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ARTICLE INFO ABSTRACT

Keywords: Introduction: Hip fractures are among the orthopaedic injuries leading to the greatest morbidity and mortality in
Weekend Eff‘?Ct older adults; their impact in older populations like Spain, which has one of the greatest aging rates in Europe, is
Early mortality significant. Audits such as the Spanish National Hip Fracture Registry (Registro Nacional de Fracturas de Cadera,

Hip fracture

Risk mortality RNFC) aim to improve care quality through data analysis reducing unjustified variability. The weekend effect is

one possible factor affecting the care process, with patients managed differently depending on whether they are
admitted on weekends or public holidays increasing surgical delay. This study analyses the weekend effect on 30-
day mortality of patients at least 75 years old with hip fractures, with a secondary objective of analysing other
risk factors.

Methods: A retrospective analysis was conducted on data from 57,450 patients collected by the RNFC between
2017 and 2022, with an average surgical delay of 65.26 (SD: 64.92) hours and a 30-day mortality of 8.44%. The
sample was divided into the weekend group (admitted Thursday-Sunday and on national holidays) and the
weekday group (Monday-Wednesday).

Results: There were no differences on mortality between groups, so day of admission were not a risk factor for
mortality. Surgical delay instead was longer in the weekend group (68.51 (61.41) hours vs. 61.1 (68.94) hours
during the week (p < 0.001)), being a risk factor for mortality >48h delay (OR 1.22 [1.14-1.31]).

Conclusions: There is no weekend effect on 30-days mortality, despite a longer surgical delay in the weekend
group, which was a risk factor for 30-days mortality.

1. Introduction population over 65 years old and one of the longest life expectancies in
Europe, Spain has one of the most aged populations, and further aging is

Hip fractures in older adults are associated with significant expected in the future as in other European countries.*” The incidence
morbidity and mortality, as well as a decrease in functional capacity, of hip fractures will increase within the context of this population aging,
with a 30-day mortality rate of approximately 10% ' . As a fragility making it crucial for the healthcare system to prevent these fractures
fracture, they are clearly related to the patient's age and bone density, and reduce their consequences by improving patient care, for which
with incidences increasing after the age of 60. With nearly 20% of the treatment strategies and clinical guidelines have been developed in
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recent years °°.

Continuous audit of the care process is one of the tools to improve the
quality of care, and national and international hip fracture registries
allow for the identification of areas for improvement, such as surgical
delay or early mobilization, to optimize the management of these
patients.9

Since the establishment of the Swedish Rikshoft registry in 1986,
numerous national registries have been created to study and promote
the improvement of care quality'® The Spanish National Hip Fracture
Registry (Registro Nacional de Fracturas de Cadera, RNFC) was created
in 2016, collecting data from patients over 75 years old and it produces
reports, organizes meetings for scientific enrichment, and proposes in-
dicators and quality standards; it has shown an improvement in the
quality of care among the centres participating in the registry.>*'"

There are various non-modifiable risk factors for poor outcomes,
such as age, prefracture functional and cognitive status, and the ASA
(American Society of Anaesthesiologists) risk score. Living in a nursing
home prior to the fracture is also associated with increased mortality,
delayed early mobilization, and more comorbidities.'® Identifying these
factors helps recognize the greater vulnerability of these patients and
their worse prognosis, but it may also influence clinical decisions, such
as increasing the indication for nonoperative treatment.'>**

There are also several modifiable factors associated with poor out-
comes, with surgical delay being the most studied. It is recommended to
operate on hip fracture patients within the first 24-48 h, with delays
beyond this period justified only in cases of treatable intercurrent
medical conditions that may improve with early optimization '%!* ¢,

Another factor that may affect patient outcomes is the day of the
week of admission. Surgical capacity varies between weekdays and
weekends, which can delay surgery, especially during weekends. Addi-
tionally, available medical personnel and nurse-to-patient ratios change,
so patients admitted on the eve of a weekend or a holiday may have less
access to preoperative medical optimization (as only on-call services are
available), early mobilization, early physiotherapy, and nursing care.'”
This has been described as the weekend effect '>141829 Despite the
definition of the effect, it is not clear what should be considered as
weekend group; in fact, some authors such as Segura et al. observed an
increase in delay in patients admitted on Thursdays compared to Mon-
days (21)]. A deleterious effect of weekend admission has been
described for other clinical entities such as stroke, decompensated heart
failure, pulmonary thromboembolism, ischaemic cardiomyopathy and
even elective orthopaedic procedures 2° %4,

Since data collection began in 2017, 105 hospitals across Spain
(approximately 25% of total amount of hospitals), most of them within
the public national health system, have voluntarily and altruistically
participated in the RNFC, turning it into the one of the most big registry
in Europe.>?° According to the RNFC's annual reports, surgical delay has
shown a decreasing trend over the years, but the impact on this delay of
being admitted on a Thursday, weekend, or holiday, as well as other
potential effects, has not been analysed.”!

The goal of this study is to compare 30-day mortality in patients aged
over 75 years with hip fractures depending on whether they are
admitted on Thursday-Sunday (weekend) or national holidays, or on
other days of the week.

2. Material and methods

A retrospective cohort study was conducted using data from the
National Hip Fracture Registry (RNFC), which collects information from
patients aged 75 years or older who were admitted for hip fractures in
participating hospitals. This study analysed cases collected between
January 1st, 2017, and December 31st, 2022, and received approval
from the ethics committees of each participating centre. The variables
included in the study at admission were: sex, age, relevant medical
history, walking ability, prior residence, anaesthetic risk, use of anti-
osteoporotic medication, as well as fracture type also dividing them
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into extra and intracapsular, this division being basic in the choice of
concept to be carried out in surgery, and in cases of pathological frac-
tures, their classification. Variables collected during hospitalization
included: the day and time of admission, time of surgery, type of
anaesthesia used, clinical interdisciplinary collaboration (geriatrics,
internist, both of them, none or other type of specialist), use of anaes-
thetic block, mobilization on the first postoperative day, hospital stay,
anti-osteoporotic treatment, discharge destination, and in-hospital
mortality Also was included 30-days after discharge, data on patients'
residence, walking ability, anti-osteoporotic treatment, readmissions for
medical or surgical causes, and the type of intervention, if performed,
were collected, as well as 30-days mortality. In the case of the variables
delirium during admission measured with the 4AT scale and the diag-
nosis of malnutrition using the Global Leadership Initiative on Malnu-
trition (GLIM) criteria, data are only obtained from the year 2022, so
their n is lower, being 2756 and 2918 respectively. For analysing those
last variables, we only include patients that were admitted on year 2022.

The main comparison was 30-day mortality following hip fracture.
The secondary outcomes evaluated were surgical delay, both numerical
and whether it was <48h or >48h, and hospital stay. A descriptive
analysis was performed, summarizing categorical variables as numbers
and percentages, and continuous variables as means and standard de-
viations or medians and interquartile ranges (p25-p75), depending on
whether the distribution was normal. Two analysis groups were defined
based on the day of initial presentation to the hospital: those admitted
from Monday to Wednesday were classified as the “weekdays” group,
and those admitted from Thursday to Sunday, including national holi-
days, were classified as the “weekend” group. Thursday was included in
this "weekend" group given the difficulty of performing the scheduled
intervention of these patients on Friday due to the presence of other
patients already scheduled for surgery, causing often delays until
Mondays. National holidays were defined according to Spain's official
calendar of non-working days for each year and included: January 1st
and 6th, Good Friday, May 1st, August 15th, October 12th, November
1st, and December 6th, 8th, and 25th.

Comparisons of means between groups were performed using Stu-
dent's t-test for numerical variables and the Chi-squared test for cate-
gorical variables. Finally, despite the few events of deaths thanks to the
great number of patients, a multilevel analysis could be performed to
assess the effect of other variables on mortality in relation to the day of
admission, using logistic regression for the significant variables identi-
fied in the bivariate analysis. To rule out confounding factors in the
variables year of admission and hospital, a comparison was made with
the Chi Square test to compare the dichotomous distributions and thus
eliminate, if necessary, this bias in the heterogeneity in clinical practice
with respect to the day of admission. A statistical significance threshold
of a 5% alpha error was defined.

3. Results

During the years analysed, the RNFC included 57,450 patients, of
which 76% were women, with a mean age of 86.80 (5.73) years. The
mean surgical delay was 65.30 (65.26) hours and 48.2% was operated in
<48 h, 65.5% of patients were assessed by geriatrics during hospitali-
zation, and 8.44% had died within 30-days of the fracture.

A total of 32,265 patients (56.2%) presented to the hospital between
Thursday and Sunday and on public holidays ("weekend group”), while
25,185 patients (43.8%) presented between Monday and Wednesday
("weekday group”). No significant differences were observed in the
variables at admission (Table 1), except for a slightly higher proportion
of patients with an ASA I anaesthetic risk in the “weekend group” and a
higher proportion of ASA II, III, and IV categories in the “weekday
group” (p = 0.034).

Surgical delay was higher in the “weekend group” (68.51 [61.41]
hours vs. 61.1 [68.94] hours in the “weekday group”, p < 0.001) and
was also >48h in the “weekend” group (57.7% vs 44.3%, p < 0.001).
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Table 1

Descriptive analysis of the sample and by subgroups, as well as comparative
analysis, to observe which variables were statistically significant of pre-

admission variables and in-hospital variables.
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Table 3

Logistic regression of the variables that involve mortality risk in the study,
showing their results with Odds Ratio (OR), 95% confidence interval (CI), and p-
value.

Variables Weekend Weekday Total N P
(56.2%) (43.8%) =
57450
ASA (n, %) I 249 184 433 0.034*
(0.77%) (0.73%) (0.76%)
I 7477 5867 13344
(23.23%) (23.4%) (23.3%)
il 18909 14873 33782
(58.8%) (59.3%) (59%)
v 3749 2925 6674
(11.7%) (11.7%) (11.7%)
A 48 46 94
(0.15%) (0.18%) (0.16%)
Surgical delay, hours (mean, 68.51 61.1 65.26 <0.001**
SD) (61.41) (68.94) (64.92)
Surgical delay >48h 17938 10745 26683 <0.001**
categorical (57.7%) (44.3%) (51.8%)
(n, %)
<48h 13139 13521 26660
(42.3%) (55.7%) (48.2%)
Type of General 2117 1776 3893 0.038*
anaesthesia (6.81%) (7.32%) (7.03%)
(n, %) Neuraxial 28584 22199 50783
(92%) (91.4%) (91.8%)
Regional 211 152 363
(0.68%) (0.63%) (0.66%)
Antiresorptive Yes 130006 9932 22938 0.032**
treatment at (42.4%) (41.5%) (42%)
discharge (n,
%)
Malnutrition No 1122 431 (52) 11553 0.041%
(n, %) (53.7) (53.2)
Moderate 696 295 991
(33.3) (35.6) 34)
Severe 216 94 (11.3) 310
(10.3) (10.6)

Significant differences were also found in the type of anaesthesia used as
well as anti-osteoporotic treatment been prescribed at discharge but not

on 30-days.

At 30-day follow-up after discharge (Table 2), more readmissions
related to hip fractures were observed in patients who had been
admitted during the week (7.17%” vs. 6.56%, p = 0.005). Place of
residence at 30-day follow-up was fewer patients in the "weekend
group” living at home (51.4% vs. 52.4%, p = 0.017).

For the remaining variables, no statistically significant differences
were observed.

The mortality observed at 30-day follow-up after the fracture was
8.44% overall, without any detectable differences between them (8.4%
vs 8.5%, p = 0.533), which means not being a risk factor being part of
the “weekend group” (OR 1.04 [0.93-1.17]). Table 3 shows the results of
the multilevel analysis of the effect of the included variables on 1-month
mortality. Regarding surgical delay, when the delay was analysed as a
numerical variable, its influence was observed, but very small (OR:

Variable Odds Ratio IC 95%
(OR)
Day of admission 1.04 0.93-1.17
Female sex 0.49 0.46-0.54
Age 1.10 1.09-1.10
Intracapsular fracture 1.13 1.05-1.12
Surgical delay (hours) 1.001 1.001-1.002
Surgical delay (>48h) 1.22 1.14-1.31
Involvement of geriatrician (orthogeriatric 0.71 0.67-0.077
comanagement)
Involvement of other specialists 0.77 0.63-0.92
Involvement of both geriatrician and internist 1.48 1.07-2.01
No interdisciplinary collaboration 0.49 0.39-0.608
Hospital stay 1.01 1.01-1.02
Readmission related to the hip fracture at 30 5.64 4.92-6.45
days

1.001 [1.001-1.002, however, when it was analysed as a categorical
variable, an increase in mortality was observed if > 48h (OR 1.22 [1.14-
1.31]). Thus, it could be said that the risk of 30-days mortality increases
by 0.1% for each hour and 22.5% when it is > 48 h. An association was
also found with the length of stay, which was a risk factor (OR 1.01
[1.01-1.02]) and with patients who had been readmitted due to pa-
thology related to the hip fracture (OR 5.64 [4.92-6.45]). The protective
factor against mortality of the involvement of a clinical specialist in
geriatrics in the hip fracture (OR 0.71 [0.67-0.771), as well as by other
specialists (OR 0.77 [0.63-0.92]), is noteworthy. It should also be noted
It is worth highlighting the increased risk of mortality in patients
assessed by geriatricians and internists (OR 1.48 [1.07-2.00]) and the
decrease in mortality in those not assessed by any specialty (OR 0.49
[0.39-0.61]), probably due to patient selection bias.

In the comparative analysis of possible confounding factors with
respect to hospitals or year of admission, no statistically significant
differences were observed between the "weekend" and "weekday"
groups, with p = 0.381 in the case of the annual distribution and p =
0.395 in the different hospitals, making a multilevel analysis unnec-
essary to correct the bias.

4. Discussion

As we observed, mortality was very low in our study, with no dif-
ferences between the two groups, making the day of admission not being
a risk factor of mortality. Although surgical delay is a well-established
risk factor for adverse outcomes after hip fractures, the existence and
implications of the weekend effect remain controversial, with some
authors even denying its existence “°?°. In our analysis, surgical delay
was longer in the “weekend” group and became a risk factor when
exceeding 48 h. However, patients admitted during the “weekend”
group was not associated with 30-days mortality (OR 1.04 [0.93-1.17]).

Segura et al. reported an increased surgical delay among patients on
Thursdays, Fridays, and Saturdays compared to Mondays, a fact that

Table 2
Descriptive analysis of the sample and by subgroups, as well as comparative analysis, to observe which variables were statistically significant of variables at one-month
follow-up.
Variables Weekend Weekday Total P
N=32265 (56.2%) N=25185 (43.8%) N=57450
Readmissions related to the hip fracture (n, %) Yes 2011 (6.56%) 1577 (7.17%) 3726 (6.83%) 0.005**
Place of residence at 30 days (n, %) Home 15134 (51.4%) 12030 (52.4%) 27164 (51.8%) 0.017**
Skilled nursing care 9802 (33.3%) 7434 (32.4%) 17236 (32.9%)
Hospital 573 (1.94%) 480 (2.09%) 1053 (2.01%)
Long-term care hospital 367 (1.25%) 240 (1.04%) 607 (1.16%)
Geriatric rehabilitation unit 2536 (8.61%) 1919 (8.35%) 4455 (8.49%)
Death at 30 days (n, %) 2704 (8.4%) 2137 (8.5%) 4841 (8.44%) 0.533
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could increase complications in these patients.’’ For this reason,
Thursday was included in our study as the "weekend" group. However,
as no studies performed this analysis on the eve of a holiday; therefore,
we only included holidays and not their preceding days.

Thomas et al. analysed the influence of the weekend effect on short-
term mortality, showing a higher one-month mortality among weekends
admissions (OR: 1.4 [1.29-1.541).>! Multicentre studies in countries
such as Australia and the Netherlands have similarly shown increased
mortality within the first month due to the weekend effect.’” In Dutch
hospitals, mortality risk was significantly higher for patients admitted
on weekends compared to Monday (ORs of 1.33, 1.20, and 1.17 for
Friday, Saturday, and Sunday, respectively).>? Conversely, Nijland et al.,
deny the existence of the weekend effect when comparing one-month
and one-year mortality between patients admitted on weekends or
holidays versus other days of the week.'° A closer examination of several
of these studies shows that many did not observe differences in surgical
delay between weekday and weekend admissions, suggesting that timely
treatment may mitigate the potential weekend effect. Similarly, studies
reporting no association between weekend admission and hip fracture
mortality typically describe surgical delays shorter than 48 h
13,18,26-28,33"

Notably, the study by Mathews et al. demonstrated the absence of a
weekend effect on mortality in a UK hospital, although they did find a
significantly higher percentage of patients with a surgical delay of >36 h
among those admitted in winter compared to other periods (p < 0.05).
Unfortunately, they did not compare mortality between these two
periods.**

National hip fracture registry analyses also show contradictory
findings. The National Hip Fracture Database of England, Northern
Ireland and Wales observed increased 30-day mortality among patients
undergoing surgery on Sundays,as well as among discharged on Sundays
or out-of-hours periods. However, they did not explain why this increase
was observed on Sundays specifically, and not on Saturdays.*® In
contrast, the Norwegian registry confirmed a weekend effect at admis-
sion, with increased mortality in the first two months (HR 1.03),
although no such effect was observed when analysing the day of surgery,
even though weekend surgeries were performed by less experienced
surgeons. This study highlighted the need to optimize patients care
during weekends.®>"” Finally, the Danish registry also observed an
increased risk of mortality for patients admitted on weekends, with an
OR of 1.13 (1.04-1.23), which could not be fully attributed to surgical
delay.*®

Our findings differ from most previous reports, although surgical
delay was longer in the weekend group, we found no relationship be-
tween the weekend effect and mortality. It is possible that despite the
increase in surgical delay, the magnitude of the weekend effect is too
small to have a clinically meaningful impact on 30-days mortality.
Additionally, variations in hospital operating protocols over time did not
influence the distribution of admissions between groups, suggesting
these factors were not confounders. We also found no differences on
other known risk factors of mortality such as mobilization 1st day after
surgery, discharge destination or clinical interdisciplinary collaboration,
indicating comparable perioperative management in both groups. Given
the mean hospital stay of six days, patients admitted on weekend likely
received most of their postoperative care during weekdays, which may
further reduce differences in outcome.

Some authors have examined whether weekend surgeries performed
by less experienced surgeons may contribute to higher mortality; how-
ever, these studies found no increase in mortality related to surgeon's
experience, weakening arguments against performing surgeries during
weekends even when the usual surgical team is unavailable,.'>'°

We found a higher proportion of patients re-admitted within 30-days
for hip-fracture-related issues in the “weekdays group”, as well as higher
proportion of patients at home or hospitalized at 30 days. These small
differences may reflect organizational factors in discharge planning but
are unlikely to be clinically relevant.

Journal of Orthopaedic Reports xxx (xxxx) xxx

Pasternack et al. reported significantly higher complication rates in
the weekend admissions, which they attribute to longer surgical de-
lays.>® In contrast, although our study also showed significantly longer
surgical delay was observed in the “weekend group”, this did not
translate into higher mortality or increased reoperation rate, even
though our 30-day mortality was comparable to other studies. Differ-
ences in anaesthetic risk and type of anaesthesia, were also noted be-
tween groups, but these were accounted for in the multilevel analysis.
Longer follow-up could be needed to clarify the long-term implications
of the weekend effect.

The proportion of patients receiving interdisciplinary care from a
clinical specialist was similar across groups. We assessed specialist
involvement throughout the entire hospitalization, not only in the pre-
operative phase, although unmeasured differences in timing may exist.
Importantly, geriatrician involvement remained a protective factor for
30-days mortality after multilevel adjustment, consistent with existing
evidence supporting the benefits of orthogeriatric co-management.>’
Patients evaluated by both an internist and a geriatrician had higher
mortality risk, whereas those not assessed by any additional specialty
had lower risk, likely reflecting that the most severely ill patients
required multidisciplinary input, whereas the less severely ill did not.
Differences in the proportion of patients discharged with antiresorptive
therapy may also relate to patient clinical status, as those admitted on
weekend had higher anaesthetic risk (and possibly comorbidity and/or
frailty), and therefore more frequently received osteoprotective treat-
ment at discharge.

Our study has several limitations. First, as is inherent to registries,
the number of variables that can be collected is limited, and other factors
not captured by the registry may influence the weekend effect. However,
the use of databases like these allows the analysis of many prospectively
collected cases with clearly defined inclusion criteria and variables.
Moreover, the database incorporated some variables later, such as
cementation of hip arthroplasties (from 2019). We included Thursdays
as “weekend group” because in Spain, most of patients admitted on
Thursdays must wait until Monday to have surgery, this limits com-
parations with other studies that do not include Thursdays. Neverthe-
less, not including this day on “weekend group” could lead into bias
because of our healthcare organization. The analysis did not account for
local holidays in different autonomous regions or municipalities. Addi-
tionally, the follow-up period was relatively short, with only 30-days
post-discharge, and there may be long-term effects of the weekend ef-
fect, such as surgical complications, that were not studied. It is worth
highlighting the limited sample in some variables such as malnutrition
and delirium on admission given that we only have 1 year of data
collection. Despite these limitations, the study is highly relevant, as it
presents a large sample (57,450 patients) that allows us to observe the
differences related to the weekend effect in the Spanish population.

5. Conclusions

We observed no weekend effect on hip fracture mortality at one
month, although differences were observed in surgical delay, which
represents a risk factor for one-month mortality. The weekend effect has
no impact in the first month, but maybe it does have an impact in the
long term. A longer-term analysis of the weekend effect would be
desirable.
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