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Introduction: The number of patients with hip fractures continues to rise as the
average age of the population increases. Optimizing outcomes in this cohort is
predicated on timely operative repair. The aim of this study was to determine if
patients with hip fractures who are frail or have a higher cardiac risk suffer from
an increased risk of in-hospital mortality when surgery is postponed >24 h.
Methods: All patients registered in the 2013–2021 TQIP datasetwhowere≥65 years
old and underwent surgical fixation of an isolated hip fracture caused by a ground-
level fall were included. Adjustment for confounding was performed using inverse
probability weighting (IPW) while stratifying for frailty with the Orthopedic Frailty
Score (OFS) and cardiac risk using the Revised Cardiac Risk Index (RCRI). The
outcome was presented as the absolute risk difference in in-hospital mortality.
Results: A total of 254,400 patients were included. After IPW, all confounders were
balanced. A delay in surgery was associated with an increased risk of in-hospital
mortality across all strata, and, as the degree of frailty and cardiac risk increased, so
too did the risk of mortality. In patients with OFS ≥4, delaying surgery >24 h was
associated with a 2.33 percentage point increase in the absolute mortality rate (95%
CI: 0.57–4.09, p=0.010), resulting in a number needed to harm (NNH) of 43.
Furthermore, the absolute risk of mortality increased by 4.65 percentage points in
patients with RCRI ≥4 who had their surgery delayed >24 h (95% CI: 0.90–8.40,
p=0.015), resulting in a NNH of 22. For patients with OFS 0 and RCRI 0, the
corresponding NNHs when delaying surgery >24 h were 345 and 333, respectively.
Conclusion: Delaying surgery beyond 24 h from admission increases the risk of
mortality for all geriatric hip fracture patients. The magnitude of the negative
impact increases with the patient’s level of cardiac risk and frailty. Operative
intervention should not be delayed based on frailty or cardiac risk.

KEYWORDS

hip fracture, frailty, cardiac risk, surgical delay,mortality, surgical prioritization, risk stratification

1 Introduction

Roughly2.7million individuals experiencedahip fracture in2010, accounting for∼20%of all

osteoporotic fractures in persons 50 years orolder (1–3). It is expected that thisfigurewill increase

with the aging of the global population and the concomitant rise in life expectancy (4–8). This

population is particularly susceptible to harm owing to their advanced age, high degree of

frailty, and the substantial comorbidity burden present (9–16). Consequently, postoperative
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mortality rates remain elevated in the hip fracture population with

incidences as high as 10%, 16%, and 27% being reported after 30 days,

90 days, and 1 year, respectively (16–18). As a result, hip fractures

constitute a major burden on individuals, healthcare systems, and

society as a whole, resulting in significant complications such as high

mortality rates (19, 20), loss of functional ability (21–23), and

prolonged hospital stays (24). These complications have substantial

healthcare costs and require considerable resources from healthcare

providers and public health systems (10, 12, 14, 25). Accordingly, the

financial burden of hip fractures is significant, estimated at $6 billion

annually in the United States alone (26).

While expediting surgical intervention has not been found to

improve outcomes (27), numerous investigations have demonstrated

an association between a delay in surgery and adverse outcomes in hip

fracture patients (28–34). However, with a growing number of hip

fracture patients and increasingly limited resources in healthcare (4–8,

35–38), achieving surgery within this timeframe for all patients might

not always be feasible. Furthermore, frail patients and those with

significant comorbid conditions are often subjected to preoperative

testing for “clearance”, a process that may lead to delays in the timely

execution of operative fixation. The aim of the current study was

therefore to determine if hip fracture patients who are frailer, according

to the Orthopedic Frailty Score, or have a higher cardiac risk, based on

the Revised Cardiac Risk Index, suffer from a disproportionately

increased risk of in-hospital mortality when surgery is postponed

beyond 24 h of admission. The hypothesis was that frail patients and

those with an elevated cardiac risk would exhibit a higher mortality

rate than healthier patients when surgery is delayed more than 24 h.
2 Materials and methods

The American College of Surgeon Trauma Quality Improvement

Project (TQIP) database was used to identify patients with isolated

hip fractures from 2013 to 2021. Inclusion criteria included: age 65

years or older and undergoing surgical fixation after suffering an

isolated hip fracture due to a ground-level fall. An isolated hip

fracture was defined as a patient with a hip fracture and an

abbreviated injury scale (AIS) ≤1 in all other regions. Patients were

excluded if they underwent surgery >5 days after admission (30), if

the time to surgery was missing, or if they had a lower extremity AIS

of 6. Patient demographics (age, sex, race, comorbidities), clinical

characteristics (AIS for all regions, type of fracture, type of surgery),

and discharge disposition were abstracted. The need for ethical

approval from an institutional review board was waived for this

study, as all analyses were conducted using an anonymized,

retrospective dataset. This study adheres to the ethical principles

outlined in the Declaration of Helsinki and follows the reporting

guidelines set forth by the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) guidelines (39).
2.1 Calculating the orthopedic frailty score

The Orthopedic Frailty Score (OFS) is a validated frailty score

developed for predicting 30-day and 90-day mortality in hip fracture
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patients and has also been associated with an increased risk of in-

hospital mortality, complications, failure-to-rescue, as well as a longer

and more costly hospital stay (40, 41). The OFS was calculated based

on the presence of 5 variables: an age ≥85 years old, non-

independent functional status (i.e., requiring assistance with activities

of daily life), institutionalization, congestive heart failure, and a

history of malignancy (local or metastatic, excluding non-invasive

skin cancer). For each variable present, patients received 1 point; the

maximum possible score was 5 (40).
2.2 Calculating the revised cardiac risk index

In previous investigations, the Revised Cardiac Risk Index

(RCRI) has been associated with an increased risk of mortality, up

to 1 year, after hip fracture surgery (13, 15). According to the

RCRI, patients receive 1 point each for the presence of high-risk

surgery (any intraperitoneal, intrathoracic, and suprainguinal

vascular procedure), history of cerebrovascular disease, renal

insufficiency (defined as acute kidney injury or chronic kidney

disease), diabetes mellitus, ischemic heart disease, as well as

congestive heart failure (42–45). Hip fracture surgery is considered

intermediate risk surgery by the American College of Cardiology

and the American Heart Association guidelines; therefore, points

for high-risk surgery were not awarded to any patient in this

study (46). Accordingly, the maximum possible score was 5.
2.3 Statistical analysis

Patients were divided into two groups based on their time to

surgery from admission: ≤24 h and >24 h. Patient demographics

and other clinical features were summarized and compared to

characterize differences between the groups. Categorical variables

were expressed as counts along with their corresponding

percentages. Continuous variables which exhibited a non-normal

distribution, were presented using the median and interquartile

range (IQR), while normally distributed variables were presented as

a mean and standard deviation (SD). Statistical significance testing

was conducted as follows: For categorical variables, either the Chi-

square test or Fisher’s exact test was employed to assess the

significance of differences between the groups. On the other hand,

for continuous variables, the Mann–Whitney U-test or Student’s t-

test was utilized. The primary endpoint was in-hospital mortality.

Patients were stratified based on their OFS (OFS 0, 1, 2, 3, ≥4)
as well as their RCRI (RCRI 0, 1, 2, 3, ≥4). To minimize any

differences in demographics and clinical characteristics between

the cohorts within each stratum, the inverse probability

weighting (IPW) method was employed. The probability of

undergoing surgery >24 h after admission was determined using

a logistic regression model. This model included age, sex,

race, highest AIS in each region (head, face, neck, spine,

thorax, abdomen, upper extremity, lower extremity, external),

type of fracture, type of surgery, and comorbidities

(hypertension, history of myocardial infarction, congestive heart

failure, history of peripheral vascular disease, cerebrovascular
frontiersin.org
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TABLE 1 Demographics of geriatric hip fracture patients.

Surgery
≤24 h

(N = 151,307)

Surgery
>24 h

(N = 103,093)

P-
value

In-hospital mortality, n (%) 1,794 (1.2) 1,942 (1.9) <0.001

Age, median [IQR] 80 [74–85] 81 [74–85] <0.001

Sex, n (%) <0.001

Female 106,615 (70.5) 67,778 (65.7)

Male 44,461 (29.4) 35,163 (34.1)

Missing 231 (0.2) 152 (0.1)

Race, n (%)

White 137,675 (91.0) 91,798 (89.0) <0.001

Black 5,113 (3.4) 4,471 (4.3) <0.001

Asian 1,623 (1.1) 1,337 (1.3) <0.001

American Indian 977 (0.6) 455 (0.4) <0.001

Pacific Islander 146 (0.1) 109 (0.1) 0.495

Other 4,228 (2.8) 3,630 (3.5) <0.001

Missing 772 (0.5) 837 (0.8)

OFS, n (%) <0.001

0 74,081 (49.0) 44,508 (43.2)

1 50,570 (33.4) 36,659 (35.6)
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disease, dementia, institutionalization, non-independent functional

status, chronic obstructive pulmonary disease, smoking status,

chronic renal failure, diabetes mellitus, cirrhosis, coagulopathy,

currently receiving chemotherapy for cancer, metastatic cancer,

drug use disorder, alcohol use disorder, major psychiatric illness,

and the presence of advanced directives limiting

care) as predictors. The weights were calculated

as 1
probabilty of undergoing surgery .24 hours after admission for patients

who underwent surgery >24 h after admission and
1

1- probabilty of undergoing surgery .24 hours after admission for patients who

underwent surgery ≤24 h after admission. Balance after

weighting was evaluated using absolute standardized differences

(ASD). An ASD <0.1 was considered clinically balanced (47).

The absolute risk difference (ARD) between patients who

underwent surgery >24 h and ≤24 h from admission and

corresponding 95% confidence intervals (CIs) were then

calculated within each stratum (48).

Missing data was managed using multiple imputation by

chained equations. The statistical analysis was performed with

the statistical programming language R (R Foundation for

Statistical Computing, Vienna, Austria) utilizing the packages

tidyverse, haven, mice, parallel, and survey (49). Statistical

significance was set a priori as a two-tailed p-value less than 0.05.
2 20,934 (13.8) 16,857 (16.4)

3 5,243 (3.5) 4,590 (4.5)

≥4 479 (0.3) 479 (0.5)

RCRI, n (%) <0.001

0 99,168 (65.5) 59,969 (58.2)

1 41,129 (27.2) 31,405 (30.5)

2 9,214 (6.1) 9,464 (9.2)

3 1,585 (1.0) 1,975 (1.9)

≥4 211 (0.1) 280 (0.3)

Hypertension, n (%) 100,191 (66.2) 71,472 (69.3) <0.001

Previous myocardial 2,241 (1.5) 2,179 (2.1) <0.001
3 Results

After applying the inclusion and exclusion criteria, 254,400

patients were included for further analysis (Figure 1). Forty-one

percent (N = 103,093) underwent surgery >24 h after admission.

Those who underwent delayed surgery were more often male

(34.1% vs. 29.4%, p < 0.001) as well as more likely to be Black (4.3%
FIGURE 1

Flow chart describing selection of sample population.
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vs. 3.4%, p < 0.001) or Asian (1.3% vs. 1.1%, p < 0.001). Those who

underwent delayed surgery were also more likely to be frail (OFS

≥2: 21.4% vs. 17.6%, p < 0.001) and suffer from an elevated cardiac
infarction, n (%)

Congestive heart failure, n (%) 12,644 (8.4) 14,042 (13.6) <0.001

Peripheral vascular disease, n
(%)

3,289 (2.2) 2,851 (2.8) <0.001

Cerebrovascular disease, n (%) 8,798 (5.8) 7,385 (7.2) <0.001

Dementia, n (%) 27,996 (18.5) 19,433 (18.8) 0.028

Institutionalized, n (%) 17,137 (11.3) 12,664 (12.3) <0.001

Non-independent
functional status, n (%)

35,584 (23.5) 26,918 (26.1) <0.001

COPD, n (%) 23,526 (15.5) 18,504 (17.9) <0.001

Current smoker, n (%) 15,988 (10.6) 10,471 (10.2) <0.001

Chronic renal failure, n (%) 5,046 (3.3) 5,148 (5.0) <0.001

Diabetes mellitus, n (%) 34,610 (22.9) 26,581 (25.8) <0.001

Cirrhosis, n (%) 1,265 (0.8) 1,157 (1.1) <0.001

Coagulopathy, n (%) 5,716 (3.8) 7,417 (7.2) <0.001

Currently receiving
chemotherapy for cancer, n

(%)

1,521 (1.0) 1,168 (1.1) 0.002

Metastatic cancer, n (%) 1,963 (1.3) 1,583 (1.5) <0.001

Drug use disorder, n (%) 1,327 (0.9) 1,049 (1.0) <0.001

Alcohol use disorder, n (%) 3,456 (2.3) 2,574 (2.5) <0.001

Major psychiatric illness, n (%) 18,670 (12.3) 12,184 (11.8) <0.001

Advanced directive
limiting care, n (%)

13,462 (8.9) 9,639 (9.3) <0.001

OFS, orthopedic frailty score; RCRI, revised cardiac risk index; COPD, chronic

obstructive pulmonary disease.
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risk (RCRI ≥2: 11.4% vs. 7.2%, p < 0.001). All comorbidities were

more common in patients who underwent surgery >24 h after

admission, except for being a current smoke and major psychiatric

illness. Accordingly, the crude in-hospital mortality rate was higher
TABLE 2 Clinical characteristics of geriatric hip fracture patients.

Surgery
≤24 h

(N = 151,307)

Surgery
>24 h

(N = 103,093)

P-
value

Head AIS, n (%) <0.001

Injury not present 146,865 (97.1) 99,578 (96.6)

1 4,442 (2.9) 3,515 (3.4)

Face AIS, n (%) <0.001

Injury not present 147,612 (97.6) 100,263 (97.3)

1 3,695 (2.4) 2,830 (2.7)

Neck AIS, n (%) 0.991

Injury not present 151,213 (99.9) 103,028 (99.9)

1 94 (0.1) 65 (0.1)

Spine AIS, n (%) 0.030

Injury not present 151,170 (99.9) 102,970 (99.9)

1 137 (0.1) 123 (0.1)

Thorax AIS, n (%) <0.001

Injury not present 150,468 (99.4) 102,383 (99.3)

1 839 (0.6) 710 (0.7)

Abdomen AIS, n (%) <0.001

Injury not present 150,975 (99.8) 102,731 (99.6)

1 332 (0.2) 362 (0.4)

Upper extremity AIS, n (%) 0.025

Injury not present 139,932 (92.5) 95,094 (92.2)

1 11,375 (7.5) 7,999 (7.8)

Lower extremity AIS, n (%) 0.054

3 151,294 (100.0) 103,076 (100.0)

4 11 (0.0) 16 (0.0)

5 1 (0.0) 0 (0.0)

Missing 1 (0.0) 1 (0.0)

External AIS, n (%) <0.001

Injury not present 150,420 (99.4) 102,306 (99.2)

1 887 (0.6) 787 (0.8)

Systolic blood pressure, mean
(SD)

151 (±27.3) 149 (±28.0) <0.001

Missing, n (%) 5581 (3.7) 3699 (3.6)

Pulse rate, mean (SD) 80.5 (±15.1) 81.1 (±16.2) <0.001

Missing, n (%) 5464 (3.6) 3640 (3.5)

Temperature, mean (SD) 36.7 (±0.6) 36.7 (±0.7) <0.001

Missing, n (%) 10,692 (7.1) 7,345 (7.1)

Oxygen saturation, median
[IQR]

97 [95–98] 97 [94–98] 0.163

Missing, n (%) 7,576 (5.0) 5,290 (5.1)

Respiratory rate, mean (SD) 17.8 (±3.0) 18.0 (±3.2) <0.001

Missing, n (%) 6,674 (4.4) 4,324 (4.2)

Type of fracture, n (%) <0.001

Cervical 52,879 (34.9) 39,946 (38.7)

Basicervical 7,838 (5.2) 5,600 (5.4)

Pertrochanteric 76,657 (50.7) 47,306 (45.9)

Subtrochanteric 5,195 (3.4) 3,252 (3.2)

Missing 8,738 (5.8) 6,989 (6.8)

Type of surgery, n (%) <0.001

Internal fixation 101,964 (67.4) 62,996 (61.1)

Arthroplasty 49,343 (32.6) 40,097 (38.9)

Systolic blood pressure is measured in mmHg. Temperature is measured in degrees

Celsius.

AIS, abbreviated injury scale.
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among patients who underwent delayed surgery (1.9% vs. 1.2%, p <

0.001) (Table 1). There was no clinically significant difference in

injury severity or vitals on admission. Cervical fractures were more

common in those who underwent surgery >24 h after admission

(38.7% vs. 34.9%, p < 0.001) while pertrochanteric fractures were less

common (45.9% vs. 50.7%, p < 0.001). Accordingly, arthroplasty was

performed more often in patients who underwent delayed surgery

(38.9% vs. 32.6%, p < 0.001) (Table 2).

Balance was achieved after IPW, with all included potential

confounders exhibiting an ASD <0.1 (Supplementary Tables S1–

S10). A delay in hip fracture surgery by >24 h was associated with

an increased risk of in-hospital mortality, irrespective of the degree

of frailty. Nevertheless, the adjusted ARD increased along with the

OFS [Spearman’s ρ (95% CI): 0.85 (0.60–1.00), p < 0.001].

Compared to patients who underwent surgery within 24 h, surgery

>24 h after admission was associated with a 0.29 percentage point

increase in the mortality rate among patients with OFS 0 [adjusted

ARD (95% CI): 0.29 (0.22–0.37), p < 0.001] (Table 3), which

corresponds to a number needed to harm (NNH) of 345 (50). On

the other hand, in patients with OFS ≥4, delaying surgery >24 h

was associated with a 2.33 percentage point increase in

the mortality rate [adjusted ARD (95% CI): 2.33 (0.57–4.09),

p = 0.010] (Table 3 and Figure 2), resulting in a NNH of 43.

Similar resultswere observedwhenpatientswere stratified according

to their RCRI. A delay in hip fracture surgery by >24 h was associated

with an increased risk of in-hospital mortality, irrespective of the

degree of cardiac risk, and the risk of mortality increased along with

the RCRI [Spearman’s ρ (95% CI): 0.87 (0.60–1.00), p < 0.001]. In

patients with RCRI 0, delaying surgery >24 h was associated with a

0.30 percentage point increase in the in-hospital mortality rate

[adjusted ARD (95% CI): 0.30 (0.24–0.37), p < 0.001] (Table 4),

compared to patients who underwent surgery within 24 h of

admission; this corresponds to a NNH of 333. Conversely, the risk of

mortality increased by 4.65 percentage points in patients with RCRI

≥4 who had their surgery delayed >24 h [adjusted ARD (95% CI):

4.65 (0.90–8.40), p= 0.015] (Table 4 and Figure 3), resulting in a

NNH of 22.
4 Discussion

In this analysis based on 254,400 patients recorded in the

TQIP registry it was found that delaying hip fracture surgery by
TABLE 3 Difference in absolute risk of in-hospital mortality in hip fracture
patients after IPW, stratified by frailty.

Level of
frailty

Surgery
≤24 h (%)

Surgery
>24 h (%)

ARD (95% CI) P-value

OFS 0 0.7 1.0 0.29 (0.22–0.37) <0.001

OFS 1 1.4 1.9 0.46 (0.34–0.58) <0.001

OFS 2 2.4 2.8 0.38 (0.15–0.61) 0.001

OFS 3 3.0 4.1 1.13 (0.61–1.65) <0.001

OFS ≥4 2.9 5.2 2.33 (0.57–4.09) 0.010

Using IPW, all strata were balanced in regard to age, sex, race, highest AIS in each

region, type of fracture, type of surgery, and comorbidities.

IPW, inverse probability weighting; ARD, absolute risk difference; CI, confidence

interval; OFS, orthopedic frailty score; AIS, abbreviated injury scale.
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FIGURE 2

Difference in absolute risk of in-hospital mortality in hip fracture
patients after IPW, stratified by frailty. IPW, inverse probability
weighting; CI, confidence interval; OFS, orthopedic frailty score.

FIGURE 3

Difference in absolute risk of in-hospital mortality in hip fracture
patients after IPW, stratified by cardiac risk. IPW, inverse probability
weighting; CI, confidence interval; RCRI, revised cardiac risk index.
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more than 24 h was linked to an elevated risk of in-hospital

mortality, regardless of the patient’s level of frailty or cardiac

risk. However, the absolute risk of mortality increased along with

a patients’ level of frailty and cardiac risk. At the highest levels,

postponing surgery in patients with an OFS ≥4 led to a NNH of

43, whereas a similar delay in patients with an RCRI ≥4 resulted

in a NNH of 22. These findings underscore the importance

of timely hip fracture surgery in reducing in-hospital mortality

risk, particularly for patients with higher degrees of frailty or

cardiac risk.

Several studies have analyzed the association between a

delay in surgical fixation of hip fractures and adverse

outcomes. While some have failed to detect a significant

association with adverse outcomes and the HIP ATTACK study

did not find any advantage to accelerating surgery (27, 51, 52),

the majority do find that a delay in definitive fixation is

associated with an increased risk of mortality as well as other

unfavorable outcomes (28–34), which is in line with the

current analyses. Two previous systematic reviews, one by

Khan et al. with 291,413 patients and a second by Klestil et al.

with 31,242 patients, have detected an association between a

delay beyond 48 h and an increased risk of mortality,

complications, and a longer hospital stay (28, 29). A large

American study be Tran et al. comprising almost 2 million

estimated patients also found that the same delay resulted in an
TABLE 4 Difference in absolute risk of in-hospital mortality in hip fracture
patients after IPW, stratified by cardiac risk.

Level of
cardiac risk

Surgery
≤24 h (%)

Surgery
>24 h (%)

ARD (95% CI) P-value

RCRI 0 0.8 1.1 0.30 (0.24–0.37) <0.001

RCRI 1 1.6 1.9 0.35 (0.22–0.49) <0.001

RCRI 2 3.5 3.9 0.42 (0.04–0.81) 0.030

RCRI 3 6.3 8.0 1.69 (0.49–2.89) 0.006

RCRI ≥4 7.7 12.3 4.65 (0.90–8.40) 0.015

Using IPW, all strata were balanced in regard to age, sex, race, highest AIS in each

region, type of fracture, type of surgery, and comorbidities.

IPW, inverse probability weighting; ARD, absolute risk difference; CI, confidence

interval; RCRI, revised cardiac risk index; AIS, abbreviated injury scale.
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increased risk of in-hospital mortality, complications, and non-

home discharge, as well as that the risk of these adverse

outcomes increased along with the duration of the delay (30).

Leer-Salvesen et al. found that this association also extended up

to 1 year after surgery, even after controlling for differences in

anticoagulant use (32). Pincus et al. published a thorough

analysis of the subject that identified 24 h as the optimal cutoff

for early vs. delayed surgery based on restricted cubic splines.

They too found that delayed surgery was associated with an

increased risk of mortality and complications. Furthermore, this

association remained even after limiting the analysis to patients

without comorbidity and those receiving surgery within 36 h, for

whom confounding by indication should not play a role (31).

Finally, two studies by Greve et al, that also used a 24 h cutoff,

found that delaying hip fracture surgery increased the risk of

mortality and specific complications. However, in a similar vein

to the current investigation, this association was only detected in

those who had an American Society of Anesthesiologists

Classification of 3 or 4 (33, 34).

While administrative or resource limitations have been

responsible for up to two-thirds of delays in definitive hip

fracture fixation (53), it is important to explore other potential

reasons behind this observed association. One factor to consider

is that patients undergoing delayed surgery suffered from a

higher comorbidity burden or were more severely injured.

Although patients who underwent surgery >24 h after admission

exhibited a higher comorbidity burden in the current study, both

comorbidities and injury severity were effectively balanced

through IPW. This suggests that these factors alone cannot

account for the observed relationship. Another commonly cited

cause may be delay due to preadmission anticoagulant and

antithrombotic therapy. However, even after adjusting for these

therapies, the association between surgical delay and adverse

outcomes persists (31, 32, 34). Furthermore, while anticoagulant

therapy was not specifically adjusted for in the current analysis,

the rate of anticoagulant use was balanced after IPW in all strata.

On the other hand, some may argue that the association could

be due to necessary delays related to preoperative complications,

testing, or the need for preoperative optimization. Nevertheless,
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this was also considered in the investigation by Pincus et al., who

even observed the association between surgical delay and adverse

outcomes among patients who were operated within 36 h, a time

period which was selected to exclude delays due to preoperative

complications and still be more than sufficient to optimize

the patient (31).

An alternative hypothesis should therefore be considered when

considering the trends observed in the current investigation.

According to the current results as well as the results of

Greve et al., the patients who suffer the most from a postponement

of hip fracture surgery are those that are the most frail, have the

highest cardiac risk, and are the least fit-for-surgery (33, 34).

It could consequently be hypothesized that these patients may

be less able to endure the prolonged period of physiological stress

resulting from a delay in definitive fixation. When individuals

suffer a hip fracture, it triggers a surge in catecholamines and

cortisol, which can harm multiple organ systems (54, 55). Frail

patients, who by definition struggle to maintain homeostasis in

response to external stressors (56–59), are likely to be particularly

vulnerable to extended periods of physiological stress. Similarly,

individuals with elevated cardiac risk factors may also face a

heightened risk of decompensation when subjected to this

prolonged stress.

Ideally, hip fracture surgery should never be delayed longer

than absolutely necessary, taking into account both humane

considerations and the potential impact on mortality. However,

it is important to recognize that healthcare resources are

finite and are expected to become even more limited over time

(35–38). This, coupled with the increasing prevalence of hip

fractures worldwide (4–8), means that not all patients can be

operated within the 24-h cutoff. Given that patients with a

higher OFS and RCRI seem to be the most adversely affected

by delays in hip fracture surgery, it may be justifiable to

prioritize frailer patients and those with an elevated cardiac

risk over those who are relatively healthier. The OFS and RCRI

stand out as excellent tools for this purpose due to their

simplicity, each relying on just 5 dichotomous variables that

are easily accessible from patients’ medical records. Nonetheless,

it is crucial to emphasize that these scores are simplifications,

and individual patients’ clinical profiles should always be

carefully considered. Our results also suggest that preoperative

testing and optimization in those with a higher OFS and RCRI

score should be prioritized so as to enable operation within 24 h

of admission.

This study benefits from large sample size, including

over 250,000 patients from the largest trauma registry in the

United States. Furthermore, more than 30 potential confounders

could be adjusted for in the analysis, spanning demographic

and clinical characteristics, as well as comorbidities. Nonetheless,

there are also limitations that bear consideration. Of particular

note, the cause of delay is not registered in the TQIP registry;

however, even when this has been accounted for in previous

investigations, the association between surgical delay and

adverse outcomes remains (31, 53). Another crucial aspect to

bear in mind is that this analysis does not address the
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prioritization of different types of fractures. For instance, it

does not provide guidance on whether a pelvic fracture with an

OFS of 4 should take precedence over a hip fracture with an

OFS of 1. Finally, this study has the same limitations as all

retrospective cohort studies, including the risk of residual

confounding, inability to prove causation, as well as reliance on

the accuracy of the underlying dataset. However, it would be

challenging ethically to investigate the effect of delayed surgery

with any other study design.
4.1 Conclusion

Delaying surgery beyond 24 h from admission increases the

risk of mortality for all geriatric hip fracture patients; however,

the magnitude of the negative impact increases with the patient’s

level of cardiac risk and frailty. The Orthopedic Frailty Score and

Revised Cardiac Risk Index could therefore potentially be used to

aid in prioritizing patients for hip fracture surgery when

resources are limited. Nevertheless, care should also be taken to

consider the patients’ complete clinical profiles before making a

final decision.
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