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perioperative outcomes following posterior lumbar

interbody fusion
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Abstract N\
The present study is a retrospective cohort study. Metabolic syndrome (MetS) is a clustering of clinical findings that has been shown |
to increase the risk of the surgical outcomes. Our study aimed to evaluate whether MetS was a risk factor for increased perioperative
outcomes in patients undergoing posterior lumbar interbody fusion (PLIF).

We retrospectively analyzed patients over 18 years following elective posterior lumbar spine fusion from January 2014 to
December 2018. Emergency procedures, infections, tumor, fracture, and revision surgeries were excluded. Patients were divided
into 2 groups with and without MetS. The MetS was defined by having 3 of the following 4 criteria: obesity (body mass index >30kg/
m?), dyslipidemia, hypertension, and diabetes. The follow-up period lasted up to 30 days after surgery. The outcomes of
demographics, comorbidities, perioperative complications, and length of stay were compared between the 2 groups. Multivariate
logistic regression analysis was used to identify perioperative outcomes that were independently associated with MetS.

The overall prevalence of MetS was 12.5% (360/2880). Patients with MetS was a significantly higher risk factor for perioperative
complications, and longer length of stay cmpared with patients without MetS (P < .05). The MetS group had a higher rate of cardiac
complications (P=.019), pulmonary complication (P=.035), pneumonia (P=.026), cerebrovascular event (P=.023), urinary tract
infection (P=.018), postoperative ICU admission (P=.02), and deep vein thrombosis (P=.029) than non-MetS group. The patients
with MetS had longer hospital stays than the patients without MetS (22.16 vs 19.99 days, P <.001). Logistic regression analysis
revealed that patients with MetS were more likely to experience perioperative complications (odds ratio [OR] 1.31; 95% confidence
interval [CI]: 1.06-2.07; P<.001), and extend the length of stay (OR: 1.69; 95% Cl: 1.25-2028; P=.001).

The MetS is a significant risk factor for increased perioperative complications, and extend length of stay after PLIF. Strategies to
minimize the adverse effect of MetS should be considered for these patients.

Abbreviations: BMI = body mass index, DVT = deep vein thrombosis, ICU = intensive care unit, LDH = high-density lipoprotein
cholesterol, MetS = metabolic syndrome, Ml = myocardial infarction, NCEP-ATP |ll = National Cholesterol Education Program Adult
Treatment Panel lll, NIS = National Inpatient Sample, PE = pulmonary embolism, PLIF = posterior lumbar interbody fusion, SSI =

surgical site infection, TG = triglycerides.
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1. Introduction

The metabolic syndrome (MetS) encompasses a group of medical
conditions that increase the risk of cardiovascular disease, and
all-cause mortality during an individual’s life.! The MetS has
been indicated as a risk factor for developing these perioperative
complications,>3! such as increased the difficulty of exposure,
operative time, and wound complications.!**!

There are some differences in the definition of MetS as to its
components and their individual contribution in establishing the
diagnosis.'! At present, it is widely believed that obesity,
hypertension, elevated fasting glycemia, and dyslipidemia are the
main components of the MetS."”! Thus, the pathogenesis of Met$
is complex and multifactorial, which includes sedentary lifestyle,
obesity, diet, and genetic predisposition.

In orthopedic surgery, some studies have found MetS to be an
independent predictor of adverse outcomes postoperatively.[®!
Utilizing the National Quality Surgical Improvement Project
(NSQIP) database, Chung et al®! reported that patients with
MetS who underwent lumbar spinal fusion was a significant
increase in the incidence of pulmonary complications (P=.048),
sepsis (P=.039), and acute postoperative renal failure (P=.001),
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and an increase in hospital length of stay (4.38 vs 3.81 days), but
found no association with 30-day readmissions and reoperations.

Passias et al”! found that the patients with MetS had higher
average total costs of surgery compared non-MetS patients
($60,579.30 vs. $52,053.23, P<.05) following spine fusion
surgery. This study further identified that MetS increased 50%
higher costs per quality adjusted life years at 1 year, and 75%
higher cost per quality-adjusted life years.

According to relevant reports, the prevalence of the MetS is
known to increase with age: although only 6.7% of patients
between the ages of 20 and 29 years were affected; 43.5% of
patients aged 60 to 69 years and 42% of patients 70 years and
older are estimated to have MetS.1'”!

The number and proportion of posterior lumbar interbody
fusion (PLIF) patients with MetS is likely to continue to rise given
the worsening worldwide obesity epidemic and an aging
population. So, it is important to assess the effects this syndrome
could have on perioperative outcomes. However, there are few
studies on perioperative outcomes in patient with MetS after
PLIF. We aimed to identify whether MetS was an independent
risk factor for increased major perioperative complications and
extended hospital length of stay following elective posterior
lumbar fusion surgery.

2. Methods

This study was a retrospective cohort study of a database
containing spine patients presenting to a single academic
institution from January 2014 to December 2018. All patients
who underwent primary PLIF gave informed consent to participate
in this study, which was reviewed and approved by the local
institutional ethics committee. During the study period, only the
data from the most recent surgical procedure were included to
avoid potential bias. The entry about the performance of PLIF was
identified using the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). The study popula-
tion was divided into 2 groups (MetS and non-MetS).

All patients met the following inclusion criteria: the subjects in
the study were adults (age >18); patients with legally competent
to consent, and receiving general anesthesia; surgical indications
mainly included degenerative diseases of the spine such as
degenerative disc disease, lumbar spinal stenosis, degenerative
scoliosis. The exclusion criteria were as follows: the patients with
incomplete information, severe organs insufficiency, pregnancy;
the patients with a nonclean wound, an open wound on their
body, preoperative sepsis, preoperative pneumonia, previous
surgery within 30 days, cardiopulmonary resuscitation before
surgery, and patients preoperatively admitted to the intensive
care unit (ICU); the cases with no-spine surgery, immunodefi-
ciency; the surgical indications involved emergency procedures,
infections, tumor, fracture fixation, and revision surgeries.

2.1. Primary outcome

We collected demographic and comorbidity data, height, weight,
preoperative laboratory results, complications, and length of
stay. The follow-up period lasted up to 30 days after surgery.
Operative data included surgical indication (such as degenerative
disc disease, lumbar spinal stenosis, degenerative scoliosis), ASA
grade, number of levels fused (<3 levels, >3 levels), operative
time, transfusion, and blood loss. The comorbidities included
diabetes, obesity, dyslipidemia, hypertension, chronic pulmonary
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disease, coronary artery disease, neurologic, renal and peripheral
vascular disease. The perioperative complications included deep
vein thrombosis (DVT), pulmonary embolism (PE), reoperation,
requiring intensive care unit transfer (ICU), acute renal failure,
urinary tract infection, pneumonia, surgical site infection (SSI),
and myocardial infarction (MI). Demographic variables were
analyzed, including age (18-49 years, 50-69 years, 70-79 years,
>80 years), sex, body mass index (BMI), smoking history, blood
pressure, fasting plasma glucose, triglycerides, and high-density
lipoprotein cholesterol.

2.2. Laboratory evaluation

The BMI was computed as weight/height squared. Systolic and
diastolic blood pressure levels were then read 3 times at 1-minute
interval, and the mean of the second and third readings was used
in the analysis. Plasma lipid and glucose levels were measured by
routine assays. We described the variation trend of the incidence
of MetS as well as the components of MetS through the line chart,
bar chart, and pie chart.

2.3. The Definition of MetS

The US National Cholesterol Education Program Adult Treatment
Panel III (NCEP-ATP III)!"*Y! defined the MetS as the presence of 3
of the following 5 conditions: a waist circumference of higher than
88cm for females and higher than 102cm for males; an arterial
blood pressure of 130/85 mmHg or higher or the current use of
antihypertensive medication; a plasma triglyceride level of 150 mg/
dL or higher; a serum high-density lipoprotein (HDL) cholesterol
level of <50mg/dL for females and <40mg/dl for males; and a
fasting serum glucose level of >110 mg/dL or a clinical diagnosis of
diabetes with dietary, oral, or insulin treatment.

However, we did not obtain the data on abdominal
circumference, and used the BMI instead of waist circumference.
Accordingly, the MetS was defined as the presence of 3 of the
following 4 criteria: obesity (BMI >30kg/m?), dyslipidemia,
hypertension, and diabetes.

2.4. Statistical analysis

The continuous variables were presented as mean values +standard
deviation; the categorical variables were described using frequency
distributions, and they were reported as percentages. The student ¢
test was used for comparisons between normally distributed
continuous variables. A x> test was used to compare categorical
demographics between the 2 groups. Multivariate logistic regression
analysis was performed to identify if MetS was a risk factor for
perioperative complications, and prolonged length of stay. When the
average length of stay was greater than the 75th percentile, they were
defined as prolonged length of stay. A P value of .05 was considered
significant. All statistical analyses were performed with SPSS version
22.0 software (SPSS Inc, Chicago, IL).

3. Results

A total of 2880 patients were identified between the 2014 and
2018 follow-ups. The average prevalence of MetS over the entire
study period was 12.5% of patients, with a peak of 14.63% in
2018 (Fig. 1). The mean age of all patients was 59.4 +9.8 years.
There were 1511 females and 1369 males. Patients with MetS
were older (P<.001), and a greater smoking population
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Figure 1. The prevalence of metabolic syndrome (MetS) between 2014 and
2018 among patients for primary posterior lumbar spine fusion. The prevalence
of MetS for posterior lumbar interbody fusion (PLIF) admissions increased over
time and reached 14.63% in the most recent period, respectively.

(P=.034), compared with the non-MetS group. Patients without
MetS had an average BMI of 26.89 kg/m?, whereas the average
BMI for patients with MetS was 30.88 kg/m*. There were no
significant difference in sex, surgical time, blood loss, transfusion,
levels fused, and spine pathology between MetS and non-MetS
group (Table 1).

Over time, the prevalence of comorbidity components of the
MetS had been increasing between the time periods 2014 and
2018 (Fig. 2). There were statistically significant differences in
components of the MetS (hypertension, diabetes, obesity, and
hyperlipidemia) between MetS and non-MetS groups (P=.000).
The hyperlipidemia was the most determining component of
MetS (odds ratio [OR] 14.83), whereas hypertension appeared to
be the least (OR 6.31) (Table 2). Figure 3 showed the distribution
of the numbers of positive components of MetS.

The presence of MetS was associated with higher rates for all
studied comorbidities (Table 3). There were statistically signifi-
cant differences in old cerebral infarction, chronic kidney disease,
atrial fibrillation, and peripheral arterial disease between MetS
and non-MetS groups (P <.05). The incidence of perioperative
complications was significantly higher in the MetS group (121/
360, 33.61%) than in the non-MetS group (427/2520, 16.94%,
P<.001).

Table 4 provided the results of postoperative complications.
The patients with MetS was associated with an increased
incidence of pulmonary complication (1.67% vs 0.63%,
P=.035), pneumonia (1.94% vs 0.60%, P=.026), and cerebro-
vascular event (1.39% vs 0.44%, P=.023) compared with the
patients without MetS (Table 4). The MetS group had a higher
incidence of cardiac complications (P=.019), urinary tract
infection (P=.018), postoperative ICU admission (P=.02),
and DVT (P=.029) than non-MetS group. The superficial SSIs
were observed in 6.94% of non-MetS patients and 11.11% of
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Demographic and clinical characteristics of patients with and
without metabolic syndrome in the study population.

Non-MetS (n=2520)  MetS (n=2360) P

Age, y 59.01+10.01 61.77+8.04 <.001
Age group, y <.001
18-49 336 (13.33%) 25 (6.94%)
50-59 882 (35.00%) 112 (31.11%)
60-69 938 (37.22%) 164 (45.56%)
70-79 350 (13.89%) 55 (15.28%)
>80 14 (0.56%) 4 (1.11%)
Sex 11
Female 1311 (52.02%) 200 (55.56%)
Male 1209 (47.98%) 160 (44.44%)
Smoking .034
Yes 625 (24.80%) 108 (30.00%)
No 1895 (75.20%) 252 (70.00%)
BMI 26.89+3.22 30.88+3.36 <.001
Spine pathology 422
LDH 1053 (41.79%) 149 (41.39%)
LSS 175 (6.94%) 29 (8.06%)
Spondylolisthesis 155 (6.15%) 6 (4.44%)
LDS 119 (4.72%) 12 (3.33%)
Multiple indications (>2) 1018 (40.40%) 154 (42.78%)
ASA Class <.001
| 113 (4.48%) 0
I 1350 (53.57%) 66 (18.33%)
i 1018 (40.40%) 265 (73.61%)
% 39 (1.55%) 29 (8.06%)

Levels fused .366

<3 Levels 1657 (65.75%) 228 (63.33%)

>3 Levels 863 (34.25%) 132 (36.67%)
Operative time, h 3.62+0.875 3.62+0.88 978
Blood loss, mL 467.82 +221.29 461.63+251.95 .659
Transfusion 416 (16.51%) 65 (18.06%) 461

ASA = American Society of Anesthesiologists, BMI = body mass index, LDH =
LDS = lumbar degenerative scoliosis, LSS = lumbar spinal stenosis.

lumbar disc herniation,
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Figure 2. The prevalence of metabolic syndrome component comorbidities for
patients undergoing posterior lumbar spine fusion over time. An increase in the
comorbidity components of the prevalence of metabolic syndrome was
detected between the time periods 2014 and 2018.
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Table 2

Prevalence of MetS components in the study population.

MetS (%) Non-MetS (%) OR 95% Cl P

Hypertension 271 (75.28) 820 (32.54) 6.31 4,90-8.13 .000
Diabetes 314 (87.22) 840 (33.33) 13.65 9.91-18.81 .000
Hyperlipidemia 321 (89.12) 900 (35.71) 14.82 10.52-20.86 .000
Obesity 280 (77.78) 750 (29.76) 8.26 6.35-10.74 .000

Data are presented as values (frequencies), OR, 95% Cl. A % test was used to compare categorical demographics between the 2 groups. Cl = confidence interval, MetS = metabolic syndrome, OR = odds ratio

MetS patients (P=.03). The deep SSIs rates for the MetS and non-
MetS groups were 2.22% and 0.79%, respectively, and this
difference was statistically significant (P=.01). There were no
differences in PE, MI, acute renal failure, reoperation, and death
within 30 days between patients with MetS and individuals
without MetS. Four (0.16%) patients in the non-MetS group and
one (0.28%) patients in the MetS group died postoperatively.
They all underwent a second operation, due to internal bleeding,
respectively, and died in the ICU within 48 hours from second
operation due to multiple organ failure. Patients without MetS
required a mean hospital stay of 19.99 days compared to 22.16
days for patients with MetS (P <.001).

In the multivariable logistic regression models (Table 5), the
MetS was a risk factor for the development of perioperative
complications (OR: 1.31; 95% CI: 1.06-2.07, P<.001), and
extended length of stay (ie, >75th percentile; OR: 1.69; 95% CL:
1.25-2.28, P=.001). The hypertension had increased length of
stay (OR: 0.80, P=.009), and complications (OR: 0.71,
P=.001). Meanwhile, we found that the dyslipidemia was a
risk factor for the development of complications, and extend
length of stay.

4. Discussion

In our study, the patients with MetS had a higher risk of
perioperative complications, and prolonged length of stay after
primary PLIF. Patients with MetS had an increased risk for
cardiac events and pulmonary complications, urinary tract
infection, cerebrovascular events, DVT, SSIs, and postoperative
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Figure 3. The graph showing patient distribution according to the positive
numbers of components of the metabolic syndrome. It is shown that the
highest of the 2 components was 45.31% and the lowest proportion of the four
components was 5.28%.

ICU admission compared with non-Mets group (P <.05). In the
multivariable logistic regression, the MetS patients had a 1.31
higher odds (P<.001) and a 1.69 higher odds (P=.001) for
postoperative complications, and extended length of stay.

Some studies assessed the impact of MetS on patients outcomes
following spinal surgery. A 6696 patients study reported that the
MetS was an independent risk factor for 30-day complications
following the adult spinal deformity. The patients with MetS had
higher rates of postoperative cardiac complications (P=0.001),
superficial surgical site infection (P=.004), sepsis (P=.009), re-
operation (P=.006), pulmonary complications (P=.017), and
prolonged hospitalization (P=.039).I"*1 A study analyzed 1384
participants undergoing anterior cervical discectomy and fusion
shown that the MetS was only significantly associated with an
increased odds of a prolonged hospital stay >3 days (OR: 1.32;
95% CI: 1.12-1.56; P=.001); its presence did not significantly
affect 30-day outcomes.!?!

After controlling the effect of obesity, Lovecchio et all'* shown
MetS patients experienced higher rates of wound complications
(3.8% vs 2.7%, P=.045), longer postoperative stays (29.1% vs
23.9%, P<.001), and higher readmission (7.4% vs 4.6%,
P<.001) compared to obese controls following lumbar spine
surgery. After controlling the total number of levels fused,
Katherine et al™! reported that MetS patients increased
postoperative complications (29.6% vs 12.8%; P=.001),
including specifically neuro, pulmonary, urinary complications,
and extended hospital length of stay (14.4% vs 6.4%; P <.001)
after spine fusion surgery.

In an analysis of the National Inpatient Sample data from 2000
to 2008, Memtsoudis et al'® found MetS patients had
significantly increased odds of major complications (OR: 1.11;
95% CI:1.03-1.20), longer hospital stay (OR:1.09; 95%

Prevalence of comorbidities in patients with and without MetS
after PLIF.

Comorbidities Non-MetS (n=2520) MetS (n=360) P
Thyroid 65 (2.58%) 15 (4.17%) .086
Chronic lung disease 23 (0.91%) 6 (1.67%) 182
0ocl 70 (2.78%) 20 (5.56%) .005
CAD 220 (8.73%) 45 (12.50%) .021
Atrial fibrillation 40 (1.59%) 13 (3.61%) .008
CKD 12 (0.48%) 3 (0.83%) 379
PAD 35 (1.39%) 11 (3.06%) .023
Hypertension 820 (32.5%) 271 (75.28%) <.001
Diabetes 840 (33.33%) 314 (87.22%) <.001
Hyperlipidemia 900 (35.71%) 321 (89.17%) <.001
( ( )

Obesity (BMI >30) 750 (29.76%) 280 (77.78% <.001

CAD = coronary artery disease, CKD = chronic kidney disease, OCl=old cerebral infarction, PAD =
peripheral arterial disease, PLIF=posterior lumbar interbody fusion.
Fisher test.
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In-hospital complications in patients with and without MetS
undergoing PLIF.

In-hospital complications Non-MetS (n=2520) MetS (n=360) P

Pulmonary complication 6 (0.63%) 6 (1.67%) .035
Pneumonia 5 (0.60%) 7 (1.94%) .026
PE 0 (0.40%) 3(0.83%) 462"
Cerebrovascular event 1 (0.44%) 5 (1.39%) .023
Cardiac complications 28 (1.11%) 10 (2.78%) .019
MI 0 (0.40%) 3(0.83%) 462"
Acute renal failure 4 (0.16%) 2 (0.56%) 354"
Urinary tract infection 35 (1.39%) 11 (3.06%) .018
DVT 28 (1.11%) 9 (2.50%) .029
Superficial SSI 175 (6.94%) 40 (11.11%) .03
Deep SSI 20 (0.79%) 8 (2.22%) .01
Postoperative ICU Admission 0 (0.40%) 6 (1.67%) .02
Re-operation 63 (2.50%) 10 (2.78%) 754
Death within 30 days 4 (0.16%) 1 (0.28%) 827"
>1 Complication overall 427 (16.94%) 121 (33.61%)  <.001
Length of stay, mean, days 19.99+5.10 22.16+6.64 <.001

DVT =deep vein thrombosis, ICU=intensive care unit, Ml=myocardial infarction, PE=pulmonary
embolism, PLIF=posterior lumbar interbody fusion, SSI=surgical site infection.
Fisher test.

CI:1.05-1.14), and high hospital costs (OR:1.25; 95% CI:1.19-
1.31) undergoing lumbar spine fusion surgery.

The result was in agreement with previous studies which reported
the prevalence of MetS to increase the risk of developing
cardiovascular disease and pulmonary complications in
patients."”"8] Glance et al found that perioperative mortality
was doubled among super-obese patients with MetS after
noncardiac surgery and cardiac adverse events were 2 to 2.5-fold
higher in all patients with MetS undergoing no-ncardiac surgery.[*’

Past studies reported a link between pulmonary complications
and MetS, can be partially explained by numerous proposed factors,
such as low-grade systemic inflammation, sleep apnea, asthma,
difficult airway, and obesity hypoventilation syndrome.2%*!!

The MetS was a significant risk factor for superficial SSIs
(11.11% vs 6.94%, P=.03), and deep SSIs (2.22% vs 0.79%,
P=.01). Indeed, it has been documented that MetS increases risk
of superficial SSIs after liver resection by 70%!>*! as well as the
risk of superficial, deep SSIs and wound dehiscence after
infrainguinal bypass.”*! The patients with MetS may cause an
over-nutrition state providing a favorable environment, and were
in a state of hormonal dysregulation and low-grade inflamma-
tion, likely contributing to a propensity for infections.**>*!

The MetS patients had a higher rate of extended length of stay
than control group. A plausible explanation for the finding could
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be that surgeons may be more cautious regarding postoperative
care in these patients given the high-comorbidity burden posed
by MetS.

Surprisingly, despite higher complication rates, there was
no statistical difference in mortality between the MetS group
and the non-MetS group (P=.827). It was possible that
patients with MetS may be subject to more rigorous
preoperative testing, thus leading to preselection of patients
with MetS.

The mechanism of the MetS is not clear. Most of the clinical
studies have reported the MetS stems from insulin resistance,
which increased the risk of obesity and endothelial dysfunc-
tion.[?®! Obesity increases adipokines and hyperglycemia induces
oxidative stress that lead to activation of the inflammatory and
coagulation cascade. Specifically, endothelial dysfunction leads
to the elevation of various cytokines, and CRP, predisposing
individuals toward a proinflammatory, and prothrombotic state,

and putting them at higher risks for perioperative complica-
tions.!27]

4.1. The limitation

There were several limitations in this study. The first limitation
was the retrospective design that could have resulted in
variability of data collection. Secondly, the definition of MetS
was constantly evolving and had different diagnostic criteria.
This definition was chosen to approximate published definition
by the US National Cholesterol Education Program Adult
Treatment Panel IILM!! and was similar to the methodology
reported by other investigators.!**°! The waist circumference
was not routinely recorded in our data. So, the BMI was
utilized over the standard waist circumference, which may
underestimate the incidence of MetS. Thirdly, the incidence of
MetS in our study may be underestimated. The information on
patients with MetS treated with medication was not recorded.
The participants with naturally adverse serum lipid and glucose
profiles were classified as having normal serum measures, and
potentially weaken the association between MetS and the PLIF.
Finally, the diagnoses and procedures in the date were based on
the ICD-9-CM coding system, and some of these codes may be
redundant or interpreted differently by coders, thus clearly
providing a source of bias.

5. Conclusion

In summary, this study provides evidence that patients with
MetS increase risk for major perioperative complications, and
extend length of stay following elective posterior lumbar spinal

Adjusted multivariate logistic regression analysis for one or more complications and extended length of stay.

One or more complications

Extended length of stay

95% Cl 95% Cl
OR Lower Upper P OR Lower Upper P
MetS 1.31 1.06 2.07 <.001 1.69 1.25 2.28 .001
Hypertension 0.71 0.58 0.88 .001 0.8 0.67 0.95 .01
Diabetes 1.04 0.83 1.29 746 1.01 0.85 1.19 91
Dyslipidemia 1.22 0.97 1.52 <.001 1.53 1.28 1.82 <.001
Obesity 0.97 0.78 1.2 767 117 0.98 1.39 .07

BMI=body mass index, Cl=confidence interval, MetS=metabolic syndrome, OR=odds ratio.
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fusion. Further prospective studies are necessary to validate the
results of our study as well as identifying specific postoperative
outcome.
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