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The Modified Frailty Index to Predict Morbidity and Mortality for 
Retroperitoneal Sarcoma Resections

J. Sarah Park, MD1, Sarah B. Bateni, MD1, Richard J. Bold, MD1, Amanda R. Kirane, MD1, 
Daniel J. Canter, MD2, and Robert J. Canter, MD, MAS1

1Division of Surgical Oncology, Department of Surgery, University of California Davis Medical 
Center, 4501 X Street, Suite 3010, Sacramento, CA 95817

2Department of Urology, Ochsner Clinic, New Orleans, LA

Abstract

Introduction—The modified frailty index (mFI) is an important method to risk-stratify surgical 

patients and has been validated for general surgery and selected surgical subspecialties. However, 

there are currently no data assessing the efficacy of the mFI to predict acute morbidity and 

mortality in patients undergoing surgery for retroperitoneal sarcoma (RPS).

Methods—Using the American College of Surgeons’ National Surgical Quality Improvement 

Program from 2007 to 2012, we performed a retrospective analysis of patients with a diagnosis of 

primary malignant retroperitoneal neoplasm who underwent surgical resection. The mFI was 

calculated according to standard published methods. Univariate and multivariate statistical 

analyses including χ2 and logistic regression were utilized to identify predictors of 30-day overall 

morbidity, 30-day severe morbidity (Clavien III/IV), and 30-day mortality.

Results—We identified 846 patients with the diagnosis of primary malignant retroperitoneal 

neoplasm who underwent surgical resection. The distribution mFI scores was 0 (48.5%) or 1 

(36.3%), with only 4.5% of patients presenting with a score ≥3. Rates of 30-day overall morbidity, 

serious morbidity, and mortality were 22.6%, 12.9%, and 1.2%, respectively. Only selected mFI 

scores were associated with serious morbidity and overall morbidity on multivariate analysis 

(p<0.05), and mFI did not predict 30-day mortality (p>0.05).
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Conclusion—Our data demonstrate that the majority of patients undergoing RPS resections have 

few, if any, comorbidities. The mFI was a limited predictor of overall and serious complications 

and was not a significant predictor of mortality. Better discriminators of preoperative risk 

stratification may be needed for this patient population.
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Introduction

Retroperitoneal sarcomas (RPS) are a rare group of heterogeneous malignancies which 

together comprise approximately 10–15% of all soft tissue sarcomas (STS) [1, 2]. Although 

there are published data on predictors of long term oncological outcome for RPS such as 

tumor histology, tumor grade, and extent of resection, there is currently no established way 

to risk stratify patients preoperatively who are candidates for RPS resection [3–6]. However, 

preoperative risk assessment is critical given the inherent risks of surgical intervention, 

especially for procedures which entail significant morbidity and mortality like RPS 

resection.

To date, frailty, defined as decreased physiological reserve and increased vulnerability to 

stressors has been helpful in predicting the risk of complications and mortality in surgical 

procedures for various malignancies and benign disease such as pancreatic, hepatic, and lung 

cancers, and vascular disease, paraesophageal hernia repairs, and emergent intra-abdominal 

operations [7–14]. The modified frailty index (mFI) utilizes 11 variables from the American 

College of Surgeons National Surgical Quality Improvement Project (ACS-NSQIP) to 

quantify frailty [9, 12, 15]. Previously, the mFI score has been used to identify patients at 

risk for 30-day morbidity and mortality in multiple studies including patients undergoing 

lobectomies, pancreatic resections and gynecologic oncologic resections [7, 9, 10]. However, 

there are currently no published data on the use of the mFI to predict acute morbidity and 

mortality for patients undergoing RPS resection. The goal of this study was to analyze mFI 

as a predictor of the risk of morbidity and mortality in patients undergoing RPS resection.

Methods

We performed a retrospective review of patients undergoing surgical resection of RPS. We 

queried the ACS-NSQIP database from the years 2007 to 2012. Years beyond 2012 were not 

included as they were missing several key mFI variables including history of pneumonia, 

myocardial infarction (MI), percutaneous coronary intervention (PCI), cardiac surgery, 

angina, peripheral vascular disease (PVD), transient ischemic attack (TIA), cerebrovascular 

accident (CVA) and impaired sensorium.

Patients were selected who had (1) undergone a RPS resection based on Current Procedural 

Terminology (CPT) codes (49200, 49201, 49203, 49204, & 49205) and (2) a primary 

diagnosis of malignant retroperitoneal neoplasm based on International Classification of 

Disease, 9th Revision (ICD-9) codes (158.0, 158.8, 159.9 & 235.4). Patients with one or 
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more missing components of the mFI were excluded (n=221). Overall, we identified 846 

patients who met these specific inclusion and exclusion criteria for data analysis.

Our main predictor variable of interest was the modified frailty index (mFI). Per this scoring 

system, all of the patients were given frailty scores (1 point per condition) based on the 

following variables: impaired functional status (partially and totally dependent), history of 

CVA with deficits, history of CVA without deficits or TIA, impaired sensorium, history of 

PVD, history of chronic obstructive pulmonary disease (COPD) or pneumonia, history of 

PCI, cardiac surgery or angina, history of MI, history of congestive heart failure (CHF), 

history of hypertension (HTN) and history of diabetes mellitus (DM). Consistent with the 

study by Augustin et al., we did not divide the total score by 11, but kept a whole integer 

score for data analysis [7]. As few patients had a score of >3 (5 patients with a score of 4 

and 1 patient with a score of 5), we combined patients who had a score of ≥ 3 into one 

category for data analysis.

We assessed patient demographics and operative characteristics including age, gender, 

ethnicity, body mass index (BMI), preoperative laboratory values (albumin and hematocrit), 

preoperative chemotherapy, and radiotherapy, and American Society of Anesthesiologist 

(ASA) physical status classification. Operative variables included wound classification, 

tumor size, and whether or not multivisceral resection was performed. Multivisceral 

resection was defined as concomitant adjacent organ resection during the same operation, 

including gastric, hepatic, pancreatic, small and large bowel, adrenal, renal, bladder, 

gallbladder and uterine resections based on relevant CPT codes [16].

Our primary outcome measures included 30-day serious morbidity, 30-day overall morbidity 

and 30-day mortality. Serious morbidity was defined as the occurrence ≥1 Clavien III/IV 

complication (i.e. any complication that required further invasive procedures, led to lasting 

disability or was life-threatening requiring intensive care unit (ICU) level of care). Examples 

of Clavien III/IV complications included organ space infection, fascial dehiscence, 

pulmonary embolism requiring ICU transfer, respiratory failure requiring reintubation, 

prolonged intubation, acute renal failure requiring dialysis, reoperation, graft or flap failure 

requiring further procedures, stroke, coma, myocardial infarction, cardiac arrest or systemic 

shock.[17, 18].

Overall morbidity was defined as sustaining any ACS-NSQIP complication including the 

following: superficial or deep wound infection, organ space infection, fascial dehiscence, 

pneumonia, reintubation, prolonged intubation, pulmonary embolism, progressive renal 

insufficiency, acute renal failure requiring dialysis, urinary tract infection, stroke, coma, 

peripheral nerve injury, cardiac arrest, myocardial infarction, graft/prosthesis/flap failure, 

deep vein thrombosis, reoperation, sepsis, and septic shock. 30-day mortality was defined as 

death before or at 30 days after the principal operation. Since all patient information was de-

identified, we were exempt from the University of California, Davis Institutional Review 

Board approval.
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Statistical Analysis

We first performed univariate analysis using Fisher’s exact test and chi-squared analysis for 

categorical variables, student’s independent t-test for normally distributed continuous 

variables (i.e. age and preoperative hematocrit) and the Wilcoxon rank-sum test for non-

normally distributed continuous variables (i.e. BMI and albumin) to assess for potential 

predictors to be used in the multivariate analysis. Patient and operative characteristics with a 

p value ≤0.10 on univariate analyses were included in the multivariate model. Multivariate 

logistic regression was used to determine predictors of 30-day serious morbidity, 30-day 

overall morbidity and 30-day mortality. Patient and operative characteristics included in the 

multivariate model included: age, gender, wound classification, ASA classification, 

multivisceral resection, preoperative hematocrit, albumin and mFI. Multiple imputation was 

performed to address missing values for preoperative albumin (n=210, 24.8%) and 

hematocrit (n=26, 3.1%). Statistical significance was defined as a p value <0.05. All 

analyses were performed using IBM SPSS software (Version 22; IBM Corp, Armonk NY) 

and SAS version 9.4 (SAS Institute Inc).

Results

Patient Preoperative and Operative Characteristics

A total of 846 patients met criteria for undergoing RPS resections with complete data. Table 

1 depicts the patient demographics and operative characteristics. The average age was 59 

years (±14), 51.7% (n=437) of the patients were female, and 78.9% (n=667) were 

Caucasian. The average BMI was 28.7 (±6.9). The vast majority of the patients (97.4%, 

n=824) had independent functional status. The majority of the patients had retroperitoneal 

sarcomas that were >10 cm in size (n=442, 52.3%), and 43.4% (n=367) underwent a 

multivisceral resection.

The preponderance of patients (48.5%, n=410) were not frail with a mFI of 0, and an 

additional 36.3% (n=307) of patients had an mFI score of 1. In contrast, only 10.8% (n=91) 

had an mFI score of 2, and 4.5 % (n=38) an mFI score of ≥3. Figure 1 depicts the 

distribution of the mFI components stratified by score. Hypertension and diabetes were the 

most common components of the frailty score for all patients.

30-Day Overall Morbidity, Serious Morbidity, and Mortality

Overall, the rate of 30-day morbidity was 22.6% (n=191), and rates of 30-day serious 

morbidity and mortality were 12.9% (n=109) and 1.2% (n=11), respectively. Univariate 

analysis of patient and operative characteristics showed that rates of 30-day overall 

morbidity were greater among males (26.0% vs. 19.5%, p=0.02), those with multivisceral 

resections (30.3% vs. 16.7%, p<0.0001), higher wound and ASA classification scores 

(p<0.0001 both), and lower mean hematocrit and albumin levels (p<0.05 both). Rates of 30-

day morbidity were not significantly different for patients who had undergone preoperative 

chemotherapy (20.5% vs. 22.7%, p=0.85) or radiotherapy (21.9% vs. 22.5%, p=0.91).

Univariate analysis also showed that rates of 30-day serious morbidity were greater among 

males (17.9% vs. 8.2%, p<0.0001), those who underwent multivisceral resections (18.0% vs. 
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9.0%, p=0.0001), higher wound classification scores (p=0.01), and those who had lower 

preoperative albumin levels (p=0.04). Again, rates of 30-day serious morbidity were not 

significantly different among patients who underwent preoperative chemotherapy (7.7% vs. 

13.1%, p=0.46) or radiotherapy (9.4% vs. 13.1%, p=0.56). With respect to 30-day mortality, 

univariate analysis demonstrated increased rates of 30-day mortality among males (2.2% vs 

0.2%, p=0.0009), patients with impaired functional status (18.2% vs. 0.7%, p<0.0001), and 

lower mean hematocrit and albumin levels (p<0.01).

There were very few statistically significant differences in rates of our primary outcomes by 

mFI scores on our multivariate logistic regression model controlling for age, gender, wound 

and ASA classification and multivisceral resection (Table 2). Patients with an mFI score of 1 

had a statistically significant increase rate of overall morbidity compared to non-frail 

patients (OR 1.56, 95%CI 1.05–2.32, p=0.03) shown in Figure 2A. Patients who had an mFI 

score of ≥3 had a statistically significant increased rate of serious complications compared to 

non-frail patients (OR 2.93, 95%CI 1.22–7.03, p=0.02) (Figure 2B). The modified frailty 

index was not a significant predictor of 30-day mortality on univariate and multivariate 

analysis (Figure 2C).

Table 2 depicts the multivariate analysis for 30-day overall morbidity, serious morbidity and 

mortality. Significant predictors of 30-day overall morbidity included wound classification 

(OR 1.46, 95%CI 1.09–1.95, p=0.01), ASA classification (OR 1.50, 95%CI 1.09–2.08, 

p=0.01), multivisceral resection (OR 1.83, 95%CI 1.29–2.60, p=0.001) and a mFI score of 1. 

Significant predictors of 30-day serious morbidity were male gender (OR 0.44, 95%CI 0.28–

0.69, p<0.001), multivisceral resection (1.86, 95%CI 1.19–2.89, p-=0.006) and a mFI score 

of ≥3 compared to nonfrail patients. Male gender was the only significant predictor of 

mortality (OR 0.11, 95%CI 0.01–0.93, p=0.04).

Table 3 depicts the multivariate analysis of the components of the mFI and the primary 

outcomes of this study. Hypertension was the only mFI component to be statistically 

significant for 30-day overall morbidity (OR 1.53, 95%CI 1.05–2.22, p=0.03) and serious 

morbidity (OR 1.60, 95%CI 1.00–2.56, p=0.049). Impaired functional status was the only 

statistically significant component of the mFI which was associated with an increased risk of 

mortality (OR 44.17, 95%CI 5.65–345.20, p<0.0001).

Discussion

Retroperitoneal sarcomas are rare sarcomas that account for about 10–15% of all soft tissue 

sarcomas and have an annual incidence of 0.3 to 0.4 new cases per 100,000 people, which 

has been a stable incidence rate for the past 30 years [19, 20]. Although numerous studies 

have evaluated oncologic outcomes and predictors of long term prognosis in RPS, relatively 

few studies have assessed preoperative risk stratification and patient selection for surgical 

intervention. To date, previous publications of the surgical management of RPS have 

focused on the role of contiguous organ resection and pain, lower limb impairment, and 

impaired renal function [16, 21]. However, these studies have not significantly addressed the 

impact of physiological reserve and/or frailty on surgical outcomes, and this topic is 
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increasingly important as our population ages with a concomitant growing incidence of 

cancer.

Predictive models which identify patients at risk for increased morbidity and mortality have 

been established, including the ‘phenotypic model’ that involves a questionnaire about 

weight loss and physical mobility as well as using the cumulative deficit index made up of 

48 different signs and symptoms of the elderly [22, 23]. The cumulative deficit model was 

simplified to the modified frailty index and has been applied to various different surgical 

procedures for malignancy [9, 10, 12, 24, 25]. Although RPS resection, in conjunction with 

multivisceral resections, have been studied in the elderly, studies evaluating the predictive 

power of the mFI for patients undergoing RPS resections have not been performed to date 

[2, 16, 17].

Our study demonstrates that with increasing mFI, there is an increased risk of both overall 

and serious morbidity, although the association of mFI with these endpoints was not robust 

since only limited mFI scores correlated with worse overall and serious morbidity outcomes. 

In addition, there was no association of mFI score with 30- day mortality, further reinforcing 

the limited predictive power of this index in the study population. With our aging population 

in whom the role of surgical management of solid tumors remains strong, careful 

preoperative risk assessment, including frailty and risk for perioperative complications, is an 

important aspect of the pre-operative evaluation process.

Risk stratification prior to morbid operations has important implications for helping to 

choose the right patient population and identifying those patients who are at increased risk 

for life-threatening complications with increased hospital stay, discharge to facilities, 

increased rates of re-admission and death [7, 10, 26, 27]. As such, a validated tool to reliably 

evaluate surgical risk among patients undergoing RPS resection would likely contribute to a 

personalized approach to surgical decision-making. However, unlike studies demonstrating a 

high concordance for the mFI in predicting risk of acute surgical morbidity in other tumor 

types, the mFI appears to have limited predictive power in RPS.

We observed a relatively higher rate of non-frail patients in comparison to previous studies 

analyzing frailty as a predictor of post-surgical morbidity and mortality following resection 

of solid tumors. For instance, Hodari et al. evaluatedthe mFI scores in patients undergoing 

esophagectomy and found that 37.9% (n=795) of the 2,095 patients had an mFI score of 0. 

This study showed that increasing mFI scores had increasing mortality rates ranging from 

1.8 to 23.1 % which is higher than our overall mortality rate of 1.2%. [11]. Another study by 

Tsiouris evaluated patients undergoing lobectomy for lung cancer. In this series,26% 

(n=504) of 1940 patients had an mFI score of 0. These authors observed, increasing 

mortality rates (ranging from 1 to 5.6% as mFI increased) with a mortality rate of 2.7% for 

the entire cohort, suggesting a higher overall mortality rate than the 1.2% mortality rate 

observed in our study [9]. Similar trends were demonstrated in a study by Augustin et al. 

assessing patients undergoing pancreatic resections. In this report,38.4% of 13,020 patients 

(n=4,996) had an mFI of 0 with mortality rates increasing from a lower limit of 1.2 in non-

frail patients to an upper limit of18.4% at the highest mFI scores [7]. A study by Louwers et 

al. used the frailty index to analyze predictors of morbidity and mortality in patients 

Park et al. Page 6

J Surg Res. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



undergoing liver resections. Overall, the authors observed a mortality rate of 2.3 % which 

was higher than our series [25]. Morever, our mortality rate is lower than these other studies 

and this rate seems to be comparable to another retroperitoneal sarcoma outcomes study by 

Smith et al. which found an overall mortality rate of 1.4% [28].

Our patient demographics compared to other series show a younger population with an 

average age of 59 years old, compared to these other studies with average age of 63 – 67. 

However, overall, the other demographic factors in our study were similar to other NSQIP 

studies evaluating the mFI as a predictor of postoperative complications. For example, 

among patients undergoing pulmonary lobectomy 51.3% of patients were female (51.7% in 

our study) and the majority of patients were Caucasian (93.8% versus 78.9% in our study), 

the majority of patients had independent functional status (97.5% versus 97.4% in our 

study), and the majority of patients were ASA Class 3 (70.2% versus 60.5% in our study) 

[9].

A potential explanation for our findings is that most of the patients in this cohort undergoing 

RPS resection were non-frail with 48.5% having an mFI score of 0 and only 6 patients 

having scores of 4 or 5. Consequently, our study may have been subject to type II error since 

the power to detect small but significant differences was admittedly low with such a low 

event rate. Another potential limitation of our study is the increasing proportion of missing 

data related to components of the mFI over the later years of the study, specifically after 

2012 [29]. Because of this, we excluded 221 patients due to missing variables, including no 

patients after 2012. Although our impression is that patients undergoing RPS resection after 

2012 are unlikely to have different patient characteristics or incidence of comorbidities as 

those operated on before 2012, it is possible that a larger sample size, as noted above, may 

have changed the results of our study. Yet, despite these limitations, we find that the mFI 

appears to have limited value for predicting adverse events following RPS resection, 

including overall morbidity, serious morbidity, and 30-day mortality.

Conclusion

In conclusion, our study shows that patients who undergo RPS resections are non-frail with 

few comorbidities. Given the skewed distribution towards low mFI scores, the mFI appears 

to have limited predictive power for risk stratification in patients with retroperitoneal 

sarcomas. Since the mFI is an accumulated deficits model (based on the number of pre-

defined comorbid conditions), it may not directly assess underlying physical function and 

performance status, especially in a somewhat younger patient population where comorbid 

conditions tend to be less prevalent. Further studies directly comparing the mFI to other 

frailty indices (such as psoas muscle mass or grip strength) may shed light on the sensitivity 

and specificity of various risk stratification indices in RPS.
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Figure 1. 
The prevalence of comorbidities by individual modified frailty index score.
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Figure 2. 
The effect of modified frailty index score on overall morbidity (2A), serious morbidity (2B), 

and 30-day mortality (2C)

* P <.05 is considered statistically significant.
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Table 1

Patient Demographics and Perioperative Characteristics

Variable Mean (±SD) or N (%)

Age 59 (±14)

Female gender 437 (51.7%)

Ethnicity

 Caucasian 667 (78.9%)

 Black 88 (10.4%)

 Hispanic 43 (5.2%)

 Asian 22 (2.6%)

 American Indian/Alaskan Native 3 (0.4%)

 Unknown 65 (7.7%)

BMI 28.7 (±6.9)

 Underweight (BMI<18.5) 22 (2.6%)

 Obese (BMI≥30.0) 288 (34.0%)

Independent Functional Status 824 (97.4%)

Preoperative Chemotherapy (within 30 days) 39 (4.6%)

Preoperative Radiotherapy (within 90 days) 64 (7.6%)

Preoperative Labs

 Albumin (g/dL) 3.8 (±0.7)

 Hematocrit (%) 37.7 (±5.2)

ASA Classification

 ASA 1 19 (2.3%)

 ASA 2 283 (33.5%)

 ASA 3 512 (60.5%)

 ASA 4 32 (3.8%)

Wound Classification

 1-Clean 331 (39.1%)

 2-Clean/Contaminated 481 (56.9%)

 3-Contaminated/Dirty 24 (2.8%)

 4-Infected 10 (1.2%)

Modified Frailty Index Score

 0 410 (48.5%)

 1 307 (36.3%)

 2 91 (10.8%)

 ≥3 38 (4.5%)
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Variable Mean (±SD) or N (%)

Tumor size

 ≥5.0 cm 158 (18.7%)

 5.1 to 10.0 cm 129 (15.3%)

 >10.0 cm 442 (52.3%)

 Unknown 117 (11.0%)

Multivisceral Resection 367 (43.4%)

30-day Overall Morbidity 191 (22.6%)

30-day Serious Morbidity 109 (12.9%)

30-day Mortality 11 (1.2%)
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