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Background: Antibiotic resistant infectious spondylodiscitis (IS) can cause significant morbidity for
patients. Open surgical techniques were previously the only option for patients who failed antibiotic therapy.
However, advances in minimally invasive surgical techniques may provide a new alternative for some
patients.

Methods: A systematic review was conducted using Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) methodology to identify studies that reported inflammatory [erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP)] and functional outcomes [visual analog scale (VAS)]
for patients with antibiotic resistant IS treated with either minimally invasive or open surgery. Searches
were preformed using PubMed, Embase, and Scopus from January 2015 to June 2021. Fourteen articles met
inclusion criteria. One study was a Level III evidence study and the other 13 included studies were Level IV.
Results: The minimally invasive surgery group showed significantly lower post-operative CRP and VAS
pain scores and significantly higher post-operative ESR levels than the open group. All studies included were
measured by the Downs and Black tool for potential bias.

Discussion: This study showed that minimally invasive surgery is efficacious in the treatment of antibiotic
resistant IS. These outcomes support minimally invasive surgery (MIS) as an effective alternative to previous

open surgery techniques in certain patients after failed trails of antibiotic therapy.
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Introduction

Infectious spondylodiscitis (IS) is a term used to
encompass a variety of diseases including, but not limited
to, spondylitis, discitis, spondylodiscitis, and vertebral
osteomyelitis (1). Risk factors for IS include intravenous

drug use, other serious medical comorbidities, advanced age,

and an immunocompromised status (2,3). The incidence
of IS has increased in recent years, which can largely be
attributed to advancements in medical care that prolongs
life expectancies for elderly and immunocompromised
populations and increased rates of hospital-associated
infections (2-4). Spinal surgeries are also being performed at
an increasing rate, which further contributes to increasing
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rates of IS (4).

Conservative treatment is the standard of care for IS, and
includes identification of the causative organism followed by
long-term sensitive antibiotic administration and external
immobilization (2-6). However, conservative management
of IS has failure rates between 12% and 18% (7). Surgical
interventions are typically reserved for cases of antibiotic
resistant IS. In order to prevent the need for surgical
intervention and progression of disease, it is extremely
important to properly identify and treat the causative
organism as early as possible (2-6).

Recent advances in minimally invasive surgery (MIS)
have provided new alternatives to open surgery methods
for treating resistant cases of IS (7). A previous study
determined that MIS allows for sufficient debridement,
alleviation of pain, and has a high pathogen identification
rate (1). Because MIS is a relatively new treatment for
resistant IS, outcome results are limited and the true
benefit in comparison to open surgery is largely unknown.
The purpose of this systematic review was to compare
demographic and outcome data for MIS versus open
surgery among patients with lumbar IS. We hypothesized
that there will not be a significant difference in post-
operative erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), and visual analog scale (VAS) values between
MIS and open surgery groups. We present the following
article in accordance with the PRISMA reporting checklist
(available at https://jss.amegroups.com/article/
view/10.21037/jss-21-50/rc).

Methods
Literature search

In an attempt to identify all studies on MIS treatment for
lumbar IS, a comprehensive literature search was performed
in accordance with PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines.
PubMed, Embase, and Scopus (last accessed 12/20/20)
were utilized to search for the following terms: (“surgical
management” OR “minimally invasive surgery”) AND
(“lumbar spine infection” OR “infectious spondylodiscitis”
OR “pyogenic spondylodiscitis” OR “vertebral
osteomyelitis”). The search was narrowed to include only
articles published between January 2015 through June 2021.

Inclusion and exclusion criteria

The inclusion criteria were articles published in English
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that reported ESR, CRP, and/or pain VAS scores before
and after MIS or Open surgery. Exclusion criteria were
non-English language articles, nonhuman studies, case
reports, review articles, studies with less than 5 patients in
their sample size, technique articles, and articles that did
not report patient outcomes. One author performed the
initial search, and two authors independently screened the
search results to identify articles that met the inclusion
criteria. The references of the included studies were further
reviewed to identify any other relevant papers that may have
been missed by the initial search.

Data collection

Two authors independently extracted data from each study
and recorded the results on a standardized spreadsheet.
Any differences with in the data collected between the two
authors was reviewed by a third author. The following
data was extracted: first author, year of publication, sample
size, study design, patient age (years), patient sex (male/
female), length of follow-up (months), type of surgery
(MIS/open), ESR, CRP and VAS scores (preoperatively
and postoperatively). For ESR, CRP, and VAS scores
the mean difference from preoperative to postoperative
were used as the primary comparison between the MIS
and open groups. The Downs and Black study quality
assessment tool was used for grading the methodological
quality and risk for bias for each study (8). High quality/
low risk of bias on the Downs and Black tool is indicated
by a maximum score of 9 for case series. Level of evidence
was determined based on the Center for Evidence-based
Medicine criteria (9).

Statistical analysis

The pooled estimate of means (for continuous data) or
proportions (for categorical data) were compared between
the minimally invasive and open surgery groups. Studies
were excluded from analysis if they did not provide an
estimate of variance for a particular mean value. The
Cochran Q statistic (significance level was P<0.05) and
I’ (significance level was I’>50%) were calculated to test
for heterogeneity of the data. Tests of heterogeneity were
significant and random-effects models were subsequently
used. Forest plots with means or proportions and
corresponding 95% confidence intervals are provided.
Comprehensive Meta-Analysis Software (Version 3; Biostat)
was used for all analyses.
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Figure 1 PRISMA flow diagram of the literature search, which includes both included and excluded studies.

Results

A total of 474 unique articles were identified upon initial
search, of which 443 were excluded based on title and
abstract. The remaining 31 articles were screened and of
these, 17 were excluded and the remaining 14 were included
in the final analysis (Figure I). Thirteen of 14 studies that
met the inclusion criteria were Level IV case series, and one
was Level III (Table 1). There was no statistically significant
difference in sex for minimally invasive surgery versus open
surgery (43.0% females vs. 57.0% males, P=1.00). Mean
ESR was greater for patients undergoing minimally invasive
versus open surgery both preoperatively [83.29 (95% CI:
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76.78, 89.81) vs. 78.28 (95% CI: 49.77, 106.79), P<0.0001]
and postoperatively [19.27 (95% CI: 9.23, 29.31) vs. 11.43
(95% CI: 9.33, 13.53), P<0.0001] (Figure 2). Mean CRP was
lower for patients undergoing minimally invasive surgery
versus open surgery both preoperatively [37.37 (95% CI:
15.45, 59.28) vs. 83.38 (95% CI: 60.61, 106.15), P<0.0001]
and postoperatively [1.72 (95% CI: 0.71, 2.73) vs. 7.56 (95%
CI: 7.17, 7.95), P<0.0001] (Figure 3). Mean preoperative
pain VAS was greater for patients undergoing minimally
invasive versus open surgery [8.71 (95% CI: 7.89, 9.53)
vs. 7.47 (95% CI: 6.75, 8.18), P<0.0001]; whereas mean
postoperative pain VAS was lower for those undergoing
minimally invasive surgery versus open surgery [1.16 (95%
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Table 1 Demographic characteristics of the patients in the selected studies

Patients

First athor oubicaton  evgance. S 90900 GLUlS  maeny Meanagevears \ Maler Mean folow up,

[range] female months
Chen HC (1) 2015 \Y Case series 7 MIS 65.6 [49-84] 13 5:8 3
Hsu LC (2) 2015 I\ Case series 7 MIS 57.8 [35-73] 22 16:6 24
Lu ML (3) 2015 \Y Case series 6 Open 60.4 [37-86] 28 13:15 18
Tschoke SK (4) 2015 \Y Case series 7 Open 74.3 [68-81] 18 4:14 12
ChenY (5) 2017 I\ Case series 8 Open 56.1 [46-66] 24 11:13 24
Turel MK (6) 2017 \% Case series 8 MIS 60.1 [65-69] 7 5:2 4.5
Yang SC (7) 2017 \Y Case series 6 Open 53.5 [39-73] 20 138:7 12
Lin CY (10) 2019 I\ Case series 8 MIS 60 [27-84] 60 39:21 3
Griffith-dJones W (11) 2018 1] Case series 7 MIS 63 [51-82] 10 7:3
Yin XY (12) 2018 I\ Case series 6 Open 46.6 [35-56] 16 12:4 35.3
Zhang T (13) 2018 \Y Case series 7 Open 45 [34-67] 23 13:10 27
Omran K (14) 2019 \Y Case series 6 Open 46.6 [37-58] 25 14:11 22
Zhang HQ (15) 2020 I\ Case series 6 Open 43.5 [32-56] 27 16:11 35.7
Zhou B (16) 2020 I\ Case series 7 Open 55.7 [41-74] 18 10:8 18

MIS, minimally invasive surgery.

A

Type of Surgery
Minimally Invasive
Minimally Invasive
Minimally Invasive
Minimally Invasive
Minimally Invasive Overall
Open Surgery
Open Surgery
Open Surgery
Open Surgery
Open Surgery Overal
All Studies

B

Type of Surgery
Minimally Invasive
Minimally Invasive
Minimally Invasive
Minimally Invasive
Minimally Invasive Overall
Open Surgery
Open Surgery
Open Surgery Overall
All Studies

Study Name
Chen 2015
Hsu 2015
Lin 2019
Turel 2017

Zhang 2020
Zhang 2018
Chen 2017

Omran 2019

Study Name
Chen 2015
Hsu 2015
Lin 2019
Turel 2017

Zhang 2020
Zhang 2018

Mean

93.02

84.3
78.17

832
83.29
59.41
69.25

60.8
123.4
78.28
83.05

Mean

27.53

8.2
21.62
23.67
19.27
12.41
10.26
11.43
11.76

Standard Error

6.93 48.08
6.18 38.23
4.51 20.37
12.08 145.83
3.33 11.06
2.51 6.28
1.44 2.06
4.53 20.55
2.51 6.3
14.55 211.59
3.24 10.51

79.43
72.18
69.32
59.53
76.78
54.5
66.43
51.92
118.48
49.77
76.7

Standard Error Varience Lower Limit

7.01 49.08
1.36 1.86
2.37 5.62
524 27.48
5.12 26.23
0.48 0.23

0.8 0.64
1.07 1.15
1.05 1.1

13.8
553
16.97
13.4
9.23
11.47
8.69
9.33
9.7

Varience Lower Limit Upper Limit Z-value

106.61 13.42
96.418 13.64
87.02 17.32
106.87 6.89
89.81 25.04
64.32 23.71
72.06 48.2
69.68 13.42
128.32 49.16
106.32 5.38
89.4 25.61

Upper Limit ~ Z-value

41.26 3.93
10.87 6.01
26.26 9.12
33.95 4.51
29.31 3.76
13.35 25.79
11.83 12.81
13.53 10.68
13.81 11.29

Mean and 95% Confidence Interval

16000 -76.00

0.00

Mean and 95% Confidence Interval

-30.00 -15.00

0.00

160.00

15.00 30.00

Figure 2 Forest plots comparing ESR for the MIS and open groups. (A) Pre-operative ESR forest plot comparing open surgery versus

minimally invasive surgical groups. (B) Post-operative ESR forest plot comparing open surgery versus minimally invasive surgical groups.

ESR, erythrocyte sedimentation rate; MIS, minimally invasive surgery.
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Type of Surgery Study Name  Mean Standard Error Varience Lower Limit Upper Limit Z-value P-value Mean and 95% Confidence Interval

Minimally Invasive Chen 2015 11.63 273 7.46 6.28 16.98 4.26 0 [ ]

Minimally Invasive Hsu 2015 94.9 8.03 64.4 79.15 110.65 11.81 0

Minimally Invasive Lin 2019 9.04 1.18 1.4 6.73 11.36 7.65 0 L]

Minimally Invasive Turel 2017 428 15.92 253.68 11.58 74.02 2.69 0 ——

Minimally Invasive Overall 37.36 11.18 125.06 15.45 59.28 3.34 0 ’.-

Open Surgery Zhang 2020 4481 1.65 271 41.59 48.04 27.23 0 ]

Open Surgery Zhang 2018 71.72 2.24 5.01 67.34 76.12 32.06 0 -

Open Surgery Chen 2017 62.2 7.94 63.05 46.64 77.76 7.83 0 ]

Open Surgery Omran 2019 92.28 3.69 13.59 85.06 99.5 25.04 0

Open Surgery Tschoke 2015 159.4 12.7 161.4 1345 1843 12.55 0

Open Surgery Overall 83.38 11.62 134.99 60.61 106.15 7.18 0 -

All Studies 59.97 8.06 43.7 43.7 75.29 7.38 0 -165.00 -82.50 0.00 82.50 165.00

B

Type of Surgery Study Name  Mean  Standard Error Varience Lower Limit Upper Limit Z-value P-value Mean and 95% Confidence Interval

Minimally Invasive Chen 2015 0.53 0.21 0.04 0.12 0.94 2.55 0

Minimally Invasive Hsu 2015 1.7 0.15 0.02 1.41 2 11.39 0 |

Minimally Invasive Lin 2019 0.36 0.04 0.01 0.29 0.44 9 0

Minimally Invasive Turel 2017 583 0.77 0.6 432 7.34 7.56 0 -

Minimally Invasive Overall 1.72 0.52 0.27 0.71 2.73 3.34 0 =

Open Surgery Zhang 2020 7.59 0.21 0.04 7.18 8 36.53 0 ——

Open Surgery Zhang 2018 7.19 0.71 0.51 58 8.54 10.11 0 L 2

Open Surgery Overall 76 0.2 0.04 7.17 795  37.89 0 *

All Studies 6.8 0.19 0.04 6.43 7.16 36.54 0_10.00 _5.00 0.00 5.00 10.00

Figure 3 Forest plots comparing CRP for the MIS and open groups. (A) Pre-operative CRP forest plot comparing open surgery versus

minimally invasive surgical groups. (B) Post-operative CRP forest plot comparing open surgery versus minimally invasive surgical groups.

CRP, C-reactive protein; MIS, minimally invasive surgery.

CL: -0.33, 2.64), vs. 2.27 (95% CI: 1.53, 3.02), P<0.0001]
(Figure 4).

Discussion

Our systematic review aimed to compare MIS with open
surgery techniques for the treatment of antibiotic resistant
IS. We found no significant difference in the ratio of male
to female patients that were treated with MIS compared to
open procedures. When comparing inflammatory markers,
post-operative ESR was higher in the MIS group while
post-operative CRP and VAS pain scores were greater
in the open group. The findings do not align with our
hypothesis as the two groups were not statistically similar
in all measures. However, the MIS group showed favorable
results for CRP and VAS values in comparison to the open
group, which supports its use in this patient population.
There have not been any previous studies comparing MIS
to open surgery in patients with resistant IS, but there
is evidence supporting MIS as an effective method for
resistant spine infections in general. In addition, our results
indicate that MIS provides comparable functional outcome
to patients. Previous evidence has detailed that MIS
techniques as a class offer patients shorter recovery time
and lower complications rates when compared to an open
approach (10). This combination offers viability for MIS
being a reasonable alternative to open surgery for patients
with resistant IS.

© Journal of Spine Surgery. All rights reserved.

The incidence of IS has been on the rise in recent
years due to several factors including increased hospital-
associated infection rates and a higher number of spinal
surgeries performed. Additionally, the rise in average life
expectancy means a greater proportion of the population
is immunosuppressed or suffering from other comorbid
conditions. The combination of these population factors
is associated with an increased incidence of IS as well as
increased antibiotic resistance infections and a poorer
disease course (2-7). Cases of IS that are resistant to
conventional antibiotic and immobilization treatments are
most concerning, especially in these high-risk populations
(3,4). Despite the need, there is currently no standardized
approach for treating cases of resistant IS. This poses a
heightened risk of infection progression and deleterious
effects, which can include neurological deficits and physical
deformities as some of the possible outcomes (3,4). In the
past, open surgical procedures have typically been used for
treating resistant IS; however, recent data including this
study support MIS techniques as a viable alternative that
should be considered and further studied.

While our findings support the use of MIS as a
comparable alternative to open surgery for patients with
resistant IS, there needs to be further specification on
which patients would be best suited for MIS treatment.
Any patient where the infection has caused gross deformity
or instability of the spinal column, i.e., empyema, would
not be a candidate for an MIS approach and these patients
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A Type of Surgery Study Name Mean Standard Error Varience Lower Limit Upper Limit
Minimally Invasive Chen 2015 9.23 0.28 0.08 8.68 9.78
Minimally Invasive Hsu 2015 8.1 0.17 0.03 7.76 8.43
Minimally Invasive Turel 2017 8.9 0.45 0.21 8.01 9.79
Minimally Invasive Overall 8.71 0.42 0.17 7.89 9.53
Open Surgery Zhang 2020 6.33 0.24 0.06 5.86 6.8
Open Surgery Zhang 2018 7.52 023 0.06 7.06 7.98
Open Surgery Chen 2017 7.5 0.29 0.08 6.94 8.06
Open Surgery Yin 2018 7.1 0.73 0.52 5.68 8.52
Open Surgery Omran 2019 6.2 048 023 527 7.13
Open Surgery Yang 2017 74 0.18 0.03 7.05 7.75
Open Surgery Tschoke 2015 9 0.12 0.01 8.77 9.23
Open Surgery Lu 2015 83 0.15 0.02 8 8.6
Open Surgery Overall 7.47 037 0.13 6.75 8.18
All Studies 8.01 0.28 0.08 7.5 8.55

B Type of Surgery Study Name Mean Standard Error Varience Lower Limit Upper Limit
Minimally Invasive Chen 2015 231 0.31 0.1 1.71 291
Minimally Invasive Hsu 2015 03 0.11 0.01 0.09 0.51
Minimally Invasive Turel 2017 0.86 0.63 0.39 0.37 21
Minimally Invasive Overall 1.16 0.76 0.57 0.33 2.64
Open Surgery Zhang 2020 2.07 0.16 0.03 1.76 2.38
Open Surgery Zhang 2018 248 0.14 0.02 221 2.75
Open Surgery Chen 2017 0.8 0.14 0.02 0.52 1.08
Open Surgery Yin 2018 0.8 0.85 0.72 0.87 247
Open Surgery Omran 2019 1.13 0.07 0.01 0.99 127
Open Surgery Yang 2017 33 0.18 0.03 2.95 3.65
Open Surgery Tschoke 2015 5 0.42 0.18 4.17 5.83
Open Surgery Lu 2015 24 0.28 0.08 1.84 2.96
Open Surgery Overall 227 0.38 0.14 1.53 3.02
All Studies 2.05 034 0.15 1.38 271
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Figure 4 Forest plots comparing pain VAS for the MIS and open groups. (A) Pre-operative VAS forest plot comparing open surgery versus

minimally invasive surgical groups. (B) Post-operative VAS forest plot comparing open surgery versus minimally invasive surgical groups.

VAS, visual analog scale; MIS, minimally invasive surgery.

would still require open surgery to regain stability through
a fusion procedure. One study by Chen ez 2. 2017 estimated
that between 19 and 25% of IS patients that required
surgery would need anterior fusion (5,11). For patients
without deformity or instability, we support the use of MIS
approach. The evidence of statistically similar outcomes
between MIS and open techniques along with the findings
of Zarghooni et /. 2012, which found a significantly greater
risk of post-operative infection with implantation, drives a
compelling case in support of MIS in these patients (17).
The use of CT-guided biopsy was not a direct focus of
this study, but it must be included in this discussion for a
comprehensive review of all possible options. CT-guided
biopsies are powerful tools that typically allow for easier
sample access with less invasive procedures. In theory, this
sounds like an ideal approach to obtain samples and target
antibiotic therapy from infectious sites when compared
with MIS, however, the rates of pathogen identification
have been shown to be underwhelming with this approach.
Previous evidence has found the culture rate with CT
biopsy to less than 50% (6,12). In broad comparison we
found the culture rate to be 76.1% in the MIS group.
Moreover, CT biopsy does not have the benefit of removing
adequate tissue, which can provide further therapeutic
benefits (8). While there may be a role for CT biopsy in

improving antibiotic management, it is not an appropriate

© Journal of Spine Surgery. All rights reserved.

option for patients that are resistant to antibiotics and
require surgical intervention.

Importantly, it must be emphasized that surgery is not a
first-line therapy for IS. It is typically reserved for cases that
have proven refractory to first-line antibiotic therapy, which
remains the foundation of IS management; 98% of IS cases
have bacterial causes and 87% of all cases can be treated
successfully with antibiotics alone (18). Guidelines from
the Infectious Disease Society of American recommends
broad spectrum antibiotics until the pathogen can be
identified and then targeted therapy should be administered
for 6 weeks. Serial ESR and CRP measurements should
be used to monitor the response to antibiotics. This
recommendation set the precedence for this study’s focus
on monitoring surgical treatment through ESR and CRP.
Reasons to escalate treatment from medical management
to surgical considerations include, but are not limited to
neurological deficits, spinal deformity or instability, and
persistent infection after the duration of the recommended
course.

This is the first systematic review, to our knowledge,
that has compared the outcomes following MIS versus
open surgery among patients with persistent IS. This
systematic review was limited by the number of studies that
reported clinical results of resistant IS, which resulted in a
smaller sample size for some of the analyses. There was a
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significant difference in pre-operative ESR and CRP scores
that could create bias in the results. Due to the size of the
study we could not select studies that only had similar
pre-operative inflammatory markers. All of the included
studies except for 1 were Level IV case series (1 was Level
III), but all studies scored high on the Downs and Black
tool suggesting good quality and low risk for bias. We
found no difference in sex between studies of MIS versus
open surgery, however we were unable to compare other
demographics (e.g., age) because the studies did not report
an estimate of variance which is required for pooling data.
We limited this analysis to peer-reviewed articles published
in English, which may run the risk of publication and
language bias.
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