J Shoulder Elbow Surg (2019) 28, 1854—1860
JOURNAL OF

SHOULDER AND
ELBOW
SURGERY

www.elsevier.com/locate/ymse

ELSEVIER

Check for
updates

Modified frailty index predicts medical
complications, length of stay, readmission, and
mortality following total shoulder arthroplasty
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Zeke J. Walton, MD, Shane K. Woolf, MD, Harris S. Slone, MD

Department of Orthopaedics, Medical University of South Carolina, Charleston, SC, USA

Hypothesis: The purpose of this study was to evaluate the 5-factor modified frailty index (mFI-5) as a
predictor of postoperative complications in patients undergoing total shoulder arthroplasty (TSA).
Methods: We conducted a retrospective analysis of the National Surgical Quality Improvement Program
database for patients undergoing TSA between the years 2005 and 2017. The mFI-5 score, which in-
cludes the presence of comorbid diabetes, hypertension, congestive heart failure, chronic obstructive pul-
monary disease, and functional status, was calculated for each patient. Multivariate logistic regression
models were used to assess the relationship between the mFI-5 and postoperative complications.
Results: A total of 18,957 patients undergoing TSA were identified. The mFI-5 was a strong predictor of
serious medical complications (cardiac arrest, myocardial infarction, septic shock, pulmonary embolism,
postoperative dialysis, reintubation, and prolonged ventilator requirement), discharge to a facility, and
readmission (odds ratio > 1.309, P <.001). Length of stay also increased as the mFI-5 score increased
(P < .001). However, among all the measured complications, the mFI-5 was the strongest predictor of
mortality, with the risk more than doubling for each point increase in the mFI-5 score (odds ratio,
2.113; 95% confidence interval, 1.447-3.086; P < .001).

Conclusion: The mFI-5 predicts serious medical complications, increased length of stay, discharge to a
facility, hospital readmission, and mortality in patients undergoing TSA. All of the variables within the
mkFI-5 are easily obtained through the patient history, allowing for a practical clinical tool that hospitals
and surgeons can use to identify high-risk surgical candidates, inform preoperative counseling, and guide
perioperative care to optimize patient outcomes.
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complications have ranged anywhere from 2.8% to 12% in
recent studies. > ** 10171895 \When complications do
occur, they can be devastating for the patient and costly to
the health care system. Although numerous studies have
shown that medical comorbidities increase the complica-
tion rates of TSA and various risk stratification models have
successfully predicted adverse outcomes, no model has
been widely adopted across all of orthopedics.'~-+'0-11:18-2%

Recently, several studies have used frailty, quantified as
the modified frailty index (mFI), to effectively predict
surgical complications and, moreover, better guide preop-
erative management.”' The frailty index was originally
developed by the Canadian Study of Health and Aging to
serve as a marker of physiological decline. It has been
validated as a risk stratification tool by successfully iden-
tifying patients at higher risk of postoperative complica-
tions across multiple surgical specialties, including
orthopedics.”’ The original index identified more than 70
risk factors that were subsequently correlated to 11
comorbidities within the American College of Surgeons
(ACS) National Surgical Quality Improvement Program
(NSQIP) database.””** More recently, this index has been
abbreviated to an mFI with 5 comorbidities: the 5-factor
modified frailty index (mFI-5).””*? These 5 factors are
congestive heart failure (CHF), diabetes mellitus (DM),
chronic obstructive pulmonary disease (COPD) or current
pneumonia, hypertension requiring medication, and non-
independent functional status. One point is given for each
of these comorbidities, and the total results in an mFI-5
score between 0 and 5.

Subsequent to this change, the mFI-5 has been shown
to be an effective predictor of complications in patients
undergoing total hip and knee arthroplasty and vertebral
kyphoplasty, as well as patients with distal radial frac-
tures.”’ However, it has yet to be evaluated in patients
undergoing TSA. The aim of this study was to examine
the discriminatory value of the mFI-5 in predicting
morbidity and mortality in patients undergoing TSA. We
hypothesized that the mFI-5 would successfully predict
postoperative outcomes including surgical-site infections,
life-threatening medical complications (represented by
Clavien-Dindo grade IV [CDIV] complications), length
of stay (LOS), adverse discharge, readmission, and
mortality.

Materials and methods

This was a retrospective case-control study of the discriminatory
value of the mFI-5 in detecting postoperative complications in
patients undergoing TSA using the ACS NSQIP database. The
NSQIP database is a nationally validated and risk-adjusted data-
base of surgical data collected from more than 600 participating
hospitals across the United States. In addition to preoperative data,
the database records postoperative complications beginning on the
day of surgery until 30 days postoperatively. Data are then

deidentified and shared with participating institutions. Patients
who underwent primary TSA between the years 2005 and 2017
were identified using Current Procedural Terminology (CPT) code
23472. Notably, both reverse TSA and anatomic TSA use the
same CPT code, so the data were not able to be further stratified
by the type of TSA. Throughout the design of this study, we
utilized the checklist of Haider et al'' for the evaluation of sur-
gical database research.

Various patient demographic data were collected including
age, sex, height, weight, American Society of Anesthesiologists
(ASA) class, and wound class. Body mass index was then
calculated from the height and weight data. Each patient’s mFI-5
score was calculated by matching the NSQIP variables to the
original Canadian Study of Health and Aging frailty index as
outlined by Velanovich et al.*>*!** One point was assigned to
each of the 5 comorbid variables: DM, CHF, COPD or current
pneumonia, hypertension requiring medication, and non-
independent functional status.

The presence of diabetes, CHF, hypertension, and COPD is
defined by concomitant diagnoses in the patient’s electronic
medical records and is reported by surgical clinical reviewers, who
capture the data through medical chart abstraction.” Specifically,
in the NSQIP database, any patient with documented insulin
resistance routinely taking antidiabetic agents for more than 2
weeks is defined as having a diagnosis of diabetes. Any patient
whose diabetes is controlled by diet alone is excluded. CHF is
defined in the NSQIP database as “‘newly diagnosed CHF within
the previous 30 days or a diagnosis of chronic CHF with new signs
or symptoms in the 30 days prior to surgery.”> Common mani-
festations that fulfill this requirement are exercise intolerance,
orthopnea, paroxysmal nocturnal dyspnea, elevated jugular venous
pressure, cardiomegaly, or pulmonary vascular engorgement.
Hypertension is reported when a diagnosis of hypertension is
documented in the patient’s chart within 30 days prior to the
operative procedure and the patient has required long-term treat-
ment (>2 weeks) with 1 or more antihypertensive medications.”
For the diagnosis of COPD to be counted in the NSQIP data-
base, 2 criteria must be met: The patient must have a historical or
current diagnosis of COPD and must have at least 1 of the
following: (1) a functional disability resulting from COPD such as
dyspnea or an inability to perform activities of daily living, (2) a
requirement for chronic bronchodilator therapy with oral or
inhaled agents, (3) prior hospitalization for treatment of COPD, or
(4) a forced expiratory volume in 1 second that is lower than 75%
on a prior pulmonary function test.” Non-independent functional
status is defined within the NSQIP database as requiring assistance
for any activities of daily living within the 30 days preceding
surgery.

Primary outcomes included any complication, life-threatening
medical complications, surgical-site infection, adverse discharge,
hospital readmission, mortality, and hospital LOS. “Any compli-
cation” was defined as a life-threatening medical complication,
surgical-site infection, hospital readmission, or mortality that
occurred within 30 days from surgery. Life-threatening medical
complications were defined as CDIV complications, which
included myocardial infarction, cardiac arrest, pulmonary embo-
lism, postoperative dialysis, reintubation, and prolonged ventilator
requirement.® Adverse discharge was defined as discharge of a
patient anywhere but home, such as a skilled nursing facility or
rehabilitation facility.
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Table I Demographic data
Characteristic Data
N 18,957
Average age, yr 69.2
Age, %
18-39 yr 0.7
40-64 yr 28.5
65-74 yr 39.5
>75 yr 31.3
Sex, %
Female 56.1
Male 43.9
BMI group, %
<18.5 0.7
Nonobese (18.5-29.9) 49.0
Obese I (30-34.9) 26.2
Obese II (35-39.9) 13.8
Obese III (>40) 10.3
ASA class, %
1 1.7
2 43.5
3 52.1
4 2.7

BMI, body mass index; ASA, American Society of Anesthesiologists.

Frequencies of baseline characteristics, comorbid conditions,
and outcomes were calculated first. Baseline covariates were
analyzed using the XZ test for categorical variables or the Student
t test for continuous variables. Multivariate logistic regression
models were then used to assess the predictive value of the mFI-5
in all patients. The o value was set at .05. All statistical analyses
were performed using SPSS software (version 24; IBM, Armonk,
NY, USA).

Results

From 2005 to 2017, a total of 18,957 patients who under-
went primary TSA were identified from the NSQIP data-
base and included in this study. Patient characteristics are
outlined in Table I. The majority of the patients were
women (56.1%), and the mean patient age was 69.2 years.
Most patients had an ASA class of 3 or less (95.6%) and
had a body mass index between 18.5 and 34.9. No patients
were found to have an mFI-5 score greater than 4 points.
The rate of any complication among all patients was
4.3% (n = 18,957; Table II). The most common compli-
cations were readmission, at 2.8%, and life-threatening
medical complications, at 1.0%. The risk of surgical-site
infection and risk of mortality were 0.3% and 0.2%,
respectively, whereas the risk of a non-homebound
discharge was 11.4%. The frequencies of these complica-
tions were then calculated for all patients who scored
0 points on the mFI-5 (Table II). The rates of all compli-
cations except surgical-site infection were significantly
lower in this group: any complication, 3.0%; CDIV

complications, 0.7%; surgical-site infection, 0.3%; read-
mission, 1.9%; adverse discharge, 6.2%; and mortality,
0.1%.

Adjusted logistic regression analysis revealed that all
measured outcomes except surgical-site infection increased
concurrently with increasing mFI-5 score (Figs. 1 and 2).
For each additional point on the mFI-5, the risk of any
complication increased by 60.1% (odds ratio [OR], 1.601;
95% confidence interval [CI], 1.509-1.699; P < .001;
Table III). Likewise, the risk of a CDIV complication
increased by 39.5% (OR, 1.395; 95% CI, 1.155-1.686; P =
.001), the risk of readmission increased by 45.0% (OR,
1.450; 95% CI, 1.298-1.620; P < .001), and the risk of an
adverse discharge increased by 67.0% (OR, 1.670; 95% (I,
1.561-1.785; P < .001). The risk of surgical-site
infection increased by 30.9%, although this was not sta-
tistically significant (OR, 1.309; 95% CI, 0.958-1.787; P =
.091). However, the risk of mortality more than doubled
(OR, 2.113; 95% CI, 1.447-3.086; P < .001) for each
additional point in the mFI-5 score.

The average LOS for all patients undergoing TSA was
1.95 days. As the mFI-5 score increased, the average LOS
successively increased (Fig. 2). Patients with an mFI-5
score of either O or 1 point fell below this total average,
with the average LOS for these patient populations calcu-
lated to be 1.73 and 1.92 days, respectively (P < .001).
Moreover, patients with mFI-5 scores greater than 1 point
surpassed the average, with mFI-5 scores of 2, 3, and 4
points corresponding to LOSs of 2.23, 3.35, and 3.94 days,
respectively (P < .001).

Discussion

As the number of TSAs performed continues to grow, so
will the number of complications.”-'*?*?* Therefore, it is
imperative that patients preoperatively undergo risk strati-
fication to predict potential negative outcomes. Our results
demonstrate that the mFI-5 successfully predicts adverse
outcomes including total complications, CDIV complica-
tions, readmission, adverse discharge, LOS, and mortality.

Numerous studies have repeatedly demonstrated that
medical comorbidities negatively influence the outcomes of
TSA. > HITHIE2028 1 g study by Anthony et al,” the
NSQIP database was retrospectively queried for comor-
bidities that predicted both major and minor complications
within 30 days of TSA. After controlling for confounding
variables, multivariate analysis showed that steroid use
(OR, 3; 95% CI, 2-6), ASA class 4 (OR, 3; 95% CI, 1-7),
preoperative hematocrit level lower than 38% (OR, 2; 95%
CI, 1-3), and operative time greater than 2 hours (OR, 2;
95% CI, 1-3) were predictors of any complication whereas
CHF was shown to be a risk factor for major morbidity or
mortality (OR, 12; 95% CI, 1-106).3 A similar study by
Waterman et al’” used the NSQIP database to show that
cardiac disease, defined by the presence of CHF or a history
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Table II  Baseline complication rates for all patients as well as complication rates by mFI-5 score
All TSA, % mFI-5 score of mFI-5 score of mFI-5 score of mFI-5 score of mFI-5 score of
0 points, % 1 point, % 2 points, % 3 points, % 4 points, %

Any complication 4.3 3.0 4.1 6.4 9.2 17.6

CDIV complication 1.0 0.7 0.9 1.4 2.4 2.9

SSI 0.3 0.3 0.3 0.5 0.3

Readmission 2.8 1.9 2.7 4.2 4.7 14.7

Mortality 0.2 0.1 0.2 0.3 1.8

Adverse discharge 11.4 6.2 11.2 17.4 32.6 43.3

mFI-5, 5-factor modified frailty index; TSA, total shoulder arthroplasty; CDIV, Clavien-Dindo grade IV; SSI, surgical-site infection.
No patient scored 5 of 5 points on the mFI-5 scale, and no patient with a reported mortality or SSI scored greater than 3 of 5 points.

of myocardial infarction, was the most significant inde-
pendent risk factor for mortality (OR, 85.31; 95% CI, 8.15-
892.84). Other proven risk factors include hypertension,
diabetes, obesity, age, pulmonary disease, renal failure, and
functionally dependent status.'*'*?" Moreover, the sum-
mation of medical comorbidities has been shown to in-
crease the risk of postoperative complications more than
each risk factor alone.'”

Likewise, hospital LOS, adverse discharge, and un-
planned readmission are all negatively affected by medical
comorbidities.'*'*?***  Menendez et al’’ used the
Nationwide Inpatient Sample (NIS) database to demon-
strate that certain risk factors, including CHF and chronic
pulmonary disorders, were related to a prolonged LOS

50%
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20%

Rate of Complications (%)

10%

after TSA. The NIS database has also been used to
demonstrate that patients with an increasing number of
comorbidities had a higher likelihood of a non-home-
bound discharge.'

Medical comorbidities also play a significant adverse
role in the total cost of TSA, as they greatly influence the
cost of care beyond the surgical procedure itself, including
the expenses associated with an extended LOS, use of
skilled nursing facilities, and readmissions.'®*"**** For
instance, in 2017, a study by Sibia et al’’ reported that the
cost of a day spent in an American hospital after total joint
arthroplasty was anywhere between $1528 and $7272, and
Virani et al’* showed that readmission after TSA increased
total costs by approximately $15,000.*" The data in our
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The rates of complications of total shoulder arthroplasty increased as the 5-factor modified frailty index (mFI-5) score

increased. For mortality and surgical-site infection (SSI), no patients had an mFI-5 score greater than 3 points. No patients in the study had
an mFI-5 score greater than 4 points. CD4, Clavien-Dindo grade IV complications.
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Figure 2 The length of stay after total shoulder arthroplasty
increased as the 5-factor modified frailty index (mFI-5) score
increased. No patients in the study had an mFI-5 score greater than
4 points.

study are consistent with such prior studies in that patients
with a greater comorbidity burden or higher mFI score not
only had a prolonged LOS but also had a much higher
likelihood of discharge to a facility after TSA. For instance,
patients with an mFI-5 score of 3 points averaged an extra
day longer in the hospital compared with those who scored
2 points (3.35 days vs. 2.23 days, Fig. 2). Furthermore, the
likelihood of a non-homebound discharge nearly doubled in
patients with an mFI-5 score of 3 points vs. 2 points (32.6%
vs. 17.4%), and the risk of mortality increased 6-fold (1.8%
vs. 0.3%, Table II). These data not only inform patient-
centered discussions on outcomes and expectations but also
have a significant impact on surgeons and hospitals
providing treatment to patients with greater medical
complexity.”

Beyond the mFI, certain risk stratification models
have previously been used to predict postoperative
complications in TSA patients.”'”'*'” The Charlson
Comorbidity Index, which assigns a score of 0 to 33
based on 14 different medical comorbidities, in addition
to age, was shown in a study of 132 patients to be
highly predictive of postoperative complications.” In

Table III  ORs for mFI-5 by complication type
OR 95% CI P value

Any complication 1.601 1.509-1.699 <.001
CDIV complication 1.395 1.155-1.686 .001
SSI 1.309 0.958-1.787 .091
Readmission 1.450 1.298-1.620 <.001
Mortality 2.113 1.447-3.086 <.001
Adverse discharge 1.670 1.561-1.785 <.001

OR, odds ratio; mFI-5, 5-factor modified frailty index; (I, confidence
interval; CDIV, Clavien-Dindo grade IV; SSI, surgical-site infection.
The OR listed is for every 1-point increase in the mFI-5 score (ie, the
odds for readmission increased by 45% for every 1-point increase in
the mFI-5 score).

addition, the Deyo Index, which assigns patients a score
of 1 to 6 based on 17 diagnostic categories, was shown
to be predictive of hospital mortality, postoperative
complications, LOS, and hospital costs in a study of
28,434 patients that used the NIS database.'” However,
neither the Charlson Comorbidity Index nor the Deyo
Index has been widely adopted across orthopedics.
Furthermore, the lengthy number of comorbidities
assessed by both of these models may lead to an
extensive and expensive preoperative workup.

Finally, a patient’s ASA class, which assesses the overall
physical health status of a patient prior to surgery based on
the level of systemic disease, has proved to be predictive of
postoperative complications after TSA.'”'*** However, the
ASA class can be subject to greater bias and therefore may
be more difficult to explain to patients. Recent studies have
called into question the high variability in ASA scores
given the low to moderate inter-rater reliability that has
been demonstrated in the orthopedic, pediatric, and general
surgery populations.*'?'”?!* For example, a study by
Aronson et al® surveyed anesthesia providers with 10
different patient scenarios and found no inter-rater reli-
ability in any of the scenarios, suggesting that the ASA
score is more a matter of opinion on a patient’s anesthetic
risk rather than his or her surgical risk. However, a model
that is widely adopted can be integrated into the electronic
medical records to quickly and easily help facilitate an
educated discussion with patients on their specific risk
profile for postoperative complications. The mFI-5 is rela-
tively easy to use and straightforward for patients to un-
derstand while still being sensitive enough to predict such
complications.

Previous studies within orthopedics have validated both
the 11-factor frailty index and, more recently, the mFI-5 for
preoperative risk stratification.”’ These studies have suc-
cessfully predicted outcomes of both elective and more
urgent orthopedic procedures but, prior to this study, had
not validated the use of the mFI-5 in TSA patients. The
mFI-5 is a simple, clinically applicable tool that can easily
be integrated into clinical practice. The 5 risk fac-
tors—CHF, DM, COPD or current pneumonia, hyperten-
sion requiring medication, and non-independent functional
status—can easily be summated at a patient’s bedside and
discussed during a preoperative visit.

The limitations of this study are consistent with those of
other database studies in that the data are dependent on the
accuracy of coding and data entry. In addition, the NSQIP
database is limited to 30 days postoperatively and therefore
does not capture complications occurring beyond 30 days.
Furthermore, any risk stratification tool that tallies up
comorbidities risks giving all variables equal weight and
does not take into account the degree of severity of each
variable. For instance, a patient with diabetes well
controlled with metformin will be given the same score as a
patient with poorly controlled diabetes taking insulin.
Finally, because patients were identified by CPT code, no
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further stratification by type of TSA (anatomic or reverse)
was possible with the data collected by NSQIP. Although
several studies have shown there is little to no difference in
postoperative complications between groups, the in-
dications for each differs, resulting in slightly different
patient populations.'”

Conclusion

The mFI-5 predicts serious medical complications,
increased LOS, discharge to a facility, hospital read-
mission, and mortality in patients undergoing TSA. All
of the variables within the mFI-5 are easily obtained
through the patient history, allowing for a practical
clinical tool that hospitals and surgeons can use to
identify high-risk surgical candidates, inform preopera-
tive counseling, and guide perioperative care to optimize
patient outcomes.

Disclaimer

The ACS NSQIP and the hospitals participating in the
ACS NSQIP are the source of the data used herein; they
have not verified and are not responsible for the statis-
tical validity of the data analysis or the conclusions
derived by the authors.

The authors, their immediate families, and any
research foundations with which they are affiliated have
not received any financial payments or other benefits
from any commercial entity related to the subject of this
article.
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