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Abstract
Purpose of Review To assess complications after minimally invasive spinal surgeries including transforaminal lumbar interbody
fusion (MI-TLIF) by reviewing the most recent literature.
Recent Findings Current literature demonstrates that minimally invasive surgery (MIS) in spine has improved clinical outcomes
and reduced complications when compared with open spinal procedures. Recent studies describing MI-TLIF primarily for
degenerative disk disease, spondylolisthesis, and vertebral canal stenosis cite over 89 discrete complications, with the most
common being radiculitis (ranging from 2.8 to 57.1%), screw malposition (0.3–12.7%), and incidental durotomy (0.3–8.6%).
Summary Minimally invasive spine surgery has a distinct set of complications in comparison with other spinal procedures. These
complications vary based on the exact MIS procedure and indication. The most frequently documented MI-TLIF complications
in current published literature were radiculitis, screw malposition, and incidental durotomy.
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Introduction

In the USA, around 80% of the population will experience
back pain during their lifetime [1], many of whom will
require surgical intervention. Over the past 30 years, min-
imally invasive surgery (MIS) has emerged as a leading
treatment choice for spinal ailments. These techniques
caused a major paradigm shift in spine surgery by proving
that decreased operating exposure can translate to clinical
benefits, such as decreased rates of CSF leaks, infection,
and length of stay [2, 3, 4••].

Minimally invasive lumbar spine procedures are used
for discectomy, spinal decompression, posterior lumbar
interbody fusion (MI-PLIF), and transforaminal lumbar
interbody fusion (MI-TLIF). Each of these operations is
associated with distinct complication profiles. The com-
plication rate for discectomy procedures is around 1.5%
and includes dural tears, nerve root injury, and discitis
[5]. Following decompression, common complications
include dural tears and delayed pseudomeningocele for-
mation [6, 7]. A review found complication rates ranged
from 0 to 33.3% for MI-TLIF and 1.6–16.7% for MI-
PLIF with radiculopathy and cerebrospinal fluid leakage
being the most common etiologies [8].

Not only is there variation in complication rates
among different minimally invasive spine procedures,
but there also is a wide range in complication profiles
based on the specific surgical approach and indication.
Despite leading to decreased complication rates, there are
unique complications after minimally invasive spinal pro-
cedures, especially MI-TLIF. By understanding the com-
plications associated with once novel, and now common-
place, minimally invasive spinal techniques, surgeons
can better prepare for these complications and address
them when they occur.

http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-019-09574-2&domain=pdf
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Methods

A systematic review in PubMed was performed to identify all
articles published from January 2002 to January 2019 for pa-
tients undergoing MI-TLIF. The search terms included MeSH
terms for minimally invasive surgical procedures and
transforaminal lumbar interbody fusion. Abstracts were
screened for the following inclusion criteria: English lan-
guage, patients who underwent MI-TLIF procedure(s), with
sample size of at least 100 subjects. Exclusion criteria includ-
ed: studies involving non-surgical patients, abstracts, case re-
ports, meta-analyses, literature reviews, technical notes, and
studies that did not document complications. Among articles
meeting inclusion criteria, article information and data on
complication types, rates, and outcomes were summarized.
The search was independently replicated by internal author
(B.H.) to ensure accuracy.

Results

Review of the literature for MI-TLIF studies resulted in 31
articles published from 2008 to 2019 meeting eligibility
criteria (Fig. 1). Indications for MI-TLIF included degenera-
tive disk disease, spondylolisthesis, and vertebral canal steno-
sis as the indicators for surgery. These studies included 12
retrospective single-arm studies, 8 retrospective comparative
studies, 3 prospective comparative studies, and 3 prospective
single-arm studies. In total, 6699 patients undergoing MI-
TLIF were included in the final 31 studies.

Of the 31 articles, 26 articles specified the complications
followingMI-TLIF (Table 1). There were five articles that met
inclusion criteria but did not report complications [35–39].
The most common complication cited after MI-TLIF surgery
was radiculitis, with a range between rates of 2.8 and 57.1%.
The second most common complication documented in the
literature was screw malposition, ranging between rates of
0.3 and 12.7%. The third most common complication was
incidental durotomy, with a range between 0.3 and 8.6%.
Six articles specifically focused on one type of complication,
including graft extrusion, incidental durotomy, pedicle breach,
cage subsidence, superior facet violation, and screw malposi-
tion. These articles did not document data on other complica-
tions. In total, the studies referenced 89 (range 1 to 21) discrete
complications for MI-TLIF.

Discussion

Minimally invasive spine surgery has shown favorable clini-
cal outcomes when compared with open procedure [2, 3, 4••,
40, 41]. Minimally invasive spine surgery has been shown to
have decreased blood loss, hospital stay, medical and surgical

complications, and equivalent patient satisfaction rates as tra-
ditional methods [42]. Althoughminimally invasive spine sur-
gery has a favorable complication profile when compared
with open methods, extensive studies continue to reveal that
these newer techniques have distinct complications. In the
review of the literature, 31 articles describing MI-TLIF were
identified but only 26 articles reported complications. The top
three complication categories among large sample size MI-
TLIF studies were radiculitis, screw malposition, and inciden-
tal durotomy.

Open TLIF is progressively being replaced with minimally
invasive techniques. First described in 2002 by Foley and
Gupta, MI-TLIF was reported to have decreased paraspinous
tissue damage, without weakening the effectiveness of the
spinal fusion [43]. Meta-analyses comparing minimally inva-
sive and open TLIF have documented decreased blood loss
and quicker rehabilitation in the minimally invasive cohorts.
The improved timing to postoperative ambulation in turn re-
sults in decreased complication rates, decreased length of stay,
and ultimately decreased healthcare costs [4••, 40, 41]. For
these reasons, trends favor minimally invasive approaches
for lumbar fusion. Due to smaller surgical window and intro-
duction of novel techniques, common complications include
neurological deficits, cerebrospinal fluid leaks, and misplaced
hardware [44]. This systematic review corroborates previous
published common MI-TLIF complications. Cerebrospinal
fluid leaks have been shown to occur less often in minimally
invasive spine surgery when compared with open surgery, and
when they do occur, CSF leaks in open surgical procedures
result in higher rates of lumbar drain placement and surgical
intervention [26]. There are some unique but uncommon com-
plications that are becoming more prevalent with the use of
minimally invasive spine surgical approaches. One such com-
plication is a Kirschner wire (K-wire) fracture during MI-
TLIF. Although rare, with one study revealing an incidence
as low as 1.2%, K-wire fractures pose a potential risk for
migration and further complications [45]. There are limited
data on K-wire fractures, often because this might go undoc-
umented and is thus underreported in the literature on compli-
cations following minimally invasive spine procedures.

Additionally, specific patient characteristics might in-
fluence the rates and variability of complications follow-
ing spine surgery including body mass and age. Obesity
has been associated with greater rates of perioperative
complications during thoracic and lumbar fusion [46].
However, studies investigating outcomes in obese popu-
lations compared with normal weight populations under-
going MI-TLIF have found no significant difference in
complications [28], with some studies suggesting de-
creased complications in obese patients undergoing mini-
mally invasive surgery compared with open TLIF [47•]. A
retrospective analysis of elderly patients revealed a com-
plication rate of 11.1% and all complications resolving by
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the 1-year follow-up, suggesting minimally invasive spi-
nal surgery may be safe in elderly populations [48].

Minimally invasive spine surgery for adult spinal deformi-
ty also is an important subgroup with a different complication
profile. Open surgery for adult scoliosis has been described as
having very high complication rates, up to 66% [49].
Minimally invasive lateral transpsoas surgery for adult degen-
erative scoliosis (DS), however, has been shown to have sig-
nificantly decreased complications when compared with open
surgery [50, 51]. In one study investigating concave versus
convex approaches for minimally invasive lateral lumbar
interbody fusions for thoracolumbar DS, complications oc-
curred approximately 25% of the time and reoperations were
required in 18.8% of patients, with higher complication risk in
the concave approach [19]. Although minimally invasive sur-
gery using a lateral approach has been shown to be effective

for both coronal and sagittal spine realignment, cage subsi-
dence remains a serious complication [52].

Minimally invasive spinal decompression (MISD) has
been shown to have equivalent efficacy to traditional, open
decompression methods, with decreased pain, recovery time,
and opioid use [53, 54]. Rahman et al. compared open decom-
pressive laminectomy with minimally invasive lumbar
laminectomy for lumbar stenosis, finding complication rates
of 16.1% in the open group compared with 7.9% in the min-
imally invasive cohort [53]. A systematic review describing
MISD for degenerative spondylolisthesis found an overall
complication rate of 1.6% and an overall reoperation rate of
4.5% [55]. Another systematic review exploring minimally
invasive discectomy versus microdiscectomy and open
discectomy in lumbar disc herniation cases found lower rates
of surgical site infections and urinary tract infections, yet

Fig. 1 PRISMA systematic
review flow chart. PRISMA flow
chart displaying the systematic
review of minimally invasive
transforaminal lumbar interbody
fusion (MI-TLIF)
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higher rates of rehospitalization for recurrent disc herniation
[56].

Recently, minimally invasive spine surgery has extended
beyond just novel methods for elective procedures to traumat-
ic injuries. Percutaneous pedicle screw fixation (PPSF) has
been shown to be a satisfactory management method for trau-
matic spine injuries, such as flexion-distraction injuries.
Studies comparing open pedicle screw fixation and postero-
lateral fusion to minimally invasive PPSF in thoracolumbar
flexion-distraction injuries found that the two methods had
very similar efficacy, with minimally invasive methods
resulting in decreased blood loss and tissue damage [57]. A
meta-analysis comparing PPSF with open posterior pedicle
screw placement for thoracolumbar fractures favored mini-
mally invasive approaches, documenting decreased postoper-
ative pain, blood loss, operating time, length of stay, and in-
cision time, yet no significant difference in complications
[58•, 59]. A large study retrospectively analyzing complica-
tion rates after PPSF in 781 patients suffering from
thoracolumbar and lumbar fracture reported a complication
in 5.9%, with complications such as blood vessel injury and
poor vertebral reduction and internal fixation, guide wire
breakage, screw breakage, and screw malposition [60].
There were also reported complications of screw malposition,
cerebrospinal fluid leakage, guide wire rupture, and infection,
similar to other minimally invasive spinal procedures.

Minimally invasive spine surgery techniques have revolu-
tionized the management of common and serious spine pa-
thologies, making surgery safer for many patients. Despite
the intricacies of specific complication types and rates among
varying minimally invasive spine procedures, all novel mini-
mally invasive techniques share a common theme, in that
there is a steep learning curve to mastering these innovative
procedures [61]. Despite the need for mastering new proce-
dural skills, minimally invasive spine surgical procedures
have still been found to have decreased operation time, length
of stay, and blood loss, suggesting that the skills associated
with minimally invasive spine surgery require specialized sur-
gical training in order to benefit patients [62].

There are several important limitations for this study. We
utilized PubMed as the primary engine and attempted to in-
clude broad search terms, but it is possible that we did not
identify all articles published meeting inclusion criteria.
Additionally, the focus of this study is very narrow, systemat-
ically analyzing only articles concerning MI-TLIF among
studies with at least 100 subjects. There were varying patient
populations within the included articles, such as studies in-
cluding only obese patients or using a distinct surgical tech-
nique, perhaps influencing the observed complication rates.
Further systematic review of other minimally invasive spine
surgeries will be necessary to better understand complication
rates across alternative procedures, diagnoses, and patient
populations. Future work should focus on a systematic review

of all minimally invasive spinal procedures to optimize patient
education and clinical preparation and insight into potential
complications following minimally invasive spine surgery.

Conclusion Minimally invasive spine surgery, although prov-
en to have lower complication rates than traditional open
methods, continues to have a distinct set of complications.
These complications vary based on the exact minimally inva-
sive procedure and indication. The majority of MI-TLIF com-
plications based on current published literature are radiculitis,
screw malposition, and incidental durotomy.
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