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Abstract

Study Design: Retrospective cohort.

Objectives: To compare outcomes of minimally invasive surgery (MIS) vs open surgery (OPEN) for lumbar spinal stenosis
(LSS) in patients with diabetes.

Methods: Patients with diabetes who underwent spinal decompression alone or with fusion for LSS within the Canadian Spine
Outcomes and Research Network (CSORN) database were included. MIS vs OPEN outcomes were compared for 2 cohorts: (1)
patients with diabetes who underwent decompression alone (N = 116; MIS n = 58 and OPEN n = 58), (2) patients with diabetes
who underwent decompression with fusion (N = 108; MIS n = 54 andOPEN n = 54). Modified Oswestry Disability Index (mODI)
and back and leg pain were compared at baseline, 6–18 weeks, and 1-year post-operation. The number of patients meeting
minimum clinically important difference (MCID) or minimum pain/disability at 1-year was compared.

Results:MIS approaches had less blood loss (decompression alone difference 100mL, P = .002; with fusion difference 244mL, P <
.001) and shorter length of stay (LOS) (decompression alone difference 1.2 days, P = .008; with fusion difference 1.2 days, P = .026).
MIS compared toOPENdecompressionwith fusion had less patients experiencing adverse events (AEs) (difference 13 patients, P =
.007). The MIS decompression with fusion group had lower 1-year mODI (difference 14.5, 95% CI [7.5, 21.0], P < .001) and back
pain (difference 1.6, 95% CI [.6, 2.7], P = .002) compared to OPEN. More patients in the MIS decompression with fusion group
exceeded MCID at 1-year for mODI (MIS 75.9% vs OPEN 53.7%, P = .028) and back pain (MIS 85.2% vs OPEN 70.4%, P = .017).

Conclusions: MIS approaches were associated with more favorable outcomes for patients with diabetes undergoing de-
compression with fusion for LSS.
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Introduction

Lumbar spinal stenosis (LSS) is narrowing of the spinal canal
which may result in compression of neural structures.1 LSS
can cause neurogenic claudication with or without radicul-
opathy resulting in low back and leg pain, cramping, weakness,
and numbness.1,2 Neurogenic claudication and/or radiculop-
athy has a negative impact on health-related quality of life.1-3

Surgical treatment of symptomatic LSS is typically spinal
decompression to alleviate pressure on neural structures; spinal
fusion may also be performed to stabilize the vertebral
segments.1,4

Diabetes has been shown to be a risk factor for develop-
ment of LSS and is correlated with more adverse events (AEs)
and worse outcomes following spine surgery.5-12 It is pos-
tulated that because of comorbidities, micro-/macro-vascular
degeneration, and impaired tissue healing, patients with di-
abetes have worse outcomes following spinal surgery.9-12 This
makes the outcomes of patients with diabetes undergoing
surgery for LSS of particular importance.

Minimally invasive surgical approaches for the lumbar
spine have gained popularity as they are associated with less soft
tissue damage and more favorable short-term outcomes, com-
pared to conventional open operative approaches (OPEN).4,13-15

Theoretically, this makes minimally invasive surgery (MIS) an
attractive alternative procedure for patients with specific co-
morbities, such as diabetes, because of their increased risk of
perioperative and acute post-operative complications.8-11

Two recent studies assessed the impact of diabetes spe-
cifically in MIS lumbar surgery.16,17 Regev et al., found MIS
decompression is equally effective in patients with and
without diabetes regarding post-operative complications,
hospital length of stay (LOS), and functional outcome
scores.16 Narain et al., showed no significant difference in
post-operative complications, LOS, or hospital costs fol-
lowing MIS lumbar interbody fusion comparing patients with

and without diabetes.17 These recent articles suggest MIS
approaches may improve the outcomes of patients with dia-
betes making them comparable to patients without diabetes.
Despite this, to our knowledge, the outcomes of MIS com-
pared to OPEN surgery solely in patients with diabetes have
not yet been studied. Therefore, to assess the potential benefits
of MIS surgery in this patient population, we compared the
outcomes of patients with diabetes undergoing MIS compared
to OPEN surgery for LSS.

Materials and Methods

Study Design

We conducted a multicentre, retrospective review of pro-
spectively collected data on spine surgery patients enrolled in
the Canadian Spine Outcomes and Research Network
(CSORN) national registry as of June 2020.

This study received approval from the Horizon Health
Network Research Ethics Board (REB) and the CSORN
national steering committee. Each participating site received
institutional REB approval prior to collecting data. Written
informed consent for use of patient data was obtained from all
participating patients prior to enrollment in the CSORN
registry.

CSORN is a group of over 50 neurosurgical and orthopedic
spine surgeons from 20 tertiary care academic and non-
academic hospitals across Canada that prospectively collect
data on patients with spinal conditions. This database serves as
a national registry created to answer research questions and to
facilitate the implementation of best practices.

A national database research coordinator audits data quality
and performance and sends reports to each contributing
hospital site coordinator on a quarterly basis. Reports track
data completion and follow-up rates to facilitate internal data
validation at each site. A national privacy and security
framework was created for CSORN that includes a gover-
nance structure, standard operating procedures, training
processes, physical and technical security, and privacy impact
assessments. This model ensures privacy and security of
personal health information. Written informed consent is
obtained from all participating patients. Patient identification
is anonymized to ensure that patients cannot be individually
identified. All participating sites obtained REB approval prior
to any data collection. Decisions regarding data collection,
storage, and analysis are independent of any particular
company or commercial interest.

Patient Sample

All patients ≥18 years old with diabetes who underwent spinal
decompression alone or decompression with fusion for LSS
and were enrolled in the CSORN registry with available 1-year
follow-up as of June 2020 were included. Data from 15
Canadian sites contributed to this study. MIS procedures were
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completed by surgeons with a minimum of 2 years’ experience
in MIS spine techniques. Patients with American Society of
Anesthesiologists (ASA) scores >3,18 levels operated on >3,
or with missing patient-reported outcome measures (PROMs)
of interest at follow-up time points were excluded.

The patients with diabetes were separated into 2 cohorts:
(1) patients with diabetes who underwent decompression
alone and (2) patients with diabetes who underwent decom-
pression with fusion. Only patients with LSS without spon-
dylolisthesis were included in the decompression alone
cohort; patients with primary LSS or LSS secondary to
spondylolisthesis were included in the decompression with
fusion cohort. Within each cohort there were 2 groups based
on surgical technique, MIS and OPEN. MIS procedures were
defined by CSORN as any muscle sparring or muscle-splitting
approach which minimizes trauma to the paraspinal soft tissue.
Surgical technique was reported by each individual surgeon.
For both cohorts, the MIS group had a smaller number of
patients available. To avoid any possible increase in type 1
error and unequal variances that can occur due to unequal
groups, patients from the OPEN group were selected using
random sampling to create an equal number of patients in both
arms of each cohort.

Study Measures

Baseline variables of interest were biological sex, body mass
index, smoking status, exercise history, working status, number
of comorbidities, ASA scores, and number of levels operated on.

The treating surgeons recorded operative and post-
operative variables including type of procedure, operating
time, blood loss, and AEs utilizing the Spinal Adverse Events
Severity System, version 2, a validated and reliable tool for
spine AEs.19 The research coordinators tabulated the LOS.

Research coordinators, unaware of the study hypothesis,
collected PROMs and AEs at baseline, 6–18 weeks, and 1-
year post-operatively. Collection was in-person, over the
phone, via post, or employing an online patient portal. PROMs
were the modified Oswestry Disability Index (mODI),20 and
an 11-point (0–10, higher scores indicate worse pain) nu-
merical rating scale (NRS) for back and leg pain.21

Adverse events were those captured during the initial
operation, during hospital admission prior to discharge, and at
follow-up.

Data Analysis

The data were analyzed using IBM Statistical Package for the
Social Sciences version 25.0 and graphs were created using
Prism 8. The data were analyzed separately for the 2 cohorts of
patients with diabetes: (1) decompression alone and (2) de-
compression with fusion. A priori significance level of P < .05
was set for all statistical comparisons.

The continuous variables were described as means ±
standard deviations and compared between the MIS and

OPEN groups for each cohort using independent t-tests. The
categorical variables were described as percentages and
compared using X2 tests.

The PROMs were analyzed at baseline, 6–18 weeks post-
operation, and 1-year post-operation using a 2 (MIS vs
OPEN) × 3 (baseline; 6–18 weeks; and 1-year) mixed measures
analysis of covariance (ANCOVA) with ASA scores controlled
as a covariate. ASA scores were controlled for as they were the
only variable which significantly differed between the groups
within cohorts at baseline (Table 1), and due to a recent pub-
lication finding that patients with ASA scores >2 undergoing
operation for LSS were more likely to have a poor outcome.22

Bonferroni post hoc t-tests were conducted for significant
ANCOVA findings.

The number of patients with PROM changes that met
meaningful change using the minimum clinically important
difference (MCID) or who reached minimal disability/pain
scores were compared. The MCID levels for this study were
set using common thresholds: 12.8 change for mODI, 1.2
change for the NRS back pain, and 1.6 change for the NRS leg
pain.23,24 Minimal disability on the mODI is described as a
score of ≤20.24,25 Minimal pain is described as 0–3 on the 11-
point NRS for both back and leg pain.21,25

The proportion of each patient group meeting the MCID
change or categorized as minimal disability or pain at 1-year
post-operation for the 3 PROMs (mODI, NRS back and leg
pain) was compared using a X2 test between the MIS and
OPEN groups within each cohort (decompression alone and
decompression with fusion).

Results

Baseline Demographics/Variables

Of patients eligible for this study, 9.8% were not included due
to loss to follow-up. 116 patients with diabetes were included
in the decompression alone cohort (MIS n = 58; OPEN n =
58); 108 patients with diabetes were included in the de-
compression with fusion cohort (MIS n = 54; OPEN n = 54).
Patients in the OPEN group had significantly higher ASA
scores (Table 1). The OPEN and MIS groups of both cohorts
did not significantly differ in any other baseline demographics/
variables (Table 1).

Intra/Perioperative Outcomes

Table 2 represents the operative outcomes. Estimated blood
loss and LOS were significantly lower in the MIS group for
both cohorts.

Adverse Events

Table 3 represents the AEs that were experienced by the patients
in each group. Adverse events were captured intra-operatively,
in-hospital, and at follow-up. There was no significant
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difference in the number of MIS vs OPEN patients who
experienced AEs in the decompression alone cohort (X2(1) =
.6, P = .429). Significantly more patients who underwent
OPEN decompression with fusion experienced an AE com-
pared to the patients who underwent MIS decompression with
fusion (X2(1) = 7.4, P = .007).

Patient-Reported Outcome Measures

Figure 1 represents the PROMs for the decompression alone
cohort. The 2 × 3 mixed measures ANCOVA found a sig-
nificant main effect of time for mODI F(2,226) = 8.8, P <
.001, back pain F(2,226) = 9.4, P < .001, and leg pain
F(2,226) = 4.7, P = .010. There was no significant interaction
effect for time*MIS/OPEN for mODI F(2,226) = 1.9, P =
.147, back pain F(2,226) = .5, P = .592, or leg pain F(2,226) =
.2, P = .822. There was also no significant effect of the
covariate time*ASA score for mODI F(2,226) = .9, P = .428,
back pain F(2,226) = 1.0, P = .385, or leg pain F(2,226) = .1,
P = .998.

The follow-up post hoc t-tests for the main effect of time
showed significant improvement, for mODI and NRS back
and leg pain from baseline to 6–18 weeks (mODI mean
difference 17.7, 95% CI [13.9, 21.5], P < .001; back pain
mean difference 3.4, 95% CI [2.6, 4.1], P < .001; leg pain
mean difference 3.8, 95% CI [3.1, 4.6], P < .001) and from
baseline to 1-year (mODI, mean difference 16.7, 95% CI
[13.0, 20.4], P < .001; back pain mean difference 3.2, 95% CI
[2.5, 3.9], P < .001; leg pain mean difference 3.8, 95% CI [3.0,
4.6], P < .001).

Figure 2 represents the PROMs for the decompression with
fusion cohort. The 2 × 3 mixed measures ANCOVA showed a
significant main effect of time for mODI F(2,210) = 4.5, P =
.013, back pain F(2,210) = 10.2, P < .001, and leg pain
F(2,210) = 7.2, P = .001. The ANCOVA also showed a
significant interaction effect of time*MIS/OPEN for mODI
F(2,210) = 5.0, P = .008 and back pain F(2,210) = 4.2, P =
.016. There was not a significant interaction effect for leg pain
F(2,210) = .2, P = .803. The covariate did not show a sig-
nificant main effect for time*ASA score for mODI F(2,210) =
.2, P = .825, back pain F(2,210) = .8, P = .753, or leg pain
F(2,210) = .3, P = .754.

The follow-up post hoc t-tests for the main interaction
effect showed significant improvement in mODI and back
pain for both surgical techniques from baseline to 6–18 weeks
(MIS mODI mean difference 16.3, 95% CI [10.2, 22.5], P <
.001; OPEN mODI mean difference 15.7, 95% CI [9.6, 21.9],
P < .001; MIS back pain mean difference 4.1, 95% CI [3.3,
4.9], P < .001; OPEN back pain mean difference 4.4, 95% CI
[3.6, 5.2], P < .001) and from baseline to 1-year (MIS mODI
mean difference 24.6, 95% CI [18.6, 30.8], P < .001; OPEN
mODI mean difference 15.0, 95% CI [9.0, 21.1], P < .001;
MIS back pain mean difference 4.2, 95% CI [3.3, 5.0] P <
.001; OPEN back pain mean difference 3.2, 95% CI [2.3, 4.0],
P < .001). Overall, leg pain had significant improvement from
baseline to 6–18 weeks (mean difference, 4.4, 95% CI [3.7,
5.2], P < .001) and from baseline to 1-year (mean difference
4.2, 95% CI [3.5, 4.9], P < .001). There were no significant
differences between MIS and OPEN patients at baseline (back
pain mean difference .6, 95% CI [�.9, 1.3], P = .086; mODI

Table 1. Baseline Demographics of Both Cohorts.

Variables

Decompression alone Decompression with fusion

MIS OPEN P-value MIS OPEN P-value

N = 58 58 54 54
Female 26 (44.8%) 20 (34.5%) .255 29 (53.7%) 25 (46.3%) .441
Male 32 (55.2%) 38 (65.5%) 25 (46.3%) 29 (53.7%)
Age 69.7 ± 8.1 67.8 ± 9.2 .245 64.9 ± 7.6 63.1 ± 8.3 .262
Missing 1 (1.9%)
BMI 30.4 ± 6.6 30.5 ± 4.5 .887 30.5 ± 5.6 32.5 ± 8.3 .162
Missing 5 (8.6%) 1 (1.7%) 2 (3.7%) 2 (3.7%)
Nicotine user 7 (12.1%) 5 (8.6%) .542 11 (20.4%) 8 (14.8%) .448
Exercise once or less/week 12 (20.7%) 10 (17.2%) .731 13 (24.1%) 14 (25.9%) .561
Twice or more/week 22 (37.9%) 24 (41.4%) 12 (22.2%) 12 (22.2%)
Never due to physical limitations 24 (41.4%) 23 (39.7%) 27 (50.0%) 28 (51.9%)
Missing 1 (1.7%) 2 (3.7%)
Number of comorbidities incl. diabetes 4.2 ± 2.0 4.3 ± 2.0 .744 4.1 ± 2.0 4.9 ± 2.2 .052
Number of levels operated on 1.3 ± 0.5 1.4 ± 0.5 .198 1.2 ± 0.5 1.4 ± 0.6 .119
ASA score 1 2 3 1 (1.7%) 35 (60.3%)

22 (37.9%)
3 (5.2%) 22 (37.9%)
33 (56.9%)

.046* 0 33 (61.1%)
21 (38.9%)

0 22 (40.1%)
32 (59.3%)

.034*

Abbreviations: MIS, minimally invasive surgery; OPEN, open surgery; BMI, body mass index; ASA, American Society of Anesthesiologists. Continuous and
categorical variables were analyzed using independent two-tailed t-tests and X2 tests, respectively. Continuous variables are reported as mean ± SD, categorical
variables as n (%). *P < .05.
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mean difference 4.6, 95% CI [�.1, 9.4], P = .057) or at 6–18
weeks (back pain mean difference .3, 95% CI [�.5, 1.2], P =
.086; mODI mean difference 5.2, 95% CI [�2.0, 12.5], P =
.161). However, back pain and mODI was significantly higher
in OPEN compared to MIS decompression with fusion at 1-
year post-operation (back pain mean difference 1.6, 95% CI
[.6, 2.7], P = .002; mODI mean difference 14.2, 95% CI [7.5,
21.0], P < .001).

As seen in Table 4, the X2 tests assessing the number of
patients who met MCID change or were at minimal pain/
disability at 1-year follow-up for the PROMs found no sig-
nificant differences in the number of patients who reached
meaningful change in the decompression alone cohort.
However, in the decompression with fusion cohort, a

significantly greater number of patients reached meaningful
change at 1-year follow-up for mODI (MIS 75.9% vs OPEN
53.7%, P = .028) and back pain (MIS 85.2% vs OPEN 70.4%,
P = .017). Table 4 outlines the full results regarding MCID
achievement.

Discussion

Diabetes is associated with worse outcomes following spine
surgery.8-12 Moreover, diabetes has been shown to be a risk
factor for the development of LSS.5-7 As a result, maximizing
the surgical benefits for patients with diabetes is of particular
importance. In the general population, MIS approaches have
been shown to provide perioperative benefits; however, the

Table 2. Perioperative Outcomes of Interest for Both Cohorts.

Variable

Decompression alone Decompression with fusion

MIS OPEN P-value MIS OPEN P-value

N = 58 58 54 54
Operative time: Incision to closure (minutes) 93.2 ± 33.4 99.8 ± 37.5 .325 201.5 ± 65.1 186.5 ± 71.6 .270
Missing 4 (6.9%) 1 (1.7%) 3 (5.6%) 3 (5.6%)
Estimated blood loss (mL) 82 ± 121 182 ± 208 .002* 230 ± 176 474 ± 369 <.001*
Missing 3 (5.2%) 4 (6.9%) 1 (1.9%) 2 (3.7%) N/A
Length of stay in hospital (days) 1.3 ± 1.8 2.5 ± 2.8 .008* 4.2 ± 3.1 5.4 ± 3.3 .026*
Missing 8 (13.8%) 3 (5.2%) 4 (7.4%)

Abbreviations: MIS, minimally invasive surgery; OPEN, open surgery; mL, milliliters. Continuous variables were analyzed using independent two-tailed t-tests.
Continuous variables are reported as mean ± SD. *P < .05.

Table 3. Adverse Events for Both Cohorts.

Decompression alone Decompression with fusion

MIS OPEN MIS OPEN
Wound infection/drainage 1 0 1 3
Gastric/urological infection, obstruction, and retention 7 6 2 5
Fever 0 0 1 2
Hypokalemia 0 1 0 2
Cardiovascular 1 1 2 5
Dural tear/CSF leak 4 6 1 4
Cognitive decline 2 1 1 2
Airway 1 1 1
New onset pain/slow mobilization 2 3 3 5
Rash 0 1 0 0
Post-op revision 2 0 0 1
Hypoglycemia 1 0 0 0
Hyperglycemia 0 0 0 1
Diabetic foot amputation (unrelated to spine surgery) 1 0 0 0
Spinal column stenosis, fibrosis, and segment disease 1 2 2 2
Implant/instrumentation related 0 0 2 1
Total number of AEs 23 22 16 33
Number of patients who had an AE 21 (36.2%) 17 (29.3%) 10 (18.5%) 23 (42.6%)*

Abbreviations: MIS, minimally invasive surgery; OPEN, open surgery; CSF, cerebrospinal fluid; AE, adverse event. Continuous and categorical variables were
analyzed using independent two-tailed t-tests and X2 tests, respectively. Continuous variables are reported as mean ± SD, categorical variables as n (%). *P < .05.
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literature tends to find equivalent PROMs at 1- and 2-
year follow-up, regardless of surgical technique (MIS or
OPEN).13-15 In this, the first study to the authors knowledge to
directly compare the outcomes of MIS vs OPEN surgery in
patients with diabetes, we have demonstrated less AEs, better
PROMs (mODI and NRS back pain), and a greater proportion
of patients meeting MCID for mODI and back pain scores 1-
year post-surgery in patients with diabetes who underwent MIS
decompression with fusion for LSS compared to those who
underwent the OPEN procedure. The benefits of MIS in this
analysis are unique to our cohort comprised solely of patients
with diabetes and the findings exceeded benchmarks for
clinically relevant differences. Additionally, an expected dif-
ference in perioperative parameters (EBL and LOS) was shown

in favor of MIS for both decompression alone and decom-
pression with fusion.

The significantly lower blood loss seen with the MIS
technique is consistent with previous studies on lumbar de-
compression and lumbar fusion.13-15 The shorter LOS ob-
served in the MIS groups could suggest an earlier return to
normal functioning for these patients.

This study showed MIS (compared to OPEN) decom-
pression with fusion yields better PROMs at 1-year post-
operation for patients with diabetes. This is contrary to the
majority of the literature on the general population which
tends to find no benefits in terms of PROMs for MIS compared
to OPEN procedures.13,14 McGirt et al. did not find improved
12-month outcomes in a large sample of patients who

Figure 1. (A) Mean mODI adjusted for ASA scores for decompression alone cohort, error bars represent ± standard error of mean × 2.
Data analyzed using ANCOVA with ASA scores as covariate. (B) Mean NRS back pain adjusted for ASA scores for decompression alone
cohort, error bars represent ± standard error of mean × 2. Data analyzed with ANCOVA with ASA scores as covariate. (C) Mean NRS leg
pain adjusted for ASA scores for decompression alone cohort, error bars represent ± standard error of mean × 2. Data analyzed with
ANCOVA with ASA scores as covariate. Abbreviations: ASA, American Society of Anesthesiologists; ANCOVA, analysis of covariance;
MIS, minimally invasive surgery; OPEN, open surgery; mODI, modified Oswestry Disability Index; NRS, numerical rating scale. *P < .05.
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underwent 1- or 2-level interbody lumbar fusion.13 Similarly,
comparing MIS and OPEN posterior lumbar fusion, Goldstein
et al. found no difference in mODI or pain scores 12- and 36-
month post-operation.14 In studies comparing patients with or
without diabetes undergoing lumbar surgery, patients with
diabetes are found to have worse outcomes and a higher rate of
AEs.8-12 However, when comparing patients with and without
diabetes using solely MIS lumbar surgeries, recent literature
shows patients with diabetes have equivalent AEs, LOS, and
functional outcomes.16,17 This along with the results of the
present study suggests that MIS techniques for lumbar fusion
provides a unique benefit specific to patients with diabetes.

Further, our results showed significantly more patients
achieving MCID standards for mODI and back pain, sug-
gesting clinical relevance of our results.

These findings may be a result of the smaller muscle-
splitting surgical incisions associated with the MIS
techniques.4,13,14 Greater injury to back muscles has been
associated with worse PROMs 1-year post-operation for
lumbar fusion.15,26 Greater injury and incisions may impact
patients with diabetes more profoundly as they tend to have
impaired wound healing and may be more prone to tissue
ischemia, inflammation, and decreased perfusion from re-
traction and longer operating times.11,12 Research in diabetic

Figure 2. (A) Mean mODI adjusted for ASA scores for decompression with fusion cohort, error bars represent ± standard error of mean ×
2. Data analyzed with ANCOVA with ASA scores as covariate. (B) Mean NRS back pain adjusted for ASA scores for decompression with
fusion cohort, error bars represent ± standard error of mean × 2. Data analyzed with ANCOVAwith ASA scores as covariate. (C) Mean NRS
leg pain adjusted for ASA scores for decompression with fusion cohort, error bars represent ± standard error of mean × 2. Data analyzed with
ANCOVA with ASA scores as covariate. Abbreviations: ASA, American Society of Anesthesiologists; ANCOVA, analysis of covariance;
MIS, minimally invasive surgery; OPEN, open surgery; mODI, modified Oswestry Disability Index; NRS, numerical rating scale. *P < .05.
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rats shows higher rates of local inflammatory cytokines and
reduced rate and quality of spinal fusion.27 The MIS ap-
proaches which cause less tissue damage may have reduced
inflammation and resulted in local environments more con-
ducive to tissue healing in our study of patients with diabetes.

Previous literature has shown that diabetes, regardless of
insulin dependence, significantly increases the risk of peri-
operative AEs following lumbar fusion.28 Metabolic syn-
drome, which is common in patients with diabetes also
increases the risk of perioperative AEs following posterior
lumbar interbody fusion.29 Further, major perioperative AEs
have been shown to result in poorer functional outcomes.30

MIS approaches are found to decrease medical AEs following
lumbar fusion.14 This study found a significantly greater
number of patients with AEs in the OPEN decompression with
fusion group compared to the MIS group which may have
impacted the PROM differences we observed at 1-year. These
factors would have a more profound effect on the recovery of
patients with diabetes since diabetes is already associated with
poor wound healing, peripheral neuropathy, and angiop-
athy.9-12 These differences were likely not seen in the de-
compression alone cohort as it is a much less invasive
procedure, regardless of MIS or OPEN approach.

This study has limitations. Although the data were col-
lected prospectively, the analysis was retrospective, and
patients were not randomly assigned to different surgical
techniques. Therefore, there may have been an element of
surgical selection bias inherent to studies of this nature. Of
patients eligible for this study, 9.8% were lost to follow-up.
The type of OPEN or MIS operative approach was not
standardized. While the study was appropriately powered,
the cohort size may have been too small to identify note-
worthy differences regarding specific AEs, such as infec-
tions, which are of particular importance in patients with
diabetes. Finally, we recognize that diabetes is a complex
condition, and this database did not allow for assessment of
all aspects of diabetes and its management such as glycemic
control and type 1 vs 2 diabetes. However, as this is the first
study comparing MIS vs OPEN surgery for LSS in patients
with diabetes and the results show unique benefits regarding

MIS techniques in this population, it serves as compelling
evidence to promote further research in this area to improve
the outcomes of patients with diabetes following spine
surgery.

Conclusion

Spinal decompression alone or with fusion, regardless of
surgical technique (MIS or OPEN), is effective for treating
symptomatic LSS in patients with diabetes. MIS approaches
offered short-term advantages in both the decompression
alone and decompression with fusion cohorts. MIS approaches
also showed improved PROMs 1-year post-operation for pa-
tients with diabetes undergoing lumbar decompression with
fusion. This is a unique finding to our sample of solely patients
with diabetes. Therefore, MIS techniques may be advantageous
in this patient population. This study provides strong basis for
future prospective controlled trials to assess the impact of MIS
techniques on patients with diabetes.
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