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INTRODUCTION 

Over the past several decades, healthcare costs in the 

United States have progressively increased, and recent 

economic models estimate approximately 4.3 trillion 

dollars were spent on healthcare in 2021.1 In response, 

bundled payments (BCPI) have been proposed to combat 

recent surges in healthcare expenditures and emphasize 

comprehensive, cost-effective healthcare management and 

services.2 While such a payment model encompasses a 

multifarious variety of nuanced components, a 

fundamental element involves mitigating peri-operative 

cost and morbidity while simultaneously improving 

surgical outcomes. This initiative has made an impact on 

all fields of surgery, including orthopedics, in which trends 

aimed at attenuating healthcare costs include emphasis on 
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Background: Decision-tree-based machine learning (ML) algorithms such as random forest (RF) are useful for their 

ability to predict outcomes and rank variables according to their utility in the decision-making process. This study 

utilizes RF to identify important predictors of discharge to facility following surgical stabilization of pelvis fractures, a 
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identify important variables. 
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identified age, American Society of Anesthesiologists (ASA) classification, and preoperative hematocrit as top 

predictors for discharge to facility. Patients being discharged home were younger, had lower ASA scores, and had 

higher preoperative hematocrit.  

Conclusions: RF identified age, ASA classification, and preoperative hematocrit as top predictors for discharge 

destination following pelvic surgery. Knowledge of the impact of these variables can inform preoperative planning for 

both patients and their care team, while highlighting the opportunity to address preoperative hematocrit to both reduce 

cost and improve quality of care.  
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outpatient surgery, standardized systems to reduce post-

surgical complications, and utilization of less invasive 

procedures when applicable.2  

Despite its utility, the implementation of bundled 

payments is convoluted and hindered by a variety of 

systemic limitations, including technological restraints. 

However, recent developments in artificial intelligence 

and machine learning (ML) represent a versatile 

technological conduit that providers can employ to 

ameliorate many of these systemic limitations by 

predicting surgical outcomes.3,4 In addition to outcome 

prediction, the ML algorithm random forest (RF) can rank 

variables based on permutation feature importance (PFI), 

which stratifies pre-specified variables based on a 

quantitated, correlative power to outcomes of interest.5 PFI 

allows identification of patient characteristics, co-

morbidities, and variables associated with surgical 

complications within the RF algorithm structure.  

ML can be applied toward evaluation of patients who 

undergo surgical fixation of pelvis fractures. Pelvis 

fractures are often consequences of traumatic events that 

necessitate surgical fixation followed by a period of 

rehabilitation. While the incidence of pelvic fractures is 

estimated to be only 3% of all adult fractures, proper 

medical and surgical management of patients with this 

injury is of paramount orthopedic importance, as 

associated spectrum of morbidity can include severe 

functional deficits, significantly diminished quality of life, 

and even death.6 

While surgical fixation of pelvis fractures is amongst the 

most technically challenging operations performed by 

orthopedists, a fundamental element of mitigating peri-

operative morbidity includes proper post-operative 

medical care and discharge planning. Pelvic fractures often 

result in limited mobility that increases chances of 

discharge to an inpatient nursing facility rather than direct 

discharge home. While discharge to a facility may benefit 

many patients, recent research demonstrates this type of 

discharge destination may be associated with increased 

risk of postoperative complications and cost.7-9 

A better understanding of the predictors for discharge 

destination following orthopedic pelvis surgery would 

permit surgeons to identify and address modifiable 

perioperative variables and patient characteristics 

associated with higher likelihood of discharge to non-

home destinations. Additionally, earlier recognition may 

expedite the discharge process and decrease hospital 

length of stay. Therefore, elucidating the predictors for 

discharge destination after pelvic ring fixation may help 

attenuate post-operative morbidity, improve outcomes, 

and mitigate associated healthcare cost. Currently, the 

literature on predicting outcomes for pelvic fractures has 

relied on traditional statistical methods as a part of 

retrospective cohort studies, but ML has not yet been 

utilized for this purpose.4,6  

The objective of this study is to apply RF to expand upon 

the existing literature by validating and ranking known 

predictors of discharge to a facility as well as identifying 

the most important predictors of discharge to a facility 

following surgical pelvis stabilization. 

METHODS 

This study was brought before the institutional review 

board (IRB) of the study institution and determined to be 

IRB exempt. The study was a retrospective observational 

study, obtaining and analyzing patient characteristics from 

the American College of Surgeons national surgical 

quality improvement program (ACS-NSQIP), which 

includes over 250 variables from several hundred 

participating hospitals throughout the United States.  

The patient sample was obtained using R studio (version 

4.1.0) to filter the NSQIP database for all patients that 

underwent operative orthopedic intervention for pelvic 

ring fractures (CPT codes 27215, 27217, 27218, 27226, 

27227, and 27228) from years 2008-2018. The patients 

were classified based on discharge destination such home 

discharge (“home”, “against medical advice”, and “facility 

which was home”) versus non-home discharge (“skilled 

care, not home”, “unskilled facility not home”, “separate 

acute care”, “rehab”). Age, body mass index (BMI), 

American Society of Anesthesiologists (ASA) 

classification, dependent functional status, smoking 

history, diabetes, history of congestive heart failure, 

dialysis, ascites, disseminated cancer, hypertension 

requiring medication, dyspnea, steroid use, renal failure, 

bleeding disorder, and recent weight loss were variables 

chosen for ML algorithm training.  

RF algorithm was accessed using the Python package 

scikit learn.10 Prior to analysis, data was arbitrarily divided 

into training and testing datasets in a 4:1 ratio.11 The 

algorithm was trained to predict outcomes for each 

variables using the predetermined testing dataset. The 

algorithm produced a list of the most impactful variables 

ranked in order of PFI. The Chi-square test was used to 

detect differences in categorical variables (home versus 

facility) and t-test for continuous variables. 

The efficacy and performance of the algorithm in 

predicting the outcome of interest was compared to 

traditional metrics, including ASA, using the area under 

the receiver operator curve (AUC) to assess performance. 

An AUC of 0.7 is recognized as the cutoff for an ML 

algorithm with acceptable discrimination and 

separability.12 

RESULTS 

A total of 492 patients, mean age 48.5 years old, underwent 

orthopedic pelvic surgery between 2008 and 2018 in ACS-

NSQIP (Table 1). Ultimately, 184 patients were 

discharged to a facility, while 308 patients were 

discharged home.  
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RF identified age, ASA classification, and preoperative 

hematocrit as top predictors for discharge to facility 

following pelvis trauma surgery (Figure 1 and Table 1). 

Patients being discharged home on average tended to be 

younger (43.9 years versus 56.0 years), less likely to have 

ASA scores 3 and above (23.7% of home discharge versus 

58.2% of non-home discharge) and had higher 

preoperative hematocrit (37.7% versus 34.8%) compared 

to their counterparts with non-home discharge (p<0.05 for 

all). The accuracy of the algorithm was 67.4%, with an 

AUC of 0.74.  

 

Figure 1: Variables predictive of discharge 

destination. These variables have been listed 

according to feature importance regarding discharge 

destination. 

Table 1: Patient demographics by discharge 

destination. 

Demographics 
Home 

discharge 

Non-home 

discharge 

P 

value 

Total  308 184  

Body mass 

index (kg/m2) 
28.2 28.4 0.78 

Age (years) 43.9 56.0 <0.05 

Operative time 

(min) 
162.7 191.1 <0.05 

Gender, N (%)    

Male 186 (60.4) 91 (49.5) 
<0.05 

Female 122 (39.6) 93 (50.5) 

ASA classification (%)  

1 60 (19.5) 12 (6.5) 

<0.05 
2 175 (56.8) 65 (35.3) 

3 66 (21.4) 87 (47.3) 

4 7 (2) 20 (10.9) 

Smoking history (%)  

Yes 82 (26.6) 46 (25) 
0.77 

No 226 (73.4) 138 (75) 

Hypertension (%)   

Yes 70 (22.7) 84 (45.7) 
<0.05 

No  238 (77.3) 100 (54.3) 

DISCUSSION 

The recent emphasis of BCPI on cost-effective, outcome-

driven healthcare has compelled providers, administrators, 

and industry to search for innovative solutions. This 

comprehensive approach to re-evaluating the 

contemporary standard of the American healthcare 

paradigm is broad, convoluted, and somewhat ethereal. 

However, significant progress has been achieved via 

paradoxically small changes to nuanced surgical domains 

through the incorporation of artificial intelligence. 

Advances to technology, including the refinement of ML, 

have revolutionized the ability to mine, filter, and analyze 

vast data sets in an unprecedented manner. Moreover, 

when compared to conventional statistical modeling, ML 

prioritizes accurate, reproducible predictive strength. In 

turn, the application of ML and neural networks to 

orthopedic surgery has demonstrated unprecedented utility 

for feature selection and outcome prediction, augmenting 

the strength of a variety of critical peri-operative domains, 

including pre-operative risk stratification and post-

operative adverse event prevention. For example, Harris et 

al validated ML constructs that accurately predict renal 

and cardiac complications, along with mortality, after total 

hip and total knee arthroplasty.13 Another article 

incorporated ML to predict a patient’s propensity to 

achieve minimum increases in subjective knee evaluation 

scores after anterior cruciate ligament reconstruction.14 

Additionally, another group utilized ML to accurately 

predict adverse post-operative outcomes after elective 

operative decompression for degenerative cervical 

myelopathy.15 

Recent research has implicated discharge destination, 

specifically to a rehabilitation facility, as a risk factor for 

post-operative adverse events and increased peri-operative 

costs. Currently, studies on post-operative complications 

following pelvic fracture fixation are limited to specific 

adverse events. Moreover, these studies rely on traditional 

statistical methods like logistic regression, which provide 

interpretability instead of repetitive predictions. For 

example, one cohort study found that patients with pelvis 

fracture along with concomitant urinary tract infections 

(UTI) incurred a higher cumulative risk of both mortality 

and hospital readmission at 1-year post-operatively 

compared with the non-UTI control group.16 Another study 

by Malik et al, reported that patients with ASA grade >2, 

greater co-morbidity burden, and prolonged operative 

times were likely to experience adverse events and have a 

longer length of stay following orthopedic intervention for 

pelvic ring injuries.17 Therefore, application of ML to the 

identification of patient characteristics and peri-operative 

variables predictive of discharge to a facility following 

pelvic fixation may be associated with improved resource 

utilization, refined pre-operative risk stratification, and 

attenuated cost and post-operative adverse events.  

Given the progressive recognition of ML’s ability to 

incorporate feature selection to predict post-operative 

outcomes within orthopedic surgery, we elected to 
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determine whether RF could accurately predict discharge 

location following operative pelvic ring injuries. RF is 

among the most commonly used algorithms used to predict 

orthopedic surgery outcomes due to its superior ability to 

categorize heterogeneous data without limitations to 

linearly separable datasets, lending it superior 

discriminatory and predictive performance compared to 

other ML algorithms and traditional statistical 

analyses.18,19 In a study by Jurgensmeier et al, RF 

outperformed other ML algorithms and logistic regression 

in predicting meniscus injury during ACL surgery as 

demonstrated by its low AUC.19 In general surgery, RF 

similarly identified variables that predicted severe sepsis 

and organ space infection after trauma laparotomy.3 Using 

patient characteristics and variables readily available in 

ACS-NSQIP, we were able to train and validate a random 

forest ML algorithm capable of accurately and efficiently 

predicting post-operative discharge location following 

orthopedic fixation of pelvic ring injuries. 

In our study, patient age had the highest PFI, indicative of 

high predictive value within the RF algorithm. The mean 

age of patients discharged home was 43.9 years, while the 

mean age of non-home discharge was 56.0 years (p<0.05). 

Such findings are also seen in the orthopedic arthroplasty 

literature, where patients undergoing elective total hip 

arthroplasty were significantly more likely to be 

discharged to a non-home destination if they were older 

than 70 years of age.20 Another study by Sokas et al 

showed higher frailty index and age were associated with 

higher chance of non-home discharge following various 

elective general and vascular surgeries.20,21 One possible 

explanation discussed by those authors is the increased 

deconditioning and overall frailty associated with geriatric 

patients, which, in turn, requires additional assistance and 

extensive rehabilitation during the recovery process.  

In our study, patients discharged home tended to be in 

overall better health compared to those who were 

discharged to a facility. For example, 76.3% of patients 

discharged home were ASA 1 or 2, compared to 41.8% of 

those discharged to a facility (p<0.05). Higher ASA scores 

reflect increased comorbidity burden, which can increase 

postoperative complications whose sequelae may require 

prolonged care. Even following other osseous injuries such 

as proximal humerus fractures, ASA scores were shown to 

be a strong predictor of non-home discharge.22 Other 

research regarding pelvis fractures such as the work by 

Malik et al found that patients with ASA grade >2 and 

greater co-morbidity burden were more likely to 

experience adverse events and have a longer length of stay 

after pelvis or acetabular surgery.17 Orthopedic surgeons 

who recognize patients with advanced age and higher ASA 

scores as potential candidates for nursing homes or 

rehabilitation facilities may initiate the appropriate 

placement protocols earlier in the hospitalization. 

RF ranked preoperative hematocrit as the third most 

important variable to predict home discharge following 

pelvis surgery. Patients discharged to a facility had an 

average hematocrit of 34.8% versus 37.7% who were 

discharged home. This finding has been found among 

other surgeries as well. In patients undergoing lumbar 

decompression without fusion, a retrospective cohort 

study found hematocrit (<35% versus >35%, OR 1.76) to 

be a predictive factor of facility discharge.23 Awareness of 

hematocrit as a predictor of adverse outcomes such 

discharge to facility should prompt close monitoring and 

earlier treatment of anemia in the perioperative period if 

deemed appropriate.  

Limitations 

Database studies such as ones based on the ACS-NSQIP 

database are retrospective in nature and are not able to 

establish causality between outcomes and studied 

variables. The variables included in the study may not be 

completely independent from one another, with 

confounding effects. Furthermore, the ACS-NSQIP 

database does not include patients who meet criteria for 

severe acute trauma. For this reason, the patients of the 

database tend to be older in age with more comorbidities 

compared to patients in dedicated trauma registries such as 

national trauma data bank.24  

CONCLUSION 

RF identified age, ASA classification, and preoperative 

hematocrit as the strongest ranked predictors of discharge 

destination following orthopedic pelvis trauma surgery. 

Discharge to a rehabilitation facility has been shown to 

increase adverse outcomes following surgery and 

associated costs. By identifying predictors associated with 

facility discharge, orthopedic surgeons may better 

optimize patients preoperatively and streamline the 

discharge process for higher risk patients. ML has the 

capability to predict discharge to facility and associated 

risk factors, allowing providers to identify and correct 

ameliorable comorbidities, such as low hematocrit, and 

facilitate postoperative planning. 
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