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Abstract

Background: Although microvascular decompression (MVD) is a durable treatment for 

medically refractory trigeminal neuralgia, hemifacial spasm, or glossopharyngeal neuralgia 

attributable to neurovascular conflict, few national studies have analyzed predictors of 

postoperative complications.

Objective: To determine the incidence and risk factors for adverse events after MVD.

Methods: Patients who underwent MVD were extracted from the prospectively collected 

National Surgical Quality Improvement Program registry (2006–2017). Multivariable logistic 

regression identified predictors of thirty-day adverse events and unplanned readmission; 

multivariable linear regression analyzed predictors of a longer hospital stay.

Results: Among the 1,005 patients evaluated the mortality rate was 0.3%, major neurologic 

complication rate 0.4%, and 2.8% had a nonroutine hospital discharge. Patient age was not a 

predictor of any adverse events. Statistically significant independent predictors of both any adverse 

event (9.2%) and of a longer hospitalization were American Society of Anesthesiologists (ASA) 

classification III-IV designation and longer operative duration (P≤.03) The thirty-day readmission 

rate was 6.8%, and the most common reasons were surgical site infections (22.4%) and 

cerebrospinal fluid leakage (14.3%). Higher ASA classification, diabetes mellitus, and operative 

time were predictors of readmission (P<.04).

Conclusion: In this NSQIP analysis, postoperative morbidity and mortality after MVD was very 

low. Patient age was not a predictor of postoperative complications, while higher ASA 

classification, diabetes mellitus, and longer operative duration were predictive of any adverse event 
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and readmission. ASA classification provided superior risk stratification compared with the total 

number of patient comorbidities or laboratory values. These data can assist with preoperative 

patient counseling and risk-stratification.
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Introduction

Microvascular decompression (MVD) is an effective treatment for medically intractable 

trigeminal neuralgia (TN), hemifacial spasm, or glossopharyngeal neuralgia attributable to 

neurovascular conflict.1–10 As an elective procedure performed to optimize quality of life, 

the risk-benefit ratio of MVD is reduced by postoperative complications.11,12 Therefore, 

preoperative decision analysis, risk-stratification, patient selection and counseling would be 

augmented by additional data on patients are at an increased risk of complications.4,5,13,14

While there is a body of literature emphasizing the safety and efficacy of MVD,2,4–6,13–29 it 

is primarily based upon single-center, retrospective reports performed by high-volume 

centers2,4,5,13,19,20 and there is a dearth of multicenter data analyzing postoperative 

outcomes after MVD in practice.2,6,15,17,20 The National Surgical Quality Improvement 

Program (NSQIP) is an externally validated, prospective, national registry that tracks thirty-

day outcomes on patients in different healthcare settings. The goal of the present analysis 

was to use NSQIP to evaluate the rates and predictors of adverse events after elective 

microvascular decompression for trigeminal neuralgia, hemifacial spasm, or 

glossopharyngeal neuralgia.

Methods

Data Source:

The NSQIP registry was used from the years 2006–2017. NSQIP is maintained by the 

American College of Surgeons (ACS), and includes prospectively collected data on patients 

undergoing operations at more than 700 academic and community hospitals nationwide. 

Data are collected by trained surgical reviewers using a uniform protocol; to prevent 

selection bias, enrollment is performed on an eight-day cycle at each center. NSQIP has been 

externally validated against physician review,30 and previously used to evaluate 

neurosurgical outcomes.31–39Patient consent and enrollment into NSQIP is performed by the 

ACS, which releases a fully deidentified registry; our institutional review board has 

exempted the deidentified NSQIP database from individual study review.

Inclusion Criteria:

To identify patients undergoing elective microvascular decompression, admissions that met 

the following criteria were included: 1) were aged 18 years or older; 2) had a Current 

Procedural Terminology (CPT) code indicating an MVD (61458, 61460); 3) had a diagnosis 

code of trigeminal neuralgia (International Classification of Diseases, 9th Edition (ICD-9) 
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and 10th edition (ICD-10) codes of 350.x and G50.x, respectively), hemifacial spasm 

(ICD-9: 351.x, ICD-10: G51.x), glossopharyngeal neuralgia or other cranial nerve disorder 

not specified (ICD-9: 352.x, ICD-10: G52.x), 4) the attending surgeon’s specialty was 

neurosurgery; 5) the documented case urgency was non-emergent; 6) the disposition was 

inpatient; & 7) the operation was performed under general anesthesia.

Covariates:

Pertinent covariates were extracted. Age was categorized based on published literature 

evaluating MVD (18–50, 51–64, & ≥ 65 years).22,26 American Society of Anesthesiologists 

(ASA) classification was analyzed dichotomously (I-II, III-IV, missing) given that the 

majority of patients either had a class II or III designation. Operative time was examined as a 

categorical variable with divisions at the thirty-minute intervals that approximate the median 

and upper quartile. In sensitivity analyses, patient age was also evaluated continuously and 

by quartile, while operative time was also assessed as a continuous variable.

Comorbidities collected by NSQIP and present in more than 10 patients were evaluated 

individually: smoking, hypertension requiring treatment, dyspnea, chronic obstructive 

pulmonary disease, diabetes mellitus, and steroid administration. Obesity was defined as a 

body mass index of 30.0–39.99 kg/m2, while morbid obesity as > 40 kg/m2. Pertinent 

preoperative laboratory testing were extracted and stratified by key values. Moreover, the 

total number of recorded comorbidities was calculated for each patient.

Outcomes:

Thirty-day outcomes, including mortality and other adverse events, as well as length of 

hospital stay were extracted. Complications available in the NSQIP algorithm are neurologic 

(postoperative hemorrhagic or ischemic stroke and coma), cardiovascular (cardiac arrest or 

myocardial infarction), hematologic (venous thromboembolism and intraoperative or 

postoperative red blood cell transfusion), airway (unplanned endotracheal intubation or 

prolonged mechanical ventilation), renal, and infectious (surgical site infection, pneumonia, 

urinary tract infection, and sepsis). A major complication was defined using previously 

defined criteria in a neurosurgical population, and included death, neurologic or 

cardiopulmonary complications, venous thromboembolism, sepsis, surgical site infection, or 

reoperation.40

In 2011, NSQIP began collecting data on thirty-day unplanned readmission and discharge 

disposition, and in 2012 NSQIP started including the primary diagnosis associated with the 

readmission. Data on reoperation has been collected by NSQIP since its inception, but the 

specific CPT codes of the reoperation have only been recorded since 2012, and therefore the 

reasons fro reoperation could only be discerned among patients from 2012–2017. A non-

routine discharge was defined as any disposition other than to home.

Missing Data:

Patients with missing data on covariates (including in whom laboratory values were not 

obtained) were stratified into a separate group for these variables. All missing data on 

covariates are explicitly denoted. The only data missing on outcomes were for unplanned 
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hospital readmission and discharge disposition from the years prior to 2011, and therefore 

patients from the years 2007–2010 were not included in analyses of these outcomes.

Statistical Analysis:

Statistical analyses were conducted using STATA 13 (STATACorp, College Station, TX). 

First, descriptive statistics were performed of covariates and outcomes. Multivariable 

regression models were utilized for three outcomes: any complication, unplanned 

readmission, and length of hospital stay. Multivariable models were constructed after 

univariable screen: entry criteria was a probability value less than 0.10 (in any strata of 

categorical variables) in univariable regression with the predictor as the independent variable 

and that specific outcome as the dependent variable. Logistic regression evaluated each 

dichotomous outcome, and linear regression analyzed length of hospital stay (which was 

evaluated as a continuous variable to maximize available information). When a logistic 

regression model includes more variables than events, there is concern for statistical 

optimism; therefore, in such cases (which only occurred for a major complication), 

automated backwards, selection was subsequently employed with an exit criteria of p>0.10. 

The calibration of logistic regression models were assessed using the Hosmer-Lemeshow 

test, while concordance statistics evaluated the discrimination of logistic regression models. 

R2 was used to evaluate the variance explained by linear regression models. For all analyses, 

a probability less than 0.05 was considered significant.

Results

Demographics of Study Population:

A total of 1,005 patients were included: their preoperative characteristics are reported and 

stratified by the development of any postoperative complication in Table 1. The recorded 

ASA physical classification designation was I for 4.8% (n=48), II for 60.6% (n=609), III for 

34.2% (n=344), IV for 0.3% (n=3), and missing for 0.1% (n=1). However, patient age and 

ASA classification were significantly correlated (P<.001 with a global chi-squared test): 

patients aged at least 65 were significantly more likely to have ASA class IIIIV designation 

(odds ratio (OR): 2.05, 95% confidence interval (CI): 1.49–2.83, P<.001), compared to those 

aged 18–50 years, although there was no significant difference for patients aged 51–64 years 

(OR: 0.88, 95% CI: 0.65–1.21, P=0.45).

Adverse Events:

The total thirty-day cumulative incidence and time to event of adverse events are presented 

in Table 2. When stratified by ASA physical classification designation, among patients with 

ASA classification I-II, 6.4% experienced any complication, the mean hospital stay was 2.8 

(standard deviation (SD) 2.0) days, and 4.7% were readmitted. Among patients with ASA 

classification III-IV, 14.1% experienced any complication, the mean hospital stay was 3.3 

(SD: 2.5) days, and 10.1% were readmitted.

A multivariable logistic regression model evaluated the predictors of developing any adverse 

event. Predictors were first screened with univariable logistic regression (Table 1): ASA 

classification III-IV designation, at least three comorbidities, hypertension, diabetes 
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mellitus, morbid obesity, and longer operative time were associated with adverse events 

(Figure 1). In the multivariable model (Table 3), however, the only independent predictors 

were ASA class III-IV designation (P=.01), diabetes mellitus (P=.04), and longer operative 

time (P=.02). Likewise, a multivariable logistic regression model was constructed evaluating 

predictors of a major complication; statistically significant independent predictors were 

chronic obstructive pulmonary disease (P=.04), diabetes mellitus (P=.007), preoperative 

steroid usage (P=.048), and operative time longer than 210 minutes (P=.01).

Length of Hospital Stay:

The mean length of hospital stay was 3.0 (SD: 2.2) days. Multivariable linear regression 

analyzed predictors of a longer hospitalization (Table 4) after univariable screen; one model 

was constructed only based on preoperative and operative characteristics, while the second 

model also included postoperative complications. In the first model, ASA classification III-

IV (P=.004), hypertension (P=.02), and longer operative time (P=.03) were independently 

associated with a longer length of hospital stay (when assessed continuously). In the second 

model, these variables remained significant, while postoperative cardiac (P=.001), airway 

(P=.02), and venous thromboembolic (P=.001) complications were also associated with a 

longer hospital stay. The R2 values of the first and second model were 2.8 and 6.1%, 

respectively.

Reoperation:

The thirty-day reoperation rate for the entire study period was 3.6% (n=36), and the 

associated CPT code for the reoperation was available (from years 2012–2017) for 63.9% of 

cases (n=22). The most common recorded reoperations were repair of cerebrospinal fluid 

leakage or pseudomeningocele (43.5%, n=10), debridement of a surgical site infection 

(26.1%, n=6), posterior fossa decompression (8.70%, n=2), percutaneous radiofrequency 

treatment of the trigeminal nerve (8.70%, n=2), as well as microvascular decompression, 

ventricular shunt, and cranioplasty (4.3% each, n=1). Given the comparatively small number 

of reoperation events, no multivariable models of this outcome were constructed.

Unplanned Readmission:

The total thirty-day readmission rate from 2011–2017 was 6.8% (n=57), and the associated 

diagnosis was recorded in 86.0% of readmitted patients (n=49). The most common reasons 

for readmission were surgical site infection (22.4%, n=11), central nervous system 

complications (14.3%, n=7), cerebrospinal fluid leakage (14.3%, n=7), headache (10.2%, 

n=5), and meningitis (8.2%, n=4). Multivariable logistic regression identified ASA physical 

classification designation III-IV (P=.01), diabetes mellitus (P=.01), and longer operative 

time (P=.03) as independent predictors of an unplanned readmission.

Patient Age and Operative Time:

As patient age and operative time were analyzed as categorical variables in the primary 

analysis, further sensitivity analysis was performed of these variables. When evaluated 

continuously or categorically by quartile, patient age was not significantly associated with 

the development of any complication, an extended hospitalization, or unplanned readmission 
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in univariable analysis. Thus, patient age does not meet entry criteria into any multivariable 

models regardless how it is evaluated.

The multivariable models of any adverse event, a major complication, length of hospital stay, 

and an unplanned reoperation were also constructed using operative time as a continuous 

variable. Longer operative duration remained a statistically significant predictor in each 

multivariable model—of any adverse event (by sixty-minute intervals, OR: 1.23, 95% CI: 

1.01–1.50, P=.04), a major complication (OR: 1.31, 95% CI: 1.03–1.66, P=0.03), a longer 

hospitalization (beta-coefficient: 0.18 days, 95% CI: 0.04–0.31, P=.01), and an unplanned 

hospital readmission (OR: 1.28, 95% CI: 1.01–1.63, P=.04).

Discussion

The safety and efficacy of MVD for the treatment of medically intractable trigeminal 

neuralgia, hemifacial spasm, or glossopharyngeal neuralgia attributable to neurovascular 

conflict has been established by single center reports,1–6,13–26,28,41–65 While a 

comprehensive review of prior institutional analyses of MVD is beyond the scope of the 

present study, it is worth noting a few key studies that reported very low complication rates. 

In 1996, Barker et al. published a series of 1,336 MVD operations performed at a single 

center:4 the perioperative mortality rate was only 0.1% and major neurologic adverse events 

were extremely rare. In 2007, Sindou et al. reported a series of 362 patients, and 

complications were rare, with one patient experiencing gait disturbances due to cerebellar 

ischemia, three patients experiencing diplopia secondary to trochlear nerve palsy, three 

experiencing facial nerve palsy, and seven experiencing hearing loss.66 In a more recent 

institutional report of 250 cases, Broggi et al. found a similar low incidence of 

complications,6 including no deaths, and a 0.4% rate of perioperative cerebral infarction. 

Likewise, in a review of 1,1174 patients who underwent MVD for hemifacial spasm, 

reported complications were rare and included hearing loss in 1.1%, facial weakness in 

0.7%, CSF leakage in 0.25%, and cerebellar infarction in 0.17%.67

However, there remains a paucity of prospective, multicenter data evaluating the outcomes, 

effectiveness, morbidity, and adverse events of MVD in practice, and few studies have 

evaluated postoperative outcomes after MVD nationally. In 2011, Rughani et al. used the 

National Inpatient Sample (NIS), an administrative claims dataset, to evaluate complications 

after MVD when stratified by patient age.26 Likewise, Kalkanis et al.used the NIS to 

demonstrate a volume-outcomes relationship for MVD, whereby superior outcomes (such as 

discharge disposition) were seen at high-volume centers. Moreover, Kundu and Rolston68 as 

well as Wang et al..69 have used national billing datasets to evaluate trends in the treatment 

of trigeminal neuralgia, reporting that the use of microvascular decompression is increasing 

in the United States compared to other procedural treatments; this underscores the 

importance of evaluating postoperative outcomes after MVD. Nevertheless, administrative 

billing datasets such as the NIS have limited discernment between comorbidities and 

postoperative complications from coding identifiers; on the other hand, prospectively 

collected surgical registries such as NSQIP explicitly evaluate postoperative complications. 

Arnone et al. used NSQIP to evaluate reoperation after MVD, reporting diabetes and morbid 

obesity to be significant risk factors.70 However, the authors only evaluated patients from 
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2007–2014 and had a comparatively small sample size of 506 patients; thus, no significant 

predictors of readmission were discerned, potentially due to an underpowered analysis. 

Additionally, they did not examine other adverse events or length of hospital stay.

In the present analysis, patients who underwent elective MVD were extracted from NSQIP 

to identify the rates and predictors of 30-day adverse events, a major complication, an 

extended hospitalization, and unplanned readmission in a nationally accrued population. 

Very low morbidity was seen after MVD, as the thirty-day mortality and major neurologic 

complication rates were 0.3% and 0.4%, respectively. Additionally, each individual 

complication had quite low thirty-day rates, with the most common being surgical site 

infections (1.7%). Multivariable logistic regression models were constructed to identify 

statistically significant independent predictors of any postoperative adverse event and an 

unplanned readmission, and predictors of both were ASA classification III-IV designation, 

diabetes mellitus, and longer operative time. Additionally, significant predictors of a major 

complication were diabetes mellitus, COPD, preoperative steroid usage, and longer 

operative duration, while higher ASA classification, hypertension, and longer operative time 

were predictors of an extended hospitalization, underscoring their relationship with the 

efficiency of postoperative care.

The relationship between patient age and outcomes after MVD—both postoperative 

complications and pain relief—is debated. Bick et al.reported in a retrospective, single-

institution study that patients older than 60 years in fact had greater pain relief after MVD 

compared to those younger than 60 years.71 However, one of the greatest concerns about 

surgical decompression in older patients are postoperative complications, and some authors 

have reported that older age is a predictor of complications after MVD: Rughani et al.. found 

that age greater than 65 years was associated with a higher incidence of postoperative 

cardiac, thromboembolic, and cerebrovascular complications.26 On the other hand, some 

single-center studies have not found that postoperative complications vary by age when 

careful patient selection is employed.22,24,72,73 In the present analysis, older age was not an 

independent predictor any adverse events, readmission, or an extended hospitalization. 

Moreover, age was not predictive of outcomes regardless how the data were analyzed: 

categorically (using clinically pertinent divisions), by quartile, or continuously. This 

suggests that age alone may not be an optimal mode for preoperative risk stratification. 

Nevertheless, older patient age was found to be significantly associated with higher ASA 

physical classification designation, and ASA classification was found in this analysis to be a 

significant predictor of an adverse event, an unplanned readmission, and a longer 

hospitalization (after accounting for postoperative complications). Therefore, ASA 

classification may be a better indicator of a patient’s preoperative health status than age, the 

total number of comorbidities, or any specific comorbidity.

The ASA physical status classification was established in 1963 for the preoperative 

assessment of suitability of a patient to undergo a major operation. The system ranks 

patients on the severity of comorbid and the presenting illness, ranging from I, a healthy 

individual, to V, a moribund person who is not expected to survive without the operation. 

Among neurosurgical patients, classifications II-IV are the most common, which describe 

mild systemic disease (II), severe systemic disease (III), and severe systemic disease that is a 
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constant threat to life (IV)—the prevalence of which were 60.6%, 34.2%, and 0.3% in the 

present patient population, respectively. Examples of ASA class II include smoking, social 

alcohol drinker, class I obesity, and controlled hypertension, diabetes, or lung disease. Class 

III designation includes poorly controlled hypertension, diabetes, or lung disease, morbid 

obesity, alcohol dependence, moderate reduction of ejection fraction, dialysis dependence, 

and either cardiovascular or cerebrovascular events sustained more than 90 days prior. 

Patients with greater severity of comorbid diseases (such as recent myocardial infarction), 

but who are undergoing elective surgeries, receive classification IV designation. Although 

the ASA scale is used internationally for patients undergoing any major operation,74 few 

studies have shown its utility an intracranial setting, and this analysis highlights its use in 

risk-stratifying patients prior to MVD.75–77

Additionally, in this analysis, longer operative time was an independent predictor of adverse 

events, prolonged hospitalization, and unplanned readmission. Although operative time was 

analyzed as a categorical variable in the primary analysis, these relationships persisted when 

operative time was evaluated continuously. Several neurosurgical studies have reported that 

longer operative time is a risk factor for perioperative complications, including venous 

thromboembolism and surgical site infections.78–80 This relationship has been hypothesized 

to be multifactorial, partially attributable to duration of anesthesia, as well as a maker for 

more complex surgical cases.

Another advantage of NSQIP is the inclusion of the specific reasons for reoperation and 

readmission. Surgical site infections were the most common individual complication, and 

the most common indications for both readmission and reoperation were surgical site 

infections and CSF leakage. Therefore surgeons, should balance operative speed with a 

meticulous closure, including of the Dura mater, and be cognizant that some of the most 

significant complications after this elective operation are related to closure.

There are several noteworthy limitations of this study. The NSQIP algorithm collects the 

same variables and postoperative complications for all patients regardless of surgical 

specialty. Thereby procedure-specific predictors and adverse events are not routinely 

available, unless specific complications merited 30-day reoperation or readmission, in which 

case NSQIP captures these occurrences through ICD and CPT coding. Thus, several 

pertinent specific variables and outcomes could not be evaluated including prior treatment 

for TN, the duration of symptoms, postoperative cranial nerve palsies including hearing loss, 

dysphagia, and postoperative improvement in preoperative symptoms.3,5,6,20,26,29,46,48 

Additionally, as NSQIP only collects data on patients undergoing open surgery, this study 

could not compare MVD with other medical or interventional (including percutaneous) 

management strategies for TN.

Nevertheless, NSQIP has many distinct advantages in evaluating postoperative outcomes.
32,33,35,37,39 These include greater generalizability than typical single-center reports, as 

NSQIP accrues patients nationally from varied healthcare settings, and therefore may be 

more representative of patients undergoing MVD in the United States. Additionally, NSQIP 

provides data on indications for reoperation and readmission, which can inform 

postoperative management and follow-up. Large, multicenter analysis of neurosurgical 

Cote et al. Page 8

World Neurosurg. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



outcomes can be used to identify of risk factors for adverse outcomes and guiding pre-

operative counseling, decision analysis, and risk-stratification.

Conclusions

In this analysis of a nationally accrued, prospectively collected registry, MVD performed for 

trigeminal neuralgia, hemifacial spasm, or glossopharyngeal neuralgia was associated with 

very low postoperative thirty-day morbidity and mortality. Patient age was not a predictor of 

any adverse events. Higher American Society of Anesthesiologists classification designation 

and longer operative time were predictors of any adverse event, an extended hospitalization, 

and an unplanned hospital readmission. The most common reasons for reoperation and 

readmission were surgical site infections and CSF leakage. ASA classification was found to 

be a superior mode of risk stratification than the total number of comorbidities alone; these 

data may augment preoperative patient counseling and risk-stratification.
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ICD International Classification of Diseases

MVD microvascular decompression

NIS Nationwide Inpatient Sample

NSQIP National Surgical Quality Improvement Program
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Figure 1. 
Variations in the unadjusted thirty-day adverse event rate (and its associated standard error) 

by A) patient age, B) the number of comorbidities, C) ASA physical classification 

designation, and D) operative time.
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Table 2.

The thirty-day cumulative incidence and time to event of postoperative complications.

Complication Thirty-Day Cumulative Incidence (%) Time to Event, days, median (IQR)

Death 0.3

Any Complication 9.2 11 (7–18)

Major Complication 5.3 11.5 (5–21)

Reoperation 3.6 10 (7–19)

Unplanned Readmission (n=845) 6.8 11 (7–17)

Non-Routine Hospital Discharge (n=841) 1.9 6.5 (4.5–8.5)

Neurological Complications 0.4

 Stroke 0.4 -

 Coma > 24 hours 0 -

Cardiovascular Complications 0.2 -

Hematologic Complications

 Venous Thromboembolism 0.5 7 (5–17)

 Red Blood Cell Transfusion 0.2 -

Airway Complications 0.5 8 (3–12)

Renal Complications 0 -

Infectious Complications

 Any Infectious Complication 3.4 13.5 (5–21)

 Surgical Site Infection 1.7 21 (17–26)

 Pneumonia 0.3 3 (1–5)

 Urinary Tract Infection 1.2 8 (2–9.5)

 Sepsis 0.4 20 (10–22)

Abbreviations: IQR = interquartile range.

A major complication was defined using previously published criteria and included death, a neurologic or cardiopulmonary complication, venous 
thromboembolism, sepsis, surgical site infection, or reoperation
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Table 3.

Multivariable logistic regression models evaluating the predictors of developing any postoperative 

complication, a major complication, and of an unplanned readmission.

Predictor Definition Odds Ratio 95% CI P-Value

Any Adverse Event

ASA Class
I-II Ref. -- --

III-IV 1.85 1.14–3.00 .01

Number of Comorbidities

0 Ref.

1 0.83 0.41–1.66 .59

2 0.97 0.36–2.61 .96

≥3 0.76 0.18–3.14 .71

Hypertension 1.18 0.62–2.25 .62

COPD 2.09 0.46–9.40 .34

Diabetes Mellitus 2.35 1.03–5.36 .04

Body Habitus

Nonobese Ref. -- --

Obese 0.81 0.42–1.56 .53

Morbidly Obese 1.56 0.69–3.49 .28

Operative Time

< 180 Minutes Ref. -- --

180–210 Minutes 0.71 0.34–1.48 .36

> 210 Minutes 1.82 1.10–3.01 .02

C-Statistic 0.65

Hosmer-Lemeshow .44

Major Complication

COPD 4.60 1.05–20.2 .04

Diabetes Mellitus 2.85 1.34–6.07 .007

Steroid Usage 3.29 1.01–10.7 .048

Operative Time

< 180 Minutes Ref. -- --

180–210 Minutes 0.60 0.21–1.75 .35

> 210 Minutes 2.21 1.19–4.10 .01

Unplanned Readmission

Female Sex 0.63 0.36–1.10 .10

ASA Class
I-II Ref. -- --

III-IV 1.88 1.02–3.48 .04

Number of Comorbidities

0 Ref. -- --

1 0.67 0.29—1.53 .34

2 0.68 0.23—1.99 .49

≥3 0.44 0.09–2.19 .34

Smoking 2.05 0.89–4.75 .09

Diabetes Mellitus 3.51 1.28–9.58 .01
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Predictor Definition Odds Ratio 95% CI P-Value

Body Habitus

Nonobese Ref. -- --

Obese 0.70 0.30–1.64 .41

Morbidly Obese 1.83 0.68–4.90 .23

Operative Time

< 180 Minutes Ref. -- --

180–210 Minutes 0.78 0.31–1.97 .60

> 210 Minutes 1.98 1.06–3.69 .03

C-statistic 0.70

Hosmer-Lemeshow .56

Abbreviations: ASA = American Society of Anesthesiologists, CI = confidence interval. Statistically significant differences are bolded.

A major complication was defined using previously published criteria and included death, a neurologic or cardiopulmonary complication, venous 
thromboembolism, sepsis, surgical site infection, or reoperation.
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Table 4.

Multivariable linear regression model analyzing the predictors of a longer hospitalization after MVD.

Predictor Definition Coefficient (Days) 95% CI P-Value

Model 1: Preoperative and Operative Predictors

ASA Class

I-II Ref. -- --

III-IV 0.45 0.14 – 0.76 .004

Missing 1.04 −3.31 – 5.40 .64

Number of Comorbidities

0 Ref.

1 0.08 −0.27 – 0.43 .66

2 −0.14 −0.61 – 0.33 .56

≥3 −0.54 −1.25 – 0.17 .13

Hypertension 0.44 0.06 – 0.81 .02

Diabetes Mellitus 0.49 −0.14 – 1.11 .13

Operative Time

< 180 Minutes Ref. -- --

180–210 Minutes −0.04 −0.43 – 0.34 .84

> 210 Minutes 0.39 0.03 – 0.75 .03

Model 2: Preoperative, Operative, and Postoperative Predictors

ASA Class

I-II Ref. -- --

III-IV 0.36 0.06 – 0.67 .02

Missing 1.19 −3.10 – 5.47 .59

Number of Comorbidities

0 Ref. -- --

1 0.10 −0.25 – 0.45 .57

2 −0.06 −0.52 – 0.41 .81

≥3 −0.36 −1.06 – 0.35 .32

Hypertension 0.43 0.07 – 0.80 .02

Diabetes Mellitus 0.17 −0.46 – 0.80 .59

Operative Time

< 180 Minutes Ref. -- --

180–210 Minutes −0.02 −0.40 – 0.36 .93

> 210 Minutes 0.36 0.00 – 0.71 .048

Postoperative Complications

Airway 2.38 0.36 – 4.40 .02

Cardiac 5.24 2.05 – 8.43 .001

VTE 3.53 1.37 – 5.68 .001

Pneumonia 2.41 −0.05 – 4.87 .06

Statistically significant differences are bolded.

Abbreviations: ASA = American Society of Anesthesiologists, CI = confidence interval. Linear regression was utilized to identify pre-operative 
clinical factors associated with prolonged hospital stay; positive coefficients are factors that are associated with longer stays, while negative values 
are associated with shorter stays.
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