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Abstract

Background

Lateral transpsoas interbody fusion (LTIF) is a minimally invasive technique for achieving lumbar spinal fusion.
While it has many advantages over open techniques it carries with it a distinct set of risks, most commonly post-
operative ipsilateral thigh pain, weakness and sensory disturbances. It is vital for both the surgeon and patient to
understand the risks for and outcomes of injury associated with this procedure. We conducted a systematic review
of the literature to evaluate the incidence, risks, and long-term clinical outcomes of post-operative thigh symptoms
in patients treated with LTIF.

Methods

We conducted a search of MEDLINE, EMBASE, CINAHL, Scopus, Web of Science and the Cochrane Collabora-
tion Library, using keywords and MeSH terms, for English-language literature published through September 2014,
as well as reference lists from key articles. Studies were then manually filtered to retrieve articles that met inclusion
criteria. We were interested in studies that reported postoperative lower extremity symptoms after LTIF, such as
pain, weakness and changes in sensation. The strength of evidence was determined based on precepts outlined by
the Grades of Recommendation Assessment, Development and Evaluation Working Group (GRADE).

Results

A total of 392 articles were initially retrieved, with 24 ultimately meeting criteria for inclusion. The incidence of
any post-operative thigh symptom varied, ranging as high as 60.7%, with 9.3% of patients experiencing a motor
deficit related to direct nerve injury. Several studies reported cases of persistent symptoms at 6 months follow up.
Additionally, inclusion of the L4-5 disc space and a longer duration of surgery were both identified as risks for de-
veloping postoperative thigh symptoms.

Conclusion

The risk of postoperative thigh symptoms after LTIF is high. Thigh pain, paresthesias and weakness were the most
commonly reported symptoms. While most patients’ symptoms resolved by 6 months follow up, several studies re-
ported patients with symptoms persistent as far as 12 months removed from surgery. Surgery at the L4-5 disc
space and longer surgical duration place the patient at greater risk for developing postoperative and long-term
thigh symptoms.
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bilization of abdominal contents and great vessels,

Intfroduction

McAfee et al.’ first described a minimally invasive
retroperitoneal approach for lumbar spinal fusion in
1998, which involved psoas muscle retraction poste-
riorly to expose the disc space. Unlike traditional
open approaches, this approach did not require mo-

avoided extensive muscle stripping and denervation,
and left normal spinal stabilizing elements intact (e.g.
anterior and posterior longitudinal ligaments), thus
avoiding many of the complications associated with
anterior and posterior approaches to spinal fusion.
Following advances in this technique, Bergey et al.?
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described the first endoscopic lateral transpsoas ap-
proach with the use of intra-operative electromyelog-
raphy (EMG) to assess nerve root proximity. In
2006, Ozgur et al.’ first described the use of the now
popular Extreme Lateral Interbody Fusion system
(XLIF, NuVasive, Inc, San Diego, CA), which also
utilizes intra-operative EMG and permits direct visu-
alization of the disc space. This system utilizes se-
quential dilators of increasing diameter to traverse
the psoas muscle and expose the disc space.

In light of the growing popularity of this technique,
studies were undertaken to define the intrapsoas
nerve anatomy and establish safe corridors for tra-
versing the psoas muscle.*” Several surgically-
relevant findings were reported in the literature:
nerve elements course along the anterior, middle,
and posterior thirds of the psoas muscle; the L.2-4
nerve roots migrate anteriorly at lower levels; the
sympathetic chain overlies the L1-L5 disc spaces;
and the genitofemoral nerve exits at L3 and overlies
the anterior third of the psoas muscle. Because of its
intimate relationship with neural structures, it is not
surprising that the most commonly reported postop-
erative complications of this approach include lower
extremity sensory disturbances, motor deficits, and
hip flexion weakness. With this in mind, the purpose
of this review is to attempt to answer the following
three clinical questions:

1. What is the incidence of lower extremity symp-
toms (e.g. thigh pain, hip flexion weakness, sensory
and motor deficits, etc.) following lateral transpsoas
interbody fusion?

2. What are the patient, disease and surgical risk
factors for the development of lower extremity symp-
toms?

3. What are the long-term clinical consequences
and outcomes for patients with postoperative lower
extremity symptoms?

Material and Methods

Electronic Literature Search

We conducted a systematic search in Medline, EM-
BASE, CINAHL, Scopus, Web of Science and the
Cochrane Collaboration Library, combining key-
words and MeSH terms for literature published

through September 2014. Our results were limited to
human studies published in the English language.
Search terms were identified and combined with ap-
propriate Boolean connectors and included “lumbar
spine AND lateral interbody fusion,” “lateral inter-
body fusion AND complications,” and “transpsoas
interbody fusion AND complications.” Reference
lists from relevant articles were hand searched for ar-
ticles not identified during our electronic search.

Inclusion and Exclusion Criteria

Titles, abstracts and full-text articles were screened
by two independent reviewers at each stage by apply-
ing the inclusion and exclusion criteria, with dis-
agreement settled by a third reviewer. We included
articles evaluating adult patients with degenerative
lumbar spine disease including, but not limited to,
degenerative disc disease, acquired spondylolisthe-
sis, scoliosis, and spinal stenosis that were treated us-
ing a lateral retroperitoneal transpsoas approach. We
only included prognostic studies (Table 1).

To answer our first study question we included arti-
cles reporting postoperative complications of this
procedure, specifically lower extremity pain, sensory
disturbances and weakness. To answer our second
study question we included articles that delineated
risk factors for developing complications, specifically
patient factors, disease factors, and surgical factors
Table 1. Inclusion and exclusion criteria.

Adults (>18 years old) treated for:

Degenerative disc disease Pediatric and

Disc herniation adolescent
Patients Spondylolisthesis Tumor

Scoliosis Infection

Spinal stenosis Trauma

Adjacent segment disease

Lateral lumbar interbody fusion
Intervention . R
Transpsoas interbody fusion

Non-English
English language Review articles
RCT
Study . ' Case reports
Observational studies Level IV evi-
Level IVII/III evidence dence
n<10
Lower extremity pain, weakness and senso-
ry and motor deficits
Outcome

Risk factors

Long-term outcomes
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from multivariate statistical analyses. To answer our
third study question we included articles reporting
clinical consequences of these complications, specifi-
cally time to resolution of symptoms.

Excluded from our study were articles that did not
report complications, studies that included pediatric
patients and studies that included patients with dis-
ease etiology of infection, trauma or tumor. We also
excluded review articles, case reports and case se-
ries’. In addition, animal and cadaveric studies were
excluded. The PRISMA checklist® was used to guide
reporting of this systematic review.

Data Extraction

From the included articles the following data were
extracted using a standardized form: study design
and purpose, patient demographics, primary diag-
noses, surgical treatment, follow-up time period,
follow-up rate, duration of surgery, complications,
and risk factors for and long-term consequences of
postoperative complications.

Study Quality and Overall Strength of Body of
Literature

Levels of evidence ratings were assigned to each arti-
cle independently by two reviewers using criteria set
by The Journal of Bone and Joint Surgery, America
Volume 9for prognostic studies and modified to delin-
eate criteria associated with methodological quality
described elsewhere."

The overall body of evidence with respect to each
clinical question was determined based on the pre-
cepts outlined by Grades of Recommendation As-
sessment, Development and Evaluation Working
Group (GRADE) " and recommendations made by
the Agency for Healthcare Research and Quality
(AHRQ)." This system derives strength of evidence
grades for each clinical question of “high,” “moder-
ate,” or “low.” An overall strength of “high” means
that further research is unlikely to change our confi-
dence in the estimate of effect and will not change
the estimate. Overall strength of “moderate” means
that further research is likely to change our confi-
dence in the estimate of effect and may change the
estimate. A grade of “low” means that further re-
search is very likely to impact our confidence in the

estimate of effect and is likely to change the esti-
mate."

Data Analysis

The rate of lower extremity symptoms was reported
as the proportion of patients who experienced thigh
or groin pain, hip flexion weakness, sensory distur-
bances, and motor deficits. These symptoms were ei-
ther subjectively reported by patients using question-
naires or noted on detailed neurological exam. We re-
port the cumulative incidence of postoperative lower
extremity symptoms using the number of events in
the numerator and the total number of patients in the
denominator. The cumulative incidence of postoper-
ative lower extremity symptoms was defined as the
proportion of patients who had been free of similar
symptoms at the time of index fusion and had subse-
quent development of these symptoms in the postop-
erative period. To evaluate the incidence of persis-
tent lower extremity symptoms, we used the number
of patients experiencing symptoms at 6 months
follow-up in the numerator and total number of pa-
tients in the denominator. Six months was chosen as
the cut-off point since transient postoperative symp-
toms would be expected to resolve by this point and
this was the most commonly reported follow up visit
among the studies reviewed.

Results

Study Selection

We identified 392 total citations from the literature
search. Of these, 336 were excluded by title/abstract
review, leaving 56 articles for full-text review. From
these 56 articles, 32 were excluded at full-text review.
Of these 32 excluded articles, 25 reported other com-
plications including vertebral body fracture, cage
subsidence and medical complications and did not
report lower extremity symptoms as a complication.
Five articles were excluded as review articles and
case reports. One article by Bergey at al.” described
an older endoscopic technique and was also exclud-
ed. The selection process is summarized in Figure 1.

All of the remaining 24 articles provide information
on the frequency of postoperative lower extremity
symptoms. Of the 24 included articles, 17 are retro-
spective cohort studies and 7 are prospective nonran-

INTERNATIONAL JOURNAL OF SPINE SURGERY 3/11



DOI: 10.14444/2062

domized clinical studies. Of the 17 retrospective
studies, 5 were graded as level of evidence II*" and
12 graded as level of evidence II1."** Of the 7
prospective studies, 3 were graded as level of evi-
dence I, 3 graded as level of evidence II,*** and
one graded as level of evidence II1.35 Intraoperative
neuromonitoring was used in all studies with the ex-
ception of two,"** where its use was at the surgeon’s
discretion. In addition, the use of anterior plate fixa-
tion, whether via minimally invasive or open ap-
proaches, was observed in 4 studies.'>"**** Further
details on the level of evidence ratings and study
characteristics for each included article can be found
in the supplementary materials.

What is the incidence of lower extremity symptoms
after lateral transpsoas interbody fusion?

The incidence of any postoperative lower extremity
symptom ranged from 0% to 60.7% (Table 2). The in-
cidence of anterior thigh or groin pain ranged from
9.3% to 43.0%. The incidence of hip flexion weakness
ranged from 13.6% to 30.8%. It bears mentioning that
many authors attributed postoperative thigh pain and
hip flexion weakness to psoas manipulation during
the procedure which causes an edematous reac-
tion.”**"***' Many viewed these complications as a
side-effect of the procedure, rather than a true com-
plication, and therefore did not report the incidence.
The incidence of sensory changes including pares-

1. Total citations (n=392)

2. Title/abstract
exclusion (n=336)

—

v

3. Retrieved for full-text
evaluation (n=56)

4. Excluded at full-
text review (n=32)

—

v

5. Publications included
(n=24)

Fig. 1. Summary of study selection.

thesias, dysesthesias and hypoesthesias was most fre-
quent among all complications and ranged from 3.1%
to 60.7%. This figure includes 6 cases of meralgia
paraesthetica due to lateral femoral cutaneous nerve
injury.* Finally, the incidence of neurological deficit
ranged from 0% to 23.9%, including two cases of
femoral nerve injury.” These motor deficits resulted
from direct lumbar nerve root injury, which was visu-
alized intraoperatively and resulted in quadriceps
weakness, anterior tibialis weakness and ankle dorsi-
flexion weakness.

What are the factors associated with increased risk of

Table 2. Studies reporting incidence of postoperative lower extremity
symptoms.
Anterior Hip

nubor - Popiaion | tgher | fleon S Newgleg
%) %) )
;&lnand et n=12 - - 3(25.0) 1(8.3)
;&lnand et n=28 - - (60.177) 2(7.1)
Berjano et n=97 9(93) - 36D 44D
Cabhill et al n=118 - - - 2(1.7)*
Cummock =59 23(90) 1423 (543 0
gakwar et n=25 - - 3.0 0
Isaacs et al n=107 - 33(30.8) - 328
;ifpler et n=13 - 3@3) 117 0
Knight et =58 . - 0'3)$ 2(34)
Lykissas et n=451 174 (38.5) - GRoy  108(239)
I;/llalham et n=30 - - 5(16.7) 1(3.3)
1;?0““ et n=53 | 12(22.6) - (24'153) 0
3liveira et n=21 - 3(14.3) - 0
'a’lime"‘a et n=36 - 5(139)  3(83) 1(2.8)
Pumberger 235 101@3.0) 32(136) (08 12(5.1)
50dgers et =600 - - - 4(0.7)
5odgers et n=100 - - - 1(1.0)
50dgers et n=313 - - - 4(1.3)
Sharma et n=43  15(34.9)  11(25.6) - 4093)
aSoﬁemos et n=45 - 10(222) 8(17.8) 6(13.3)
Zlohmeh et n=102 - 28(27.5) (17'168) 3 (1.0)
Uribe et al n=323 - 91@8y) | 1388) 13(4.0)
;)Yaddell et n=21 3(14.3) - - 3(14.3)
Wang et al n=23 5(21.7) - 6(26.1) 0

*Two femoral nerve injuries; TMeralgia paraesthetica due to lateral femoral
cutaneous nerve irritation.
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postoperative lower extremity symptoms?

Six studies reported significant risk factors associated
with lower extremity symptoms. **'”**** Three of
these studies reported patient risk factors associated
with postoperative lower extremity symptoms. '*'>*
The Pumberger study reported patient risk factors
from a multivariate regression analysis for psoas me-
chanical flexion deficit and lumbar plexus related mo-
tor deficits after lateral interbody fusion. Results
from this analysis revealed gender to be associated
with psoas mechanical flexion deficits, with female
patients nearly 4 times as likely (OR=3.86; 95% CI:
1.10-13.5, p=0.03) to develop psoas mechanical flex-
ion deficits than males. The Isaacs study showed that
the presence of at least one comorbidity affected the
incidence of developing a major postoperative com-
plication (p=0.03). The Lykissas study showed that
age was an independent risk factor for the develop-
ment of both postoperative sensory deficits
(aOR=0.975, 95% CI: 0.955-0.995, p=0.01) and motor
deficits (aOR=1.026, 95% Cl: 1.003-1.049, p=0.03)
from a multivariate regression analysis. In addition,
age was an independent risk factor for persistent sen-
sory deficits at final follow up (2aOR=0.972,
95%CI=0.949-0.995, p=0.02).

The 2010 Rodgers study * reported disease risk fac-
tors from a multivariate logistic regression analysis
for risk of complications after XLIF. The study
showed that primary diagnosis was the only variable
to significantly affect whether any complication oc-
curred postoperatively (p<0.01). A higher complica-
tion rate was seen in patients with primary diagnoses
of degenerative disc disease and recurrent disc herni-
ation, while the lowest complication rate was seen in
patients diagnosed primarily with spinal stenosis or
acquired spondylolisthesis.

Five studies reported surgical risk factors from multi-
variate models for lower extremity symptoms after
lateral interbody fusion."*'*"*>*’ The Isaacs study re-
ported only length of surgery as an independent risk
factor for the development of lower extremity weak-
ness postoperatively (p=0.03). Interestingly, inclu-
sion of the L4-5 disc space (p=0.70) and number of
levels treated (p=0.21) were not associated with the
development of postoperative symptoms. The Pum-
berger study reported duration of surgery as the only

independent risk factor for the development of psoas
mechanical flexion deficit (OR=1.00; 95% CI:
1.00-1.01, p=0.03). Duration of surgery was also the
only independent risk factor associated with lumbar
plexus related motor deficits (OR=1.01, 95% CI:
1.01-1.01, p=0.01) over a 12-month period. The au-
thors also mention an increased odds ratio for both
psoas mechanical flexion deficits and lumbar plexus
motor deficits when L4-5 was included, however this
was not statistically significant (p=0.17 and p=0.15,
respectively). The Rodgers study (2011) found inclu-
sion of the L.4-5 disc space to be an independent risk
factor for developing any complication postopera-
tively (p<0.02). The Lykissas study reported both in-
clusion of the L4-5 disc space (aOR=1.77, 95%CI:
1.012-3.109, p<0.05) and length of surgery
(aOR=0.997, 95%CI=0.995-1.000, p=.019) as inde-
pendent risk factors for developing postoperative
sensory deficits. Finally, Uribe et al identified a sig-
nificant difference in psoas retraction time between
patients with postoperative symptomatic neuropraxia
and those without (32.3 minutes versus 22.6 min-
utes, p=0.031), despite similar retraction blade stim-
ulation thresholds in both groups. Stepwise logistic
regression showed a significant positive relationship
between the presence of symptomatic neuropraxia
and total retraction time (p<0.001).

What are the long-term consequences of postoperative
lower extremity symptoms?

Ten studies addressed the long-term consequences
and patient outcomes of lower extremity symptoms
after lateral interbody fusion (Figure 2).
13,14,17,21,24,26,28,30,31,36 Cummock Ct al performed a
Kaplan-Meier survival analysis of postoperative
thigh symptoms, which showed that as of day 365
postoperatively, 5.5% (3/59) of patients remained
with thigh pain and 7% (4/59) with thigh numbness.
Pumberger et al reported 15.7% (37/235) of patients
with lower extremity symptoms at 6 months follow
up, and 7.2% (17/235) had persistent symptoms at 12
months. Of the 37 patients with persistent symptoms
at 6 months, 14 experienced sensory deficits, 9 with
anterior thigh or groin pain, 7 with psoas mechanical
flexion deficits, and 7 with lumbar plexus related mo-
tor deficits. Moller et al reported only 84% of patients
symptom-free at 6 months follow-up. One patient in
the study reported persistent symptoms 2 years post-
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operatively, however, these could not be detected on
physical exam. Cahill et al reported 0.8% (1/118) of
patients with persistent symptoms at 9 months fol-
low up. This patient was noted to have new grade 3/5
weakness in ipsilateral iliopsoas and grade 1/5 weak-
ness in ipsilateral quadriceps, which was persistent at
9 months follow-up and due to femoral nerve injury.
Malham et al reported 6.7% (2/30) of patients with
persistent symptoms at 6 months follow up. One of
the cases was a new motor deficit due to a posteriorly
placed cage resulting in an L2 radiculopathy and
grade 4/5 weakness in ipsilateral quadriceps. The
symptoms only partially resolved by 12 months
follow-up. Lykissas et al reported 56.8% (256/451) of
patients with persistent symptoms at 6 months fol-
low up, including 43 patients with anterior thigh
pain, 127 with sensory deficits, and 86 with motor
deficits. Of these patients, 5.9% (15/256) had symp-
toms at least 18 months out from surgery. Sofianos et
al reported 33.3% of patients (15/45) with symptoms
persistent at least 9 months removed from surgery,
including 5 patients with persistent hip flexion weak-
ness at 11 months follow up, 7 with sensory deficits at
9 months, and 3 with neurologic deficits at 11
months. [saacs et al (4.7% of patients at 6 months),
Knight et al (1.7% at 12 months), and Sharma et al
(4.7% at 12 months) also reported the incidence of
persistent lower extremity symptoms.

Evidence Summary

With respect to the incidence of lower-extremity
symptoms after lateral interbody fusion, the risk is 0%
to 60.7%. However, due to low levels of evidence and
inconsistency of results the overall strength of evi-
dence is “low”, that is we have low confidence that
the evidence reflects the true effect and further re-

% of study population

Author (number of patients affected)

Fig. 2. Persistent lower extremity symptoms at 6 months follow-up.

search is very likely to impact our confidence in the
estimate of effect, and is likely to change the esti-
mates.

With respect to patient risk factors for lower extremi-
ty symptoms after lateral interbody fusion, female
patients are nearly 4 times as likely to develop psoas
mechanical flexion deficits as males. Also, the pres-
ence of at least one comorbid condition was found to
affect the incidence of developing major postopera-
tive complications. In addition, age is associated with
an increased risk of sensory and motor deficits in the
postoperative period and over long-term follow up.
However, since each of these associations is based on
only one study, the strength of evidence for each
finding is “low”.

With respect to disease factors, primary diagnosis
was found to significantly affect whether a complica-
tion occurred postoperatively; however, since this is
based on only one study, the strength of evidence is
((low”'

With respect to surgical factors, duration of surgery
was found to be an independent risk factor for devel-
opment of psoas mechanical flexion deficit, lumbar
plexus related motor deficits, and sensory deficits
postoperatively. In addition, inclusion of the L4-5
disc space was found to be an independent risk factor
for development of any postoperative complication,
including sensory deficits. The strength of evidence
is "high." That is, we have high confidence that our
estimates represent the true effect and further re-
search is unlikely to change our estimates of the ef-
fect. Psoas retraction time was also found to be asso-
ciated with the development of postoperative neuro-
logic deficit, however, the strength of evidence sup-
porting this association is low since it is based on on-
ly one study’s findings.

With respect to long-term consequences of postoper-
ative lower extremity symptoms, the estimates are
broad, ranging from 1.7% to 56.8% of patients with
symptoms at 6 months follow up. Due to the incon-
sistency of results and low levels of evidence, the
strength of evidence is “low.”
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Discussion

With the aging of the U.S. population degenerative
lumbar spine disease has been increasing in preva-
lence and is now one of the most commonly treated
orthopedic conditions. Since 2001 there has been a
70% rise in spinal fusion procedure volume in the
United States.* Patients with this condition have tra-
ditionally been treated with lumbar spinal fusion via
either an anterior, posterior, or combined approach.
While this procedure is associated with excellent im-
provement in patient pain and disability, there are a
host of potential complications and limitations, such
as bowel perforation, major vessel injury and inciden-
tal durotomy, leading to a complication rate between
11% and 24% and additional unplanned surgeries in
up to 12% of cases.”

Lateral transpsoas interbody fusion was introduced
amidst the growing popularity of minimally invasive
surgical techniques over the last two decades.* Sev-
eral popular systems are now offered, many of which
utilize intraoperative EMG technology to assess
proximity to neural structures. This approach offers
numerous benefits over the traditional open ap-
proach to lumbar interbody fusion, owing in large
part to avoidance of peritoneal violation, lack of ex-
tensive spinal muscle stripping, sparing of normal
stabilizing elements of the spine (anterior and poste-
rior longitudinal ligaments) and the minimally inva-
sive nature of the technique. Furthermore, fusion
rates and improvement in patient satisfaction have
been on par with open techniques, ranging from
91-97% and 90%, respectively.*"*

Despite the many benefits of this technique, it is far
from a panacea for patients with lumbar degenerative
pathology and is limited in several ways. Access to
the L.5-S1 disc space is limited given its location be-
low the aortic bifurcation, which would require ex-
tensive vessel dissection. Also the presence of the
sacrum and pelvis at this level renders it inaccessible
without the creation of an iliac “window.” In addi-
tion, many studies have mapped the intrapsoas neur-
al anatomy and a confluence of nerves exists lateral
to the L4-5 disc space including the femoral, gen-
itofemoral, ilioinguinal and iliohypogastric nerves,
which are all at risk for injury during this proce-

dure.** Finally, this technique relies on indirect
foraminal decompression via distraction of the disc
space rather than direct decompression with
laminectomy, which is often performed as part of
posterior spinal fusion. The technique also has its
own set of distinct complications related to travers-
ing the psoas muscle, which is the focus of this re-
view.

Our review revealed several important findings relat-
ing to postoperative complications. The most ubiqui-
tous complication reported in the literature is post-
operative thigh pain, which was present in up to
60.7% of patients. Many authors attribute this com-
plication to an edematous reaction related to manipu-
lation of the psoas muscle and is viewed as a minor
complication.” Indeed, many authors fail to report
the incidence of this complication since most cases
are transient in nature. However, it must be empha-
sized that these complications may not be transient
in all cases, as our review showed 1.7% to 56.8% of pa-
tients may present with persistent symptoms at least
6 months out from surgery and more than 12 months
removed in some cases. In addition, while it may be
convenient to educate patients to expect thigh pain
following surgery, this explanation may be limited in
scope and further elaboration on what symptoms to
expect is necessary for proper patient education. Our
review revealed that the incidence of any complica-
tion occurring ranged up to 60.7%, most commonly
sensory disturbances, followed by thigh pain in up to
43%, and hip flexion weakness in up to 30.8%. While
these complications are transient in most cases, and
the vast majority will improve by 6 months follow up,
it is important to emphasize the risk for more serious
long-term complications due to femoral and lumbar
nerve root injury, resulting in neurological deficits in
up to 23.9% of patients. We were also able to eluci-
date risk factors associated with this procedure with a
high level of confidence. We have shown that dura-
tion of surgery and inclusion of the L4-5 disc space
are independent risk factors for the development of
postoperative complications. This has multiple im-
plications. First, given the steep learning curve for
this procedure, inexperienced surgeons may require
longer operative times until they are more comfort-
able with this technique. It may be appropriate for in-
experienced surgeons to familiarize themselves with
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the approach beforehand and assist in multiple pro-
cedures in order to reduce their operative times and
rate of complications. While no studies defined spe-
cific cut-off time points at which the risk of symp-
toms increases, our review has found that operative
time ranged from 165 minutes to 178 minutes in stud-
ies reporting duration of surgery as a significant risk
factor associated with complications. To the extent
that this represents a reliable cut-off point above
which the risk of symptoms increases, it may be ben-
eficial to use this cut-off point as a guide in preopera-
tive surgical planning. Furthermore, while not sup-
ported by data, it is reasonable to suspect that in-
creasing surgical duration is associated with longer
psoas retraction times, a risk factor for postoperative
neuropraxia. Uribe et al found a significant positive
relationship between the presence of a neurologic
deficit and total retraction time. The authors recom-
mend monitoring EMG for increasing thresholds
during prolonged retraction times in an effort to re-
duce the incidence of complications.* Inclusion of
the L4-5 disc space has been implicated in many cas-
es of postoperative complications and it is easy to un-
derstand why, given the confluence of major neural
structures at this location. Prudent use of neural
monitoring is all the more important with inclusion
of this disc space, and the psoas should be parted be-
tween the middle and anterior third of the muscle,
ensuring that nerves of the lumbar plexus are located
posteriorly and out of the surgical corridor.

While our study focuses on lower extremity symp-
toms associated with this procedure, it is important
to consider other complications reported in the liter-
ature. Vertebral body fracture occurred in 0.96%-15%
of reported cases, cage subsidence in 1.2%-18.2%, and
abdominal wall paresis in 1.8%-5.1%.'3'%20%%253443-50
Concerning abdominal dissection, many authors rec-
ommend the use of blunt dissection over electro-
cautery, which has been associated with increased
risk of paresis.* In addition, Tohmeh et al reported
on 2 cases of peritoneal perforation, which has the
potential to go unnoticed given the limited visualiza-
tion with this procedure, so care should be taken
when sweeping the peritoneum anteriorly and in
placing the dilators.

There are several limitations of this review including

the significant heterogeneity in the selected studies
with respect to sample size and diagnosis. A meta-
analysis was considered to address the apparent het-
erogeneity, however, due to the significant variability
in study quality, and paucity of high quality prospec-
tive studies (only three level I studies) on this topic
reported in the literature, we decided against this
methodology. It is important for the reader to note
that variability in surgical technique between studies
incorporates an additional confounding variable and
should be considered in the context of this review’s
findings. Three high quality studies varied from the
rest in terms of their inconsistent use of intraopera-
tive neuromonitoring (Pumberger et al."* and Knight
et al.*) and anterior plate fixation (Isaacs et al.*’),
which may diminish the accuracy of this review’s
findings. In addition, other potential confounding
factors such as retraction time, retractor opening
size, bed flexion, and adherence to non-muscular
pharmaco-blockade were not reported by the studies
included in this review but should also be considered
when interpreting these findings. Regarding the nov-
elty of this study’s findings, there have been few re-
view articles and meta-analyses published on related
topics, including direct nerve injury after LTIF; how-
ever, a systematic review of nerve injury and tran-
sient thigh pain after LTIF is lacking, and we believe
the comprehensive overview and recommendations
contained herein will bolster surgeons’ knowledge
and understanding of complications associated with
this popular technique.

Conclusion

The lateral transpsoas approach is a popular mini-
mally invasive technique for achieving spinal fusion
in patients with degenerative lumbar spine disease.
The literature is replete with studies reporting post-
operative complications of this procedure including
transient lower extremity sensory changes and lum-
bar nerve root injury. Numerous risk factors were al-
so identified including lengthier duration of surgery
and inclusion of L4-5 intervertebral disc space.
While most patients experienced transient symp-
toms, the occurrence of long term postoperative
complications is not uncommon. Future high-quality
research focused on risk reduction strategies may im-
prove complication rates associated with this proce-
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