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Introduction

Hip fracture is a common injury in patients of advanced age 
and results in high morbidity and mortality rates.1 The total 
number of hip fractures worldwide is increasing and is esti-
mated to reach 4.5 million by 2050.2 Surgery is still the pri-
mary treatment option for hip fractures. The timing of 
surgery is regarded as a major modifiable predictor of mor-
tality, complications and healthcare costs.3 Therefore, it is 
recommended across orthopaedic departments worldwide 
that surgery be performed within 24–48 h of fracture.4 
However, surgical delay in patients with hip fractures has 
been reported globally.5 Elderly patients with hip fractures 
often require adequate preoperative evaluation, and surgery 
is often delayed.

Japan has one of the most rapidly aging populations 
worldwide,6 and our institution is located in a region of Japan 
with a high aging population. In Japan, surgeries are per-
formed not only in large general hospitals including trauma 

centres but also in smaller hospitals. Our institution is a 200-
bed secondary hospital that also performs surgeries and 
includes a 100-bed rehabilitation centre. To the best of our 
knowledge, most reports of hip fractures have been from 
large general hospitals or national registries.7,8 To the best of 
our knowledge, there are no reports of hip fractures in insti-
tutions such as ours, which offer all care from surgery to 
rehabilitation. In addition, the benefit of surgery within 48 h 
has been reported4 but the risk factors for surgical delay and 
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the long-term benefits of avoiding surgical delay have not 
been clearly identified.

We hypothesised that risk factors specific to our institu-
tion as a secondary hospital (e.g. lack of cardiologists, anaes-
thesiologists and availability of care on holidays) exist for a 
>48-h surgical delay in patients with hip fracture. The pri-
mary aim of this study was to identify the risk factors for a 
>48-h wait time for hip fracture surgery in our institution. 
The secondary aim was to evaluate the impact of surgical 
delay on the following outcomes: in-hospital mortality, 
1-year mortality, length of acute care and total hospital stay, 
and walking status at discharge.

Materials and methods

Participants

We retrospectively reviewed the records of 968 patients aged 
>50 years who were treated for hip fractures at our institu-
tion from 2016 to 2020. In Japan, the incidence of hip frac-
ture has been reported to increase from the age of >40 years.9 
However, we included patients aged >50 years in our study 
because the mechanism of injury in patients in their 40s was 
high-energy trauma, not falls. The exclusion criteria were 
transferred to a different hospital (n = 29) and conservative 
treatment with no request for surgery or transfer (n = 44). 
After applying the exclusion criteria, the final number of 
included patients was 895.

Data extraction and variables

We assessed several clinical characteristics that previous 
research has suggested affect the outcomes of interest.10–12 
Data on these characteristics were collected from the 
patient’s medical records. These clinical characteristics were 
sex, age, admission day and time, general health status 
according to the American Society of Anaesthesiologists 
(ASA) classification, time to preoperative echocardiography, 
time to surgery, fracture site (femoral neck/trochanter), sur-
gery type (arthroplasty/osteosynthesis) and walking status 
before injury. We assessed the walking status before injury 
by interviewing the patients and their families. The antico-
agulation status has been reported to be a risk factor for sur-
gical delay.13,14 In this study, however, we did not include the 
anticoagulation status as a variable. In accordance with pre-
vious studies, we make surgical decisions regardless of the 
anticoagulant status.

The admission was defined as weekend admission if it 
took place between 00:00 on Saturday and 23:59 on Sunday. 
We defined out-of-hours admission as admission outside the 
hours of 09:00–17:00. The time of surgery was calculated 
from the time of admission to the time of surgery. The most 
widely accepted guideline for the timing of surgery is within 
48 h of injury. However, the time of injury was uncertain in 
this study because it was based on interviews with the 

patients and their family members. We defined surgical delay 
as surgery performed >48 h after admission. We evaluated 
preoperative echocardiography in all patients in our institu-
tion. All 895 patients involved in the study underwent preop-
erative echocardiography. The time to preoperative 
echocardiography was calculated from the time of hospital 
arrival to the end of the examination. Delayed examination 
was defined as >24 h. Preoperative echocardiography results 
were assessed by a cardiologist. The functional outcome was 
assessed in terms of the walking status, which was assessed 
before the fracture and at discharge using the following cat-
egories (from best to worst): able to walk without help, able 
to walk with a walking cane, able to walk with a walking 
frame and unable to walk.

Primary and secondary outcomes

The primary outcome in this study was a >48-h surgical wait 
time for hip fracture surgery at our institution. The secondary 
outcomes were in-hospital mortality, 1-year mortality, length 
of hospital stay and walking status at discharge from the 
rehabilitation centre.

Statistical analysis

Data are presented as the mean and standard deviation for 
normally distributed values and as the median and interquar-
tile range for non-normally distributed values. Continuous 
data were analysed using Student’s t-test or the Wilcoxon 
rank sum test according to their distribution, while categori-
cal data were analysed with the chi-squared test or Fisher’s 
exact test. A multivariate analysis was performed to adjust 
for potential confounders. The results are summarised as 
odds ratios, 95% confidence intervals, partial regression 
coefficients, and p values. A p-value of <0.05 was consid-
ered statistically significant. All statistical analyses were car-
ried out using JMP pro 16.0 (SAS Institute, Cary, NC, USA). 
The sample size was calculated using JMP with a power 
value of 0.8 and a significance level of 0.05. In our evalua-
tion of the major outcome (length of hospital stay), we con-
sidered 5 days to be a clinically meaningful difference with a 
standard deviation of 25 based on previous reports,5,15 result-
ing in a minimum sample size of 790 patients.

Results

A total of 324 (36.2%) patients underwent surgery within 
48 h of admission (Table 1). The proportion of patients who 
underwent surgery within 48 h was 16.4% in 2016, 24.0% in 
2017, 34.9% in 2018, 40.9% in 2019 and 62.9% in 2020; that 
is, the number of patients whose surgery was delayed 
decreased each year. Of the independent variables examined, 
weekend admission, preoperative echocardiographic delay, 
fracture type and surgery type showed a significant differ-
ence between patients who underwent surgery within 48 h 
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and patients with surgical delay (Table 1). The binomial 
logistic regression analysis showed that preoperative echo-
cardiographic delay and arthroplasty surgery were risk fac-
tors for a >48-h wait time for hip fracture surgery (Table 2). 
We excluded femoral neck fracture from the regression 
model because of collinearity with arthroplasty surgery.

Among the patients who underwent surgery, three (0.3%) 
died during hospitalisation, and the difference in mortality 
according to surgical delay was not statistically significant. 
In addition, 1-year mortality and deterioration of the walking 
status at discharge were not significantly different between 
patients with and without a >48-h wait time for hip fracture 
surgery. The length of acute care ward stay and total hospital 
stay were significantly different between the two groups 
(Table 3).

In the multiple regression analyses adjusted for sex, age, 
surgery type, weekend admission and walking status at dis-
charge, surgical delay remained a significant risk factor for a 
longer hospital stay (Table 4).

Discussion

Several reports have shown that the risk of surgical delay for 
hip fracture is increased by various factors, including week-
end admission,16,17 fracture type,5 surgical type, a high ASA 
score,11,15 securing an operating room5 and anticoagulant 
use.11 Among the independent variables examined in 

the present study, weekend admission was a risk factor for 
surgical delay. Weekend admission was associated with dif-
ficulty securing anaesthesiologists and operating room staff 
because surgeries were performed on holidays. The multi-
variate analysis showed that the risk factors for surgical 
delay of >48 h were arthroplasty surgery and preoperative 
echocardiographic delay. Arthroplasty surgery was associ-
ated with surgical delay because preparing implants and 
securing surgeons and assistants were more difficult than for 
osteosynthesis. Our findings suggest that preoperative echo-
cardiography may have an influence on surgical delay in 
patients with hip fractures.

The effect of preoperative echocardiography on the out-
come of patients who undergo surgical treatment of hip 

Table 1. Comparison of clinical characteristics between patients who underwent surgery within 48 h and patients with surgical delay.

Variables Surgery within 48 h Surgical delay p-Value

Patients (n = 895) 324 (36.2) 571 (63.8)  
Time to surgery, hours 26.8 (21.5–42.4) 93.9 (69.5–133.5)  
Female sex 263 (81.2) 456 (79.9) 0.64
Age, years 87 (82–91) 86 (80–90) 0.16
Weekend admission 50 (15.4) 192 (33.6) <0.001
Out-of-hours admission 106 (32.7) 169 (29.6) 0.33
ASA score of III or IV 7 (2.2) 21 (3.7) 0.21
Preoperative echocardiographic delay* 34 (10.5) 274 (48.0) <0.001
Time to preoperative echocardiography, hours** 4.4 (0.0–19.4) 23.5 (0.73–47.0) <0.001
Fracture site
 Femoral neck 108 (33.3) 245 (42.9) 0.005
 Trochanter 216 (66.7) 326 (57.1)
Surgery
 Arthroplasty 78 (24.1) 208 (36.4) 0.001
 Osteosynthesis 246 (75.9) 363 (63.6)
Walking status before injury
 Able to walk without help 152 (46.9) 291 (50.9) 0.52
 Walking cane 75 (23.2) 130 (22.8)
 Walking frame 63 (19.4) 104 (18.2)
 Unable to walk 34 (10.5) 46 (8.1)

ASA: American Society of Anaesthesiologists.
Data are presented as n (%) or median (interquartile range).
*Preoperative echocardiography was performed in all patients.
**Delayed examination was defined as >24 h.

Table 2. Binomial logistic regression analysis of risk factors for 
surgical delay.

Variables OR (95% CI) p-Value

Female sex 0.88 (0.60–1.29) 0.51
Age 1.00 (0.98–1.02) 0.99
Preoperative echocardiographic delay 9.38 (5.95–15.28) <0.001
Arthroplasty surgery 2.13 (1.53–2.98) <0.001
Weekend admission 1.16 (0.74–1.82) 0.53

OR: odds ratio; CI: confidence interval.
Coefficient of determination (R2) = 0.24.
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fracture remains controversial.18–21 Most patients with hip 
fractures are older and have multiple comorbidities, espe-
cially cardiac disease. Therefore, preoperative echocardiog-
raphy is required to identify cardiovascular risks that may 
increase postoperative mortality.22 Canty et al.23 reported 
that among patients who underwent echocardiography, mor-
tality was lower both during the first 30 days postoperatively 
and within 12 months postoperatively. Chang et al.20 reported 
that preoperative echocardiography was associated with 
postoperative mortality and also resulted in surgical delay. 
Preoperative identification of cardiac abnormalities may 
improve perioperative management and reduce postopera-
tive complications and mortality.21 In this study, the in-hos-
pital mortality rate was significantly lower than that in other 
studies. The reason for this might be that patients with severe 
cardiac morbidity detected by preoperative echocardiogra-
phy were transferred to hospitals with more advanced medi-
cal treatment.

By contrast, Yonekura et al.18 reported that preoperative 
echocardiography was not associated with mortality or post-
operative complications in a propensity score-matched 
cohort including more than 50,000 patients from a nation-
wide inpatient database in Japan. According to the American 
College of Cardiology/American Heart Association practice 
guidelines,19 unnecessary echocardiographic examinations 
should be reduced, and we should also avoid routine exami-
nations. In any case, preoperative echocardiography should 
be considered an urgent test to prevent surgical delay. 
However, secondary hospitals such as ours do not have a full 

complement of cardiologists, which leads to delays in echo-
cardiography and ultimately surgery. This suggests that the 
optimisation of medical care might be difficult to achieve.

Surgical delay of hip fracture reportedly increases the risk 
of preoperative and postoperative complications,24 mortal-
ity,25,26 a poor functional status25,27 and a longer hospital 
stay.24,28 In the present study, surgical delay of >48 h was 
associated with a longer total hospital stay, including both in 
the acute care ward and the rehabilitation unit. Longer hospi-
tal stays lead to rising costs29; thus, surgical delay may be 
detrimental from a financial standpoint as well. In addition, 
prolonged hospitalisation is associated with an increased risk 
of debility in elderly patients.30 It is necessary to prevent sur-
gical delay for patients with hip fractures to the greatest 
extent possible.

Our study has several limitations. First, it was a retrospec-
tive analysis rather than a randomised controlled trial. Many 
factors that influence the risk of surgical delay in hip fracture 
have been reported.5,11,15–17 In our study, there were no sig-
nificant differences in sex, age, out-of-hours admission, pre-
operative ASA score or walking status before the injury. 
However, factors that could not be assessed, including anti-
coagulant status, may have distorted our results because of 
the lack of randomisation. Second, we lacked data on post-
operative complications. The patients had multiple and var-
ied postoperative complications, making it difficult to 
accurately assess these complications. Therefore, we were 
unable to ascertain whether surgical delay affected compli-
cations or extended the hospital stay. Third, the data were 

Table 3. Comparison of outcomes between patients who underwent surgery within 48 h and patients with surgical delay.

Variables Surgery within 48 h (n = 324) Surgical delay (n = 571) p-Value

In-hospital mortality 1 (0.31) 2 (0.35) 0.99
1-year mortality 34 (11.3) 55 (10.7) 0.79
Length of acute care ward stay, days 12 (10.0–15.8) 14 (12.0–19.0) <0.001
Length of total hospital stay, days 50 (37.0–63.0) 56 (46.8–69.0) <0.001
Walking status at discharge
 Improved/no change 182 (56.2) 309 (54.1) 0.55
 Deteriorated 142 (43.8) 262 (45.9)

Data are presented as n (%) or median (interquartile range).

Table 4. Multiple regression analysis of risk factors for increased length of total hospital stay.

Variables β (95% CI) p-Value

Female sex 0.20 (−3.76 to 4.16) 0.92
Age 0.17 (−0.02 to 0.36) 0.07
Surgical delay 6.99 (3.67 to 10.31) <0.001
Arthroplasty surgery −1.01 (−2.36 to 4.39) 0.56
Weekend admission −0.34 (−3.90 to 3.22) 0.85
Deteriorated walking status at discharge 2.50 (−0.64 to 5.64) 0.12

B: partial regression coefficient; CI: confidence interval.
Coefficient of determination (R2) = 0.11
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drawn from a single institution, namely a secondary hospital 
that provides total rehabilitation. Generalisation of the con-
clusions may be limited. Fourth, the sample size was slightly 
larger than initially calculated, which might have influenced 
the observed differences. However, we believe the results 
remain significant and meaningful, suggesting the involve-
ment of factors beyond just the sample size.

One of the strengths of our study is that although previous 
studies have evaluated hip fracture and surgical delay, most 
were from trauma centres and acute care hospitals; few have 
been reported from secondary hospitals such as ours, which 
provides total rehabilitation. The length of the total hospital 
stay, including rehabilitation, may be accurate. Surgical 
delay depends on both patient and hospital factors,31 and our 
findings are useful for other populations and settings where 
surgery is performed in a secondary hospital. Another 
strength of our study, although controversial, is that all 
patients underwent preoperative echocardiography. To the 
best of our knowledge, there are no previous reports describ-
ing the performance of echocardiography in all patients 
undergoing hip fracture surgery along with the survival rate 
and length of hospital stay. In addition, although there have 
been studies of surgical delay in which the presence or 
absence of preoperative echocardiography was assessed as 
a risk factor, few studies have assessed the timing of echo-
cardiography (e.g. a delay of >24 h, as in the present study) 
as a risk factor for surgical delay. Addressing these issues 
will benefit both patients and physicians involved in the 
increasing number of hip fractures in recent years. Our 
findings apply to secondary hospitals that provide total 
rehabilitation because hip fracture affects all older popula-
tions worldwide.

Conclusion

Our findings indicated that preoperative echocardiographic 
delay was one of the risk factors for surgical delay of hip 
fracture in elderly patients. Surgical delay was a risk factor 
for a longer hospital stay, including rehabilitation.
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