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Abstract

Purpose: To estimate survival curves in patients with hip fracture according to gender, age, type of fracture, and waiting
time for surgery and to compare them with the life expectancy of the general population. The study hypothesis is that
survival after hip fractures is significantly lower than in the general population, especially in cases that underwent delayed
surgery, regardless of age and gender-.

Methods: A survival analysis study was designed and approved by our institutional ethics review board. All patients who
were coded with a diagnosis of hip fracture from 2002 to 2018 were included in the study. A total of | |76 patients were
included, and the median age was 81 years (18—105years). Kaplan-Meier curves and log-rank tests were performed to
compare survival curves between those who underwent surgery on time and those with surgical delays. An exponential
multivariate regression model was estimated, and a hazard ratio (HR) was reported for age, gender, and wait time for
surgery. A significance of 5% was used, and a confidence interval level of 95% was reported.

Results: The Kaplan-Meier curves for delayed surgery (log-rank, p=0.00) and the age group (log-rank, p=0.00) were
significantly different. Exponential regression estimated an HR 1.05 (1.05-1.07) for age, HR 1.80 (1.51-2.13) for men,
and HR 1.93 (1.61-2.31) for each day of wait for surgery.

Conclusions: The 2 significant findings of this study are that hip fracture patients over 40years old have a higher risk
of dying at any time compared to the general population and that the waiting time for surgery (a modifiable factor)
decreases survival rates at any time.
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Introduction Despite the importance of this pathology and several
studies reporting mortality at 1year since hip fracture, no
long-term survival analysis has been published; therefore,
the impact on long-term survival compared to the general

The hip fracture is a frequent pathology, especially in
patients over 50years old. The incidence is estimated to
increase due to the ageing of the population and the
increase in life expectancy.!
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Table I. Summary of patients.

<40years 40-60years 60-80years >80years
n 43 75 448 610
Median age 31 (18-39) 54 (41-59) 74 (60-80) 87 (81-105)
IQR age 24-31 49-57 69-77 84-91
Women 13 (30.23%) 40 (53.33%) 345 (77.01%) 504 (82.62%)
Intracapsular hip fracture 4 (11.43%) 20 (31.25%) 206 (51.63%) 227 (41.50%)
Time at risk 34| 490 2488 2254
Incidence of death 0.003 0.055 0.102 0.22
n deaths | 27 255 497
Median time at risk 8 6 4 3
Median survival - - 7 4

Table shows the number of patients (n), median and range of age, interquartile range (IQR) of age, frequency of women, frequency of intracapsular
hip fracture, time at risk in years, incidence of death, number (n) of deaths, median time at risk in years, and median survival time for each group of
age. As the number of deaths is <50% of the sample, no median survival is reported for <40years and 40—60years group. In the 40-60 group, the

25th percentile survival time was 5years.

population and the long-term effect of wait time for sur-
gery are unknown.

The purpose of this study is to estimate survival curves
in patients with hip fracture according to gender, age, type
of fracture, and waiting time for surgery, and compare it
with the life expectancy of the general population. The
study hypothesis is that survival after hip fractures is sig-
nificantly lower than in the general population, especially
in those cases that underwent delayed surgery regardless
of age and gender.

Methods

A Survival analysis study was designed and approved by
our institutional ethics review board. Our hospital codifies
diseases according to the 10th International Classification
of Diseases (ICD-10), a search was conducted for codes
S72.0 (head and a neck fracture of the femur), S72.1 (per-
trochanteric fracture) and S72.2 (subtrochanteric fracture
of the femur). All patients who were coded with a diagno-
sis of hip fracture from 2002 to 2018 were included in this
study. The patient’s full name, national identificatory num-
ber, birth date, date of admission, date of discharge, sur-
gery code, and surgery date were recorded. Patients with
incomplete information were excluded. Then, per the
National Portal of Transparency, we requested the National
Civil Registry of Chile to inform whether the patients were
alive by 30 July 2019; if not, they were asked to report the
date of death.

A total of 1176 patients were included; 902 of them
were women (76.70%). The median age was 81 years
(range 18-105years; interquartile range 72—87), and the
number of patients by groups is summarised in Table 1.
Intracapsular fractures were 457 (43.73%), and extracap-
sular fractures were 588 (55.15%); in 131 cases, it was
impossible to determine the type of fracture. The median

time for surgery was 3 days (range 1-42 days; interquartile
range 2-5). Delayed surgery was defined as =5days,
according to the 75th percentile of this sample.

The 2017 publication of the Statistics National Institute
of Chile was used to compare this estimation to the life
expectancy of the general national population (GP).® The
comparison was made using the life expectancy of the quin-
quennial of GP, according to the median age of the sub-
group. For example, the median age of the group 60-80 was
74, so to compare to the GP, the life expectancy of the quin-
quennial 70-74 was selected and compared to the study
sample through an exponential regression model.

Kaplan-Meier curves and log-rank tests were performed
to compare survival curves between those who underwent
surgery on time and those who did so with delay.
Exponential distribution was tested, fitting the logarithm
of the Kaplan-Meier product-limit estimate of the survivor
function to the studied time; this was accepted, as it
achieved a correlation of 0.99. An exponential multivariate
regression model was estimated, and hazard ratio (HR)
was reported for age, gender, and wait time for surgery. A
significance of 5% was used, and the confidence interval
level of 95% was reported. The data was processed using
Stata version 15 (StataCorp LP, College Station, Texas,
USA).

Results

The total time at risk was 5574 years, the incidence rate of
death was 0.14, the individual median time at risk was
4years, and the median survival time was Syears. The
median survival time and time at risk by each age group
are summarised in Table 1.

The Kaplan-Meier estimate curve for gender (log-rank,
p=0.43) and type of fracture (log-rank, p=0.34) did not
reach statistical difference. The type of fracture was only
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Multivariate exponential regression
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Figure |. Survival curves adjusted by age of the on-time
surgery (blue/dash line), delayed surgery (red/dash line), male
gender (green/solid line), and female gender (red/solid line).
Male and delayed surgery are at greater risk at any time,
adjusted for age, according to the multivariate exponential
regression estimated.

Survival in group 40-60 years
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Figure 2. Survival estimation for the male and female general
population (GP) at 50-54years® is compared with the survival
estimation of the exponential regression model by the wait
time for surgery in the 40—-60years group. The hazard ratio
was |.19 (0.41-3.45), not reaching a statistical difference.

statically significant when the wait time for surgery was
>5days in the group between 60—80 years, extracapsular
hip fractures being at higher risk (log-rank, p=0.03). The
Kaplan-Meir curves for delayed surgery (log-rank,
»=0.00) and a group of age (log-rank, p=0.00) were sig-
nificantly different.

Exponential regression estimates an HR 1.05 (1.05—
1.07) for each year older that the patient is, HR 1.80 (1.51—
2.13) for men, HR 1.93 (1.61-2.31) for every day of wait
for surgery. The survival curve estimated by the exponen-
tial regression model is shown in Figure 1.

Kaplan-Meier curves after hip fracture compared to life
expectancy after 40years of age has a significant differ-
ence, the risk being greater in the delayed group (Figures
2-4). Life expectancy is summarised in Table 2.

Survival in group 60-80 years
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Figure 3. Survival estimation for the male and female general
population (GP) at 70-74years® is compared with the survival
estimation of the exponential regression model by the wait
time for surgery in the 60-80years group. The hazard ratio
was |.89 (1.39-2.54), reaching a statistical difference.

Survival in group > 80 years
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Figure 4. Survival estimation for the male and female general
population (GP) at >80years® are compared with the survival
estimation of the exponential regression model by the wait
time for surgery in the >80years group. The hazard ratio was
2.03 (1.61-2.55), reaching a statistical difference.

Discussion

The 2 major findings of this study are that patients
>40years of age who had a hip fracture are at a greater
risk of dying at any time compared to the general popula-
tion and that the waiting time for surgery, clearly a modifi-
able factor, decreases survival rates at any time.

The incidence of hip fracture is growing, and the expec-
tative is that this trend will continue. Tucker et al.” esti-
mate a rise in hip fractures up to 128 per 100,000 by 2030
compared to the 86 per 100,000 that they found in 2015.
This will only challenge healthcare systems around the
world. Accordingly, the cost of treatment will increase, so
cost-effective solutions must be implemented.®

A recent study performed in Denmark shows that a high
risk of dying after a fragility fracture persists even after ten
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Table 2. Life expectancy.

Expectancy = Female GP  Male GP  Delayed On-time
of life surgery surgery
<40 59,36 53,50 - -

40-60 39,56 34,34 10,79 12,89
60-80 21,59 17,47 3,98 7,51
>80 15,01 12,02 1,70 3,45

Table shows expectancy of life for the male and female general popula-
tion (GP) and the expectancy of life estimated by the exponential
regression model for the 40-60, 60-80, and >80years group by the
wait time for surgery. The delayed group was defined by =5 days, and
on-time surgery was defined by <5 days.

years, especially in the proximal lower limb. This excess
of mortality was higher than the expectancy of life of the
general population =50years.’ This finding confirms the
persistent difference in mortality rate compared to the gen-
eral population found in this study.

As incidence growth and mortality are higher than the
general population at any time, efforts must be directed to
prevention. Pierrie et al.'’ show that 45.5% had a pread-
mission before hip fracture, and a fall accounted for 27.5%;
they concluded that community-based fall prevention pro-
grammes are a viable option for prevention. Also, both sar-
copenia and osteoporosis are the main contributors to the
risk of hip fracture, and both should be addressed by famil-
iar physicians and geriatricians.'!

Once the fracture has occurred, 1 of the best known
modifiable factors for 1-year mortality is the waiting time
for surgery.'> Which came first: the egg or the chicken; the
delayed surgery, or the comorbidities that sometimes delay
surgery? The major reasons for delaying surgery in these
patients are the anaesthetic risk and perioperative mortal-
ity. However, the report by Johansen et al.'* shows survival
rates in ASA 4 patients of 98.8% and 99.2% for 24 and
48hours after surgery respectively. The individual risk is
difficult to assess, but taking into account the absolute risk
reported by Johansen et al.'> (0.8-1.2%), in the most chal-
lenging scenario (ASA 4), comparing the risk of short- and
long-term surgery delay, we believe that the surgery must
be performed as soon as possible within a period of no
longer than 5days, and certain risks must be assumed to
treat the hip fracture and improve long-term outcomes.
The 5-day threshold was chosen for statically analysis
only, as 5days was the 75th percentile of the time patients
waiting for surgery, so the take-home message should be to
perform the surgery as soon as possible, also taking into
account that the current recommendation of the Scottish
guidelines for hip-fracture treatment is that the patient
should undergo surgery in <3 days.'*

The need for left ventricular evaluation before surgery
is a matter of debate. In our hospital, an echocardiogram
is a relatively easy access test, but it is not so in many
places, which leads to surgery delay. The 2014 ACC/AHA

guideline does not recommend the echocardiogram as a
routine except for patients with a new or worsening heart
condition.'

Metcalfe et al.'® compared a pay-per-performance sys-
tem for hip-fracture treatment and determined that it has a
positive outcome in terms of 30-day and 1-year mortality.
According to our results, this could be extrapolated to any
time.

Other factors that are related to 1-year mortality after a
hip fracture are serum albuminaemia, socioeconomic sta-
tus, and the type of fracture.!”'* Given the constant high
risk of mortality after one year found in this study, these
factors may also affect the long-term outcome.

Socioeconomic status is linked to postoperative care
after hospital discharge. Farrow et al.?’ reported that
patients that have a higher adherence to postoperative care
have a higher survival at 30 and 120 days.

The type of fracture was only found to be significant in
this study in a specific subgroup (60—80 years and delayed
surgery); extracapsular hip fractures had a higher risk. The
higher mortality in extracapsular hip fractures has been
inconsistently reported.'® This is similar to our results,
where the type of fracture did not reach statistical signifi-
cance in the multivariate exponential regression.

A limitation of this study is that the specific cause of
mortality is unknown, so for example, a patient could have
had a hip fracture but died because of lung cancer.
Nevertheless, the number of patients studied minimises
this bias. Another limitation is that the hospital data from
before 2012 was manually registered; from 2012 onwards,
an electronic file system was implemented in our health
centre. Another limitation of this study is that the overall
data is from 1 hospital and might vary in different regions,
countries, and continents.

Also, our health centre does not have a high volume of
hip fractures by year. However, morbidity and mortality in
hip fractures have not been related to the volume of the
institution or the surgeon.”! We report a 1-year mortality
rate of 0.16 (0.13-0.18), through the 17 years included in
the study, which is within the lower limit of mortality at
1-year reported in the international literature.”'82223

Conclusion

Mortality after a hip fracture is significantly lower com-
pared to the life expectancy of the general population at
any time. The survival curve after a hip fracture follows an
exponential distribution, so the high risk of dying remains
constant. The waiting time for surgery significantly deter-
mines an even greater increase in mortality at any time
after the hip fracture.
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