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Abstract
Study Design: Retrospective large database study.

Objective: To determine the impact of cirrhosis on perioperative outcomes and resource utilization in elective spinal fusion
surgery.

Methods: Elective spinal fusion hospitalizations in patients with and without cirrhosis were identified using ICD-9-CM codes
between the years of 2009 and 201 | using the Nationwide Inpatient Sample database. Main outcome measures were in-hospital
neurologic, respiratory, cardiac, gastrointestinal, renal and urinary, pulmonary embolism, wound-related complications, and
mortality. Length of stay and inpatient costs were also collected. Multivariable logistic regressions were conducted to compare
the in-hospital outcomes of patients with and without cirrhosis undergoing spinal fusion.

Results: A total of |1 214694 patients underwent elective spinal fusions from 2009 to 201 1. Oh these, 6739 were cirrhotic.
Cirrhosis was a significant independent predictor for respiratory (odds ratio [OR] = 1.43, confidence interval [CI] 1.29-1.58;
P <.001), gastrointestinal (OR = 1.72, Cl 1.48-2.00; P < .001), urinary and renal (OR = 1.90, CI 1.70-2.12; P < 0.001), wound
(OR =1.36,ClI 1.17-1.58; P < 0.001), and overall inpatient postoperative complications (OR = 1.43, Cl 1.33-1.53; P <.001). Cirrhosis
was also independently associated with significantly greater inpatient mortality (OR = 2.32, C| 1.72-3.14; P <.001). Cirrhotic patients
also had significantly longer lengths of stay (5.35 vs 3.35 days; P < .001) and inpatient costs ($36738 vs $29068; P < .001).

Conclusions: Cirrhosis is associated with increased risk of perioperative complications, mortality and greater resource utili-
zation. Cirrhotic patients undergoing spinal fusion surgeries should be counseled on these increased risks. Current strategies for
perioperative management of cirrhotic patients undergoing spinal fusion surgery need improvement.

Keywords
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Key Points Introduction

e In spinal fusion surgery, cirrhosis was a significant
independent predictor for respiratory, gastrointestinal,
urinary and renal, wound, and overall complications.

e Cirrhosis was a significant independent predictor of
inpatient mortality (more than 2-fold) in spinal fusion
surgeries.

e Cirrhosis was also associated with increased length of
stay and inpatient costs.

e Cirrhotic patients undergoing spinal fusion surgery
should be counseled on the increased risk of periopera-
tive morbidity and mortality. Moreover, current perio-
perative management strategies for cirrhotic patients
undergoing spinal fusion surgery need to be improved.

Cirrhosis is a chronic condition that is characterized by irre-
versible liver fibrosis and can occur secondary to autoimmune
conditions, hepatotoxic medications, alcoholism, viral hepati-
tis, or nonalcoholic fatty liver disease.'” This chronic disease
can lead to coagulopathy, malnutrition, ascites, encephalopa-
thy, and impaired immunity, which can adversely affect

" University of California at Irvine, Orange, CA, USA

Corresponding Author:

Yu-Po Lee, Department of Orthopaedics, University of California at Irvine,
101 The City Drive South, Orange, CA 92868, USA.

Email: yupol | @uci.edu

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
@ ® @ @ Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
c

ND

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access


https://orcid.org/0000-0002-1491-6410
https://orcid.org/0000-0002-1491-6410
https://orcid.org/0000-0002-5060-393X
https://orcid.org/0000-0002-5060-393X
mailto:yupol1@uci.edu
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2192568219880823
http://journals.sagepub.com/home/gsj
http://www.creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

852

Global Spine Journal 10(7)

postoperative outcomes.'™ Cirrhosis has been identified as a
significant risk factor for surgical wound complications,
hematomas, and surgical site infections following total joint
arthroplasty, aortic valve replacement, cardiac, and general
surgery.”'® Because of improvements in the medical care of
cirrhosis, the prevalence of cirrhosis has increased over the past
decade and thus the number of cirrhotic patients who undergo
spine surgery is likely to increase as well.!' Currently, there are
no large-scale studies that have evaluated the prevalence of
cirrhosis or assessed the impact of cirrhosis on inpatient mor-
tality, complications, and costs in the elective spine surgery
population on a national level.

The purpose of this study was to evaluate the inpatient
postoperative outcomes and health care resource utilization
of cirrhotic patients who underwent elective spinal fusion sur-
gery using the Nationwide Inpatient Sample (NIS) database.
We hypothesized that cirrhotic patients undergoing spinal
fusion surgery had a significantly greater risk of inpatient com-
plications and mortality, longer length of stay, and greater
inpatient costs when compared to those without cirrhosis.

Materials and Methods

Database

This was a retrospective study of a large administrative dataset.
The NIS database is maintained by the Healthcare Cost and
Utilization Project (HCUP) and is the largest inpatient database
in the United States, consisting of a 20% stratified sample of all
hospital discharges.'*'? For identification of procedures, diag-
noses, and comorbidities, the database utilizes the Interna-
tional Classification of Disease Ninth Revision, Clinical
Modification (ICD-9-CM). Given the de-identified, publicly
available nature of this dataset, this study qualified for institu-
tional review board exempt status under section 4 of 45
CFR46.101(b).

Sample Selection

The NIS database from years 2009 to 2011 was queried for all
patients undergoing spinal fusion as defined by the Clinical
Classification Software (CCS) code 158. The CCS is a categor-
ization scheme developed by the HCUP to group ICD-9-CM
codes into more clinically meaningful groups.'* Any patients
younger than 18 years were excluded. To further select for
patients undergoing elective procedures, only those with degen-
erative pathologies were included, as defined by the ICD-9-CM
codes of: 721.0-721.3, 721.4x, 722.0, 722.1x, 722.4, 722.5%,
722.7x-722.9x, 723.x, 724.00-724.03.""" ICD-9-CM codes
(571.0, 571.2-571.4, 571.40571.42571.49571.5, 571.6, 571.8,
571.9) were used to identify cirrhosis and separate the patients
into 2 groups: those with cirrhosis and those without cirrhosis.

Outcomes

For each patient, the following data was collected: age, gender,
race, hospital size, hospital teaching status, hospital region, and

primary payer. Comorbidities were defined using the well-
validated Elixhauser Comorbidity Index.?**' Charges, costs,
and length of stay were also extracted from the database. Com-
plications were assessed using the following ICD-9-CM codes:
neurologic complications (997.00-997.09); respiratory
complications (518.4, 518.5, 518.81-518.84997.3); cardiac
complications (410997.1); gastrointestinal complications
(535.0570575.0, 577.0, 997.4); renal and urinary complica-
tions (584997.5); pulmonary embolism (415.1); and wound-
related complications (998.1, 998.3, 998.5, 998.83 999.3).>*

Data Analysis

The data set was weighted using the supplied discharge weights
to produce national estimates.

T tests were used to compare continuous variables and chi-
square tests were used to compare categorical variables. To
determine the impact of cirrhosis on inpatient complications
and inpatient mortality, multivariable logistic regressions were
performed while controlling for age, sex, race, Elixhauser
Comorbidity Index, hospital size, hospital teaching status, hos-
pital region, and primary payer type. Statistical analysis was
conducted in SPSS Version 21 (IBM Corp, Armonk, NY).
Statistical significance was set at P < .05.

Results

A total of 1214694 patients who underwent spinal fusions
were identified. From this population, 6739 (0.55%) had a
diagnosis of cirrhosis. Compared with noncirrhotic patients,
cirrhotic patients were of similar age (56.7 vs 56.3 years) and
slightly more likely to be male (50.5% vs 46.2%; P < .001;
Table 1). In the cirrhosis population, there was a significantly
greater prevalence of congestive heart failure, chronic pulmon-
ary disease, neurological disorders, renal disease, obesity, and
depression (Table 2). The overall comorbidity burden as mea-
sured by the mean Elixhauser Comorbidity Index was signifi-
cantly greater in cirrhotic patients (3.67 vs 1.54; P <.001).

Rates of cardiac (0.93% vs 0.78%; P = .149) and neurolo-
gical complications (0.59% vs 0.52%; P = .378) were not
significantly different between cirrhotic and noncirrhotic
patients. However, the rates of respiratory, gastrointestinal,
urinary and renal, pulmonary embolism, surgical wound, and
overall complications were significantly greater in patients
with cirrhosis compared to those without cirrhosis. Impor-
tantly, the rate of inpatient mortality was significantly greater
in patients with cirrhosis compared to those without cirrhosis
(0.74% vs 0.16%; P < .001; Table 3).

After controlling for patient and hospital baseline character-
istics, multivariate regression analysis demonstrated that cir-
rhosis was a significant independent predictor of greater overall
inpatient complications (odds ratio [OR] = 1.43, confidence
interval [CI] 1.33-1.53; P < .001). Specifically, cirrhosis was
found to be a significant independent predictor of gastrointest-
inal (OR = 1.72, CI 1.48-2.00; P < .001), urinary and renal
complications (OR = 1.90, CI 1.70-2.12; P < .001), wound
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Table |. Demographic Information for Patients Undergoing Spine  Table 3. Complications in Patients Undergoing Spinal Fusions.
Fusion.
No Cirrhosis (%), Cirrhosis (%),

Demographics No Cirrhosis  Cirrhosis P Complications n = 1207955 n = 6739 P
Weighted, N 1207955 6739 Neurological 0.52 0.59 .378
Average age (years) 56.38 56.73 .008  Respiratory 2.52 6.44 <.001
Age group, years (%) <.001 Cardiac 0.78 0.93 .149

0-44 19.53 12.67 Gastrointestinal 1.22 2.67 <.001

45-64 51.03 63.16 Urinary and renal 1.89 5.49 <.001

>65 2943 24.16 Pulmonary embolism 0.21 0.37 .003
Sex (%) Wound 1.34 2.73 <.001

Females 53.82 49.48 <.001 Overall complications 7.10 14.76 <.001
Race (%) <.001  Inpatient mortality 0.16 0.74 <.001

Caucasian 72.58 72.52

African American 7.30 5.97

Hispanic 5.15 8.03 . . o . .

Asian or Pacific 0.96 0.64 Tabl.e 4. Regre§5|9n Modeling Predicting Influence of Cirrhosis on

Native American 0.33 0.62 Inpatient Complications.

lc\l):)tesi;ated | :Zg I(I)z: Complication Odds Ratio (95% Confidence Interval) P
Hospital teaching status (%) <00l Neurological 0.90 (0.66-1.23) 503

Nonteaching 49.98 46.85 Respiratory 1.43 (1.29-1.58) <.001

Teaching 48.42 52.04 Cardiac 0.76 (0.59-0.98) 036
Hospital size (%) 348 Gastrointestinal 1.72 (1.48-2.00) <00

Small 14.11 13.56 Urinary and renal 1.90 (1.70-2.12) <.001

Medium 21.46 21.68 Pulmonary 1.01 (0.68-1.50) 968

Large 62.83 63.66 Wound 1.36 (1.17-1.58) <.001
Pay schedule (%) <.001 Overall complications 1.43 (1.33-1.53) <.001

Medicare 34.46 37.19 Inpatient mortality 2.32 (1.72-3.14) <.001

Medicaid 5.40 8.10

Private 48.18 4491

Uninsured 1.09 0.96

Other 10.60 8.83 Table 5. Costs and Length of Stay for Patients Undergoing Spinal

Missing 0.26 0.0l Fusions.
Mean Elixhauser Index 1.54 3.67 <.001

Table 2. Prevalence of Comorbidities.

No Cirrhosis (%), Cirrhosis (%),

Comorbidities n = 1207955 n = 6739 P

Congestive heart failure 1.70 2.52 <.001
Chronic pulmonary disease 15.72 24.58 <.001
Liver disease 0.04 100.00 <.001
Neurological disorders 1.65 1.97 .036
Renal disease 0.35 1.26 <.001
Obesity 8.09 14.86 <.001
Depression 14.58 21.89 <.001

complications (OR = 1.36, CI 1.17-1.58; P < .001), and
respiratory complications (OR = 1.43, CI 1.29-1.58; P <
.001). Cirrhosis was found to be associated with significantly
reduced cardiac complications (OR = 0.76, CI 0.59-0.99;
P < .036). The odds ratios for pulmonary embolism (OR =
1.01, CI 0.68-1.50; P = .968), and neurological complications
(OR = 0.90, CT 0.66-1.23; P = .503) did not reach statistical
significance. Importantly, cirrhosis was found to be a signifi-
cant independent predictor of inpatient mortality (OR = 2.32,
CI 1.72-3.14; P < .001; Table 4).

No Cirrhosis (%), Cirrhosis (%),

Outcomes n = 1207955 n = 6739 P

Charges, mean (US$) 87530 111732 <.001
Costs, mean (US$) 29068 36738 <.001
Length of stay, mean (days) 3.35 535 <.001

For resource utilization, patients with cirrhosis demon-
strated significantly greater inpatient costs ($36738 vs
$29068, P < .001) and significantly longer length of stay
(5.35 vs 3.35 days; P <.001; Table 5).

Discussion

The identification and understanding of surgical risk factors are
critical components in surgical decision making and periopera-
tive medical management in spine surgery. Cirrhosis represents
an important surgical risk factor as portal hypertension, ence-
phalopathy, infection, sepsis, ascites, and coagulopathy are
medical problems that can occur in the postoperative period,
leading to increased rates of complications, longer length of
stay, greater health care resource utilization, and higher perio-
perative mortality rates. !> 68-1023.24 However, the impact of
cirrhosis on elective spinal fusion surgeries on a national level
was unknown.
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From 2009 to 2011, the incidence of cirrhosis in elective
spinal fusion surgery was 0.55%, which was greater than the
national prevalence of cirrhosis of 0.27%, highlighting the
importance of understanding this risk factor in spine surgery.
Multivariable analysis that adjusted for patient demographics,
hospital characteristics, and medical comorbidities demon-
strated that cirrhosis was a significant independent predictor
of inpatient mortality (with odds ratio greater than 2-fold) as
well as respiratory, gastrointestinal, urinary and renal, wound,
and overall inpatient complications following elective spinal
fusion surgeries. Patients with cirrhosis also had significantly
longer hospital lengths of stay and inpatient costs.

These results are consistent with a recent study that evalu-
ated the impact of cirrhosis in the cervical spine trauma patient
population.®® Bessey et al*®> conducted a retrospective study
using the Massachusetts statewide inpatient database that eval-
uated 10841 patients who sustained cervical spine trauma.
From this population, 117 patients were identified as having
chronic liver disease.?® Similar to our analysis, the study found
that cirrhosis was independently associated with greater rates
of inpatient mortality, failure to rescue, and overall inpatient
complications.>> However, in this study population, only 24
cirrhotic patients underwent surgery and thus this small sample
size limited the interpretation of these findings regarding the
impact of cirrhosis on spine surgical outcomes.*” Furthermore,
this analysis evaluated cervical spine trauma population rather
than an elective spinal surgery population.?

A retrospective study by Liao et al*® evaluated cirrhosis in
lumbar spine surgery using a cohort of 58 patients (29 cirrhotic
and 29 noncirrhotic patients). There was a significantly higher
complication rate in the cirrhotic group compared with the
noncirrhotic group and the incidence of complications was
significantly greater in patients with more severe cirrhosis.?®
However, due to limited sample size, the study was unable
to assess the impact of cirrhosis on inpatient mortality, as
there was only 1 inpatient death in the entire study popula-
tion.”® Other studies that evaluated the outcomes of pyo-
genic spine infections or surgical treatments for epidural
abscesses also found that cirrhosis was associated with
greater rates of complications.?”*® In turn, our findings
were consistent with prior studies that were conducted with
smaller cirrhotic patient populations.

Our study has several limitations that are inherent to large
database analyses. We were unable to determine the severity of
cirrhosis from the NIS database and thus were unable to eval-
uate the relationship between the severity of cirrhosis and out-
comes following spine surgery. The NIS database also does not
contain information on preoperative medical management of
cirrhosis or long-term postdischarge outcomes including post-
discharge mortality or readmission rates. Moreover, the NIS
database relies on clinical coding and diagnosis entry and
therefore there may be inaccuracy, bias or lapses in coding for
cirrhosis. Additionally, because of the limitations of our anal-
ysis, we were unable subgroup patients at different spinal
fusion levels, which would be of interest to identify differences
based on level of fusion. Our study also only includes NIS data

from 2009 to 2011 and thus lacks more recent datapoints.
Given advances in medical management of cirrhosis, a future
study is needed to evaluate the current impact of cirrhosis on
inpatient outcomes following spinal fusion. Despite these lim-
itations, our study is the first large-scale analysis that demon-
strated that cirrhosis is an important risk factor in spinal fusion
surgeries that requires careful preoperative medical evaluation
and optimization and postoperative care.

Although further research is needed to determine the utility
of cirrhosis screening in spine surgery, the use of liver function
tests in at-risk patients (history of intravenous drug abuse or
alcoholism) may help identify those with previously unrecog-
nized cirrhosis who may be at a higher risk of developing post-
operative complications. In cases of diagnosed cirrhosis,
preoperative medical management should include correction
of any nutritional deficiencies, assessment of liver disease
severity, and optimization of hepatic function."*2%3° Specifi-
cally, Child-Turcotte-Pugh and Model for End-Stage Liver
Disease scores should be calculated preoperatively to deter-
mine the severity of liver disease and hepatic function.

Intraoperatively, collaboration with anesthesiologists with
experience managing cirrhosis may be helpful as inappropriate
fluid management can result in peripheral edema and worsen-
ing ascites."*! During the postoperative period, cirrhotic
patients need to be carefully monitored and treated for signs
of ascites, infection, surgical site bleeding, and encephalopa-
thy."* In addition, analgesics should also be carefully adminis-
tered as hepatic metabolism and clearance of various
medications may be impaired.'? In turn, consultation with a
hepatologist should be considered to help with evaluation and
characterization of surgical risk, preoperative medical optimi-
zation, and postoperative management of cirrhosis.

In conclusion, on a national level cirrhosis is a significant
independent predictor of inpatient complications and mortality
and is associated with significantly higher healthcare resource
utilization in spinal fusion surgeries. These findings may be
useful for surgical decision making, patient counseling, and
perioperative medical management. Moreover, further research
is needed to determine strategies and protocols to improve the
current medical management of cirrhotic patients undergoing
spinal fusion surgery. Collaboration with associated medical
specialists is critical in the perioperative management of such
patients and may have an impact in minimizing complications.
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