu
surgical management.**’
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activity, steroids can decrease the body’s ability to fight patho-
gens and increase the risk of infection.'*'* While the risk of
infection associated with CSIs has been documented in both
epidural steroid injections (ESI) and facet injections,'>’
recent reports suggest that preoperative CSIs may also increase
the risk of postoperative spine infections. Multiple studies have
demonstrated that undergoing a CSI within 0-6 months of sur-
gical treatment is a significant risk factor for infection. Given
the significant morbidity and cost associated with postopera-
tive infection, these studies have strongly recommended
against the administration of CSIs within 3 months of operative
treatment.”®>2 However, many of these studies are case reports
or case series that fail to reach the adequate number of patients
necessary to draw definitive conclusions, which is a source of
controversy.

Concerns regarding the impact of preoperative CSIs on sub-
sequent surgical infection risk are not unique to spine surgery.
In fact, preoperative CSIs have been identified as a risk factor
for postoperative infection in a wide variety of orthopaedic
procedures, from shoulder and hip arthroscopy, to total
shoulder and total joint arthroplasty (TJA).*>**> Based on these
findings, it is commonplace in the field of TJA, for example, to
delay operative treatment for 3 months following intraarticular
CSI.%?4® Even in the field of TJA, however, where these prac-
tices are largely standard-of-care, the growing number of stud-
ies, systematic reviews, and meta-analyses refuting this
association have caused some to take pause and reassess the
validity of this commonly held practice.*’>°

Much like the field of TJA, there is mounting evidence in
the field of spine surgery that questions the association between
the timing of preoperative epidural and facet injections and
postoperative spine infection.'%'2152 Sych studies demon-
strate that, even in the months leading up to surgery, CSIs do
not appear to increase the risk of infection. Given the morbidity
associated with untreated spine pathology and the relative
urgency of treating certain spine conditions, the ability to
deliver CSIs for pain relief in closer proximity to surgery would
be of great therapeutic value. An improved understanding of
the association between the timing of CSI prior to surgery and
infection risk is therefore extremely important in order to opti-
mize the risk-benefit profile of this important tool. The goal of
the current study was to perform a systematic review and meta-
analysis of the available literature to examine the effect of
timing of preoperative CSI administration on postoperative
infection risk in spine surgery.

Materials & Methods
Search Strategy

This systematic review and meta-analysis was performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.’® The
EMBASE and PubMed databases were searched on July
13th, 2020 utilizing a broad search strategy in order to max-
imize identification of the relevant literature. The following

search strategy was used: “spine AND surgery AND injection
AND infection.” No publication type limits or date restrictions
were applied to our initial search.

Following the development of a reference library, results
were imported into EndNote X7 (Thomas Reuters, 2015) and
duplicates were removed as previously described by Bramer
et al.>* Following de-duplication, articles were screened by title
and abstract in order to identify studies pertaining to the current
review. Articles that appeared relevant were marked for full-
text review and screened further based on the inclusion/exclu-
sion criteria for this review.

Eligibility Criteria
The inclusion criteria for this study were as follows: 1) peer-
reviewed journal publications, 2) assessed primary lumbar
spine surgical intervention, 3) and specifically assessed the
impact of preoperative CSI timing on subsequent risk of post-
operative infection.

The exclusion criteria for this study were as follows: 1)
revision spine surgery, 2) review, systematic review, meta-
analysis, or case report, 3) no description of the timing of CSI
relative to the index procedure (even if the association between
CSI and infection risk was studied), 4) not a peer-reviewed
journal publication (such as a conference poster or presenta-
tion), 5) analyzed the same data as a different study in the
published literature, or 6) only assessed non-lumbar spine sur-
gery (cervical, thoracic, etc.). No restrictions were made based
on the location, level, approach, or technique of the surgical
intervention under study. Quality assessment was performed
based on the study-design-specific guidelines for the assess-
ment of study bias published by the Agency for Healthcare
Research and Quality (AHRQ).>® Assessment of study quality
can be found in Table 2.

Meta-Analysis

After systematically reviewing the available literature, clini-
cally relevant data was aggregated for meta-analysis. Data
regarding postoperative infection as a function of preoperative
CSI timing was aggregated for the following timing groups:
CSI <1 month before surgery, CSI 0-3 months before surgery,
and CSI 3-6 months before surgery.

Statistical analysis was performed using OpenMetaAnalyst
(2018) software.>® Infection rates were assessed using a binary-
effects model, and were presented as risk ratios (RR) and 95%
confidence intervals (CI) for comparison. Heterogeneity was
assessed for each variable using the I? statistic (I* = 0% indicates
low heterogeneity; I* = 100% indicates high heterogeneity) for
the 3 CSI timing groups. Groupings with statistically significant
levels of heterogeneity (P < 0.05) were assessed using the
DerSimonian-Laird random effects model. When heterogeneity
was not statistically significant, a fixed-effect inverse variance
model was used. A “leave-out” meta-analysis, in which included
studies are sequentially dropped out of the analysis and results
are interpreted in their absence, was also performed for each
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Figure |. PRISMA flow diagram. A total of 6 studies were included in the final systematic review.

timing group in order to determine if the omission of any
single study had the ability to change the outcome of our
meta-analysis.

Results

Search Results

Our search identified 349 studies from EMBASE and 326 from
PubMed for a total of 675 results. A total of 60 duplicate results
were identified and eliminated, yielding 615 unique results.
These results were then screened for inclusion according to the
study inclusion/exclusion criteria using study title and abstract,
which yielded 24 studies for full-text review. From this list,
6 studies were included in our final analysis. While a study by
Donnally et al*® fit the inclusion criteria for our meta-analysis,
it described the same data from the same database (same CPT
codes from PearlDiver) as Yang et al.>' Because Yang et al’!
included one additional CPT code compared to Donnally
et al,” we chose to include this study over Donnally et al*’
in order to avoid omitting any of the available data in the
literature. The results of our search are demonstrated in the
PRISMA flow diagram in Figure 1. A summary of the studies
included in this systematic review is demonstrated in Table 1.

Systematic Review

Of the 6 studies identified for review, 4 (66.7%) assessed the
impact of ESIs on infection risk, while 2 (33.3%) assessed the
risk of both ESIs and facet injections Table 1.

A total of 2 (33.3%) studies demonstrated a significant rela-
tionship between the timing of preoperative CSls and the risk
of postoperative infection,>!**37 while 4 (66.7%) demon-
strated no impact.'®'>>! Singla et al’? and Yang et al*' found
a significant increase in the risk of infection if CSIs were per-
formed <1month before surgery (P < 0.0001) or 1-3 months
before surgery (P < 0.0002) in patients undergoing 1-or 2-level
lumbar fusion or 1-level decompression, respectively. Though
the results of Donnally et al*® were not included in our meta-
analysis due to the fact that they discuss the same data as Yang
etal,®! this study found no increase in risk associated with CSIs
occurring <1 month before lumbar decompression and fusion,
but that CSIs performed 1-6 months prior to surgery were
associated with a significant increase in the risk of infection
(P < 0.001). In opposition to these findings, Farshad et al,”'
Hartveldt et al,10 Pisano et al,11 and Seavey et al'? found no
impact of CSI timing on infection risk, including injections
occurring 0-1 month and 0-3 months prior to surgery. A sum-
mary of these study findings is demonstrated in Table 3.
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Table 3. Summary of Results.”

Author Outcomes Conclusion
Farshad 0-3 mos.: OR = 0.36, 95% Cl 0.04-3.22 No significant association between infection or wound-healing
et al®! 0-6 mos.: OR = 0.69 95% Cl 0.14-3.49 problems and CSI timing.
Any preoperative injection: OR = 0.43, 95% Cl 0.04-3.22
Hartveldt 0-1 mos.: OR = 0.79, 95% Cl 0.31-1.96, P = 0.605 No significant association between infection and CSI timing.
etal'® -3 mos.: OR = 0.82, 95% Cl 0.48-1.43, P = 0.0.488
0-3 mos.: OR = 0.85, 95% Cl 0.52-1.40, P = 0.528
Pisano 0-1 mos.: OR = 0.0, 95% CI 0.00-8.41,P = 1.0 No significant association between infection and CSI timing, type,
etal' 0-3 mos.: OR = 0.17, 95% CI 0.00-1.46, P = 0.17 or number of injections.
I-3 mos.: OR = 0.0, 95% CI 0.00-1.79, P = 0.27
3-6 mos.: OR = 1.21, 95% Cl 0.24-3.83, P = 0.74
6-12 mos.: OR = 1.21, 95% Cl 0.24-3.83, P = 0.74
>12 mos.: OR = 1.07, 95% CI 0.12-3.83, P = 0.71
All injections: OR = 0.74, 95% Cl 0 0.28-1.67, P = 0.58
Seavey 0-1 mos.: OR = 0.79, 95% Cl 0.02-4.71,P = 1.0 No significant association between infection and CSI timing.
etal'? 0-3 mos.: OR = 1.64, 95% CI 0.57-3.91, P = 0.28
I-3 mos.: OR = 2.10, 95% CI 0.64-5.34, P = 0.11
3-6 mos.: OR = 1.98, 95% Cl 0.39-6.27, P = 0.21
6-12 mos.: OR = 1.49, 95% Cl 0.04-8.98, P = 0.50
>12 mos.: OR = 0.0, 95% Cl 0.00-7.30, P = 1.00
All injections: OR = 1.57, 95% CI 0.70-3.18, P = 0.21
Singla 0-1 mos.: OR = 2.6, 95% Cl 2.0-3.3, P < 0.0001* CSI <3 months before surgery led to a significant increase in the
et al*? -3 mos.: OR = 1.4, 95% Cl 1.2-1.7, P = 0.0002* risk of infection.
3-6 mos.: OR = 0.8, 95% Cl 0.7-1.0, P = 0.06
Yang et al*' 0-1 mos.: OR = 3.2, 95% Cl 2.3-4.6, P < 0.0001* ESI <3 months before single-level lumbar decompression increases
-3 mos.: OR = 1.8, 95% CI 1.3-2.3, P < 0.000 | * the risk of infection.
3-6 mos.: OR = 1.3, 95% C1 0.9-1.7, P = 0.150

6-12 mos.: OR = 1.3, 95% Cl 0.9-2.0, P = 0.180

Abbreviations: CS| = Corticosteroid spinal injection; ESI = Epidural spinal injection; OR = Odds ratio; Cl = Confidence interval.

** = statistically significant.

Meta-Analysis

. - 10-12,31,32 . . .
Five studies'®'??'2? were included in the meta-analysis of

postoperative infection risk following CSIs <1month before
surgery. A total of 2.5% (110/4,448) of patients who underwent
CSI <1 month before surgery experienced a postoperative
infection, as compared to 1.2% (1,466/120943) of controls
(Table 4), representing a statistically significant increase in
infection risk (RR = 1.986 95% CI 1.202-3.282 P = 0.007)
(Table 5). Forest Plots are shown in Figure 2.

Three studies'®'? were included in the meta-analysis of
postoperative infection risk following CSIs 0-3 months
before surgery. A total of 1.6% (25/1,600) of patients who
underwent CSI 0-3 months before surgery experienced a
postoperative infection, as compared to 1.6% (201/12845)
of controls (Table 4), which was not statistically significant
controls (RR = 0.887 95% CI 0.586-1.341, P = 0.569)
(Table 5). Forest Plots are shown in Figure 3.

Four studies'"'**'*? were included in the meta-analysis of
postoperative infection risk following CSI 3-6 months before sur-
gery. A total of 1.1% (199/17 870) of patients who underwent CSI
3-6 months before surgery experienced a postoperative infection,
as compared to 1.3% (1,382/102 572) of controls (Table 4), which
was not statistically significant (RR = 1.053 95% CI0.704-1.575,
P = 0.802) (Table 5). Forest Plots are shown in Figure 4.

In the “leave-out” meta-analysis, eliminating the results of
Singla et al*? and Yang et al*' both independently reversed the
outcome of the meta-analysis, indicating that exclusion of these
studies would eliminate the observed finding that CSIs <1 month
prior to spine surgery augment the risk of infection (Table 6).
“Leave-out” meta-analysis demonstrated no changes in the sta-
tistical significance in assessments of 0-3 or 3-6 months.

Discussion

The timing of CSIs prior to spine surgery has been a matter of
substantial debate. As potent immunosuppressants, CSIs may
diminish a host’s defense against exogenous infectious organ-
isms and endogenous bacterial skin fauna, predisposing the
patient to postoperative infection. It has been theorized that
CSlIs can also lead to epidural scarring, hypervascularization,
and local degeneration, which may serve as independent risk
factors for infection or may promote intraoperative surgical
deviations and complications that may also raise the risk of
infection.?®>”°® The data on CSI timing and infection is varied.
Some have argued that CSI <3 months prior to surgical inter-
vention exposes the patient to an increased risk of infection
postoperatively,zg’3 132 while others report that this risk is
increased even at 3-6 months prior to surgery.? Still, others
have found no risk associated with the timing of preoperative
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Table 4. Summary of Data Included in the Meta-Analysis.

Study Infections in CSI N = (CSI) % Infections in CSI  Infections in control N = (Control) % Infections in control
<| month

Hartveldt et al'® 5 290 1.7% 129 5,021 2.6%
Pisano et al'' 0 31 0.0% 43 2,791 1.5%
Seavey et al'? I 167 0.6% 43 5,688 0.8%
Singla et al*” 66 1,699 3.9% 1,059 70857 1.5%
Yang et al®' 38 2,261 1.7% 192 36586 0.5%
0-3 months

Hartveldt et al'® 19 945 2.0% [15 4,366 2.6%
Pisano et al'' 0 170 0.0% 43 2,791 1.5%
Seavey et al'? 6 485 1.2% 43 5,688 0.8%
3-6 months

Pisano et al'' 2 158 1.3% 43 2,791 1.5%
Seavey et al'? 3 202 1.5% 43 5,688 0.8%
Singla et al*” 136 10493 1.3% 1,148 70857 1.6%
Yang et al®' 58 7,017 0.8% 148 23236 0.6%

CSI = Corticosteroid spinal injection.

Table 5. Results of Meta-Analysis. Summary of Meta Analysiis.

CSI timing % Infections (CSI) % Infections (control) 12 RR (95% CI) P-value
<1 month 2.5% 1.2% 67.23% 1.986 (1.202-3.282) 0.007°
0-3 months 1.6% 1.6% 0.00 0.887 (0.586-1.341) 0.569
3-6 months 1.1% 1.3% 66.80" 1.053 (0.704-1.575) 0.802

Abbreviations: CSI = Corticosteroid spinal injection; RR = Relative risk; Cl = Confidence interval.
%indicates a statistically significant level of heterogeneity, necessitating a random-effects model; "indicates a statistically significant difference between the CSl and

control groups in the meta-analysis.

Table 6. “Leave-Out” Meta-Analysis for the CSI <I Month

Preoperative Grouping.

Study RR (95% Cl) P-value
Hartveldt et al'® 2.737 (2.246-3.335) <0.001
Pisano et al'' 2.009 (1.188-3.397) 0.009
Seavey et al'? 2.102 (1.258-3.511) 0.005
Singla et al*? 1.321 (0.428-4.074) 0.628°
Yang et al®' 1.271 (0.475-3.397) 0.633°

Abbreviations: CSI = Corticosteroid spinal injection; RR = Relative risk; Cl =

Confidence interval.

%indicates a change in the statistical significance of the meta-analysis when the

results of this study were eliminated from the assessment.
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Figure 2. Forest plot comparing the risk of postoperative spine
infection following CSI <1 month preoperative compared to
controls.
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Figure 3. Forest plot comparing the risk of postoperative spine
infection following CSI 0-3 months preoperative compared to
controls.
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Figure 4. Forest plot comparing the risk of postoperative spine
infection following CSI 3-6 months preoperative compared to
controls.

CSIs,'*'%°! even with injections occurring <1month preo-
peratively.''"'>* Given this conflicting data, the true impact
of the timing of preoperative CSIs on infection risk is unclear.

In the current systematic review and meta-analysis, we
found a relative paucity of literature describing the impact of
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preoperative CSI timing on subsequent postoperative infection
risk. While 33.3% of the studies identified an increased risk
associated with CSIs, this effect was mediated by the timing of
administration preoperatively. All studies found that injections
>3 months prior to surgery were not associated with an
increased risk of infection. Though the literature demonstrated
mixed results with respect to the impact of injections during the
period <3 months prior to surgery, the results of our meta-
analysis demonstrated that injections performed during the
0-3 month period had no impact on infection risk. However,
our meta-analysis did demonstrate an increased risk of infec-
tion when assessments were restricted to injections performed
solely <1 month prior to surgery. Based on these findings and
limited data, we recommend consideration of delaying surgery
in patients who underwent a CSI <1 month prior to the pro-
posed date of surgery. However, we recommend against limit-
ing the use of CSIs in the 1-3 month preoperative period, since
our data analysis suggests there is no appreciable increased risk
for infection in this time period.

While the overall risk of infection following lumbar spine
surgery is low, the increased risk of infection associated with
ESI within 1 month of surgery is not trivial. Surgical site infec-
tions are associated with significant patient morbidity, with a
risk of vertebral osteomyelitis, discitis, and epidural abscesses,
which can lead to chronic pain, chronic infection, neurologic
deficits, disseminated infection, and death. Logistically speak-
ing, these infections also lead to increased hospital costs, length
of stay, and hospital readmission rates.®*** Due to the large
number of lumbar spine procedures performed in the US and
across the globe each year, the absolute increase in the number
of infections associated with this treatment strategy is likely
significant.

However, it is important to note that the output of a meta-
analysis is generally only as accurate as the input data that was
used to derive the analysis. In the case of the current meta-
analysis, there is a large potential source of bias among the
studies demonstrating an impact of CSI timing on subsequent
postoperative infection risk. Namely, the 2 studies identifying
an association between injection timing and infection risk used
data from the same national Medicare database, PearlDiver. As
demonstrated in our “leave-out” analysis, elimination of either
of the PearlDiver-derived studies has the ability to eliminate
the association between infection and CSIs in the <1month
preoperative period. Therefore, the results of the current anal-
ysis are susceptible to large deviation due to any underlying
errors in this input data. While this database is a frequently used
and trusted source of orthopaedic data, the fact that the only
studies demonstrating a link between the timing of CSIs and
postoperative infection utilized this source is concerning. Addi-
tionally, 2 PearlDiver studies that did not meet the inclusion
criteria of this meta-analysis, also found a relationship between
the timing of CSIs and infection risk.”*%° It is possible that,
whether a function of the way the dataset is coded or a function
of the patient population included in this database, there exist
underlying confounders that skew the data toward demonstrat-
ing a link between the timing of preoperative CSIs and

infection. Sources of this potential error include miscoding and
noncoding among physicians, which has been demonstrated to
lead to national coding error rates of 3.9% in Medicare
databases.® The notion that underlying confounders may skew
the data in PearlDiver toward demonstrating a positive associ-
ation between CSI and infection is partially supported by the
finding that PearlDiver-derived analyses regarding the timing
of CSI prior to arthroscopic shoulder surgery and TKA, for
example, are also among the only studies to identify a link
between CSI and subsequent postoperative infection in these
fields 37-39-42.44.45.67.68

There are other limitations to the current systematic review
and meta-analysis. Because much of the data included in the
current study was from large registry databases, it is difficult to
perform sub-group analyses to identify risk factors and drivers
that may modulate the risk of infection following CSI. The
ability to identify differences in risk between epidural and facet
CSlIs, corticosteroid composition, route of administration, sur-
gical approach, surgery type, and the presence or absence of
instrumentation would be valuable for risk stratification. Addi-
tionally, while data from Farshad et al’' was included in the
systematic review, there was insufficient data to be included in
the meta-analysis. Furthermore, by excluding certain studies
from our assessment in the “leave-out” meta-analysis, this sec-
ondary assessment may bias the results and bias the findings of
this study. Further studies are required in order to determine if
preoperative CSIs <1 month prior to spine surgery are a true
risk factor for infection, or the result of unintentional biases
within the databases from which these findings are derived.

Conclusions

Based on the current available data, CSIs <1 month prior to spine
surgery appeared to be a significant risk factor for infection, and
for this reason, we recommend significant precautions and con-
siderations prior to the routine use of CSIs during this preopera-
tive period. However, the use of CSIs >1 month prior to spine
surgery was not associated with an increased risk of infection.
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