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Abstract

Background The effects of immediate operation on hip fracture (HF) are unclear. Therefore, we investigated the influence
of time to operation within 12 h vs.>12-24 h on survival and adverse events.

Methods This retrospective study was based on our database from 2006 to 2019. Patients > 20 years of age with operations
for HF were included. A total of 40 characteristics were analyzed for operations within 12 h (group 1) and > 12-24 h (group
2) after admission. The primary endpoint was survival at 1 year after operation. Secondary endpoints were revision surgery
for any reason, infection, and serious adverse events.

Results A total of 1015 patients received operations within 12 h (group 1), and 985 patients received operations > 12-24 h
(group 2) after admission. The mean age of the patients was 78.8 + 12.3 years. Patients in group 1 were younger and had bet-
ter health status and shorter hospitalizations than those in group 2. However, no differences were found for revision surgery,
infection or adverse events. The mortality rates at 30 days, 90 days, 6 months, and 1 year were 6.2, 11.8, 15.9, and 21.0%,
respectively. The mortality rate at day 30 was significantly better (»p =0.04) in group 1, but no further differences in survival
were observed (hazard ratio 1.071; 95% confidence interval 0.864—1.328; log rank 0.179). A subgroup analysis of geriatric
patients > 65 years assessed no differences according the primary and secondary endpoints.

Conclusions Within the limits of single-center analysis, the patients receiving treatment for HF within 12 h were younger
and healthier and had the benefits of shorter hospitalizations and a higher 30-day survival rate than patients treated > 12-24 h
after admission. At the endpoint 1 year after operation, no differences were observed in adverse events or survival rates.

Keywords Hip fracture - Operation - Complication - Survival - Mortality

Introduction

The best time to treat HF has not been defined or evaluated,
but the general consensus is that these operations should be
performed as soon as possible. Some national guidelines
recommend operations within 24 h, and others recommend
operations within 48 h after admission [1-3]. However,
treatment starting later than 48 h after admission should
generally be avoided, because of the significantly higher
morbidity and mortality rates [4, 5]. Most recommendations
are based on registry data with large numbers of patients,
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but some of the associated outcomes have been limited to
the time of hospitalization or 30 days after operation [6, 7].

Few studies have evaluated the outcomes of operations
performed within 12 h after admission. In 1967, Alderete
et al. compared treatment performed within 12 h vs. 13-48 h
after admission [8]. The authors found no differences in mor-
tality. However, these results can be considered outdated.

Recent data from the Norwegian Registry for HF also
indicated no differences when patients were treated within
12 h after admission to the hospital [4]. The registry
included 83,727 HF; however, only 53% of the fractures
were assessed, owing to incomplete data transfer [4].

In contrast, Bretherton and Parker have reported a signifi-
cantly lower 30-day mortality rate in patients treated within
12 h after admission, but the study has some limitations [9]:
only 6.6% of the patients received treatment within 12 h, and
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the data analyzed go back until 1989. Moreover, procedures,
complications, or 1-year survival rates were not reported.

The aim of this retrospective single-center study was to
address an important knowledge gap regarding the compari-
son between operation within 12 h vs.> 12-24 h in terms of
1 year survival and adverse events. The null hypothesis was
no difference between groups.

Methods

The study was conducted in our level-1 trauma hospital as
an observational study according to the principles of the
Declaration of Helsinki. Ethical approval was obtained from
institutional review board of our hospital prior to conducting
this study; and oral informed consent was obtained from all
participants or their next of kin.

The initial informations according to the patients were
obtained from our hospital database with all operations con-
ducted for HF starting in 2006 (Fig. 1). For each patient,
information on perioperative characteristics was recorded
from the time of registration in the emergency department
to the time of operation (skin incision), in minutes. In cases

of fall in our hospital, the time started when X-ray report
was obtained.

In this study, the inclusion criteria were patients with a
HF according to AO/OTA classification 31-A and 31-B,
including subtrochanteric fractures, standard treatment with
osteosynthesis or a hip replacement within 24 h after index
admission, and a treatment period between January 1, 2006
and December 31, 2019. An additional inclusion criterion
was patients at least 20 years of age.

The primary exclusion criterion was treatment starting
later than 24 h after admission (n=1315). The further rigor-
ous exclusion criteria are shown in Fig. 1. Any patients not
admitted directly to the clinic after the injury or with a delay
in admission (e.g., secondary transfer from other hospitals
or from abroad) were also excluded. Therefore, the study
sample included only patients with an injury and immedi-
ate admission to our emergency department. Patients with
an operation for a contralateral hip fracture during the study
period were recorded only as having contralateral fractures
(n="178); thus, the number of patients was the same as the
number of operations.

The demographic variables were age, sex, affected side,
and body mass index (BMI; weight in kilograms divided
by height in meters, squared). Baseline blood tests at the

Fig. 1 Enrollment of the study
population

3543 Patients were eligible

1315 Were treated > 24 hours after admission

78 Were treated for a contralateral fracture

150 Were excluded
28 Had palliative treatment of cancer
25 Had polytraumatic injuries
10 Had malignant pathologic fracture
7 Had resection arthroplasty

4 Had age < 20 years

2 Had ipsilateral acetabular fracture

2 Had sport releated stress fracture

2 Had additional subarachnoidal bleeding
1 Had segmental femoral fracture

A\ 4

24 Had no injury; e.g. osteoporotic fracture
18 Had delayed admission, e.g., from abroad

\ 4

13 Had older fracture

2 Were lost to follow-up

12 Had conservative treatment before

\ 4

h 4

Group 1
Treatment within 12 hours

1015 Were included in the analysis

Group 2
Treatment within > 12 hours and 24 hours

985 Were included in the analysis
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time of admission were hemoglobin in mg/dl, creatinine
in mg/dl and C-reactive protein in mg/dl.

Coexisting conditions were summarized according to
the American Society of Anesthesiology (ASA) [10].
Reported illnesses included atrial hypertension, demen-
tia, heart disease or coronary artery disease, diabetes
mellitus, atrial fibrillation, chronic renal diseases (cre-
atinine > 3.0 mg/dl), chronic obstructive pulmonary dis-
ease (COPD), alcoholism or a history of cancer (Table 1).
Recorded drug treatments included anticoagulant medica-
tions [phenprocoumon or new direct oral anticoagulants
(NOACSs)] and insulin.

The following variables were recorded until discharge:
type of fracture according to AO/OTA classification [11],
type of operation (osteosynthesis vs. replacement with hemi-
or total hip arthroplasty), duration of operation from inci-
sion to suture in minutes, red blood cell transfusion in units
and duration of hospitalization in days (including the day of
admission and the day of discharge).

The data cutoff for the primary and secondary analysis
was 1 year after operation. The primary endpoint was death.
Secondary endpoints were any revision to the index opera-
tion, including operation for infection, hematoma, implant
failure or reduction for dislocation; and the following seri-
ous adverse events at hospitalization: heart failure, stroke,
pneumonia, pulmonary thromboembolic events, delirium or
deep vein thrombosis.

Infection was defined according to the working group of
the Musculoskeletal Infection Society [12].

Patients or their relatives were contacted by telephone
to collect missing data, particularly for death or survival
outcomes, or possible reoperations conducted outside our
system.

Statistical analyses

Kolmogorov—Smirnov tests were used to determine the dis-
tribution of the variables. No variables in this study dem-
onstrated normal distribution. Mann—Whitney U tests were
used to compare two independent samples, and Fisher’s
exact tests were used for unadjusted comparison of propor-
tions, whereas Pearson’s chi-squared tests were used for
unadjusted comparison of ordinal distributions. Data are
presented as mean values with standard deviations or as
percentages. Kaplan—Meier survival analyses were used to
determine the association between mortality and the time
to operation. Log-rank tests were used to compare survival
probabilities. All statistical tests were two-sided, and p val-
ues less than 0.05 were considered to indicate statistical sig-
nificance. SPSS software for Windows, version 24.0 (SPSS,
Chicago, Illinois), was used for all analyses. The statistical
analysis was performed by a professional statistician.

Results
Patients

From January 1, 2006, to December 31, 2019, a total of
3543 surgeries for hip fractures were performed; among
these cases, 2000 patients were enrolled according to
our rigorous inclusion and exclusion criteria (Fig. 1).
Of the enrolled patients, 1015 were treated within 12 h
(group 1), and 985 patients were treated > 12-24 h (group
2) after admission. The mean age of the patients was
78.8 +12.3 years, and 71.3% of the patients were women.

Group 1 had younger average age (p <0.001) and bet-
ter health status according to, e.g., ASA classification,
dementia, hypertension or atrial fibrillation (Table 1). The
further baseline and clinical characteristics of the study
patients are listed in Table 1. Given their younger age, the
patients in group 1 received total hip arthroplasty more
often than patients in group 2 (p <0.001), and the latter
received hemiarthroplasty more often (p =0.002). With
the exception of subtrochanteric fractures, fracture pat-
terns according to AO classification were similar between
treatment groups.

Primary endpoint

In the sample, the mortality rates at 30 days, 90 days,
6 months, and 1 year were 6.2%, 11.8%, 15.9%, and 21.0%,
respectively. The 30-day mortality rate was significantly
better (log rank 0.033) in group 1, but no differences
were observed at later time points or at 1 year (hazard
ratio=1.071; 95% confidence interval =0.864—1.328; log
rank =0.179). Therefore, with the exception of day 30,
the primary endpoint results did not differ between groups
(Table 2, Fig. 2).

We conducted a subgroup analysis (Table 3): the anal-
ysis of geriatric patients™ > 65 years of age (n=1733)
treated within 12 h (n=830) vs.>12-24 h (n=903)
showed no significant differences according to the primary
endpoints of this study (Table 4, Fig. 3).

Secondary endpoint

The total revision rate was 10.4% at 1 year after operation.
Revision for any reason and according to the index opera-
tion showed no differences between groups (9.9 vs. 11.0%;
p=0.421). An analysis for infection yielded insignificant
results, and the occurrence of serious adverse events was
also similar between groups. Therefore, the secondary
endpoints of the study showed no differences between
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Table 1 Characteristics of the
total sample size

@ Springer

Characteristics Operation<12h Operation>12-24h  p value
(N=1015) (N=985)
Time to operation in hours (mean + SD) 6.8+2.5 18.7+3.5
Demographics
Age—year (mean + SD) 772+13.9 80.5+9.9 <0.001
Age <65 year—no. (%) 185 (18.1) 82 (8.3) <0.001
Age > 65 year—no. (%) 830 (81.9) 903 (52.1) <0.001
Women—no. (%) 709 (69.9) 717 (72.8) 0.152
BMI (mean + SD) 25.0+4.7 249+44 0.998
BMI >30—no. (%) 110 (12.5) 98 (11.7) 0.606
Right side—no. (%) 516 (50.8) 483 (49.0) 0.421
Bilateral fracture within the study period—no. (%) 40 (3.9) 38 (3.9) 1.000
Baseline blood values (mean + SD)
C-reactive protein in mg/l 15.9+29.1 16.5+33.6 0.803
Serum creatinine in mg/dl 1.05+0.7 1.1+0.6 0.038
Hemoglobin in g/dl 12.6+1.8 125+1.7 0.096
Physical health status—no. (%)
ASA 1 77 (7.6) 15(1.5)
ASA 2 261 (25.7) 247 (25.1)
ASA 3 639 (63.0) 678 (68.8)
ASA 4 38 (3.7) 45 (4.6) <0.001
History of coexisting condition—no. (%)
Hypertension 618 (60.9) 672 (68.2) 0.001
Dementia 266 (26.2) 314 (31.9) 0.006
Heart failure/coronar artery disease 331 (32.6) 312 (31.7) 0.667
Diabetes mellitus 197 (19.4) 191 (19.4) 1.000
Atrial fibrillation 151 (14.9) 225 (22.8) <0.001
Chronic renal disease 15 (1.5) 13 (1.3) 0.850
Alcoholism 44 (4.3) 47 (4.8) 0.669
COPD 80 (7.9) 82 (8.3) 0.743
Neoplasia 61 (6.0) 67 (6.8) 0.523
Drug treatment—no. (%)
Warfarin 34 (3.3) 80 (8.1) <0.001
NOACs 38 (3.7) 59 (6.0) 0.022
Insulin 13 (1.3) 7(0.7) 0.262
Fracture—no. (%)
Femoral neck fracture 418 (41.2) 336 (45.3) 0.071
Trochanteric fracture 521 (51.3) 508 (51.6) 0.929
Subtrochanteric fracture 76 (7.5) 31(3.1) <0.001
Fracture classification—no. (%)
AO 31-Al 157 (15.5) 140 (14.2) 0.451
AO 31-A2 291 (28.7) 304 (30.9) 0.304
AO 31-A3 73(7.2) 64 (6.5) 0.595
AO 31-B1 77 (7.6) 66 (6.7) 0.488
AO 31-B2 21 (2.1) 15 (1.5) 0.403
AO 31-B3 320 (31.5) 365 (37.1) 0.010
Treatment—no. (%)
Proximal femoral nail antirotation 417 (41.1) 364 (37.0) 0.060
Dynamic hip screw 291 (28.7) 203 (20.6) <0.001
Screws 10 (1.0) 1(0.1) 0.012
Total hip arthroplasty 241 (23.7) 316 (32.1) <0.001
Hemiarthroplasty 66 (6.5) 102 (10.4) 0.002
Red blood transfusion (>2 Units)—no. (%) 325 (32.0) 366 (37.2) 0.016
Duration of surgery in minutes (mean + SD) 76.6+34.8 76.0+32.5 0.775
Hospitalization (mean + SD) 12.97 +6.05 14.35+6.71 <0.001
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Table 1 (continued)

BMI body mass index in kg/m?, ASA American Society of Anesthesiologists, COPD chronic obstructive

pulmonary disease, NOACs new oral anticoagulants, AO Arbeitsgemeinschaft fiir Osteosynthesefragen

Table 2 Primary and secondary

Endpoints Operation<12 h Operation > 12-24 h p value
outcomes of the total sample (N=1015) (N=985)
s1ze
Revision for any reason—no. (%) 100 (9.9) 108 (11.0) 0.421
Revision for infection 29 (2.9) 33 (3.4) 0.606
Severe adverse events at hospitalization—no. (%)
Stroke 1(0.1) 3(0.3) 0.367
Myocardial infarction 4(0.4) 4(0.4) 1.000
Pulmonary embolism 7(0.7) 6 (0.6) 1.000
Pneumonia 13(1.3) 9(0.9) 0.522
Delirium 17.(1.7) 18 (1.8) 0.865
Deep vein thrombosis 13 (1.3) 9(0.9) 0.522
Renal failure 11 (1.1 11(1.1) 1.000
Death—no. (%)
30 days 51(5.0) 72(7.3) 0.040
90 days 111 (10.9) 124 (12.6) 0.267
6 months 150 (14.8) 167 (17.0) 0.198
1 year 201 (19.8) 218 (22.1) 0.207
with an endpoint 1 year after operation. Therefore, the
1007 null-hypothesis was confirmed. The only effect was shorter
hospitalization and a lower mortality rate at day 30 in the
80 group receiving operation within 12 h; however, this result
_ — should be considered in the context of the better health
2 60 operation status, younger patient age and fewer comorbidities in that
[ - < 12hours group. A subgroup analysis with geriatric patients revealed
; 40~ ﬂt;1224ht$:1:?s also insignificant effects.
0 Our study has several strengths. First, the patients were
separated into two groups according to the accurate evalu-
207 ation of time to operation in minutes, from the time of
admission to the time of skin incision. The large sample
0 size enabled robust statistical analysis, and most demo-

T T T T T T T T
0 60 120 180 240 300 360 420
Mortality in days

Fig.2 Kaplan—Meier survival analysis for the two groups of the total
sample size (log rank 0.179)

groups of the total sample size (Table 2) and the groups
of the geriatric patients (Table 4).

Discussion

In this study, operation of HF within 12 h after admis-
sion was not found to be superior to operation > 12-24 h
after admission in terms of survival and adverse events,

graphic and clinical characteristics were well documented
and valid. The sample showed typical clinical character-
istics and included patients with cognitive impairment.
We also defined strong inclusion criteria, and 150 patients
were consequently excluded secondarily (Fig. 1). The end-
point of 1 year for every living patient showed compara-
ble outcomes. According to the primary and secondary
endpoints, the follow-up rate was nearly 100%, only two
patients were lost to follow-up. In addition, beyond the use
of registry data, this study examined the second highest
number of patients (n=2000) treated for HF within 12 h
vs.> 12-24 h reported in the literature, and it is, the larg-
est study with detailed clinical information and with an
endpoint 1 year after operation.

The time to operation is a major consideration in the treat-
ment of HF. In 1967, Aldrete et al. reported that the optimal
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Table 3 Characteristics of the

Characteristics Operation<12 h Operation>12-24 h p value
geriatric patients > 65 years (N=830) (N=903)
Time to operation in hours (mean + SD) 6.8+2.5 18.7+3.5
Demographics
Age—year (mean + SD) 82.5+7.8 825+73 0.784
Women—no 621 675 1.000
BMI (mean + SD) 25.1+4.7 249+4.3 0.494
BMI > 30—no 91 85 0.335
Right side—no 424 440 0.336
Bilateral fracture within the study period—no 37 37 0.723
Baseline blood values (mean+ SD)
C-reactive protein in mg/l 16.8+29.0 16.6+33.8 0.180
Serum creatinine in mg/dl 1.1+0.7 1.1+0.6 0.476
Hemoglobin in g/dl 124+1.38 124+1.7 0.779
Physical health status—no
ASA 1 8 3
ASA 2 176 204
ASA 3 608 654
ASA 4 38 42 0.370
History of coexisting condition—no
Hypertension 583 644 0.634
Dementia 260 311 0.184
Heart failure/coronar artery disease 321 308 0.051
Diabetes mellitus 183 183 0.377
Atrial fibrillation 149 222 <0.001
Chronic renal disease 13 10 0.411
Alcoholism 22 31 0.403
COPD 71 69 0.743
Neoplasia 55 62 0.849
Drug treatment—no
Warfarin 30 77 <0.001
NOACs 38 58 0.114
Insulin 13 7 0.176
Fracture—no
Femoral neck fracture 306 403 <0.001
Trochanteric fracture 465 476 0.177
Subtrochanteric fracture 59 24 <0.001
Fracture classification—no
AO 31-Al 126 128 0.587
AO 31-A2 274 289 0.681
AO 31-A3 65 59 0.306
AO 31-B1 36 52 0.190
AO 31-B2 9 14 0.529
AO 31-B3 261 337 0.011
Treatment—no
Proximal femoral nail antirotation 368 339 0.005
Dynamic hip screw 169 174 0.587
Total hip arthroplasty 227 289 <0.035
Hemiarthroplasty 66 101 0.028
Red blood transfusion (>2 Units)—no 314 350 0.693
Duration of surgery in minutes (mean + SD) 76.3+33.8 75.4+31.9 0.938
Hospitalization (mean + SD) 13.9+6.2 143+6.7 0.114

BMI body mass index in kg/m?, ASA American Society of Anesthesiologists, COPD chronic obstructive
pulmonary disease, NOACs new oral anticoagulants, AO Arbeitsgemeinschaft fiir Osteosynthesefragen
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Table4 Primary and secondary outcomes of the geriatric
patients > 65 years
Endpoints Opera- Opera- p value
tion<12h tion>12-24 h
(N=830) (N=903)
Revision for any reason— 84 102 0.438
no
Revision for infection 28 31 1.000
Severe adverse events at hospitalization—no
Stroke 1 3 0.626
Myocardial infarction 4 4 1.000
Pulmonary embolism 7 6 0.783
Pneumonia 13 9 0.391
Delirium 17 18 1.000
Deep vein thrombosis 11 8 0.306
Renal failure 10 11 1.000
Death—no
30 days 50 72 0.132
90 days 109 121 0.887
6 months 145 163 0.801
1 year 190 211 0.820
100
Time to
80 .| operation
- -1<12 hours
2 il
S 60 > 12 hours
2
<
@ 40
20
0 | | | | | |
0 60 120 180 240 300 360

Mortality in days

Fig. 3 Kaplan—Meier survival analysis for the two groups of the geri-
atric patients > 65 years (log rank 0.774)

time of operation is of particular concern [8]. In that study,
the mortality rates of patients treated for HF showed insig-
nificant differences when the operation started within 12 h
or 13—48 h after admission, but these data are now outdated.

Given the constantly rising number of geriatric patients
with HF [13], health insurance companies aim to decrease
health care costs. Therefore, some studies have been con-
ducted or supported by health insurance companies, and
those results should be discussed in that context. For exam-
ple, Miiller-Mai et al. [14] reported a higher revision rate
and a higher mortality rate (plus 6%), when the patients were

treated later than 24 h after admission. However, the health
insurance data were based only on International Classifica-
tion of Diseases (ICD) codes, and the time to operation was
assessed in full days rather than the exact time intervals,
e.g., the numbers of hours or minutes from admission to
skin incision.

In 1992, Bredahl et al. retrospectively assessed the mor-
tality rate among 778 patients with HF [15]. The mortality
rate was 10.1% at 1 month and 30.3% at 1 year after opera-
tion. Despite similar baseline data (e.g., patient age), the
mortality rates observed at day 30 and 1 year in our study
were considerably lower. Moreover, the authors found a
significantly lower mortality rate only in patients with fem-
oral neck fractures who were treated within 12 h; and in
patients with trochanteric fractures, the mortality rate was
unaffected by the time to operation. Interestingly, 88% of
the patients received internal fixation, and only 8% of the
patients received hip arthroplasty [15]. Therefore, the type
of treatment was substantially different from that in the cur-
rent study.

Our findings are consistent with those from similar stud-
ies comparing patients treated within 12 h vs. later, including
arecently published registry from Norway [4]. That national
observational study included 73.557 patients treated for HF.
Analyses were conducted to evaluate the total delay from
fracture to surgery and the delay from admission to surgery
to analyze complications and mortality. The study found that
only a delay later than 48 h was associated with a higher
mortality rate. The authors stressed that the mean prehos-
pital delay was 6 h. According to the records and our local
city factors, our patients were admitted within 1 or 2 h after
injury, and any further delays, e.g., transfers from other hos-
pitals or from abroad were rigorously excluded. Of note,
the Norway registry showed more patients with ASA clas-
sifications 1 and 2 in the earlier treatment group—a similar
finding to our results.

A recent study has reported on “fast track” treatment [7],
in which patients receive a faster “first line treatment” to
reduce the time to operation. The authors concluded that
“fast track” treatment is safe, but the 30-day, 90-day, and
1 year mortality, or revision for any reason are comparable
to those with standard treatment. Interestingly, the mean
time to surgery in the “fast track” group was 23.6 h and was
25.7 h in the standard treatment group. Notably, these data
were from the aforementioned Norwegian Hip Fracture Reg-
istry. Our mean “fast track” time from admission to opera-
tion was approximately 7 h and, therefore, was substantially
faster.

A retrospective cohort study from Ontario, Canada,
with 72 participating hospitals and more than 40,000
patients has reported that a time of operation later than
24 h is associated with a greater risk of 30-day mortality
and other complications [6]. However, in this study, only
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34% of the patients received operation within 24 h [6];
therefore, a very selection bias must be suspected toward
much more healthy patients in this group. Apart from the
high number of patients and the 30 assessed variables,
a major strength of this study is that the time to opera-
tion was collected exactly in hours. Interestingly, approxi-
mately half the patients (48%) were treated with sliding
hip screws or cannulated screws, and only approximately
16% were treated with intramedullary nails. Of note, our
treatment was not consistent with the treatment in this
cohort study. Again, the main focus of this study was not
the time to operation within 12 h [6].

In 2015, Bretherton and Parker published a single-center
study with 6.638 patients treated for HF [9]. The time to
operation was recorded and divided into seven subgroups,
from O to 6, 7-12, 13-18, 19-24 h, and later. The primary
endpoint was 30-day mortality. Significantly improved sur-
vival was assessed for only the patients treated within 12 h
vs. later times (p value 0.013), but not for treatment within or
after 24 h. A limitation of that study was its long observation
period starting in 1989; therefore, the treatments and devices
used can be considered outdated.

Of note, Dorotka et al. have compared 182 patients treated
for HF either within or later than 6 h, up to 7 days after
admission [16]. This may be the first study examining out-
comes of operation within 6 h. After 6 months, the mortality
rate was significantly lower in the group receiving earlier
treatment (10.1% vs. 21.4%). However, this result became
insignificant when patients (n=14) treated after 36 h were
excluded. The authors note that the later the operation was
performed, the higher the mortality was; however, the power
of the results was low, as a result of the small sample size.
From our point of view, performing operations for HF rou-
tinely within 6 h after admission is far from the reality.

Some additional studies have assessed time to operation
within 12 h in small sample sizes [17-19]; and others did
not separate the interval below 24 h [20, 21]. Of note, most
studies have calculated the time to operation only in days
after admission [22, 23], and these data are also particularly
outdated.

In summary, on the basis of our results, the benefits of
operation within 12 h were a lower mortality rate at day 30
and a shorter hospitalization. A subgroup analysis with geri-
atric patients > 65 years of age showed that the 30-day mor-
tality rates were similar. The median hospitalization in our
study was 12.0 days, and we observed a significant reduction
of exactly 1 day in group 1 compared with group 2. In a
study conducted by Siegmeth et al., the difference in hospi-
talization was less than 1 day (mean 22.2 vs. 21.6 days), and
the result was not significant within the same time frames
[18]. Again, our data suggest that both effects were based on
the bias toward younger and healthier patients in the group
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receiving earlier treatment. Therefore, the effects were not
attributable to a faster time to operation.

The current study has several limitations, as follows.
Our findings cannot be generalized because this was only a
retrospective single-center study. Another limitation is that
the two groups were balanced according to the number of
patients but not according to some characteristics. The true
reasons for treating patients within< 12 or>12-24 h, e.g.,
admission late at the night, waiting for informed consent,
or waiting for an operating room could not be evaluated
retrospectively; however, the reason for delayed admis-
sion was never associated with unavailability of surgeons.
Despite the higher number of study patients, a total of 1315
patients (37%) were treated later than 24 h after admission
within the study period. Furthermore, the time from injury
to admission could not be assessed exactly; however, and
according to protocols, most patients are admitted to the
hospital within 1 or 2 h. The study included only 1 year
follow-up data and thus underrepresents long-term compli-
cations, e.g., late infection or periprosthetic fractures; ongo-
ing follow-up provide information on longer-term outcomes.
Patient-reported outcome measures were not assessed at the
time of follow-up. Against the background of many patients
with comorbidities, e.g., dementia, any outcome measures
would reflect particularly healthy patients, and this was not
the intention of the study.

Finally, we note that Bretherton et al. [9] and Siegmeth
et al. [18] collected data from the same hospital; Pincus et al.
[6] and Weller et al. [19] presented results from the same
database from Ontario, Canada; and Leer-Salvensen et al.
[4] and Pollmann et al. [7] assessed data from the Norwegian
Hip Fracture Registry.

Conclusion

Within the limits of single-center analysis, we found that
patients receiving treatment for hip fractures within 12 h
were younger and healthier and had the benefit of shorter
hospitalizations and a higher 30-day survival rate than those
for patients treated > 12-24 h after admission. At the end-
point 1 year after operation, no differences were observed
in adverse events or survival rates for the total sample size
and for the geriatric patients.
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