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ABSTRACT

Background: The prevention of perioperative and postoperative complications is necessary to avoid poor
postoperative outcomes and increased costs. Previous investigations have identified risk factors for complications after
various spine procedures, but no such study exists in a population solely undergoing minimally invasive transforaminal
lumbar interbody fusion (MIS TLIF). The purpose of this study is to determine risk factors for the development of

complications up to 2 years after MIS TLIF procedures.
Methods: Patients who underwent primary, single-level MIS TLIF from 2007 to 2016 were retrospectively

reviewed. The incidence of medical and surgical complications up to 2 years postoperatively was determined. Patients

were categorized according to demographic, comorbidity, and procedural characteristics. Bivariate Poisson regression
with robust error variance was used to determine if an association existed between patient characteristics and
complication incidence. A final multivariate model including all patient characteristics as controls was created using

backwards, stepwise regression until only those variables with P , .05 remained.
Results: 390 patients were analyzed. Upon bivariate analysis, age .50 years (P ¼ .025), diabetes mellitus (P ¼

.001), and operative duration .105 minutes (P ¼ .016) were associated with increased medical complication rates.

Regarding surgical complications, age �50 years (P , .001), obesity (P¼ .012), and diabetes mellitus (P¼ .042) were
identified as risk factors on bivariate analysis. Upon final multivariate analysis, operative time .105 minutes (P¼ .009)
and diabetes mellitus (P¼ .001) were independent risk factors for medical complications. Independent risk factors for
surgical complications on multivariate analysis included age �50 years (P , .001), diabetes mellitus (P ¼ .002), and

obesity (P ¼ .030).
Conclusions: Diabetic patients and those who underwent longer operations were at increased risk of medical

complications, while younger patients, obese patients and those also with diabetes mellitus were at increased risk of

surgical complications up to 2 years after MIS TLIF. Practitioners can use this information to identify patients who
require preventative care before their procedure or increased postoperative vigilance and monitoring after single-level
MIS TLIF.

Level of Evidence: 3.
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INTRODUCTION

Transforaminal lumbar interbody fusion (TLIF)

is an effective treatment option for degenerative

lumbar spine disease. Minimally invasive techniques

(MIS) have been adapted to TLIF in an effort to

provide an alternative to traditional open approach-

es. Compared to its open counterpart, MIS TLIF

has been associated with significant procedural

advantages in the perioperative period. Such ad-

vantages include relative reductions in intraopera-

tive blood loss, duration of inpatient hospital stay,

and postoperative narcotics utilization.1–5 Further-
more, MIS TLIF has been demonstrated to be

superior to open TLIF in regards to long-term cost
effectiveness.1,6,7 The perioperative and cost advan-

tages of MIS TLIF have made this procedure an
attractive option for spine surgeons in the current

healthcare climate.

A primary concern regarding MIS TLIF proce-

dures is the occurrence of perioperative and
postoperative complications. Multiple investiga-
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tions have analyzed the rate of complications after
MIS TLIF, with reported incidences ranging from
11.0% to 31.37% of patients.8–11 The observed
variability in reported complication rate may be
associated with differing complication definitions
between studies. Nonetheless, complication avoid-
ance is a paramount concern both for surgeons and
hospital administrators aiming to improve patient
outcomes and reduce healthcare resource utiliza-
tion.

To our knowledge, no previous investigation has
comprehensively evaluated risk factors for compli-
cations in a population consisting only of patients
undergoing MIS TLIF procedures. As such, the
purpose of this study is to determine risk factors for
medical and surgical complications up to 2 years
postoperatively in a patient population undergoing
primary, single-level MIS TLIF.

MATERIALS AND METHODS

Patient Population

Institutional review board approval was obtained
for this study (ORA 14051301). A prospectively
maintained surgical registry of patients was retro-
spectively reviewed. Patients were included in this
analysis if they had undergone primary, single-level
MIS TLIF for degenerative lumbar spine pathology
between 2008 and 2015. All procedures were
performed by the senior author (K.S.) at a single
academic institution. Patients were excluded if 2
years had not elapsed since their procedure, or if
they underwent operative therapy for nondegener-
ative pathology.

Surgical Technique

All patients underwent a single-level MIS TLIF
using a similar technique. The laminectomy, bilat-
eral facetectomy, and TLIF were performed
through a unilateral exposure using a 21-mm
nonexpendable tube. After subtotal discectomy,
interbody cage instrumentation was packed with
local bone graft and an extra-small kit of bone
morphogenic protein (BMP-2, Medtronic, Mem-
phis, Tennessee). The cage was then appropriately
placed within the intervertebral space. Between 2008
and 2012, nonexpandable poly-ether-etherketone
(PEEK) and titanium alloy were both utilized; from
2012 to 2015, nonexpandable PEEK cages were
used exclusively. Bilateral or unilateral pedicle
screws were percutaneously placed over a guide

wire, with the majority of patients (58%) undergo-
ing bilateral pedicle screw placement.

Data Collection

All data were obtained from the aforementioned
surgical registry. Patients were classified according
to demographic, comorbidity, and operative factors.
Demographic factors included age (�50 years, .50
years), sex, body mass index (,30 kg/m2, �30 kg/
m2), and smoking status. Analyzed comorbidity
factors included American Society of Anesthesiolo-
gists classification (�2, .2), modified Charlson
Comorbidity Index (,1, �1), hypertension, and
diabetes mellitus. The Charlson Comorbidity Index
was modified with the age component removed to
allow for the use of both modified Charlson
Comorbidity Index and age as individual predictors
within subsequent statistical analyses. Operative
factors included preoperative Visual Analogue Scale
pain score (,7, �7), operative time (�105 minutes,
.105 minutes), and estimated intraoperative blood
loss (�50 mL, .50 mL).

Complications were identified up to 2 years
postoperatively after MIS TLIF. Medical compli-
cations measured included urinary retention, altered
mental status, ileus, postoperative transfusion re-
quirement, cardiac arrhythmia, acute renal failure,
urinary tract infection, aspiration or reintubation,
deep venous thrombosis, pulmonary embolism,
pneumothorax, and pneumonia. Urinary retention
was classified as a complication if postoperative
recatheterization was required. Surgical complica-
tions measured included pseudarthrosis, instrumen-
tation failure, epidural hematoma, durotomy,
surgical site infection, musculoskeletal or bone
pathologies, and neurologic dysfunction. Pseudar-
throsis was identified via computed tomography
scan at 6 months or 1 year postoperatively, and was
classified as a complication if the patient had
recurrent symptomatology requiring an index-level
reoperation. Instrumentation failure was classified
as a complication if index-level reoperation was
required secondary to the development of new or
recurrent clinical symptomatology. Surgical site
infection was classified as a complication if an
incision and drainage procedure was required
postoperatively.

Statistical Analysis

Statistical analysis was performed using Stata/
MP 13.1 for Mac (StataCorp LP, College Station,
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Texas). Bivariate Poisson regression with robust
error variance was utilized to determine if an
association existed between each patient character-
istic and the incidence of medical or surgical
complications. Multivariate Poisson regression was
utilized to create a backwards, stepwise model to
identify independent predictors of medical or
surgical complications. Each patient characteristic
was used as a predictor, and predictors were
sequentially excluded until only those with signifi-
cant P values remained. Statistical significance was
set at P , .05.

RESULTS

Three hundred ninety patients underwent prima-
ry, single-level MIS TLIF and were included in this
analysis. Approximately 95% of patients MIS TLIF
at either the L4-L5 (n ¼ 194) and L5-S1 (n ¼ 178)
surgical level; a small minority of procedures
involved the L3-L4 (n ¼ 16) or L2-L3 (n ¼ 2)
segments. Patient characteristics are presented in
Table 1.

The rate of medical complications within this
population was 15.6%, with the most prominent
complication being postoperative urinary retention
(n ¼ 40, 10.3%). The rate of surgical complications
was 11.3%, with the most prominent complication
being pseudarthrosis requiring index-level reopera-
tion (n ¼ 34, 8.7%). The incidence of all measured
medical and surgical complications is presented in
Table 2.

Upon bivariate analysis, predictors of medical
complications included: age .50 years (relative risk
[RR] ¼ 1.9, 95% confidence interval [95% CI] ¼
1.08-3.25, P ¼ .025), diabetes mellitus (RR ¼ 2.5,
95% CI ¼ 1.47-4.23, P ¼ .001), and operative
duration .105 minutes (RR ¼ 1.9, 95% CI ¼ 1.13-
3.26, P ¼ .016, Table 3). Upon bivariate analysis,
predictors of surgical complications included: age
�50 years (RR ¼ 4.1, 95% CI ¼ 2.17-7.91, P ,

.001), body mass index � 30 kg/m2 (RR¼ 2.0, 95%
CI¼ 1.17-3.59, P¼ .012), and diabetes mellitus (RR
¼ 1.9, 95% CI ¼ 1.02-3.62, P ¼ .0242, Table 4).

Upon multivariate analysis, the following were
identified as independent predictors of medical
complications: operative time .105 minutes (RR ¼
2.2, 95% CI ¼ 1.22-4.14, P ¼ .009) and diabetes
mellitus (RR ¼ 2.7, 95% CI ¼ 1.52-4.64, P ¼ .001,
Table 5). Multivariate analysis identified the fol-
lowing as independent predictors of surgical com-

Table 1. Patient population characteristics.

Parameter No. (%)

Total 390
Age, y
� 50 172 (44.1)
. 50 218 (55.9)

Sex
Male 161 (41.3)
Female 229 (58.7)

Body mass index, kg/m2

,30 209 (53.7)
�30 180 (46.3)

Current smoker
No 299 (76.9)
Yes 90 (23.1)

ASA score
�2 322 (82.6)
.2 68 (17.4)

Ageless Charlson Comorbidity Index
,1 133 (34.1)
�1 257 (65.9)

Hypertension
No 230 (59.1)
Yes 159 (40.9)

Diabetic status
No diabetes mellitus 342 (87.7)
Diabetes mellitus 48 (12.3)

Preoperative VAS pain score
,7 148 (41.0)
�7 213 (59.0)

Operative duration, min
�105 191 (49.0)
.105 199 (51.0)

Estimated blood loss, mL
�50 272 (69.7)
.50 118 (30.3)

Abbreviations: ASA, American Society of Anesthesiologists; VAS, Visual Analog
Scale.

Table 2. Incidence of medical and surgical complications.

Complication No. (%)
a

Medical 61 (15.6)
Urinary retentionb 40 (10.3)
Altered mental status 6 (1.5)
Ileus 4 (1.0)
Postoperative transfusion 4 (1.0)
Arrhythmia 2 (0.5)
Acute renal failure 2 (0.5)
UTI 2 (0.5)
Aspiration/reintubation 1 (0.3)
DVT 0 (0.0)
PE 0 (0.0)
Pneumothorax 0 (0.0)
Pneumonia 0 (0.0)

Surgical 53 (13.6)
Pseudarthrosisc 34 (8.7)
Instrumentation failured 3 (0.8)
Epidural hematoma 2 (0.5)
Durotomy 2 (0.5)
Surgical site infectione 2 (0.5)
MSK/bone 10 (2.6)
Neurologic dysfunction 0 (0.0)

Abbreviations: DVT ¼ deep venous thrombosis; MSK ¼musculoskeletal; PE ¼
pulmonary embolism; UTI, urinary tract infection.
aN ¼ 390.
bUrinary retention requiring recatheterization.
cPseudarthrosis identified via computed tomography scan with accompanying
symptomatology requiring index-level reoperation.
dCage subsidence (n ¼ 2) and cage migration (n ¼ 1) requiring reoperation.
eSurgical site infection requiring incision and drainage.
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plications: age �50 years (RR¼ 4.2, 95% CI¼ 2.22-
8.12, P , .001), diabetes mellitus (RR¼2.7, 95% CI
¼ 1.25-4.15, P¼ .002), and obesity (RR¼ 1.8, 95%
CI ¼ 1.06-3.17, P ¼ .30).

DISCUSSION

MIS TLIF is an increasingly utilized surgical
therapy for degenerative lumbar disease. Compared
to open TLIF, MIS TLIF has demonstrated
significant advantages in the perioperative period
pertaining to operative blood loss, length of stay,
and postoperative pain.1–5 However, concerns re-
garding the incidence of complications remain
paramount for spine practitioners. As such, the
purpose of this study was to determine independent
risk factors for the incidence of medical or surgical
complications up to 2 years postoperatively after
MIS TLIF.

The medical complication rate in this study was
15.6%, with the most prominent complication being
postoperative urinary retention. The surgical com-

plication rate was 13.6%, with the most frequent
complication being pseudarthrosis. Independent
risk factors for medical complications included
operative time .105 minutes and diabetic status.
Independent risk factors for surgical complications
included age �50 years, diabetic status, and obesity.

The results of this study indicate that longer
operative times were associated with increased rates
of medical complications after MIS TLIF. This
result is corroborated within the spine literature,
with the most comprehensive analysis of operative
time provided by Kim et al.12,13 In a study of 4588
patients from the National Surgical Quality Im-
provement Program database, the authors demon-
strated a marginal increase in 30-day medical
complication rate with increasing operative time.13

Additionally, operative times greater than 2 hours
were associated with a 2-fold increased incidence of
medical complications. The observed association
between medical complications and longer operative
times has multiple potential etiologies, such as

Table 3. Bivariate analysis for medical complications.a

Complication

Rate, % RR 95% CI P Valueb

Age, y

�50 9.3 Ref.

.50 17.3 1.9 1.08-3.25 .025

Sex
Male 14.0 1.0 0.62-1.69 .931
Female 13.7 Ref.

Body mass index, kg/m2

,30 14.8 Ref.
�30 12.2 0.8 0.50-1.37 .456

Current smoker
No 14.7 Ref.
Yes 11.1 0.8 0.40-1.44 .394

ASA score
�2 12.7 Ref.
.2 19.1 1.5 0.85-2.65 .160

Ageless Charlson Comorbidity Index
,1 12.8 Ref.
�1 14.4 1.1 0.66-1.92 .663

Hypertension
No 11.3 Ref.
Yes 17.6 1.6 0.95-2.55 .079

Diabetic status

No diabetes mellitus 11.7 Ref.

Diabetes mellitus 29.2 2.5 1.47-4.23 .001

Preoperative VAS pain score
,7 9.5 Ref.
�7 15.0 1.6 0.88-2.87 .126

Operative duration, min

�105 9.4 Ref.

.105 18.1 1.9 1.13-3.26 .016

Estimated blood loss, mL
�50 12.5 Ref.
.50 17.0 1.4 0.82-2.26 .241

Abbreviations: 95% CI, 95% confidence interval; ASA, American Society of
Anesthesiologists; VAS, Visual Analog Scale; Ref., reference; RR, relative risk.
aBoldface indicates statistical significance.
bP value calculated using Poisson regression with robust error variance.

Table 4. Bivariate analysis for surgical complications.a

Complication

Rate, % RR 95% CI P Valueb

Age, y

�50 20.9 4.1 2.17-7.91 , .001

.50 5.1 Ref.

Sex
Male 13.1 1.2 0.71-2.17 .451
Female 10.6 Ref.

Body mass index, kg/m
2

,30 8.1 Ref.

�30 16.7 2.0 1.17-3.59 .012

Current smoker
No 10.4 Ref.
Yes 17.8 1.7 0.98-2.99 .057

ASA score
�2 12.4 Ref.
.2 10.3 0.8 0.39-1.78 .628

Ageless Charlson Comorbidity Index
,1 11.3 Ref.
�1 12.5 1.1 0.62-1.97 .737

Hypertension
No 10.0 Ref.
Yes 13.8 1.3 0.74-2.18 .378

Diabetic status

No diabetes mellitus 10.8 Ref.

Diabetes mellitus 20.8 1.9 1.02-3.62 .042

Preoperative VAS pain score
,7 9.5 Ref.
�7 14.1 1.5 0.82-2.71 .193

Operative duration, min
�105 14.7 Ref.
.105 9.6 0.7 0.38-1.13 .125

Estimated blood loss, mL
�50 12.5 Ref.
.50 11.0 0.9 0.48-1.61 .681

Abbreviations: 95% CI, 95% confidence interval; ASA, American Society of
Anesthesiologists; Ref., reference; RR, relative risk; VAS, Visual Analog Scale.
aBoldface indicates statistical significance
bP value calculated using Poisson regression with robust error variance.
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increased surgical complexity and anesthesia
times.14–16 Longer anesthesia time, specifically, has
been associated with increased rates of postopera-
tive urinary retention after spine and other surgical
procedures.15,16 In relation to postoperative care,
patients undergoing prolonged procedures should
be more carefully monitored for medical complica-
tions. Furthermore, additional investigation analyz-
ing predictive factors for prolonged operative times
may aid surgeons in actively attempting to reduce
operative times in at-risk patients.

Diabetes mellitus was identified as a predictive
factor for both medical and surgical complications
after MIS TLIF. Our result is in agreement with
much of the spine literature, which has analyzed
populations primarily consisting of mixed surgical
cohorts.17–23 Cook et al,22 in a study of 37 322
patients undergoing cervical fusion from the Na-
tionwide Inpatient Sample database, determined
that the presence of diabetes was associated with
increased complication incidence. Specifically, dia-
betic patients had a greater incidence of cardiac
complications and non–home discharge. Guzman et
al20 also utilized the Nationwide Inpatient Sample
database to perform a similar study of 403 629
patients undergoing lumbar surgery for degenera-
tive pathology. In that investigation, diabetic
patients were found to be more likely to experience
medical complications involving the cerebrovascu-
lar, respiratory, cardiac, and genitourinary systems.
The etiology of increased medical complications in
diabetic patients has been theorized to result from
diabetes-related impairments to the systemic inflam-
matory response.18,23 Diabetic status has also been
associated with longer lengths of inpatient stay,
yielding an increase in risk for complications
associated with exposure to nosocomial set-
tings.18–20,22,23 Recent literature has also suggested
that uncontrolled diabetes may further increase the

rate of complications compared to controlled
diabetes, indicating a potential role for improved
preoperative glycemic control measures in diabetic
patients undergoing spinal surgery.20

Regarding surgical complications, age � 50 years
was associated with greater complication rate after
MIS TLIF. The literature regarding patient age and
complications after spinal surgery is variable, with a
subset of investigations reporting contradictory
findings that older age is associated with increased
complication incidence.24–27 In a study of 6253
anterior cervical discectomy and fusion patients
from the National Surgical Quality Improvement
Program database, Buerba et al27 demonstrated that
age � 65 years was associated with a higher
incidence of one or more complication up to 30
days postoperatively. Other studies, however, have
determined that age is not a risk factor for surgical
complications after spinal procedures.28,29 Kilincer
et al29 performed a study of 129 patients undergoing
lumbar decompression and fusion. In that investi-
gation, a matched cohort subanalysis of 80 patients
demonstrated that patients older than 65 years of
age did not have increased surgical complication
rate compared to those younger than 65 years of
age. To our knowledge, the current study is the first
to demonstrate increased surgical complication rates
in younger patients.

The etiology of this finding is unknown, though it
may be multifactorial. Part of this finding could be
related to this study’s age cutoffs or the overall
distribution of age within our study population.
Furthermore, while the findings of other studies
vary,30 characteristics such as smoking, steroid use,
and posterior approaches have all been found to
potentially contribute to pseudarthrosis.31 Younger
patients may have increased postoperative activity
levels. Although moderate physical activity is
typically thought to be beneficial after a lumbar
fusion procedure,32,33 it may produce additional
mechanical stress on the fusion construct. Further
research is required to fully elucidate the association
between age and surgical complication incidence
after MIS TLIF.

This study also determined that obesity was
associated with increased surgical complication
rates. Within the general spine literature, obesity
has been widely associated with increased compli-
cation incidence.34–40 Regarding surgical complica-
t ions specifical ly , mult iple studies have
demonstrated an association between obesity and

Table 5. Independent risk factors for complications.

Complication RR 95% CI P Valuea

Medical
Operative time .105 mins 2.2 1.22-4.14 .009
Diabetes mellitus 2.7 1.52-4.64 .001

Surgical
Age �50 years 4.2 2.22-8.12 , .001
Diabetes mellitus 2.7 1.25-4.15 .002
Body mass index 1.8 1.06-3.17 .030

Abbreviations: 95% CI, 95% confidence interval; RR, relative risk.
aP value calculated using stepwise Poisson regression with robust error variance
controlling for age, gender, smoking status, diabetes mellitus, hypertension,
obesity, American Society of Anesthesiologists score, comorbidity burden,
average preoperative pain scores, operative time, and estimated blood loss.
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the incidence of surgical site infections.35,38,39,41,42

The increased risk for surgical site infections in
obese patients has been attributed to the increased
risk of fat necrosis in this population, serving as a
nidus for infection. Additionally, when utilizing a
posterior approach, obese patients can create a
more technically demanding procedure due to
limited patient mobility and increased difficulty
during surgical exposure.43 Nonetheless, further
work is still necessary to fully describe the associ-
ation between obesity and the spectrum of individ-
ual surgical complications after MIS TLIF.

This study is not without limitations. First, the
retrospective nature of this study may introduce
selection bias and prevent controlling for unknown
confounders. Second, this study was based off of a
population treated by 1 surgeon at a single academic
site. Thus, generalizability of the study results may
be limited. Third, the sample size was relatively
small at 390 patients, resulting in low overall
incidences of some complications. As such, it was
not possible to statistically compare the rate of
individual complications, and they were instead
aggregated as either medical or surgical complica-
tions. Finally, some patients may have had compli-
cations treated outside of the academic medical
center in which the study was performed, leading to
incomplete complication data. As such, the present-
ed complication rate may be a slight underestimate
of the true complication rate in the study popula-
tion. However, we believe our practice to be
relatively closed, and anticipate that the proportion
of missed complications is relatively low.

CONCLUSIONS

The results of this study indicate that the medical
and surgical complication rates within 2 years after
MIS TLIF are 15.6% and 13.6%, respectively.
Independent predictive factors for medical compli-
cations included prolonged operative time and
diabetes mellitus. Independent predictive factors
for surgical complications included age �50, diabe-
tes mellitus, and obesity. Patients with these risk
factors should be more closely monitored during the
intraoperative, perioperative, and follow-up periods
for the development of complications. Additionally,
these patients should be considered for preoperative
complication prophylaxis when possible. More
work is necessary to investigate the efficacy of risk
factor modification strategies, such as weight
reduction and improved glycemic control, in pre-

venting medical and surgical complications after
MIS TLIF.
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