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Abstract

Introduction With the increase in life expectancy and consequent aging of the population, degenerative lumbar spine diseases
tend to increase its number exponentially. Several treatment options are available to treat degenerative spinal diseases, such
as laminectomies, posterior fusions, and interbody fusions, depending on their locations, correction necessities, and surgeon
philosophy. With the advance in technology and surgical knowledge, minimally invasive techniques (MIS) arose as a solu-
tion to reduce surgical morbidity, while maintaining the same benefits as the traditionally/open surgeries. Several studies
investigated the possible advantages of MIS techniques against the traditional open procedures. However, those articles are
usually focused only on one technique or on one pathology.

Methods The electronic databases, including PubMed, Google Scholar, Ovid, and BVS, were systematically reviewed.
Only original articles in English or Portuguese were added to the review, the revision was performed following the PRISMA
guideline.

Results Fifty-three studies were included in the meta-analysis. Of the studied outcomes the Length of Stay Odds of com-
plications, Blood Loss, and Surgery costs presented significantly favored MIS approaches, while the Last FUP ODI score,
and Surgery Time did not differ among the groups.

Conclusion Minimally invasive techniques are a remarkably interesting option to traditional open surgeries, as these proce-

dures showed a significant reduction in blood loss, hospitalization time, complications, and surgical costs.
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Introduction

With the increase in life expectancy and consequent aging
of the population, degenerative lumbar spine diseases tend
to increase its number exponentially [1, 2]. Furthermore,
the daily life impact of degenerative spinal diseases is not
the only negative impact of those conditions; it is estimated
that low back pain and similar pathologies become the first
cause of work absenteeism worldwide [3].

Several treatment options are available to treat degen-
erative spinal diseases, such as laminectomies, posterior
fusions, and interbody fusions, depending on their locations,
correction necessities, and surgeon philosophy [4-6]. Tra-
ditionally those techniques were made in an open fashion,
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which allowed a great visualization of the surgical field;
however, it comes with a more morbid and tissue-damaging
procedure [7, 8]. Therefore, with the advance in technol-
ogy and surgical knowledge, minimally invasive techniques
(MIS) arose as a solution to reduce surgical morbidity, while
maintaining the same benefits of the traditionally/open sur-
geries, in this way allowing older and weakened patients
could have access to the benefits of those surgeries with a
reduced risk of complications [9, 10].

Several studies investigated the possible advantages of
MIS techniques against the traditional open procedures.
Showing that the MIS procedures were usually associated
with reduced blood loss, and length of hospital stay, were
usually like open surgeries regarding the clinical benefits
and surgical duration, and with incremental cost—benefit
varying according to the techniques included in the stud-
ies [11-13]. However, those articles are usually focused
only on one technique or on one pathology [14—16], which
might raise questions about whether the observed effects are
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exclusively related to a specific condition or technique or if
they might be true in a more general aspect.

Therefore, trying to investigate how MIS approaches
compare to open techniques in a more general aspect, this
work aims to perform a broad systematic revision to identify
the effects of minimally invasive surgery versus open sur-
gery without restraining to a specific technique or lumbar
degenerative pathology.

Methods
Search and retrieval strategy

The electronic databases, including PubMed, Google
Scholar, Ovid, and BVS, were systematically reviewed
using the following Search strategy “(((((Minimally inva-
sive) AND Open) AND Spine surgery) AND Degenera-
tive)) AND Lumbar).” Only original articles in English or
Portuguese were added to the review. Two authors checked
all the retrieved references, and any disputes on whether to
include an article were settled by mutual consensus. The

Fig. 1 Figure showing the
flowchart of study selection and
extraction

970 records identified
through database searching

l

step-by-step selection process is depicted as a flowchart as
recommended by PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) (Fig. 1). This study
is registered in PROSPERO. However, it has not been evalu-
ated due to the COVID-19 pandemic.

Selection and inclusion criteria

The authors performed the study selection in a two-step
fashion. The first consisted of a brief title/abstract analysis
in which the authors seek evidence on whether to pass or not
the work to the next round. In this round, articles that raised
doubt about whether they met the inclusion criteria went to
the second round.

For the second round, the author performed a full-text
check of the remaining articles. For this time, the inclusion
criteria were the following: The article compares an MIS
with an open technique (i) it is distinguishable or mentioned
which technique is open and which is MIS, (ii) the article
presents one of the following outcomes (ODI, VAS, Length
of Hospitalization, Blood Loss or Cost analysis, (iii) the
article presents mean values and side deviation for both

0 additional records identified through
other sources

968 records after duplicate
removal

l

968 records screened at
title/abstract level

850 records excluded

l

118 full-text articles
assessed for eligibility

l

53 full-text articles included

l

65 full-text articles excluded, with reasons

*20 do not specified the minimally
invasive technique

*18 full-text article not found

*16 full-text only in languages other
than Portuguese or English

* 11 Did no reported dispersion value

for any of the study outcomes

53 Included in the meta-
analysis
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techniques, (iv) the article is a randomized clinical trial, or
a prospective study, or a retrospective study (Fig. 1).

Data extraction

Two authors independently extracted the articles’ data, and
any disputes were solved by consensus between the authors.
The inclusion of continuous variables only occurred if the
article informed the standard deviation or contained infor-
mation that allowed the calculus of standard deviation for
each group. Studies presenting two or more subgroups were
divided into the number of the presented subgroups by add-
ing the “—x” to the article id’s side (Ex: 949, 949-1).

Study outcomes

In the current meta-analysis, the outcomes were divided into
three categories. One consisted of intraoperative variables,
estimated blood loss, and surgical time. Other composed of
surgical outcomes, ODI Last FUP, (defined as the last follow
up with more than 12 months), the number of complications,
and finally, a third category made up of only surgery costs.

Quality assessment

To assess the quality of the included articles, the authors
used two tools, for Randomized Clinical Trials, the RoB-
Risk2 Tool from Cochrane Foundation [17], and the New-
castle Ottawa scale (NOS) [18] for Prospective and Retro-
spective studies. Table 2 presents the itemized and total risk
of bias of each article. Two independent authors applied the
tools for each article, and in cases of disputes, the “worst”
result was kept.

Sensitivity analysis

The sensibility analysis was performed with the leave-one-
out method, where one article was removed from the specific
outcome meta-analysis. Then the results of each study were
plotted into a Cleveland dot plot to show the variation of the
result for each of the leave-one-out studies.

Statistical analysis

The results for continuous variables were presented in stand-
ard mean differences (SMD), while dichotomous variables
in odds ratios (OR). Meanwhile, inter-study heterogeneity
was assessed using Cochran’s Q-statistic test, and hetero-
geneity between the studies included was evaluated using
the chi-square test, with a <0.05 indicating heterogeneity. In
the presence of heterogeneity, the random-effects model was
employed, and in the other cases, the fixed-effects model.
Moreover, the publication bias was assessed using the funnel
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plot and the eggers regression, in which values p <0.05
indicated publication bias. In cases of publication bias, the
authors opted to use the trim-fill method of the “meta” pack-
age in R, which estimated and adjusted the meta-analysis
results to account for the possible publication bias. Moreo-
ver, the authors chose to use the fixed-random model when
performing the trim-fill [19-21].

Results
Study selection and risk of bias

After the final screening, fifty-three articles were included,
with four articles divided into two pieces and one into three
pieces (Table 1), totalizing fifty-nine analyzed studies.
Table 1 also contains the extracted values of each article.

As for the risk of bias, the RCTs in its majority (5/6) had
some concerns, with only one bearing an elevated risk of
bias. As for the retrospective and prospective cohort articles,
only one article (1/47) received a score of 3, with most of the
articles receiving a score of 6 (21/47) (Table 2).

Table 3 contains the number of pooled patients and the
number of studies included in each of the analyses.

Complications

Thirty-seven articles reported complications after the proce-
dures and were included in the analysis. The included studies
presented significant publication bias (p=0.94) or heteroge-
neity (I>=6%). The analysis showed a significant reduction
in the risk of complications when adopting an MIS approach
(OR=0.56, 95%CI 0.45-0.69, p <0.0001) (Fig. 2).

ODI Last FUP

Sixteen articles harbored enough information and length of
FUP to enter the ODI analysis. There was significant het-
erogeneity (I>=76%), but no significant publication bias
(p=0.20). The results showed that the MIS procedures do
not present a significant impact on the reduction of ODI
(SMD=-0.14, 95%CI —0.39 to 0.09; p=0.23) (Fig. 3).

Surgical time

Regarding the total surgery duration, twenty-seven articles
were included. The sample presented significant heterogene-
ity (7 =95%), but no significant publication bias (p =0.32).
The MIS approaches did not exert any significant impact on
the surgical duration (SMD=-0.27, 95%CI —0.73-0.18,
p=0.24) (Fig. 4).
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Table 2 Table containing the risk of bias evaluation and study design
of the selected articles
Article id Study quality Study design
17 7 Prospective
23 7 Retrospective
23 7 Retrospective
32 Some concerns RCT

S G A~ 35 7 Retrospective

fcg2ssss<<

ZZZ Z Z geee Z Z 37 7 Prospective
s cxegd S 2 44 3 R i
S|lZad o= FF—=~—~ZZwb JF etrospective

45 5 Prospective
52 6 Retrospective
52 6 Retrospective
55 6 Prospective
88 6 Retrospective
113 7 Prospective
124 4 Retrospective

Sas ~ ~ ~ 125 Some concerns RCT

v IaggTrrge g 133 8 Retrospective

N4 odm oS8T ZZ
ol S T oI L8 H 134 Some concerns RCT
YT = = @ v 5 ada = & 136 6 Retrospective

140 6 Retrospective
140 6 Retrospective
140 6 Retrospective
142 6 Prospective
149 7 Retrospective
151 6 Prospective
153 6 Retrospective
~om m~ m~ ~ ~ ~ ~ o~~~ 155 7 Retrospective

e s o o ol e .

L 2 ZZZZZZZZZ 157 6 Prospective
dlscs<ss<cgss << =2 i
C|lz222222z2722225 J 157 6 Prospective

159 7 Retrospective
160 High RCT
161 6 Prospective
165 7 Prospective
166 6 Prospective
169 6 Retrospective
173 6 Retrospective
2 182 7 Retrospective
<< s A2 2

Z z %fzt <Zt 2222 <Z: <Z: 185 Some concerns RCT .
I B e Z Z Z Z ::/ ::/ o o 187 6 Retrospective

—_ = a0~ I Ny .
Qa3 REZEEZZF S 188 4 Retrospective

& & 196 7 Retrospective
é‘_ é 245 6 Retrospective
5a & 5 290 6 Retrospective
—~ w2 a2 g g 378 7 Retrospective
A A = 23 5z
_ 522 gg32¢ KON 446 Some concerns RCT
= D o = = 5 v 3 22 5 .
5} L wun § — a o 531 7 Retrospective
s =S & s 8 8 z o = 15 2 )

g g g8 a @ s 22284 @ g g = 642 7 Prospective
S|l 22258 =& 2 © 0O = == g s 670 6 Retrospective
2lézz2 2888528 8 s ,
~le|5 885 & S SsERE=¢& == a=| 8 786 8 Retrospective
2 ‘LE) S 2222838317 % % ES ES :<Z): 786 8 Retrospective

Cl<lmaa3II&&£IITT0 O =
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Table 2 (continued)

Article id Study quality Study design
828 6 Retrospective
836 7 Retrospective
888 6 Prospective
936 6 Retrospective
952 5 Retrospective
955 7 Retrospective
958 6 Retrospective
962 7 Retrospective
966 7 Retrospective
969 7 Retrospective

Table 3 Table containing a summary of the total pooled patients and
total studies included in each of the analyzed outcomes

Variable Total pooled patients # Of
included
studies

Complications 4264 37

ODI “Last FUP” 1184 16

EBL 2197 29

Surgery time 2185 27

LoS 8153 29

Costs 6347 9

Estimated blood loss

Twenty-nine studies meet the criteria to undergo analy-
sis regarding blood loss. Preliminary analysis showed
no significant publication bias (p =0.89) nor significant
heterogeneity among the studies (I*=38%). As for the
treatment effect, MIS surgeries promoted a significant
reduction in surgical blood loss (SMD =—-0.79, 95%CI
—0.88 to —0.70, p <0.0001) (Fig. 5).

Length of stay

Twenty-nine studies reported the length of hospitali-
zation, however, due to significant publication bias
(p=<0.0001), we applied the trim-fill method. After the
trim-fill, 14 artificial studies to balance the publication
bias were added to the meta-analysis (marked as “filled:
X”). The trim-fill, as expected, showed no publication
bias (p =0.56). Moreover, it presented a significant het-
erogeneity (I>=95%) and showed a small reduction of the
LoS when using MIS approaches (SMD =—-0.33, 95%CI
—0.60 to —0.06, p=0.01) (Fig. 6).

Surgical costs

Nine studies evaluated the total costs of surgery. No pub-
lication bias was evidenced by the analysis (p =0.86). The
meta-analysis demonstrated a high heterogeneity (I =99%),
and that MIS approaches did exert significant effect regard-
ing costs (SMD=-2.69, 95%CI —4.49 to —0.90, p=0.002)
(Fig. 7).

Sensitivity analysis

All outcomes underwent a sensitivity analysis (Fig. 8). ODI
“Last FUP,” Surgical Time, and Length of Stay had arti-
cles that when removed could change the interpretation of
the results, of whether the differences were or not signifi-
cant. For the ODI, one article (670) when removed led to
the SMD and its 95% interval to be under O (significantly
favoring MIS approaches). For the surgical time, two articles
(88, 670) when removed led to the SMD and its 95% inter-
val to be under 0 (significantly favoring MIS approaches).
As for the LoS, five articles (290,670,789,789-1,955) when
removed led to the upper 95% of the expected distribution
of the SMD crossing the O-threshold line (No significant
differences among the approaches). However, even for those
outcomes, the central SMD or OR values were close to the
original values for most of the sensitivity analysis (Fig. 8).

Summary of results

Table 4 contains a summary of the treatment effects reported
on the above items (Table 4).

Discussion

Minimally invasive techniques were and still are one of the
greatest revolutions in spinal surgery, as those techniques
allowed surgeons to treat patients that usually require but
were too weakened to receive an open procedure and to face
its complications [22]. However, the MIS techniques are not
without pitfalls such as pricy materials and steep learning
curves [23, 24].

Complications and length of stay

One of the key points of minimally invasive surgery is its
theoretical ability to reduce the intra and postoperative
complications involving lumbar surgery. Goldstein et al.,
2016 showed in a meta-analysis that using MIS PLIF or
TLIF could lead to reduced medical complications com-
pared to the open version of the same procedures [25].
Similarly, Hu et al., 2016 showed that using MIS TLIF
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MIS Open Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
159 2 37 12 30 —=— 0.09 [0.02; 0.43] 5.4% 2.0%
23 2 555 11 285 —=— 0.09 [0. 02, 0.41] 6.2% 2.2%
962 3 52 4 16 0.18 [0.04; 0.93] 2.5% 1.9%
140\2 2 14 3 7 0.22 [0.03; 1.85] 1.5% 1.1%
955 6 36 26 60 — 0.26 [0.09; 0.72] 6.9% 4.6%
153 1 40 5 60 0.28 [0.03; 2.51] 1.7% 1.1%
23\1 3 406 5 196 0.28 [0.07; 1.20] 2.9% 2.4%
155 5 109 14 101 0.30 [0.10; 0.86] 5.9% 4.3%
245 13 111 28 116 = 0.42 [0.20; 0.85] 10.3% 8.4%
44 6 60 6 29 0.43 [0.12; 1.46] 3.1% 3.2%
32 5 30 9 30 0.47 [0.14; 1.61] 3.2% 3.2%
642 4 42 7 39 —T 0.48 [0.13; 1.79] 2.8% 2.9%
140\1 3 26 4 19 — 0.49 [0.10; 2.50] 1.7% 1.9%
17 3 32 7 4 ; 0.50 [0.12; 2.12] 2.4% 2.4%
160 3 41 5 38 0.52 [0.12; 2.35] 2.1% 2.2%
969 5 30 4 15 0.55 [0.12; 2.45] 1.9% 2.2%
136 1 30 2 34 0.55 [0.05; 6.41] 0.8% 0.9%
958 4 49 6 49 0.64 [0.17; 2.41] 2.4% 2.8%
140 7 38 6 23 0.64 [0.19; 2.21] 2.6% 3.2%
670 6 40 8 40 0.71 [0.22; 2.26] 2.9% 3.6%
966 7 72 9 72 — 0.75 [0.26; 2.15] 3.5% 4.4%
888 4 32 4 29 0.89 [0.20; 3.95] 1.6% 2.3%
124 15 23 20 30 0.94 [0.30; 2.95] 2.6% 3.7%
182 24 76 20 63 e 0.99 [0.48; 2.03] 6.4% 8.4%
446 1 30 1 30 1.00 [0.06; 16.76] 0.4% 0.7%
134 5 44 4 38 1.09 [O. 27 4.39] 1.6% 2.6%
185 6 32 5 30 1.15 [0.31; 4.27] 1.8% 2.9%
936 2 8 2 1" 1.50 [0.16; 13. 75] 0.5% 1.0%
<
828 0 25 3 27 0.14 [0.01; 2.80] 1.4% 0.6%
35 10 79 12 88 = 0.92 [0.37; 2.26] 4.2% 5.7%
149 7 24 7 25 1.06 [0.31; 3.66] 2.1% 3.2%
187 5 42 4 43 1.32 [0.33; 5.29] 1.5% 2.6%
151 3 30 2 33 1.72[0.27; 11.09] 0.7% 1.5%
45 6 56 2 46 2.64 [0.51;13.76] 0.8% 1.9%
-
o
125 1 27 3 27 0.31 [0.03; 3.16] 1.2% 1.0%
290 3 17 2 19 1.82[0.27;12.47] 0.7% 1.4%
Fixed effect model 2395 1839 . 0.56 [0.45; 0.69]100.0% -
Random effects model h 0.58 [0.46; 0.73] -- 100.0%

Heterogeneity: /° = 6%, t° = 0.0293, p = 0.37 r o
0.010.1 1 10 100

Fig.2 Forest plot showing the Odds Ratio of complications in MIS versus Open Surgeries. CI Confidence interval, MIS Minimally invasive sur-
gery, OR Odds ratio
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MIS Open Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
151 3011.00 9.4000 33 15.60 10.3000 -0.46 [-0.96; 0.04] 5.3% 6.3%
187 4210.80 3.3000 4312.20 3.9000 — -0.38 [-0.81; 0.05] 7.3% 6.8%
173 1515.70 8.9000 1517.10 9.5000 ; -0.15[-0.86; 0.57] 2.6% 4.9%
35 792530 6.3000 8825.30 6.2000 - 0.00 [-0.30; 0.30] 14.6% 7.6%

<

-
196 2810.70 4.0000 3121.20 6.4000 —+— -1.92[-2.54;-1.30] 3.4% 5.5%
446 3011.70 7.1000 3016.60 7.9000 —=— -0.64 [-1.16;-0.12] 5.0% 6.2%
185 3224.7010.1000 3027.20 8.4000 -0.26 [-0.77; 0.24] 5.4% 6.3%
531 1515.70 8.9000 1517.10 9.5000 -0.15[-0.86; 0.57] 2.6% 4.9%
153 4030.00 2.0000 6030.00 1.0000 —fl— 0.00 [-0.40; 0.40] 8.4% 7.0%
966 7221.4020.9000 7220.70 16.5000 -:—l'— 0.04 [-0.29; 0.36] 12.6% 7.4%
642 4218.20 5.9000 3917.40 7.1000 S E— 0.12[-0.31; 0.56] 7.1% 6.7%
134 44 16.50 2.0000 3815.90 1.9000 ArE— 0.30 [-0.13; 0.74] 7.0% 6.7%
136 30 3.20 7.1000 34 0.60 5.8000 it 0.40 [-0.10; 0.89] 5.5% 6.3%
670 4013.60 2.8000 4012.30 1.9000 f|—— 0.54 [0.09; 0.98] 6.7% 6.7%

»

<+>
142 2112.09 7.5900 20 18.1012.4500 # -0.58 [-1.20; 0.05] 3.4% 5.5%
290 1712.80 2.8000 1911.80 1.7000 0.43[-0.23; 1.09] 3.1% 5.3%
Fixed effect model 577 607 : -0.09 [-0.20; 0.03]100.0% -
Random effects model : : - 1 : -0.15[-0.39; 0.10] - 100.0%

Heterogeneity: /12 = 76%, t° = 0.1821, p < 0.01

2 1 0 1 2
Favours MIS Favours Open

Fig. 3 Forest plot showing the SMD between MIS and Open Surgeries for the ODI Last FUP variable. CI Confidence interval, MIS Minimally
invasive surgery, SMD Standard mean difference

significantly reduced the complications rate when com-  Surgical duration and blood loss

pared with the open TLIF procedure [26].

Interestingly studies investigating specifically the use  In a recent study comparing MIS versus open TLIFs Hock-
of MIS technology to treat spondylolisthesis showed a  ley et al., showed that patients who underwent MIS proce-
significant reduction in length of stay, but not in the com-  dures had significantly lower surgical time and blood loss

plication rates [27, 28].

[29]. Further, Lu et al., showed that using MIS techniques
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—_—
—

MIS Open
Study Total Mean SD Total Mean SD
157\1 22110.00 34.3500 20 185.00 35.5700
157 11116.00 30.2600 13 184.00 32.3100
35 79145.5021.5000 88 151.40 19.9000
165 43172.00 33.0000 37 176.00 37.0000
187 42 156.00 32.0000 43 145.0027.0000
149 24 220.00 48.0000 25 190.00 65.0000
955 36260.40 9.9000 60297.00 9.2000
133 33115.8028.2000 33 186.00 31.0000
642 42127.0025.0000 39 168.00 37.0000
952 9320.00 92.6000 7 372.0095.2000
37 20157.4521.7400 20 169.6523.8700
966 72166.40 52.1000 72 181.8045.4000
245 111 240.00 75.0000 116 247.00 93.0000
446 30208.5062.5000 30 208.5066.7000
182 76222.5067.5000 63 214.9060.0000
196 28203.60 36.6000 31 194.5047.2000
44 60170.67 51.5300 29 157.4149.3800
134 44 195.5028.0000 38 186.6023.4000
160 41168.70 36.4000 38 145.00 26.8000
185 32159.2021.7000 30 142.8022.5000
888 32191.7037.7000 29 148.8024.2000
88 44 329.3069.3000 54 234.9067.4000
188 20275.0073.0000 20 152.00 38.0000
55 31159.2020.1200 30 113.06 23.1900
670 40185.00 8.7000 40 166.00 7.0000
290 17 52.20 6.2000 19 134.30 15.8000
378 82 60.4020.8000 40 130.7045.1000
Fixed effect model 1121 1064

Random effect; mode

I,
Heterogeneity: /° = 96%, t° = 1.3671, p < 0.01

Standardised Mean ght Weight

Difference SMD 95%-Cl (flxed) (random)

— -2.11 [-2.87;-1.34] 1.4% 3.6%

— -2.09 [-3.12;-1.06] 0.8% 3.3%

. -0.28 [-0.59; 0.02] 9.0% 3.9%

- -0.11 [-0.55; 0.33] 4.3% 3.8%

P 0.37 [-0.06; 0.80] 4.6% 3.8%

e 0.52 [-0.06; 1.09] 2.6% 3.7%

— -3.84 [-4.53;-3.14] 1.8% 3.6%

— -2.34 [-2.98;-1.71] 2.1% 3.7%

- -1.30 [-1.78;-0.81] 3.6% 3.8%

— -0.52 [-1.53; 0.49] 0.8% 3.3%

— -0.52 [-1.16; 0.11] 2.1% 3.7%

2 -0.31 [-0.64; 0.02] 7.8% 3.9%

il -0.08 [-0.34; 0.18] 12.4% 3.9%

B 0.00 [-0.51; 0.51] 3.3% 3.8%

T 0.12 [-0.22; 0.45] 7.5% 3.9%

He— 0.21 [-0.30; 0.72] 3.2% 3.8%

e 0.26 [-0.19; 0.70] 4.2% 3.8%

- 0.34 [-0.10; 0.78] 4.4% 3.8%

= 0.73 [0.27; 1.19] 4.0% 3.8%

- 0.73 [0.22; 1.25] 3.2% 3.8%

—— 1.32 [0.76; 1.88] 2.7% 3.8%

= 1.37 [0.93; 1.82] 4.3% 3.8%

— 2.07 [1.29; 2.85] 1.4% 3.6%

- 210 [1.47; 2.73] 2.1% 3.7%

—-— 2.38 [1.80; 2.96] 2.5% 3.7%

-6.55 [-8.28;-4.82] 0.3% 2.5%

- -2.26 [-2.74;-1.79] 3.7% 3.8%

-0.04 [-0.13; 0.05] 100. 0% --

‘ - | -0.27 [-0.73; 0.18 100.0%
-5 0 5

Favours MIS  Favours Open

Fig.4 Forest plot showing the SMD between MIS and Open Surgeries for the Surgery Time variable. CI Confidence interval, MIS Minimally

invasive surgery, SMD Standard mean difference

to treat spondylolisthesis could lead to a significant reduc-
tion in surgical time and blood loss [27].

Similar to when comparing open with MIS decompres-
sions for extraforaminal diskectomy, Akinduro et al., 2017
showed that MIS techniques showed lower blood loss and
surgical time [30]. Also, when studying the effects of MIS
decompression against open decompressions, Evaniew
et al., 2021 showed that patients receiving MIS decom-
pressions had lower blood loss and surgical time [31].

Finally, Qin et al., 2018, also showed the advantages
of MIS-TLIFs over open TLIFs in blood loos, however,

@ Springer

differently than the previous study, the authors reported
higher operative in the MIS-TLIF group [28], in conso-
nance with the findings of the prospective subgroup of Lu
et al., 2017 study that showed an increased operative time
in MIS surgeries [27], also similar to the findings pre-
sented by Miller et al., 2020, who reported no differences
in surgical time between patients receiving MIS-TLIF or
open TLIF for single-level degenerative pathologies. [32]
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MIS Open Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed)(random)
45 56 51.00 41.0000 46206.00206.0000 —#— -1.09 [-1.51;-0.67] 4.4% 4.3%
187 42264.00 89.0000 43673.00673.0000 —— -0.84 [-1.28;-0.40] 3.9% 4.1%
157\1 22124.00 61.5000 20288.00288.0000 —+— -0.79 [-1.42;-0.16] 2.0% 2.5%
157 11127.00103.3500 13254.00254.0000 -0.61 [-1.44; 0.21] 1.1% 1.7%
35 79163.70 49.6000 88243.30243.3000 —— -0.44 [-0.75; -0.13] 8.2% 5.8%
149 24185.00 140.0000 25255.00255.0000 -0.33 [-0.90; 0.23] 2.4% 3.0%
140 38141.70125.1000 23741.30741.3000 ——+ -1.28 [-1.85; -0.71] 2.4% 3.0%
44 60211.33100.2300 29683.79683.7900 —— -1.18 [-1.66; -0.70] 3.4% 3.7%
966 72 50.60161.0000 72447.70447.7000 —+— -1.17 [-1.53; -0.82] 6.2% 5.2%
140\1 26153.50114.2000 19596.80596.8000 ——— -1.10 [-1.74; -0.46] 1.9% 2.5%
670 40127.30 45.7000 40405.00405.0000 —=— -0.95[-1.42;-0.49] 3.6% 3.9%
188 20135.00 98.0000 20432.00432.0000 —— -0.93 [-1.59; -0.27] 1.8% 2.4%
133 33124.40 92.0000 33380.30380.3000 —— -0.91 [-1.42;-0.41] 3.0% 3.4%
952 9307.00 81.6000 7803.00803.0000 -0.89 [-1.94; 0.16] 0.7% 1.1%
936 8261.30 69.0000 11769.10769.1000 -0.82 [-1.78; 0.14] 0.9% 1.3%
134 44248.40 94.3000 38576.30576.3000 —+— -0.82 [-1.27;-0.36] 3.8% 4.0%
642 42274.00 99.0000 39645.00645.0000 —+— -0.81 [-1.27;-0.36] 3.8% 4.0%
140\2 14 269.20269.2000 7614.30614.3000 -0.81 [-1.75; 0.14] 0.9% 1.3%
88 44120.20 63.7000 54 306.50 306.5000 —— -0.80 [-1.21;-0.38] 4.5% 4.4%
245 111 197.00223.0000 116499.00499.0000 - -0.77 [-1.04; -0.50] 10.7% 6.4%
182 76 163.00131.2000 63 366.80366.8000 —F— -0.76 [-1.11;-0.42] 6.5% 5.3%
196 28464.40217.2000 31887.70887.7000 —— -0.63 [-1.16;-0.11] 2.8% 3.3%
888 32432.80294.8000 29737.90737.9000 -0.55[-1.06; -0.03] 3.0% 3.4%
55 3114217 72.0100 30231.29231.2900 -0.52 [-1.03; -0.01] 3.0% 3.4%
185 32399.80125.8000 30517.00517.0000 -0.31 [-0.81; 0.19] 3.1% 3.5%
160 41207.70 57.6000 38258.90258.9000 — -0.28 [-0.72; 0.17] 4.0% 4.1%
37 20276.50 67.9200 20330.50330.5000 -0.22 [-0.84; 0.40] 2.0% 2.6%

<>
>
290 17 34.90 4.0000 19340.60340.6000 ——— -1.21[-1.92;-0.49] 1.5% 2.1%
378 82 57.00 12.0000 40295.00295.0000 —+— -1.40 [-1.82;-0.99] 4.4% 4.4%
Fixed effect model 1154 1043 * -0.80[-0.89; -0.71]100.0% --
Random effects model he -0.80[-0.92; -0.68] -- 100.0%
Heterogeneity: 1> = 38%, 1> = 0.0365, p = 0.02
-1.5 -0500511.5

Favours MIS Favours Open

Fig.5 Forest plot showing the SMD between MIS and Open Surgeries for the Estimated Blood Loss variable. CI Confidence interval, MIS Mini-
mally invasive surgery, SMD Standard mean difference
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MIS
SD Total Me

Open Standardised Mean

Weight Weight

Study Total Mean an SD Difference SMD 95%-Cl (random) (random)
187 4210.602.5000 4314 8000 = -1.23 [-1.69; -0.76] 3.7% 3.6%
157 11 2.000.7860 13 3 .9400 -+ -1.11 [-1.98; -0.23 2.9% 3.1%
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Fig.6 Forest plot showing the SMD between MIS and Open Surgeries for the Length of Stay variable. CI: Confidence interval, MIS Minimally

invasive surgery, SMD Standard mean difference

Quality of life

Like the present study, there is heterogeneity between
the effects of MIS surgeries compared to open surgeries
regarding the improvement of the quality-of-life meas-
ures. Evaniew et al., 2019, in a registry study, reported that
patients receiving MIS or open had similar leg pain improve-
ment, with MIS patients having a slightly lower chance to
achieve back pain MCIDs at 12 months [31]. Further, Heem-
serk et al., 2021 showed that MIS and open surgeries have
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similar outcomes at two years of follow-up when treating
degenerative lumbar diseases [33].

Finally, Miller et al., 2020 showed that pain severity
between MIS and open patients was similar, however,
the ODI at the last follow-up slightly favored MIS tech-
niques [32] results consistent with the presented by Qin
et al., 2019 that reported better ODI outcomes for patients
receiving MIS TLIFs to treat spondylolisthesis [28].
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MIS vs Open Treantment Effect Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
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157 1119705.00 5391.0000 1324115.00 3313.0000 + -0.97 [-1.83; -0.11] 09% 11.3%
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Fig.7 Forest plot showing the SMD between MIS and Open Surgeries for the Costs variable. CI confidence interval, MIS Minimally invasive

surgery, SMD Standard mean difference

Surgical costs

One of the most controversial aspects of the MIS-open
corundum is the cost-effectiveness of the minimally inva-
sive techniques, on whether the reduction in blood loss
and hospitalization times compensates for the costlier
materials needed to perform MIS surgeries.

In a study published in 2016, Goldstein and collabora-
tors reported a cost-saving from MIS procedures rang-
ing from 2.5 to 49% [25]. Further Vertuani et al. 2018,
in a simulation of costs and cost-effectiveness based on
the United Kingdom and Italy surgical prices for both
MIS and open surgeries, showed that in both countries
the MIS techniques were presented with increased cost-
effectiveness compared to open procedures [34]. Finally,
Droehaag et al. 2021, showed in a recent meta-analysis
that MIS-TLIF was more cost-effective than Open TLIF,
with all the four included studies lying in the “Less Costly
& More Effective” [35].

Limitations
As with every study this study presents its pitfalls and

drawbacks. First, we only included studies where the author
specified and differentiated between the MIS and open

procedure, which might exclude studies where the MIS and
open procedures were “of common knowledge,” however,
the author assumed that it would be better to leave those
studies out than accidentally compare open versus open
or MIS versus MIS studies. Another limitation is the high
heterogeneity found among several outcomes, which might
reduce the true impact of the findings presented in the study.
The authors assumed that this heterogeneity is born from
the broad revision proposed and the intrinsic difference that
occurs in the literature regarding MIS and open techniques
comparison. Finally, only studies in Portuguese or English
were included, which might have excluded studies published
in other languages.

Conclusion
Minimally invasive techniques are a remarkably interest-
ing option to traditional open surgeries, as these procedures

showed a significant reduction in blood loss, hospitalization
time, complications, and surgical costs.

@ Springer



2524

European Spine Journal (2022) 31:2502-2526

Sensivity Analysis

Sensivity Analysis

Sensivity Analysis

Complications ODI Last FUP Surgery Time
i > —_—
Puog,:igf,:;%astg Pooled estimate — Pooled estimate
Omitting 966 Omitting 966
Omitting 962 Onmitting 966 — Onmitting 955 —_
Omiting 985 Oniting 670 Qiting 952 T
mitting mitting L
Omitting 938 Onmitting 888
gmggmg ggg Onmitting 642 —_— Omitting 88 ———————————
mitting Omitting 670 ——————————+—
gm:m:g o Omitting 531 — Onmitting 642
Oé"r'rff‘n".ﬁgsié Omitting 446 R OOr;\imni 32 _— 4
»  Omitling 446 @ g Omiting '
Q Omitting 44 Q Omitting 35 — Q Omitting 44 —
£ Omitting 35 £ » £ Omiting 378 i
@© © ©
mittin N
Z O?r"m(:'gngg Values z  Oomthes® B Values Z  Omitned7 Values
3 Omitting 245 & Omitting 196 2 Omitting 35
2 Omitting 23\1 © 95%- 3 i © 95%- 3 Omitting 290 —_— © 95%-
»  Omitting 23 OR U  Omiting 187 B — SMD D opiting 245 P .+ SMD
8 Omitting 187 © 95% + E © 95% + g Omitting 196 © 95% +
£ 82:2123 1% £ Omiting 185 =4 Ommm: 188 _—
S O?n'i"‘;‘:‘i;%;g S Omitting 173 — CE) Onmitting 187 —
i Onmitting 185 —
g::g::g :gg Omitting 153 — oz:tt::: 182 I
82:31:3 12 Onmitting 151 . Onmitting 165 —_—
Onmitting 149 - Onitting 160~ ——————+———
8mming mg& Omitting 142 —_— Omitting 157\1
mitting —_—
Omitting 140 Omitting 136 . Omitting 157
Omitting 136 Omitting 149 —
gmlgmg Bg Omitting 134 d Omitting 134 _—
mitting "
Omitting 124 : Onmitting 133
075 050 025 0.00 02 01 0.0 01 02 01 0. 01
Treatment Effect Treatment Effect Treatment Effect
Sensivity Analysis Sensivity Analysis Sensivity Analysis
Blood Loss Length of Stay (LoS) Surgery Value
Pooled estimate|{ ——+— Pooled estimate —_— H
lled: H
Onmitting 966  —— §m;§::g E:hzg Sgg Pooled estimate +
Omitting 952 ~ ——+— mitting Fille
' Omitting Filled: 670
Onmitting 936 { ——+— Cnitting Filled: 44 v ;
Onmitting 888 ——— Omitting Filled: 290 Onmitting 952 *
e ok e g
Onmitting 670{ ——— gmiting Eiled. 187 Omiting 7861
—_— mitting Filled: mitting - Lod
Omitting 642 Omitting Filed: 160 <
Omitting 551 ——— omiting Filed' {5711
itti —_— mitting led:
2::3::3 :i — . Onmitting Ome'g: 1402 Onmitting 786 ——
é Omitting 378{ ~ ——— é gmigﬁﬂg s é
S5 g'"'"'"g g; — 35 og:niag egg s Onmitting 169 -
mitting —i— mitting
2 Oniting 200 Values z o%mr(\g"; %é Values z Values
2 Omitting 245{ ——— ©95%- 3 Onmitting 670 95%- 3 Omitting 166 B © 95%-
B omumgtee| —— Poe, 8 Jnng 2o, B | ;g8
T Onmitting 188 T %%+ B ‘Omitting 44 © %% 2 i 5%+
£ Omitting 187 —_— = Omitting 37 £ Omitting 157\1 -
£ omi £ Omitting 35 £ H
§ gt S g S
Omitting 182 J Omitting 198 Omitting 157 -
Onmitting 160{ ——— Omitting 188
Omitting 157\11 ——— gmiting 187
mittin
gm!::mg 13; —_— 8“:!25 182 Omitting 151 -
mitting —_— it
: Omitting 159
Omitting 14012 ! Onmitting 1571
Omitting 140\1{ ——— oOmitng 187 Onmitting 133 -
—h mittin
Omitting 140 ; Omitting 140\1
Omitting 134 —_— 8miglng 1?52
Omitting 1331 ——— Omitting 133
075 -050 025 0.00 06 04 02 0.0 5 4 3 2 R 0
Treatment Effect Treatment Effect Treatment Effect
Fig.8 Dot plots showing the sensitivity analysis for each of the analyzed variables
Table 4 Summary of the results obtained after the meta-analysis
Variable Unit Treatment effect Lower CI Upper CI p value Interpretation
Complications OR —0.56 —-0.78 —-0.36 <0.001 Favors MIS
ODI “last FUP” SMD -0.14 -0.39 0.09 0.23 No effect
Surgical time SMD -0.27 -0.73 0.18 0.24 No effect
Estimated blood loss (EBL) SMD -0.79 -0.91 —0.68 <0.001 Favors MIS (high effect)
Length of stay (LOS) SMD -0.33 —0.60 —0.06 0.01 Favors MIS (small effect)
Costs SMD -2.69 —-4.49 -0.90 <0.001 Favors MIS (high effect)

CI: Confidence interval, FUP: Follow-up surgery, SMD: Standard mean difference, OR: Odds ratio
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