
ORIGINAL ARTICLE

Improved 1-year mortality in elderly patients with a hip fracture
following integrated orthogeriatric treatment

E. C. Folbert1 & J. H. Hegeman1
& M. Vermeer2 & E. M. Regtuijt3 & D. van der Velde1 &

H. J. ten Duis4 & J. P. Slaets5

Received: 30 January 2016 /Accepted: 14 July 2016 /Published online: 21 July 2016
# International Osteoporosis Foundation and National Osteoporosis Foundation 2016

Abstract
Summary To improve the quality of care and reduce the
healthcare costs of elderly patients with a hip fracture, sur-
geons and geriatricians collaborated intensively due to the
special needs of these patients. After treatment at the Centre
for Geriatric Traumatology (CvGT), we found a significant
decrease in the 1-year mortality rate in frail elderly patients
compared to the historical control patients who were treated
with standard care.
Introduction The study aimed to evaluate the effect of an
orthogeriatric treatment model on elderly patients with a hip
fracture on the 1-year mortality rate and identify associated
risk factors.
Methods This study included patients, aged 70 years and
older, who were admitted with a hip fracture and treated
in accordance with the integrated orthogeriatric treat-
ment model of the CvGT at the Hospital Group
Twente (ZGT) between April 2008 and October 2013.
Data registration was carried out by several disciplines

using the clinical pathways of the CvGT database. A
multivariate logistic regression analysis was used to
identify independent risk factors for 1-year mortality.
The outcome measures for the 850 patients were com-
pared with those of 535 historical control patients who
were managed under standard care between October
2002 and March 2008.
Results The analysis demonstrated that the 1-year mor-
tality rate was 23.2 % (n = 197) in the CvGT group
compared to 35.1 % (n = 188) in the historical control
group (p < 0.001). Independent risk factors for 1-year
mortality were male gender (odds ratio (OR) 1.68), in-
creasing age (OR 1.06), higher American Society of
Anesthesiologists (ASA) score (ASA 3 OR 2.43, ASA
4–5 OR 7.05), higher Charlson Comorbidity Index
(CCI) (CCI 1–2 OR 1.46, CCI 3–4 OR 1.59, CCI 5
OR 2.71), malnutrition (OR 2.01), physical limitations
in activities of daily living (OR 2.35), and decreasing
Barthel Index (BI) (OR 0.96).
Conclusion After integrated orthogeriatric treatment, a
significant decrease was seen in the 1-year mortality
rate in the frail elderly patients with a hip fracture com-
pared to the historical control patients who were treated
with standard care. The most important risk factors for
1-year mortality were male gender, increasing age, mal-
nutrition, physical limitations, increasing BI, and medi-
cal conditions. Awareness of risk factors that affect the
1-year mortality can be useful in optimizing care and
outcomes. Orthogeriatric treatment should be standard
for elderly patients with hip fractures due to the multi-
dimensional needs of these patients.
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Introduction

Due to the aging population, the number of hip fractures will
increase because of the elevated risk of falling and osteoporo-
sis in the elderly [1–4]. The consequences of a hip fracture are
serious. On average, one in three patients die within the first
year of sustaining this type of fracture, and inmore than half of
these patients, their mobility is still limited 1 year after injury
[5, 6]. Age-related aspects, such as comorbidity, frailty, and
polypharmacy, indicate that treatment is complex. The risks
that patients will develop severe complications and loss of
function are considerable and often associated with high treat-
ment costs [7].

In Great Britain in the 1960s, geriatric consultations were
introduced to improve the care for elderly patients with hip
fractures [8]. Following this example, over the last 20 years,
surgeons and geriatricians have been working together more
intensively, resulting in a variety of treatment models of care.
Recently, international guidelines and recommendations have
addressed the importance of combined geriatric and surgical
treatment as an alternative to traditional treatment.

In 2008, the Geriatric Traumatology Center (CvGT) at
Ziekenhuisgroep Twente Almelo-Hengelo (ZGT) was the first
center in the Netherlands to implement the integrated
orthogeriatric treatment model for elderly patients with a hip
fracture. Recent reviews of Kammerlander and Grigoryan and
co-workers have shown that there are beneficial effects of
integrated orthogeriatric care in comparison with other models
[9, 10]. However, empirical data on the efficacy of integrated
orthogeriatric care are scarce.

The objective of our study was to analyze the incidence of
the 1-year mortality and its risk factors in elderly patients with
a hip fracture who have been treated with an integrated
orthogeriatric model of care in comparison with patients man-
aged under standard care before the introduction of the CvGT.
In order to support future research and benchmarking into this
field, we used outcome parameters based on international
guidelines and recommendations from an international expert
group [11].

Methods

Study design and patients

Between April 2008 and October 2013, patients admitted to
ZGT were identified for inclusion in this prospective cohort
study. Inclusion criteria were hip fracture, aged 70 years and
older, and treated in accordance with the integrated
orthogeriatric treatment model. Fit patients who were referred
to the orthopedic service for total hip replacement because of
prefracture suffering from coxarthrosis and those patients with
pathological or periprosthetic fractures were excluded, as were

the patients who died preoperatively. Informed consent was
obtained from all of the individual participants (or a patient
proxy). To compare the outcome measures, historical control
patients who were managed under standard care in our hospi-
tal between October 2002 andMarch 2008 were used with the
same inclusion and exclusion criteria.

Setting

In line with the markers for effective, high-quality, and safe
care of the Quality Standard of the Nice Guideline Hip
Fractures in Adults, the highlight of the CvGT model is the
proactive attitude on preventing patients from adverse events
and premature dying, enhancing the quality of life for patients
with long-term conditions, helping patients recover following
an injury, and ensuring that patients have a positive experience
of care in a safe environment [12]. The aim of the introduction
of the integrated orthogeriatric treatment model was to prevent
complications and loss of function by implementing a proac-
tive approach by means of early geriatric co-management
from admission to the emergency department (ED) by follow-
ing clinical pathways and implementing a multidisciplinary
approach. A nurse practitioner or physician’s assistant special-
ized in trauma surgery made daily visits to the ward under the
supervision of a trauma surgeon and geriatrician. For purposes
of fall prevention, chronic medication was evaluated, osteo-
porosis status was investigated, and treatment was started if
necessary. A multidisciplinary meeting was held twice a week
to discuss the treatment goals, patient progress, and discharge
plan. The aim was to have the patients ready for discharge
within 5–7 days. Surgery follow-up appointments involved
patients attending a multidisciplinary outpatient clinic where
they visited a trauma surgeon, physiotherapist, and nurse spe-
cialized in osteoporosis (Bosteo-physio-trauma outpatient
clinic^) (Fig. 1).

Prior to the introduction of the orthogeriatric treatment
model, hip fracture patients were treated as Busual^ without
a standardized multidisciplinary approach, clinical pathway,
early geriatric co-management and proactive attitude to pre-
vent complications and loss of function. Various specialties
(i.e., internal or pulmonary medicine, cardiology, or urology)
were consulted for the management of medical complications
as they occurred. Standard data monitoring for quality im-
provement of the treatment process and research were not
used.

Data collection

In the CvGT group, uniform data collection and recordings of
all patient data were achieved by a standard evaluation accord-
ing to the clinical pathway for hip fracture patients. The fol-
lowing patient characteristics were registered at the baseline
examination: gender, age, Hospital Safety Management

270 Osteoporos Int (2017) 28:269–277



(VMS) frailty score and its separate items (i.e., delirium, prior
falling, malnutrition, and physical limitations in activities of
daily living [13], previously diagnosed dementia (by a geria-
trician/neurologist), American Society of Anesthesiologists
Physical Status Classification System (ASA) (classified as
1–2, 3, and 4–5) [14], history of osteoporosis, previous oste-
oporotic fracture (e.g., wrist, vertebral, or hip fracture), type of
fracture, Barthel Index (BI) [15], Parker Mobility Score
(PMS) [16], and place of residence. At the baseline examina-
tion, comorbidities were scored with the CCI. The CCI cate-
gorizes and assigns weights and severities to 19 different pa-
tient comorbidities with a predicted 1-year mortality rate for
CCI 0 of 12%, CCI 1–2 of 26%, CCI 3–4 of 52%, and CCI 5
or more of 85 % [17].

In line with international guidelines, recommendations,
and national quality indicators for the auditing of care [12,
13], the following outcome variables were registered: first,
mortality data were checked with the municipal death registry
(GBA) and documented in time intervals (i.e., in-hospital mor-
tality, mortality within 30 days, and mortality within 1 year
after hip fracture). Furthermore, we registered the length of
stay in the ED in minutes, conservative or operative treatment,

and type o f ope r a t i on ( i . e . , o s t eo syn the s i s o r
hemiarthroplasty), time to hip fracture surgery from admission
(i.e., within or after 24 h), length of hospital stay in days, and
incidence of postoperative surgical and medical (nonsurgical)
complications. On discharge, the patients were again scored
on the BI and PMS.

For the historical control patients (UC group) data regard-
ing gender, age, type of fracture, ASA score, prefracture living
situation, time to surgery, conservative or surgical treatment
and type of surgery, and postoperative course complications
(if any) were collected retrospectively from the medical re-
cords. Mortality data were generated and checked with the
GBA.Due to Busual care^, no specific variables for measuring
the outcomes of elderly patients with hip fractures were avail-
able. See Appendix List of definitions.

Outcomes and statistical analyses

The primary outcome measure was the incidence of 1-year
mortality in patients with a hip fracture and identification of
associated risk factors. Normally distributed continuous vari-
ables were presented as a mean with a standard deviation

Shortened history-taking on ED

Admitted to ward within 1 hour 

CvGT 

Operative intervention within 24 

hours

CvGT ward

Discharge home or to nursing home 

within 5-7 days 

Follow-up at outpatient clinic

Patient with hip fracture aged 70 years and older

Consultation with 

geriatrician

Consultation with 

physiotherapist

Transfer nurse 

Postoperative day 2

Physiotherapy-trauma 

outpatient clinic

Fall clinic 

Fracture 

prevention clinic

Fig. 1 Flowchart showing
treatment process
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(SD), not normally distributed continuous variables were pre-
sented as a median with an interquartile range (IQR), and
categorical variables were presented as a number with a cor-
responding percentage.

Testing of associations was performed with independent
samples T tests or Mann–Whitney U tests as appropriate for
continuous variables and by Chi-square tests for between-
group comparisons of categorical variables.

To identify a subset of independent variables that were
associated with 1-year mortality, a univariate logistic regres-
sion analyses was performed. A univariate analysis was per-
formed with gender, age, VMS frailty items (i.e., delirium,
falling, physical limitations, and malnutrition), ASA score,
dementia, CCI, fracture type, BI score, PMS, and prefracture
living situation. The variables with a p value <0.15 were en-
tered in a multivariate logistic regression model.
Subsequently, variables with the highest p value were re-
moved step by step until the fit of the model decreased signif-
icantly (based on the likelihood ratio test).

One-year mortality rates between the CvGT group and the
usual care (UC) group were compared using a Chi-square test.
Survival analysis (Kaplan-Meier analysis and Cox
proportional hazard regression analysis) were performed to
compare the two groups. A p value <0.05 was regarded as
being statistically significant. The Statistical Package for the
Social Sciences, version 20 (SPSS Inc., Chicago, USA) was
used.

Results

Patient characteristics

The baseline characteristics of the CvGT group and the UC
group are presented in Table 1. The CvGT patients were older
(mean (SD) age 83.0 ± 6.4 years vs. 82.0 ± 6.1 years,
p = 0.015), had more severe comorbidities (ASA 3 or higher
78.4 vs. 53.0 %), and had more institutionalized patients in
skilled nursing homes prior to admission (15.8 vs. 10.5 %) in
comparison with the patients in the UC group.

The majority of patients treated in the CvGT group
(97.8 %, n = 831) reported a history of previous falls within
6 months prior to admission. 70.4 % (n = 598) of the CvGT
group scored positive on the VMS frailty physical limitations
item, 28.4 % (n = 241) scored positive on the VMS frailty
delirium item, and 18.9 % (n = 161) scored positive on the
VMS frailty malnutrition item. Themedian (IQR) VMS frailty
score was 2.0 (2.0–3.0). In 29.4 % (n = 250) of the CvGT
patients, the CCI was 3 or more, and 20.8 % (n = 177) of the
patients were suffering from dementia. A total of 12.1 %
(n = 103) of the CvGT group had a history of diagnosed oste-
oporosis, and 15.5 % (n = 132) had experienced a previous
osteoporotic fracture. The preoperative median (IQR) BI and

PMS were 16.0 (13.0–20.0) and 6.0 (3.0–9.0), respectively
(Table 2).

Mortality following hip fracture

In the CvGT group, the 1-year mortality rate was 23.2 %
(n = 197) compared to 35.1 % (n = 188) in the UC group
(p < 0.001) (Table 1). The survival curve is presented in
Fig. 2 (log rank p < 0.001).

The hazard ratio (HR) in the CvGT group compared to the
UC group was 0.44 with a 95 % confidence interval (CI) of
0.36–0.54 (p < 0.001), after adjustment for gender, age, ASA
score, and prefracture living.

Risk factors for 1-year mortality

In the univariate logistic analysis of the CvGT patients, gen-
der, age, VMS frailty (i.e., delirium, malnutrition, and physi-
cal limitations), dementia, ASA score, CCI score, BI, PMS,
and prefracture living situation were significantly related to
mortality. Multivariate regression analyses revealed that male
gender (OR 1.68, 95 % CI 1.13–2.45), increasing age (OR
1.06, 95 % CI 1.02–1.09), higher ASA score (ASA 3 OR
2.43, 95 % CI 1.25–4.74, ASA 4–5, OR 7.05, 95 % CI
3.20–15.52), higher CCI score (CCI 1–2 OR 1.46, 95 % CI
0.83–2.57, CCI 3–4 OR 1.59, 95 % CI 0.85–2.96, CCI 5 OR
2.71, 95% CI 1.23–5.93), VMS frailty malnutrition (OR 2.01,
95 % CI 1.34–3.02), VMS frailty physical limitations (OR
2.35, 95 % CI 1.32–4.20), and decreasing BI (OR 0.96,
95% CI 0.92–1.01) were independent risk factors of mortality
within 1 year following hip fracture (Table 3). Nagelkerke R2

was 25 % for this model.

Perioperatively

The treatment details of both patient groups are presented in
Table 1. In the CvGT group, 2 % (n = 17) of patients were
treated conservatively compared to no patients in the UC
group (p < 0.001). Differences between the groups were ob-
served in the use of endoprosthesis (33.6 % in CvGT vs.
26.7 % in UC) and internal fixation for femoral neck fractures
(18.6 % in CVGT vs. 25.0 % in UC). Time to surgery was not
significantly different between the CvGT group and the UC
group (p = 0.259).

Postoperative course and 1-year mortality

A complicated course was found in 53.4 % (n = 454) of the
CvGT patients compared to 66.9 % (n = 358) of the patients
who were managed with standard care (p < 0.001). We detect-
ed a significant association between a complicated course and
1-year mortality in both groups (both p < 0.001). One-year
mortality rates in patients with a complicated course were
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30.6 % (n = 139) in the CvGT group and 42.2 % (n = 151) in
the UC group.

A detailed analysis of complications in the CvGT group
revealed that in 454 patients, a total of 788 postoperative com-
plications were diagnosed. Of these complications, 93 %
(n = 733) were medical and 7.0 % (n = 55) were surgical.
The most common postoperative complications were delirium
(24.4 %, n = 207), anemia (16.8 %, n = 143), urinary tract
infections (9.8 %, n = 83), pneumonia (8.1 %, n = 69), and
heart failure (6.8 %, n = 58) (Table 4).

The patients from the CvGT group were discharged after a
median (IQR) length of hospital stay of 8.6 days (5.9–13.2)
compared to 10.0 days (7.0–17.0) in the UC group (p < 0.001).
In the CvGT group, we observed mean (SD) differences

between the preoperative and discharge BI and PMS, which
were 5.7 (±3.9) points and 3.3 (±2.4) points, respectively.

Discussion

In the present study, the 1-year mortality rate was 23.2 %
in the elderly patients with a hip fracture after integrated
orthogeriatric treatment in the CvGT group compared to
35.1 % in the historical control group. We found that
integrated orthogeriatric treatment was associated with a
reduction in the hospital mortality and long-term mortality
rates [10]. These rates were remarkably lower than ex-
pected in this vulnerable study population. Relatively

Table 1 Baseline characteristics
and outcome measures CvGT (n = 850) Usual care (n = 535) p value

Gender; ♂:♀; n (%) 224 (26.4):626 (73.6) 153 (28.6):382 (71.4) 0.361

Age in years; mean (SD) 83.0 (6.4) 82.0 (6.1) 0.015

ASA classification; n (%) <0.001

1–2 184 (21.7) 251 (46.9)

3 553 (65.1) 264 (49.3)

4–5a 113 (13.3) 20 (3.7)

Pre fracture living; n (%) 0.019

Independent, with or without
home care services

606 (71.3) 402 (75.1)

Residential home/assisted living 110 (12.9) 77 (14.4)

Institutionalized in skilled nursing home 134 (15.8) 56 (10.5)

Fracture type; n (%) 0.006

Fracture of neck of femur 443 (52.1) 258 (48.2)

Intertrochanteric femur fracture 369 (43.4) 231 (43.2)

Subtrochanteric femur fracture 38 (4.5) 46 (8.6)

Conservative treatment; n (%) 17 (2.0) 0 <0.001

Surgical treatment; n (%) 833 (98.0) 535 (100.0) 0.009

Internal fixation for femoral neck fracture 154 (18.6) 134 (25.0)

Endoprosthesis for femoral neck fracture 280 (33.6) 143 (26.7)

Internal fixation intertrochanteric and
sub trochanteric femur fracture

394 (47.3) 256 (47.9)

Otherb; n (%) 4 (0.5) 2 (0.4)

Time to surgery from admission; n (%) 0.259

Within 24 h 630 (75.6) 418 (78.3)

After 24 h 203 (24.4) 116 (21.7)

Patients with one or more complications; n (%) 454 (53.4) 358 (66.9) <0.001

Length of hospital stay in days; median (IQR) 8.6 (5.9–13.2) 10.0 (7.0–17.0) <0.001

In hospital mortality; n (%) 37 (4.4) 33 (6.2) 0.133

Mortality ≤30 days; n (%) 64 (7.5) 55 (10.3) 0.075

Mortality ≤365 days; n (%) 197 (23.2) 188 (35.1) <0.001

ASA American Society of Anesthesiologists physical Status classification, IQR interquartile range, SD standard
deviation
a ASA 4–5, two patients in ASA 5
bGirdle stone procedure, external fixator, femoral plate osteosynthesis with cerclage wires
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few studies have been performed to evaluate the in-
hospital mortality and long-term mortality outcomes in
elderly hip fracture patients following integrated
orthogeriatric treatment in comparison with standard care
[18–22]. Our findings are similar to those of Grigoryan
et al. [10]

We also found an unfavorable patient profile, which
makes the elderly hip fracture patient frailer than the
elderly patient without a hip fracture [19, 22, 23]. The
concept of frailty is a geriatric syndrome characterized
by the age-associated decline in physiological reserve

and function across multi-organ systems, leading to in-
creased vulnerability for adverse health outcomes [24].
Frailty has been shown to be a significant predictor of
postoperative adverse outcomes in elderly patients
[25–28]. Two recent studies have shown that in half
of the elderly patients with a hip fracture, frailty, as
well as the risk of morbidity, loss of function, and
death, increased over time due to the occurrence of
frequent falls, osteoporosis, previous osteoporotic frac-
tures, presence of comorbidity, low body mass index,
and malnutrition [22, 26]. In our experience, the out-
come on the 1-year mortality rate in our study provides
a strong argument that elderly patients with a hip frac-
ture require the most optimal possible treatment.
Integrated orthogeriatric treatment should be the stan-
dard approach with regard to the multidimensional
needs of these patients.

Patient characteristics have a great influence on pa-
tient outcome [27, 29, 30]. For clinicians, it is relevant
to gain insight into the underlying factors that influence
the mortality risk following a hip fracture in an attempt
to plan effectively for patient care and optimize the
quality of care.

Throughout the world, a number of measuring instru-
ments are used for the prognostic scoring of elderly
patients with hip fractures who are at risk of adverse
outcomes [23]. We identified eight patient characteristics
that predict 1-year mortality following hip fracture sur-
gery. The most important risk factors were male gender,
increasing age, poor general health (i.e., higher ASA
score and CCI of 5 or more), VMS frailty malnutrition
and physical limitations, and decreasing BI. However,
knowing the risk factors is not the same as having an
instrument that is sensitive and specific enough to be
useful in clinical practice for stratifying patients.
Current models, such as the VMS frailty score, are able
to predict the variance in the outcome on a group level;
however, these models are not good enough for deci-
sions on an individual level. Perhaps individual predic-
tion is not within reach because of the complexity of
the risk factors involved. Because integrated care is not
likely to be harmful for anyone, a triage system with
good sensitivity and negative predicted value would be
the first goal. A future study goal will be to determine
the efficacy of a combined triage system with an inte-
grated care pathway.

Due to the recent introduction of the Dutch Health
Care Inspectorate’s (IGZ) performance indicator on ge-
riatric co-management in older patients, Dutch
policymakers in hospitals and treating professionals are
obliged to evaluate and redesign their treatment process-
es in this area. The introduction of a national database
into the healthcare system could make a substantial

Table 2 Orthogeriatric patient characteristics CvGT group (n = 850)

VMS frailty itema; n (%)

Delirium 241 (28.4)

Prior fall 831 (97.8)

Malnutrition 161 (18.9)

Physical limitations 598 (70.4)

VMS frailty score; median (IQR) 2.0 (2.0–3.0)

Dementia; n (%) 177 (20.8)

Charlson Comorbidity Index; n (%)

CCI∞ 0 206 (24.2)

CCI 1–2 394 (46.4)

CCI 3–4 188 (22.1)

CCI ≥5 62 (7.3)

Osteoporosis; n (%) 103 (12.1)

Prior osteoporotic fracture; n (%) 132 (15.5)

Barthel Index at admission; median (IQR) 16.0 (13.0–20.0)

Barthel Index at discharge; median (IQR) 10.0 (7.0–13.0)

Parker Mobility Score at admission; median (IQR) 6.0 (3.0–9.0)

Parker Mobility Score at discharge; median (IQR) 2.0 (1.0–3.0)

Length of stay on EDa in minutes; mean (SD) 102 (50.0)

CCI Charlson Comorbidity Index, ED emergency department, IQR inter-
quartile range, SD standard deviation
aVMS Hospital Safety Management frailty scoring system

CvGT group

Usual Care group

Fig. 2 Kaplan-Meier survival curve over 1 year following hip fracture
treatment
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contribution to this. The most well-known example is
Great Britain’s National Hip Fracture Database, where
the healthcare system awards suitable remuneration to
those hospitals that achieve excellence in the care of
hip fractures (i.e., the Best Practice Tariff). Since
2008, the CvGT has been using a database and clinical
pathways for process monitoring, quality measurement,
and research. Global aging is accelerating, and hip frac-
tures can be expected to increase. Much work is needed
to improve the treatment of this vulnerable elderly
group. We would like to use our experience with and
results from the integrated orthogeriatric treatment mod-
el for benchmarking with other hospitals and for nation-
a l and in t e rna t i ona l r e s ea r ch in to long - t e rm
effectiveness.

Strengths and weaknesses analysis

A strength of this study is that it is the first study in the
Netherlands to describe the effectiveness of an integrated

orthogeriatric treatment model on 1-year mortality compared
to standard care and associated risk factors in elderly patients
with a hip fracture. A limitation of study is selection bias
because the fittest elderly patients are treated with a total hip
prosthesis and are excluded in this series. Overestimating the
favorable results would seem unlikely.

Another strength is a good description and analysis of
the case mix, such as the VMS frailty scoring system, in
relation to 1-year mortality after a hip fracture. In addi-
tion, use has been made of specifically defined measuring
instruments and outcome measures for the treatment of a
representative frail patient population with a follow-up
period of 1 year. This means that it can be used for
benchmarking and for both national and international re-
search. Points of criticism are the use of data of a histor-
ical control group with standard variables instead of a
randomized study design. The impact of a hip fracture
on the quality of life and the patient perspective were
not analyzed. These should be part of future studies.
Another research question would be the analysis of the

Table 3 Risk factors for
mortality within 1 year following
hip fracture

Univariate analysis Multivariate analysis

OR 95 % CI p value OR 95 % CI p value

Male gender 1.48 1.05–2.10 0.026 1.68 1.13–2.45 0.011

Age in years 1.07 1.04–1.09 <0.001 1.06 1.02–1.09 0.001

Fracture type 1.04 0.73–1.41 0.926

VMS frailty deliriuma 2.16 1.55–3.02 <0.001

VMS frailty prior fallb 0.60 0.15–2.42 0.474

VMS frailty malnutritionc 2.56 1.77–3.70 <0.001 2.01 1.34–3.02 <0.001

VMS frailty physical limitationsd 4.61 2.83–7.53 <0.001 2.35 1.32–4.20 0.004

Dementia 2.22 1.55–3.19 <0.001

ASA 3e 4.19 2.26–7.77 <0.001 2.43 1.25–4.74 0.009

ASA 4–5e 16.23 8.12–32.42 <0.001 7.05 3.20–15.52 <0.001

CCI 1–2f 2.65 1.59–4.40 <0.001 1.46 0.83–2.57 0.191

CCI 3–4f 3.73 2.16–6.47 <0.001 1.59 0.85–2.96 0.149

CCI 5f or more 7.74 3.95–15.47 <0.001 2.71 1.23–5.93 0.013

Barthel Index preoperative 0.89 0.86–0.92 <0.001 0.96 0.92–1.01 0.091

Parker Mobility Score preoperative 0.82 0.77–0.87 <0.001

Residential homeg 2.19 1.40–3.44 0.001

Skilled nursing homeg 2.77 1.85–4.16 <0.001

ASA American Society of Anesthesiologists physical Status classification, CI confidence interval, CCI Charlson
Comorbidity Index, OR odds ratio, VMS Hospital Safety Management System Frailty scoring system
aNot frail on VMS delirium
bNot frail on VMS prior fall
c Not frail on malnutrition
dNot frail on physical limitations
e ASA 1–2
f CCI 0
g Prefracture living independently
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performance of our patients during geriatric rehabilitation
in nursing homes following the hip fracture pathway.

Conclusion

After integrated orthogeriatric treatment, a significant de-
crease was seen in the 1-year mortality rate in frail elderly
patients compared to historical control patients treated with
standard care. The most important risk factors for 1-year mor-
tality were gender, increasing age, malnutrition, physical lim-
itations, decreasing BI, and medical conditions. Awareness of
the risk factors that affect 1-year mortality rate can be useful in
an attempt to optimize care and outcomes. Orthogeriatric
treatment should be standard for elderly patients with hip frac-
tures due to the multidimensional needs of these patients.
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Appendix

Definitions of measuring instruments used

The VMS frailty score was used to screen for frailty on the following
items: delirium, falling, physical limitations and malnutrition. Score 0;
not frail, maximum score 4; frail on all items.

Preoperative state of health was assessed using the American
Society of Anesthesiologists physical status classification system
(ASA): ASA 1–2 no or less comorbidity; ASA 3 severe systemic
disease requiring medication, limitation of activities; ASA 4 ex-
treme systemic disorder involving a chronic threat to life; ASA 5
extremely ill patient, death expected within 24 h with or without
intervention.

We used the Charlson Comorbidity Index (CCI) to estimate the prob-
ability of death within 1 year after hip fracture as a reference. This score
was first reported in 1987 [16]. The CCI categorizes and assigns weights
and severities to 19 different patient comorbidities with a predicted 1-year
mortality for CCI 0 of 12%; CCI 1–2 of 26%; CCI 3–4 of 52%; CCI 5 or
more of 85 %. At baseline, comorbidities were scored with the CCI and
classified in 0, 1–2, 3–4, 5 or >.

The Barthel Index (BI) was used to measure the level of functioning in
activities of daily living (ADL): score 0–4 completely dependent on help,
5–9 requires major help, 10–14 requires help but can do a lot indepen-
dently, 15–19 reasonably to adequately independent, 20 completely inde-
pendent in ADL.

The Parker Mobility Score (PMS) was used to measure mobil-
ity both within and outside the home as well as the ability to
undertake activities outdoors. It is a composite score which results
in a total score ranging from 0 (unable to mobilize) to 9
(independent).

In this study complications were registered as:

1. Surgical complications; defined as:

& Superficial site infection: diffuse redness, serous fluid leakage,
and no fever. (RIVM, 2014)

& Deep wound infection; worse than superficial, need for
revision.

& Dislocation of the prosthesis and failure of osteosynthesis: di-
agnosis confirmed on XR, need for revision.

2. Medical complications; defined as:

& Delirium: based on the Delirium Observation Screening Scale:
score above 3, geriatrician diagnosis confirmed in medical
record.

& Anemia: requiring transfusion based on the transfusion guide-
lines (CBO, 2007)

& New arrhythmia; in comparison with electrocardiogram at ad-
mission, with need for treatment.

& Cerebrovascular accident; hemiparesis or hemiplegia, a CT ce-
rebrum is performed.

& Heart failure; clinical presentation, diagnosis confirmed on
CXR, started diuretics.

& Pressure sores; classified as Grade 1 till 4 Braden scale

Table 4 Postoperative complications during admission in CvGT group
(n = 454)

Medical; n (%) 733 (93.0)

Delirium 207 (24.4)

Anemia 143 (16.8)

Urinary tract infection 83 (9.8)

Pneumoniae 69 (8.1)

Heart failure 58 (6.8)

Othersa 65 (7.6)

Arrhythmia 41 (4.8)

Renal failure 39 (4.6)

Hypoxemia 16 (1.9)

Myocardial infarction 5 (0.6)

Cerebrovascular accident 5 (0.6)

Pulmonary embolism 2 (0.2)

Surgical; n (%) 55 (7.0)

Superficial wound infection 38 (4.5)

Dislocation implant 8 (0.9)

Failure implant 1 (0.1)

Re-operation 6 (0.7)

Deep wound infection 2 (0.2)

a Pressure ulcers, gastrointestinal bleeding, ileus, femoral nerve lesion,
liver failure due to use of antibiotics, fall with contralateral hip fracture,
fall with olecranon fracture, elevated International Normalized Ratio
(INR) after start of anticoagulants
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& Pulmonary embolism; confirmed with CT-angio.

& Deep venous thrombosis; confirmed with echo duplex.

& Myocardial infarction; elektrocardiogram abnormalities suspi-
cious for ischemia and elevated cardiac troponin level.

& Renal failure; significant decrease GFR in comparison with
admission GFR.,

& Pneumonia; clinical presentation, diagnosis confirmed on CXR,
started antibiotics.

& Urinary retention; retention of 300 mL or more confirmed with
bladder scan.

& Urinary tract infection; urine sediment with positive WBC and
nitrite, started antibiotics.

& Other complications; f.e. phlebitis, n.femoralis paralysis, ileus,
electrolyte abnormalities.
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