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Abstract
Study Design: Retrospective cohort study.

Objective: The objective of the study was to determine rates of medical and surgical postoperative complications following
anterior lumbar interbody fusion (ALIF) along with their associated predictors.

Methods: Using the American College of Surgeons National Surgical Quality Improvement database, patients who underwent
single-level ALIF surgery from 2006 to 2013 were identified. The 30-day rate of postoperative medical and surgical complications
along with associated risk factors were evaluated by multivariable logistic regression.

Results: In total, 1474 patients were included in the analysis. The overall rate of complications was 14.5%. The medical com-
plication rate was 12.7%, while the surgical complication rate was 2.8%. Predictors of surgical complications were diabetes (odds
ratio [OR] = 2.79, 95% Cl = 1.20-6.01, P = .009), corticosteroid dependence (OR = 4.94, 95% CI = 1.73-14.08, P = .003), and
preoperative transfusion of >4 units (OR =7.12,95% Cl = 1.43-35.37, P = .016). Predictors of medical complications were longer
operative times (OR = 4.25, 95% Cl = 2.90-6.24, P < .001), preoperative anemia (OR = 2.29, 95% Cl = 1.50-3.50, P < .001), >10%
weight loss prior to surgery (OR = 6.79, 95% CI = 1.01-45.93, P = .049), and more severe American Society of Anesthesiologists
classification (OR = 2.18, 95% CI = 1.54-3.11, P < .001).

Conclusions: The present study determines postoperative medical and surgical complications among patients undergoing ALIF.
The risk factors elucidated in this study indicate that clinical practices to curtail complications should be targeted toward patients
with preoperative anemia, weight loss, corticosteroid dependence, and toward those at risk for perioperative transfusions.
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Introduction

The importance of postoperative complications as a significant
contributor to the increasing cost of health care in the United
States is difficult to understate given that complications are the
strongest indicator of full in-hospital costs per patient.! Pre-
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venting postoperative complications will not only improve
quality of patient care, but is now fiscally incentivized by the
provisions of the Affordable Care Act, which sanctions penal-
ties toward hospitals that fail to achieve standards for hospital
readmissions.> Complications within 30 days following spine
surgery occur in about 7.6% of cases.® Risks for postoperative
complications after spine surgery include older patient age,
congestive heart failure and/or history of heart attack,
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Anesthesiologists (ASA) physical status classification, and
lengthened surgery times.’

There are multiple approaches for lumbar fusion. Among
these approaches, anterior lumbar interbody fusion (ALIF) car-
ries a unique and complication profile compared to other lum-
bar fixation techniques. The unique morbidity profile reflects
risks inherent to anterior retroperitoneal access that involves
greater exposure of vasculature, visceral organs, the genitour-
inary system, and soft tissue. ALIF can be utilized to treat a
wide variety of indications for degenerative pathologies of the
lumbar spine. These pathologies may include spondylolisth-
esis, degenerative disc disease, degenerative lumbar scoliosis,
pseudoarthrosis, adjacent segment disease, and other indica-
tions that may result in instability of the lumbar spine and
chronic lower back pain.* The literature cites numerous advan-
tages to an anterior approach over a posterior approach in inter-
body fusion surgery including improved access to the anterior
column, which allows for complete discectomy and increased
ability to place a large interbody fusion device. Taken together,
these benefits have been shown to contribute to higher fusion
rates and improved clinical outcomes.* There have been very
few significant multicenter studies evaluating short-term post-
operative complications following ALIF procedures.

The American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS-NSQIP) is a continuing effort
to produce a prospective multicenter registry tracking relevant
outcomes of patients undergoing surgical procedures. Given
the unique safety profile associated with anterior access, the
present study aims to establish rates of surgical and medical
complications following single-level ALIF and identify key
predictors of medical and surgical complications utilizing the
large, multicenter, and validated NSQIP database.

Methods

Patient Data

Patient data was obtained from the ACS-NSQIP database from
2006 to 2013. This nationwide database collects more than 300
variables on patient characteristics, comorbidities, periopera-
tive features, and 30-day postoperative complications and mor-
tality of patients undergoing surgical procedures across a wide
range of participating hospitals. Surgical procedures are cap-
tured by Current Procedural Terminology (CPT) codes, and
specific diagnoses can be identified by International Classifi-
cation of Diseases, Ninth Edition (ICD-9) codes. The ASC-
NSQIP website (http://www.ascnsqip.org) summarizes the
sampling process and patient and hospital inclusion and exclu-
sion criteria. The most recent interrater reliability audit, as a
metric of data quality, identified an overall disagreement rate
of 2% for listed variables. Institutional review board approval
was not needed for this study.

All patients undergoing single-level ALIF were identified.
The CPT code 22558, interbody fusion utilizing the anterior
technique, in a single lumbar level, was used to identify all
cases of ALIF. Patients with CPT code 22585, signifying

additional levels, was used to exclude cases in which multilevel
surgery was performed. Additionally, only patients undergoing
ALIF with concurrent CPT code 22851, signifying interverteb-
ral cage technique, were included. This comprised the majority
(over 70%) of single-level ALIF cases. Those with autograft
and allograft were excluded. Patients with concurrent posterior
or transforaminal lumbar interbody fusion were excluded uti-
lizing the CPT codes 22612, 22630, 22633.

Variables

The outcomes variables were surgical and medical complica-
tions occurring within the recorded 30-day postoperative
period. Surgical complication comprised occurrence of at least
one of the following variables: superficial surgical site infec-
tion (SSI), deep incision SSI, organ space SSI, or wound dis-
ruption. Similarly, occurrence of postoperative medical
complications comprised occurrence of at least one of the fol-
lowing: pneumonia, unplanned intubation, ventilator depen-
dence >48 hours, worsening renal insufficiency, acute renal
failure, urinary tract infection, stroke, myocardial infarction,
sepsis, or septic shock. Given the unique exposure of vascula-
ture associated with anterior access, transfusions of red blood
cells up to 72 hours postoperatively was included as a medical
complication to create a more complete composite variable that
would more comprehensively reflect postoperative adverse
effects. Continuous values were binned into binary variables.
Diabetes was defined by diabetes reliant on either oral medica-
tion or insulin. Increased operative time was defined by opera-
tive time greater than the 75th percentile (247 minutes) of all
cases. Anemia was defined by preoperative hematocrit <39 in
males and <36 in females.” Body mass index (BMI) was
calculated by the World Health Organization obesity classifi-
cation and was defined by weight x 703/(height)® and
then classified as normal (18.5 < BMI < 25), underweight
(BMI< 18.5), and overweight (BMI > 25). Older age was
defined by age >75 years. Dyspnea includes both dyspnea with
moderate exertion or at rest. Severe ASA physical status clas-
sification was defined by ASA class 3 or greater. A wound was
defined by clean/contaminated, contaminated, or dirty wound
classification. All postoperative complications occurred within
30 days of indexed operation.

Statistical Analysis

SPSS (version 20, IBM Corp, New York, NY) was utilized for
all statistical analysis. Variables were created or recategorized
as described above. Differences in patient features and preo-
perative comorbidities were analyzed with either Fisher’s exact
test or Pearson’s %2 test. To identify putative predictor vari-
ables for logistic regression, variables were first screened on
univariate analysis based on either occurrence of medical or
surgical complication. Variables with P < .10, along with vari-
ables of clinical interest, were subsequently included in 2 sep-
arate multivariable logistic regressions to identify predictors of
surgical and medical complications. Variables were entered
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Table I. Summary of Surgical Complications.

Surgical Complication n %
Superficial incisional SSI 16 1.1%
Deep incisional SSI 17 1.2%
Organ/space SSI 2 0.1%
Wound disruption 5 0.3%
Graft/prosthesis/flap failure | 0.1%
Peripheral nerve injury | 0.1%
Abbreviation: SSI, surgical site infection.

Table 2. Summary of Medical Complications.

Medical Complication n %
Pneumonia 10 0.7%
Unplanned intubation 4 0.3%
Pulmonary embolism 12 0.8%
On ventilator greater than 48 hours 4 0.3%
Progressive renal insufficiency 2 0.1%
Urinary tract infection 17 1.2%
Myocardial infarction 2 0.1%
Transfusions® 150 10.2%
DVT requiring therapy 13 0.9%
Sepsis 9 0.6%

Abbreviation: DVT, deep vein thrombosis.
*Transfusions that were given intraoperatively or postoperatively were
included.

with a stepwise backward likelihood method. Odds ratios
(ORs) are shown with 95% confidence intervals (CIs). All tests
were 2 tailed with significance at P > .05. C statistic was
calculated based on area under the receiver operative charac-
teristic curve.

Results

Patient Demographics

A total of 1474 patients undergoing single-level ALIF utilizing
intervertebral cage met study criteria and were included in
study analysis. Of all patients, average age was 53.85 + 13.6
years, with 55.0% females and 45.0% males. Overall rate of
surgical and medical complications was 14.5% (n = 214). Rate
of medical complications was 12.7% (n = 187), and rate of
surgical complications was 2.8% (n = 41), P = .001. Inci-
dences of specific surgical and medical complications are sum-
marized in Tables 1 and 2.The most common surgical
complications were SSI, while the most common medical com-
plication was blood transfusion, urinary tract infection, throm-
boembolic events, and pneumonia. Indications for ALIF are
summarized in Table 3.

Surgical complications were more likely to occur in patients
requiring medications for diabetes (24.4% vs 10.3%, P = .009),
those who depend on corticosteroids for chronic medical con-
ditions (13.5% vs 2.2%, P = .015), and those requiring greater
than 4 units of red blood cells transfused preoperatively (4.9%
vs 0.7%, P = .042; Table 4). Similarly, patients who

Table 3. Summary of Most Frequent Indications for Surgery by ICD-9
Code.

ICD-9 Code n % Description

722.52 573 38.9 Degeneration of intervertebral disc

7213 165 11.2 Spondylosis (without myelopathy)

738.4 136 9.2 Acquired spondylolisthesis

722.10 128 8.7 Displacement of intervertebral disc
(without myelopathy)

724.02 108 7.3 Spinal stenosis

756.12 54 3.7 Congenital spondylolisthesis

996.49 52 3.5 Complication of internal orthopedic device/
implant/graft

737.30 44 3.0 Scoliosis

722.83 26 1.8 Postlaminectomy syndrome

724.03 25 1.7 Spinal stenosis with neurogenic claudication

Abbreviation: ICD-9, International Classification of Diseases, Ninth Edition.

experienced postoperative medical complications were charac-
terized by a greater number of preoperative comorbidities,
including a greater incidence of anemia (26.6% vs 11.7%,
P < .001), hypertension requiring medications (52.4% vs
40.6%, P = .003), corticosteroids for chronic medical condi-
tions (5.9% vs 2.0%, P = .004), >10% weight loss (1.6% vs
0.2%, P = .030), requiring preoperative blood transfusions
(3.2% vs 0.5%, P = .002), and sepsis (3.7% vs 0.5%
P <.001; Table 5). Moreover, medical complications was asso-
ciated with surgeries requiring significantly longer operation
times (244.47 vs 152.17 minutes, P < .001), and in patients
with ASA classification 3 or greater (57.2% vs 32.9,
P <.001). Of note, differences in BMI categorization were not
significantly different between those with and without medical
or surgical complications.

Surgical Complications

To identify significant predictors of postoperative complica-
tions, 2 separate multivariable logistic regression analyses were
utilized for surgical and medical complications following ini-
tial univariate screening (Tables 6 and 7). On multivariable
analysis of surgical complications, diabetes (OR = 2.79,
95% CI = 1.20-6.01, P = .009), corticosteroid dependence
(OR = 4.94, 95% CI = 1.73-14.08, P = .003), preoperative
transfusion of >4 units (OR = 7.12, 95% CI = 1.43-35.37,
P = .016) were significant predictors of surgical complications.
C-index was 0.597 for this model.

Medical Complications

On multivariable analysis, longer operative times (OR = 4.25,
95% CI = 2.90-6.24, P < .001), preoperative anemia
(OR = 2.29, 95% CI = 1.50-3.50, P <.001), >10% weight loss
prior to surgery (OR = 6.79, 95% CI = 1.01-45.93, P = .049),
and more severe ASA classification (OR = 2.18, 95%
CI = 1.54-3.11, P < .001) were predictive of postoperative
medical complications. C-index was 0.737 for the regression
model.
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Table 4. Summary of Patient and Operative Risk Factors Based on Postoperative Surgical Complications.

No Complications (N = 1433)

Surgical Complications (N = 41)

Variables n % n % P
Longer operation time 214 15.0% I 26.8% .046
Preoperative anemia 180 13.4% 8 20.5% 231
BMI

Normal 303 21.3% 6 15.0% 0.420

Underweight 24 1.7% 0 0.0%

Overweight 1094 77.0% 34 85.0%
Diabetes 148 10.3% 10 24.4% .009
Male gender 650 45.4% 14 34.1% 202
Age >75 years 66 4.6% 4 9.8% .126
Inpatient 1407 97.2% 41 100.0% 1.000
Outpatient 26 1.8% 0 0.0%
Smoker 377 26.3% 5 12.2% .026
Dyspnea 83 5.8% 0 0.0% .166
History of severe COPD 55 3.8% | 2.6% 1.000
Hypertension requiring medication 597 41.7% 23 56.1% .077
Open wound or wound infection 7 0.5% 0 0.0% 1.000
Corticosteroid use for chronic condition 32 2.2% 5 13.5% 0I5
>10% body weight loss? 6 0.4% 0 0.0% 1.000
Bleeding disorders 5 0.3% | 2.4% .156
Transfusion >4 units PRBCs® 10 0.7% 2 4.9% .042
Sepsis 13 0.9% | 2.4% .592
Emergency case 5 0.3% 0 0.0% 1.000
Wound classification 22 1.5% 2 4.9% 142
ASA classification 3 or greater 512 35.7% 19 46.3% .187

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; PRBCs, packed red blood cells; ASA, American Society of Anesthesiologists.

Six months preoperatively.
®Seventy-two hours preoperatively.

Discussion

While there are numerous approaches for lumbar fixation,
ALIF carries a unique complication profile reflecting chal-
lenges unique to anterior access. Although advances in micro-
surgical technique and improved instrumentation have paved
the way for decreased perioperative complications,®® resulting
morbidity carries a significant cost to both patients and health
care systems. Thus, we elaborate on the safety profile of single-
level ALIF and identify key risk factors that drive complica-
tions through the largest study of this kind to date.

Overall postoperative morbidity rates in the present study
were 14.5%, and medical complications were the dominant
cause for postoperative morbidity. Rates of complications asso-
ciated with anterior approaches to the spine have been highly
variable. Donnell et al reported 11% and 24% of patients experi-
encing major and minor complications, respectively, in a large
study of 447 patients.” Other studies have cited postoperative
complication rates of up to 40% in spinal surgeries utilizing an
anterior approach.'®'! As with spinal surgeries involving other
approaches, ALIF carries surgical risks of SSIs and wound
dehiscence. However, as compared to other approaches such as
posterior lumbar interbody fusion (PLIF) where issues of wound
infections, dehiscence, and pain dominate, the high rate of med-
ical complications in ALIF likely reflects risks intrinsic to expo-
sure of visceral and genitourinary structures, and mobilization of

abdominal vasculature resulting in ileus or neurovascular
complications that include bleeding and thrombotic events.

Rate of medical complications in our series was 12.7%, and
was predicted by more severe ASA classification and the mod-
ifiable risk factors of preoperative anemia and weight loss prior
to surgery. The most common medical complications were
transfusion requirements, thromboembolic events and urinary
tract infections. However, other complications such as geni-
tourinary injury were not captured by NSQIP. Damage to the
superior hypogastric plexus may result in retrograde ejacula-
tion (RE) in males, with incidence of up to 45% in literature.'?
Thus, differences in complication endpoints collected in the
present study may account for discrepancy in complication
rates reported in literature. Importantly, postoperative ileus, not
captured in NSQIP, may be a key driver for other medical
complications such as thromboembolic events due to delayed
ambulation. The highly variable range of reported complica-
tions in literature also likely stems from a large heterogeneity
in surgeries included. While the present study specifically
looks at single-level ALIF with anterior instrumentation, there
are key variables not included by the NSQIP database that
likely influences the risk profile of patients, such as the type
and segmental level of ALIF performed.

Importantly, our study highlights the high frequency of
transfusion requirement from the start of the surgery up to
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Table 5. Summary of Patient and Operative Risk Factors Based on Postoperative Medical Complications.

No Complications (N = 1287)

Medical Complications (N = 187)

Variables n % n % P
Longer operation time 157 12.2% 68 36.4% <.001
Preoperative anemia 141 11.7% 47 26.6% <.001
BMI

Normal 276 21.4% 33 19.0% 753

Underweight 21 1.6% 3 1.7%

Overweight 990 76.9% 138 79.3%
Diabetes 134 10.4% 24 12.8% 313
Male gender 592 46.0% 72 38.5% .059
Age >75 years 6l 4.7% 9 4.8% 1.000
Inpatient 1262 98.1% 186 99.5% 239
Outpatient 25 1.9% I 0.5%
Smoker 351 27.3% 31 16.6% .002
Dyspnea 68 5.3% 15 8.0% .128
History of severe COPD 45 3.5% I 5.9% .147
Hypertension requiring medication 522 40.6% 98 52.4% .003
Open wound or wound infection 5 0.4% 2 1.1% 219
Corticosteroid use for chronic condition 26 2.0% I 5.9% .004
>10% body weight loss? 3 0.2% 3 1.6% .030
Bleeding disorders 5 0.4% I 0.5% .558
Transfusion >4 units PRBCs® 6 0.5% 6 3.2% .002
Sepsis 7 0.5% 7 3.7% <.001
Emergency case 4 0.3% I 0.5% 493
Wound classification 14 1.1% 10 5.3% <.001
ASA classification 3 or greater 424 32.9% 107 57.2% <.001

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; PRBCs, packed red blood cells; ASA, American Society of Anesthesiologists.

Six months preoperatively.
®Seventy-two hours preoperatively.

Table 6. Predictors of Surgical Complications From Multivariable
Logistic Regression Analysis.

Risk Factor OR  CI: 5-95% P

Diabetes 279 120 6.01 .009
Corticosteroid use for chronic condition 4.94 1.73 14.08 .003
Transfusion >4 units PRBCs 7.12 143 3537 .016

Abbreviations: OR, odds ratio; Cl, confidence interval; PRBCs, packed red
blood cells.

Table 7. Predictors of Surgical Complications From Multivariable
Logistic Regression Analysis.

Risk Factor OR 0.05 0.95 P

Longer operation time 4.25 2.90 624  <.00lI
Preoperative anemia 2.29 1.50 3.50 <00l
Male gender 063 044 091 .012
Smoker 0.55 0.34 0.88 013
>10% body weight loss® 6.79 1.0 45.93 .049
Wound classification 251 091 6.90 .074
ASA classification 3 or greater 2.18 1.54 3.1 <.001

Abbreviations: OR, odds ratio; ASA, American Society of Anesthesiologists.
Six months preoperatively.

72 hours postoperatively. As compared to other approaches
such as PLIF that avoids exposure and mobilization of abdom-
inal vessels, ALIF is associated with increased perioperative
transfusions. A large study of 84 650 patients undergoing elec-
tive lumbar spine surgery found that perioperative allogenic
blood transfusion was associated with increased risks of SSI.'?
Aside from the independent risk that transfusion may represent,
it is also possible that transfusion may be acting as a proxy for
preoperative anemia that is not sufficiently corrected in our
study. Moreover, a recent large single-center study of 1187
spinal surgeries demonstrated a mean 60% increase in hospital
stays in patients receiving transfusions.'* The authors noted the
effective use of perioperative surgical homes that coordinate
care from the preoperative through the postdischarge period
aimed at the optimization of high-risk patients to minimize
transfusion requirements in surgical patients.

Anemia has been linked to increased risk for postoperative
morbidity and mortality across a number of surgical special-
ties.”>!® In one of the largest studies to date, Musallam et al
reviewed the postoperative outcomes of 227425 patients
undergoing noncardiac surgery.'® Both mild anemia, defined
by hematocrit >29 and <36 in females and hematocrit >29 and
<39 in males (OR = 1.31), and severe anemia (OR = 1.56)
were associated with significant increases in 30-day complica-
tions. Moreover, anemia has been associated with increased
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rates of hospital readmission following a variety of surgeries
including spine surgery for lumbar decompression (OR = 1.48)
in a study of 7016 patients®® and plastic surgery (OR = 1.8) ina
study of 10669 patients.?' Thus, early detection and correction
of preoperative anemia, even in mild cases, can reduce inci-
dence of medical complications in patients undergoing ALIF.

Preoperative weight loss, a proxy for medical decondition-
ing and poor nutritional status, was associated with increased
medical complications. In an analysis of 13 660 patients under-
going spinal surgery, preoperative weight loss predicted
increased rates of postoperative stroke (OR = 59.42), increased
length of stay (OR = 3.06), and more frequent return to the
operating room (OR = 3.08).%> As the majority of cases eval-
uated were nonemergent, patients should be nutritionally opti-
mized prior to ALIF to minimize all cause postoperative
medical morbidity.

In addition to these comorbidities, higher risk surgeries
characterized by longer operation times and higher ASA class
were significant predictors of medical complications. ASA
class has been widely used as a risk stratification system used
a single metric to identify those at greater risk for postoperative
complications. In patients undergoing ALIF, ASA classifica-
tion >3 was a key medical complication risk factor. Those with
higher ASA classification carry greater comorbidities, and a
number of studies have consistently identified ASA class >3
as a risk factor for morbidity, mortality, and hospital readmis-
sions across surgical procedures and specialties.>* In a
review of 24774 patients from the Veterans Affairs’ NSQIP
undergoing spinal decompression and fusion, ASA class 3 (OR
= 1.45) and ASA class 4/5 (OR = 1.66) were significantly
associated with wound infections.?® In one of the largest studies
to date, Hackett et al, in a study of 2297 629 patients conducted
through NSQIP across a number of surgical specialties, demon-
strated increasing risk of medical complications and mortality
with each successive ASA class >1.%’

Surgical complications were less frequent, and significant
predictors included diabetes mellitus, chronic preoperative
steroid use, and blood transfusion. Diabetes has been identified
by a systematic review and meta-analysis as an independent
risk factor for SSI in a number of surgical procedures including
spinal surgeries.?®**° Though the precise mechanism by which
diabetes increases surgical complication risk is not agreed
upon, it has been suggested that hyperglycemia during or after
surgery may be responsible.”® However, a number of studies
have indicated that diabetes may also act to increase risk for
surgical complications through its role in instigating secondary
conditions such as vascular changes and white cell dysfunc-
tion.”® Thus, the association may result from poor wound heal-
ing via ineffective immune response to foreign pathogens.
Optimizing glycemic control in patients with diabetes mellitus
is an important point of preoperative intervention in these.

Similarly, Rami et al found that surgical patients with exten-
sive preoperative glucocorticoid use are at higher risk of a
variety of complications including both medical complications
such as venous thromboembolism and surgical complications
such as wound occurrence.>® In a review of 635265 patient

cases sourced from NSQIP, Ismael et al found that patients
undergoing treatment plans involving chronic steroid use were
at significantly higher risk for superficial SSI, deep SSIs,
organ/space SSIs, and wound dehiscence.®' This is consistent
with the findings of the present study, which included all of
these variables in its examination of surgical complications.

The study carries limitations and biases shared by other
retrospective analysis of the NSQIP. Variables included in
regression models were limited to those collected by the
national database. Outcomes that are more granular and spe-
cific to ALIF, such as genitourinary complications like RE,
neurovascular complications, injury to visceral organs, or sub-
sequent need for abdominal hernia repair following ALIF, are
not provided within the NSQIP database. Moreover, other key
risk factors such as previous ALIF, prior abdominal surgery, or
segmental level of surgery are not included as variables in
NSQIP. A large number of variables were excluded due to
excessive null entries. Incomplete data entry in patients who
were missing complication outcomes was excluded. Despite
these limitations, this is the largest study to date elaborating
on rates of complications following ALIF and key modifiable
preoperative risk factors.

Conclusion

ALIF is associated with a unique complication profile as com-
pared to other approaches that do not require anterior access.
The present study establishes rates of surgical and medical
complications following single-level ALIF based on large mul-
ticenter data. Importantly, the data elaborates on key risk fac-
tors to better identify high-risk patients. Overall rate of
complications was 14.5%. However, medical complications
dominate the complication profile following single-level ALIF.
Patients with preoperative anemia, weight loss, corticosteroid
dependence, or are at risk for perioperative transfusions may
benefit from medical optimization prior to ALIF to minimize
postoperative morbidity.
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