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Background: Prior studies, comparing anterior and posterior approaches to lumbar fusion surgery, found simi-
lar fusion rates and clinical outcomes, but are limited by sample size. Further evaluation of the postoperative
complications of each approach is necessary.

Tramfuswrf L Methods: The MSpine database by PearlDiver was queried using ICD-9, ICD-10, and CPT codes to identify patients
Postoperative complications . . . . . ‘s .

Stroke who had undergone single-level anterior or posterior lumbar interbody fusion surgery. Readmission rates, ileus,
Infection lower extremity DVT, infection, pneumonia, and stroke were used to compare post-operative complications of an

anterior vs. posterior approach.

Results: 112,023 patients were included in this study, with 38,529 (34.4%) in the anterior group (ALIF/LLIF) and
73,494 (65.6%) in the posterior group (PLIF/TLIF). At both 30 and 90-days postoperative, patients undergoing an
anterior approach to lumbar interbody fusion had a higher odds ratio of lower extremity DVT (30-day OR: 1.19,
90-day OR: 1.16; P<0.05) and ileus complication (30-day OR: 1.87, P= <.05; 90-day OR: 1.81, P<.05). At both 30
and 90-days postoperative, patients undergoing a posterior approach had a higher odds ratio of stroke (30-day:
OR: 0.79, 90-day OR: 0.87; P<0.05), transfusion (30-day OR: 0.66, 90-day OR: 0.69; P<.05), infection (30-day
OR: 0.88, 90-day OR: 0.91; P <.05), and pneumonia (30-day OR: 0.85, 90-day OR: 0.90; P<.05). There was no
statistically significant difference in myocardial infarction or pulmonary embolism between both approaches at
30 and 90-days postoperative.

Conclusions: Anterior and posterior approaches for lumbar interbody fusion were associated with differences
in postoperative complications at 30 and 90-days. The complication profiles associated with each approach can
inform surgeon treatment decisions based on patient profiles.

Pulmonary embolism
Deep vein thrombosis

Introduction studies comparing outcomes to determine the superiority of either ap-

proach, they utilize extrapolated data and relatively small sample size,

Patients with discogenic low back pain, lumbar degenerative spinal
deformity including spondylolisthesis and degenerative scoliosis, and
radiculopathy due to foraminal stenosis can be treated surgically with
lumbar interbody fusion [1] by stopping lumbar segment motion and
creating a biomechanically lasting interbody union [2]. An anterior vs.
posterior approach to surgery depends on the patient’s anatomy, pathol-
ogy, and the surgeon’s preference [3]. While there have been several
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allowing for the possibility of type II errors due to low statistical power
[3,6,14]. Thus, it remains unclear whether one approach truly confers
better outcomes for specific patient profiles.

This study presents a retrospective analysis of the MSpine database
by PearlDiver to determine differences in the 30-day and 90-day postop-
erative outcomes between a single-level anterior and posterior approach
to lumbar interbody fusion surgery (LIF). The MSpine database is com-
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prised of about 121 million de-identified patients in the United States
and contains all payer types, including commercially insured, Medicare,
Medicaid, self-pay, and government plans. To the authors’ knowledge,
this is the largest study to date comparing direct patient outcomes of
lumbar fusion surgery from 2010-2018, with a sample size of ~112,000
patients. Given the large sample size of direct outcomes, this study found
statistically significant differences between the two approaches where
previous studies have not, secondary to a lack of statistical power. These
findings identify specific risk factors for each approach to lumbar fusion,
which can help inform surgeon treatment decision making for individual
patient profiles.

Materials and methods
Data source

The PearlDiver MSpine Patient Records Database (PearlDiver Inc.
Fort Wayne, IN) was used to conduct a retrospective database review of
patients who underwent anterior and posterior lumbar interbody fusion
surgeries between 2010-2018. The MSpine Patient Records Database
was queried using diagnosis and procedures codes from the Interna-
tional Classification of Diseases, 9th revision (ICD-9-CM) and 10th (ICD-
9-CM) revision, and Current Procedural Terminology (CPT) codes. Us-
ing these codes, two study groups were created: patients who underwent
single-level anterior lumbar interbody fusion (ALIF)/lateral lumbar in-
terbody fusion (LLIF) surgery, and patients who underwent single-level
transforaminal lumbar interbody fusions (TLIF)/posterior lumbar inter-
body fusion (PLIF) surgery.

Inclusion criteria

112,023 patients were included in this study, with 38,529 (34.4%)
in the final ALIF/LLIF group and 73,494 (65.6%) in the final PLIF/TLIF
group. The single-level ALIF/LLIF group was selected with CPT code
22558 and the single-level PLIF/TLIF group was selected with CPT codes
22630 and 22633. In both groups, patients with additional multilevel fu-
sion and revision procedures (using CPT codes shown in Appendix A)
were excluded and patient inclusion criteria was narrowed to the first
instance of single-level ALIF/LLIF or PLIF/TLIF. To select for elective
fusion procedures, instances of trauma, infection, and metastasis in the
spine (using ICD-9, ICD-10 codes as shown in Appendix B) were also
excluded in both ALIF/LLIF and PLIF/TLIF groups. Patients with a con-
comitant degenerative disease (Appendix C) were selected to create the
ALIF/LLIF and PLIF/TLIF groups for the study. Instances of PLIF/TLIF
were excluded from the ALIF/LLIF group and instances of ALIF/LLIF
were excluded from the PLIF/TLIF group in order to exclude patients
who had dual anterior and posterior surgery, colloquially referred to as
“front-back” procedures.

Outcome measures

Both the ALIF/LLIF and PLIF/TLIF cohorts were queried for older age
(65 years of age or older), sex, and preexisting comorbidities includ-
ing congestive heart failure (CHF), peripheral vascular disease (PVD),
chronic pulmonary disease, chronic kidney disease (CKD), diabetes mel-
litus (DM), liver disease, obesity, and active smoking status. After adjust-
ing for older age, sex, and CCI, the following 30 and 90-day complica-
tions were queried: ileus, lower extremity deep vein thrombosis (DVT),
transfusion, and infection, stroke, myocardial infarction (MI), pneumo-
nia (PNA), pulmonary embolism (PE). The 30-day and 90-day hospi-
tal readmission rates and complication rates were then determined. An
overall 90-day complication rate was calculated by adding the compli-
cations investigated in the anterior or posterior cohorts and dividing by
the total number of patients in each group. In addition, for both groups,
in-hospital/30-day/90-day Medicare reimbursements were determined
and compared statistically.
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Statistical analysis

Pearson chi-square analysis was used to compare both groups regard-
ing age (65 and over), sex, and comorbidities. A linear regression model
using R (The R project for statistical computing), through the PearlDiver
Database software, was used to determine the differences between the
two groups for in-hospital, 30 and 90-day complications. Variations in
comorbidities were adjusted for with Charlson Comorbidity Index Scores
(CCD), sex, and age. A logistic regression model using R was used to per-
form multivariable analysis when assessing the statistical significance of
odds ratios (ORs) of complications and readmission rates when compar-
ing the ALIF/LLIF group to the PLIF/TLIF group. Variations were ad-
justed with CCI score, sex, and age for analyses, significance was set at
P < 0.05.

Results
Patient characteristics and comorbidities

The final anterior approach group consisted of n = 38,529 patients,
and the final posterior approach group consisted of n = 73,494 patients.
Within the total number of patients, 0.23% were self-pay, 65.32% were
paid by commercial insurance, 2.81% were insured by the government,
6.70% were Medicaid, 22.93% were Medicare, and 2.01% were un-
known. The anterior approach cohort contained a significantly smaller
number of males than the posterior approach group (15,293 vs. 29,946,
P <.05). The average age for patients undergoing anterior approach was
lower at 53.9 years vs. 57.7 years for the posterior approach cohort.
(P <0.05). Patients in the posterior approach group had slightly higher
rates of pre-existing comorbidities (CHF, PVD, CKD, DM; P <0.05). Dif-
ferences in comorbidities between the two groups were not significant
for the following conditions: COPD (P=0.608), liver disease (P =0.384),
smoking (P =0.834), and obesity (P = 0.132). Complications were ad-
justed for age, sex, and CCIL. Demographic characteristics related to age,
gender, and comorbidities can be found in Table 1.

Readmission rates

Rates of readmission at both 30 and 90-days were slightly increased
with the anterior approach. At 30 days, 6.23% of patients undergoing
the anterior approach (n=2400) vs. 6.01% of patients undergoing the
posterior approach (n=4417) were readmitted, with an odds ratio of
1.12(95% CI: 1.06 — 1.18, P < 0.05). The rates at 90 days postoperatively
were 7.47% (n=2878) in the anterior group vs. 7.44% (n=5468) in the
posterior group, with an odds ratio of 1.08 (95% CI: 1.03-1.13, P <
0.05).

Adjusted Complications

Odds ratios of complications at both 30 and 90- days adjusted for
CCI, age, and sex postoperatively are given in Tables 2 and 3, respec-
tively. Patients undergoing an anterior approach to lumbar interbody
fusion had a higher odds ratio of postoperative lower extremity DVT
complication at both 30-days (OR: 1.19, P<0.05) and 90-days (OR: 1.16,
P<0.05). Additionally, the odds ratio of postoperative ileus complication
was significantly higher in patients undergoing the anterior approach to
lumbar interbody fusion at both timepoints (30-day OR: 1.87, P= <.05;
90-day OR: 1.81, P<.05).

The odds ratio of stroke complication was significantly greater in the
posterior approach at both 30-days (OR: 0.79, P<0.05) and 90-days (OR:
0.87, P<0.05) postoperative. Additionally, patients undergoing a poste-
rior approach to lumbar fusion had a higher odds ratio of postoperative
transfusions (30-day OR: 0.66, 90-day OR: 0.69, P<.05), infection (30-
day OR: 0.88, 90-day OR: 0.91, P= <.05), and pneumonia (30-day OR:
0.85, 90-day OR: 0.90, P<.05) at both 30 and 90-days postoperative.
There was no statistically significant difference in myocardial infarction
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Table 1
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Patient Characteristics/Comorbidities of ALIF/LLIF and PLIF/TLIF Groups

ALIF/LLIF PLIF/TLIF

(N= 33,703) (N = 64,966)

N % N %
Demographics
Male Sex 15,293 39.69% 29,946 40.75% P <0.05
Average Age (years) 53.88 (SD=16.53) 57.72 (SD=14.55) P <0.05
Comorbidities
Congestive Heart Failure (CHF) 1,354 3.51% 3,107 4.23% P <0.05
Peripheral Vascular Disease (PVD) 2,523 6.55% 6,772 9.21% P <0.05
Chronic Pulmonary Disease (COPD) 9,415 24.44 % 18,061 24.57% P=0.608
Chronic Kidney Disease 1,807 4.69% 4,362 5.94% P <0.05
Diabetes Mellitus 9,754 25.32% 21,790 29.65% P <0.05
Liver disease 3,030 7.86 % 5,672 7.72% P =0.224
Smoking 9,241 23.98% 17,287 23.52% P <0.05
Obesity 7,664 19.89% 14,898 20.27% P =0.203

Table 2
Odds of 30-Day Complications in ALIF/LLIF Compared
with PLIF/TLIF Group Adjusted for with CCI, Age, and Sex

30 Day Complication ~ OR 95% P

Ileus 1.87 (1.65,2.12)  P=<.05
Lower Extremity DVT 1.19 (1.07,1.34) P <0.05
Transfusion 0.66 (0.57, 0.77) P <0.05
Infection 0.88 (0.81, 0.97) P <0.05
Stroke 0.79 (0.67,0.92) P <0.05
Myocardial infarction 0.80 (0.62, 1.04) P =0.101
Pneumonia 0.85 (0.76, 0.96) P <0.05
Pulmonary Embolism 0.94 (0.77,1.14) P =0.525
Readmission Rate 1.12 (1.06, 1.18) P<0.05

Table 3

Odds of 90- Day Complications in ALIF/LLIF Compared
with PLIF/TLIF Group Adjusted for with CCI, Age, and Sex

90 Day Complication OR 95% P

Ileus 1.81 (1.59, 2.04) P <0.05
Lower Extremity DVT 1.16 (1.06, 1.28) P <0.05
Transfusion 0.69 (0.60, 0.81) P <0.05
Infection 0.91 (0.85, 0.99) P <0.05
Stroke 0.87 (0.77, 0.97) P <0.05
MI 0.84 (0.68,1.03) P =0.094
Pneumonia 0.90 (0.82, 0.99) P <0.05
Pulmonary Embolism 0.91 (0.77,1.07) P =0.272
Readmission Rate 1.08 (1.03,1.13) P<0.05

or pulmonary embolism between both approaches at 30 and 90-days
post-op. The greatest odds ratio differences were found in postoperative
ileus (30-day OR: 1.87, P= <.05; 90-day OR: 1.81, P<.05) and trans-
fusion (30-day OR: 0.66, 90-day OR: 0.69, P<.05). While there was a
statistical difference in the overall 90-day complication rate between
the anterior (9.6%, n=3699) and posterior (10.6%, n=7790) approach,
the difference was relatively small.

Discussion

The question of approach to lumbar fusion is debated amongst spine
surgeons, and there are advantages and disadvantages to both posterior
and anterior approaches [4]. While prior studies have shown slight
differences in outcomes between the anterior and posterior approaches,
such as improved restoration of disc height in the anterior approach
[1] and a lower cage subsidence rate in the posterior approach [5], the
majority of studies have concluded that both approaches have similar
fusion rates and clinical outcomes [1,4,6-10]. Conversely, the risks of
each approach is unique. The anterior approach carries the risk of retro-
grade ejaculation, visceral and vascular injury, and other complications

[6-7,11-15], while the risk from the posterior approach consists of
nerve root injury, dural tears, and injury to paraspinal musculature
[16]. To get a more complete picture of the advantages and disad-
vantages of each approach, complications and readmissions must also
be investigated. As such, this study aimed to determine differences in
postoperative complications and readmissions between the different
approaches to lumbar interbody fusion, in order to help the surgeon
make a more informed decision regarding the preferred approach for a
patient’s spinal pathology.

In the largest study of direct outcomes comparing the 30 and 90-day
postoperative complications between an anterior vs. posterior approach
from 2010-2018, this study found higher odds of stroke, infection, trans-
fusion, and pneumonia in the posterior approach at 30 and 90 days
postoperative. Other studies have found no differences in these com-
plications, secondary to lacking statistical power and the possibility of
type II errors. This study also found no significant differences in rates of
pulmonary embolus or myocardial infarction between both groups and
higher odds of lower extremity DVT and ileus in the anterior approach.

Readmissions

Although the anterior approach offered a statistically significant in-
crease in the odds of readmission, the difference in readmission rates
was so small that it would unlikely be clinically significant. Qureshi
et al. also found the readmissions rate to be higher in the anterior ap-
proach group, with a much higher odds ratio of 3.77 (95% CI 3.46-4.10,
p<0.001) [4].

Ileus

Ileus was found to be more common in the anterior group at both
30 and 90 days. Scaduto et al, while utilizing a similar methodology
but a much smaller sample size of 119 patients within one institution,
found that ileus was the most common postoperative complication in the
anterior approach cohort (6% of ALIF patients vs. 0% of PLIF patients)
[3]. Qureshi et al. also found higher odds of postoperative ileus odds
with their anterior cohort, with an odds ratio of 2.09 (95% CIL: 1.93-
2.27,P<0.001) [4]. Although the anterior approaches utilized today are
retroperitoneal, retraction of the abdominal contents is known to result
in postoperative ileus.

Lower extremity DVT and pulmonary embolism

This study found a greater odds ratio for lower extremity DVT at both
30 and 90 days in the anterior group. Similarly, the studies performed by
Qureshi et al. and Shillingford et al. also found lower extremity DVT to
be higher for ALIF patients (OR=1.48, P<0.001 and OR=2.03, p=0.017,
respectfully) [4,14].
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Interestingly, while higher odds of DVT were found in the anterior
approach group, this study found no significant differences between
the approaches for developing a postoperative pulmonary embolism.
Qureshi et al, [4] Katz et al, [6] and Shillingford et al. [14] also found no
significant differences in pulmonary embolism complications between
the approaches after adjusting for CCI, age, and sex. One explanation
may be that when performing an ALIF or LLIF, many surgeons start
chemical DVT prophylaxis earlier than they would with a posterior ap-
proach due to decreased worry of an epidural hematoma. Chemical DVT
prophylactic agents may decrease the risk the DVT propagation and em-
bolization. Additionally, smaller, more distal DVTs typically do not em-
bolize.

Transfusion rates

This study showed significantly higher transfusion rates utilizing the
posterior approach. Compared to the other complications, the odds ratio
of transfusion was the second highest of all postoperative complications,
and the findings confirmed previous publications concluding that the
odds of transfusion are much higher utilizing a posterior approach to
lumbar interbody fusion [4,6,18]. These findings suggest that utilizing
an anterior approach to lumbar interbody fusion may help reduce the
odds of requiring a postoperative transfusion.

A difference in transfusion rates is expected because of the increased
muscle disruption during a posterior approach, leading to increased
bleeding. The anterior approaches, however, have a higher risk of po-
tentially catastrophic bleeding due to the proximity of major vascular
structures. Thankfully, catastrophic bleeding is not a common compli-
cation.

Stroke rates

This study found that odds of stroke were lower with the anterior
approach at both 30 and 90 days. Katz et al, while utilizing a smaller
sample than this study (n = 8,273 ALIF/LLIF patients) also found a
lower stroke rate with the anterior approach at 30 days [6]. Conversely,
Qureshi et al. and Shillingford et al. found statistically similar odds of
postoperative stroke between the two approaches [4,14], perhaps due
to the lowered statistical power resulting from an uneven sample size
in Qureshi et al. and an overall small sample size in Shillingford et al
(n = 2,372 ALIF/LLIF patients) [17]. The findings suggest that patients
with a high risk of stroke might benefit from an anterior approach to
lumbar interbody fusion.

Pneumonia and infection rates

Pneumonia rates were lower in the anterior cohort at both 30 days
and 90 days postoperatively. Qureshi et al. found no difference in odds
of developing postoperative pneumonia between both approaches [4].
Infection rates were also lower in the anterior group at both 30 days
and 90 days postoperatively. Qureshi et al. also found higher odds of
infection in the anterior cohort [4], but with a much higher odds ratio
of 1.97 (p<0.001). Katz et al. did not find any statistically significant
differences between the approaches for postoperative infection [6]. The
findings suggest that patients with a high risk for infection and pneumo-
nia may benefit from an anterior approach to lumbar interbody fusion.

This study focused on comparing 30 and 90-day postoperative com-
plications between an anterior and posterior approach to lumbar inter-
body fusion. It differed from previous smaller-scale studies on the same
subject in that it utilized the largest sample of direct outcomes in the
past decade from a mixed private and public payer database. With sig-
nificant statistical power and sample size, this study found differences in
odds of postoperative complications where other studies have not. This
study found higher odds of stroke, infection, transfusion, and pneumo-
nia in the posterior approach, higher odds of lower extremity DVT and
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ileus in the anterior approach, and no differences in odds of pulmonary
embolus or myocardial infarction between both approaches.

Given that there is no overall agreement on the superiority of an ap-
proach and that both approaches have been shown to result in similar
fusion rates, 1- 4 610 these findings can help inform surgeons’ treatment
approach decision-making for certain patient risk profiles. Specifically,
the findings suggested that patients with a high risk for stroke, pneu-
monia, and infection may benefit from using the anterior approach to
lumbar interbody fusion. The anterior approach was also associated with
a reduced the odds of a postoperative transfusion, suggesting that pa-
tients with a high likelihood of requiring transfusion, such as patients
with anemia, may benefit from the anterior approach. Conversely, pa-
tients with a higher risk for developing lower extremity DVT may bene-
fit from using the posterior approach. Both approaches did not increase
the odds of developing other major complications such as pulmonary
embolisms or myocardial infarctions.

Limitations

Because the cohorts were selected using CPT codes, no distinction
can be made between an anterior, oblique, or lateral approach, which
are all included in the same “anterior” code. This is problematic be-
cause each of these procedures carries with it unique risks. Additionally,
while care was taken to ensure the codes used in the study included or
excluded the correct patients, there is an unknown level of error in-
herent in this system. Error such as failure to code for a complication,
over-coding, or under-coding also may skew results, and is impossible to
control for in this type of study. Additionally, statistical significance is
easier to achieve when such a large cohort is examined, care should be
taken not to misinterpret statistical significance for clinical significance.

Conclusions

This is the largest study to date of direct outcomes comparing the 30
and 90-day postoperative complications between an anterior vs. pos-
terior approach to lumbar interbody fusion from 2010-2018. By utiliz-
ing a mixed private and public payer database with a sample size of
~112,000 patients, this study found differences in postoperative com-
plications between anterior and posterior approaches, such as increased
rates of stroke, transfusion, pneumonia, and infection in the posterior
approach. Other studies have found no differences in these complica-
tions, secondary to not having enough statistical power, leading to type
II errors. This study also confirmed previous publications concluding
higher odds of lower extremity DVT and ileus in the anterior approach
and no difference in pulmonary embolism or myocardial infarction be-
tween approaches. These statistically powered results can be utilized
to inform surgeon treatment decisions in the future through the com-
parison of patients’ risk for certain complications. The findings suggest
that patients with high risk for strokes, pneumonia, infections or pa-
tients with a high likelihood of requiring postoperative transfusion may
benefit from using the anterior approach to lumbar interbody fusion.
Patients with a high risk for developing lower extremity DVT may ben-
efit from using the posterior approach while both approaches do not
lead to increased odds of developing other major complications such as
pulmonary embolus or myocardial infarction.
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