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Abstract Introduction Distal radius fractures (DRFs) are among the most common orthopae-
dic injuries. The prevalence of DRFs is increasing across all age groups but remains
the second most common fracture in the elderly. The modified frailty index (MFI) often
predicts morbidity and mortality in orthopaedic injuries. This study aims to determine
the predictive value of MFl on complication rates following DRF and the patient length
of stay and discharge outcomes.

Methods We utilized our MFI to perform a retrospective analysis of the American
College of Surgeons National Surgical Quality Improvement Program database.
Results In atotal of 22,313 patients, the average age was 46 + 16. An increase in MFI
led to an increase in the odds ratio of readmission and reoperation (p < 0.001). MFI
predicted complications, doubling the rate as the score increased from 1 to 2
(p<0.001). An MFI of 2 also led to a delayed hospital stay of 5 days (p <0.001), as
well as an increase in the odds of patients not being sent home at discharge (p < 0.001).
Finally, life-threatening complications were also predicted with an increased MFI, the
odds of a life-threatening complication increasing 488.20 times at an MFI of 3
(p<0.001).

Discussion and Conclusion While surgical decision-making for frail patients with
DRFs remains contentious, this novel 8-item MFI score was significantly associated with
the probability of hospital readmission/reoperation, postoperative complications, and
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Distal radius fractures (DRFs) are common orthopaedic
injuries, with approximately 643,000 fractures occurring
annually in the United States. Among elderly patients, frac-
tures to the distal radius are the second most common type
and the most common in the upper extremity for women
over 50. The incidence rate of DRFs was found to increase
with age, with elderly patients having the highest incidence.’
Although elderly patients are highly affected by these frac-
tures, the prevalence of DRFs is rising across all age groups.2

Preoperative risk stratification is essential to minimize
postoperative complications in the inpatient or outpatient
setting. Osteoporosis, white race, bone mineral density, and
female sex are all previously investigated risk factors for
DRFs.? Frailty, a marker for a decrease in physiologic func-
tion, has shown merit in assessing risk for various fractures.>
The modified frailty index (MFI) predicts morbidity and
mortality in many orthopaedic injuries.* To our knowledge,
the effect of frailty on DRFs has not been well characterized.
In this study, we investigate the predictive value of a novel 8-
component MFI on the outcomes following DRF. The primary
aim of our study is to determine the predictive value of a
novel MFI in predicting rates of complications, patient length
of hospital stay, and discharge disposition following DRFs.
We hypothesize that our MFI will be highly predictive of
postoperative complications following fixation of DRFs and
that increased frailty will directly correlate to increased rates
of postoperative complications.

Methods

We retrospectively analyzed the American College of
Surgeons (ACS) National Surgical Quality Improvement Pro-
gram (NSQIP) database. The ACS NSQIP is a multi-institution
and multicenter database that collects more than 270 patient
variables from more than 500 hospitals. Patient variables are
extracted via trained clinical reviewers who match each
patient with their Current Procedural Terminology (CPT)
code. The database undergoes audits and quality checks for
validation.”

We collected patient characteristics such as demograph-
ics, smoking history, American Society of Anesthesiologists
(ASA) class, and medical comorbidities, including diabetes,
chronic obstructive pulmonary disorder (COPD), liver dis-
ease with ascites, congestive heart failure, hypertension, and
dialysis-dependent kidney disease. Body mass index (BMI)
was calculated for each patient’s height and weight. Inclusion
criteria are as follows: patients older than 50 and undergoing
open reduction internal fixation for a DRF. Patients were
excluded if data fields were missing or had apparent errors.

Modified Frailty Index

The patient variables of interest selected for 8-component
MFI included: severe obesity (BMI > 35), diagnosis of osteo-
porosis, nonindependent functional status prior to surgery,
history of congestive heart failure within 30 days of surgery,
hypoalbuminemia status (< 3.5), hypertension requiring
medication, history of COPD or pneumonia, and diabetes
mellitus (type 1 or 2) (~Table 1). Using our 8-component
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Table 1 Components of the MFI-8 to be utilized for distal radius
fractures

Modified frailty index criteria
Severe obesity (BMI > 35)

Diagnosis of osteoporosis

Nonindependent functional status

CHF within 30 days of surgery

Hypoalbuminemia (albumin < 3.5)

Hypertension requiring medication

History of COPD or pneumonia

Diabetes mellitus (type | or II)

Abbreviations: BMI, body mass index; CHF, congestive heart failure;
COPD, chronic obstructive pulmonary disorder; MFI, modified frailty
index.

MFI, patients were classified into one of four categories, with
each progressive level implying a greater degree of frailty and
risk of poor patient outcomes. The frailty index assigned to
each patient ranged from 0 to 3. An MFI of 0 indicates no risk
factors, an MFI of 1 indicates 1 to 2 risk factors, an MFI of 2
indicates 3 or 4 risk factors, and an MFI of 3 indicates 5 or
more risk factors.

Outcome Data

Postoperative complications, hospital length of stay (LOS),
discharge disposition, reoperation, and readmission data
were collected for each patient. Complications were recorded
based on five categories that can be further broken down as
follows: pulmonary complications (pneumonia, pulmonary
embolism, unplanned intubation, ventilator use greater than
48 hours, ventilator dependent), cardiac (cardiac arrest
requiring cardiopulmonary resuscitation [CPR], myocardial
infarction), wound (open or infected wound, dehiscence,
contaminated or dirty wound, deep incisional surgical site
infection [SSI], superficial SSI, wound disruption), hematologic
(deep vein thrombosis/thrombophlebitis, bleeding transfu-
sions), and renal (acute renal failure, progressive renal insuffi-
ciency). Clavien-Dindo IV life-threatening complication was
defined as having any of the following occurrences: cardiac
arrest requiring CPR, myocardial infarction, septic shock,
pulmonary embolism, acute renal failure, or cerebrovascular
accident/stroke with a neurological defect within 30 days of
surgery. Adverse discharges were counted as any patient
discharged anywhere other than home. Length of hospital
stay was collected as a linear variable, and categorical variable
for hospital stay delayed longer than 3 days.

Statistical Analysis

The sample was split into cohorts based on MFI status
as assessed by our scoring system. The International
Business Machines (IBM) Statistical Package for the Social
Sciences (SPSS) suite was then used to assess and analyze the
data. Power calculations were formed using the University of
California Los Angeles’s Advanced Research Computing Statisti-
cal Methods and Data Analysis G*Power Statistics tool.
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Individual levels of MFI then underwent analysis to con-
trast complications and means of mentioned variables. Next,
data was first assessed to ensure a proper statistical assess-
ment was selected and that the variables met the assump-
tions and requirements for each test. Comparisons between
normally distributed data were made with independent
sample t-tests. At the same time, nonnormally distributed
data were assessed via Wilcoxon rank-sum test. Where
appropriate, categorical variables were analyzed via Fisher’s
exact test or chi-square with Kendall Tau. Where necessary,
residuals were assessed for normal distribution and multi-
collinearity. Finally, multiple logistic and linear regression
models were created to demonstrate connections between
MF]I, various categorical and linear variables, and postopera-
tive outcomes. Regression models are reported as odds ratios
(ORs) with a p-value of 0.05 considered significant and
confidence intervals set at 95% (95% CI).

Results

Demographic Information

Data were extracted from the ACS-NSQIP by querying for CPT
codes for DRF; 22,313 patients were collected from the
NSQIP. Demographic data for patients included: age, gender,
BMI, and race. The mean age for the patients was 56 + 16
years, and most were female (73.1%). The average BMI of the
patients was 28.27 + 6.67. Additionally, most patients were
non-black (95.8%) and non-Hispanic (89.4%). A more detailed
breakdown of demographics can be found in ~Table 2.

The total number of patients included in each MFI cate-
gory is as follows: 10,417 patients (46.7%) in MFI=0, 10,587
patients (47.4%) in MFI =1, 1,274 patients (5.70%) in MFI =2,
and 35 patients (0.15%) in MFI=3.

MFI and Readmission|Reoperation

For each increment increase in MFI, the odds of readmission
increased. At a MFI of 1, the odds of readmission was 2.57
(95% CI [1.94-3.41]; p<0.001). At a MFI of 2, the odds was
8.81(95% CI [5.79-11.56]; p < 0.001). At a MFI of 3, the odds
was 25.37 (95% C1[9.56-67.34]; p < 0.001, ~Fig. 1, ~Table 3).

Likewise, an increase in MFI led to a nearly two times
increase in the odds of reoperation. As the MFI increased
from 1 to 2, the odds of reoperation increased from 1.37 (95%
Cl [1.02-1.85]; p=0.04) to 2.34 (95% CI [1.44-3.82];
p <0.001, =Fig. 1, =Table 3), respectively.

MFI and Any Complication

An increase in MFI led to an increase in any postoperative
complication. At an MFI value of 1, the odds for postoperative
complication was 1.63 (95% CI [1.41-1.88]; p < 0.001). At an
MFI value of 2, the odds increased to 3.55 (95% CI [2.86-4.41];
p <0.001). At an MFI value of 3, the OR increased to 19.46
(95% C1[9.71-38.99]; p<0.001, ~Fig. 1, ~Table 3).

MFI and Delayed Stay

Frailty and increased MFI was also associated with delayed
hospital stay >3 days, with both MFI of 2 (OR 5.21 [95% CI
4.29-6.33]; p<0.001) and MFI of 3 (OR 27.18 [95% CI 13.85-
53.36]; p < 0.001) had significantly increased rates of delayed
hospital stay (=Fig. 2, =Table 3). Additionally, for each in-
crease in MFI, the mean length of hospital stay increased by
0.344 (standard error 0.02, p < 0.001) days (~Fig. 2, =Table 3).

MFI and Not Sent Home

Frailty also negatively impacted hospital discharge, with
increased MFI resulting in patients not being sent home at
discharge. Patients with an MFI value of 2 were 7.35 (95% CI
[5.81-9.35]; p<0.001) times more likely of not being sent
home, and patients with an MFI value of 3 were 66.67 (95% CI
[34.48-125.00]; p<0.001) more likely of not being sent
home at discharge (~Table 3).

MFI and Clavien-Dindo IV

Clavien-Dindo class IV complications increased with an
increase in MFIL. As MFI increased from 1 to 2, OR of
Clavien-Dindo class IV complications increased from 13.32
(95% CI [3.17-56.01]; p<0.001) to 41.20 (95% CI [9.02-
188.24]; p <0.001), respectively. At MFI value of 3, the OR
for Clavien-Dindo class IV complications was 488.20 (95% CI
[78.90-3020.77]; p <0.001, ~Table 3).

Table 2 Demographics for each MFI level for patients undergoing surgical repair for distal radius fracture

Demographics |  wRo | wRn | wr2 | w™A3
Mean £+ SD

N 10,417 (46.7) 10,587 (47.4) 1,274 (5.7) 35(0.2)

Age (y) 51.3+16.6 60.1+15.1 66.2+10.8 69.0£10.0

Body mass index 24.5+3.1 30.9 +6.9 354+75 359 +47.2
N (%)

Hispanic 1,000 (9.6) 1,210 (11.4) 151 (11.9) 3(8.6)

Black gender 323 (3.1) 544 (5.1) 68 (5.3) 2 (5.7)

Female 7,125 (68.9) 8,084 (76.4) 1,013 (79.5) 28 (80)

Male 3,242 (31.1) 2,503 (23.6) 261 (20.5) 7 (20)

Abbreviations: MFI, modified frailty index; SD, standard deviation.
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Fig. 1 Complication, readmission, and reoperation rate with increasing modified frailty index (MFI) level.

Discussion

Our national cohort analysis of DRFs with a MFI found
independent and significant associations between MFI and
(1) hospital readmission/reoperation, (2) any complication,
(3) wound, pulmonary, cardiac, hematologic, and renal com-
plications, (4) delayed hospital LOS, and (5) not sent home at
discharge.

Surgical decision-making for frail patients with DRFs
remains contentious.” A prospective randomized control
trial by Arora et al® comparing operative and nonoperative
outcomes in patients > 65 years of age with DRFs (n=73)
found that there were significantly more complications in
the operative group (p < 0.05, n=36). Systematic review and
meta-analysis in the literature highlight caution when oper-
ating on patients at risk for complications because they
outweigh the benefits in this patient population.’ Arora
et al showed similar results concerning age and postsurgical
complications in DRFs.2 More emphasis has been placed on
the need for standardized risk assessment tools to better
inform surgical decision-making.

Evidence in the literature has refuted that MFI is predictive
of postoperative complications under broad surgical circum-
stances.'® In these assessments, however, other previous
medical conditions that we have included as variables in our

study, such as malnourishment, were independent predictors
of prolonged LOS.!" Contrary to these studies, other prospec-
tive'? and retrospective'? studies on spinal surgery utilizing
the MFI score have found it to be an effective predictor of
increased hospital LOS and hospital readmission. The MFI has
been associated with a greater risk for complications in DRFs.>
There is no consensus on the optimal parameters when
assessing frailty, but most studies have overlap in what they
consider.'* In our study, we utilized three additional param-
eters: hypoalbuminemia status (< 3.5 mg/dL), previous diag-
nosis of osteoporosis, and severe obesity (BMI > 35).

Using a 5-item MFI, Wilson et al® report that it is predictive
in identifying hospital readmission within 30 days after dis-
charge (MFI=2; OR=2.67). Our 8-item MFI yielded a more
significant probability, signaling that patients with an MFI =2
are 8.18 times (95% CI=5.79-11.56) more likely to be read-
mitted to the hospital (~Table 3). We believe that our higher
probabilities in the 8-item MFI are due to our study’s focus on
hypoalbuminemia, previous diagnosis of osteoporosis, and
severe obesity. A prospective cohort study found an inverse
relationship between serum albumin and hip, humeral, and
wrist fracture risk.'> Additionally, the hypoalbuminemia state
has been characterized by increased proinflammatory cyto-
kines and acute phase proteins, leading to poor outcomes.'®
Despite some controversy, hypoalbuminemia has also been
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Table 3 Postoperative outcomes for each MFI level of patients
undergoing distal radius fracture repair

Logistic 0Odds 95% ClI p
regression ratio
Complication
Readmission
MFI 1 2.57 [1.94-1.3097] < 0.001
MFI 2 8.18 [1.579-11.567] < 0.001
MFI 3 25.37 [9.56-67.347] < 0.001
Reoperation
MFI 1 1.37 [1.02-1.857] 0.04
MFI 2 2.34 [1.44-3.821] < 0.001
Any complication
MFI 1 1.63 [1.41-1.881] < 0.001
MFI 2 3.55 [2.86-4.417] < 0.001
MFI 3 19.46 [9.71-38.99] < 0.001
Delayed stay 3 d
MFI 1 2.23 [1.94-2.557] < 0.001
MFI 2 5.21 [4.29-6.331] < 0.001
MFI 3 27.18 [13.85-53.367] < 0.001
Not sent home
MFI 1 2.59 [2.16-3.12] < 0.001
MFI 2 7.35 [5.81-9.35] < 0.001
MFI 3 66.67 [34.48-125.007] | < 0.001
Clavien-Dindo IV
MFI 1 13.32 [3.17-56.017] < 0.001
MFI 2 41.20 [9.02-188.24] < 0.001
MFI 3 488.20 | [78.90-3020.77] | < 0.001
Linear regression | Impact SE p
MFI 0.344d | 0.02 < 0.001

Abbreviations: Cl, confidence interval; MFIl, modified frailty index; SE,
standard error.

independently associated with osteoporosis.” Retrospective
analyses in the literature show the incidence of readmission
trending toward the older population.'®' In our study and
Wilson et al, the MFI score increased with age (p < 0.001), but
age alone was not an independent predictor of postoperative
complications. In a study of hypoalbuminemia in postmeno-
pausal women, osteoporosis was not a result of the average
loss of bone density in aging but independently due to
hypoalbuminemia.?? Lastly, obesity is associated with vitamin
D deficiency, which impairs calcium absorption from the gut.?’
Our MFI score has been designed to encompass important
wound healing characteristics not previously investigated in
other MFI scores. These additional components and our higher
sample size may be providing the power behind our greater OR
scores.

Vu et al utilized an 11-component MFI index to predict
life-threatening complications in orthopaedic patients
undergoing traumatic procedures.22 However, our MFI was
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a better predictor of life-threatening complications in DRFs.
While the 11-component MFI had been validated in previous
studies, it includes metrics that may not be a good predictor
of orthopaedic outcomes.

A cost analysis study of DRFs between 2009 and 2015 found
that time outside of the operating room could account for
anywhere between 9 and 41% of the total cost of care. These do
not specifically refer to the LOS but components involved, such
as anesthesia and drugs, imaging, and therapy costs.?> In
addition to impacting cost, the hospital’s LOS can expose
patients to nosocomial infections. Therefore, knowledge of a
patient’s risk for delay in discharge can better inform patient
care plans and cost transparency in the medical field.

We found that increases in MFI score correlated with an
increased length of hospital stay > 3 days. A typical DRF
patient treated surgically is discharged from the clinicin 1 to
2 days. In some instances, a patient is discharged to a
postacute care facility. Studies have identified associations
to identify patients at risk for such recovery paths as anemia,
preoperative complication, ASA > 2, bilateral surgery, and
other parameters.?* Our MFI score was also a significant
predictor of patients’ “Not Home Discharge” (p < 0.001) and
incorporates some of the same variables. Operating costs for
DRFs have been cheaper in outpatient services, but compli-
cations drive these costs toward in-patient facilities.?> The
MFI can inform patients, clinicians, and even insurance
companies of the potential for the financial burden.

Limitations

Inherently by design, the retrospective study is subject to
multiple errors. Lemos et al notes that most studies on frailty
have been associated with adverse outcomes but also have
been retrospective.'* Future studies should focus on applying
these metrics prospectively. In addition, defining categories is
challenging and varies across different classifications of the
frailty index. Furthermore, as the categorical variable for MFI
increases, specificity concerning which variables are included
in the calculation of the MFI is random and masks important
indices for comorbidity. Future studies could focus on analyz-
ing which variables introduce the most considerable changes
within the MFI OR. Remaining consistent with the classifica-
tion of the MFI across different studies has been a challenge in
the literature since the score’s conception in Canada. After an
optimal combination of variables for practically determined
premium sensitivity, future studies should focus on a uniform
classification of frailty for specific surgical circumstances.
More importantly, these frailty indices should be applied
prospectively. A study similar to Subramaniam et al comparing
the sensitivity between the 5-item MFI and the one proposed
here is warranted.* This increased sensitivity detected by our
8-item MFI may be due to the addition of our three additional
variables or our large patient cohort.

Conclusion

Our study showed in a large sample (n=22,313) that the
8-item MFI correlates with readmission, reoperation,
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Fig. 2 Delayed hospital stay and mean length of stay for each modified frailty index (MFI) level of patients undergoing repair for distal radius

fracture (DRF).

postoperative complications (wound, cardiac, pulmonary,
hematologic, renal), a delayed hospital stay, and not being
sent home at discharge. An MFI=2 was most predictive of
reoperation rates and complications and less predictive of
hospital readmission. The sensitivity highlighted by this new
8-item MFI addresses the need for a frailty index that is
precise enough to be predictive but practical enough for
clinical use.
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