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Abstract

Objective: Preoperative frailty and surgical waiting times are associated with the occurrence of adverse outcomes in
patients with hip fractures. Specifically, we aimed to investigate the influence of frailty status and surgical timing on the
risk of serious adverse events during hospitalization. Methods: This study utilized an observational single cohort design
and included patients aged 260 years with a primary diagnosis of hip fracture. Frailty was assessed using the chart-derived
frailty index (CFI), which was calculated based on demographic and routine laboratory variables. The primary outcome of
interest was the occurrence of in-hospital serious adverse events. A multivariate logistic regression model was utilized to
examine the risk factors influencing outcomes. Results: The study included 427 participants, with a mean age of 80.28 +
8.13 years and 64.2% of whom were female. Patients with high CFl have more comorbidities (P < .001), lower surgical
rates (P =.002), and delayed surgical times (P =.033). A total of 239 patients (56.0%) experienced serious adverse events.
The high CFI group had a significantly higher occurrence of serious adverse events compared to the low CFl group
(73.4% vs 48.5%, P < .001). After adjusting for surgical timing and covariates, the multivariate logistic regression analysis
revealed that high frailty significantly increased the risk for serious adverse events (OR = 2.47, 95% CI 1.398-4.412),
infection (OR = 1.99, 95% ClI 1.146-3.446), acute heart failure (OR = 3.37, 95% CI 1.607-7.045). However, the timing of
surgery did not demonstrate any association with these outcomes. In addition, after adjusting for surgical factors, high CFI
remains an independent risk factor for these complications. Conclusions: Frailty serves as a reliable predictor of the
probability of encountering severe adverse events while hospitalized for elderly individuals with hip fractures. This
method has the potential to pinpoint particular modifiable factors that necessitate intervention, whereas the impact of
surgical timing remains uncertain and necessitates additional research.
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that the majority of morbidity and mortality is attributed to
underlying medical conditions rather than the fracture it-
self, it is crucial to stratify and effectively manage risk
factors associated with adverse consequences.”

In conventional risk management, the timing of surgery
has been the primary focus. Based on international clinical
practice guidelines, it is recommended that acute hip
fractures undergo surgical intervention within 24-48 hours
of admission,” as delays in surgery have been shown to
elevate the likelihood of complications.®® On the other
hand, Varady et al’ recently demonstrated that delayed
time to surgery was not independently associated with
increased 30 day complications for patients with patho-
logic hip fractures. Bovonratwet et al'® also argued that
surgery within 2 days of hospital arrival was not associated
with reduced complications or death for patients with
periprosthetic hip fractures. These controversial findings
complicate decision making for older patients with hip
fractures, who have more complicated medical conditions.

In addition to timing, frailty status has emerged as a
crucial factor influencing outcomes.'"'? Literature sug-
gests that over half of hip fracture patients exhibit frailty,
which amplifies the risk of adverse consequences such as
postoperative pneumonia,'® prolonged hospitalization,'*
and diminished quality of life,'* as well as higher mor-
bidity and mortality.'®'>'*!> An explanation for this
predictive capability can potentially be attributed to di-
minished physiological reserves, compromised immune
function, and the presence of multiple chronic condi-
tions.'® The evaluation of frailty can offer valuable insights
into the elderly population’s capacity to maintain ho-
meostasis and cope with stress. Both the American College
of Surgeons (ACS) and the American Geriatrics Society
(AGS) advocate for the inclusion of frailty assessments in
the preoperative evaluation of older adults. However,
frailty assessment tools require extra effort for clinical
management. The chart-derived frailty index (CFI) uses
routine lab values to predict surgical risk in older
adults.'*'” Additionally, modifiable factors such as anemia
and malnutrition can impact a patient’s recovery after
surgery.

The significance of preoperative frailty assessment and
reduced surgical waiting times in enhancing the outcomes
of hip surgery in older patients has been extensively ex-
plored in prior research. Nevertheless, the prevailing
factors that exert the most influence remain uncertain, as
various studies have yielded conflicting findings. Conse-
quently, it is imperative to conduct standardized investi-
gations to elucidate the impact of frailty status and surgical
timing on perioperative outcomes in elderly individuals
with hip fractures. This study aims to assess the predictive
value of a composite frailty score (CFI) and surgical timing
in determining the occurrence of perioperative Serious
Adverse Events (SAEs) during hospitalization.

Methods
Study Design and Data Collection

An observational cohort study was conducted at the Or-
thogeriatric Unit of our hospital between November 2020
and March 2022. The study included consecutively ad-
mitted participants aged >60years with a primary diagnosis
of hip fracture. Exclusion criteria comprised patients with
incomplete medical histories or life-threatening severe
multiple organ dysfunction. The study protocol received
approval from the Ethics Committee of our Institution, and
all patients provided written informed consent prior to
participation. Demographic data, comorbidities, frailty
status, and hospitalization information, surgery wait times
(hours from presentation to surgery) and surgical proce-
dure and perioperative complications were retrieved using
an electronic medical record.

Frailty Assessment

Before surgery, the frailty status of all participants was
assessed using the chart-derived frailty index (CFI) based
on Amrock et al’s method.'” The CFI was calculated using
5 specific conditions: age>70 years, preoperative
BMI <18.5 kg/m2, hematocrit <35%, albumin<34 g/L, or
serum creatinine>176.8 pmol/L (2.0 mg/dL), with each
condition earning 1 point. A higher CFI score indicates
greater frailty. Based on published criteria, patients were
categorized into high CFI (CFI, 3-5) and low CFI (CFI, 0-
2) groups.

Outcome and Definitions

The primary outcome of this study was a composite
outcome of the perioperative SAEs during the hospitali-
zation period. The definition of SAEs used in this study
was adapted from the International Conference on Har-
monization’s definition of Good Clinical Practice. The
SAEs that were considered in this study included various
types of infections (such as respiratory, urinary, surgical
site, and sepsis), delirium (as assessed by the Confusion
Assessment Method), thromboembolic complications
(including deep vein thrombosis treated with anti-
coagulation or pulmonary embolism), acute heart failure,
acute respiratory failure, malignant arrhythmia, stroke,
gastrointestinal bleeding, and acute renal failure and death.

Statistical Analysis

The study employed independent t-tests, ANOVA, or
Kruskal-Wallis tests to compare participants’ character-
istics across different groups for continuous variables,
while the Chi-squared test was used for categorical
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variables. Effects of the CFI and surgery (Model a) or time-
to-surgery (Model b) on SAEs were analyzed by multi-
variate logistic regression model. Referring to previous
cohort study,'® comorbidities, osteoporosis, fracture type,
and polypharmacy were included as covariables. In order
to reduce bias, a directed acyclic graph (DAG) diagram
was created prior to the study in order to identify possible
confounders (Figure 1). At the same time, considering the
correlation between CFI and these covariables, we con-
ducted a collinearity test to ensure the reliability of the
model. The findings were presented as odds ratios (ORs)
accompanied by 95% confidence intervals (Cls). Analyses
were performed using SPSS software (version 22.0, IBM
Corp, Armonk, NY, USA), with two-sided P < .05 indi-
cating significance.

Reaults

Baseline and Perioperative Characteristics

A total of 427 elderly patients who had experienced hip
fractures were included as participants in this study. The
demographic information and perioperative characteristics
of the patients can be found in Table 1. The average age of
the patients was 80.28 + 8.13 years, with a range of 61 to
101 years. Of the participants, 274 (64.2%) were female.
Approximately 46.1% of the patients had between zero and
2 comorbidities, while 16.2% had >5 comorbidities.
Femoral neck fractures were the most common type of
fracture, accounting for 53.4% of cases. The majority of

fractures were traumatic in nature, with 98.1% falling into
this category. A large proportion of patients underwent
surgery, with 76.8% of participants opting for this treat-
ment. Among those who underwent surgery, the majority
(58.5%) of time-to-surgery were between 72 and
168 hours. In terms of frailty, as measured by the CFI,
299 patients (70%) were classified as having a low CFI,
while 128 patients (30%) were classified as having a high
CFI. The high CFI group exhibited several distinguishing
characteristics in comparison to the low CFI group. High
CFI patients were older (mean 83.4 vs 78.97years, P <
.001), had a greater prevalence of comorbidities (27.3% vs
11.4%, P <.001), lower rate of undergoing surgery (67.2%
vs 80.9%, P =.002). Moreover, frailty was associated with
the time-to-surgery (P = .033), the Post Test (Z-test) in-
dicated that 34.9% of the high CFI group having surgery
after 168 hours, while only 21.9% of the low CFI group
had surgery within this timeframe.

Predictive Factors of Perioperative Seious
Adverse Events

Throughout the duration of the study, a total of 239 pa-
tients (56.0%) experienced SAEs, with a median of
1 SAEs (range 0-6). The most prevalent SAEs were in-
fections, accounting for 157 cases (36.8%). Notably, the
high CFI group had a significantly higher occurrence of
SAEs compared to the low CFI group (73.4% vs 48.5%,
P <.001). The group with a high CFI demonstrated an
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Figure 1. Directed acyclic graph (DAG) for statistical model. The DAG serves as a visual representation of the interconnections
within the data, aiding in the elucidation of the study’s underlying assumptions. As a simplification by design, the DAG facilitates

comprehension for the reader.
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Table . Participants Demographics and Perioperative Characteristics.

Factor ALL Low CFI (n = 299) High CFI (n = 128) Statistics P Value
Age (years, mean * SD) 80.28 + 8.13 78.97 + 8.29 83.40 + 6.86 5.350 <.001*
Gender (females, n %) 274 (64.2) 197 (65.9) 77 (60.2) 1.280  .258
BMI (kg/m2, mean + SD) 2234 + 444 23.51 £ 4.21 18.93 + 3.16 5.248 <.001*
Prior comorbidities(n, %) 19.647 <.001*
0-2 197 (46.1) 153 (51.2) 44 (34.4)
3-4 161 (37.7) 112 (37.5) 49 (38.3)
>5 69 (16.2) 34 (11.4) 35 (27.3)
Osteoporosis (n, %) 227 (53.2) 145 (48.5) 82 (64.1) 8724  .003*
Pre-fracture ploypharmacy, 255 (59.7) 182 (60.9) 73 (57.0) 549 459
n (%)
Fracture type (n,%) 3917  .048*
Femoral neck 228 (53.4) 169 (56.5) 59 (46.1)
Per/sub-trochanter 199 (46.6) 130 (43.5) 69 (53.9)
fractures
Fracture cuse (n, %) 7.873  .005*
Trauma 419 (98.1) 297 (99.3) 122 (95.3)
Fragility 8 (1.9) 2(.7) 6 (4.7)
Surgical treatment (n, %) 328 (76.8) 242 (80.9) 86 (67.2) 9513  .002*
Time-to-surgery (n, %) 8768  .033*
<48 hours 18 (5.5) 17 (7.0) I (1.2)
48-72 hours 34 (10.4) 25 (10.3) 9 (10.5)
72-168 hours 193 (58.8) 147 (60.7) 46 (53.5)
>168 hours 83 (25.3) 53 (21.9) 30 (34.9)
Procedure type, n (%) 8993  .003*
Total/half hip Joint 176 (53.7) 143 (59.3) 33 (40.2)
replacement
Reduction and internal 147 (44.8) 98 (40.7) 49 (59.8)
fixation
ASA score, median (IQR) 3(23) 3(23) 3(23) Sl
Anesthesia (n, %) 4393  .036*
General anesthesia 247 (75.3) 190 (79.2) 57 (67.9)
Spinal anesthesia 77 (23.5) 50 (20.8) 27 (32.1)
Length of stay (days, 12 (9,15) 12 (9,14) 1.5 (9,15) 776
median, IQR)
Hospital costs (¥, median, 32454.37 34995.61 29915.62 .014*
IQR) (22057.08,52707.53) (22861.51,57977.00) (18779.19,40331.09)
Perioperative SAEs, 1 (0,6) 0 (0,5) I (0,6) <.001*

median(range)

Statistics are t-value for t test of normalized continuous variables, M-WV for nonparametric variables, or 52 for test of categorical variables; * The results
were statistically significant (P < .05). Abbreviations: CFl, Chart-derived frailty index; ASA, American Society of Anesthesiologists; SAEs, Serious

Adverse Events; IQR, Interquartile Range.

elevated susceptibility to SAEs, including infections
(50.8% vs 30.8%), deep vein thrombosis (16.4% vs
9.0%), acute heart failure (27.3% vs 11.7%), and acute
kidney injury (22.7% vs 4.7%). Generally, patients who
did not undergo surgery exhibited a higher proportion
of SAEs (P = .047). (All in Table 2) There was no
statistically significant variance in the occurrence of
perioperative SAEs across varying waiting time intervals
(<48 hours, 48-72 hours, 72-168 hours, >168 hours).
(Supplementary Table 1).

Logistic regression models, as presented in Table 3,
were employed to assess the effects of frailty, surgical
factors, and surgical timing on the occurrence of peri-
operative SAEs during hospitalization. The collinearity
test indicates that the variance inflation factor (VIF value)
is < 10, indicating that there is no collinearity between the
independent variables (Supplementary Table 2). In model
(a), following adjustment for surgery, a high CFI dem-
onstrated independent association with SAEs (OR 2.30,
95%CI 1.424-3.698) and acute kidney injury (OR 5.56,
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Table 2. Incidence of Individual Serious Adverse Events During Hospitalization According to Frailty State and Operation Treatment.

ALL High CFI x2 P Value Non-surgical management x2 P Value
Any SAEs 239 (56.0) 94 (73.4)  22.627 <.001* 64 (64.6) 3.935 .047°
Infection 157 (36.8) 65 (50.8) 15.439 .0007 49 (49.5) 8.979 .003*
Perioperative delirium 58 (13.6) 22 (17.2) 2.023 .155 13 (13.1) .022 .881
Deep venous thrombosis 48 (11.2) 21 (16.4) 4.888 .027% 19 (19.2) 8.165 .004*
Acute heart failure 70 (16.4) 35 (27.3) 15.992 <.001* 29 (29.3) 15.647 <.00l1*
Acute respiratory failure 19 (44) 7 (5.5) 447 .504 8 (8.1) 3.997 .046"
Malignant arrhythmia I (2.6) 4 (3.1) 219 .639 7 (7.1) 10.374 .004*
Stroke 3(7) 0 1.293 557 0 912 1.000
Gastrointestinal bleeding 3(7) I (.8) 016 1.000 0 912 1.000
Acute kidney injury 43 (10.1) 29 (22.7) 31.974 <.001? 13 (13.1) 1.333 248

*The results were statistically significant (P < .05).

95%CI 2.666-11.592). In model (b), after adjusting for
surgical timing, a high CFI continued to exhibit inde-
pendent association with SAEs (OR =2.47, 95%CI 1.398-
4.412), infection (OR = 1.99, 95%CI 1.146-3.446, acute
heart failure (OR = 3.37, 95% CI 1.607-7.045) and acute
kidney injury (OR =5.09, 95% CI 2.125-12.193). Notably,
no statistically significant relationship between surgical
timing and SAEs was observed. To conduct a more de-
tailed subgroup analysis (Supplementary Table 3), it was
observed that a high CFI exhibited an independent asso-
ciation with elevated risks of SAEs and infection in both
the surgery group and the group undergoing surgeries
lasting for 72-168 hours or more.

Discussion

In this study, we investigated the relative contributions of
frailty and surgical timing to the outcomes of elderly hip
fracture patients. Specifically, frailty status was signifi-
cantly associated with perioperative SAEs during hospi-
talization, such as infection and acute heart failure. This
finding holds implications for enhancing clinical decision-
making. It is crucial to minimize surgical delays, however,
this study suggests that perioperative risks should be
carefully assessed and managed, with particular attention
to the patient’s frailty status. This approach may identify
specific modifiable factors that warrant intervention.

To assess frailty status, we employed a validated chart-
derived frailty score (CFI) and conducted a systematic
evaluation among older individuals with hip fractures. A
strong correlation was observed between a high frailty
index and the occurrence of SAEs, such as infections, acute
heart failure, and acute kidney injury. Additionally, the CFI
was found to be linked to significant perioperative com-
plications following hip fracture surgery, as reported by
Zhao H, et a."* This study contributes to the existing
understanding of the association between frailty and the
prognosis of surgical risks. The predictive significance of

frailty in this context is not unexpected, as frail individuals
are more susceptible to negative outcomes post-surgery
due to their diminished ability to cope with and recover
from the procedure. Furthermore, the prevalence of mul-
timorbidity is observed to be higher among frail indi-
viduals." Our study findings indicate that patients with a
high CFI exhibit a greater incidence of comorbidities, with
27.3% of them experiencing comorbidities compared to
11.4% in the low CFI group (P < .001). This association
contributes to elevated rates of unfavorable outcomes in
frail individuals. In addition, subgroup analyses reveal that
a high CFI is statistically significant solely within sub-
groups involving surgery and surgery delayed by 72-
168 hours. A study has estimated that a considerable
proportion (41%) of patients undergoing major orthopedic
surgery are at a significantly higher risk of experiencing
frailty.”® Furthermore, a meta-analysis encompassing
45 979 participants has demonstrated that frailty signifi-
cantly predicts both postoperative and inpatient compli-
cations in geriatric hip fracture patients.'? These results
emphasize the importance of considering the substantial
risks associated with frailty, regardless of the surgical
indication.

In the context of hip fracture surgery for older indi-
viduals, the significance of risk stratification and timely
identification of vulnerable patients is growing, as it can
enhance surgical effectiveness and optimize medical re-
source allocation. While the ACS recommends preoper-
ative frailty assessment, there is a wide variability among
assessment methods and their results.”' In comparison to
other instruments like the Fried phenotype, Edmonton
Frail Scale, CSHA-FI, and ACS-NSQIP, the CFI scores
can readily identify susceptible patient groups upon ad-
mission using routine laboratory results, providing an
objective and convenient information source and not re-
quiring any additional effort or cost. For example, Amrock
et al.'” have demonstrated that the CFI is a more effective
measure of frailty compared to the Robinson score or the
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Table 3. Multivariate Logistic Regression Analysis of the Effects of Frailty, Surgical Factors, and Surgical Timing on the Occurrence of
Perioperative SAEs During Hospitalization.

Model (a) Model (b)

Variable OR (95% ClI) P-Value OR (95% Cl) P-Value
Any SAEs

higher CFI 2.30 (1.424-3.698) .001* 2.47 (1.398-4.412) .002*
Non-surgical management 1.34 (.802-2.231) 265
Time-to-surgery

<48 hours Reference

48-72 hours 1.91 (.545-6.660) 313

72-168 hours 1.52 (.525-4.387) 441

>168 hours 1.55 (.497-4.814) 451
Infection

higher CFI 1.76 (1.122-2.764) 014* 1.99 (1.146-3.446) .015%
Non-surgical management 1.84 (1.119-3.026) 0l6*
Time-to-surgery

<48 hours Reference

48-72 hours 1.75 (.438-7.008) 428

72-168 hours 1.06 (.319-3.549) .920

>168 hours 1.27 (.358-4.524) .709
Perioperative delirium

higher CFI 1.23 (.668-2.246) 512 1.45 (.722-2.919) 296
Non-surgical management .83 (410-1.666) .595
Time-to-surgery

<48 hours Reference

48-72 hours 1.83 (.184-18.199) .607

2-168 hours 2.06 (.257-16.514) 496

>168 hours 1.98 (.230-17.086) 534
Deep venous thrombosis

higher CFI 1.61 (.842-3.062) .150 1.26 (.530-2.974) .605
Non-surgical management 2.37 (1.211-4.631) 0l12*
Time-to-surgery

<48 hours Reference

48-72 hours 1.10 (.088-13.659) .943

72-168 hours 1.66 (.198-13.958) 641

>168 hours 1.85 (.200-17.008) .589
Acute heart failure

higher CFI 2.06 (1.176-3.623) 012%* 3.37 (1.607-7.045) .001*
Non-surgical management 2.69 (1.480-4.900) .001*

Time-to-surgery - -
Acute kidney injury

higher CFI 5.56 (2.666-11.592) <.001* 5.09 (2.125-12.193) <.001*
Non-surgical management .77 (.347-1.730) .533

Time-to-surgery

Notes: Adjusted model(a) (n = 427) included comorbidities (=5 vs 3-4 vs 0-2), osteoporosis (yes vs no), fracture type (Per/sub-trochanter fractures
vs.femoral neck), polypharmacy (=5 vs <5), CFl groups (3-5 vs 0-2), and surgery (no vs yes). Model(b) (n = 328) included comorbidities (5 vs 3-4 vs 0-2),
osteoporosis (yes vs no), fracture type (Per/sub-trochanter fractures vs.femoral neck), polypharmacy (=5 vs <5), CFl groups (3-5 vs 0-2), and time-to-
surgery. * The results were statistically significant (P <.05). Abbreviations: OR, Odds ratio; Cl, confidence interval. AUC, Area under receiver operating
characteristic curve; SAE, Serious Adverse Events.

11-factor modified frailty index. Furthermore, Yu J, et al.?? Additionally, the CFI has been found to enhance the

have reported that a high CFI is associated with an in- predictive power of the ASA classification in determining
creased 1-year mortality rate following radical cystectomy the likelihood of delirium, pneumonia, ICU admission, and
in a cohort of 1004 patients with bladder cancer. 1-year mortality after hip fracture surgery.'* Therefore, the
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integration of demographic information and routine lab-
oratory variables in the evaluation of CFI has the potential
to serve as a proficient and straightforward method for
prognosticating outcomes in clinical settings.

It should be noted that, upon accounting for confounding
variables, the infuence of surgery timing on SAEs is uncertain
and requires further investigation. A potential reason for this
conclusion may be that the sample size was not large enough
to show the difference. Although early surgery may be linked
to reduced suffering, delayed surgery provides ample time for
physiological stabilization. The specifics of optimal surgical
timing remained ambiguous, despite guidelines recom-
mending surgery within 48 hours. Alvi HM, et al* had
utilized a nationally representative dataset comprising
6036 elderly individuals who underwent hip fracture surgery,
and employing a meticulous statistical approach (including
matching for surgery type, age, gender, and ASA class), the
authors observed no discernible disparities in 30 day mor-
tality, readmission rate, or overall complication rate across the
3 surgical cohorts (<24 hours, 24-48 hours, and >48 hours).
Similar findings also had been demonstrated in older patients
with pathological hip fractures’ and periprosthesis frac-
tures.'® As previously mentioned, These results are in con-
trast to other studies about standard hip fractures, which have
discovered that patients who undergo early surgical inter-
vention for hip fractures exhibit reduced hospitalization
durations, diminished pain duration, lowered susceptibility to
decubitus ulcers, and enhanced post-procedural indepen-
dence.”® This phenomenon could potentially be elucidated
by various factors, such as disparities in the demographic
composition of the sample, sample size, correctional vari-
ables, definitions of complication variables, and follow-up
periods. Providing care for elderly and fragile hip-fracture
patients and minimizing surgical wait times pose challenges
for health care providers. Taking into account the frailty status
and various other factors in clinical practice, there exists a
possibility of moderately modifying the risk of perioperative
complications, including the optimization of the time from
clinical presentation to surgery.” It should be noted that in this
population at high risk, merely reducing the waiting time for
surgery may not yield significant improvements in outcomes.

Several limitations should be acknowledged in this study.
Firstly, the generalizability of the findings may be limited due
to the study being conducted in a single center. Conducting
multicenter studies could enhance the generalizability of the
results. Another limitation is the small number of patients
who had surgery within 48 hours, limiting the ability to
identify statistically significant differences between groups.
In addition, it is important to note that our observations are
restricted to adverse outcomes during hospitalization, and
therefore, we are unable to make any conclusions regarding
long-term effects. Moreover, the outcome variable of SAEs in
this study is a composite variable. Due to insufficient data in
the research sample, separate analyses for surgery-specific

SAEs, such as surgical site infection and postoperative de-
lirium, were not conducted in multivariate logistic regression.
However, the existing data have effectively illustrated that the
evaluation and intervention of frailty status hold greater
significance in enhancing perioperative risk management for
elderly patients with fractures, surpassing the sole consid-
eration of surgical timing.

Within the scope of this study, a notable association
between frailty and the occurrence of in-hospital SAEs in
elderly individuals with hip fractures is evident, while the
influence of surgical timing on these outcomes is still
unclear. The CFI could be a useful pre-screening tool to
identify patients at a high risk of perioperative compli-
cations. Future research should focus on defining the
optimal components and implementation of precision
management for frail patients.
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