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 � HiP

Clinical Frailty Scale is a good 
predictor of mortality after proximal 
femur fracture
A COhORt StuDy Of 30- DAy AND ONe- yeAR mORtAlity

Aims
A proximal femur fracture (PFF) is a common orthopaedic presentation, with an incidence of 
over 25,000 cases reported in the Australian and New Zealand Hip Fracture Registry (ANZH-
FR) in 2018. Hip fractures are known to have high mortality. The purpose of this study was 
to determine the utility of the Clinical Frailty Scale (CFS) in predicting 30- day and one- year 
mortality after a PFF in older patients.

Methods
A retrospective review of all fragility hip fractures who met the inclusion/exclusion criteria of 
the ANZHFR between 2017 and 2018 was undertaken at a single large volume tertiary hospi-
tal. There were 509 patients included in the study with one- year follow- up obtained in 502 
cases. The CFS was applied retrospectively to patients according to their documented pre- 
morbid function and patients were stratified into five groups according to their frailty score. 
The groups were compared using t- test, analysis of variance (ANOVA), and the chi- squared 
test. The discriminative ability of the CFS to predict mortality was then compared with Amer-
ican Society of Anaesthesiologists (ASA) classification and the patient’s chronological age.

Results
A total of 38 patients were deceased at 30 days and 135 patients at one year. The 30- day mor-
tality rate increased from 1.3% (CFS 1 to 3; 1/80) to 14.6% (CFS ≥ 7; 22/151), and the one- year 
mortality increased from 3.8% (CFS 1 to 3; 3/80) to 41.7% (CFS ≥ 7; 63/151). The CFS was 
demonstrated superior discriminative ability in predicting mortality after PFF (area under the 
curve (AUC) 0.699; 95% confidence interval (CI) 0.651 to 0.747) when compared with the ASA 
(AUC 0.634; 95% CI 0.576 to 0.691) and chronological age groups (AUC 0.585; 95% CI 0.523 
to 0.648).

Conclusion
The CFS demonstrated utility in predicting mortality after PFF fracture. The CFS can be easily 
performed by non- geriatricians and may help to reduce age related bias influencing surgical 
decision making.

Cite this article: Bone Joint Open 2020;1-8:443–449.
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Key points
1. the Clinical frailty Scale (CfS) demonstrates 

superior discriminative ability for predicting 
mortality after proximal femur fracture (Pff) 
when compared with the American Society 
of Anaesthesiologists (ASA) score or chrono-
logical age.

2. increasing degrees of frailty as defined by 
CfS were inversely related with a patient’s 
likelihood of discharge to private residence.

3. the CfS could be an accurate tool to identi-
fy a patient’s suitability for a total hip arthro-
plasty instead of a hemiarthroplasty.
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Table i. Clinical frailty Scale and patient characteristics and outcomes.

Variable CFS 1-3 (n = 80) CFS 4 (n = 91) CFS 5 (n = 117) CFS 6 (n = 70) CFS ≥ 7 (n = 151) p- value

mean ASA, grade (SD) 2.6 (0.8) 2.8 (0.6) 3.0 (0.6) 3.2 (0.5) 3.0 (0.5) < 0.001*

mean age, yrs (SD) 73.8 (8.8) 80.3 (9.0) 84.3 (8.3) 84.7 (6.9) 86.6 (7.3) < 0.001*

female sex, n (%) 60 (75.0) 71 (78.0) 86 (73.5) 50 (71.4) 107 (70.9) 0.783†

Admitted from residential care, n (%) 6 (7.5) 10 (11) 11 (9.4) 16 (22.9) 115 (76.2) < 0.001†

mean acute lOS, days (SD) 3.6 (1.5) 3.7 (2.5) 4.4 (3.7) 4.8 (3.0) 4.3 (2.0) 0.027*

Discharged to private residence, n (%) 27 (33.8) 13 (14.3) 8 (6.8) 3 (4.3) 3 (2.0) < 0.001†

Discharged to rehabilitation, n (%) 47 (58.8) 68 (74.7) 97 (82.9) 55 (78.6) 50 (33.1) < 0.001†

inpatient death, n (%) 0 (0) 0 (0) 3 (2.6) 1 (1.4) 7 (4.6) 0.077†

30- day mortality, n (%) 1 (1.3%) 4 (4.4%) 6 (5.1%) 5 (7.1%) 22 (14.6%) 0.004†

One- year mortality, n (%) 3 (3.8%) 13 (14.3%) 28 (23.9%) 28 (40%) 63 (41.7%) < 0.001†

unknown mortality, n (%) 4 (5.0%) 2 (2.2%) 1 (0.9%) 0 (0.0%) 0 (0.0%)

CfS, Clinical frailty Scale; ASA, American Society of Anaesthesiologists; lOS, length of stay.
*Analysis of variance.
†Chi- squared test.

introduction
A proximal femur fracture (Pff) is a common orthopaedic 
presentation. the Australian and New Zealand hip frac-
ture Registry (ANZhfR) reports proximal femur frac-
tures to be the most serious and costly fall- related injury 
suffered by older people.1 the ANZhfR annual report 
2019 documented more than 25,000 hip fractures across 
Australia and New Zealand, with an approximate cost of 
$1 billion to the economy each year. the vast majority of 
these fractures occurred in elderly patients in the setting 
of minimal trauma such as a multifactorial fall with 
comorbid osteoporosis.1 As life expectancy continues to 
rise, the number of people admitted to hospital with a 
proximal femur fracture will increase accordingly. elderly 
patients are more likely to sustain proximal femur frac-
tures due to primary or secondary osteoporosis and are 
more likely to have multiple medical comorbidities which 
contribute to their degree of frailty.2

frailty is a well- established medical condition and a 
recognized factor in surgical and geriatric outcomes.3-5 it 
is defined as a state in which a vulnerable individual has 
a diminished physiological capacity to respond to external 
stressors such as trauma or infection.6 there are several vali-
dated clinical tools to estimate an individual's frailty. Our 
tertiary orthogeriatrics service has adopted the Clinical 
frailty Scale (CfS) as a rapid bedside frailty screening tool.

the CfS, initially proposed by Rockwood et al,7 was a 
seven- point scale ranging from fit (CfS 1) to severely frail 
(CfS 7) based on self- reported medical comorbidities and 
the degree of assistance required for activities of daily 
living. Since 2005, the CfS has been revised to a nine- 
point scale adding an additional 2° of frailty for the very 
severely frail and the terminally ill8 (online supplementary 
figure 1). there are gerontological publications which have 
demonstrated the CfS as an independent predictor of inpa-
tient mortality.6,9 more recently, the CfS has been applied 
to outcomes after transcatheter aortic valve arthroplasty 
and coronary artery bypass graft, and both studies have 

found the CfS to be a useful marker of mortality.10,11 in the 
orthopaedic community, the CfS has already been asso-
ciated with increasing in- hospital complication rates and 
increasing length of stay after hip surgery.12

Given the prevalence of frailty in patients who 
sustained proximal femur fractures, this retrospective 
cohort study aimed to investigate the usefulness of the 
CfS for predicting the prognosis of patients who under-
went surgery for proximal femur fractures at our tertiary 
referral centre. We hypothesized that increased clinical 
frailty scores would be associated with increased 30- day 
and one- year mortality.

Methods
We performed a retrospective cohort study of all minimal 
trauma hip fracture patients who presented to this 
tertiary referral centre over a period of one year and 
were identified prospectively as satisfying the inclusion/
exclusion criteria for the ANZhfR.1 At this tertiary referral 
centre, orthopaedic trauma lists prioritizing patients with 
proximal femur fractures were available every day of 
the week, including weekends and public holidays. this 
tertiary hospital has a mature orthogeriatric service that 
sees all hip fracture patients and orthopaedic and anaes-
thetic care is consultant led. each patient was examined 
on arrival by the orthopaedic team and a routine set of 
screening investigations was performed on all patients. 
Patients were reviewed by the consultant- led orthogeri-
atric team and assessed by allied health team members to 
optimise the patient’s health, mobility and environment 
prior to discharge or transfer to a rehabilitation bed. A 
total of 509 patients were identified for the ANZhfR 
between 1 November 2017 and 31 October 2018 and 
were included in this study. there were no bilateral 
fractures in this study period. in total, there were seven 
cases that were lost to follow- up (table i), and all of these 
patients were overseas visitors with CfS ≤ 5. the mean 
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Fig. 1

Kaplan- meier analysis of all- cause mortality. a) Cumulative mortality across the CfS groups; and b) Cumulative mortality across the ASA classes. Statistically 
significant increases in mortality were demonstrated with increasing CfS score (p < 0.001) and ASA class (p < 0.001).

age of this sample was 82.7 ± 9.1 years (mean ± standard 
deviation (SD)) and 73.5% of cases were female.

All operations were performed at our tertiary referral 
centre. in order to ensure the highest level of accuracy, 
all data was gathered manually from the digital medical 
record, operation notes and radiology reports. Data 
collected included the age and sex of the patient, the 
American Society of Anesthesiologists (ASA) score, frac-
ture type, the time of surgical intervention,the type of 
surgical intervention, the acute length of stay (lOS) after 
surgery, the patient’s residence at the time of admission 
and the patient’s discharge destination after the acute 
management of the fracture. the CfS score was applied 
retrospectively to cases according to the orthopaedic, 
orthogeriatric and allied health admission notes which 
detailed cognitive function, medical comorbidities, 
admission residence, premorbid fitness/activity, mobility 
aids used, and the degree of services and/or supports 
implemented in the .home/residential care facility.

to minimize variance, the ShARe- Clinical frailty Scale 
algorithm was utilized to determine the CfS group 
(online supplementary figure 1). the CfS results were 
categorized into five groups as follows: non- frail (CfS 1 
to 3), vulnerable (CfS 4), mildly frail (CfS 5), moderately 
frail (CfS 6), and severely frail (CfS ≥ 7). mortality data 

was collected from a local database, which is updated 
by the Western Australian Registry of Births, Deaths and 
marriages, to determine 30- day and one- year mortality 
rates. Patients from outside Western Australia were 
followed up by phone call.
Statistical analysis. All statistical analysis was calculated 
using SPSS statistics 22 (iBm, Armonk, New york, uSA). 
Continuous variables were expressed as mean ± SD. 
Categorical data are expressed as percentages of the to-
tal. Comparisons among the five groups were made using 
χ2 tests for categorical covariates and one- way analysis 
of variance for continuous covariates that were listed as 
mean value and SD. the Kaplan- meier method was used 
to estimate cumulative mortality rates in the five groups. 
Survival differences in each group were compared using 
log- rank tests. the discriminatory ability of the CfS was 
assessed by the receiver operating characteristics (ROC) 
curve test and this was compared with the ASA physical 
status classification system and the patient’s age group. 
Statistical tests were all two- sided, and values of p < 0.05 
or a 95% confidence interval (Ci) were considered statis-
tically significant.

ethics approval was obtained from our hospital’s office 
of ethics and research governance prior to commence-
ment of the study.
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Fig. 2

Receiver operating characteristic curve for one- year mortality after hip 
fracture.

Results
All patients were stratified into the five study groups, 
and table i demonstrates the breakdown of patient char-
acteristics and outcomes by the frailty score. mean age 
increased with frailty scores (p < 0.001) and significant 
differences were observed in the admission residence (p 
< 0.001), mean acute lOS after surgery (p = 0.027) and 
mean ASA (p < 0.001) across the study groups (table i).

CfS 1 to 3 had the highest frequency of discharge to 
home after the surgical admission documented in 27/80 
cases. Patients who were part of the CfS 4, CfS 5, and CfS 
6 groups were highly likely to require a period of inpatient 
rehabilitation documented in 68/91, 97/117, and 55/70 
cases respectively (table i). the CfS ≥ 7 group were least 
likely to discharge to a private residence (3/151) or a reha-
bilitation bed (50/151) after the acute admission, and this 
reflects the high proportion of patients who were living 
in residential care at the time of admission (115/151).

Overall, 30- day and one- year survival data was 
obtained in 502 (98.6%) cases. in all, 11 patients died 
during the admission, 38 patients at 30 days, and 135 
patients at one year. mortality increased with frailty at 30 
days (p < 0.001) and one year (p < 0.001). mortality was 
highest in the CfS ≥ 7 group reporting 22 (14.6%) patients 
deceased at 30 days and 63 (41.7%) patients deceased at 
one- year. Kaplan- meier analysis of cumulative mortality 
of the CfS groups is demonstrated in figure 1A and 1B 
demonstrates the cumulative mortality of patients strat-
ified by their ASA classes for comparison, and mortality 
was observed to increase with the ASA score (p < 0.001).

When examining the occurrence of death within one- 
year following a Pff using area under the curve (AuC) 
analysis, the CfS demonstrated the best discrimina-
tive ability (AuC 0.699; 95% Ci 0.651 to 0.747) when 
compared with the ASA (AuC 0.634; 95% Ci 0.576 to 
0.691) and patient age groups (AuC 0.585; 95% Ci 0.523 
to 0.648). the corresponding ROC curve can be seen in 
figure 2.

table ii demonstrates the frequency of fracture types 
in each CfS group. the frequency of intertrochanteric 
fractures increased in association with frailty (p = 0.263) 
and was observed in 51.7% (78/151) of CfS ≥ 7 cases. 
mortality by fracture type and CfS group is also shown in 
table ii. there was a total of 29 cases with subtrochanteric 
fractures in this study, which carried the highest mortality 
rate of 17.2% (5/29) at 30 days and 31.0% (9/29) at one 
year. for all fracture types, both 30- day (p = 0.219) and 
one- year mortality (p = 0.637) were generally observed 
to increase with frailty as demonstrated in table ii.

hemiarthroplasty was the most frequent operation 
for management of the hip fractures accounting for 212 
cases, followed closely by short intramedullary nail in 
192 cases (table iii). Only 28 cases were managed with 
total hip arthroplasty and five cases were managed non- 
operatively. the 30- day and one- year mortality of each 

operation type tended to increase with frailty; however, 
no significant relationship was observed between the 
operation type, mortality and CfS score (table iii).

Discussion
this retrospective review has demonstrated the potential 
prognostic value of the CfS grading tool as a risk strati-
fication index before surgical management of proximal 
femur fracture in older patients. this study has found 
significant relationship between the degree of frailty (as 
defined by the CfS) and mortality. Although it is unsur-
prising that frailty was associated with mortality, the 
increased risk of death with each one- point increase in 
the CfS score, affirms that potential prognostic signifi-
cance of frailty in this population.

Prediction of poor outcome after hip fracture helps 
inform the treatment decision and communication with 
patients and their carers. At present, there are many scores 
which have been studied as predictors of mortality after 
hip fracture. Scores such as the Charlson Comorbidity 
index (CCi) and the modified frailty index (mfi) have 
been demonstrated to predict morbidity and mortality 
after hip fracture; however, their clinical utilization is 
limited due to the many variables and time required for 
calculation.13,14

the ASA score which attempts to quantify the phys-
iological reserve of a patient before surgery has been 
associated with poor patient prognosis through various 
regressions in numerous orthopaedic interventions.15–18 
the ANZhfR collects the patients ASA score as a general 
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Table ii. fracture types and mortality stratified by CfS groups where n denotes the total number of cases within the CfS group of each fracture type  
(p = 0.263). mortality is indicated at 30 days (p = 0.219) and one year (p = 0.637).

intertrochanteric intracapsular (displaced) intracapsular (un- displaced) Subtrochanteric

n 30 days One year n 30 days One 
year

n 30 days One year n 30 days One 
year

CfS 1 to 3 29 0 2 30 1 1 15 1 1 6 0 0

CfS 4 34 1 3 42 1 6 12 2 3 3 0 1

CfS 5 46 2 9 41 1 12 23 1 4 7 2 3

CfS 6 28 2 11 29 3 14 8 0 3 5 0 0

CfS ≥ 7 78 9 31 52 10 21 13 0 5 8 3 5

Overall 214 14 56 194 16 54 71 4 16 29 5 9

CfS, Clinical frailty Scale.

Table iii. Operative management and mortality stratified by CfS groups where 'n' denotes the total number of cases within the CfS group managed with 
each type of operation (p < 0.001). mortality is indicated at 30 days (p = 0.137) and one- year (p = 0.161).

Hemiarthroplasty intramedullary Nail Sliding Hip Screw THA

n 30 days One year n 30 days One year n 30 days One year n 30 
days

One 
year

CfS 1 to 3 23 1 1 29 0 1 13 0 1 15 1 1

CfS 4 42 0 5 31 1 4 11 2 2 6 1 2

CfS 5 55 1 15 35 3 8 21 1 3 5 0 1

CfS 6 32 2 14 27 2 8 9 1 5 2 0 1

CfS ≥ 7 60 8 23 70 10 30 18 1 6 0 0 0

Overall 212 12 57 192 16 51 72 5 17 28 2 5

thA; total hip arthroplasty; CfS, Clinical frailty Scale.

measure of physical health or comorbidity.1 the 2019 
annual report demonstrated that > 50% of patients with 
hip fracture were classified as ASA grade 3.1 Our study 
has documented 274 (65%) ASA grade 3 of the total 421 
cases with documented ASA score. figure  3 highlights 
ASA grade 3 as the most frequent score for all CfS groups 
with exception to CfS 1 to 3 where ASA grade 2 was most 
common. the CfS provides a more accurate prognosis 
for mortality than ASA by better differentiating patients 
into smaller groups.

While this study adds to the literature confirming the 
association between increasing ASA score and mortality 
after hip fracture (figure  1B), this study demonstrates 
superior discriminative ability of the CfS (AuC 0.699; 
95% Ci 0.651 to 0.747) in predicting mortality over ASA 
(AuC 0.634; 95% Ci 0.576 to 0.691) and the patient’s 
age (AuC 0.585; 95% Ci 0.523 to 0.648). interestingly, 
neither CfS, ASA, nor the patient’s age met the threshold 
of what is considered to be fair discrimination (AuC 
≥ 0.7). however, at AuC 0.699 the CfS demonstrates 
potential for discrimination in predicting mortality after 
hip fracture, and further evaluation of the discriminative 
ability of the CfS should be explored with prospective 
assignment of CfS score in future studies.

to the knowledge of the authors there are no other 
validation studies exploring the discriminative ability of 
the CfS to predict mortality after a hip fracture. A geron-
tological secondary analysis of the Survey of health, 
Ageing and Retirement in europe (ShARe) studied the 

discriminative ability of the CfS to predict all- cause 
mortality at two years and five years and reported a 
similar AuC of 0.73 (95% Ci 0.70 to 0.75) and 0.70 (95% 
Ci 0.68 to 0.71) respectively.19

Regarding fracture type, this study did not find any 
statistically significant relationship between the fracture 
type and the patient’s degree of frailty. Notably, of the 
38 patients CfS 1 to 3 who were managed with hemiar-
throplasty (23/80) or total hip arthroplasty (15/80), only 
two were deceased at one year. Given patients within the 
CfS 1 to 3 group are non- frail and are active with at least 
routine walking (by definition), these patients would 
be in the group of patients where total hip arthroplasty 
could be considered. the CfS could be an accurate tool 
to identify a patient’s suitability for a total hip arthro-
plasty instead of a hemiarthroplasty.

After operative management of the hip fracture, 
increasing degrees of frailty (as defined by CfS) were 
inversely related with a patient’s likelihood of discharge 
to private residence. Patients who did not discharge 
to private residence were either transferred to a reha-
bilitation bed or returned to residential care. Notably, 
there was a significantly higher frequency of patients 
admitted from residential care within the CfS ≥ 7 group 
as compared with the CfS 6 group, 76.2% (115/151) 
vs 22.9% (16/70) respectively. the majority of patients 
within the CfS 6 group were discharged after operative 
management to a rehabilitation bed (55/70); however, 
there was no data collected regarding complications 
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Fig. 3

frequency of ASA scores stratified by Clinical frailty Scale groups.

during the rehabilitation admission and the patient’s 
likelihood of discharge to private residence after the 
rehabilitation admission. Given the degree of frailty and 
the reduction in function associated with hip fractures, 
collection and analysis of this data in future study may 
help tailor prognostic advice and facilitate patient expec-
tation management.

the management of frail patients who sustain a hip 
fracture can be challenging and requires a multidisci-
plinary model of care. these patients often have multiple 
medical co- morbidities and pose a significant health 
burden that is predicted to increase in the future with 
an increasingly aged and comorbid population.20 the 
concept of frailty being an independent risk factor for 
mortality, morbidity, lOS, and readmission rate is not a 
new finding; however, with the use of the CfS, frailty can 
now be easily applied to hip fractures by all members of 
the multidisciplinary team including the surgeon.6,9–12

furthermore, the CfS is a useful tool to help guide 
the most appropriate procedures (i.e. relatively quicker 
operations with shorter anaesthetic time or hemiarthro-
plasty over total hip arthroplasty in frail patients). its 
ease of application and prognostic guidance supports its 
use in the orthopaedics and the orthogeriatric model of 
care. the CfS helps to reduce age- related bias regarding 
surgical management decision making by also identi-
fying independent, robust elderly patients.

Limitations
the main limitation of this study is the retrospective appli-
cation of the CfS score. the scores were calculated from 
the allied health documentation which details patient 
medical history, as well as cognitive and physical func-
tion prior to admission, however best practice for future 
studies would include the recording of the CfS score at 
the time of admission. this study did not explore the 
duration of the rehabilitation admission, complication 
rates and readmission rates according to CfS score.

Conclusion
this study demonstrates that frailty, rather than ASA or 
chronological age, better predicts mortality after prox-
imal femur fracture. identifying frailty in the acute setting 
represents a major challenge; however, the CfS proves a 
quick and reliable tool for accurate assessment by non- 
geriatricians and we recommend its incorporation into 
the orthopaedic admission and surgical decision- making 
process.

Twitter
@SidNarula

Supplementary material
   ShARe- Clinicalfrailty Scale (theou et al, 2013).
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