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ARTICLE INFO ABSTRACT

Keywords: Background: Racial minority status is associated with inferior peri-operative outcomes following spinal fusion.
Minimally invasive Findings have largely been reported within institutions serving few minority patients. This study aimed to identify
lumbar if racial disparities exist for transforaminal lumbar interbody fusion (TLIF) procedures within an urban academic

spinal fusion
outcomes
complications
racial disparity

medical center which serves a majority non-White population.

Methods: This is a retrospective review of patients who underwent a TLIF procedure at our institution between
06/2016-10/2019. Primary outcome measures included length of stay (LOS), discharge disposition, 30-day return
to the emergency department (ED), 30-day readmission rate, and 30-day complication rates. One-hundred-fifty-
six patients (female: male, 99: 57) met inclusion criteria. Demographic and clinical data (body mass index (BMI),
comorbidities, preoperative lab values) were compared.

Results: The mean LOS was 6.2, 5.9, and 6 days in the White, Hispanic, and Black cohorts, respectively (p = 0.92).
There were no differences in discharge disposition between groups (p = 0.52). Thirty-day post-operative compli-
cation rates did not differ between groups (p > 0.07). Readmission rates did not differ between groups (p > 0.05).
ED visits were more prevalent in the Hispanic group with 16 visits as compared to 8 and 4 in the White and Black
groups respectively (p = 0.01).

Conclusions: We found no racial disparities in terms of LOS, discharge disposition, or 30-day readmission rates.
Hispanic patients demonstrated an increased utilization of the ED in the early post-operative period. Efforts to
overcome language barriers, communicate instructions clearly, and outline post-operative expectations and plans
may prevent the need for post-operative ED visits.

Introduction nority patients were underrepresented. It has been suggested that race
alone is not sufficient to prognosticate outcomes, and that race, contex-

There is ongoing recognition of racial disparities in medicine, which tualized, within a specific community or region offers more insightful

are also relevant to the operative care of spinal disorders. These inequal- foresight. This study aimed to determine if minority patients experience

ities have been widely reported and include decreased access to imag- inferior early post-operative outcomes after spinal fusion procedures at

ing modalities [1], decreased hospitalization rates [2], and disparities a medical center that serves a primarily minority population.

in procedure utilization amongst non-White patients [3]. Black patients,

for example, are less likely to undergo spine fusion surgeries than White Materials and methods

patients with similar pathologies [4-6]. More worrisome is that when

minority patients do undergo spinal fusion procedures, they often expe- Study design

rience inferior post-operative outcomes [5,7], incur more costs [3,8,9],

and experience increased morbidity and mortality [4,8,10-13]. How- We retrospectively reviewed all TLIFs done between June of 2016

ever, these findings have been largely reported from datasets where mi- and October of 2019. Institutional Review Board approval was obtained

FDA device/drug status: Not applicable.
Author disclosures: HAV: Nothing to disclose. ZTS: Nothing to disclose. PS: Nothing to disclose. AE: Nothing to disclose. DSG: Nothing to disclose. JK: Nothing
to disclose.
* Corresponding author at: 111 E 210th St., Bronx, NY 10467.
E-mail address: hvolaski@montefiore.org (H.A. Volaski).

https://doi.org/10.1016/j.xnsj.2022.100171

Received 9 July 2022; Received in revised form 23 August 2022; Accepted 9 September 2022

Available online 15 September 2022

2666-5484/© 2022 The Author(s). Published by Elsevier Ltd on behalf of North American Spine Society. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.xnsj.2022.100171
http://www.ScienceDirect.com
http://www.elsevier.com/locate/xnsj
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xnsj.2022.100171&domain=pdf
mailto:hvolaski@montefiore.org
https://doi.org/10.1016/j.xnsj.2022.100171
http://creativecommons.org/licenses/by-nc-nd/4.0/

H.A. Volaski, Z.T. Sharfman, P. Shah et al.

from the institutional IRB prior to study initiation. As this was a retro-
spective review, consent was not necessary for data collection.

Inclusion and exclusion criteria

Patients eligible for inclusion in the study were those who (1) under-
went a TLIF procedure during the study period, (2) patients indicated
for a spinal fusion procedure, (3) patients with available demographic,
radiologic, treatment, and outcome data, (3) patients with minimum of
30-day post-operative follow up data. Patients younger than 18 years of
age, or patients presenting with acute traumatic injuries, infections or
tumors were excluded.

Demographics and variables

Data collection included the following demographic variables: pa-
tient age, sex, and body mass index (BMI). Comorbidities which have
been previously associated with inferior peri-operative outcomes were
recorded, including diabetes, hypertension, end-stage renal disease
(ESRD), chronic kidney disease (CKD), history of renal transplant, coro-
nary artery disease (CAD), chronic heart failure (CHF), history of cancer,
history of IV drug use, and history of previous myocardial infarction
(MI). Patient variables and preoperative variables collected included
smoking status, history of alcohol use, history of prior spinal surgery
and/or history of spinal revision surgery, listhesis grade, serum sodium,
hemoglobin (Hgb), white blood cell (WBC) count, platelet (PLT) count,
and serum albumin. Operative variables included number lumbar lev-
els fused, intra-operative time, and estimated blood loss (EBL). Post-
operative variables included days to patient-controlled analgesia (PCA)
stop, post-operative hemoglobin on post-operative day 0 (POD 0 Hgb)
and, POD 1 Hgb, and lowest Hgb.

Primary outcome measures

The primary outcomes studied were (1) length of stay (LOS), (2) dis-
charge disposition, which was defined as home discharge versus non-
home, (3) 30-day return to the emergency department, (4) 30-day read-
mission rate and (5) 30-day complication rates. Post-operative compli-
cations were monitored for all patients and included surgical site infec-
tion, urinary tract infection (UTI), symptomatic deep vein thrombosis
(DVT, symptomatic pulmonary embolism (PE), post-operative pneumo-
nia (PNA), myocardial infarction (MI), acute kidney injury (AKI) and
return to the operating room.

Statistical analysis

Parametric data were expressed as means + standard deviation (SD)
and compared via ANOVA. Nonparametric data were expressed as me-
dian (interquartile range) and compared via the Mann-Whitney U test.
Nominal data were compared with the 4?2 test. All tests were two sided
and were statistically significant if the p < 0.05. Apriori power analysis
was performed using “IBM SPSS 21” which determined that a sample
size of 37 patients per cohort would be sufficient to detect significant
differences in LOS, discharge disposition, 30-day return to the ED, and
30-day readmission rates at an alpha error of 0.05 and a beta error of
0.08.

Results
Demographics

A total of 156 patients met the inclusion criteria for this study. This
cohort was comprised of 54 White patients, 50 Black patients, and 52
Hispanic patients. The mean age of White patients was 58.4 + 11.9 years
old, Black patients was 58.1 + 7.8 years old, and Hispanic patients was
58.6 + 11.2. This did not differ significantly between groups (p = 0.98).

North American Spine Society Journal (NASSJ) 12 (2022) 100171

The gender ratios did not differ significantly between cohorts (p = 0.14)
(Table 1). Hispanic patients were found to have significantly higher
rates of chronic kidney disease (CKD) (p = 0.01) and coronary artery
disease (CAD) (p = 0.04).

No other differences were present between patient groups in terms
of demographic characteristics or comorbidities such as smoking status,
alcohol use, history of cancer, diabetes, hypertension, COPD, hyperlipi-
demia, end-stage renal disease (ESRD), history of renal transplant, or IV-
drug use. Demographic data organized by group can be seen in Table 1.

Pre-operative, intra-operative, and post-operative variables

The patient cohorts did not differ in history of prior spinal surgery
(p = 0.69) or listhesis grade (p = 0.21). In patients without spondy-
lolisthesis, the indications for fusion included >3mm of instability on
flexion-extension radiographs, decompression requiring bilateral face-
tectomy, and >2 repeated discectomies. Pre-operative lab work, includ-
ing serum sodium, hemoglobin, white blood cell count, platelet count,
and serum albumin did not differ between groups (Table 2). Patient
groups did not differ in number of levels fused (p = 0.19), estimated
blood loss (EBL) (p = 0.49), or in need for post-operative transfusion
(p = 0.85). Post-operatively, patients stopped PCA use at similar times
(White: 1.6 + 1.5 days, Black: 1.8 + 1.7 days, and Hispanic: 1.3 + 1.4
days, (p = 0.32). Post-operative hemoglobin levels did not differ between
groups on POD 0 (p = 0.50) or POD 1 (p = 0.98).

Primary outcomes

Patient groups did not differ in terms of length of stay, with a mean
LOS of 6.2 + 5.5, 6.1 + 3.3, and 5.9 + 3.4 for the White, Black, and
Hispanic cohorts, respectively (p = 0.92). There was no difference in
discharge disposition between groups, with 66.7%, 56%, and 63.5% of
White, Black, and Hispanic patients being discharged home, respectively
(p = 0.52).

The rate of post-operative complications, including infection, UTI,
symptomatic DVT/PE, post-surgical pneumonia, myocardial infarction,
and acute kidney injury, did not differ between groups (Table 3). Ap-
proximately 3.7% of White patients underwent re-operation vs. 2% of
Black patients and no Hispanic patients; however, this was not statisti-
cally significant (p = 0.381). Hispanic patients did demonstrate an in-
creased rate of return to the ED when compared to other groups with
16 ED visits in contrast to 8 in the White group and 5 in the Black group
(p = 0.01). However, 30-day readmission rates did not differ between
groups with 3, 2, and 2 readmissions in the White, Black, and Hispanic
groups, respectively (p = 0.90).

Discussion

This retrospective cohort study of patients undergoing TLIF proce-
dures, which included a large proportion of minority patients, demon-
strated no racial disparities in terms of length of stay (LOS), discharge
disposition, post-operative complication rates, and 30-day readmission
rates. However, there was a significantly higher rate of 30-day post-
operative ED visits among Hispanic patients.

Length of stay (LOS)

Minority patients have been reported to have longer post-operative
hospital stays when compared to their White counterparts [3,7-9]. A re-
cent retrospective cohort study, by Reyes et al., evaluated national dis-
charge data of over 149,000 patients who underwent a lumbar spinal
fusion in 2016. The authors reported that Black and Hispanic patients
had longer LOS and higher rates of prolonged LOS than White patients
who underwent the same procedure [3]. In the present study, there were
no significant difference in LOS between groups. In the aforementioned
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Table 1
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Baseline demographic and comorbidity data of patients who underwent TLIF procedure.

White Black Latino/Hispanic
(n=156) (n=54) (n=50) (n=52) p Value
Demographics
Mean age (yrs) 58.4 +11.9 581+78 58.6 +11.2 0.98
Male (%) 44.4 26.0 38.5 0.14
BMI (kg/m?) 31.4 + 6.0 31.3+6.1 31.1+5.2 0.97
Comorbidities
Hypertension (%) 72.2 82.0 76.9 0.50
Diabetes (%) 29.7 46 51.9 0.06
HbAlc (%) 6.1+1.6 6.3+ 1.5 6.5+1.2 0.53
Smoker (%) 55.0 60.0 44.2 0.29
COPD (%) 185 16.0 13.5 0.78
ESRD (%) 1.9 2.0 3.8 0.77
Hx of Renal Transplant (%) 1.9 2.0 3.8 0.77
CKD (%) 9.3 18.0 32.7 0.01
Hyperlipidemia (%) 38.9 50.0 59.6 0.10
CAD (%) 13.0 2.0 17.3 0.04
CHF (%) 0.0 4.0 5.8 0.22
Hx of Cancer (%) 9.3 10.0 7.7 0.92
EtOH (%) 35.2 42.0 36.5 0.75
IVDU (%) 5.6 2.0 7.7 0.42
Table 2
Pre-operative metrics.
White Black Latino/Hispanic
(n=156) (n=54) (n=50) (n=52) p Value
Spinal Surgical History
Hx of Prior Spinal Surgery 09+1.7 09+1.9 1.2+18 0.69
Revision of Previous Surgery (%) 11.1 4.0 19.2 0.06
Listhesis Grade
Grade 0 (%) 18.5 10.0 17.3 0.21
Grade 1 (%) 68.5 66.0 73.1
Grade 2 (%) 13.0 24.0 7.7
Grade 3 (%) 0.0 0.0 1.9
Pre-Operative Lab Values
Sodium (mEq/L) 140.2 + 4.7 141.8 + 2.8 140.8 + 3.2 0.09
Hgb (g/dL) 13.1+2.2 12.7 £ 1.5 12.6 + 1.6 0.26
WBC (/mm?®) 7.8+25 7.2+25 7.3+2.0 0.34
PLT (/mm?®) 251.3 + 80.1 275.6 + 81.0 262.5 + 74.7 0.29
Albumin (g/dL) 41+0.7 44+15 43+0.4 0.38
Table 3
Major outcomes.
White Black Latino/Hispanic
(n =156) (n=54) (n=50) (n=52) p Value
Primary Outcome Measures
Length of Stay (days) 6.2 £5.5 6.1 +3.3 5.9+ 3.4 0.92
Discharge Disposition to Home (%)  66.7 56.0 63.5 0.52
ED visits within 30 days (%) 14.9 8.0 30.8 0.01
Readmission to Hospital (%) 5.6 4.0 3.8 0.90
Re-operation (%) 3.7 2.0 0.0 0.38
Post-Operative Complications
Infection (%) 9.3 4.0 0.0 0.07
UTI (%) 1.9 6.0 3.8 0.55
DVT (%) 1.9 2.0 7.7 0.21
PNA (%) 0.0 4.0 1.9 0.33
PE (%) 0.0 6.0 1.9 0.14
MI (%) 0.0 0.0 0.0 N/A
AKI (%) 9.3 2.0 7.7 0.29

study, Black and Hispanic patients made up a total of 11.9% of the co-
hort (7.4% and 4.5%, respectively), while White patients made up the
rest [3]. This is in contrast to our cohort, which was comprised of 34.6%
White patients, 32.1% Black patients, and 33.3% Latino patients. Reyes
et al. found the average LOS to be 3.73, 4.35, and 4.07 days for White,
Black, and Hispanic patients, respectively [3]. The average LOS in our
cohort was 6.2, 6.1, and 5.9 for the White, Black, and Hispanic cohorts,
respectively.

The discrepancies in LOS between studies may be secondary to dif-
ferences in diversity among the cohorts. Other considerations that may
account for these differences are that the current study addresses a sin-
gle institution’s experience while the aforementioned work investigated
national-level data. Furthermore, LOS result discrepancies may be influ-
enced by socioeconomic status, healthcare literacy, and local hospital
policies. The relatively long hospital stays reported in this study may
be a reflection of institutional policies, regional practices, and the study



H.A. Volaski, Z.T. Sharfman, P. Shah et al.

period which is comprised of data recorded prior to the implementation
of our enhanced recovery after surgery (ERAS) program. Irrespective
of long hospital stays, each individual group in our study appeared to
receive similar care and have similar discharge courses.

Discharge disposition

Previous literature has reported that minority patients have higher
rates of discharge to advanced care facilities when compared to White
patients. A 2011 meta-analysis that evaluated outcomes after spinal
surgery from 1966 - 2010 found that Black patients were more likely
than White patients to have a “complex disposition,” defined as dis-
charge to somewhere other than home or death [7]. In the present study,
there were no differences between the Black and White patient popu-
lations in terms of discharge disposition. Additionally, there were no
differences when considering the Hispanic patients as well.

Post-operative complications

Minority patients have historically experienced higher rates of post-
operative complications than White patients [3,7-9]. In a retrospective
review of national data, Reyes et al. found that Black and Hispanic pa-
tients had higher rates of inpatient medical complications than White
patients and that Hispanics had higher rates of surgical complications
than White patients [3]. In a separate retrospective review of over 2,800
patients who underwent spinal surgery for lumbar stenosis, Black pa-
tients were found to have twice the risk of post-operative complications
when compared to White patients [8]. This increased risk of complica-
tions was noted to be present at both 30-day and 90-day time points.
The present study reported similar 30-day complication rates between
White, Black, and Hispanic patients. The aforementioned studies by
Reyes et al. and Lad et al. both evaluated national databases where mi-
nority patients accounted for 11.9% and 23.2% of the entire patient
population, respectively [3,8]. Although no definitive conclusions can
be drawn from this data, it is important to note that minority patients
made up most (65.4%) of the patients treated in this cohort. Other pos-
sible contributors to the similar complication rates between groups may
be comparable socioeconomic status, healthcare literacy, and limited
access to care in certain communities. The present study is likely under-
powered to make meaningful statistical inferences from the complica-
tion data reported herein.

Readmission rates

A recent retrospective review of 600 patients, by Adogwa et al.,
who underwent elective spine surgery at a major medical center re-
ported that Black patients had significantly higher 30-day readmission
rates than White patients [14]. In that cohort, the majority of patients
were White (n = 458). Black patients in that cohort were found to be
younger, have significantly higher BMIs (31.85 + 7.89 kg/m? vs. 29.90
+ 7.32 kg/m?, p = 0.03), and a higher prevalence of diabetes (33.8%
vs. 18.12%, p = 0.02) [14]. The authors reported that in their cohort,
BMI and patient race were independent predictors of unplanned read-
mission within 30-days of discharge [14]. The most common reasons for
readmission were a combination of medical and surgical complications,
including fever, infection (UTI, pneumonia, surgical site infection), and
intractable pain [14]. Much like the present study, this report was a
single institution experience. In contrast to the aforementioned study,
this study did not demonstrate a significant relationship between race
and unplanned readmission. This may be partially explained as the pa-
tient population in Adogwa et al.’s report was less homogenous than
the present study, and Black patients represented a minority (23.7%)
of the cohort. Further possible explanations include that BMI and the
prevalence of diabetes did not significantly differ in our cohort.

Although 30-day readmission rates did not significantly differ in our
cohort, there was a significant difference in 30-day post-operative ED
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utilization. Over 30% of Hispanic patients in our cohort utilized the ED
in that timeframe compared to 8% of Black patients and 14.9% of White
patients. It is unclear what caused this finding, but it may be related to
Limited English Proficiency (LEP). A 2005 study performed at our med-
ical center evaluated Hispanic patients with LEP by showing them med-
ication prescriptions and asking them questions regarding medication
dosing and timing. The study found that only 22% of study participants
dosed medication correctly [15]. Given that this study was performed in
the same patient population as the present study, it is possible that lim-
ited English proficiency played a role in the increased ED utilization for
Hispanic patients. Improving pre-operative physician-patient commu-
nication and the clarity of post-operative instructions is an important
target for future advancement in the care of minority populations.

Another potential contributor to increased 30-day ED utilization
among Hispanic patients in our cohort may be inadequate pain control.
A recent retrospective cohort study evaluated the differences in post-
operative opioid utilization after spine surgery between racial groups
and found that Hispanic patients were prescribed and ultimately dis-
pensed more opioids than other patients [16]. Adequately addressing
patients post-operative pain and implementing multimodal pain regi-
mens may help to reduce these ED visits. This area constitutes another
target area for improvement in patient care via the newly implemented
ERAS program at our institution.

Current findings vs. literature

The findings in this study are in direct contrast to many reports of in-
ferior LOS, discharge disposition, postoperative complication rates, and
30-day readmission rates in spine surgery at various institutions. Recent
data from our institution has demonstrated a similar phenomenon with
regards to COVID-19 outcomes [17]. In a retrospective study of 5902
patients, performed at our institution, Black and Hispanic patients, who
represented 65.1% of the entire cohort, did not experience worse out-
comes when compared to their White counterparts [17]. We mention
this study, as the majority of literature reports inferior outcomes in mi-
nority populations. The unique institutional expertise in providing care
to minority patients is demonstrated again in the aforementioned study
and might suggest that racial disparities are at least, in part, a function
of location, population composition, and other similar factors that likely
contribute in myriad ways to the delivery of care.

Limitations

The limitations of this study include that it is a relatively small ret-
rospective study performed at a single institution with multiple spine
surgeons. Our center serves a patient population comprised of predom-
inantly minority ethnic and racial groups. Other factors that may con-
tribute to the disparities noted in this study include patient educational
level, English literacy, social support, and prior narcotic use before
surgery. Controlling further for insurance type and using patient zip
codes as a surrogate for socioeconomic status could have improved the
quality of the data in this manuscript. Additionally, further data regard-
ing the highest educational level achieved and employment status would
help to further inform socioeconomic data in this manuscript. This data
was not fully available or obtainable. Lastly, given the relatively small
sample size, it is possible that the outcomes of this study are subject to
type II error.

Conclusion

In this diverse cohort of spine fusion patients, we found no racial dis-
parities in terms of LOS, discharge disposition, or 30-day readmission
rates, suggesting care is being delivered in an equitable and unbiased
manner. Hispanic patients had increased utilization of the emergency
room in the early post-operative period. Efforts to overcome language
barriers, communicate instructions clearly, and outline post-operative
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expectations and plans may allow for fewer post-operative ED visits
amongst Hispanic patients. This study, at a minimum, suggests that equi-
table outcomes can be achieved among various patient populations and
that inherent racial, social, or cultural differences do not appear in and
of themselves to dictate variable results following TLIF surgery. By bet-
ter understanding the different needs, customs, and challenges specific
to individual racial/ethnic groups we can better address common aims
such as safe surgery, adequate discharge instructions and pain control,
among others.
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