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Aims

Patients with proximal femoral fractures (PFFs) are often multimorbid, thus unplanned
readmissions following surgery are common. We therefore aimed to analyze 30-day and
one-year readmission rates, reasons for, and factors associated with, readmission risk in a
cohort of patients with surgically treated PFFs across Austria.

Methods

Data from 11,270 patients with PFFs, treated surgically (osteosyntheses, n = 6,435; endopros-
theses, n = 4,835) at Austrian hospitals within a one-year period (January to December 2021)
was retrieved from the Leistungsorientierte Krankenanstaltenfinanzierung (Achievement-
Oriented Hospital Financing). The 30-day and one-year readmission rates were reported.
Readmission risk for any complication, as well as general medicine-, internal medicine-,
and surgery/injury-associated complications, and factors associated with readmissions, were
investigated.

Results

The 30-day and one-year readmission rates due to any complication were 15% and 47%,
respectively. The 30-day readmission rate (p = 0.001) was higher in endoprosthesis than
osteosynthesis patients; this was not the case for the one-year readmission rate (p = 0.138).
Internal medicine- (n = 2,273 (20%)) and surgery/injury-associated complications (n = 1,612
(14%)) were the most common reason for one-year readmission. Regardless of the surgi-
cal procedure, male sex was significantly associated with higher readmission risk due to
any, as well as internal medicine-associated, complication. Advanced age was significantly
associated with higher readmission risk after osteosynthesis. In both cohorts, treatment
at mid-sized hospitals was significantly associated with lower readmission risk due to any
complication, while prolonged length of stay was associated with higher one-year readmis-
sion risks due to any complication, as well as internal-medicine associated complications.

Conclusion
Future health policy decisions in Austria should focus on optimization of perioperative and
post-discharge management of this vulnerable patient population.

Take home message and one-year hospital readmission rates
- In 11,270 patients treated surgically for amounted to 15% (n = 1,720), and 47% (n
proximal femoral fractures across Austria = 5,324), respectively.

within a one-year period, overall 30-day
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- Readmission rates were higher in patients with endopros-
theses compared to those with osteosyntheses.

« The most common reason for unplanned readmission was
due to internal medicine-associated complications.

- Consequently, future health policy decisions should aim at
optimizing perioperative and post-discharge management
of this vulnerable patient population, to eventually reduce
readmission rate.

Introduction

The incidence of proximal femoral fractures (PFFs) is increasing
worldwide."? The majority of patients with PFFs present with
additional comorbidities.>” These patients are at high risk for
development of complications, such as urinary tract infection,
heart failure, renal insufficiency, deep vein thrombosis, and
pneumonia, leading to unplanned readmissions following
hospital discharge.®® In order to improve patient care and
reduce the logistical, as well as financial burden to healthcare
systems, it is important to analyze the factors associated with
readmission due to complications developing after surgery for
PFFs, together with reasons for readmission.®?

However, readmission rates may vary depending
on healthcare systems, with differences in health insur-
ance, accessibility to healthcare facilities, and provision and
financing of medical treatments, as well as post-discharge
care, contributing to the risk. The Austrian healthcare system
is one of the most expensive in the European Union, with
roughly USAD $5,138 spent on health per capita in 2015."
Structural specifics of the system include a high density of
practising physicians and easy access to any level of the
healthcare system, as well as mandatory health insurance
for every inhabitant that covers all required treatments.'
Unsurprisingly, Austria therefore has the second highest
hospital discharge rate within the European Union."

Moreover, similar to other western countries, the
Austrian population is ageing: in 2023, 20% of inhabitants
were aged 65 years or older, compared to 16% in 2001."
Therefore, the rate of frailty fractures, including those of the
proximal femur, is expected to increase, further intensifying
the logistical and financial burden on the Austrian healthcare
system.'” In this respect, analysis of readmission rates and
causes in surgically treated patients with PFFs may inform
future healthcare policies towards improved management of
this vulnerable patient population.

Therefore, we aimed to 1) assess the 30-day and
one-year unplanned readmission risk due to complications in
patients following osteosynthesis or endoprosthetic arthro-
plasty for PFFs across Austria; 2) analyze causes of readmission;
and 3) investigate associations between demographic factors
and hospital size on readmission rates.

Methods

Patients with a diagnosis of PFF (i.e. per-/inter-/subtro-
chanteric or femoral neck fracture) undergoing surgery
between January and December 2021 at Austrian hospi-
tals were potentially eligible. For this purpose, patient data
were retrieved from the Leistungsorientierte Krankenanstal-
tenfinanzierung (Achievement-Oriented Hospital Financing).
Variables obtained included date of hospital admission
for fracture (in months and vyears), size of the hospital
where the fracture was treated (defined by number of

endoprosthetic arthroplasties and osteosyntheses annually
performed), patient age at diagnosis of fracture, side of
surgery (left/right), type of surgery (according to the “Leis-
tungskatalog” (catalogue of benefits)), length of in-hospital
stay (LOS) upon first surgery (in days), date of readmission for
complications (in months and years), and cause of readmission
(ICD-10-based; Supplementary Table i)."”

Reasons for readmission were grouped into inter-
nal medicine-associated (ICD-10 codes A00-B99, C00-C97,
D50-D89, EO00-E99, 100-199, J00-J99, KO00-K93, R09-R99;
Supplementary Table i), general medicine-related (ICD-10
codes FO00-F99, GO00-G99, H99-H59, H60-H95, LO0-L99,
M00-M99, N00-N99, Q00-Q99, U00-U49, Z00-299; Supplemen-
tary Table i), and surgery- and injury-associated (ICD-10 code
S00-T98 ; Supplementary Table i). From the latter group,
implant-associated complications were additionally analyzed
separately (ICD-10 codes T84.0, T84.1, T84.2, T84.3, T84.4,
T84.5, T84.6, T84.7, T84.8, T84.9; Supplementary Table i).
Hospital size was divided into five categories: annual numbers
of endoprosthetic arthroplasties and osteosyntheses < 250
(group A), between 251 and 500 (group B), between 501 and
750 (group C), between 751 and 1,000 (group D), and > 1,001
(group E). Patient age at surgery was categorized into four
groups: < 55 years, 55 to 64 years, 65 to 74 years, and >
75 years. Surgical procedures were divided into osteosyn-
theses (usually intramedullary fixation) and endoprostheses,
with the latter group both containing hip hemiarthroplasties
and total hip arthroplasties. All patients were followed up
for 12 months, or until readmission for complications. Of
note, detailed in-hospital information such as the surgeon’s
experience level, American Society of Anesthesiologists (ASA)
grade,” surgical time, or (in the case of endoprosthetic
arthroplasty) cementing technique, as well as information on
discharge destination (e.g. home care, rehabilitation facility)
could not be ascertained. Prior to the study initiation and
data receipt, its intended purpose had been reviewed and
approved by the Federal Ministry; therefore, no specific ethical
approval or patient informed consent were required.

Statistical analysis

Means are provided with standard deviations (SDs) and
medians with interquartile ranges (IQRs). Normality of
continuous data was assessed with Shapiro-Wilk test.
Differences in normally and non-normally distributed
independent variables were analyzed with independent-sam-
ples t-tests and Mann-Whitney U tests, respectively. Chi-
squared or Fisher’s exact test were used to assess differences
in binary and categorical data. Time elapsed from discharge
from hospital to readmission due to any complication,
as well as due to general medicine-, internal medicine-,
and surgery/injury-associated complications was documen-
ted in days, with all patients without any event being
censored after 12 months. The 30-day and one-year all-
cause readmission risk, as well as readmission risk due to
general medicine-, internal medicine-, surgery/injury-, and
implant-associated complications was investigated separately
for patients with osteosynthesis and endoprosthetic arthro-
plasty using multivariate logistic regression models. Variables
included in the fully adjusted models were sex, patient age
(four categories), hospital size (five categories), and LOS. Odds
ratios (ORs) are provided with corresponding 95% confidence
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intervals (Cls). Subgroup analyses including patients aged
55 years and above only (n = 10,869) were additionally
performed, as well as subgroup analyses comparing patients
with THA to those with hip hemiarthroplasty for PFF. A p-value
< 0.05 was considered statistically significant. All statistical
analyses were performed with Stata v. 16.1 for Mac (StataCorp,
USA).

Results

Participants

Altogether, data of 11,270 patients with surgically treated
pertrochanteric (n = 5,299) or femoral neck fractures (n =
5,971) at Austrian hospitals within a one-year period were
analyzed. Of these, 6,435 (57%) had undergone osteosynthe-
sis, and 4,835 (43%) endoprosthetic arthroplasty, either as
hip hemiarthroplasty (n = 3,687) or THA (n = 1,148). The
majority of patients were female (67%; n = 7,525), and most
patients were among the age group = 75 years (75%; n =
8,397). Further demographic data on the entire cohort, as
well as for patients with osteosyntheses and endoprostheses,
are outlined in Table I. Median time to readmission for any
complication was 2.4 months (IQR 0.7 to 5.9), and significantly
longer in patients with osteosyntheses (median 2.5 months
(IQR 0.7 to 6.0) compared to those with endoprostheses
(median 2.3 months (IQR 0.6 to 5.8); p = 0.008, Mann-Whitney
U test).

Median LOS was 11 days (IQR 7 to 15), and signifi-
cantly longer in patients with endoprosthetic arthroplasty
(median 11 days (IQR 8 to 16) in comparison to osteosynthesis
(median ten days (IQR 7 to 15); p < 0.001, Mann-Whitney
U test). The vast majority of patients with endoprosthetic
arthroplasty had underlying femoral neck fractures (99%; n =
4,835), while most patients with osteosynthesis had presented
with pertrochanteric fractures (82%; n = 5,244; p < 0.001,
chi-squared test). A slight male predominance was found in
patients receiving hip hemiarthroplasties or THAs as compared
with osteosyntheses (34% vs 32%; p = 0.038, chi-squared test).
Rather, osteosyntheses had been performed in younger age
groups (p < 0.001, chi-squared test). Furthermore, hospital
size differed between patients undergoing osteosynthesis and
endoprosthetic arthroplasty (p = 0.015, chi-squared test; Table
). Intriguingly, patients undergoing ORIF were more often
treated at category E (very large-sized) hospitals compared
to patients with endoprosthetic arthroplasty (Table 1). Specific
reasons for one-year readmission (as defined by ICD-10 codes),
separated by osteosynthesis and endoprosthesis, are depicted
in Figure 1.

30-day and one-year readmission rate in osteosynthesis and
endoprosthesis patients

For the entire cohort, 30-day and one-year readmission rate
due to any complication was equivalent to 15% and 47%,
respectively (Table Il). At 30 days, patients with endopros-
theses presented with significantly higher readmission rates
than those with osteosynthesis (30 days: 17% vs 14%; p =
0.001, chi-squared test), while no significant difference was
present at one year (48% vs 47%; p = 0.138, chi-squared test;
Table I). Likewise, in the subgroup analysis only involving
patients aged = 55 years, 30-day readmission rates due to
any complication were higher in endoprosthesis patients (n =
4,772) compared to osteosynthesis patients (n = 6,097; 17% vs
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15%; p = 0.014, chi-squared test), but comparable at one year
(48% vs 47%; p = 0.451, chi-squared test).

Readmission rates due to general medicine- and
internal medicine-associated complications at either time-
point were comparable between both groups (all p > 0.05,
chi-squared tests) and also in the subgroup analysis exclud-
ing patients aged < 55 years (all p > 0.05, chi-squared test).
Notably, 30-day readmission rates due to surgery/injury-asso-
ciated complications were significantly higher in patients with
endoprostheses (7%) compared to those with osteosynthesis
(6%; p = 0.008, chi-squared test), whereas one-year readmis-
sion rates were again comparable (14% vs 15%; p = 0.529;
chi-squared test; Table Il). Similar results were observed in
the subgroup analysis involving patients aged > 55 years
only (30 days: 7% (endoprosthesis) vs 6% (osteosynthesis),
p = 0.030, chi-squared test; one year: 14% (endoprosthesis)
vs 15% (osteosynthesis), p = 0.527, chi-squared test). The
discrepancy at 30days was attributable to a higher num-
ber of implant-associated complications (endoprosthesis vs
osteosynthesis 1% vs 0.7%; p = 0.001, chi-squared test), and
specifically implant-associated infections (endoprosthesis vs
osteosynthesis: 1% vs 0.2%; p < 0.001, chi-squared test; Table
I) in patients with endoprosthesis. Related to this, one-year
readmission rate due to implant-associated infections was
also higher in endoprosthesis patients (1%) than osteosynthe-
sis patients (0.3%; p < 0.001, chi-squared test). Comparable
findings were again made in the subgroup of patients aged
> 55 years (endoprosthesis vs osteosynthesis, implant-associ-
ated infections at 30 days: 0.7% vs 0.2%, p < 0.001, chi-squared
test; at one year: 1% vs 0.3%, p < 0.001, chi-squared test).

Interestingly, a second subgroup analysis comparing
patients with THA (n = 1,148) to those with hip hemiarthro-
plasty (n = 3,687) for PFF revealed a significantly higher 30-day
and one-year all-cause readmission rate (30 days: 13% vs 18%,
p < 0.001, chi-squared test; one year: 43% vs 50%; p < 0.001,
chi-squared test) for the latter cohort. This was attributable
to higher readmission rates due to internal medicine-asso-
ciated complications at both timepoints for patients with
hip hemiarthroplasty (30 days: 8% vs 4%, p < 0.001, chi-
squared test; one year: 22% vs 15%; p < 0.001, chi-squared
test), while readmission rates due to general medicine- and
surgery/injury-associated complications, as well as detailed
implant-associated complications (i.e. mechanical complica-
tions, implant-associated infections, other implant-associated
complications), were comparable (all p > 0.05, chi-squared
test).

Male patients are at higher risk for 30-day and one-year
readmission due to any complication, as well as internal
medicine-associated complications

At 30 days and one year, male sex was significantly associated
with higher readmission risk due to any complication, both in
patients with osteosynthesis (30 days - OR 1.35 (95% Cl 1.17
to 1.57); p < 0.001, logistic regression; one year - OR 1.18 (95%
Cl 1.06 to 1.31); p = 0.003, logistic regression; Table Ill) and
endoprosthetic arthroplasty (30 days - OR 1.38 (95% Cl 1.18 to
1.61); p < 0.001, logistic regression; one year - OR 1.36 (95%
Cl 1.21 to 1.54); p < 0.001, logistic regression; Table IIl). This
effect was independent from age, hospital size, or LOS. Similar
findings were made in the subgroup excluding patients aged
< 55 years (Supplementary Table ii). Upon detailed analysis of
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Table I. Demographic data of patients with proximal femoral fractures, treated with osteosynthesis or endoprostheses.

All patients
Variable (n=11,270)
Age group, yrs, n (%)
<55 401 (4)
55 to 64 813(7)
65to 74 1,659 (15)
275 8,397 (74)
Male sex, n (%) 3,745 (33)
Fracture type, n (%)
Pertrochanteric 5,299 (47)
Femoral neck 5,971 (53)
Surgical side (right), n (%) 5,645 (50)
Hospital category (surgeries per year), n
(%)*
A (0 to 250) 801 (7)
B (251 to 500) 2,712 (24)
C (501 to 750) 3,249 (29)
D (751 to 1,000) 2,222 (20)
E (> 1,001) 2,286 (20)
LOS (days)
Median (IQR) 11(7to 15)
Mean (SD) 13.5(10.2)

*Endoprosthetic arthroplasties and osteosyntheses.

tChi-squared test.

$Mann-Whitney U test.

IQR, interquartile range; LOS, length of stay; SD, standard deviation.

reason for readmission, male sex was significantly associated
with higher 30-day and one-year readmission risk owing to
internal medicine-associated complications, regardless of the
surgical procedure (Supplementary Tables iii and iv). On the
other hand, patient sex was neither significantly associated
with altered risk for readmissions due to general medicine-
associated complications, nor due to surgery/injury-related
complications at either timepoint following osteosynthesis
or endoprosthesis (Supplementary Tables iii and iv), except
for male sex being associated with higher one-year readmis-
sion risk for general medicine-associated complications in the
endoprosthesis cohort (OR 1.33 (95% CI 1.12 to 1.57); p =
0.001, logistic regression; Supplementary Table iv).

Older patients with osteosynthesis are at higher risk for
30-day and one-year readmission

At both timepoints, advanced patient age was significantly
associated with higher readmission risk due to any compli-
cation in osteosynthesis patients (all p < 0.05, except for
age group = 55 to < 64 years at one year, p = 0.056, logis-
tic regression; Table lll). This observation was independent
from patient sex, LOS, and hospital size. For endoprosthesis
patients, no such association was found for 30-day readmis-
sion risk, whereas at least very old patient age (i.e. aged = 75

Osteosynthesis Endoprosthesis

(n=6,435) (n =4,835) p-value
<0.001+

338(5) 63 (1)

524 (8) 289 (6)

877 (14) 782 (16)

4,696 (73) 3,701 (77)

2,087 (32) 1,658 (34) 0.038t
<0.001t

5,244 (82) 55(1)

1,191 (18) 4,780 (99)

3,272 (51) 2,373 (49) 0.063t

0.015t

453 (7) 348(7)

1,519 (24) 1,193 (25)

1,832 (29) 1,417 (29)

1,252 (19) 970 (20)

1,379 (21) 907 (19)
<0.001%

10(7to 15) 11 (8to0 16)

12.9(9.8) 14.2(10.7)

years) was associated with higher one-year readmission risk
(OR 1.69 (95% Cl 1.01 to 2.84); p = 0.046, logistic regression;
Table llIl). In the subgroup analysis excluding patients aged
< 55 years, comparable findings were made (Supplementary
Table ii).

With regard to 30-day and one-year readmission
risk due to internal medicine-, general medicine-, and
surgery/injury-related complications, advanced patient age
showed a significant positive association in osteosynthesis
patients (except for surgery/injury-associated complications at
one year, p > 0.05, logistic regression; Supplementary Table
iii). However, no such association was found for patients with
endoprosthetic arthroplasty (Supplementary Table iv).

Prolonged LOS is associated with readmission risk

Regardless of the surgical procedure, prolonged LOS was
independently associated with increased one-year readmis-
sion risk due to any complication (osteosynthesis: p < 0.001;
endoprosthesis: p = 0.002; both based on logistic regres-
sion; Table Ill). This finding was confirmed in the subgroup
analysis excluding patients aged< 55 years (Supplementary
Table ii). For osteosynthesis patients, prolonged LOS also
associated with higher 30-day readmission risk (OR 1.00 (95%
Cl 1.00 to 1.01); p = 0.042, logistic regression; Table ),

30-day and one-year readmission rate in 11,270 patients with surgical treatment for proximal femoral fractures 297

M. A. Smolle, S. F. Fischerauer, I. Vukic, et al.



200
180
160

14

12
100
oI II II

Internal Medicine

o

o

B D (o]
o o o

N
o

A0O0 - B99
C00 - D48
D50 - D89
E00 - E99
100 - 199
J00-1J99
KOO — K93
ROO — R99
FOO — F99
GO0 - G99

Fig. 1

Osteosynthesis

W Endoprosthesis

Surgery/Injury

HOO0 - H59
H60 — H95
LOO - L99
MO0 - M99
NOO — N99
Q00 -Q99 I
u00 - U49
Z00 - 799
S00 -T79
T80 -T88
T90 -T98

General Medicine

Specific reasons for one-year readmissions according to International Classification of Diseases (ICD)-10 codes for osteosynthesis and endoprosthesis
patients. A detailed description of conditions defined by given ICD-10 codes is provided in Supplementary Table i.

which was not the case in the subgroup analysis excluding
patients aged < 55 years (OR 1.01 (95% Cl 0.99 to 1.01); p
= 0.062, logistic regression; Supplementary Table ii). Further-
more, prolonged LOS was significantly associated with higher
readmission risk due to internal medicine-related complica-
tions at both timepoints in osteosynthesis patients (Supple-
mentary Table iii), and with one-year readmission risk in
endoprosthesis patients (Supplementary Table iv). Intriguingly,
one-year readmission risk due to surgery/injury-associated
complications was negatively associated with prolonged LOS
in endoprosthesis patients (OR 0.99 (95% Cl 0.98 to 0.99); p =
0.015, logistic regression; Supplementary Table iv). There was
no significant association between LOS and readmission risk
due to general medicine-associated complications at 30 days
or one year, regardless of the surgical procedure.

Treatment at mid- to large-sized compared to very small-
sized hospitals associates with lower readmission risk
Surgery at category D hospitals was significantly associ-
ated with lower readmission risk due to any complication
in osteosynthesis patients as compared to treatment at
category A hospitals (Table Ill). In patients with endoprosthetic
arthroplasty, surgery at both category C and D hospitals was
significantly associated with lower 30-day readmission risk
(Table 111), with the significant association prevailing at one
year for treatment at category C hospitals (Table Ill). Compara-
ble results were obtained in the subgroup analysis including
patients aged 55 years and above (Supplementary Table ii).
When looking at specific reasons for readmission,
in both osteosynthesis and endoprosthesis patients, treat-
ment at mid-sized hospitals (depending on the timepoint,
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either category C or D) showed a significant association
with lower 30-day or one-year readmission risk due to
surgery/injury-associated complications (Supplementary Table
iii, Supplementary Table iv). Furthermore, treatment at
category E hospitals was significantly associated with higher
30-day readmission risk due to general medicine-associated
complications in endoprosthesis patients (Supplementary
Table iv), but not osteosynthesis patients (Supplementary
Table iii).

Discussion

Herein, we discovered that 30-day and one-year unplanned
all-cause readmission rate in patients with osteosynthesis or
endoprosthetic arthroplasty due to proximal femoral fractures
amounted to 15% and 47%, respectively. The 30-day readmis-
sion rate was higher in patients undergoing endoprosthetic
arthroplasty, owing to a large number of readmissions due to
implant-associated complications, particularly implant-associ-
ated infections. Male sex associated with higher readmission
risk due to any complication, as well as internal medicine-
related complications at both timepoints, irrespective of the
surgical procedure. Advanced patient age was significantly
associated with higher readmission risk in patients with
osteosynthesis, but only to a small extent in those with
endoprosthetic arthroplasty. Treatment at mid-sized hospitals
was significantly associated with lower all-cause readmission
risk. Moreover, prolonged LOS upon surgery for PFF was
significantly associated with higher one-year readmission risk
due to any complication, both in osteosynthesis and endo-
prosthesis patients. Notably, all these findings were confirmed
in a subgroup analysis excluding patients aged < 55 years.
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Table II. 30-day and one-year readmissions due to general medicine-, internal medicine-, or surgery/injury-associated complications, divided by

osteosyntheses and endoprostheses.

All patients
Readmission, n (%) (n=11,270)
30 days
Internal medicine 691 (6)
General medicine 356 (3)
Surgery/injury 673 (6)
Injury 540 (5)
Surgery 29(0.3)
Implant 104 (0.9)
Mechanical 43 (0.4)
Implant-associated infection 46 (0.4)
Other 15(0.1)
Overall 1,720 (15)
1 year
Internal medicine 2,273 (20)
General medicine 1,439 (13)
Surgery/injury 1,612 (14)
Injury 1,376 (12)
Surgery 44(0.4)
Implant 192 (2)
Mechanical 110 (1)
Implant-associated infection 66 (0.6)
Other 16 (0.1)
Overall 5,324 (47)

*Chi-squared test, comparing osteosynthesis with endoprosthesis.
IQR, interquartile range; SD, standard deviation.

Similar to other studies on patients with PFFs, we
observed a female predominance.”?" With a mean of
13.5 days, LOS was longer than reported in other cohorts,
ranging between a mean of 2.5 days' and 8.9 days.">'®'%%
This is most likely attributable to peculiarities of the Aus-
trian healthcare system as already outlined above, with a
combination of a strong inpatient sector and a less well
developed secondary care facilities eventually reducing the
pressure for (early) patient discharge or transfer to remobiliza-
tion facilities.’” At 30 days, our overall readmission rate was
equivalent to 15%, and significantly higher in patients with
endoprosthetic arthroplasty (17%) than osteosynthesis (14%).
Slightly lower 30-day readmission rates have been reported by
Martin et al® in 17,765 patients (8%) and by Kates et al”® in
1,081 patients (12%) from the USA. Similarly, reported 30-day
readmission rates by Buecking et al' in 402 patients from
Germany (12%), and by Khan et al® in 467 patients from the
UK (12%) are lower than in our cohort. Also, our observed
one-year overall readmission rate of 47% is slightly higher
than in a nationwide study across the USA,* but comparable
to findings reported in a cohort study from Taiwan.” In light

Osteosynthesis

Endoprosthesis

(n=6,435) (n=4,835) p-value*
371 (6) 320(7) 0.062
199 (3) 157 (3) 0.642
351(6) 322(7) 0.008
296 (5) 244 (5) 0.272

13(0.2) 16 (0.3) 0.181
42(0.7) 62 (1) 0.001
24(0.4) 19 (0.4) 0.865
11(0.2) 35(0.7) <0.001
7(0.1) 8(0.2) 0414
921 (14) 799 (17) 0.001
1,277 (20) 996 (21) 0.323
792(12) 647 (13) 0.091
932 (15) 680 (14) 0.529
811(13) 565 (12) 0.141
23(0.4) 21(04) 0.517
98 (2) 94 (2) 0.087
72(1) 38(1) 0.075
18(0.3) 48(1) <0.001
8(0.1) 8(0.2) 0.566
3,001 (47) 2,323 (48) 0.138

of this, routine orthogeriatric screening upon admission of
patients with a PFF, as for example widely implemented in the
UK, may help to reduce readmission rates in Austria.**

In line with previous observations®®'”'" the most
common cause for readmission in our study was due
to internal medicine-associated complications. Furthermore,
implant-associated infections were the most frequent reason
for readmission due to implant-related complications in
patients with endoprosthetic arthroplasty, mirroring findings
in the literature.”>” Of note, the subgroup analysis comparing
patients with THA to those with hip hemiarthroplasty revealed
that the latter cohort was at significantly higher risk for 30-day
and one-year readmission, largely attributable to internal
medicine-associated complications. Moreover, male sex was
not only associated with higher readmission risk for internal
medicine-related complication, but also all-cause readmission
risk at 30 days and one year in both cohorts. Similar findings
have been reported in other studies on patients with PFFs
undergoing surgical therapy.”>'7'®? As male patients usually
present with more comorbidities than female patients of a
similar age,”’ these findings appear unsurprising.
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Table Ill. Factors influencing readmission for any complication at 30 days and one year in osteosynthesis and endoprosthesis patients.

Readmission timepoint

Osteosynthesis (n = 6,435)

30 days OR
Age group, yrs (< 55 ref.) (ref.)
55to 64 1.91
65to 74 3.29
275 441
Male sex 1.35
Hospital category (surgeries per year)* (A (0 to

250) ref.) (ref)
B (251 to 500) 0.96
C (501 to 750) 0.85
D (751 to 1,000) 0.66
E (>1,001) 1.01
LOS, days 1.00
1year

Age group, yrs (< 55 ref.) (ref)
55 to 64 1.33
65to 74 213
275 1.95
Male sex 1.18
Hospital category (surgeries per year)* (A (0 to

250) ref.) (ref)
B (251 to 500) 1.02
C (501 to 750) 0.88
D (751 to 1,000) 0.79
E (> 1,001) 1.02
LOS, days 1.01

Endoprosthesis (n = 4,835)

95% Cl p-value OR 95% Cl p-value
(ref.)
1.04 to 3.51 0.036 1.12 0.50to 2.54 0.780
1.88t05.75 <0.001 1.23 0.57 to 2.67 0.595
260to7.50 <0.001 1.59 0.75t0 3.36 0.228
1.17to 1.57 < 0.001 1.38 1.18t0 1.61 <0.001
(ref.)
0.72to0 1.30 0.774 0.81 0.60to 1.10 0.172
0.64t01.13 0.271 0.71 0.53t0 0.97 0.029
0.49 to 0.90 0.008 0.65 0.47 t0 0.89 0.008
0.76 to 1.36 0.992 1.13 0.83to 1.55 0.428
1.00 to 1.01 0.042 1.00 0.99to 1.01 0.755
(ref.)
0.99to 1.77 0.056 1.32 0.75to 2.31 0.339
1.63t02.78 <0.001 1.39 0.82t0 2.36 0.226
1.53t02.49 <0.001 1.69 1.01to 2.84 0.046
1.06 to 1.31 0.003 1.36 1.21to1.54 <0.001
(ref.)
0.83t0 1.26 0.849 0.82 0.65to 1.04 0.107
0.72to 1.09 0.240 0.74 0.58t0 0.93 0.011
0.63 t0 0.98 0.030 0.79 0.62to 1.01 0.064
0.83to 1.27 0.826 1.07 0.84to0 1.38 0.574
1.01t0 10.2 < 0.001 1.01 1.00 to 1.01 0.002

*Endoprosthetic arthroplasties and osteosyntheses.
Cl, confidence interval; LOS, length of stay; OR, odds ratio.

Evidently, advanced patient age also correlates with
presence of comorbidities.”® Thus, readmission risk owing
to general medicine- and internal medicine-related compli-
cations may increase in older patients with PFFs. In this
respect, however, discrepant findings have been reported in
the literature. One study discovered no association between
age and readmission rate in patients treated surgically for
PFFs,”” while others reported a significant one.””'*# Herein,
advanced age significantly and independently was associated
with higher readmission risk due to any complication, as well
as internal medicine-, general medicine-, and surgery/injury-
related complications in osteosynthesis patients (except for
readmission risk due to surgery/injury-associated complica-
tions at one year). In patients with endoprosthetic arthro-
plasty, only very old patient age (i.e. aged = 75 years) was
associated with higher one-year all-cause readmission risk. Of
note, similar findings were obtained when excluding patients
aged < 55 years, who can be considered as being more fit and
healthy than geriatric patients with PFF.
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One may argue that treatment of patients with PFFs
at category E (high-volume) hospitals results in a reduced
readmission rate. Intriguingly, our data revealed that surgi-
cal treatment at category C and D (mid-sized) hospitals
was generally associated with a lower readmission risk than
surgery at category A and B (very small-sized) hospitals.
This association was likewise observed in osteosynthesis and
endoprosthesis patients. Furthermore, treatment at category
D (mid-sized) hospitals was significantly associated with
lower 30-day or one-year readmission risk owing to sur-
gery/injury-associated complications. Notably, endoprosthetic
arthroplasty at category E (very large-sized) hospitals was
significantly associated with higher 30-day readmission risk
due to general medicine-related complications. Overall, our
findings point towards a reduced readmission risk for any
complication, as well as for surgery/injury-related complica-
tions in patients treated at category C and D (mid-sized)
hospitals compared to category A and B (very small-sized)
hospitals, while treatment at category E (high-volume) centres
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appears to have no protective effect. This observation may
be explained by the fact that patients with complex medical
histories are more likely to be admitted to very large-sized
centres with high expertise, as they are at higher risk for
development of postoperative complications.

Finally, prolonged LOS for primary treatment is known
for its negative impact on unplanned hospital readmission
risk in different patient populations.”*=' In the present
study, prolonged LOS significantly associated with increased
all-cause one-year readmission risk in both osteosynthesis
and endoprosthesis patients. This is unsurprising, given that
extended LOS upon primary surgery for PFF most likely
reflects a more complex perioperative management and
potential surgical delay due to prevailing comorbidities.’

Thus, future structural changes of the Austrian
healthcare system should focus on optimizing perioperative
management of patients with PFFs by reducing pre- as
well as post-surgical stay, eventually incorporating orthogeri-
atric screening as standard, and expanding the secondary
healthcare sector.

The uniform availability of investigated parameters in
a large patient cohort can be regarded as a strength of
the current study, especially when comparing our patient
number of 11,270 to studies involving < 500,*' < 5,000,620
or < 10,000 patients with PFFs.'"® Only studies using nation-
wide databases such as the American College of Surgeons
National Surgical Quality Improvement Programme (NSQIP),?
Medicare,”” or Danish Multidisciplinary Hip Fracture Registry
(DMHFR)?" included more patients than we did.

Apart from these strengths, some limitations have
to be considered. First, the lack of additional potentially
relevant information such as patient comorbidities, sub-dif-
ferentiation into per-, inter-, or subtrochanteric PFF, surgi-
cal time, cemented versus uncemented implants (although
international trends to use cemented systems in the case
of PFF are usually followed in Austria),® ASA grade, BMI, or
discharge destination constitutes a major limitation. Although
these factors may have affected readmission risk in the present
cohort, the focus was to assess not only all-cause readmis-
sion risk, but also reasons for readmission in detail, aiming
at providing new insights to eventually inform future health
policy decisions. Second, based on the structure of data
available, we were unable to differentiate between pre-sur-
gery and post-surgery in-hospital stay as well as potentially
associated reasons. Therefore, we can only extrapolate that
prolonged LOS was also in part influenced by a surgical
delay, which per se negatively affects outcome. Neverthe-
less, in Austria, government-based recommendations advise
operating on patients with PFF within 48 hours from admis-
sion.** In addition, there are no incentives or regulations in
Austria compared to other countries in favour of shortened
hospital stay. Third, patient death was not analyzed as a
secondary endpoint. However, as already outlined above, the
focus of this study was on investigation of readmission rates
together with reasons for readmission, rather than evalua-
tion of patient mortality. Further, hospital size was deter-
mined based on cumulative number of osteosyntheses and
endoprostheses performed, therefore one has to consider a
potential uneven case load distribution depending on each
hospital’s focus and expertise. Related to this, the eventual
impact of surgeons’ experience level on readmission risk could

not be assessed, as this information was unavailable. Next,
the study population also included patients aged < 55 years,
who may present with differing risk profiles compared to
older individuals. Therefore, subgroup analyses were carried
out excluding patients diagnosed with PFFs below the age of
55 years, yielding similar results to the ones obtained in the
entire cohort. In addition, a clear connection between surgery
for PFF and complications necessitating hospital readmission,
especially for those readmissions taking place several weeks
following discharge, can only be assumed. Moreover, owing
to limited event numbers, individual reasons leading to
readmission, apart from differentiation into general medicine-,
internal medicine-, and surgery/injury-associated complica-
tions, were not considered in the statistical models for 30-day
and one-year readmission risk. In this context, numbers on
specific reasons for readmission are altogether rather low,
and therefore the practical relevance of observed statistically
significant differences has to be interpreted cautiously.

According to this cross-sectional study analyzing
patients treated surgically for proximal femoral fractures
within one year across Austria, male sex is associated with
higher 30-day and one-year readmission risk, regardless of the
surgical procedure performed. Prolonged LOS is associated
with increased readmission risk, while treatment at mid-sized
hospitals appears to be negatively associated with readmis-
sion risk. Considering that the most frequent reason for
readmission was due to internal medicine-related compli-
cations, optimization of perioperative and post-discharge
management in this vulnerable patient population, as already
implemented in other countries as the UK, should be one
target of future health policy decisions in Austria.

Supplementary material

Tables depicting International Classification of Diseases-10 codes
used to identify reason for readmission within one year from surgery
for per- and subtrochanteric fractures; subgroup analyses excluding
patients aged 55 years and below, investigating factors associated
with readmission for any complication at 30 days and one year;
analyses on factors influencing readmission for complications in
osteosynthesis patients; and statistical analyses on the influence

of parameters on readmission for complications in endoprosthesis
patients.
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