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Abstract

Introduction: Hip fractures are a significant health risk in older adults and a major cause of morbidity, functional decline and
mortality. Our aim was to compare clinical outcomes of older patients hospitalized in an ortho-geriatric (OG) unit to those
hospitalized in an orthopedic department (OD) for surgical treatment of a hip fracture. Methods: A retrospective cohort study
of hip fractured patients hospitalized between 2015-2016 in a single tertiary university-affiliated medical center. Included were
patients aged 65 and older who had undergone hip fracture surgery and were admitted to either a geriatric or orthopedic ward.
Results: 44| patients met the inclusion criteria (195 in the OG unit, 246 in the OD); 257 were transferred to an affiliated geriatric
center hospital (107 from the OG unit and 127 from the OD) for rehabilitation. Patients in the OG unit were older, more
cognitively and functionally impaired and with more comorbidities. The |-year mortality rate was significantly lower in the OD
group (OR 0.32, Cl 95% 0.19-0.53, p < 0.001), however, after propensity matching, the 30-day and | year mortality rates were
similar in both groups. No difference was found in the rehabilitation length of stay between the groups. The functional inde-
pendence measure improvement was similar in both groups, with a non-significant trend toward better functional improvement
among OG unit patients. Conclusions: Despite the higher complexity of patients, worse baseline functional capacity in the
OG unit, improvement after rehabilitation was similar in both groups. These results demonstrate the advantages of the OG
unit in treating and stabilizing frail older adults, thus maximizing their chances for a successful recovery after hip fractures.
Level of Evidence: Level IV
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the geriatrician in managing hip-fractures is well known.
Among the advantages are higher home discharge, lower
re-hospitalization and lower post-operative delirium and
depression rates.®”

Studies addressing functional status outcomes of hip frac-
ture patients following a geriatric assessment are scarce and
have reported mixed results.'®'? The cumulative work demon-
strating the advantages of a geriatric assessment for older
adults with hip fractures has led many orthopedic departments
to integrate geriatricians into the department. Another approach
which has evolved in recent years is hospitalizing elderly
patients suffering from hip fractures in acute geriatric wards,
to be cared for by a multidisciplinary team including orthope-
dic surgeons as consultants. Several studies have reported the
advantages of this strategy which include shorter waiting time
for surgery, shorter hospitalization, better cost effectiveness,
reduction of in-hospital mortality, better functional improve-
ment and lower rates of re-hospitalization.'>™'

Older adults (>65 years) hospitalized in our medical center,
diagnosed with a hip fracture are admitted either to the ortho-
geriatric (OG) unit of the acute geriatric ward or to the ortho-
pedic department (OD), based on the availability of beds and
the orthopedic surgeon’s judgment in the emergency room
(ER). In the OG unit, patients undergo comprehensive geriatric
assessments by a multi-disciplinary team (including a geriatri-
cian, physiotherapist, occupational therapist, dietitian, etc.) and
receive a tailor-made treatment plan. The plan addresses opti-
mal preparation for surgery, prevention, identification and
treatment of major complications (e.g. delirium, pain control,
dehydration, early mobilization and proper nutrition). In the
OD, geriatric consultations ensue when the orthopedic surgeon
deems it necessary. In this study, we aimed to retrospectively
compare the demographics and clinical outcomes of older
patients hospitalized in the OG unit versus older patients hos-
pitalized in the OD for surgical treatment of a hip fracture.

Patients and Methods
Study Design

This was a retrospective cohort study of hip fractured patients
hospitalized in a single tertiary university-affiliated medical
center between 2015-2016. All patients aged >65 hospitalized
in the OG unit or OD for acute hip fracture surgery, were
included in the study. Exclusion criteria included patients who
had not undergone hip fracture surgery, those who had experi-
enced a trauma other than an accidental fall (such as a motor-
vehicle accident) and patients with fractures which had
occurred in the hospital. Data were retrieved from our center’s
computerized databases and included patients’ demographics,
medical history, drug prescriptions, performance status, cogni-
tive status, routine laboratory tests, fracture type, type of sur-
gery, post-operative complications and rehabilitation status,
when available. Comorbidity burden was evaluated by the
Charlson Comorbidity Index (CCI).'® Performance status was
assessed by the Katz Index of Independence for Activities of

Daily Living (ADL)'” and the Functional Independence Mea-
sure (FIM) score. Cognition was assessed by standard screen-
ing tests such as the Mini—-Mental State Examination (MMSE),
the Montreal Cognitive Assessment (MoCA)'® or obtained
from the patient’s medical history. Complications which were
evaluated included mortality, post-operative infections, cardi-
ovascular complications, cerebrovascular events, thromboem-
bolic events, acute kidney injury and the administration of
blood products. Ethical approval was received from the local
Ethics Committee of Rabin Medical Center (IRB# is 0532-17-
RMC), however, in view of the retrospective nature of the
study, all procedures performed were part of the routine care,
thereby, there was no need for the patients’ informed consent.
Please see Strobe Checklist.

Statistical Analysis

Continuous variables are presented as mean and standard
deviation (SD). Quantitative and ordinal variables (such as FIM
scores) are presented as absolute and relative frequencies. The
student’s t-test was used for continuous data and the Fisher
exact test for categorical data. To reduce possible confounding
variables between the 2 groups (OD and OG unit), a propensity
score matching was performed. The Kaplan-Meier analysis
measured the survival curves; the Log-Rank method compared
them. All comparisons were 2 tailed. A p-value of <0.05 was
considered significant. Statistical analysis was performed using
the SAS (software) system.

Results

Between January 2015 and December 2016, 564 hip fractured
patients were hospitalized in our medical center, of whom, 441
patients met the inclusion criteria (195 in the OG unit, 246 in
the OD). Baseline characteristics showed significant differ-
ences between groups (Table 1). Patients in the OG unit were
significantly older, more cognitively and functionally
impaired, with higher rates of polypharmacy on admission. The
CCI was higher in the OG unit group, mostly due to a higher
prevalence of congestive heart failure and dementia. There
were no significant differences between groups in the hip frac-
ture types, time to surgery, and type of surgery (Table 1).
Post-operative complications differed between the groups
(Table 2). Hospitalization length was significantly longer in
the OG unit (12.1 + 7.2 days vs 8.3 + 4.5 days, p < 0.001)
and there were significantly more post-operative infections and
less events of acute kidney injury in the OG group (Table 2).
One-year mortality rates were significantly lower in the OD
group (11.8% vs 29.2%, OR 0.32, CI 95% 0.19-0.53,
p <0.001). Figure 1 shows the long-term mortality rates of the
2 groups. However, after propensity matching, the 30 day and
1 year mortality rates were similar in both groups (Figure 2).
Patients in the OG group received significantly less packed cell
units than the OD patients (a mean of 0.89 vs 1.29 p = 0.013).
While 4% of the patients in the OD group were transferred to an
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Table I. Baseline Characteristics.

OG unit oD

No. of patients 195 246
Age, mean + SD 848 + 55 80.0 + 83 P < 0.001
Sex, male, no. (%) 61 (31.3%) 66 (26.8%) P =0.34
Functional status® -Independent, no. (%) 75 (38.5%) 177 (71.9%) P < 0.001
Cognitive status,” no. (%) P < 0.001

No cognitive impairment 127 (65.1%) 210 (85.4%)

Mild cognitive impairment 41 (21%) 18 (7.3%)

Dementia 27 (13.9%) 18 (7.3%)
CCl score, mean + SD 59 + 1.8 47 + 1.7 P <0.001
No. of prescription drugs, mean + SD 7.68 + 45 5.56 + 4.5 P < 0.001
Type of fracture, no. (%) P =0.52

Sub-capital 89 (45.6%) 112 (55.7%)

Per-trochanteric 100 (51.3%) 121 (49.2%)

Sub-trochanteric 6 (3.1%) 13 (5.3%)

Other 9 (4.6%) 13 (5.3%)
Operated within 48 hours, no. (%) 164 (84.1%) 222 (90.2%) P = 0.06
Operation type, no. (%) P =0.67

Total/partial hip replacement 62 (31.8%) 74 (30.1%)

DHS/PFNA/Cannulated screw

133 (68.2%)

172 (67.9%)

?Functional status according to the Katz Index of Independence of Activities of Daily Living.

bCognitive status according to Mini-Mental State Examination.

Abbreviations: OG, orthogeriatric; OD, orthopedic department; SD, standard deviation; CCI, Charlson Comorbidity Index; DHS, dynamic hip screw; PFNA,

proximal femoral nail antirotation.

Table 2. Post-Operative Outcomes.

OG unit oD
No. of patients 195 246
Duration of hospitalization, days, mean + SD 12.1 + 7.2 83 + 45 P < 0.001
Post-operative complications, total, no. (%) 123 (63.1%) 132 (53.7%) P = 0.052
Post-operative infections, no. (%) 32 (16.4%) 10 (4.1%) P < 0.001
Post-operative cardiovascular complications, no. (%) 20 (10.3%) 14 (5.7%) P=0.1
Post-operative venous thromboembolic events, no. (%) 3 (1.5%) 3 (1.2%) P=03
Post-operative acute kidney injury, no. (%) 9 (4.6%) 25 (10.2%) P =0.03
Patients who received packed blood cell, no. (%) 79 (40.5%) 106 (43.1%) P=06
No. of packed cells units transfused, mean + SD 09+ 15 1.3+ 1.8 P =0.01

OG, orthogeriatric; OD, orthopedic department; SD, standard deviation.

internal medicine ward due to complications, all patients in the
OG group remained in the geriatric department.

Of the 441 patients included in the study, 257 were trans-
ferred to an affiliated nearby geriatric rehabilitation center
(107 from the OG group and 127 from the OD group) with
the remaining 284 patients released to non-affiliated rehabili-
tation institutions or continued their rehabilitation at home and
were, therefore, lost to follow-up. There was no significant
difference in the length of stay (LOS) at the rehabilitation
center between groups. Both motor and total FIM scores were
lower in the OG group with similar improvement in both
groups (Table 3). A matching propensity score was performed
for age, functional status, cognitive status, morbidity burden
(CCI) and number of medications. One hundred and thirty-
three patients remained in each group (Table 4). The incidence
of complications did not change after matching, i.e. kidney

injury remained more common in the OD group, infections
more common in the OG unit. Differences in blood packed
cell unit transfusions even heightened after matching. After
propensity score matching for referrals to an affiliated rehabi-
litation center, 68 patients remained in each group. No statis-
tical differences were found in the outcomes between the
groups. There was a trend toward better functional improve-
ment among patients from the OG unit, but did not reach
statistical significance (Table 5).

Discussion

Herein, we present outcomes for hip fractured patients who had
undergone a surgical intervention and were admitted to an OG
unit versus an OD. In 1993, Antonelli et al. found an increased
surgical intervention rate, reduced mortality and hospital LOS
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Figure |. Patient survival estimations after hip fracture surgery (FUDays- follow up days), according to hospitalization unit (p < 0.001).
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Figure 2. Patient survival estimations after hip fracture surgery, according to hospitalization unit, after propensity matching.

following a geriatric assessment for older adults in orthopedic
wards [6]. Subsequently, more studies reported positive out-
comes following geriatric consultations, such as less delirium’
and lower depression rates,® lower discharge rates to long term
care facilities'® and improvement in basic functional status.®°
However, other studies did not discern these advantages.'®*' A
systematic review and meta-analysis by Grigoryan et al. found
a significant reduction in hospital mortality and LOS in patients

hospitalized in OG units,” The authors emphasized the need for
more data due to the large heterogeneity and lack of variables
such as time to surgery, delirium, and functional status limiting
the ability to interpret the studies,” The cumulative work
demonstrating the advantages of a geriatric assessment for
elderly patients with hip fractures has led to several models
of collaborative orthopedic and geriatric treatments,’ The opti-
mal model is yet to be determined.
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Table 3. Rehabilitation Outcomes.

Discharged from OG unit Discharged from OD
No. of patients 107 127
Rehabilitation duration, days, mean + SD 36.1 + 254 363 + 16.6 P=09
FIM on admission to rehabilitation facility, mean + SD 49.3 + 155 60.7 + 16.2 P < 0.001
FIM upon discharge from rehabilitation facility, mean + SD 67.6 + 239 795 + 22 P <0.001
Delta FIM, mean + SD 172 + 162 188 + 14 P=04
Motor FIM on admission to rehabilitation facility, mean + SD 308 + 9.9 379 £ 115 P <0.001
Motor FIM upon discharge from rehabilitation facility, mean + SD 462 + 179 55 + 16.9 P < 0.001
Delta functional FIM, mean + SD 145 + 125 17 + 11.8 P =0.I
OG, orthogeriatric; OD, orthopedic department; SD, standard deviation; FIM, Functional Independence Measure.
Table 4. Outcomes After Propensity Score.

Discharged from OG unit Discharged from OD

No. of patients, after propensity score 133 133
Post-operative complications, total, no. (%) 80 (60%) 81 (60.9%) P=1
Post-operative infections, no. (%) 16 (12%) 6 (4.5%) P = 0.04
Post-operative cardiovascular complications, no. (%) 13 (9.7%) 9 (6.7%) P=05
Post-operative venous thromboembolic events, no. (%) 0 (0%) 1 (0.7%) P=1
Post-operative acute kidney injury, no. (%) 6 (4.5%) 17 (12.7%) P =0.03
OG, orthogeriatric; OD, orthopedic department; SD, standard deviation.
Table 5. Rehabilitation Outcomes After Propensity Score.

Discharged from OG unit Discharged from OD
No. of patients, after propensity score 68 68
Rehabilitation duration, days, mean + SD 394 + 287 3647 + 14.6 P =046
FIM on admission to rehabilitation facility, mean + SD 53.7 + 15.7 56 + 154 P=04I
FIM upon discharge from rehabilitation facility, mean + SD 749 + 232 726 + 21.1 P =0.54
Delta FIM, mean + SD 208 + 17 166 + I1.6 P=0.l
Motor FIM on admission to rehabilitation facility, mean + SD 34 + 99 35 + 108 P =0.57
Motor FIM upon discharge from rehabilitation facility, mean + SD 519 + 173 499 + 162 P=05
Delta functional FIM, mean + SD 177 + 129 14.8 + 10.8 P=0.16

OG, orthogeriatric; OD, orthopedic department; SD, standard deviation; FIM,

Our study demonstrated a higher 1-year mortality rate in
patients who were admitted to the OG unit, mainly due to major
baseline differences between the 2 groups, as proved by the loss
of statistical significance after the propensity score adjusted for
age, functional status, cognitive status, morbidity burden (CCI)
and number of medications. Patients in the OG unit were sig-
nificantly older, more debilitated, more cognitively impaired,
with higher CCI scores and were prescribed more chronic med-
ication. Within a year, despite their worst baseline characteris-
tics, mortality in the OG group was 29.2% compatible with
other published studies.? In contrast, mortality rates in patients
admitted to the OD were significantly lower (11.8%). These
differences are best explained by a strong selection bias, per-
haps due to the tendency of the ER physicians to direct older
and sicker patients to the OG unit.

Several differences in postoperative complications were
observed. An acute kidney injury was more common in the
OD. A possible explanation is a rigorous practice at the OG

Functional Independence Measure.

unit that includes early identification of high-risk patients,
improved fluid balance management and cessation of nephro-
toxic drugs. Infectious complications were more frequent in the
OG unit, predominantly urinary tract infections. Due to the
retrospective nature of the study, it is possible that these results
were biased due to the under-diagnosis of infections in the OD
and over-diagnosis in the OG unit. Moreover, patients in the
OG unit had a higher comorbidity burden and were frailer,
putting them at a higher risk for infections. Continuity of care
is another strong confounder: approximately, 4% of OD
patients were transferred during hospitalization to an internal
medicine department in order to treat complications, i.e. infec-
tions. All patients in the OG unit were treated within the unit
until stable enough to be discharged.

LOS was shorter in the OD mainly due to a shorter waiting
time for transferring to rehabilitation; due to administrative
reasons in our medical center, orthopedic patients were trans-
ferred quicker to a rehabilitation facility. Another possible



Geriatric Orthopaedic Surgery & Rehabilitation

reason is the complexity of the patients in the OG unit leading
to longer stabilization periods post-operatively. Patients in the
OG unit usually spend one night in the OD, post-op, which is
probably the main reason packed cell transfusions are more
common in the OD. Stricter adherence to the guidelines for
blood products transfusions in the OG unit, may have also
contributed to the differences.

Despite the higher complexity of the patients with worse
baseline functional capacity in the OG unit, improvement after
rehabilitation was surprisingly similar in both groups. We
believe this demonstrates the advantages of hospitalizing the
patient in an OG unit where treatment and stabilizing frailer,
older adults maximizes their chances for a successful recovery
after hip fracture surgery. After performing a matching propen-
sity score, mortality rates were similar in both groups, suggest-
ing no significant advantages for hospitalization in the OD.
Differences in the incidence of complications remained signif-
icant after matching, probably as a result of different treatment
approaches and quality of care. After matching, a non-
significant trend for better rehabilitation results in the OG unit
patients was found. Statistical significance was not reached;
however, patient numbers were small. Larger scale studies are
needed to shed more light on this issue.

Limitations

The main limitation of this study stems from its retrospective
nature. The study was conducted in a single medical center
with a unique clinical approach. The distribution of patients
between the OG unit and the OD was not random, it was influ-
enced by clinical decisions and available hospital beds at each
given time, which led to major baseline differences between the
2 groups. Due to these significant differences, a matching pro-
pensity score was performed, allotting only a relatively small
sample size. In addition, data regarding rehabilitation outcomes
were unavailable for almost 50% of the patients, making the
sample size even smaller. With these limitations in mind,
despite performing the propensity score, some hidden confoun-
ders (such as poor nutritional status), might have added to the
bias in disfavor of the OG patients. An ortho-geriatric unit
receiving pre-operative hip fractured patients directly from the
ER is still rare and therefore, relevant data are scarce. The best
treatment modality for the complex, frail geriatric patient is
still unclear, rendering this study relevant and clinically
important.

Conclusion

This study contributes to the premise that hospitalization within
the OG unit offers the older hip fractured patient, a significant
contribution regarding pre- and post-operative evaluation and
care. We believe our model optimizes the complex geriatric
patient’s chances for better recovery and rehabilitation. There
is a definite need for larger scale, randomized studies in order
to shed light on the question of an optimal treatment setting for
hip fractured frail elderly patients.
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