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Foreword

Steven A Olson, MD

Professor in Orthopaedic Surgery
Duke University School of Medicine
Durham, NC 27710

USA

When Dr Kates asked me if I was interested in writing a
foreword for the Osteoporotic Fracture Care book, I could not
refuse. Having worked with Dr Kates on issues involving
insufficiency fracture care as both a colleague and friend, I
understand the passion and commitment that has been
brought to this textbook.

The care of the young male high-energy trauma patient
often dominates the focus of trauma education. The care of
the older adult with osteoporotic fractures often seems to
be of less interest in both trauma education and research.
This AO book entitled Osteoporotic Fracture Care provides an
important reminder of why this area is of key importance
in healthcare today for all of us. A recent report found the
burden of hospitalization of women over age 55 in the US
for osteoporotic fractures is greater than the hospitalization
burden for myocardial infarction, stroke, or breast cancer [1].

1. Singer A, Exuzides A, Spangler L, et al. Burden of illness for
osteoporotic fractures compared with other serious diseases
among postmenopausal women in the United States. Mayo Clin
Proc. 2015 Jan;90(1):53-62.

Multiple important topics are covered in this textbook in-
cluding societal impact of the clinical problem of osteopo-
rotic fractures as well as important current perspectives in
all aspects of patient care.

The outline of the book spans the entire scope of care in-
cluding basic pathophysiology, clinical assessment, patient-
specific considerations in determining treatment, and spe-
cific recommendations for pre-, intra-, and postoperative
care; it also covers templated order sets to facilitate the care
of the osteoporotic fracture patient and strategies for sec-
ondary osteoporotic fracture prevention. This is a thorough
and well-written reference work for all musculoskeletal care
providers who treat patients with osteoporotic fractures. I
hope you find this textbook a useful reference.

Durham, November 2017
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Preface

The inspiration for this textbook comes from the vibrant
AOTrauma Care of the Geriatric Fracture Patient courses
held across the world, as orthogeriatric care education has
been pushed to the forefront for orthopedic surgeons, med-
ical physicians, and other care teams involved in care of the
fragility fracture patient. These innovative and interactive
courses were launched in Rochester, NY, USA, in 2006 un-
der the leadership of Dr Stephen Kates and Dr Daniel Men-
delson and introduced into the AO Courses in Davos in
December 2007 by Drs Michael Blauth, Stephen Kates, and
Daniel Mendelson as the first truly interdisciplinary course
in AO followed by a worldwide rollout. They continue to
provide the best in evidence-based medicine, geriatric prin-
ciples, and clinical experience to promote better care for
older adults undergoing orthopedic surgery. From an aca-
demic standpoint, these courses bring together some of the
most prominent orthopedic and geriatric medicine faculty
in this emerging field. From an educational and clinical
standpoint, these courses are inspirational and invigorating,
designed for clinicians to share current experiences, learn
new fracture reduction and fixation techniques, consider
the unique physiology of geriatric patients, and begin to
design systems of care that dramatically improve patient
outcomes and reduce system costs. The content of these
courses inevitably changes the way the faculty and the
attendees practice. This textbook aims to capture the essential
evidence and clinical principles so well identified during
these courses.

In order to develop innovative teaching methods for these
truly interdisciplinary courses, AO launched an Orthogeri-
atric Task Force that is still active. Another product that
came out of this task force is an Orthogeriatric App about
the management of osteoporosis, delirium, pain, and anti-
coagulation that can be downloaded free of charge.

Optimal outcomes for fragility fracture patients depend on
excellent surgical care of osteoporotic bone, incorporation
of geriatric medicine into the routine care pathways, and
construction of new systems of care. To address these areas,
this book is organized into three sections:

The Principles section outlines the unique medical, surgical,
and anesthesia needs of fragility fracture patients; these
chapters focus on practical approaches to the most common
and important clinical issues facing the geriatric fracture
patient. We aim to create a basic understanding of why
older adult patients benefit significantly from an adapted
management and environment compared to younger adult
patients, analogous to the approach to pediatric patients.

In the section Improving the system of care, physicians and
administrators present chapters with local, regional, and
national health delivery changes that are necessary to op-
timize patient outcomes.

The majority of the textbook is devoted to Fracture manage-
ment; this section is focused on expert and specific surgical
management of the wide array of fragility fractures as they
present to most physicians and hospitals worldwide.

The impact of the dramatic demographic shift of the world’s
population and the explosion in fragility fractures demands
that health systems and physicians be willing to update their
clinical approaches, improve their understanding of the needs
of older adults, and develop interprofessional and interdis-
ciplinary systems to manage complex and frail patients
safely and efficiently.

We hope this textbook will support the necessary revolution
in care for orthogeriatric patients, their families, and the
clinicians caring for them.

Michael Blauth, MD

Stephen L Kates, MD
Joseph A Nicholas, MD
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Abbreviations

AAOS
ABCDE

ACC
ACCP
ACE
ACEI
ACL
ADL
AF
AF
AFF
AFN
AGS
AHA

American Academy of Orthopaedic Surgeons
airway, breathing, circulation, disability,
exposure/examination

American College of Cardiology
American College of Chest Physicians
angiotensin-converting enzyme
angiotensin-converting enzyme inhibitors
anterior cruciate ligament

activity of daily living

ankle fracture (chapter 3.17 Ankle)

atrial fibrillation

atypical femoral fracture

antegrade femoral nail

American Geriatrics Society

American Heart Association

ANZHFR Australian and New Zealand Hip Fracture Registry

AO
AOCID
AP
APL
aPTT
ARIF

ARB
ASA
ASBMR

ASIS
ASLS
ATE
ATLS
AVN

BGS
BIPAP
BMD
BMI
BOA
BP
BPF
BPT

CAD
CAM
CCD
CCI
C-clamp
CGA

Arbeitsgemeinschaft fiir Osteosynthesefragen
AO Clinical Investigation and Documentation
anteroposterior

abductor pollicis longus

activated partial thromboplastin time
arthroscopy-assisted reduction and internal
fixation

angiotensin receptor blockers

American Society of Anesthesiologists
American Society for Bone and Mineral
Research

anterior superior iliac spine

angular stable locking system

arterial thromboembolism

advanced trauma life support

avascular necrosis

British Geriatrics Society
biphasic positive airway pressure
bone mineral density

body mass index

British Orthopaedic Association
bisphosphonate

best practice framework

Best Practice Tarift

coronary artery disease

Confusion Assessment Method
caput-collum-diaphyseal (angle)
Charlson Comorbidity Index
compression clamp (for pelvis)
comprehensive geriatric assessment

CGC
CHF
CI
COPD
CPG
CPM
CRP
CRPS
CSF
CT
CVA
CVD

DASH
DECT
DEXA
DFF

DFF

DFR
DHF
DFN
DHS
DM
DOSS
DRF
DRG
DRUJ
DSM-V

DUF
DVT

EF
EFD
EPL

FAITH

FCR
FCU
FDA
FFN
FFP

FFP
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clinical practice guidelines
congestive heart failure
confidence interval

chronic obstructive pulmonary disease
clinical practice guidelines
continuous passive motion
cardiopulmonary resuscitation
complex regional pain syndrome
cerebrospinal fluid

computed tomography
cerebrovascular accident
cardiovascular disease

Disabilities of the Arm, Shoulder and Hand
dual-energy computed tomography

dual energy x-ray absorptiometry

distal forearm fracture (chapter 3.6 Distal
forearm)

distal femoral fracture (chapter 3.12 Distal
femur)

distal femoral replacement

distal humeral fracture

distal femoral nail

dynamic hip screw

diabetes mellitus

Delirium Observation Screening Scale
distal radial fracture

diagnosis-related group

distal radioulnar joint

Diagnostic and Statistical Manual of Mental
Disorders

distal ulnar fracture

deep vein thrombosis

external fixator
elbow fracture dislocation
extensor pollicis longus

Fixation using Alternative Implants for the
Treatment of Hip fractures

flexor carpi radialis

flexor carpi ulnaris

Food and Drug Administration

Fragility Fracture Network

fragility fracture patient (all chapters except
3.7 Pelvic ring)

fragility fracture of the pelvic ring (only in
chapter 3.7 Pelvic ring)



FLS
FRAX
FSF
FWB
FWBAT

GA
GAF
GI
GCS
GORU
GP

GT

GT

HBR
HO
HRQoL
HSA
HTN
HU

IADL
ICD
ICU
IGF
IKS
IL
IM
INR
IOF
IPCD
IQR
IR
IRF
ISP
ISS
IU
v
IVC

K-wire
KSS

LAP
LBD
LBQ
LC-DCP
LCP-DF

fracture liaison service
Fracture Risk Assessment
femoral shaft fracture

full weight bearing

full weight bearing as tolerated

general anesthesia

geriatric acetabular fracture

gastrointestinal

Glasgow Coma Scale

geriatric orthopedic rehabilitation unit

general practitioner

greater tuberosity (chapter 3.1 Proximal
humerus)

greater trochanter (chapter 3.13 Periprosthetic
fractures around the hip)

home-based rehabilitation
heterotopic ossification
health-related quality of life
head-shaft angle
hypertension

Hounsfield Unit

instrumental activity of daily living
implantable cardioverter defibrillator
intensive care unit

insulin-like growth factor
International Knee Score

interleukin

intramedullary

international normalized ratio
International Osteoporosis Foundation
intermittent pneumatic compression devices
interquartile range

internal rotation

inpatient rehabilitation facility
Infraspinatus (muscle/tendon)

Injury Severity Score

International units

intravenous

inferior vena cava

Kirschner wire
Knee Society Score

locking attachment plate

local bone density

local bone quality

limited-contact dynamic compression plate
reversed distal femoral locking compression plate

LCL
LCP
LHB
LHS
LISS
LMWH
LOS
LP

LT

LT

MCD
MCL
MET
MGF
MI
MIPO
MIPPO

MIS
MNA
MRI
MVA

NA
NHFD
NHFS
NHS
NICE

NMS
NOAC
NPWT

NRS
NSAIDs
NOF

oGU
ONJ
ONS
ORIF
OTA

PACU
PADL
PCA
PCC

lateral collateral ligament

locking compression plate

long head of the biceps

locking head screw

less invasive stabilization system
low-molecular-weight heparin

length of hospital stay

locked plating

lesser tuberosity (chapter 3.1 Proximal
humerus)

lesser trochanter (chapters 3.13 Periprosthetic
fractures around the hip, 3.14 Periprosthetic
fractures around the knee)

minimum common dataset

medial collateral ligament
metabolic equivalent

mechano growth factor

myocardial infarction

minimally invasive plate osteosynthesis
minimally invasive percutaneous
extraperiostally plate osteosynthesis
minimally invasive surgery
Mini-Nutritional Assessment
magnetic resonance imaging

motor vehicle accident

neuraxial

National Hip Fracture Database
Nottingham Hip Fracture Score
National Health Service

National Institute for Health and Care
Excellence

New Mobility Score

new oral anticoagulant
negative-pressure wound therapy, also called
vacuume-assisted wound closure (VAC)
numerical rating scale

nonsteroidal antiinflammatory drugs
National Osteoporosis Foundation

Orthogeriatric unit

osteonecrosis of the jaw

oral nutrition supplements

open reduction and internal fixation
Orthopaedic Trauma Association

postanesthesia care unit

personal activity of daily living
patient-controlled analgesia
prothrombin complex concentrate
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PCM perioperative cardiac morbidity THA total hip arthroplasty

PDCA  plan-do-check-act TIA transient cerebral ischemia attack

PDPH  postdural puncture headache TKA total knee arthroplasty

PE pulmonary embolism TNF-a  tumor necrosis factor a

PET-CT positron emission tomography combined with TSF tibial shaft fracture
computerized tomography TSH thyroid-stimulating hormone

PFN proximal femoral nail TUG Timed Up and Go test

PFNA proximal femoral nail antirotation

PHF proximal humeral fracture ucCs Unified Classification System

PHILOS proximal humerus internal locked system UFH unfractionated heparin

PMMA polymethylmethacrylate UTI urinary tract infection

POMA performance-oriented mobility assessment

PROM  patient-reported outcome measure VAS Visual Analog Scale

PPHF periprosthetic hip fracture VDS Verbal Descriptor Scale

PPI proton pump inhibitors VTE venous thromboembolism

PPKF periprosthetic fractures around the knee

PPS prospective payment system WBAT  weight bearing as tolerated

PROM  patient-reported outcome measures WHO World Health Organization

PRWE  Patient-Rated Wrist Evaluation

PSIS posterior superior iliac spine

PTF proximal tibial fracture

PTH parathyroid hormone

PTS postthrombotic syndrome

PWB partial weight bearing
PWBAT partial weight bearing as tolerated

QALY quality-adjusted life year

RA regional anesthesia

RCRI Revised Cardiac Risk Index
RCT randomized controlled trial
ROI region of interest

ROM range of motion

RSA reverse shoulder arthroplasty

SAHFE Standardized Audit of Hip Fracture in Europe

SD standard deviation

SERM estrogens, selective estrogen receptor
modulator

SHA shoulder hemiarthroplasty

SNF skilled nursing facility

SPPB short physical performance battery

SQ subcutaneous

SSC subscapularis

SSP supraspinatus (muscle/tendon)

TAD tip-apex distance

Tc technetium

TEA total elbow arthroplasty

TENS transcutaneous electrical nerve stimulation
TFCC triangular fibrocartilaginous complex

TFN trochanteric femoral nail
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Online AO Educational Content

Abundant online educational offerings from across AO are
accessible through the QR codes printed on each chapter
title page. Using a QR code scanner on a mobile device,
readers will be taken to specific chapter microsites that
contain supplemental AO educational content curated by
the book editors specifically for that chapter topic.

Links to supplemental AO educational content include:
e AO Surgery Reference

e Webinars and webcasts

e Lectures

e Teaching videos

e eLearning modules

e Mobile apps

As the array of online AO educational resources evolves and
develops, the offerings in the chapter microsites will be
regularly reviewed and updated by the book editors. This
will ensure that readers are linked to the latest in AO
education.
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1.1

Joseph A Nicholas

Principles of orthogeriatric medical care

1 Introduction

Despite the large amount of surgical care delivered to older
adults [1], perioperative practice remains inappropriately
anchored to the surgical experience of more robust and less
comorbid patients. At best, many common and accepted
approaches to specificillnesses are ineffective in older adults,
and at worst, these practices contribute to serious morbid-
ity and mortality [2, 3]. The negative impact of usual medi-
cal and surgical care is most pronounced in frail and medi-
cally complicated patients [4, 5].

The typical fragility fracture patient (FFP) is emblematic of
patients for whom usual medical care is often the wrong
care. To those who treat and research this population, it is
not surprising that superior postoperative outcomes have
been found through unique clinical and systems approach-
es to the geriatric patient [6, 7], strategies that often diverge
from the types of medical investigations and treatments used
in most care settings.

Fortunately, there is growing evidence that improved clinical
outcomes can be obtained in frail older adults with osteopo-
rotic fractures through the incorporation of a relatively small
number of standard approaches and clinical pathways [8].
The major barriers to implementing these approaches are not
technological or financial but involve an understanding and
commitment to creating systems and expertise that focus on
standardizing care, avoiding adverse events, and adapting
treatments to the unique physiology and prognosis of the
older adult.

While the details of such care will change as the evidence
base expands, we expect the basic strategies outlined in this
book to remain relevant for years to come. In the chapters
that follow, readers will be introduced to the principles and
specifics of caring for the typical FFP, based on the improved
outcomes produced by orthogeriatric comanagement in or-
ganized fracture center programs. To set the stage, there are
a number of principles that are important to recognize.

2 Key principles

2.1  Older adults are not simply adults with more
illnesses

Compared with younger adults, older adults have unique
physiologies, regardless of the presence or absence of spe-
cific comorbidities [9, 10]. Aging results in biological changes
that render the older adult more susceptible to the harms of
immobility, diagnostic tests, and medication effects. For this
reason, many common medical practices can be ineffective
or harmful in older adults. Examples include exaggerated
hypotension in the presence of anesthetics and blood loss,
low thresholds for delirium, complications due to polyphar-
macy, and rapid functional decline with immobility. This
general decreased ability to respond to physiological stress
is best described as frailty [11].

2.2  Hip fracture surgery can be performed safely and
effectively even on frail patients

High-performing hip fracture centers produce low short-
term mortality rates (ie, less than 2%), even in populations
with high degrees of frailty and comorbidity [6, 12]. Ad-
vances in anesthesia, implant technology allowing for early
weight bearing as tolerated, orthopedic procedural improve-
ments, and orthogeriatric comanagement all contribute to
rapid, safe, and effective repair of the overwhelming majority
of hip fracture patients. Urgent surgery in the optimized
patient is now standard care to avoid the short-term harms
of ongoing pain, blood loss, and immobility.

2.3 Age is not the most important indicator of risk or
prognosis in hip fracture patients

While age is a general predictor for outcomes and complica-
tions, it is more helpful to base risk assessments and treat-
ment decisions on functional status, cognitive status, and
comorbidity [13]. Asking patients about their day-to-day life
can help estimate operative risk, recovery potential, and life
expectancy better than disease-based assessments.
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2.4  Surgical delay and immobility leads to
irreversible muscle loss in the older adult

Early surgery is superior [14] and essential for frail and co-
morbid patients. The medical and surgical team must con-
stantly weigh the impact of functional decline and operative
delay against operative risk. Even the frailest patients can
usually be optimized quickly, repaired, and begin immedi-
ate full weight bearing and rehabilitation [15].

2.5 Get the patient moving as soon as possible
Because rapid loss of muscle mass and function is a funda-
mental issue resulting in poor overall outcomes [16], all care
pathways should be optimized to support early mobility and
rehabilitation. While surgical delay and bed rest orders are
obvious factors, polypharmacy, excessive testing, frequent
subspecialty consultation, and inadequate pain control are
all common barriers to mobilization that need to be mini-
mized. Early mobility provides the necessary physical and
emotional stimulation [17] for healing and recovery and
helps minimize skin breakdown, constipation, and neuro-
muscular wasting. Mobility can be the difference between
rapid recovery and prolonged hospitalization.

2.6 Less is often more

Most FFPs have multiple comorbidities and abnormalities
on diagnostic testing, many of which are chronic, clinically
irrelevant, or unable to be improved. Unfortunately, this
often results in excessive testing and consultation, overdi-
agnosis, and polypharmacy. Organized programs work hard
to avoid these distractions, and focus instead on key areas
like hemodynamic stability, pain control, prompt fracture
reduction, and mobilization [18].

2.7  Many surgeons, internists, and specialists do not

understand typical geriatric medical physiology
Regardless of professional training, unique geriatric respons-
es to therapies are not adequately emphasized in most
medical school and postgraduate training programs [19, 20].
Clinical experiences in geriatrics often fail to focus on acute
care approaches, and subspecialty training in many medical
and surgical disciplines does not typically promote adapta-
tion of clinical expertise to frail older adults [21]. Compe-
tency in acute geriatric care does not require formal fellow-
ship training, but can be achieved with a continuing
medical education approach. Attending a course, viewing
educational media, or visiting an established geriatric frac-
ture program can help develop competency in caring for
older adults.

2.8 Many geriatricians, internists, and specialists do
not understand acute perioperative medicine

Current medical training offers little focus on the periop-
erative period. Other than performing outpatient preop-
erative risk assessments in relatively robust patients or plan-
ning an elective procedure, most internists, subspecialists,
and geriatricians do not gain expertise in acute stabilization,
optimization, and recovery of patients undergoing urgent
surgery. Approaches to common medical issues are different
in perioperative patients from those in typical medical ad-
missions [22].

2.9 Very little high-quality evidence is applicable to
the care of older adults

Most medical and surgical evidence is based on adults that
are very different from the geriatric fracture patient [23].
Geriatric populations do not experience the same balance
of benefits and harms younger, healthier, and more robust
adults do. Rather than trying to comply with multiple disease-
specific guidelines, high-performing geriatric fracture centers
create strategies based on general geriatric principles, like
avoiding polypharmacy, anticipating and managing delirium,
and rapid restoration of mobility.

2.10 Recognize failing patients at the end of life

For many patients, falls and fragility fractures are the result
of decompensated medical illnesses and frailty, and many
will have a life expectancy of less than 6 months [24]. Failing
patients do not respond well to usual medical care, suffering
more harm than benefits from hospitalization, testing, and
treatment. Early recognition of failing patients is important
to identify achievable goals, set realistic expectations for the
family and the clinical team, and to focus future care appro-
priately on end of life. Orthopedic surgery plays an essential
role in pain control and quality of life. All clinicians involved
in the care of FFPs need to have an ability to recognize the
failing patient (ie, frailty).

2.11 Organized fracture programs work

There is no single surgical technique, preoperative risk
assessment tool, or standard medical consultation that will
produce ongoing results as good as an organized approach
to the FFP. Investments in an organized program with ge-
riatric comanagement will yield improvement in outcomes,
costs, and both patient and physician satisfaction [8, 25].
Organized programs are becoming the standard of care in
many medical and surgical communities [26], and even for
other surgical problems [27, 28].
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1.2 Principles of orthogeriatric surgical care

Michael Blauth

1 Introduction

Fragility fracture patients (FFPs) represent up to 40% of
patients in many orthopedic trauma units worldwide. This
trend is increasing. As a consequence, over the last decade,
refined surgical care approaches have been developed from
growing experience and close collaboration with geriatri-
cians in order to improve patient outcomes and lower health-
care expenses.

Similar to fracture care in children, geriatric fracture care
also differs in many aspects from the standard treatment of
middle-aged adults. Due to the relative paucity of random-
ized trial data for many treatments, many of the following
recommendations represent expert opinions with some based
on biomechanical or clinical investigations.

The four AO Principles certainly apply to the care of fragil-
ity fractures and should be carefully adhered to:

1. Fracture reduction and fixation to restore anatomical
relationships

2. Stability by fixation or splinting, as the personality of
the fracture and the injury requires

3. Preservation of blood supply to soft tissues and bone
by careful handling and gentle reduction techniques

4. Early and safe mobilization of the part and the patient

2 Goal setting

The entire patient must be considered including his/her
medical problems, medications, living situation, and goals
for care. Overall, the following issues assume prominence
in care of FFPs:

e Pain relief
e Prevention of functional decline
¢ Maintenance of independence

e Prevention of complications, such as reoperations,
pneumonia, pressure sores, urinary tract infection, and
delirium

Making the right therapeutic decisions is much more com-
plex than with younger patients. Fragility fracture patients
are functionally and physiologically variable (from non-
ambulatory “No-goes” to ambulatory “Go-goes”) that the
benefits and risks of treatment are not as clear as in younger
patients. Therefore, it is essential to establish a consensus
for the treatment goals among all of the team members.

Defining individual goals for each FFP is an important step
which should be established and agreed upon as early as
possible by the interdisciplinary team. The individual goals
influence diagnostic and therapeutic surgical and medical
measures and should be clearly communicated. Goal setting
avoids unnecessary steps and streamlines the treatment.
Goals may be adjusted during the treatment process.

First, treatment goals should be very specific, clear and easy.
Second, if you cannot measure it, you cannot manage it. Third,
a goal needs to be attractive and acceptable to the patient and
the clinical team. Fourth, the goal should be realistic, mean-
ing achievable or “doable”. Fifth, the timeline to achieve the
goal should be considered by setting a time frame.

It is useful to find short-term as well as long-term goals.
Usually, the long-term goal is the expected outcome in sev-
eral weeks or months, like to live independently or to walk
without using a walking aid. When approaching a long-term
goal, you need different short-term goals for each problem,
like walking with a rolling walker after the first week, or
removing a urinary catheter within 2 or 3 days after surgery.

The goals may be modified due to medical or surgical com-
plications or if patients become unwilling or unable to con-
tinue or if they progress more slowly or quickly than ex-
pected. Goal setting should be integrated in the regular team
meetings.
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3 Time matters

Most studies suggest that performing surgery within the
first 24-48 hours of admission decreases the number of
complications and mortality. Delays longer than 72 hours
are associated with an increased risk of multiple complica-
tions and mortality.

Surgical fixation reduces pain and blood loss significantly.
It is also unethical to unnecessarily delay surgery.

The earlier surgical stabilization is performed, the better.
This guiding principle is often violated because of the patient
condition, patient consent, or hospital system barriers. The
system of care must be optimized to avoid delay and iatro-
genic problems.

The operating time should be as short as possible to reduce
the stresses of surgery and its burdens on the patient.

Fig 1.2-1a-i
a-c An 88-year-old woman with a type B2 periprosthetic femoral fracture.
d-g Revision hemiarthroplasty (d), follow-up at 2 months (e-g).
h  After removing the covers, a degloving of the lower leg skin by gentle traction for intraoperative reduction became apparent.
i Uneventful healing after 10 days.

1 Iz I 'Ii 4 ; i 6 7 9 10 n
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The decision-making process regarding the definitive treat-
ment in complex situations or relative indications is often
delayed for multiple reasons. Goal setting and standardized
communication pathways help to avoid unnecessary delay
and expedite treatment.

4 Soft-tissue conditions

The musculoskeletal system of older patients is more vulner-
able to problems and less tolerant of stress:

¢ Skin may be thin and less elastic due to atrophy or mal-
nutrition and making pressure sores and degloving inju-
ries more common. Wounds in older adults may also heal
poorly for similar reasons. During positioning and drap-
ing, the surgeon must remember that the older patient’s
skin is fragile and can tear or be avulsed with minimal
shear stresses. Shear forces from manual traction, re-
moval of surgical drapes or localized pressure by splints
and traction devices must be avoided (Fig 1.2-1). In surgery,
meticulous positioning helps avoid skin breakdown.

8 12 3 “ 15
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e Trophic changes: Arterial disease may result in ischemic
changes and poor healing while venous hypertension
produces edema, ulcers, and chronic skin changes. Using
minimally invasive surgical (MIS) techniques may help
to reduce problems.

e Hematoma: Surgeons must take great care to lose as
little blood as possible. Meticulous hemostasis helps avoid
tipping the patient out of equilibrium. Subcutaneous he-
matoma should be evacuated even with active antico-
agulation to avoid rapid skin breakdown.

e Muscles are frequently atrophied and weaker than in
younger patients (sarcopenia). Any manipulations during
surgery should be carried out gently. Minimally invasive
procedures are generally preferred.

Fig 1.2-2a-e
a A 76-year-old woman with a simple 2-part fracture of the left
humerus.

b After anatomical reduction, a 3.5 mm titanium lag screw
was used to provide absolute stability (not displayed).
After tightening the screw just a little bit too much, a
multifragmentary situation emerged. The reduction was
challenging and a bridging type of construct was chosen.

c-e Uneventful healing after 2 months (¢, d) and 5 months (e).
The patient did not even have osteopenia.

5 Bone quality

Bony quality varies substantially from the typical wide os-
teoporotic tube with thin cortices to a thickened but brittle
cortex in atypical fractures. Thus, cortex perforation or
other iatrogenic damage generated by clamps or lag screws
is more likely to occur than in normal bone (Fig 1.2-2). Force-
ful reduction maneuvers and aggressive handling of bone
may result in extension of the injury beyond the original
pattern. The use of clamps must be performed cautiously to
avoid additional damage (Fig 1.2-3). Avoid the use of crush-
ing reduction forceps helps avert worsening the comminution.
Fracture patterns are often complex, with impaction occur-
ring in the setting of a low-energy trauma.

Interestingly, the impact of osteoporosis as a standalone fac-
tor on “mechanical failures” of implants could not be shown
in several clinical studies. Quality of reduction and implant
placement are obviously even more important [1, 2]. In a
retrospective study of proximal humeral fractures, it was
shown that the risk for mechanical failure increases signifi-
cantly with the combination of several negative factors [3].

Fig 1.2-3a-e

a A 70-year-old woman with
a humeral shaft bending
wedge fracture (12B2 [14]).

b  Open reduction and
retention with multiple
clamps.

c More manipulation led to a
multifragmentary situation
that was difficult to align
and fix with a locking plate.

d-e Result with excellent
clinical function after 3
months.
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6 Bone deformation

Anterior and lateral bowing of the femur have a clinical
impact in geriatric fractures and may make it very challeng-
ing to use standard intra and extramedullary implants [4].
A recent report also found that a significant increase in the
lateral and anterior bow of the femur was associated with
low-energy femoral shaft fractures. Therefore, the increased
bowing of femoral shaft should be recognized as an impor-
tant risk factor of this injury [5].

Specifically, lateral bowing of the femoral shaft may be in-
creased in older adults as well as in younger patients with
decreased bone mineralization.

Osteoporosis or osteomalacia induce a varus or bowing of
the femur. The lateral femoral shaft is subjected to tensile
strains during a variety of physical activities; walking has
the strongest impact. This effect will be pronounced with
bowing in osteoporotic patients [6]. Preexisting advanced
varus knee osteoarthritis, with shifting the mechanical axis
medially, has been considered as a minor reason for bowing
of the femoral shaft.

Although atypical femoral fractures have been associated
with long-term use of bisphosphonates (BPs), it was also
noted that these fractures may develop without BPs use,
especially in patients of Asian descent. In 2013, the Task
Force of the American Society for Bone and Mineral Research
revised the definition of atypical femoral fracture, removing
specific diseases and drug exposures as one of the association
from the minor features [7]. According to this definition,
stress fractures caused by femoral bowing deformity may
also be classified as atypical femoral fractures.

Despite being the most commonly recommended implant
choice, intramedullary (IM) nails can be difficult to insert,
as the curvature of IM nail is different from that of the ra-
dius of bowed femur. In cephalomedullary nailing, the dis-
tal end of nail may break or penetrate the anterior cortex
of femur in the distal segment.

Reaming is often difficult as well and must be performed
gently due to the narrow medullary canal and the brittle
nature of the bone.

Also, the nailing may cause an inadvertent fracture or mal-
reduction with a bony gap on the medial aspect of the bone,
especially in the atypical femoral shaft fractures with bow-
ing [8]. This effect may result in impaired fracture healing
Or even nonunion.

Plate fixation can be a solution in bowed femoral fractures.
In such cases, the plate may need to be contoured before
fixation, considering the contralateral, noninjured leg. Oth-
erwise, the proximal or distal end of plate will step off the
bone, and it may be a source of malreduction when screws
are tightened [4].

7 Classification

Classification of fragility fractures is often challenging be-
cause of different fracture patterns. Osteoporotic fractures
often occur in patterns not described in the currently used
classification schemes. This frustrates attempts to classify
the fractures and may result in incorrect procedure or im-
plant selection. The AO/OTA Fracture and Dislocation Clas-
sification is useful for many, but not all, fragility fractures.

8 Indications for fixation

Most fractures of the lower extremity should be surgically
managed. In a small group of bedridden, terminal patients,
nonoperative palliative management of hip and other low-
er leg fractures may be adequate. Those decisions should be
team decisions made with the geriatrician, patient, family,
and medical team.

For the upper extremity, the need to preserve function should
be considered to allow the patient to accomplish activities
of daily living like eating, self-care, grooming, and ambula-
tion. Attaining these goals may involve taking more surgi-
cal and overall risk. Therefore, surgical treatment may only
be indicated if it will result in a significant improvement in
function. In the proximal humerus, olecranon, and distal
radius, nonsurgical management often leads to an acceptable
functional result [9-11].

Some nonsurgical approaches are not tolerated as well as
in younger individuals. Casts interfere with functionality
and increase the risk of falls. Immobilization may render
old patients immediately dependent for basic activities like
eating and grooming, and promote accelerated functional
decline. In a sense casts are also tethers that patients have
difficulties to deal with. The cast will prevent a patient from
accomplishing daily activities like walking, and the patient
may therefore require placement in a nursing home. Casts
and braces tend to exacerbate delirium in older adults
(Fig 1.2-4).
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Complete recovery after trauma is typically the goal of treat-
ment below the age of 60 years. This does not apply to FFPs.
In this age group, we focus on the restoration of individual
functional needs. Decision making can be difficult due to
the variable physiological and functional nature of older
patients. It is often necessary to individualize treatment
approaches with the consensus of the orthogeriatric team
and patients’ family.

9 Positioning

Correct intraoperative positioning avoids pressure sores and
skin damage: It is essential to carefully position the patient
on the surgical table. Avoidance of pressure sores is of par-
ticular importance as sores significantly interfere with re-
covery and take an extended time to heal. An infected pres-
sure sore may actually result in sepsis and death in the
older fracture patient.

In most cases, the supine position is preferred to allow for
overall care by the anesthetist. When under regional anes-
thesia, the patient can breathe easier when supine and this
position is usually more comfortable.

10 Single shot surgery

Tt is obvious that any kind of revision surgery must be avoid-
ed because of the limited patient reserves necessary to tol-
erate and recover from surgery and functional decline. The
choice of treatment should be influenced by this principle.
Hemiarthroplasty instead of fracture fixation for femoral
neck fractures and other primary joint replacement surger-
ies are good examples.

11 Weight bearing as tolerated and functional
aftertreatment

Usually, the surgeon’s attention is focused on the intraop-
erative and immediate perioperative treatment period. Post-
operatively, if the wound healing is progressing normally
and x-rays are satisfactory, limited attention is paid to re-
habilitation options and progress. The communication among
surgeons, staff nurses, and physiotherapists regarding mo-
bilization issues is often poor.

Early postoperative mobilization and unrestricted weight
bearing as tolerated are important principles for a multitude
of reasons. Prolonged bed rest or “sitting mobilization” are
not adequate options because of the following consequences:

e Loss of muscle mass represents an independent risk fac-
tor for new falls and fractures in older adults.

Fig 1.2-4a-e

a A 92-year-old woman
with a humeral
fracture (12B3).
Bracing was not
tolerated well.

b-c After 10 days close
reduction and fixation
with a long multilock
nail.

d-e Uneventful healing
after 3 months. The
function reached the
preinjury level.
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e Restriction of weight bearing inflicts a significant physi-
ological burden on the geriatric patient. The energy ex-
penditure for ambulation without full weight bearing
increases fourfold, leading to rapid exhaustion [12].

e Fragility fracture patients are often physically unable to
perform partial weight bearing due to sarcopenia, lack of
proprioception and weakness in the arms; or they are
admitted with an already impaired functional deficit in
upper and lower extremities, preventing them from using
crutches or walkers in a way that the affected lower ex-
tremity is effectively spared.

e Patients develop unnecessary fear and get anxious about
their inability to return to their preinjury functional sta-
tus. Consequently, motivation may drop. The altered gait
mechanism needs cognitive input and may lead to com-
plaints of overload or low back pain.

e Many FFPs have some degree of cognitive impairment.
They may not understand (or rapidly forget) instructions
and instead follow their own impulses.

e Partial weight-bearing protocols are not evidence-based
but often the result of the surgeon’s own uncertainty.

e Even for patients on adequate pain medication, pain will
typically guide the patient to use the appropriate weight
bearing and safely progress with ambulation. Patients
with severely impaired cognitive function are more prone
to fall, but they have the same self-protective mechanisms
as cognitively normal patients.

Fig 1.2-5a-e
a-b A 75-year-old woman with low periprosthetic fracture after total knee arthroplasty (TKA) and severe comorbidities.
C Temporary transarticular fixation for 8 weeks.

d-e Bony healing after 3 months. Final range of motion 0-10-100°.

Early weight bearing can promote fracture healing and union
of the fracture without increasing loss of fixation [13, 14].
Immobilization of joints is poorly tolerated in many older
patients; early functional range of motion prevents joints
from stiffening. The daily loss of muscle mass during periods
of bed rest is dramatic. Modern surgical procedures and
implants permit immediate unrestricted weight bearing for
most fractures.

Temporary external transarticular fixation can be a unique
solution in fractures around the knee if internal fixation
does not seem to be stable enough for immediate mobiliza-
tion, if soft tissues have to settle down or if there is no chance
to apply implants directly to the bone (Fig 1.2-5) [15].

12 Fixation techniques

The major technical problem the surgeon faces is the dif-
ficulty producing secure fixation of the implant to the bone.
There is less cortical and cancellous bone for the screw threads
to engage and the pullout strength of implants is signifi-
cantly lower in osteoporotic bone.

Bone mineral density correlates linearly with the holding
power of screws. If the load transmitted at the bone-implant
interface exceeds the strain tolerance of osteoporotic bone,
microfracture and resorption of bone with loosening of the
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implant and secondary failure of fixation will occur. The
common mode of failure of internal fixation in osteopo-
rotic bone is bone failure rather than implant failure.

Internal fixation must take the local bone mineral distribu-
tion into account. This varies with fracture location, age,
and gender.

Proper preoperative planning, implant choice, fixation tech-
nique, and understanding of the biomechanical principles
are essential.

The general principles of fracture management are applicable
to most fragility fractures, but the decrease in bone strength
requires some adaption to decrease the risk of failure.

12.1 Minimally invasive surgery

Minimally invasive surgery (MIS) techniques feature mul-
tiple “traditional” advantages that are even more helpful in
FFPs than in younger patients. Many older adults are anti-
coagulated and suffer already from muscle weakness. Tech-
nically, MIS is easy to perform as soft-tissue layers can be
separated easily. For more details, see Blauth et al [16].

Specifically designed instruments for MIS are available. It
is important to develop a familiarity with their use.

12.2 Relative stability

Thin cortices cannot withstand the compressive forces that
are needed to create absolute stability. Tightening lag screws
a little too much may create iatrogenic fractures that worsen
the situation significantly (Fig 1.2-2, Fig 1.2-3). In osteoporotic
bone it may not always be possible to obtain and maintain
anatomical reduction and compression with absolute stabil-
ity because the weakened cortical and cancellous bone may
fail under compression. It is essential not to mix the principles
of relative and absolute stability in one fracture fixation.

As a simple rule, intramedullary devices are preferred over
extramedullary devices if fracture patterns and soft tissues
allow for it. Unfortunately, for metaphyseal fractures around
the knee, locking options are not yet optimized for osteo-
porotic bone and thus nails are often not applicable.

Short plates with every screw hole filled will cause concen-
tration of forces, which may exceed the strain tolerance of
osteoporotic bone. Basic rules have been previously estab-
lished in the literature [17, 18]:

e Simple transverse fractures are best addressed by intra-
medullary implants. If this is not possible, the fracture

gap must be closed as much as possible, ie, bone contact
must be achieved. Three to four holes should be left free
and three to four bicortical locking head screws (LHSs)
in each main fragment are needed.

e Spiral-type 2-part fractures should be reduced and “adapt-
ed” as much as possible and preliminarily fixed with su-
ture or hardware cerclages or cables. If screws are used,
they should be tightened with caution as “reduction
screws”. The first plate screw should be inserted at the
end of the fracture line. Three to four bicortical LHSs in
each main fragment are necessary depending on the type
of bone (Fig 1.2-6).

¢ In comminuted fractures, the first screws should be placed
adjacent to the fracture zone. Four to five bicortical screws
in each main fragment are sufficient.

12.3 Splinting the whole bone

Subsequent fractures adjacent to the end of plates, nails or
prosthesis occur due to the stress riser between the stiff
implant and the soft bone. The frequency is not clear. If
possible, the whole bone should be protected at the first
fixation including the femoral neck in case of the femur
(Fig 1.2-7, Fig 1.2-8). To achieve this goal, sometimes a com-
bination of intramedullary with extramedullary implants
becomes necessary.

12.4 Angular stable implants and blades

Implants with locking head mechanism and fixed or variable
angle between screw and plate as well as angular stable
locking options for intramedullary nails all have biome-
chanically shown to provide superior stability in bone with
reduced cortical thickness.

Locking head screws cannot be overtightened or overin-
serted rendering them unstable because the thread gets
destroyed. They should always be used in a bicortical mode
to improve their working length with thin cortices.

In addition, locking screws have a larger core diameter than
conventional screws, which results in a higher pullout
strength and overall strength. This is especially helpful in
metaphyseal bone where intramedullary nails may fail. The
holding power of the LHS can further be increased by ori-
enting them in different directions: This method is used with
the proximal humeral plate and the distal femoral and
proximal tibial plates.

A blade for fixation of pertrochanteric fractures offers bio-
mechanical advantages over a lag screw. The blade con-
denses the bone around the implant, while screw insertion
always results in some bone loss.

13
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Fig 1.2-6a-f
a-b a A 77-year-old woman with a pertrochanteric fracture (31A2).

b
c-d

e-f

Fixation with proximal femoral nail antirotation.
The nail was removed 1.5 years later because of lateral thigh pain.
Three years later, she sustained a spiral diaphyseal fracture
(32A1).
Minimally invasive reduction in lateral position and preliminary
fixation with suture wire. Definitive fixation in relative stability
with distal femoral plate, the first proximal screw starting at the
end of the fracture and 10 cortices. Uneventful healing with
small callus formation. Ideally, a longer plate to protect the
whole femur would have been indicated.

Fig 1.2-7a-c Fig 1.2-8a-h

a A 92-year-old woman with periprosthetic fracture type B2. a-b An 80-year-old woman with a periprosthetic knee fracture.
b-c Open reduction, fixation with cerclage wires and revision c Two and a half months after fixation with a distal femoral plate
arthroplasty with a long-stemmed implant with locking options. fracture adjacent to the proximal end of the plate.
Distal femoral plate to protect the bone between the two d  Application of a longer plate. Fixation in varus malalingment
prostheses. and with the fracture gap still open.

e  The construct is too stiff and fails after another 2.5 months.
f-h Final solution with antegrade femoral nail. Distal locking with
axial loading screws.
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12.5 Anatomical alignment

Correct anatomical alignment represents an important pre-
requisite for uneventful bone healing. Fixation of osteopo-
rotic bones is less tolerant for any deviation than in young-
er bone. Specifically varus malalignment should be avoided
in femoral fractures.

Severe rotational malalignment is an underrecognized prob-
lem and occurs typically with very unstable proximal fem-
oral fractures. Rotational malalignment should be avoided.

12.6 Bone impaction

Bone impaction at the fracture site is a key element in the
surgical management of osteoporotic fractures as it reduces
the risk of implant failure.

In many cases, like for example in the valgus-impacted frac-
ture of the femoral neck, impaction is created by the trauma
itself. Controlled impaction can be attained by tensioning
internal fixation devices. Implants, such as the dynamic hip
screw, which allow for controlled impaction of the fracture
while preventing penetration of the joint by the hip screw.

Fig 1.2-9a-d

a  An 82-year-old man with a proximal femoral fracture (31A2).

b  Close reduction with traction table. After insertion of nail and blade, the decision was taken to augment the blade because of severe
osteoporosis and a very low resistance while inserting the blade. Intraoperative contrast dye test demonstrated no arthrogram, ie, no
perforation into the hip joint.

c-d Injection of 4 mL of polymethylmethacrylate through a special cannula. Result after mobilization with center-center position of the head-
neck-element and equally distributed cement.

12.7 Augmentation with polymethylmethacrylate
Fixation in osteoporotic bone can be improved by augment-
ing the bone with cement. Augmented purchase of the im-
plant, in particular of screws, reduces the risk of hardware
migration, cut out, cut through and pull out. It can also be
used as a void filler to support the bone structure, for ex-
ample, of a vertebral body or the tibial plateau, and prevent
it from collapsing.

Polymethylmethacrylate (PMMA) remains the material of
choice and may be used in different ways:

e For filling voids that mainly result after reduction of cancel-
lous bone. A typical example is vertebral body compression
fracture treated with closed reduction with vertebroplasty
or kyphoplasty. The same principle can be applied to prox-
imal tibial fractures; cement used as a void filler prevents
the articular surface from collapsing after elevation.

e In standardized implant augmentation, the cement is
typically injected with a specific cannula through perfo-
rated implants to improve the bone-implant interface by
preventing high bone strain and distributing the force to
the bone in aload-sharing rather than load-bearing con-
figuration (Fig 1.2-9).

¢ In nonstandardized implant augmentation, the cement
is applied via the screw hole or cortical window before
or after the implant is inserted.
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Standardized implant augmentation has been thoroughly
studied in recent years:

e Many sites have been tested biomechanically. In the
proximal femur, proximal humerus, proximal tibia and
sacrum, augmentation with PMMA cement improved
cycles required to cause mechanical failure by ~100%;
this applies only in osteoporotic bone.

¢ Small volumes of cement are sufficient. Larger quantities
do not improve implant purchase significantly.

e Heat generation outside the cement does not exceed 42° C,
because the metallic implant serves as a heat sink for the
exothermic chemical reaction.

e No signs of cartilage damage next to the cement mass
were noted in sheep experiments.

¢ Interference with bone healing has not been demon-
strated so far.

Standardized implant augmentation with PMMA limits the
negative effect of osteoporosis on implant fixation, “convert-
ing” osteoporotic bone into normal bone.

12.8 Autografts

Corticocancellous bone autografts to assist fracture healing
and to fill gaps can also be harvested in older patients. Un-
less used as avoid filler, grafts should be fixed to the bone
by cortical screws (Fig 1.2-10).

12.9 Allografts

Allograft bone has good mechanical properties but less os-
teogenic potential compared to autografts. In osteoporotic
bone, allografts are used to fill metaphyseal voids and to
prevent articular and other fragments from subsiding. This
can be helpful in fractures of the proximal and distal hu-
merus, distal radius and proximal tibia.

Allograft struts are also used in periprosthetic femoral frac-
tures with poor bone quality to enhance the mechanical
strength of the construct (Fig 1.2-11).

Fig 1.2-10a-g

a-c A 70-year-old woman with an
unstable 3-part fracture.

d-e Fracture fixation was indicated
despite the obvious risk for
avascular necrosis because a
stable reconstruction seemed to
be possible. Anatomical reduction
and fixation with PHILOS.

f Standardized implant
augmentation via cannulated
locking head screws with 0.5 mL
of polymethylmethacrylate each
to minimize the risk of mechanical
failure.

g Injection of cement is only
indicated and possible in
osteoporotic bone. Follow-up after
3 months.
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12.10 Joint replacement

Joint replacement plays an important role in older patients.
It is commonly used in the proximal femur, mainly with
femoral neck fractures. The indication for fracture arthro-
plasty is not as clear in proximal humeral fractures. A reverse
shoulder arthroplasty is useful in cases where stable fixation
is not possible. The use of an endoprosthesis in fractures of
the distal humerus, distal radius and proximal tibia remains
controversial.

More rapid restoration of adequate function along with a
reduced life expectancy and fewer revision surgeries are
appealing arguments in favor of immediate joint replace-
ment.

There is a paucity of published evidence to inform clinical
care in this area. If the general goals of fracture treatment
can be achieved without violation of the above-mentioned
principles, fracture fixation is usually preferred.

Fig 1.2-11a-h
a-c A 76-year-old woman with a displaced 2-part fracture of the proximal humerus. Severe osteoporosis with T-score lumbar spine -3.8,

femoral neck -3.6 and a slender head fragment.
d-f Central void after open reduction (d) that is filled with a structural allograft from the bone bank (e-f).
g-h Follow-up after 3 months.
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1.3 Principles of orthogeriatric anesthesia

Ali Shariat, Malikah Latmore

1 Introduction

This chapter examines age-related changes that render
older adults susceptible to adverse events in the periopera-
tive period and provide a summary of current best prac-
tices regarding anesthesia for fragility fracture patients (FFPs)
[1]. The major complications related to anesthetic interven-
tions in older adults include perioperative cardiovascular
morbidity, eg, hypotension, arrhythmias and acute coronary
syndromes, respiratory failure, kidney injury, and delirium.

Despite these risks, high-performing geriatric fracture pro-
grams report remarkably low perioperative mortality rates
of less than 2%, even in highly comorbid and frail referral
populations [2, 3]. This chapter reviews relevant physiolog-
ical changes in older adults, the assessment and preparation
of fragility fracture patients for anesthesia and surgery, and
the risks and benefits of general anesthesia (GA), regional
anesthesia (RA) and multimodal analgesia. Unique geriatric
considerations with regard to anesthetic choice, intraop-
erative positioning and teamwork are also examined.

2 Important pathophysiological changes in older
adults

2.1  Cardiac morbidity

Perioperative cardiac morbidity (PCM) is the leading cause
of death during and after surgery and includes myocardial
infarction (MI), congestive heart failure (CHF), unstable
angina, serious dysrhythmia, and cardiac death [4, 5]. Stress-
ors such as perioperative pain, blood loss, anesthesia, and
fluid shifts all contribute to an imbalance between myocar-
dial oxygen demand and supply [1]. In addition, the aging
process results in specific changes to the autonomic nervous
system including increased sympathetic nervous system
activation, decreased parasympathetic activity, and decreased
baroreceptor activity, limiting the ability of the older adult
to respond effectively to surgical stress [1]. Older patients
are more likely to have preexisting cardiac comorbidities,

such as coronary artery disease (CAD) or congestive heart
failure (CHF). These factors all contribute to a decrease in
cardiovascular reserve and lower the threshold at which
older adults develop cardiac complications and hemody-
namic instability [4, 6].

2.2  Pulmonary morbidity

Normal aging results in clinically significant changes in the
respiratory system, including loss of alveolar surface area,
decline in intercostal muscle mass and strength, kyphotic
thoracic spine changes, and calcification of rib cage cartilage
[7]. These changes reduce chest wall compliance, elastic recoil
of the lungs, and the strength of the respiratory muscles [8, 9].
Normal central respiratory responses to hypoxia and hyper-
capnia are reduced by approximately 50% in older adults
[10]. The cough reflex is less forceful and effective, increasing
the risk of aspiration pneumonia [9]. Older patients have
increased sensitivity to the respiratory depressant effects of
opioids due to an increase in the volume of distribution as
well as a decrease in renal and hepatic clearance [9, 11].

2.3  Cognitive dysfunction

Older adults are especially susceptible to delirium in the
perioperative period, and there is concern that perioperative
delirium may also contribute to longer-term cognitive dys-
function [12] (see chapter 1.14 Delirium for more informa-
tion on delirium). An abrupt decline in perioperative cogni-
tion is a robust predictor of increased mortality within the
first 3-12 months after surgery [12-14]. Theories explaining
the relationship between cognitive dysfunction and mortal-
ity include direct damage to the brain, inability of patients
with cognitive impairment to care for their own health, and
consideration of cognitive decline as an indirect marker of
systemic organ disease [14].

Medical complications such as pneumonia, deep vein throm-
bosis, pressure ulcers, M1, gastric ulcers, and depression are
more common in patients with postoperative delirium [15].
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Since cognitive decline in the postoperative period can have
an enormous impact on postoperative complications and
functional recovery, minimization of delirium in the peri-
operative period is an important goal.

3 Preoperative risk assessment and preparation

Poor preoperative preparation has been implicated in 40%
of deaths attributed to surgery and anesthesia [16].

Most published guidelines concerning preoperative optimi-
zation are based on patients undergoing elective surgery.
Under elective conditions, preexisting systemic disease is
closely investigated in order to define the disease, quantify
its severity, and optimize the patient’s condition for opera-
tive repair. Many of these practices and protocols can only
be loosely extrapolated to urgent cases such as hip fracture,
as the risks of surgical delay resulting from hemodynamic
instability, delirium and immobility typically exceed the
benefits of further preoperative testing.

Older age alone is no longer considered an important pre-
dictor of perioperative risk. Rather, the overall physical and
functional status and the number and severity of comorbid
conditions are considered more robust predictors of outcome
[1]. Quantifying comorbidity and functional capacity are
important tools to predict outcome. See chapter 1.4 Preo-
perative risk assessment and preparation for a more thorough
discussion of preoperative risk assessment and preparation.

3.1 Functional capacity

Functional capacity is a more accurate predictor of intraop-
erative risk than most specific comorbid conditions or the
results of extensive diagnostic testing [17].

Functional capacity can be assessed in terms of metabolic
equivalents (METs) of activity. Ability to perform activities
of greater than four METs is considered good functional
capacity; examples of such activities include climbing up a
flight of stairs, walking more than 6.4 km/h (4 mph), or
doing heavy household work [18]. This threshold (>4 METs)
has been used to indicate adequate reserve for most ortho-
pedic and other intermediate-risk surgeries.

3.2  Cardiacrisk

While the development of robust risk assessment tools is of
increasing relevance for elective surgical procedures, there
remains a dearth of studies to accurately estimate risk for
the typical FFP. The Revised Cardiac Risk Index [19] is the
most widely studied tool for hip fracture surgery and strat-

ifies cardiovascular risk based on the presence of six predic-
tors of cardiac morbidity and mortality:

e High-risk surgery (typically vascular or intraperitoneal)
e History of ischemic heart disease

e History of CHF

e History of cerebrovascular disease

¢ Insulin-dependent diabetes

e Preoperative serum creatinine > 2 mg/dL

The presence of two or more factors identifies patients with
moderate to high risk for perioperative complications. These
criteria have been used during elective surgical planning as
triggers to consider additional noninvasive testing, further
medical therapy, and/or invasive monitoring [17, 19]. These
factors are likely to also predict outcomes in the urgent
surgical setting.

History of unstable angina, CHF, significant dysrhythmias,
severe valvular disease, and pacemaker or an automated im-
plantable cardioverter defibrillator (ICD) placement should
be determined [18]. If a patient has a pacemaker or an ICD,
a plan for perioperative management should be discussed.
Information to be obtained includes the type and manufac-
turer of the device as well as the underlying dysrhythmia or
other cardiac condition that led to the placement of the device.
Perioperative management of the device must be individual-
ized, with some devices requiring preoperative interrogation
and possibly reprogramming by the cardiology team [18].

3.3  Procedure risk

In addition to risk stratification for patients, surgical proce-
dures may also be classified according to risk. High-risk
procedures include emergent procedures, major vascular
procedures, and prolonged procedures with major fluid shifts
and blood loss. They are typically defined as having adverse
cardiac event risks greater than 5%. Low-risk procedures
include endoscopy, breast surgery, and cataract surgery and
have an adverse cardiac event risk lower than 1%. Most
orthopedic procedures are considered intermediate risk and
have an adverse cardiac event risk between 1% and 5% [18].

3.4 Routine preoperative testing

Only after clinically significant diseases have been identified
on a medical history and physical examination should further
testing be considered; this testing should only be pursued if
it is likely to change management, improve outcomes, and
provide benefits that outweigh the harms of surgical delay
[18] (see also chapters 1.4 Perioperative risk assessment and
preparation and 2.6 Orthogeriatric team—principles, roles,
and responsibilities). In hip fracture patients, operative delay
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of more than 48 hours after admission increases the odds of
a 30-day mortality by 41 % and a 1-year mortality by 32% [20].

The American Society of Anesthesiologists in collaboration
with the American Board of Internal Medicine Foundation
recommend the following baseline preoperative laboratory
tests: complete blood count, basic or comprehensive meta-
bolic panel (ie, electrolytes, renal function and glucose),
and coagulation studies for patients when significant blood
loss and fluid shifts are expected [21].

In patients with established heart disease, an electrocardio-
gram may provide important prognostic information about
short-term and long-term mortality, and provides a baseline
against which perioperative changes may be judged [18].

More advanced preoperative cardiac testing (eg, transtho-
racic/esophageal echocardiography or cardiac stress testing)
in asymptomatic, stable patients with known cardiac disease
(eg, CHF or valvular disease) is not recommended and is
generally not appropriate for hip fracture patients in the
absence of signs and symptoms of significant active cardio-
vascular compromise [21, 22].

With the exception of concern for severe aortic stenosis,
echocardiographic assessment of valvular function does not
lead to clinically important changes in management [18].

3.5 Medication management

All preoperative medications must be correctly identified,
recorded and considered for continuation or discontinuation
during the perioperative period. The risk of intraoperative
hypotension and excessive blood loss is elevated in older
trauma patients, and teams must consider the potential im-
pact of home medications on blood pressure and bleeding.
Some common perioperative considerations include:

e Long-term beta-blocker therapy should be continued
perioperatively due to the benefits of heart rate control
and decreased myocardial oxygen consumption, and the
potential harm of withdrawal when abruptly stopped
[18]. In patients not receiving long-term beta-blocker
therapy, beta-blockers should not be initiated prior to
surgery due to the increased risk of hypotension, stroke,
and death [18].

¢ Angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin receptor blockers (ARBs) can lead to increased
episodes of intraoperative hypotension and acute kidney
injury, particularly when used in association with diuret-
ics [23]. Most experts recommend discontinuation of ACE
inhibitors/ARBs and diuretics preoperatively [17].

e Long-term antiplatelet therapy with aspirin, clopidogrel
and other antiplatelet agents is typically stopped in the
preoperative period. For patients who have undergone
coronary stent implantation within the past 6 weeks,
dual antiplatelet therapy with aspirin and P2Y12 platelet
inhibitor should be continued unless the risk of surgical
bleeding outweighs the risk of stent thrombosis [18].

Additional discussion of preoperative medication manage-
ment can be found in chapter 1.4 Preoperative risk assessment
and preparation. Discussion of the management of long-term
anticoagulation during the perioperative period can be found
in chapter 1.6 Anticoagulation in the perioperative setting.

4 Intraoperative anesthetic choices

General and regional anesthesia each have potential advan-
tages and disadvantages for hip fracture patients, and anes-
thetic choices require a thorough understanding of the
physiological changes related to trauma and the stress of
surgery. As will be discussed in topic 4.1, recent systematic
reviews and metaanalyses [24] do not support the superior-
ity of one method of intraoperative anesthesia (ie, general
versus regional) over the other in the urgent repair of fragil-
ity fractures; reasonable differences in practice patterns ex-
ist within institutions and worldwide.

4.1 Definitions and concepts

General anesthesia is typically delivered through a combina-
tion of intravenous and inhalational agents and results in
loss of consciousness, lack of response to stimuli and typi-
cally requires ventilatory support.

Regional anesthesia encompasses neuraxial (NA) techniques
(eg, epidural and spinal anesthesia), and peripheral nerve
blockade. Regional anesthetic techniques can be combined
with systemic sedatives, but do not typically involve complete
loss of consciousness or the need for complete ventilator
support.

The stress of surgery causes a cascade of neural and hu-
moral mediators that trigger tachycardia, blood pressure
lability, and hypercoagulability, and can lead to MI, pulmo-
nary infection, and thromboembolism [23]. Since pain plays
a central role in triggering this stress response, effective
analgesia can mitigate the ensuing adverse effects on various
organ systems and improve outcomes [25]. General anes-
thesia modulates this response through the central nervous
system, while RA blocks this pathway at the level of periph-
eral nerves or at the spinal cord [26].
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Effective management of pain in the postinjury period is
crucial, as uncontrolled pain may lead to both short-term
complications and chronic pain syndromes [26].

Unlike RA, adequate blockade of the surgical stress response
under GA requires large doses of opioids given prior to inci-
sion [25, 27]. Large doses of opioids increase the incidence
of opioid-related adverse effects such as respiratory depres-
sion, sedation, nausea, ileus, and pruritus.

The addition of epidural anesthesia blocks the perioperative
increases in adrenaline, cyclic adenosine monophosphate
[28], renin, aldosterone, cortisol [29, 30], and vasopressin [31].
When epidural anesthesia is begun prior to surgery and
maintained for 24 hours after surgery, muscle catabolism is
minimized [32].

As noted previously, some aspects of this stress may be re-
duced by the administration of RA [1].

4.2  General versus neuraxial anesthesia

General anesthesia is required for patients with contraindi-
cations to NAs (eg, coagulopathy, infection at site, increased
intracranial pressure), and may be preferred by some anes-
thesiologists and surgeons for patient-specific or procedure-
specific issues. Some literature [33] suggests that regional
techniques are associated with less delirium and fewer peri-
operative complications, but anesthetic practice varies
greatly worldwide, and there are no large randomized trials
of FFP to definitively inform this question [1, 24, 34]. For
fractures of or trauma to the lower extremity, spinal, epi-
dural, nerve blocks and GA may be used to provide anes-
thesia and analgesia. Proximal humeral fractures typically
require GA in the FFP population.

4.3 Neuraxial anesthesia

A number of metaanalyses have compared outcomes of NA
versus GA alone in a variety of surgical procedures and
patient populations, but there remains a paucity of high
quality literature as it applies to FFPs. In older cohorts, NA,
whether used by itself or in combination with GA, was as-
sociated with a 59% reduction in postoperative respiratory
depression. In studies focused on the use of NA in elective
nonorthopedic surgeries, the odds of postoperative pneu-
monia are reduced by 39% and pulmonary embolism by
55% [35]. The largest studies of hip fracture patients [36]
suggest decreased mortality and respiratory complications
with NA but are limited by their observational and retro-
spective nature.

Compared to intravenous opioid therapy, NAs for pain con-
trol decrease the incidence of new angina, dysrhythmia,
and CHF in high-risk patients [37]. A large systematic review
comparing NA to GA found a reduction of approximately
33% in the incidence of MI [35]. A further systematic review
found a decrease in PCM and mortality when epidural an-
algesia is continued for 24 hours after surgery [38]. Improved
mortality rates and decrease pulmonary morbidity has been
validated in at least one large retrospective study of older
patients undergoing hip fracture surgery [39]. Opinions [40,
41] differ as to the extent of benefit conferred by regional
anesthetic techniques, but improved outcomes seem to be
greatest for high-risk patients [37, 42].

Due to a lower volume of cerebrospinal fluid (CSF), the
presence of spinal stenosis, and reduced myelination of the
nerves, older patients generally have a reduced latency time,
higher dermatomal level, and increased block density with
spinal anesthetic than younger patients. For these reasons,
local anesthetic dosage should usually be reduced when
performing NA in geriatric patients [26].

The presence of anticoagulation is often a limiting factor in
the consideration of NA techniques for FFP. Epidural and
spinal hematomas are rare but devastating complications of
NA with the most significant risk factor being the presence
of anticoagulation [43]; anticoagulation is much more prev-
alent with the increased emphasis on perioperative throm-
boprophylaxis in recent years [44]. Prior to the placement
of a neuraxial anesthetic, the patient’s coagulation status
must be assessed, as NA is contraindicated in these patients.
The American Society of Regional Anesthesia and Pain Man-
agement guidelines are applied to patients receiving neur-
axial interventions as well as ‘deep plexus’ blocks or cath-
eters (eg, lumbar plexus block) [45].

The following regional techniques are contraindicated in
anticoagulated patients:

e Neuraxial, ie, epidural or spinal

e Paravertebral blocks

e Deep plexus blocks, ie, lumbar plexus and lumbar
sympathetic plexus

Although these guidelines apply to all patients, older patients
are more likely to have comorbid cardiovascular disease
requiring anticoagulation or antithrombotic therapy, mak-
ing a focused evaluation of anticoagulation status especial-
ly relevant.
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Postdural puncture headache (PDPH) is the most common
complication of spinal anesthesia and is caused by delayed
closure of the dura resulting in a continuous CSF leak and
decreased CSF volume and pressure. The incidence of PDPH
diminishes significantly with increasing age and is rare in
the older adults [46].

4.4 Lower extremity peripheral nerve blocks

All peripheral nerve blocks that are used for surgery of the
lower extremity can also be used for analgesia following
traumatic injury [26]. Femoral, sciatic, lumbar plexus and
fascia iliaca blocks are all possible and their selection is de-
pendent on the location of injury, type of operation and
ability to position the patient [26].

Femoral nerve

Fig 1.3-1 Ultrasound image of the femoral nerve.
Abbreviation: FA, femoral artery.

Fig 1.3-2 Ultrasound transducer and needle position for
performance of ultrasound-guided interscalene block in the out-of-
plane orientation.

Issues to consider regarding lower extremity nerve blocks:

e The fascia iliaca block is performed in a region that is
distant from vascular and other vital structures,
making it relatively safe. It has been widely studied as
a preoperative treatment of pain following hip fracture
with reductions in acute pain and delirium [47].
Recently, however, the distribution, reproducibility,
and utility of this block have come under question [48].

e The lumbar plexus block, consisting of L1-4 spinal
roots with a contribution from T12, lies in the psoas
muscle where these nerves can be blocked. The
terminal nerves of the lumbar plexus are the iliogastric
(L1), ilioinguinal (L1), genitofemoral L1/2), lateral
femoral cutaneous nerve (L2/3), the femoral nerve
(L2-4) and the obturator nerve (L2-4) [49].

e Femoral block is useful for trauma of the femur or
patella (Fig 1.3-1) [49].

e The sciatic nerve block is widely used for surgery and/
or pain control of the entire leg below the knee with
the exception of the cutaneous distribution of the
medial aspect of the lower leg [49].

4.5 Upper extremity peripheral nerve blocks
Issues to consider regarding upper extremity nerve blocks:

e For trauma of the shoulder, lateral clavicle, or proximal
humerus, an interscalene block, performed at the level
of C5 and C6 roots or the upper trunk, can provide excel-
lent analgesia and/or anesthesia (Fig 1.3-2, Fig 1.3-3) [50].
This block can cause 100% hemidiaphragmatic paralysis
either due to local anesthetic coursing towards the phrenic
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Fig 1.3-3 Ultrasound image of interscalene brachial plexus with
needle in the in-plane orientation. Arrows point to the incoming
needle.
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nerve or due to cephalad spread of local anesthetic towards
C3-5 roots and therefore must be considered with caution
in patients who have limited respiratory reserve [51]. It
is contraindicated in patients with contralateral pneu-
mothorax or pneumonectomies, contralateral phrenic
nerve palsy, or contralateral recurrent laryngeal nerve
palsies [52]. In such cases, GA is the preferred method of
anesthesia.

e For more distal injuries, supraclavicular, infraclavicular,
or axillary blocks may be used [26]. In trauma patients,
the cervical spine must often be cleared prior to remov-
al of the cervical collar and placement of an interscalene
block [26].

e Supraclavicular blocks also carry a risk of phrenic nerve
paralysis, albeit less than with the interscalene approach.
Pneumothorax is a risk when performing either supra-
clavicular or infraclavicular blocks [26]. Due to a decrease
in nerve myelination in older patients, greater diffusion
of local anesthetics is possible utilizing lower volume.
Therefore, as with NA, effective doses of local anesthet-
ics should be reduced when performing peripheral nerve
blocks in geriatric patients [1].

4.5.1 Nerve injury and peripheral nerve blocks

Nerve injury can result from a number of factors related to
the patient (eg, preexisting trauma and/or neuropathy),
surgery (eg, mechanical, tourniquet), or the nerve block
and most often involves a combination of factors [53]. Neu-
ral injury resulting from a nerve block is rare, occurring
with a frequency of 0.4 per 1,000 blocks [54] but can result
from direct mechanical trauma of the needle, neurotoxic-
ity from the local anesthetic, or an intraneural injection of
local anesthetic [53]. According to the double crush hypoth-
esis, patients with preexisting nerve injury or neural disease
are at greater risk of developing a clinically significant neu-
ropathy if a nerve is subsequently injured at a second loca-
tion along the neural pathway [55]. For this reason, nerve
blocks following traumatic injury should be approached
with caution and include a robust assessment of risks and
benefits as well as discussion with the patient and the sur-
gical team. Age-related changes in the somatic nervous sys-
tem include peripheral nerve deterioration and decreased
myelinated nerve fiber conduction [1].

It is unclear whether such changes increase the older pa-
tient’s susceptibility to nerve injury due to the performance
of RA. However, preoperative assessment and documenta-
tion of preexisting neural compromise are important.

4.5.2 Compartment syndrome

Treatment of pain following a traumatic injury to an extrem-
ity with RA carries the risk of masking the pain of compart-
ment syndrome [56]. Performing RA after traumatic injury
therefore remains a controversial topic with early case reports
indicating a delay in the diagnosis of compartment syndrome
[57,58]. However, more recent case reports show that break-
through pain in the presence of a regional block is not masked
by peripheral nerve blocks [56,59]. Moreover, the emergence
of breakthrough or crescendo pain, together with edema of
the affected extremity, in the presence of a continuous nerve
catheter has been suggested as evidence of compartment
syndrome [60]. This topic remains controversial and requires
an assessment of risks and benefits and close communication
between the orthopedic and anesthesia teams.

4.5.3 Effects of sedation

There has been some emerging evidence that patients who
are more heavily sedated under RA have an increased risk
of postoperative delirium and may even have an increased
risk of mortality after 1 year than those who are more lightly
sedated [61, 62]. However, these studies have not established
a causative relation between anesthetic depth and mortal-
ity, have not been confirmed by other studies [63], and their
validity has been questioned [64]. Due to the susceptibility
of the geriatric population to postoperative delirium, heavy
sedation is likely not ideal in this population.

4.6 Multimodal analgesia

Multimodal analgesia involves the use of a variety of anal-
gesic agents, each with different mechanisms, to treat pain
[26]. The use of multimodal analgesia has become a mainstay
of perioperative pain management in order to reduce opioid
use and related adverse effects including respiratory depres-
sion, sedation, nausea, ileus, and pruritus [65, 66]. Moreover,
when opioids are used as a single modality, higher doses
are required, increasing the risk of adverse effects [67-69].
These adverse effects may be more pronounced in older
adults due to impaired pharmacodynamics and pharmaco-
kinetic handling of the drugs [70]. While opioid-sparing
therapies are of potential benefit to older adults, the risks
of other pharmacological agents are not particularly well
studied. Many nonopioid analgesic agents have limiting
adverse effects, particularly in the clinically unstable FFP.
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Specifically, nonsteroidal antiinflammatory drug use is lim-
ited in the immediate perioperative period due to concerns
with gastrointestinal bleeding and renal injury in the he-
modynamically tenuous older adult. Caution should also
be taken with the use of gabapentinoids due to dose-relat-
ed adverse effects such as sedation and dizziness, especially
given the goals of early ambulation.

Recently, intravenous acetaminophen has become available
in the United States and has produced promising results and
few adverse effects. In patients having hip and knee arthro-
plasties, reduced morphine consumption and improved
Visual Analog Scale pain scores have been noted with the
inclusion of acetaminophen [71]. The cost of intravenous
acetaminophen limits its use in many centers. Additionally,
the N-methyl-D-aspartate antagonist ketamine has profound
analgesic properties and has been shown to be an effective
component of a multimodal analgesic regimen by diminish-
ing opioid use, decreasing postoperative pain, and improv-
ing time to reaching physical therapy goals in orthopedic
patients [72-76]. But it requires additional study in older
trauma patients due to the risk of dysphoria, sedation, hal-
lucinations, and postoperative cognitive dysfunction.

5 Intraoperative positioning

Careful patient positioning is of utmost importance during
the intraoperative period, particularly in patients who are
deeply sedated, under GA, or have a regional anesthetic,
rendering them unable to alert physicians to early signs of
injury [77]. Although patient positioning is an important
consideration for all patients in the operating room, special
care must be taken when applied to the older patient due
to increased incidence of osteoporosis, hypertension, dia-
betes mellitus, and peripheral vascular disease [78-81]. Isch-
emic stroke is an especially feared complication in the beach
chair position [82]. The effect of gravity decreases venous
return, reducing cardiac output and cerebral perfusion pres-
sure. Risk factors for stroke are far more common in older
patients, necessitating meticulous management of hemo-
dynamic factors, such as maintenance of blood pressure as
close as possible to the patient’s baseline values [83]. For
these reasons, the regular use of hypotensive anesthesia for
improved visualization in arthroscopic shoulder surgery
should be either avoided or used with great caution in pa-
tients with risk factors for stroke, such as hypertension or
cerebrovascular disease [82]. Alternatively, the beach chair
position can be avoided altogether.

6 Partnering with anesthesiologists

The practice of medicine in general, and anesthesia in par-
ticular, has often been compared with other high-stakes
professions such as aviation where evidence has long shown
that inadequate teamwork is one of the main reasons for
preventable error [84]. Effective communication, mutual
monitoring, and both giving and receiving feedback are all
essential elements of teamwork [82, 84] (see also chapter 2.6
Orthogeriatric team—principles, roles, and responsibilities).
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1.4 Preoperative risk assessment

and preparation

Joseph A Nicholas

1 Introduction

Skilled preoperative assessment and optimization of the
geriatric fracture patient directly contributes to excellent
outcomes. Although there is a paucity of relevant literature
on older adults undergoing urgent surgery, best practices
are heavily informed by geriatric principles combined with
evidence extrapolated from other populations and settings.
The perioperative medical practices supported by much of
the existing literature require modification for the physi-
ologies and vulnerabilities of older adults, and geriatric frac-
ture care should not simply replicate practices patterns used
for the stable and healthier elective surgery patient.

Medical centers using a standardized geriatric medicine ap-
proach to preoperative care have reliably demonstrated
improved outcomes in mortality, length of stay and reduc-
tion in complications [1-3]. This chapter focuses on the strat-
egies used by many of these centers in the areas of risk
assessment and optimization.

Key principles and goals:

e Early surgical fixation, particularly for highly frail or
comorbid patients

e Optimization by a general medical service for surgery
in less than 24 hours for most patients, and many in
less than 6 hours

e Pain control with parenteral opiates and regional nerve
block techniques

e Anticipation of hypotension in the intra and postop-
erative period; liberal use of intravascular hydration,
and cessation or reduction of most antihypertensive
medications

e Avoidance of excessive perioperative testing, medical
consultation and polypharmacy

2 Unique perioperative aspects

In addition to risk assessment and surgical planning, the
perioperative management of older adults is focused on
active efforts directed towards pain control, maintenance
of hemodynamic stability and avoidance of functional de-
cline. Early surgery is the most important way to achieve
these goals, and the preoperative medical assessment needs
to prioritize early surgery and early mobility over many
other chronic medical issues. For these reasons, high-per-
forming geriatric fracture centers have implemented clinical
pathways that emphasize timely transition to operative re-
pair, even in highly comorbid or frail older adults. Many
notable comorbidities warranting more intensive preopera-
tive testing and consultation prior to elective surgery are
not vigorously pursued in the geriatric fracture setting.

3 Preoperative risk assessment

For almost all patients, the benefits of operative fracture
repair, including hemostasis, pain control and mobilization,
exceed the risks related to anesthesia and surgery. This is
due to both the improved safety of advanced anesthetic and
surgical techniques and the excessive morbidity and mortal-
ity of hip fracture patients in the absence of surgical repair.
Patient-specific risks can be roughly estimated with the
careful use of preoperative risk calculators, and may allow
for better anticipation of patient-specific outcomes and com-
plications.

3.1 Risk calculators

The Nottingham Hip Fracture Score [4] is the best-validated
instrument for predicting 30-day and longer outcomes in
the hip fracture population, and incorporates measures of
comorbidity burden, functional status (ie, type of residence),
cognitive status (ie, mini-mental test score), nutritional sta-
tus (ie, albumin), and key demographic factors (ie, age,
gender). Elements like institutionalization and mini-mental
test score are not universally consistent across different
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international settings, but likely can be approximated and
remain useful for estimating perioperative risk and short-
term outcomes (Table 1.4-1, Table 1.4-2).

A number of additional calculators have been developed in
the attempt to provide a reasonable estimate of serious com-
plications in surgical patients; none are validated in older
adults undergoing urgent orthopedic surgery. Three calcu-
lators that were examined in the most recent American
College of Cardiology/American Heart Association (ACC/
AHA) guidelines include the Revised Cardiac Risk Index
(RCRI) [6], the Myocardial Infarction or Cardiac Arrest cal-
culator [7], and the American College of Surgeons’ Nation-
al Surgical Quality Improvement Program Surgical Risk
Calculator [8]. The key features of the RCRI are summarized
in Table 1.4-3.

3.2 Other assessments of prognostic importance
Despite the historical emphasis on comorbidity scoring for
estimating surgical risk, functional and cognitive impairment
have long been recognized in geriatric medicine to predict
many clinically significant perioperative complications and
mortality [10]. There are several tools to quickly classify cog-
nitive and functional status into meaningful categories; these
can be easily incorporated into standard medical, surgical
Or nursing assessments.

3.2.1 Functional capacity

The Parker Mobility Score is a simple measure of function
that has been derived and validated in the hip fracture set-
ting, and evaluated in multiple settings and for multiple
important outcomes (Table 1.4-4). More extensive function-
al status evaluation can be helpful in the rehabilitation phase.

Variable Value Points
Age,y 66-85 3
> 85 4
Gender Male 1 Nottingham Hip Fracture Score Estimated 30-day mortality, %
Admission hemoglobin <10g/dL 1 1 1
Admission mini-mental test score <60f10 1 3 3
Living in an institution Yes 1 5 7-10
Number of comorbidities =2 1 7 16-23
Malignancy Yes 1 10 45-57
Table 1.4-1 Nottingham Hip Fracture Score, adapted from Maxwell Table 1.4-2 Nottingham Hip Fracture Score and predicted mortality
et al [4]. rates, adapted from Moppett et al [5].
Risk factors Points
High-risk surgery (intraperitoneal, intrathoracic, suprainguinal vascular) 1
Ischemic heart disease history 1
Heart failure history 1 Mobility No difficulty ~ With anaid  With assistance Not at all
Stroke or cerebrovascular ischemia history 1 Around house 3 2 1 0
Diabetes requiring insulin 1 Out of house 3 2 1 0
Renal failure with creatinine > 2 mg/dL 1 Shopping 3 2 1 0
Total points Risk of major cardiac event, % Total (NMS) 1-year mortality, %
1 1.0 =3 56
2 2.4 4-5 38
=3 5.4 >5 15

Table 1.4-3 Perioperative Risk Calculator: Revised Cardiac Risk
Index, adapted from Devereux et al [9].

Table 1.4-4 New (Parker) Mobility Score (NMS) [11].
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3.2.2 Cognitive assessments

Impaired cognition is significantly associated with func-
tional dependence and poor outcomes, and by itself is a
marker of increased perioperative risks and postoperative
dependency [12]. For patients without a preexisting diagno-
sis, diagnostic assessment for dementia is often not possible
during the preoperative period, due to the complicating
presence of delirium. In these situations historical features
can often suggest the presence of dementia; impairments in
telephone use, handing of finances and medication self-
administration best correlate with underlying dementia [13].
For patients without delirium, the Mini-Cog test is a vali-
dated, efficient tool with good ability to identify dementia
[14]. See chapter 1.14 Delirium for further discussion.

3.2.3 Exercise capacity

Exercise capacity is used as a surrogate for functional capac-
ity and physiological reserve, and has been incorporated
into the ACC/AHA guidelines to discriminate high- and low-
risk patients, using a threshold of 4 metabolic equivalents
of task [15]. Common activities that meet this threshold in-
clude walking up a flight of stairs, walking up a hill, walking
ataminimum pace of 6.4 km/h (4 mph), or heavy housework
like scrubbing floors and moving heavy furniture. For pa-
tients undergoing elective surgery, these guidelines suggest
that patients who can perform this level of exertion do not
require additional cardiovascular testing preoperatively. This
level of exercise capacity should be relatively reassuring for
the geriatric fracture patient as well.

4 Routine preoperative testing

The standard preoperative evaluation should be limited to
bedside clinical evaluation, basic blood work and essential
radiographic studies. Excellent perioperative outcomes can
be obtained with the following tests: radiography of the
fracture, hemoglobin level and platelet count, basic serum
electrolytes and renal function, and a resting electrocardio-
gram [3].

Recommended preoperative tests include:

e Standard:
— Complete blood count
— Basic electrolytes and renal function
— Serum calcium
e Typically recommended:
— Electrocardiogram
— Coagulation studies
(particularly for patients taking warfarin)

— Albumin
(to correct calcium and screen for malnutrition)
¢ Metabolic bone evaluation:
— Vitamin D levels
— Parathyroid hormone (PTH) levels
— Thyroid studies

As part of a standard protocol, it may be helpful to perform
metabolic bone assessments (ie, calcium and phosphorus,
PTH, thyroid hormone, vitamin D levels) or help identify
malnutrition (ie, albumin levels), although the results of
these studies are not essential prior to proceeding to surgi-
cal fixation. Standardized order sets and protocols can help
streamline this preoperative testing process and minimize
inappropriate variation in care [16].

Bedside clinical evaluation should focus on the assessment
of intravascular volume status and the rapid identification
of the few active medical conditions that warrant surgical
delay, including acute pulmonary edema, acute coronary
syndrome, sepsis, unstable arrhythmias, or acute stroke.

5 Advanced investigations

For most fragility fracture patients there is no demonstrat-
ed benefit to routine advanced investigations such as echo-
cardiography, noninvasive cardiovascular stress testing, or
prolonged preoperative cardiac rhythm monitoring. Retro-
spective studies suggest that routine advanced cardiovascu-
lar testing, including echocardiography, results in significant
surgical delay without clinically important changes in man-
agement [17, 18]. In addition, the preoperative care teams
should carefully avoid preoperative workup of otherwise
stable chronic comorbidities like chronic renal failure, chron-
ic stable coronary disease, or chronic neurological deficits;
there is no known benefit to more intensive workup and
consultation prior to fracture fixation. Other routine tests
of uncertain preoperative impact include routine urinalysis,
chest radiography and biomarker assays, ie, B-type natri-
uretic peptide and troponin levels. The high incidence of
asymptomatic bacteriuria in older adults, particularly wom-
en, can prompt inappropriate antibiotic use, and nonspe-
cific biomarker elevations may lead to acute interventions
that promote hypotension, bleeding and surgical delay.
Until there is better prospective data supporting routine use
of biomarker assays in fragility fracture patients, these should
be limited in this setting to symptomatic patients.
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6 Preoperative medical treatments

In addition to clinical assessments and risk stratification,
preoperative optimization typically requires a small set of
interventions to minimize surgical delay and intraoperative
hypotension.

6.1 Intravascular volume restoration

Almost all older adults with femoral fractures suffer from
acute intravascular volume depletion and require volume
restoration to minimize perioperative hypotension. Initial
hemoglobin assessment prior to volume restoration can sig-
nificantly underestimate the degree of anemia, and blood
loss will often continue until the fracture is reduced and
fixed, especially in the patients with recent use of antithrom-
botic or anticoagulant medications.

Most published reviews support the initiation of isotonic
intravenous fluids as soon as possible for patients without
clinically significant acute pulmonary edema. Geriatric frac-
ture centers typically report preoperative hemoglobin targets
of 10 mg/dL, in anticipation of further blood loss during the
perioperative period [19].

In general, it is easier to treat the consequences of pulmonary
edema from overhydration than to manage those related to
volume depletion (ie, hypotension, stroke and renal failure).

6.2 Pain management

Acute pain control is another cornerstone of acute preop-
erative care for fragility fracture patients. Inadequate pain
control is associated with increased adrenergic drive and
myocardial oxygen demand and contributes to a number of
complications including delirium, tachyarrhythmia and
myocardial infarction.

Pain control is one of the reasons that early surgical fixation
is associated with improved postoperative complications. In
the preoperative phase, most published protocols use stan-
dard doses of intravenous opioids to achieve adequate pain
control. Morphine sulfate, hydromorphone and oxycodone
have all been shown to be effective and safe when used in
adjusted doses for frail older adults. In addition, there is a
growing body of literature on the safety and efficacy of blocks
of the femoral nerve other local nerve blocks, particularly
with ultrasound guidance [20]. Successful nerve blocks can
produce faster time to analgesia and result in less opioid use
for the duration of the block. Intravenous acetaminophen/
paracetamol has not been well studied in this population,
but is expected to be helpful as well, although its use may
be limited by cost in many institutions. Techniques for pain

assessment and management in older adults is more thor-
oughly covered in chapters 1.12 Pain management and
1.7 Postoperative medical management.

6.3 Medication management

One of the most nuanced areas in perioperative optimization
includes the management of long-term medications in old-
er adults. Each medication should be evaluated for its po-
tential efficacy or harm in the acute fracture setting, and
determine the risk of continuation, acute cessation or, in
the case of some anticoagulants, reversal. This is optimally
done by a medical physician with experience in periopera-
tive care of older adults. Additional approaches are discussed
in further detail in chapter 1.13 Polypharmacy.

6.3.1 Antihypertensive medications

The high risk of perioperative hypotension in the older frac-
ture patient makes the routine continuation of long-term
blood pressure medications particularly dangerous in this
setting. With the exception of beta-blockers and clonidine,
acute cessation of most other commonly used antihyper-
tensive medications is not problematic.

6.3.2 Beta-blockers

Perioperative beta-blocker recommendations have under-
gone dramatic changes over the past 10 years, and the ini-
tiation of beta-blockers in patients prior to surgery is no
longer recommended [21].

Patients taking long-term beta-blockers should have them
continued in this setting, although dose attenuation may
be required in patients with perioperative blood pressures
in the low-normal range. Other medications used for long-
term heart rate control, eg, diltiazem, verapamil, may also
need to be continued.

6.3.3 Angiotensin-converting enzyme inhibitors and
angiotensin-receptor blockers

Angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin-receptor blockers (ARBs) are known to cause
hypotension and acute kidney injury in the perioperative
setting [22, 23], as well as contribute to acute kidney injury
in hemodynamically unstable patients [24]. In the typical
fragility fracture patient with increased risks for hypotension
and acute renal failure, routine cessation of ACEIs/ARBs in
the preoperative period is usually appropriate.

6.3.4 Statins

Both the ACC/AHA and the European Society of Cardiol-
ogy guidelines support the continuation of statin therapy
for patients already taking them. There is no evidence for
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the acute initiation of statin therapy in patients undergoing
urgent nonvascular surgery.

6.3.5 Diuretics
In light of concern for intravascular volume depletion, all
diuretics are typically held in the preoperative period.

6.3.6 Noncardiovascular medications

Oral diabetic medications typically should be held preop-
eratively to avoid clinically significant hypoglycemia in the
perioperative phase. Patients using insulin will also need
attenuation of long-term insulin doses; the use of frequent
blood glucose monitoring and the use of short-acting insu-
lin is the safest approach in the dynamic perioperative pe-
riod. Patients receiving long-term psychiatric medications
will often need these continued, although dose attenuation
or temporary cessation in the event of excessive sedation
or other side effects may need to be considered. Patients on
long-term opioid or benzodiazepine therapy are at risk for
withdrawal with abrupt cessation, and parenteral replace-
ment may be necessary if patients are not able to take oral
medications. Patients receiving long-term opiate therapy
may need to have augmented doses of opiates to overcome
tolerance and achieve effective pain relief. Overall, patients
require routine monitoring for acute toxicity and complica-
tions of long-term medications in the perioperative setting.

6.3.7 Antithrombotic and anticoagulants

Management of anticoagulation in the perioperative setting
is as much art as science, and the impact of the use or ces-
sation of anticoagulant medication needs to be closely mon-
itored until the patient has recovered. In the preoperative
setting, almost all antithrombotic and anticoagulant medi-
cations should be held or reversed, depending on the at-
tainment of adequate hemostasis and on the risk of throm-
bosis for particular indications [25]. This issue is more
thoroughly covered in chapter 1.6 Anticoagulation in the
perioperative setting.

7 Other preoperative issues

There are a number of common perioperative medical com-
plications that impact postsurgical outcomes; many of these
develop or require intervention in the postoperative period.
Comanagement with a general medical service with experi-
ence with common geriatric syndromes is essential to opti-
mal outcomes. Some of these issues emerge in the preop-
erative phase and are introduced here.

7.1 Delirium

Delirium is an acute, waxing and waning change in mental
status marked by deficits in attention, and often compli-
cated by agitation, lethargy or disorganized thinking [26]. It
is common in hospitalized older adults, particularly in those
with underlying cognitive disorders including dementia.
Delirium can be provoked by underlying medical issues,
which should always be sought. In the preoperative setting,
uncontrolled pain should be strongly considered, particu-
larly in patients with no other obvious cause. Initial attempts
at management should include treating underlying clinical
issues, optimizing pain control and attempting nonpharma-
cological supports like gentle reorientation, decreasing ex-
cessive stimulation, and restoring eyeglasses and hearing
aids. For severe agitation or distress, low-dose haloperidol
(0.5 mg intravenously or orally) can be administered safely
in most patients. Delirium is not a contraindication to sur-
gical fixation; fracture reduction and mobilization may be
necessary to promote resolution.

7.2 Urinary retention

Urinary retention can be due to a number of contributing
factors, including pain, delirium, and prostatic hypertrophy
and is a common adverse effect of opioid medications. Bed-
side physical examination and ultrasonic bladder scan can
assist with the diagnosis. Urinary catheterization carries
risks such as infection, urinary tract bleeding and delirium,
and should be used judiciously.

7.3  Polypharmacy

In light of the number of competing acute and chronicissues
faced by older adults, polypharmacy and its effects can be
viewed as a distinct clinical issue. Polypharmacy is defined
as the use of six to nine medications at once and has been
associated with a high likelihood of drug-drug interactions.
Polypharmacy is associated with delirium, functional decline
and poor surgical outcomes. In addition to avoiding poorly
tolerated classes of medications like anticholinergic agents
and benzodiazepines, careful reduction in the number and
doses of other medications may be helpful in optimizing
outcomes. See chapter 1.13 Polypharmacy for a more thor-
ough discussion.
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1 Introduction

For older adults, a hip fracture is often a life-altering event.
Even after successful surgical repair, there remain significant
consequences for life expectancy, impaired function, and
diminished quality of life. Hip fracture outcomes vary widely,
from full recovery to end-of-life decline. In addition, other
fragility fractures of the spine, pelvis and ribs are also associ-
ated with similar prognostic implications, including high rates
of 1-year mortality [1]. Incorporating patient-specific estimates
of prognosis into routine practice can lead to better anticipa-
tion of complications, more realistic goals for rehabilitation,
appropriate care of comorbidities, better patient and family
communication and identification of palliative needs.

2 Prognostication of outcomes—general
approaches

Outcome prognostication in the older adult can be very
challenging, but useful estimates are possible. The literature
offers many tools that can be used to adequately separate
older adults who have a good estimated prognosis from
those who are likely to do poorly in the immediate future.
These tools range from complex calculators that incorporate
15-20 different health history and physical examination
parameters to single items such as gait speed or grip strength.
Generally speaking, prognostication in older adults is best
achieved by routinely evaluating the three different patient
factors age, comorbidities, and functional status.

2.1 Age

Age alone is a good but clinically insufficient predictor of
life expectancy with consistent trends of decreasing life ex-
pectancy as a person ages [2]. A 65-year-old man in the
United States will live an average of 18 more years compared
to nearly 21 years for the typical 65-year-old woman. By
age 85, life expectancy drops to 6.1 and 7.3 years for men
and women in the US, respectively. Despite these general
estimates, there is a wide distribution in the life expectancy

atany given age [3]. For example, life expectancy for 85-year-
old men can range as much as fourfold, from about 2 to 8
years. To further refine patient-specific estimates of life ex-
pectancy, it is important to also consider a patient’s comor-
bidities and personal functional trajectory.

2.2 Comorbidities

As expected, patients with more comorbidities have lower
life expectancies and experience more surgical complications.
The Charlson Comorbidity Index (CCI) [4] is a well-known
example of a pure comorbidity scale used for prognostication.
The CCI assigns a weighted point value to a number of com-
mon diseases and can also be age-stratified by assigning a
point for age for every decade after 40 (see Table 1.5-1).

Higher scores correlate with higher mortality. A hospitalized
patient with a score of 0 will have a 1-year predicted mor-
tality of 12%; patients with scores of 3—4 have a 1 year
mortality of 52%, and scores greater than 5 predict an 85%
1-year mortality [4].

Charlson Comorbidity Index

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia

Chronic pulmonary disease
Connective tissue disease
Ulcer disease

Mild liver disease

Diabetes

Points assigned

1
1
1
1
1
1
1
1
1
1

Hemiplegia

Moderate or severe renal disease
Diabetes with end organ damage
Any tumor

Leukemia

Lymphoma

Table 1.5-1
Charlson
Comorbidity
Index scoring
(without age
score).

Moderate or severe liver disease

Metastatic solid tumor
AIDS

OO N NNNNNN
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In hip fracture patients, a CCIis also an independent predic-
tor of 30-day mortality; patients with a CCI > 6 are more
than twice as likely to die during this time frame [5].

2.3  Functional status

It addition to age and comorbidity assessment, it has been
increasingly recognized that function is an important inde-
pendent prognostic indicator in older adults. Functional
debility is a common pathway for any disease, as it increas-
es in severity and is typically easy to assess. The most com-
mon geriatric functional scale is the Barthel Index of Ac-
tivities of Daily Living [6], in which patients are assessed for
independence in the following daily abilities: toileting, con-
tinence (bowel and bladder), transferring, mobility, stair
use, feeding, grooming, bathing and dressing. Lower scores
reflect increased dependency, which is also an independent
predictor of mortality (Table 1.5-2, Table 1.5-3).

Functional assessment is most important in the oldest patients.
Function correlates more closely with mortality than comor-
bidities for those older than 80 years, while for those young-

Activity Scoring range (points)
0 = dependent
Toileting 0-2
Bowel continence 0-2
Bladder continence 0-2
Grooming 0-1
Feeding 0-2
Dressing 0-2
Transferring 0-3
Mobility 0-3
Stairs 0-2
Bathing 0-1

Table 1.5-2 Barthel Index of Activities of Daily Living [7].

er than 70 years comorbidities are better at predicting mortal-
ity [9]. Other studies have used function to predict survival
in cancer, heart failure, surgeries and dementia [10-14].

The most valid predictors of postsurgical outcomes come
from comprehensive tools that incorporate elements of age,
comorbidity and function. The best studied of these in the
hip fracture population is the Nottingham Hip Fracture Score
(NHFES), which assigns points for age, gender, number of
comorbidities, cognitive impairment, anemia, institutional-
ization and malignancy [15]. Patients can be grouped as low
risk (NHFS < 4) or high risk (NHFS > 5) with differences in
survival at 30 days (96.5% versus 86.3%) and 1 year (84.1%
versus 54.5%) [16]. Table 1.5-4 summarizes the NHFS scoring.

Despite the presence of procedure-specific outcome esti-
mates, it is critical to recognize that individual older adults
will have a wide range of responses to medical and surgical
treatments. Assessing age, comorbidities and function allows
for a more individualized assessment and care plan.

Without individualizing care based on prognosis and frailty,
the clinician is at great risk for overtreatment of some pa-
tients, and undertreatment in others. Individualizing care
based on patient-specific assessment allows for a treatment
plan that is tolerable, purposeful, effective, and consistent
with a patient’s goals of care.

3 Functional prognosis for hip fracture patients

In addition to significant mortality associations, hip and
other fragility fractures have specific prognostic implications
for functional outcomes. Understanding these implications
allows patients, families and care teams to have realistic
expectations for the future, and to anticipate and prepare
for upcoming needs.

Performance of ADL Median life expectancy in years Variable Value Points
No difficulty with ADLs 10.6 Age,y 66-85 3
Able to do all ADLs with some difficulty and 6.5 > 86 4
bathe and walk with a lot of difficulty Gender Male 1
A_blg to toilet, dress and transfer with a lot of 5.1 Admission hemoglobin <10gd 1
difficulty and unable to bathe or walk —
Mini-mental test score <60f10 1
Able to perform only one ADL, unable forall 3.8 —
others Living in an institution Yes 1
Complete dependency in ADLs 16 Comorbidities >2 !
Malignancy Yes 1

Table 1.5-3 Median life expectancy for community adults older
than 70 years, based on the Barthel Index of Activities of Daily Living
assessment [8].

Abbreviation: ADL, activity of daily living.

Table 1.5-4 Nottingham Hip Fracture Score.
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3.1 Mortality

About 25% of older adults with hip fractures die within the
year. Mortality rates are nearly 50% higher for men than
women and more than double for those older than 85 years
[17]. Other factors associated with higher 1-year mortality
include cognitive impairment (91 % higher), prefracture gait
instability (up to seven times higher), and nursing home
residence (75% higher).

3.2  Functional outcomes

Functional outcomes may be more important than mortal-
ity to patients and families. The recovery from a hip fracture
takes months and postfracture dependence can develop in
more areas than just ambulation. Most patients will require
rehabilitation in a nursing facility (about 60%) or an acute
rehabilitation facility (about 25%) after the hospital stay. A
small minority will be discharged directly home (15%) [18].

Maximum recovery of cognition (ie, resolution of delirium),
depression and upper extremity activities of daily living
(ADLs) is most often seen at about 4 months. Maximum
recovery of gait and balance will be seen at about 9 months.
Maximum recovery of lower extremity ADLs, instrumental
ADLs, and social function will be seen at 11 months [19].

Some functional loss will be permanent. For many hip frac-
ture patients, achieving complete independence is not pos-
sible. Functions that are unlikely to recover include: ability
to climb 5 steps (10% achieve recovery), getting in and out
of a shower (17%), getting on and off the toilet (34%) and
housekeeping (38%). Functions that are more likely to re-
cover include putting on pants (80% achieve recovery),
cooking (76 %), using a telephone (78%), getting in and
out of a bath (69%), walking 3 meters (~ 10 feet) (60%),
and shopping (58%). The consequence of this slow func-
tional recovery is that between 15% and 33% of patients
with hip fractures will still be in a nursing home 1 year
after their fracture [20].

The major predictor for the degree of functional recovery is
the patient’s prefracture level of function [21]. For example,
for a patient without preexisting disability, nearly half will
experience arapid recovery (over approximately 3-6 months).
On the other hand, for those with even mild prefracture
disability the prognosis changes considerably; almost none
are expected to recover rapidly, half will experience a gradual
recovery (over approximately 6-9 months), and half will
experience little or no recovery.

The trajectory and pace of prefracture functional decline
can also be a big determinate for recovery. For example,

among those with moderate disability, around 87 % of those
experiencing a prefracture progression of disability will have
no recovery compared to only 14% of those with stable
disability.

Together, all this information suggests that for most patients
the year after a hip fracture is highly dynamic and challeng-
ing. Patients and families may have to contend with the
likelihood of a slow recovery taking place over several dif-
ferent systems of healthcare, with intensive financial re-
quirements, significant risks of mortality, rehospitalization
and permanent loss of function, and the redefinition of fam-
ily relationships to include difficult caregiving roles and the
shifting of expectations. The healthcare team at each site of
care, ie, hospital, acute rehabilitation, nursing home and
home health, should play essential roles in educating and
preparing families for these transitions.

4 Identifying goals of care

Hip fractures often occur within the wider context of frail-
ty and functional decline. As described in chapter 1.11 Sar-
copenia, malnutrition, frailty, and falls, frailty is a complex
state where outcomes of standard medical and surgical treat-
ments are less predictable and typically inferior to those
seen in younger, more robust patients. In frailty, therapeu-
tic windows between harms and benefits are often smaller
or nonexistent, and achieving traditional disease-specific
goals may lead to actual harms.

A medical example for this is using glucose-lowering med-
ications to obtain glycosylated hemoglobin target less than
7 in patients with diabetes, a standard recommendation that
is associated with harms in frail older adults. A surgical
example is attempting a functionally unnecessary surgical
fracture reduction and developing a postoperative deterio-
ration of the kidney function necessitating dialysis.

4.1 Value-based decisions

Because frail patients have a more problematic response to
standard therapy, patients and families often have to make
value-based decisions, and prioritize amongst competing
treatments and outcomes. These patient-specific values and
priorities are referred to as goals of care. Defining these goals
with each patient helps to clarify a clinically meaningful
target for all medical care. For example, a hip fracture patient
who lives alone and has a high fall risk may make a decision
to prioritize safety and longevity over independence by mov-
ing in with one of their children. Another patient with
similar function and fall risk may prioritize independence
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over safety and choose to live alone. Patients and families
often choose to prioritize comfort, longevity or a chance for
independence differently. These priorities should inform
the medical and surgical treatment plans, so that the patient
has the best chance of meeting his or her individual goals.

Goals of care are best assessed with open-ended questions
[22] such as “What should we consider when making deci-
sions about your care?” Assessing goals of care is a bedside
clinical skill that develops over time. Learning to ask and
learning to actively listen will help guide the older adult and
their family through a potentially challenging life transition.

In the setting of a hip fracture, there are several specific
issues related to goals of care, including resuscitation status,
acceptable functional outcomes, and willingness to endure
treatment plans.

4.2 Resuscitation

Formal ascertainment and documentation of resuscitation
wishes (ie, code status) are appropriately required in most
healthcare systems. A hip fracture is a good time to verify
patients’ expectations and wishes about cardiopulmonary
resuscitation (CPR). Here too, clinicians should have some
general information about the effectiveness of CPR in this
population.

The efficacy of resuscitation is significantly limited in older
adults and particularly in those with frailty or functional
impairment. Postcardiopulmonary resuscitation survival to
hospital discharge in previously independent older adults
is estimated at 13-18% with lower rates of survival in those
with dependency. As many as 30% of survivors of CPR are
left with new neurological impairments [23, 24]. In light of
the low likelihood of independent survival, many patients
may opt to forgo any attempts at resuscitation.

Resuscitation in the operating room or anesthesia areas is
expected to be more successful than elsewhere in the hos-
pital, and patients may elect to suspend “Do Not Resuscitate”
during the surgical and immediate postoperative period.

The American College of Surgeons [25] supports exploring
a person’s goals and limits in the context of the operating
room, as patients likely have different desires for attempts
at resuscitation in this situation. Some tools used in resus-
citation such as intubation, for instance, are already a part
of surgery and may not be uniquely burdensome. Others
like chest compressions or electrical cardioversion likely
carry a greater potential burden and worse prognosis. No
single model or protocol is appropriate for all older adults

undergoing hip repair, and shared decision making between
the surgeon and patient is necessary. Some recommenda-
tions for phrasing resuscitation status discussions are listed
in Table 1.5-5.

4.3  Other limits of care

In addition to resuscitation, older adults may wish to place
other limits on the intensity of hospital or posthospital care,
to place limits on a range of interventions while they are
still alive. For some patients this may mean a firm desire to
avoid intensive care unit admissions, for others it may mean
allowing the surgeon to operate on them as many times as
it takes to have the best possible outcome. In any case, the
care team should not assume that patients are willing to
undergo management of any and every complication that
may develop after a surgery, a concept known as surgical
buy-in [27].

Discussing resuscitation status

Introduction questions:
» Do you have an advance directive or a
living will?

Sometimes patients have already made
decisions and documented them. Simply
asking is an easy way to start. For other
patients, asking permission to talk about
code status decreases the pressure already
inherent in the question and allows the
discussion to be more collaborative.

» | would like to ask you a question that
some patients may find difficult or other do
not have the answer to.

How to ask about code status:

« If you were to die unexpectedly, would
you want us to attempt to bring you back
to life?

+ Do you want us to allow a natural death?

Emphasizes that a code status is only
relevant when someone has actually died
and that there is no guarantee of success.

While not as relevant for a surgical code
status, this can prompt a person to think
about what is natural to them.

Phrasing to avoid:
+ Do you want us to do everything?

« Do you want to be resuscitated?

« If your heart stops, do you want us to
restart it? If you stop breathing, do you
want to be on a breathing machine?

This is biased toward an affirmative
answer, is very vague, and focuses on the
intervention instead of the goal.

The setting is unclear (that the person
is dead) and can mean everything from
intravenous fluids to CPR.

Focusing on an organ distracts from the
big picture that the person has died.
Asking if someone wants their heart
restarted makes it sound simple and easily
successful. Asking if they want to be on a
breathing machine can apply while they
are alive apart from a code status.

Table 1.5-5 Suggestions for framing discussions about

cardiopulmonary resuscitation [26].

Abbreviation: CPR, cardiopulmonary resuscitation.
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When older adults undergo an urgent surgery, the decision
about how to manage future potential complications may
not yet have been made. It is important to routinely reassess
goals after an urgent surgery to prevent the potentially faulty
assumption of surgical buy-in [28].

Regularly assessing limits on care is important because what
a person is willing to undergo may depend on the likelihood
of a patient-defined successful outcome.

5 Managing multimorbidity in frail patients

Finally, in addition to coming to decisions on CPR and oth-
er potential limits on interventions, the hip fracture admis-
sion is an appropriate time for the medical team to reevalu-
ate a person’s entire medical treatment plan to align with
the patient’s goals of care, as elicited from the patient or
their surrogate decision makers. After a hip fracture, two
things can change:

e Quality of life goals may take priority over continued
compliance with standard therapies

¢ Long-term disease-specific treatment benefits may
become irrelevant due to shortening overall life
expectancy.

The anticipated benefits of many chronic disease therapies
like in hypertension, hyperlipidemia, diabetes mellitus or
coronary artery disease are typically small or nonexistent
during the last years of life and can easily be overwhelmed
by the harms of treatment with polypharmacy, multiple con-
sultations and diagnostic tests as well as medicalization of life.
A suggested framework for evaluating chronic disease thera-
pies in the frail older adult is outlined in the following list:

1. Istheintervention known to be effective in older adults?

2. Isit expected to produce a patient-desired clinical
end point?

3. Is the patient expected to live long enough to benefit
from the therapy?

4. What is the chance of achieving the anticipated
benefit of the intervention?

5. What are the potential harms of treatment
(ie, adverse effects, costs, healthcare encounters,
need for monitoring)?

6. Is the intervention likely to achieve the patient’s goal?

7. Isit a priority among the patient’s other medical
problems?

8. Isthere a cultural or spiritual belief that needs to be
considered?

Compared to disease-specific therapies, the most efficacious
approaches to multimorbidity are poorly understood. While
there are guidelines to help set priorities in medically com-
plex and frail patients [29], managing multimorbidity is of-
ten more of an art than a science. The challenge of multi-
morbidity is that sometimes treating one disease can cause
another disease to get worse. For example, using nonste-
roidal antiinflammatory drugs for osteoarthritis can worsen
heartburn or congestive heart failure. While a full discussion
of balancing risks and harms of medical treatments is beyond
the scope of this article, an approach to prioritization of
competing issues is offered in Table 1.5-6. As one moves up
the prioritization framework from primary prevention to
active symptoms, the medical problems become a bigger
threat to health and mortality. It is worth focusing on low-
er priority issues only if the higher priority issues are resolved.
For example, there is no justification for tight control of
diabetes (priority 3) if the older adult is suffering from re-
current falls (priority 2). In this sense, it may be wise to
reduce the intensity of diabetes treatment by minimizing
medications. Lower priority items also typically have a lon-
ger time frame to clinical benefit than higher priority items.
Last, the overarching priority is to individualize a plan that
is consistent with the patient’s own goals and values.

5.1 Hospice

Hospice plays an important role for patients with hip frac-
tures, both for patients who suffer hip fractures while already
receiving hospice therapy, and for the many for whom the
hip fracture is either a cause or consequence of an end-of-
life decline. For patients near the end of life, pain control is
of utmost importance. For patients with a life expectancy
of weeks to months, hip fracture repair often offers the best
chance at pain control, particularly for patients who are
trying to minimize the sedation associated with high doses

Priority Category Clinical examples

Highest Active symptoms/acute Pain, dyspnea, nausea
medical illness Hip fracture, pneumonia,

CHF exacerbation

Syndromes affecting Falls, weight loss, cognitive decline,
quality of life functional decline, polypharmacy
Secondary prevention of CHF, COPD, DM, HTN, osteoporosis
chronic disease complications

Lowest Primary prevention of Cancer screening, dietary restrictions

chronic disease

Table 1.5-6 Prioritization framework for multimorbid patients
Abbreviations: CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; DM, diabetes mellitus; HTN,
hypertension.
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of opiates and other medications. It is not uncommon for
some hip fracture patients to transition during the postsur-
gical period to hospice care, particularly if persistent delir-
ium or dysphagia complicate the postoperative period. In

order to counter a sense among clinicians and families that
hospice and withdrawal of ongoing medical care is not ap-
propriate following a successful surgical fixation, an ex-
plicit time-limited trial for recovery can be usetful to negoti-
ate a more humane and realistic treatment plan in patients
with poor prognosis [28].

As palliative concepts in surgery begin to mesh more and
more with palliative concepts in medicine, it is clear that even
for hospice patients and patients heading toward hospice,
surgery still has an important palliative, noncurative role [30].

10.

11.
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1.6 Anticoagulation in the perioperative

setting

Lauren J Gleason, Adeela Cheema, Joseph A Nicholas

1 Introduction

The common presence of anticoagulant and antiplatelet
agents in fragility fracture patients (FFPs) presents unique
challenges in the perioperative period. Management deci-
sions typically involve balancing short-term bleeding and
thrombosis risks and considering the use of bridging anti-
coagulant therapy. Delaying surgery to manage the effects
of these medications can increase the likelihood of adverse
events, such as delirium, pneumonia, pressure ulceration,
and mortality [1-3]. In the immediate perioperative period,
the risks of bleeding often outweigh the risks of thrombosis
for most older adults.

Standards of care and published guidelines in this area vary
widely throughout the world. This chapter reflects the prin-
ciples for anticoagulation management in the perioperative
period, with specific recommendations based on current US
and European approaches. Consultation with local guidelines
may be necessary to align practice with other national or
regional standards.

2 Perioperative anticoagulant management

2.1  General approach
There are four considerations in the management of anti-
thrombotic agents in the perioperative period [4]:

1. The short-term risk of acute thromboembolism if the
anticoagulation/antiplatelet agent is discontinued

2. The risk of major bleeding from the procedure if the
anticoagulation/antiplatelet agent is continued

3. The effectiveness, availability and safety of reversal
agents (eg, plasma and vitamin K)

4. The overall need to minimize surgical delay and
maximize mobility

Additionally, part of the preoperative assessment should
include the procedure-specific bleeding risk, and the antici-

pated consequences of bleeding if anticoagulants are resumed
during this time. For example, percutaneous screw fixation
has a much lower risk of bleeding than that of hip arthro-
plasty, and the harm of continuation or early resumption of
long-term anticoagulation is presumed to be lower than for
patients treated with arthroplasty or implant fixation [5].

2.2  Anticoagulants and antiplatelet agents

Both anticoagulants and antiplatelet agents interfere with
thrombus formation. Anticoagulant medications (eg, war-
farin, heparin, apixaban, dabigatran, and rivaroxaban) in-
terfere with the coagulation cascade and clotting factors,
while antiplatelet agents (eg, aspirin, and clopidogrel) tar-
get platelets. While all of these agents can contribute to
clinically significant blood loss, anticoagulants are gener-
ally more potent at preventing venous, arterial or intracar-
diac thrombosis, and are also more likely to cause serious
postoperative bleeding. Specific indications and issues are
detailed below. Figure 1.6-1 shows the mechanism of action
of some of these agents.

2.3  Reasons for use

In order to assess the risk of short-term cessation of antico-
agulant or antiplatelet medications, it is important to deter-
mine the a priori indication for their use.

Older adults are often anticoagulated for various medical con-
ditions including atrial fibrillation (AF), venous thromboem-
bolism (VTE) (eg, hypercoagulable states, deep vein throm-
bosis [DVT], pulmonary embolism [PE]), and prosthetic heart
valves, each of these indications having a different short-term
risk of thrombosis during the perioperative period.

2.4 Thrombotic risk assessment by indication

After confirming the indication for anticoagulation, it is
important to determine the short-term risk of thrombosis
when stopping an anticoagulant. Note that the risk of throm-
boembolism for these indications is typically reported as an
annual risk; for most patients the short-term risk during a
typical perioperative period is assumed to be much lower.

M
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2.4.1 Atrial fibrillation

The most common indication for anticoagulant use in the
older adult population is for prevention of thromboembol-
ic strokes in nonvalvular AF.

The risk of thromboembolism varies and can be estimated
by the CHADS, and the enhanced CHA,DS,-VASC scores
[6, 7]. The relevant criteria and associated risk of stroke are
shown in Table 1.6-1 and Table 1.6-2.

2.4.2 Venous thromboembolism
In those with venous thromboembolism, the risk of recur-

tiation of therapy [8]. This risk also varies depending on
whether the VTE was provoked, unprovoked, or resolved.

2.4.3 Mechanical heart valves

Patients with mechanical heart valves are at significantly
increased long-term risk for embolic stroke. The risk varies
by the type, number, and location of prosthetic valve and
associated medical conditions (Table 1.6-3) [9].

. . o Risk factor Point CHADS-  Stroke
rent thrombosis, thrombus propagation, and embolization value VASCtotal risk, %
is greatest in the first 3 months after the diagnosis and ini- score per year

C  Congestive heart failure 1 0 0
(or left ventricular systolic dysfunction)
H  Hypertension—blood pressure consistently 1 1 13
Risk factor Point  Total Annual stroke above 140/90 mm Hg -
value score risk, % (or treated hypertension on medication)
C Congestive heart failure 1 0 1.9 A Ager=T5years 2 2 22
H Hypertension—blood pressure consistently 1 1 2.8 D Diabetes mellitus ! 5 32
above 140/90 mm Hg S2 Prior stroke or TIA or thromboembolicevent 2 4 4
(or treated hypertension on medication) V. Vascular disease (eg, peripheral artery 1 5 6.7
A Age = 75 years 1 2 4 disease, myocardial infarction, aortic plaque)
D Diabetes mellitus 1 3 5.9 A Age: 65-74 years 1 6 9.8
S2 Prior stroke or TIA or thromboembolism 2 4 8.5 Sc  Female gender 1 7 9.6
5 12.5 8 12.5
6 18.2 9 15.2

Table 1.6-1 The CHADS, can be used to estimate the risk of
thromboembolism.
Abbreviation: TIA, transient cerebral ischemia attack.

Table 1.6-2 CHA DS,-VASC score and stroke risk to estimate the
risk of thromboembolism.
Abbreviation: TIA, transient cerebral ischemia attack.

Risk category Mechanical heart valve Atrial fibrillation Venous thromboembolism
High
* > 100%/year risk of ATE » Any mechanical mitral valve + CHADS, score of 5 0r 6 * Recent (< 3 months) VTE
OR « Older aortic valve « Recent (< 3 months) stroke or TIA « Severe thrombophilia
> 10%/month risk of VTE * Recent (< 6 months) stroke or TIA « Rheumatic valvular heart disease
Moderate
* 4-10%jyear risk of ATE Bileaflet aortic valve and one of the following:  + CHADS, score of 3 or 4 « VTE within past 3-12 months
OR « Atrial fibrillation * Recurrent VTE
* 4-10%/month risk of VTE * Prior stroke/TIA « Nonsevere thrombophilic conditions
« Hypertension « Active cancer
* Diabetes
* Heart failure
» Age> 75 years
Low

* < 40p/year risk of ATE « Bileaflet aortic valve without atrial
OR fibrillation and no other risk factors for
* <2%/month risk of VTE stroke

+ CHADS, score of 0-2
(and no prior stroke or TIA)

« Single VTE within past 12 months
AND
« No other risk factors

Table 1.6-3 American College of Chest Physicians (ACCP) suggested risk stratification for perioperative thromboembolism.

Reproduced from Douketis et al [10] with permission of the ACCP.

Abbreviations: ACCP, American College of Chest Physicians; ATE, arterial thromboembolism; TIA, transient cerebral ischemic attack;

VTE, venous thromboembolism.
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2.5 Bleeding risk assessment

Older adults are prone to bleeding in general and many adults
at relatively high risk for thrombosis also have an elevated
risk for bleeding. Cardiovascular aging, comorbidity and some
medications can result in friable blood vessels and prolonged
postoperative bleeding after orthopedic surgery. In addition
to procedure-specific risk estimates, there are different pre-
diction tools to evaluate bleeding risk in individual patients
[11-13]. The HAS-BLED score [12] evaluates 1-year risk of
major bleeding (defined as intracranial bleeding, bleeding
requiring hospitalization, hemoglobin decrease > 2 g/L, and/
or transfusion) in patients with AF (see Table 1.6-4). There
are no well-validated predictors for short-term bleeding risks,
but the risk factors in the HAS-BLED tool are likely relevant
in the perioperative setting as well.

2.6 Management of long-term anticoagulation in
preparation for surgery

Most hip fracture surgery is considered urgent and requires
reversal of anticoagulation within 24-48 hours. Approach-
es to preparing patients for safe fracture fixation vary by
agent.

2.7 Warfarin

Warfarin anticoagulation results in a prolonged interna-
tional normalized ratio (INR). For hip fracture repair, the
INR should be reduced to a subtherapeutic threshold; most
experts recommend achieving an INR of < 1.5 prior to sur-
gery [14-16].

An elevated INR prior to surgery increases the risk of intra-
operative bleeding and associated complications like spinal
or epidural catheter bleeding as well as wound hematoma,
infection, and possible need for reoperation [17].

There are multiple options to reverse warfarin:

e Oral and intravenous (IV) vitamin K have been shown
to have equivalent efficacies in reducing INR values over
a 24-hour period. Oral vitamin K has been shown to be
more effective than subcutaneous dosing when lowering
an elevated INR value, and is typically used in doses rang-
ing from 2.5 to 10 mg [18]. While the optimal dose of
vitamin K to lower INR values is unclear, the use of 3 mg
intravenously has been shown to be safe and effective in
one study [19, 20]. The use of oral vitamin K over IV vi-
tamin K is advantageous as it avoids the risk of fatal
anaphylaxis, which has been reported previously with
older preparations [21]. Subcutaneous and intramuscular
vitamin K administration is associated with unpredictable
absorption and should be avoided.

e Fresh frozen plasma is an alternative and/or adjunct to
vitamin K to correct coagulopathy [22]. This is human
plasma that contains many plasma proteins including
coagulation factors. One proposed formula to obtain an
INR of less than 1.5 recommends:

— 1 unit for an INR of 1.5-1.9

— 2 units for an INR of 2.0-3.0

— 3 units for an INR of 3.0-4.0

— 4 units for an INR of 4.0-8.0

— More than 4 units for an INR of more than 8.0 [23]
Each unit of plasma has a volume of 190-240 mL. The
challenges with plasma include its short duration of action
(ie, 4-6 hours) and risks including adverse transfusion
effects (eg, infection, acute lung injury) and volume over-
load and the associated risk of congestive heart failure.

Risk factor Point value HAS-BLED total score Bleeds per 100-patient years
H Hypertension 1 0 113
(systolic blood pressure > 160 mm Hg)
A « Abnormal renal function (long-term dialysis, renal transplant, serum creatinine > 2.4 mg/dL) 1 1 1.02
» Hepatic function (chronic hepatitis, bilirubin > 2x upper normal with liver enzymes > 3x upper 1
normal)
S History of stroke 1 2 1.88
B Bleeding (ie, major bleeding history) 1 3 3.74
L Labile INRs (ie, therapeutic range < 60% of time) 1 4 8.7
E Elderly (= 65 years old) 1 5 12.5
D + Drugs (concomitant antiplatelet, NSAIDs) 1 >5 Insufficient data
» Alcohol consumption > 8 drinks/week (each)

Table 1.6-4 HAS-BLED score to evaluate 1-year risk of major bleeding.

Abbreviations: INR, international normalized ratio; NSAID, nonsteroidal antiinflammatory drug.
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¢ The combination of vitamin K and fresh frozen plasma
has been shown to be safe in hip fracture patients in two
retrospective cohort studies [24, 25]. This approach pro-
vides both rapid reversal (plasma) and more prolonged
reversal (vitamin K) of anticoagulation to minimize on-
going postoperative bleeding.

e Prothrombin complex concentrate (PCC) is another op-
tion for reversal in cases of severe bleeding. Prothrombin
complex concentrates are plasma products from human
donors. Four-factor PCC contains all vitamin K-dependent
coagulation factors; 3-factor PCCs contain factors II, IX,
and X, but relatively little factor VII. Four-factor PCC is
capable of restoring individual clotting factor activity in
nearly 100% of patients within minutes of administra-
tion, whereas 3-factor PCCs must be supplemented with
FFP or a low dose of recombinant factor VIIa to more
optimally lower the INR. Inactivated 4-factor PCC contains
factors 11, VII, IX, and X and is indicated for the treatment
of major warfarin-associated bleeding in conjunction with
vitamin K. If unavailable, FFP can be used in its place or
a 3-factor prothrombin complex concentrate (missing
factor VII) with a supplemental dose of FFP or recombi-
nant activated factor VII as per the American College
Chest Physicians (ACCP) guidelines 2012 [26, 27].
Advantages of PCC use include:

— No cross-matching required

— Rapid INR reversal achieved in case of emergent
surgery

— Less volume administrations sometimes preferred
for patients in fluid overload, acute kidney injury,
and heart failure

Disadvantages include:

— Cost

— Possibly thrombogenic

— Limited high-quality studies for risks and benefits
in fracture patients.

e Discontinuation of warfarin with a watch-and-wait ap-
proach is a poor option given that warfarin has a half-life
of > 1.5 days (or 40 hours) and there is a wide interpatient
variation with INR decrease [28]. Very often, the older
and frailer a person is, the longer it will take for the
warfarin to be eliminated.

Two common concerns exist when reversing anticoagula-
tion. First, there is a potential for aggressive reversal to cause
increased risk of thromboembolism and second, after rever-
sal with vitamin K, there can be a delay in anticoagulation
when warfarin is resumed postoperatively. While it may
take longer to achieve a therapeutic level of warfarin after
vitamin K reversal, this has not been shown to delay dis-
charge [29].

2.8 Direct oral anticoagulants

In the past several years, numerous new oral anticoagulants
(eg, direct thrombin and factor Xa inhibitors) have been
introduced. These newer agents are often used in place of
warfarin for their convenience, simplicity in dosing, and the
lack of routine monitoring.

These characteristics complicate perioperative management
due to the difficulty in accurately measuring the degree of
anticoagulation in each patient. In addition, there are cur-
rently no well-established reversal agents available, limiting
the ability to actively manage patients to expedite surgery
and potentially increasing the risk of preoperative blood
loss. While there are no standard guidelines for how best to
manage patients on these agents who require urgent surgery,
most recommendations involve balancing the risks of op-
erative delay, the risks of bleeding, and using pharmacoki-
netic data to best guide therapy [30]. Patients on these agents
may require hematology consultation for optimal surgical
timing and preoperative planning.

2.8.1 Dabigatran
Key features of dabigatran:

e Direct thrombin inhibitor (Fig 1.6-1) typically requiring a
waiting period of at least 48 hours from the last dose for
adequate clearance.

e The majority of dabigatran’s excretion is renal (80-85%).
It typically has a half-life of 12-18 hours in those with
creatinine clearance greater than 50 mL/min. However,
in moderately severe renal dysfunction (creatinine clear-
ance of 30-50 mL/min, present in most fracture patients),
the half-life extends to about 18-28 hours.

e Measuring the activated partial thromboplastin time
(aPTT) can be clinically useful, as an abnormal aPTT can
indicate the continued presence of dabigatran. However,
a normal aPTT does not exclude significant persistent
anticoagulation due to dabigatran. In addition, it is im-
portant to note that aPTT elevations do not correlate well
with the degree of anticoagulation, as values often plateau
at high concentrations and may underestimate suprath-
erapeutic concentrations [31, 32].

e Is potentially dialyzable in extreme situations.

e Currently, there are no official guidelines or recommen-
dations for time to surgery for emergent or urgent pro-
cedures for patients on dabigatran; most approaches are
extrapolated from elective surgery data and the need to
balance the risks of bleeding from that of excessive surgi-
cal delay. Recommendations for elective procedures or
surgeries with critically high bleeding are to wait 2—4
days after stopping the medication to ensure clearance [33].

Osteoporotic Fracture Care Michael Blauth, Stephen L Kates, Joseph A Nicholas



Lauren J Gleason, Adeela Cheema, Joseph A Nicholas

For most fracture patients, a delay of approximately 48
hours after the last dose is required to minimize bleeding
risks. Additionally, given that dabigatran is renally cleared,
it is critical to monitor renal function and maintain ad-
equate hydration in fracture patients presenting on this
medication.

2.8.2 Rivaroxaban and apixaban
Key features of rivaroxaban and apixaban:

e Direct factor Xa inhibitors (Fig 1.6-1) with no efficient way
to measure the degree of anticoagulation in current clin-
ical practice. A waiting period of approximately 48 hours
from the last dose is typically required for adequate clear-
ance.

e There is less renal clearance than dabigatran with half-
lives ranging between 9 and 12 hours, but can be longer
in older adults.

e Rivaroxaban can affect prothrombin time values and this
can be monitored prior to surgery. Both of these medica-
tions can have rapid onset of action like dabigatran and
the same approach should be used with these patients as
in dabigatran-treated patients.

2.8.3 Reversal agents

In arecent development, the US Food and Drug Administra-
tion has approved idarucizumab for reversal of dabigatran
in emergency bleeding situations [34]. Two other agents
currently under development include andexanet alfa (a po-
tential reversal agent for Xa inhibitors and low-molecular-
weight heparin [LMWH]) and ciraparantag (a potential
reversal agent for several ditferent classes of anticoagulant
drugs) [35-37].

There is a paucity of clinical data to evaluate the effective-
ness, risks and benefits of these agents as of this writing.
Hematology consultation may be required for optimal man-
agement.

Fig 1.6-1 Sites of action of various anticoagulant medications.
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3 Perioperative management of antiplatelet agents

Antiplatelet agents typically have a different set of indica-
tions, potency, half-life, and bleeding risk than anticoagulants.
Most older adults take these agents for preexisting vascular
disease, including coronary artery disease with or without
stenting, peripheral arterial disease or cerebrovascular dis-
ease. These medications are used to limit the development
of local thrombosis or progression of a vascular stenosis.
Rapid reversal of these agents is not typically possible or
necessary in the setting of fracture repair. Recent coronary
stent placement is a unique consideration where the risks
and benefits of perioperative continuation of antiplatelet
agents should be strongly considered.

3.1  Aspirin and aspirin/dipyridamole

Aspirin inhibits the production of thromboxane, which binds
platelet molecules together to create a patch over damaged
walls of blood vessels. Aspirin is prescribed to help prevent
myocardial infarction, strokes, and blood clots. The 2012
guidelines from the ACCP recommend continuing aspirin
around the time of surgery for patients at moderate to high
risk for cardiovascular events who are undergoing noncar-
diac surgery [38].

Dipyridamole reversibly inhibits platelet aggregation with
a half-life of 12 hours and duration of action of approxi-
mately 2 days after discontinuation. The combination of
aspirin and dipyridamole does not substantially increase the
risk of clinically important postprocedural bleeding [39].

Like other agents discussed, the decision to continue or
withhold aspirin and aspirin/dipyridamole should reflect a
balance of the consequences of perioperative hemorrhage
versus the risk of perioperative vascular complications.

3.2 Clopidogrel, prasugrel, ticagrelor, and ticlopidine
Key features of nonaspirin antiplatelet agents:

e Prescribed for treatment of symptomatic atherosclerosis
in acute coronary syndrome without ST segment elevation,
ST elevation myocardial infarction, cerebrovascular disease,
and peripheral vascular disease.

e The use of these agents has gone up with the increase in
drug-eluting coronary artery stenting procedures.

e Antiplatelet agents work to block adenosine diphosphate
subtype P2Y12 and prevent the activation of platelets
and eventual cross-linking by the protein fibrin, thus
preventing platelet aggregation and clot formation. Plate-
let inhibition can be demonstrated 2 hours after a single
dose of oral clopidogrel, and the effect lasts for 5-9 days

(ie, the entire lifespan of the platelets). Inhibiting plate-
let aggregation can increase the risk of serious bleeding
in patients undergoing surgery.

e Because of the prolonged effect of these agents, surgical
delay for medication clearance is typically not an option
for the acute fracture patient. As with the anticoagulants,
the risks of cessation depend on the indication.

3.2.1 Thrombotic risk assessment

Patients using clopidogrel and other nonaspirin antiplatelet
agents after coronary artery stent placement can be at in-
creased risk for stent thrombosis. The risk of coronary artery
stent thrombosis after the premature cessation of clopidogrel
is relatively low but may be catastrophic. The ACCP recom-
mends that for those who have had a bare metal stent with-
in the past 6 weeks or a drug-eluting stent in the past
6 months, both aspirin and clopidogrel be continued peri-
operatively [38, 40].

Elective surgery should be postponed whenever possible
until the minimum period of therapy with P2Y12 receptor
blocker therapy is completed.

3.2.2 Management for surgery

There is no reversal agent for clopidogrel and other anti-
platelet agents. In general, there should be no surgical delay
for patients undergoing general anesthesia, although me-
ticulous surgical hemostasis can be helpful.

Staff managing clopidogrel for FFP should take into consid-
eration the following:

e A single retrospective study assessed the perioperative
bleeding risks and clinical outcome after early hip fracture
surgery on patients taking clopidogrel. In this cohort,
patients taking clopidogrel were not at substantially in-
creased risk for bleeding, bleeding complications, or mor-
tality. In this cohort the clopidogrel group did have a
greater number of comorbidities, American Society of
Anesthesiologists scores and postoperative length of stay
[41].

e Due to the risk of bleeding, spinal anesthesia is often
contraindicated in those taking clopidogrel.

e Perioperative platelet transfusion has been suggested, as
the transfused platelets may be effective in forming a
viable plug, but clinical effectiveness of this approach has
not been studied. Platelet transfusions are not standard
of care and should be reserved for selected very high-risk
or excessively bleeding patients (see chapter 2.3 Clinical
practice guidelines).
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4 Prophylaxis against venous thromboembolism

Hip fracture patients are at high risk for VTE for multiple
reasons related to Virchow’s triad [42]. Venous stasis occurs
after hip fracture due to immobility. At the time of fracture
or surgery, vascular intimal injury may occur. Last, a hy-
percoagulable state may occur from the release of tissue
factors.

The risk of VTE following hip fracture repair is high and
reported rates often vary depending on when the study was
conducted and the type of measurement used. The incidence
of proximal DVT has been estimated at 27% without pro-
phylaxis and the risk of fatal PE has been estimated at 1.9%
[43, 44].

The ACCP recommends routine VTE prophylaxis in fracture
patients [45]. There are several options available and should
be chosen based on patient characteristics (Table 1.6-5). Low-
molecular-weight heparin is a preferred agent and should
be started 12 or more hours postoperatively. Other options
include warfarin (goal INR of 1.8-2.5), low-dose unfraction-
ated heparin (UFH), fondaparinux, and aspirin. Prophy-
laxis duration with pharmacological agents is recommend-
ed for up to 35 days after surgery. Furthermore, extended
prophylaxis (28-35 days) with LMWH reduces the rate of
VTE without excess bleeding. Aspirin was added to the list
of pharmacological options in 2008. Aspirin has been shown
to be effective in reducing VTE risk in hip fracture, but is
less effective than LMWH and not used in most high-per-
forming geriatric fracture centers [46]. Aspirin is usually
considered for orthopedic patients who have undergone a
total hip or knee replacement and are not candidates for
other anticoagulants.

Agent Grade of evidence

Low-molecular-weight heparin, for example: 1B
» Enoxaparin 40 mg SQ daily
« Dalteparin 5,000 units SQ daily

Warfarin (goal INR 1.8-2.5) 1B
Fondaparinux (2.5 mg daily) 1B
Low-dose UFH (5,000 units SQ 2-3 times daily) 1B
Aspirin 1B

Patient (some agents may require renal adjustment)

Table 1.6-5 Preferred thromboprophylaxis agents for prophylaxis in
the fragility fracture patients.
Abbreviations: SQ, subcutaneous; UFH, unfractionated heparin.

4.1 Nonpharmacological options for
thromboprophylaxis

Thromboprophylaxis with intermittent pneumatic compres-
sion devices (IPCDs) have the potential advantage of reduc-
ing the incidence of VTE without the risk for increased
bleeding. The ACCP guidelines list IPCDs as an alternative
to pharmacological prophylaxis [45]. Intermittent pneu-
matic compression devices can cause skin breakdown, pro-
mote falls, and contribute to delirium in geriatric patients.
Inferior vena cava (IVC) filter has historically been consid-
ered in those patients who have contraindications to both
pharmacological and mechanical thromboprophylaxis, but
has fallen out of favor in most circumstances. The risks of
IVC filter placement include DVT at the insertion site, oc-
clusion of the IVC due to thrombosis below the filter, migra-
tion of the filter, and failure to remove and/or complications
with removal. There is no evidence that routine use in this
population produces better outcomes, and the ACCP sug-
gests against using IVC filter placement for primary preven-
tion over no thromboprophylaxis in patients with an in-
creased bleeding risk or contraindications to both
pharmacological and mechanical thromboprophylaxis [45].
Inferior vena cava filters that are removable may have iso-
lated use if PE or proximal DVT has occurred within the
previous 4 weeks [39].

4.2  Bridging therapy

For patients needing to interrupt long-term warfarin ther-
apy for surgery, the use of short-acting parenteral antico-
agulation such as LMWH or UFH until long-term antico-
agulation is achieved is termed bridging therapy. The use
of bridging therapy reflects an attempt to minimize throm-
botic complications with agents or doses that can be quick-
ly reversed or cleared if excessive bleeding occurs. Bridging
therapy can contribute to excessive perioperative blood loss,
and an individualized approach to balance risks and benefits
is necessary.

In terms of risk of thrombosis, the ACCP divides long-term
anticoagulated patients into three categories:

e High (> 10% annual risk of arterial thromboembolism
[ATE])

e Moderate (5-10% annual risk ATE)

e Low (< 5% risk ATE)

Note that the risk of thromboembolism is typically reported
as an annual risk; for most patients the short-term risk dur-
ing a typical perioperative period is assumed to be much
lower.
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High-risk groups should be considered most strongly for
bridging therapy (Table 1.6-3) [38]. This includes:

e Artificial mitral valve replacement

e Older aortic valves (caged ball, tilting disk)

e Atrial fibrillation with CHADS, > 5

e Stroke or transient cerebral ischemia attack (TIA) with-
in the past 6 months

e Rheumatic valvular heart disease

¢ Patients or providers unwilling to accept any risk for
ATE

In moderate-risk patients the decision to use bridging ther-
apy and the degree of intensity of bridging therapy should
be individualized.

Bridging in moderate and low-risk patients should be un-
dertaken cautiously in light of the high sensitivity of older
adults to typical anticoagulant doses, and the high prevalence
of renal and hepatic dysfunction and other risk factors for
bleeding [47].

A large randomized, double-blind placebo control study
looked at bridging patients with AF and a mean CHADS,
score of 2.3, who had warfarin treatment interrupted for an
elective operation or other elective invasive procedure. The
study found that forgoing bridging anticoagulation was non-
inferior to perioperative bridging with LMWH, and associ-
ated with less bleeding. In this study, the incidence of ATE

was 0.4% in the no bridging and 0.3 % in the bridging group;
the incidence of major bleeding was 1.3% in the no bridg-
ing and 3.2% in the bridging group [48].

There is no clear evidence to guide the exact timing or dos-
ing for bridging. Once adequate hemostasis has been
achieved, options depend on renal function and include:

e Full dose LMWH, aiming for complete therapeutic
anticoagulation

e Lower dose LMWH (eg, doses often used for VTE
prophylaxis)

e Unfractionated heparin to target PTT (1.5-2 normal)

Even in patients at high risk for a thromboembolic event,
the relatively high risk of bleeding may outweigh a smaller
risk of thrombosis occurring over the 2-3 postoperative days
until hemodynamic stability and hemostasis are achieved.
Clinicians should be prepared to stop bridging therapy if
there is evidence of significant postoperative bleeding.

Warfarin can often be resumed the night after surgery, and
almost always within 24 hours after surgery [38]. If there is
no evidence of active bleeding, bridging therapy should be
continued until the target INR has been reached for 48 hours.

Bridging therapy should be considered in a patient-specific

fashion with the input from both the surgical and medical
teams.
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1.7 Postoperative medical management

Jennifer D Muniak, Susan M Friedman

1 Introduction

The early postoperative period after hip fracture repair is
characterized by dynamic physiological changes in indi-
viduals with little functional reserve. Traditional approach-
es to postoperative care are typically poorly coordinated and
primarily reactive to medical complications as they arise.
These approaches put geriatric patients at risk for multiple
adverse events, excessive testing and consultations, and
polypharmacy (Fig 1.7-1) [1].

In contrast, high-performing geriatric fracture centers can
lower complication rates, length of hospital stay, and mor-
tality following hip fracture repair. Best practice strategies
require collaborative surgical and medical management,
standardized protocols to address common clinical issues, a
focus on early mobility, and early discharge planning [2].
Frequent medical assessments enable tailored symptom
control, early recognition and treatment of postoperative
complications and optimal postoperative recovery.

Antibiotics

o mObiIity

Restraint use

[ Dehydration }b{ Constipation }

Decreased oral intake

» | Urinary retention

This chapter outlines a practical approach to the postopera-
tive period following hip fracture repair. Emphasis is placed
upon proactive, collaborative care and understanding the
unique challenges faced by the older adult during this vul-
nerable time.

Key points are:

e Postoperative care using geriatric principles is essential
to optimal outcomes

e Early mobilization, pain control, restoration of ad-
equate intravascular volume, and avoidance of
iatrogenic harm are essential

e Some home medications may not be appropriate to
resume during the postoperative period, particularly
those that lower blood pressure

e Discharge communication and handoffs are particu-
larly important

Indwelling
urinary
catheter

Fig 1.7-1 Example of interrelated postoperative
complications.
Abbreviation: UTI, urinary tract infection.
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2 Management of postoperative anemia

Maintaining adequate intravascular volume is an important
goal of the early postoperative period. Older adults are
likely to need blood and volume resuscitation postopera-
tively, but the timing and the amount should be tailored to
the individual based on baseline and perioperative circum-
stances. In the early perioperative period, the risks of hy-
povolemia include orthostasis and syncope, acute stroke
and acute kidney injury. In the late perioperative period,
edema and hypervolemia can complicate wound healing
and postoperative recovery. For most patients, maintaining
adequate intravascular volume to support standing blood
pressure and end organ perfusion is the first priority, par-
ticularly in the first 48 hours after surgery.

2.1 Isotonic fluids

e TIsotonic fluids, eg, 0.9% sodium chloride solution, can
help maintain perioperative intravascular volume.

e Continuous fluid infusion is generally started prior to
hip fracture surgery and discontinued on the first or
second postoperative day, after reestablishing stable
intravascular volume and resuming oral intake.

e Daily assessments of volume status and monitoring for
signs of hypovolemia are necessary.

2.2 Blood transfusion

Standards for transfusion are in flux as emerging data has
shed light on the lack of benefit and in some cases harm
with liberal transfusion policies. The best data at the time
of this writing comes from the FOCUS trial [3] and suggests
that typical hip fracture patients can be safely managed with
a transfusion blood hemoglobin threshold of 8 g/dL.

Patients in the FOCUS trial who were transfused at the
8 g/dL threshold received 65% fewer blood products than
those transfused at a threshold of 10 g/dL with similar rates
of death, acute coronary syndrome, and the ability to am-
bulate at 60 days.

Harm has also been found with liberal transfusion policies
in nonhip fracture populations, though the severity of this
remains largely unknown. A recent study of patients with
acute gastrointestinal bleeding found significantly higher
all-cause mortality at 6 weeks with a transfusion threshold
of 9 g/dL compared to 7 g/dL [4]. Volume overload is the
most common risk of transfusion, and this risk increases
with higher volumes of infused red cells or a history of heart
failure [5].

It is unlikely that a single threshold will be appropriate for
all patients, and clinicians should consider the proportion
and rate of blood loss in addition to the absolute hemoglo-
bin value. Signs and symptoms due to anemia warrant trans-
fusion regardless of threshold. Tachycardia, hypotension,
altered mental status, chest pain, and dyspnea can suggest
symptomatic anemia. Expected hemodynamic changes can
be suppressed by comorbidity or medications, eg, beta-
blocker blunting tachycardia. Higher transfusion thresholds
may be needed for patients with a bleeding predisposition,
those with large volume intraoperative blood loss, or high-
er prefracture hemoglobin levels from chronic pulmonary
disease.

3 Early mobility

Early mobilization is a cornerstone in prevention of post-
operative complications, including pressure ulcers, prolonged
pain, and functional decline. Some factors may limit early
mobility, such as delirium, tethers, and medical illness. All
medical plans should be evaluated with mobility in mind.

Many patients will have nonmodifiable risk factors such as
sarcopenia, motor weakness, gait disturbance, bradykinesia,
impulsivity, poor proprioception, and low vision/blindness.

Physical therapy consultation on the first postoperative day
and every day thereafter is necessary for promoting early
physical recovery.

Physician orders should be written in a manner to encour-
age activity unless there is a special mobility consideration.
A surgical repair that allows for weight bearing as tolerated
will help to facilitate this process.

3.1 Limiting tethers and excessive monitoring
Medical equipment used for monitoring and treating hos-
pitalized patients also “tethers” them to the bed and repre-
sent functional restraints. Tethers significantly limit mobil-
ity and can lead to complications when removed by patients.
A restrained patient is more likely to develop delirium.

Clinicians should evaluate the need for such tethers on ev-
ery visit and remove them as soon as possible.
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More specific issues concerning common tethers include:

e Urinary catheters are most appropriate for patients await-
ing hip fracture surgery in order to accurately measure
urine output and provide comfort to the bedridden patient
who cannot toilet himself. Postoperatively, catheters hin-
der mobility, lead to infection and can often be removed
within the first 2 postoperative days. See topic 10.2 in
this chapter for further discussion of urinary catheters.

¢ Continuous intravenous infusions represent a major bar-
rier to mobility and are cumbersome for both nurses and
patients, often distracting from the most important post-
operative care goals. Most infusions can be stopped on
postoperative day 1 or 2, once the patient is hemody-
namically stable. If intravenous infusions are necessary,
consider giving intermittently to avoid conflicts with
activity or physical therapy sessions.

e Continuous cardiac monitoring is only indicated in pa-
tients with unstable or newly diagnosed cardiac arrhyth-
mias and is not indicated as part of standard postoperative
care.

¢ Supplemental oxygen should only be used to treat target
signs or symptoms, and should be discontinued in patients
with adequate oxygenation.

e Frequency of obtaining vital signs should weigh the use-
fulness of this information with the burden to the patient.
If the patient is hemodynamically stable, consider abstain-
ing from vital sign checks for an 8-hour period at night
to promote sleep.

e Physical restraints should be avoided due to their ability
to cause significant physical and psychological harm. Re-
straints do not prevent falls, and can promote agitation
and cause significant injury and death as restrained in-
dividuals attempt to escape [6, 7]. Avoiding restraint use
in hospitalized older adults can best be achieved through
the prevention or prompt treatment of delirium see chap-
ter 1.14 Delirium. Alternatives to physical restraints in-
clude companion or family sitters, changes to the patient’s
environment (eg, lighting and noise), and low-dose an-
tipsychotic medications when necessary.

4 Delirium

Delirium is the most common complication of hip fracture
surgery and characterized by acutely disordered thinking
and altered levels of alertness, often with fluctuating sever-
ity. It is an independent predictor of in-hospital as well as
postdischarge mortality [8]. Prompt recognition and treat-
ment of delirium is important for early and effective reha-
bilitation as well as other aspects of recovery.

For further discussion of delirium, see chapter 1.14 Delirium.

5 Malnutrition

Many older patients are malnourished at the time of the hip
fracture; this can negatively impact their recovery as well
as l-year mortality [9]. Not surprisingly, older adults also
struggle to maintain adequate nutrition during the postop-
erative period. Appetite can be reduced from anesthesia-
induced gut stasis. The act of eating may be hindered by
lethargy, throat discomfort following intubation, lack of
dentures, undesirable food choices, or new or worsened
dysphagia. Poor in-hospital nutrition is associated with in-
creased mortality and functional decline [10, 11].

It remains unclear whether optimized in-hospital nutrition
can mitigate or neutralize these negative outcomes; how-
ever, optimizing in-hospital nutrition remains an important
goal with at least theoretical benefits of improvements in
gut motility, intravascular volume, and mood.

Older adults consume more food when diets do not impose
severe restrictions in salt, refined sugar, or saturated fat [12].
Similarly, oral consumption generally improves when small,
high-calorie portions are available throughout the day. Feed-
ing conditions should be optimized and tailored to the needs
of the patient (eg, meal set-up, proper positioning, hand
feeding).

Nutritional supplements do not have a well-defined role in
hospital care of older adults. They do not appear to reduce
complications or mortality in hip fracture patients [13].

Dysphagia is relatively common in older adults, and can wors-
en in the perioperative period. Ensure that the appropriate
diet consistency is ordered and that feeding assistance is giv-
en (ie, meal supervision is sometimes necessary). If clinicians
are unsure about the safety of oral intake, a swallowing eval-
uation can be helpful. For further discussion of malnutrition
see chapter 1.11 Sarcopenia, malnutrition, frailty, and falls.
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6 Avoidance of pressure ulcerations

Pressure ulcers are a predictable, costly, and dangerous com-
plication of immobility.

Frail geriatric patients are among the most likely to incur a
pressure ulcer [14, 15]. Odds are high for a fragility fracture
patient to develop or exacerbate a pressure ulcer, as tissue
damage can occur within a few days of bed rest [16, 17].
Tenets of ulcer prevention align with other best practices of
hospital care, including minimizing the total time of im-
mobility, optimizing nutrition and maintaining adequate
hygiene. Nursing staff are instrumental in recognizing at-risk
patients and providing the mainstay of skin care.

Mechanical offloading of pressure from the sacrum and heels
is crucial in ulcer prevention and becomes more important
in a patient unable or unwilling to ambulate after surgery.
Offloading is best accomplished by daily transfer to a chair
in combination with frequent repositioning while in bed.
Repositioning should occur at least every 4 hours, although
the optimum frequency is not yet established [18]. Socks or
padded boots are preferred for offloading the heels.

Skin should be kept dry and protected. Dress existing sacral
ulcers to prevent contamination with urine and stool. Avoid
friction and shear forces with protective dressings and care-
ful repositioning and transferring of patients.

Nurse-administered risk assessment tools are helpful for
identifying patients at high risk of developing a pressure
ulcer. The scores they generate help nurses allocate resourc-
es and create effective care plans, although they have not
been found to decrease the incidence of pressure ulcers [19].
The Braden Scale and the Norton Scale are the most widely
used tools and both are recommended by the Agency for
Healthcare Research and Quality to be used in the hospital
and nursing home settings [20]. Optimal frequency of risk
assessment continues to be debated but repeated assessment
at least at admission and after 48-72 hours is recommended
[21].

7 Pain management

Effective pain control facilitates early mobilization and re-
duces risk for delirium. Frequent assessment of pain and
adequate medication dosing is essential.

Routinely scheduled acetaminophen provides a safe and
well-tolerated foundation for postoperative pain control in

most older adults. Consider 650-1,000 mg of acetaminophen
three times daily for at least 2-3 weeks postoperatively in
patients without liver dysfunction. Ensure that the patient
isnot taking any other acetaminophen-containing products.

Most patients will need low-dose opioid medications in the
first days to weeks after hip fracture. Patients who are not
chronically dependent upon opioids may only need occa-
sional, low-dose opioid therapy, most often with activity
and at night. Geriatric patients will typically tolerate a reg-
imen of oxycodone immediate release 2.5 mg every 3 hours
as needed. Encourage nursing staff to otfer an opioid dose
30 minutes prior to physical therapy sessions or transfers.
For further discussion of pain management, see chapter 1.12
Pain management.

8 Avoidance of constipation

Patients undergoing hip fracture repair are at high risk for
constipation due to gut stasis from surgical stress and de-
creased mobility. Without careful attention to bowel func-
tion, patients are at risk for ileus and possibly fatal obstruc-
tion.

The care team should aggressively treat constipation and
ensure a bowel movement has occurred prior to hospital
discharge. Other aspects of postoperative care will promote
return of normal bowel function, such as early mobility and
oral nutrition/hydration, and limiting tethers. Polyethylene
glycol is an osmotic laxative that is powerful, generally well
tolerated, and has the ability to be titrated. Consider giving
17 g of polyethylene glycol orally daily or twice daily in the
early postoperative period. Often, a rectal suppository is also
needed to facilitate the first bowel movement following
surgery.

9 Polypharmacy—when to stop or restart
medications

The stress of surgery and rapid physiological shifts of the
early postoperative period increase the patient’s vulnerabil-
ity to medication effects, even with medications that were
well tolerated in the outpatient setting. It is wise to prescribe
the fewest and lowest possible doses of usual medications
in the early postoperative setting. Only a handful of medi-
cations have well-described withdrawal effects (eg, beta-
blockers, clonidine, long-term opioids, and long-term ben-
zodiazepines); these may need to be continued at current
or attenuated doses. Otherwise patients should demonstrate
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a physiological need for a medication prior to it being pre-
scribed or restarted. This strategy is likely to reduce poly-
pharmacy and adverse medication effects. See chapter 1.13
Polypharmacy for a detailed description of polypharmacy
and its management.

9.1 Blood pressure medications

Antihypertensive therapy is often stopped prior to hip frac-
ture repair in anticipation of perioperative hypotension. It
is reasonable to continue holding angiotensin-converting
enzyme inhibitors (ACEIs), angiotensin-receptor blockers
(ARBs), and diuretics in the early postoperative period as
hydration status is often tenuous and renal perfusion sub-
optimal. When blood pressure does necessitate treatment
with an antihypertensive, restart agents slowly and con-
sider an attenuated dose.

Beta-blockers are an exception, as they are usually contin-
ued in the perioperative period for cardioprotection and to
reduce the risk of rebound tachycardia. Similarly, some
calcium channel blockers that are used for rate control may
need to be continued in the perioperative period.

9.2  Anticoagulants

Following hip fracture surgery, clinicians must weigh the
risk for postsurgical bleeding and transfusion with the po-
tential benefits of antithrombotics and anticoagulants. Deci-
sion making should reflect consensus between the medical
and surgical services. Prophylactic dosing of low-molecular-
weight heparin is usually effective as a single agent for pre-
vention of venous thromboembolism in the early postop-
erative period when the bleeding risk is highest. After
hemostasis is achieved, it is reasonable to consider resump-
tion of additional anticoagulants. For consideration of special
anticoagulation needs, see chapter 1.6 Anticoagulation in
the perioperative setting.

9.3  Diuretics

Most patients who use diuretics over extended periods will
not have normal urine output until these are resumed. Most
patients are able to resume diuretics by postoperative day
3—4 when the need for postoperative hydration is over and
the patient is taking adequate fluid by mouth.

10 Avoidance of serious medical problems

10.1 Pneumonia

Patients at highest risk for developing pneumonia in the
postoperative period are those who are older, malnourished
(as defined by albumin < 3.5), dependent in activities of
daily living (ADLs), have a history of congestive heart fail-
ure and those with chronic pulmonary problems such as
chronic obstructive pulmonary disease [22]. Collectively,
“lung expansion modalities”, eg, incentive spirometry and
deep breathing, have the strongest evidence base for pneu-
monia prevention in the postoperative setting, as found by
the American College of Physicians [22], and are strongly
recommended, although the magnitude and relative effec-
tiveness of each method has yet to be elucidated. Focused
efforts to achieve early mobility, adequate pain control, and
head of the bed elevation are simple to do and have addi-
tional benefits.

10.2 Urinary tract infection

Indwelling urinary catheters place hip fracture patients at
risk for developing urinary tract infection (UTI), especially
when left for more than 2 days following surgery [23]. Cath-
eters should be removed on the first postoperative day un-
less there is an extenuating circumstance. Urinary retention
is a common barrier to catheter removal but risk of this can
be mitigated by preventing constipation, early mobility, and
avoidance of anticholinergic medications. If clinically sig-
nificant retention persists, continued urinary catheterization
may be necessary.

Clinicians should avoid screening for UTI in asymptomatic
patients, and if asymptomatic bacteriuria is found in a urine
sample, this does not necessitate treatment with antibiotics.
Any antibiotic has the potential for adverse reactions, in-
teractions with other medications, and Clostridium difficile
infection.

10.3 Heart failure

Accurate diagnosis of postoperative heart failure can be dif-
ficult in older patients. Physical examination findings such
as pulmonary crackles, elevated jugular venous pressure
and peripheral edema are often nonspecific in the older
adult. Often, a trial of diuresis is necessary as a diagnostic
and therapeutic tool [1]. In cases of newly discovered heart
failure, echocardiography and cardiology consultation may
be warranted to evaluate for potentially correctable causes
such as valvular problems, arrhythmia, or ischemia.
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10.4 Hyponatremia

In the surgical setting, hyponatremia is often caused by neu-
rohormonal stress with antidiuretic hormone release, result-
ing in expanded intravascular volume [24]. Usually the con-
dition is mild and resolves without specific treatment.
Consultation with nephrology is warranted in patients with
falling sodium despite volume equilibration. Sodium stabi-
lization needs to occur prior to hospital discharge.

10.5 Myocardial infarction and elevated troponins
Following hip fracture repair, clinically diagnosed myocar-
dial infarction is rare. However, elevation of the cardiac
biomarker troponin is relatively common and has been linked
to increased cardiac and all-cause mortality at 6 months [25].
Asaresult, routine troponin monitoring has been proposed
as a routine practice to aid in prognostication [26]. The im-
pact of such monitoring on clinical outcomes remains unclear
and needs further study to quantify the risks and benefits
of this approach.

1 Discharge planning and safe handoffs

Successful handoffs require a proactive, coordinated team
effort, especially when caring for medically complex patients.
Patients undergoing fragility fracture repair are particu-
larly vulnerable to poorly executed handoffs, which con-
tribute to rehospitalization, adverse events, and patient
dissatisfaction [27]. Fracture programs effective at reducing
the length of stay have standardized protocols for discharge
planning that begin on admission, anchored by automatic
social work and physical therapy consultations to determine
the discharge destination [2]. Discharge destination depends
on both patient care needs and the services available in a
specific healthcare system.

The hospitalization summary is a critical piece of medical
communication to accepting care teams, especially when
caring for medically complex patients. This document should
be composed by a physician, physician’s assistant or nurse
practitioner who has an active role in the patient’s care
while hospitalized and should be written through the lens
of facilitating effective posthospital care. The summary should
be completed prior to discharge and ideally accompanied
by a phone call to the accepting care provider. Standard-
izing the patient handoff with a checklist likely improves
the quality of the communicated information [28].

Components of a proper hospitalization summary are:

¢ Baseline functional status and chronic medical prob-
lems

e Surgical details, ie, date, surgeon, type of procedure,
and complications

¢ Details of postoperative complications and their
treatment

e Results (summarized) of any major tests

e Names, roles and contact information of consulting
physicians

e Discharge medication list, complete with doses,
frequency, route, and indication:
— Note discontinued (or dose attenuated) medications

and the reason

— Note added medications and the reason
— Plan for osteoporosis treatment

e Instructions for the accepting care team, ie, wound
care, activity level, diet

e Pending laboratory tests and dates/times of follow-up
appointments

e Goals of care including resuscitation status and desires
for life-sustaining therapies

Further discussion of postacute care can be found in chap-
ter 1.9 Postacute care.

12 Prognostic discussions with patients and families

Anticipatory guidance is an important part of a clinician’s
role, especially when the patient is expected to have a change
in functional trajectory. About 20% of patients with hip
fracture will die within a year of repair, and 25% of com-
munity-dwelling patients will need nursing home care [29].
Still more will not regain their functional abilities, needing
additional help with ambulation and ADLs [30]. Estimation
of the patient’s clinical trajectory is often possible early in
the postoperative course, taking into account the patient’s
prior level of function, surgical and perioperative complica-
tions, and progress with rehabilitation. Discussing these
findings with patients and families is important for framing
long-term care goals and preparing them for the possibility
of an adverse event or new disability. The postoperative
hospital stay is an ideal time to do this, as patients are en-
gaged in their medical care and generally open to anticipa-
tory guidance. Further discussion of prognosis and goals of
care can be found in chapter 1.5 Prognosis and goals of care.
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1.8 Postoperative surgical management

Michael Blauth, Peter Brink

1 Introduction

The postoperative period has not been a primary focus for
many surgeons, at least not to the same degree as the in-
traoperative one. As long as wound healing is progressing
normally and postoperative x-rays are satisfactory, little
attention is usually paid to other important issues that im-
pact postsurgical recovery, rehabilitation, and overall func-
tional outcomes. The communication between surgeons,
staff nurses, and physiotherapists regarding common post-
operative recovery is often poor.

This is partly due to the lack of availability and application
of tools that focus on functional outcomes of individual
patients. In addition, surgical and medical providers may
not know how to best influence the rehabilitation progress.

Postoperative management seems as important as surgical
treatment in producing optimal outcomes. Surgeons’ advice
has an enormous influence on the patient, relatives, nurses,
and physiotherapists, and can positively influence the qual-
ity of care in these areas. In this chapter we will focus on
the importance of early mobility and rehabilitation, wound
and skin management, and the prevention and treatment
of pressure sores.

2 The impact of immobilization

2.1 Loss of muscle mass

Loss of muscle mass and muscle strength is common in older
adults and is highly associated with frailty, functional decline,
immobility, and falls (Fig 1.8-1) [1]. This age-related decline of
human muscle mass and strength is known as sarcopenia (see
chapter 1.11 Sarcopenia, malnutrition, frailty, and falls) and
may be exacerbated by short periods of immobilization [2]:

e Wall et al [3] have generated pilot data from eight older
adults demonstrating that 5 days of limb immobilization
leads to a 1.5% loss of quadriceps cross-sectional area.

When extrapolating this to a whole-body level, merely
5 days of bed rest would result in the loss of roughly 1 kg
of muscle tissue.

e Skeletal muscle atrophy is caused by a variety of stressors
including decreased external loading and neural activa-
tion (ie, disuse), inflammatory cytokines and glucocor-
ticoids, and malnutrition [2]. A combination of unloading
and reduced neural activity occurs frequently in clinical
settings following limb immobilization, bed rest, spinal
cord injury and partial/complete peripheral nerve dam-
age, resulting in significant loss of muscle mass and force
production [2].

e Older adults display a marked reduction in their ability
to regain lost muscle tissue following a period of disuse,
even with an intensive, supervised, resistance-type ex-
ercise training schedule [4-6].

e Substantial muscle atrophy occurs during short-term
disuse, with higher rates of muscle loss during more pro-
longed disuse. This suggests that the mechanisms respon-
sible for the early loss of muscle during disuse differ from
those occurring in prolonged disuse [3].

e Older adults reduce their normal daily activity following
a period of bed rest. Even with structured, supervised
training, older adults spend the majority of their day
completely inactive [7].

Fig 1.8-1a-b Difference in muscle mass of the upper leg between
two men aged 25 and 81 years, matched for length and body weight.
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e Structured and prolonged resistance training is effective
for muscle mass gain in older adults [8, 9] and should be
considered vital to their recovery. Most current clinical
practice does not mandate such a rehabilitation program
following a period of immobility, and older adults gener-
ally show low adherence to nonsupervised, structured
resistance-type exercise training [10-12].

Composition of the slow, oxidative muscle fibers (type 1)
and the fast, glycolytic muscle fibers (type 2) changes with
age. Due to a natural loss of type 2 fibers, older adults are
unable to react adequately to an unforeseen situation and
fall easily. Both walking speed and coordination are de-
creased, which results in increased risk of falling and fracture.
During immobilization, this process continues and the loss
of fast twitch fibers progresses. Both the number and the
volume of the fibers diminish.

Since there is a direct relation between muscle mass and
muscle strength, this loss of muscle mass represents an in-
dependent risk factor for new falls and fractures. Restoration
of muscle mass will improve performance during mobiliza-
tion after fracture treatment [13].

There is clear evidence that considerable muscle atrophy
occurs during the early phase of immobilization and is at-
tributed to a rapid increase in muscle protein breakdown
accompanied by a decline in muscle protein synthesis [3]. A
persistent catabolic state hampers the improvement of this
situation, so nutritional intake (1.25-1.5 mg of protein per
kilogram of body weight per day) together with active mo-
bilization is essential to regain muscle power and coordina-
tion. Both are a challenge in older adults.

Early mobilization by itself is not sufficient to prevent a
decline in function. There is increasing evidence that strength
training for the frail geriatric patient is an effective way to
restore muscle function and to eliminate muscle strength
asymmetry after surgery within 3 months [1].

In order to regain prefracture level of function and inde-
pendence, early active mobilization with resistance exer-
cises and adequate protein intake is essential.

3 Rehabilitation

Each surgical intervention in fragility fractures should en-
able the patient to make immediate use of the injured ex-
tremity. Undertaking the risk of surgery while still being
restricted in postoperative range of motion or active mobi-
lization often results in unacceptable overall functional
outcomes.

Why are we afraid that we might overload our fracture/
implant construct? Biomechanical studies show that con-
structs fail at distinct levels typically above physiological
loads, even in cadaveric bone without soft tissue and active
muscles to support the construct. We have an incomplete
understanding of the in vivo forces during partial, full, and
non-weight bearing as well as of forces emerging with upper
extremity movements.

Surprisingly, forces in the hip joint measured in patients
lying in bed and lifting their buttocks are higher than in the
same hip joint during full weight bearing (FWB), using two
crutches [14]. In light of these biomechanical and clinical
realities, immediate weight bearing as tolerated (WBAT)
using support should be promoted.

The same reasoning applies, if nonoperative treatment is
chosen.

Some general remarks:

e Patients usually enjoy mobilization and use of their ex-
tremities. It makes them less dependent on help and re-
duces frustration noted with activity restrictions.

e Patients may be afraid of pain. It is always helpful if the
surgeon assists in the early postoperative phase with mov-
ing joints, sitting and standing in front of the bed, to
reassure patients about the safety of mobilization during
pain.

e Walking exercises should be supervised by the surgeon
to enable him/her to interpret utterances and questions
with regard to pain. Never rely on reports from other
healthcare providers. There is no way around a person-
al visit and observation of the patient.

e Giving patients individually tailored tips and tricks to
safely improve mobilization may give them emotional
support and be extremely helpful.

e Talking to the patients, touching their hands, and answer-
ing concerns may also help and encourage them.

e Pain management is critical. Timing, drug selection and
dosage all influence patients” ability and willingness to
get mobilized and to cooperate.
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Patients should feel comfortable while being mobilized, and
different walking aids should be offered. Canes or walking
sticks are usually more difficult to use and require arm force
and coordination. A walker with or without wheels may be
easier to use at the beginning or even permanently but may
not allow for enough independence.

3.1 Lower extremity

Based on traditional teaching, anecdotal information and
fear of loss of reduction, many surgeons are hesitant to
permit FWB after reduction and stable fixation of fractures
of the pelvis and/or lower limb.

No or limited weight bearing for some time is supposed to
limit forces on the reconstructed bone and fixation mate-
rial and to prevent loosening, hardware failure and second-
ary displacement of the fracture and implant. Of course, if
such an event occurs, it is a disaster for patient and physician.
Traditionally, limited weight bearing only is allowed for a
time span of 6, 8 or 12 weeks after surgery.

One origin of this time-based protocol for weight bearing is
the AO Principles of Fracture Management by Miiller et al [15]
that advocates a limited weight-bearing recommendation
with 3 months of 5-10 kg load for hip fractures, unfortu-
nately without any support from evidence-based literature.
It is remarkable that these classic protocols are still in use,
while at least some evidence promoting a less restricted
weight-bearing protocol has existed since the end of the last
century.

Failures of fixation are mostly associated with biomechan-
ical flaws including suboptimal reduction and/or fixation.

3.1.1 Partial weight bearing is not an option

In the authors’ opinions, immediate postoperative WBAT is
the only reasonable option in geriatric patients with lower
extremity injuries. This applies to all kinds of fixations and
joint replacements. Biomechanically sound constructs and
close observation of the patient are prerequisite for this
regimen.

If a fixation is deemed to be ‘not stable enough’, it could mean
weeks to months of bed rest and/or partial weight bearing
(PWB) until fracture healing has taken place. Usually, bone
resorption at the fracture site renders the stability of the bone-
implant-construct even weaker in the first weeks.

Even though high-level evidence is lacking, the authors list
a few thoughts:

e Failures typically occur between the 2nd and 3rd months
after surgery, and there is no evidence that they occur
more often in patients with weight-bearing permission.

e Restriction of weight bearing inflicts a significant physi-
ological burden on the older patient. The energy expen-
diture for ambulation without FWB increases fourfold,
which leads to rapid exhaustion [16].

e Most fragility fracture patients (FFPs) are not physically able
to perform PWB due to sarcopenia, lack of proprioception
and arm weakness. Many have preexisting impaired func-
tion of the upper and lower extremities which prevents
them from using crutches or walkers in a way that effec-
tively and safely spares the affected lower extremity. This
makes implementation of a nonweight-bearing or PWB
protocol impossible and forces the patient to prolonged bed
rest and its well-known negative ramifications, predomi-
nantly a rapid loss of muscle mass. In addition, it makes
non-weight bearing risky and increases the likelihood for
another injury.

e Patient motivation may drop due to fear and anxiety of
failure to make functional progress.

e The altered gait mechanism can lead to complaints of
overload or low back pain.

e Many FFPs have cognitive impairment, and may not un-
derstand or remember weight-bearing instructions.

e Partial weight-bearing protocols are not evidence-based.

e Even in the presence of appropriate doses of pain medi-
cation, pain will guide the patient to bear weight safely
and appropriately. Patients with severely impaired cogni-
tive function typically have the same self-protective
mechanisms as cognitively intact patients.

e Early weight bearing can promote fracture healing and
union of the fracture without increasing loss of fixation
[17-19].

There is no evidence that PWB after operative treatment of
fractures of the pelvis and lower extremity has any advan-
tages for the patient over FWB. Since there are many ad-
vantages of immediate full WBAT, this should be the stan-
dard approach. It may help to diminish adverse effects of
sustaining a fracture such as loss of independence, less sar-
copenia, less fear of falling and is expected to lead to a bet-
ter outcome.
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3.1.2 Recommendations
The following recommendations regarding weight bearing
should serve to produce optimal outcomes for typical FFPs:

e Surgical treatment should be adapted and extended to
make fixation as safe as possible. Additional implant aug-
mentation, the use of long, splinting constructs with
relative stability, and joint replacement instead of an
unstable osteosynthesis requiring PWB are examples.

¢ Patients should be mobilized with WBAT as soon as pos-
sible after surgery. Usually, bedside sitting and standing
in front of the bed with equal weight on both legs should
be the initial approach.

e Use a walker to assist with WBAT. More specific walkers
with support for both upper extremities and the upper
part of the body make patients feel safe with regard to
falling or becoming so weak that walking is no longer
possible.

¢ (Create a safe environment to improve patient confidence
and reduce the risk of falling.

e Stress body awareness to help patients identify situations
where overload may occur.

e For most intraarticular fractures reduced and fixed with
an implant, there is no need to restrict weight bearing.
Even though cartilage is damaged, anatomy is restored.
Axial loading helps circulation in the joint and the car-
tilage and facilitates joint healing and strength.

e Surgeons should intermittently observe the postoperative
patient during mobilization and ambulation and pay spe-
cial attention to any barriers to rehabilitation. Little re-
marks, tips and encouragement from the surgeon can be
extremely important for optimal outcomes.

3.1.3 Evidence
Literature review indicates that WBAT is safe for most post-
fixation FFPs.

e Kovaletal [17] demonstrated that older adults encouraged
to perform FWB initiated PWB up to 50% in the first
week and increased up to 87% in 3 months without any
loss of fixation if they were allowed to bear weight as
tolerated from day 1.

e The use of bathroom scales to instruct the patient with
a biofeedback system is useful for standing but not for
walking [20].

e Wedonotknow the actual amount of axial load delivered
to the implant-bone construct. We know that patient
compliance to follow precise instructions is fairly low and
implant constructs rarely fail. So why employ a restricted
weight-bearing protocol and not shift to a protocol for
weight bearing as tolerated?

e There is no solid proof for an earlier onset of osteoarthri-
tis in general, and it is hardly an issue in this population.
It is not the timing of weight bearing, but inadequate
articular reduction that predicts the outcome. The few
studies of early weight bearing in geriatric acetabular frac-
ture patients showed results similar to nonweight-bearing
studies with no secondary loss of reduction [21]. One should
realize that in acetabular fractures most forces are ex-
erted posteriorly during transfers and sitting while axial
compression during walking transmits force to the ace-
tabular roof which is relatively robust even in severe os-
teoporosis. Even nonoperatively treated acetabular frac-
tures patients can tolerate weight bearing (Fig 1.8-2).

e Similar principles apply to fractures of the tibial plateau.
After adequate reduction and plate fixation early weight
bearing does not predict malunion or nonunion. Some
physicians use locked plates and/or postoperative braces,
but superiority for these have not been proven yet [22-24].

3.2 Immobilization

3.2.1 Immobilization by cast and splint

In nonoperative treatment of lower leg/ankle fractures, an
external bracing technique (mostly using plaster of Paris)
is used to hold the reduction, to reduce pain and to gain
time for consolidation. In intrinsic stable fracture types,
weight bearing is permitted if, after reduction of the swell-
ing, a proper external immobilization is possible. In less
stable fracture types the initiation of weight bearing is de-
layed, until signs of bone healing are detected. The well-
known drawbacks of external immobilization, including
muscle loss and joint stiffness, is the reason to promote
internal fixation whenever possible.

External bracing using plaster of Paris or splints today is
often used as an adjunct to support the construct inside in
osteoporotic bone. In addition to the known drawbacks of
both internal fixation and nonoperative treatment in com-
bination, there is no evidence to support this combination
management approach. Considering the additional skin and
mobility issues in older adults with external bracing, the
use of external fixation with plaster should be an exception
and not a rule.

If internal fixation is poor due to the quality of the bone, an
external fixator could be used as a temporary adjunct. Real-
ize that when plate-screw fixation is poor, the pins for the
external fixator will not hold for an extended period of time.
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3.2.2 Immobilization by traction

Preoperative traction of lower extremity fractures is no lon-
ger common, and in the older adult traction entails specific
risks. If skin traction is used, a traction weight of more than
1 kg can easily damage the skin in older adults. The use of
pins has disadvantages including nerve injury, loosening,
and the risk of infection. For these reasons, early definitive
surgery is recommended. If the soft tissue does not allow
early surgery, a temporary external fixator might be safer
than traction.

3.3  Upper extremity

Patients are often kept in a sling for 3 weeks or more after
fractures of the proximal humerus and the humeral shaft.
Fractures of the olecranon and the distal humerus, disloca-
tions and fracture dislocations of the elbow are often im-
mobilized in a plaster despite surgical fixation. The same

applies to distal radial fractures. Surgeons argue about re-
duced bone quality and potential wound healing problems.

Postoperative management after surgery of the upper extrem-
ity (mostly proximal humerus or distal radius) is less contro-
versial than of the lower extremity. Again, internal fixation
after reduction of the fracture, either open or closed, should
not be routinely combined with immobilization. For example,
plate fixation of the proximal humerus does not need an
extended time of restricted functional therapy. In the operat-
ing room the stability of the construct is tested, using the
image intensifier. If the surgeon can safely move the shoulder
in all directions in the operating room, the patient and/or
physiotherapist should be able to tolerate the same, at least
using passive motion. Early mobilization is the best way to
reduce pain and helps the patient to regain confidence in the
injured extremity, and also applies to both the elbow and

Fig 1.8-2a—f
a-c Right acetabular fracture in a 91-year-old woman. Immediate pain adapted mobilization with walker.
d-e After 2 months slight displacement of fracture fragments but almost pain free with callus formation.
f Same situation after 3 months.
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distal radius. After wound healing, stimulation of movement
of the fingers and wrist is only possible if the plaster is re-
moved. Only when K-wires are used for the distal radius,
which are actually contraindicated in osteoporotic bone, is a
plaster of Paris mandatory for support of the construct.

3.4 Combined injuries

In patients with combined injuries of both the upper and
lower limb, rehabilitation is especially problematic. Adapta-
tion of the crutch on the injured side, using an elbow crutch,
might be a solution if the wrist is injured. The rehabilitation
program should be individualized in these patients in order
to find the best way to promote early movement and pre-
serve weight bearing.

4 Skin and wound management

4.1 Perioperative skin management

The skin of older adults is extremely fragile and vulnerable
to injury compared to younger individuals. Older adults are
atincreased risk for degloving injuries which can occur dur-
ing positioning on the operating room table by pulling the
leg for hip joint reduction (Fig 1.8-3). In the postoperative
phase, care should be taken when wound dressings have to
be removed. A simple bandage instead of an adhesive wound
dressing should be used in patients with fragile skin. If a
superficial skin deglovement occurs, the use of small but-
terfly bandages are preferred instead of stitches to replace
and fix the skin.

4.2 Wound management

Infection prevention is one of the cornerstones of postop-
erative care of older adults. The skin becomes more friable
with age, dehydration, medication effects, malnutrition,
immobility, and comorbidities.

There is no generally accepted standard for wound closure
in trauma regardless of age. To prevent wound infection,
adequate attention to wound closure is important. Control
of obvious bleeding, limitation of dead spaces, removal of
any dead soft tissue in the wound before closure are basic
surgical principles, especially in older adults.

Closure is done by using staples or sutures, according to the
surgeon’s preference. It is not clear whether staples or su-
tures are better. Studies comparing staples with sutures,
especially regarding hip replacement in older adults, are
conflicting. One metaanalysis shows fewer infections in the
sutured group compared with staples [25] while another
review could not demonstrate a difference [26].

After suturing of the wound, protection of the wound using
adhesive strips is one way to reduce tension on the wound.
It is advisable, however, to use the strips in full length par-
allel to the wound instead of perpendicular. Several studies
have shown that perpendicular stripping resulted in blisters
in 10-41% of patients after hip surgery, which was related
to postoperative swelling and increased local stress on the
skin [27-29]. Dry dressings are adequate to absorb drainage
of blood and fluids and will help to avoid the creation of a

Fig 1.8-3a-d
a-b Unnoticed intraoperative degloving of the right lower leg in a periprosthetic hip fracture.
c-d Uneventful healing over the next weeks.
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warm, high fluid-saturated environment that can promote
bacterial growth. Care should be taken to avoid blister for-
mation, which can cause pain and disrupt the skin barrier.
In general, after 48 hours, bandages are not necessary to
cover sutured wounds. In cases of urinary incontinence, an
occlusive bandage is recommended. Keeping the wound
clean and dry is the best way to prevent wound problems.

Sometimes clear exudate drains from the wound for sev-
eral days. A dry sterile bandage is needed to absorb the
fluid. It could be either extracellular fluid due to local or
systemic edema, fat necrosis from stripping the fascia, or a
sterile reaction to suture material (eg, polylactin). In some
cases, this represents a suture-related pseudoinfection (ie,
negative culture and positive histological samples with for-
eign body reaction) [30].

4.2.1 Wound drainage and hematoma management

To drain or not to drain, that has been a general question
for many years now and is also a controversial topic in ge-
riatric fracture care. Closed suction drainage after operative
treatment of proximal femoral fractures was promoted since
the early 1960s [31]. The rationale seems logical, that is to
prevent wound hematomas and to decrease the risk for
wound infection.

There are a small number of relevant studies of wound
drainage in fracture treatment [32-34]. Varley and Milner
[32] found that using two drains, high vacuum for < 48
hours did not produce statistically significant reductions in
wound infections. The more recent studies [33, 34] showed
no relation between hematoma formation and infection,
suggesting that the use of drains is unnecessary. There is
insufficient evidence from randomized trials to support the
routine use of closed suction drainage in orthopedic surgery
[35], so larger studies may be helpful in the future. At this
time, the routine use of suction drains in hip fracture sur-
gery is not recommended.

Subcutaneous hematoma can lead to discomfort for the pa-
tient but could also jeopardize the wound and healthy skin
due to diminished circulation of the surrounding tissue
(Fig 1.8-4). It should be noted that sterile hematoma resorp-
tion will produce inflammatory signs, including a subfebrile
rise of body temperature. Opening of the wound should
only be considered when inflammation is combined with
laboratory signs indicating that an infection is likely.

In hip surgery, the fascia lata protects the implants but may
also cover an ongoing infection for some time. Pain and
raised temperature are signs to evaluate the hardware more

intensively. In the case of a hematoma, evacuation is only
recommended if the tension on the skin might cause skin
necrosis or if it is draining. Pain can be a sign of exces-
sively high pressure. There is no evidence that infection
rates increase in closed hematomas (Fig 1.8-4) [33].

5 Prevention of thromboembolic events

Surgeons know the benefits of prophylactic anticoagulation
treatment for their patients and consider this to be good
clinical practice. In older adults, the fear of adverse effects
of anticoagulation (ie, bleeding) might cause inappropriate
underuse of these medications [36, 37]. Aging is regarded as
one of the strongest and most prevalent risk factors for
thromboembolic events [38]. Comorbid conditions and a lack
of mobility are thrombogenic factors as well [39]. Immobi-
lization and type of surgery both contribute to the risk for
thromboembolic complications. Geriatric fracture patients
may have a period of bed rest from injury until the first
attempt to mobilize the patient after surgery and have a
moderate risk of 10-40% developing a venous thromboem-
bolism. A hip fracture surgery or major trauma increases
this risk to 40-80% [40].

5.1 Venous thromboembolism prophylaxis

Venous thromboembolism (VTE) prophylaxis should be
given at all ages, unless absolute contraindications exist like
significant gastrointestinal, intracranial, wound or intraab-
dominal bleeding. In these situations mechanical prophy-
laxis with intermittent pneumatic compression devices or
venous foot pump and/or graduate compression stockings
are recommended options [40]. A comprehensive review of
anticoagulation can be found in chapter 1.6 Anticoagulati-
on in the perioperative setting.

D

Fig 1.8-4 Subcutaneous hematoma with skin at risk for necrosis.
Evacuation should be considered.
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5.2 Compression stockings

The use of compression stockings for geriatric patients after
trauma surgery could either be indicated for prophylaxis or
treatment of VTE but carry the additional risks of skin break-
down and arterial compression. Their use in geriatric patients
must be done with care. Elastic compression stockings coun-
teract the effect of increased intravenous hydrostatic pres-
sure. The reduction of the venous pressure gradient improves
the reabsorption of fluids from connective tissue.

A Cochrane review shows that graduated compression stock-
ings are effective in diminishing the risk of DVT in hospital-
ized patients, especially in combination with other prophy-
lactic therapy [41].

If compression stockings reduce the incidence of postthrom-
botic syndrome (PTS), particularly severe postthrombotic
syndrome is still under debate. The only multicenter ran-
domized placebo-controlled trial [42] shows no benefit, prob-
ably due to a lack of compliance.

Be careful that the stocking does not roll down, as pero-
neal nerve palsy due to compression may occur [43].

5.3 Pharmacological approaches to venous
thromboembolism prophylaxis

To prevent thromboembolic complications in the FFP with

a fracture of the lower limb, temporary bed rest, surgery

and/or staged mobilization, consider the following pharma-

cological options:

e Low-molecular-weight heparins (LMWHs), subcutaneous
both for intermediate and high-risk patients. The advan-
tage of an LMWH offers the possibility to continue med-
ication after discharge from the hospital. For typical dos-
age recommendations, see the Orthogeriatrics App [44]
about anticoagulation and chapter 1.6 Anticoagulation
in the perioperative setting.

e Factor Xa inhibitors (eg, idraparinux, fondaparinux) by
subcutaneous route. Fondaparinux is very effective in
the prevention of thromboembolic events but increases
the chance of (mainly) surgical site bleeding [45].

e New oral anticoagulants (NOACs) (eg, rivaroxaban, dab-
igatran, apixaban) are tablets. Their definitive role in the
prevention of thromboembolic diseases in older patients
is not clear yet.

All LMWHs and fondaparinux have been proven to be safe
and effective in geriatric patients [37]. For prophylaxis LM-
HWs are still the first choice [46]. In case of extended use of
anticoagulant therapy in older patients after hip surgery,

the use of vitamin K antagonists (with a target internation-
al normalized ratio of 2.0-3.0) is an alternative way to reduce
the risk for thromboembolic complications, but the risk of
major bleeding is a concern. Overanticoagulation should be
avoided to minimize hemorrhagic complications. Be aware
of the risk for major bleeding in patients already receiving
antiplatelet therapy (eg, aspirin and clopidogrel). Since there
is no evidence that antiplatelet therapy is superior to anti-
coagulant therapy, except in case of a prosthetic heart valve,
it is safer to stop antiplatelet therapy temporarily.

For patients undergoing a surgical procedure for fracture
reduction and fixation the authors recommend:

¢ For patients not undergoing immediate surgery, adminis-
ter LMWH no closer to surgery than12 hours. Postopera-
tively, LMWH can be started 6 hours or more after fixation.

e Continue for 10-15 days and in case of hip surgery up to
5 weeks.

In case of isolated lower leg injuries requiring leg immobi-
lization, there is no proof that anticoagulant therapy is ben-
eficial unless the patient belongs to a high-risk group.

6 Management of urinary bladder disorders

Many FFPs have urinary incontinence during the periop-
erative period, due to preexisting urinary tract dysfunction
and temporary factors including delirium, pain, positioning,
constipation, and medication adverse effects. With age, blad-
der capacity, contractility decrease, and involuntary detru-
sor contractions increase. Moreover, almost 90% of all pa-
tients with a hip fracture have an acute urinary retention
which could lead to overflow incontinence [47]. Immobility,
the use of analgesics and opiates and increased intravenous
fluid intake are all factors promoting urinary retention [47].

For this reason an indwelling urinary catheter is used peri-
operatively. The optimal management includes removal of
the urinary catheter no more than 48 hours after surgery
followed by intermittent catheterization that is repeated at
regular intervals if necessary. After surgery, it is the cogni-
tive state of the patient and not the fracture itself that is
correlated with urinary retention; these cognitively impaired
patients need extra attention to avoid bladder distention
[48]. To avoid catheter-related urinary infections, the adapt-
ed protocol of Tenke et al [49] is recommended:

1. Catheters should be introduced under antiseptic
conditions.
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The catheter system should remain closed.

Unnecessary catheterizations should be avoided.

4. The duration of catheterization should be as short as
possible.

5. The use of a nurse-based electronic catheter reminder
system is recommended.

6. Educational programs targeting best practices for
urinary catheter insertion and maintenance should be
provided to all relevant staff.

7. The use of hydrophilic-coated catheters is recom-

mended for clean intermittent catheterization.

w N

See chapter 1.7 Postoperative medical management for fur-
ther discussion on catheters and tethers.

7 Prevention and treatment of pressure ulcers

Pressure ulcers, also called sores, are a common problem in
geriatric patients in hospitals, and the prevalence might be
underestimated [50]. It is not only a burden during the hos-
pital stay but many stage 3 and 4 pressure ulcers become
chronic wounds, decreasing the quality of life [51]. Pressure
ulcers might develop within several hours, but they may
take years to heal. The presence of a pressure ulcer is the
outcome of a multifactorial pathological condition. It is the
cumulative effect of impairment due to immobility, nutri-
tional deficiency, and chronic diseases which predisposes
the aging skin to increased vulnerability [51].

Recommended actions to prevent pressure sores are:

e Prevention should start in the emergency department.

e Early use of pressure relief devices. Both dynamic support
surfaces like alternating pressure mattresses, low-air loss
beds, spacer mattresses, air fluidized mattresses and sur-
face improvement like specialized foam or sheepskin have
been proven to be better than a standard mattress to
prevent pressure ulcers [52].

¢ Involvement of a multiprofessional team including nurs-
ing staff, aides, physician, dietician, occupational and
physical therapist, and social worker.

e Early mobilization is the most important action to be
taken while immobility is the most significant risk factor
for development of pressure ulcers [53].

e The four most common external physical forces are ax-
ial pressure, shearing pressure, friction and excessive
moisture [54]. Besides the treatment of the patient-relat-
ed internal factors, paying attention to these external
factors is extremely important.

e Frequent repositioning in bed, early mobilization, avoid-

ing wet dressings or sheets are simple measures that can
be taken by all healthcare providers.

e Patients should be encouraged to sit and walk shortly
after surgery. When bed rest is unavoidable, the patient
should be repositioned every 2 hours. Sliding should be
prevented and the elevation of the head of the bed should
be less than 30° [51].

e Daily inspection of areas at risk like sacrum, coccyx, is-
chium, or greater trochanter is mandatory.

Furthermore, the heels should be inspected daily and these
areas should be staged, using the staging system developed
by the National Pressure Ulcer Advisory Panel [55]:

Stage 1 Nonblanchable erythema: intact skin with

nonblanchable redness

Partial thickness: partial thickness, loss of dermis

presenting as a shallow open ulcer with a red

pink wound bed, without slough.

May also present as an intact or open/ruptured

serum-filled or serosanguineous-filled blister

Full thickness of skin or tissue loss: subcutaneous

fat may be visible, but bone, tendon, or muscle

are not exposed

Stage 4 Full thickness tissue loss with exposed bone,
tendon or muscle

Stage 2

Stage 3

Stage 2 and deeper ulcers require an appropriate dressing
that absorbs fluids but maintains moisture and encourages
granulation tissue formation. Additives like silver ions,
topical analgesics or activated charcoal to neutralize odor
are available and can be used according to local practice.
Treatment should be based on the stage of the pressure
ulceration and may require surgical debridement (Fig 1.8-5).

Fig 1.8-5 Mostly stage 2 but centrally stage 3 pressure ulcer in a
patient with a hip fracture and multiple comorbidities, which makes
early mobilization difficult.
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In case of a stage 3 or 4 pressure ulcer, debridement, start-
ing with surgical debridement and followed by autolytic
debridement, is a common technique. There is little evidence
concerning best practice for cleansing of pressure ulcers [56].

The use of topical antibacterial creams does not appear to

be beneficial [51]. Surgery for pressure ulcers (eg, excision
of prominent/necrotic bone or flap surgery) is rarely per-
formed in debilitated patients and will not be the solution
when immobility still exists [51].

10.
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1.9 Postacute care

Bernardo Reyes, Nemer Dabage, Darby Sider

1 Introduction

For most hip fracture patients, the goal of postacute reha-
bilitation is the restoration of preinjury function and, when
possible, functional independence. Postacute care includes
not only physical rehabilitation but patient-specific multi-
disciplinary treatment of medical, social, nutritional and
psychological contributors to disability, and typically pro-
duces significant benefits for most patients [1, 2]. Evidence
on the comparative effectiveness of specific postacute reha-
bilitation settings is limited, but most successful programs
involve more intensive exercise and multidisciplinary care
than is available in many acute care hospital and outpatient
settings. While rehabilitation following hip and other fragil-
ity fractures begins in the perioperative period, it is pre-
dominantly delivered in postacute care settings like skilled
nursing facilities (SNFs), inpatient rehabilitation facilities
(IRFs), rehabilitation with home health services, and out-
patient settings [3, 4].

2 Postacute care settings

Depending on the structure and financing of the local health-
care system, postfracture rehabilitation can occur in the
same acute care facility where the fracture was treated, in
distinct postacute care facilities, or at home. Most studies
have demonstrated that the outcomes after rehabilitation
are similar regardless of the care setting.

Decisions regarding the setting where postacute care will be
delivered often depend on factors including the patient’s abil-
ity to participate in physical rehabilitation activities, insurance
coverage and regulations, and local resources. Irrespective of
these issues, a patient-specific rehabilitation plan is the best
tool to promote optimal recovery, with a focus on high fre-
quency rehabilitation; attendance of more than five physical
therapy and occupational therapy sessions per week has been
associated with better health outcomes [2].

2.1 Facility-based rehabilitation

Facility-based rehabilitation is common, effective and typi-
cally resource intensive. Most healthcare systems attempt
to balance costs and benefits, so it is essential to assess the
functional ability of the patient to determine if clinically
appropriate care can be delivered in a lower intensity setting.
The most common facility settings for rehabilitation are
described below:

e When patients receive rehabilitation in inpatient geriatric
wards, ie, in the same facility where the acute care was
provided, placement in a geriatric care-based unit for the
entire hospitalization appears to be superior to a 2-step
model of postoperative transfer from an orthopedic sur-
gical ward to a geriatric rehabilitation ward. This ward
model can be more expensive but minimizes the risk of
institutional transitions of care [5, 6]. Inpatient ward based
rehabilitation is more common in European healthcare
systems.

e Inpatient rehabilitation facilities can be located within a
hospital or exist as standalone facilities. Patients that are
managed in these facilities can typically tolerate intensive
rehabilitation, ie, more than 3 hours per day, while still
receiving access to comprehensive nursing care. These
settings are appropriate if the intensity, frequency, and
duration of therapeutic activities make it impractical to
obtain the services in a less intensive setting. While younger
and more robust patients may get superior outcomes from
IRF-based rehabilitation, many fragility fracture patients
(FFPs) cannot tolerate this intensity of services.

e A skilled nursing facility or postacute care setting is a
setting of care where staff manages, observes and evalu-
ates care including routine medication administration,
postsurgical care, and rehabilitation. This is the most
common FFP rehabilitation setting in North American
healthcare systems, with multidisciplinary staff including
nurses, physical and occupational therapists, social service
workers, nutritionists and recreational therapists. Medi-
cal providers are not onsite at all times, and acute onsite
medical evaluation is not always possible.
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Assuggested above, patients admitted to geriatric wards and
IRFs should be generally able to participate in, and be like-
ly to benefit from, at least 3 hours of rehabilitation activities
per day, five times per week. In many of these settings a
physician specialized in rehabilitation sees the patient at
least three times per week.

Patients admitted to IRFs usually have shorter lengths of
stay than those admitted to SNFs. In addition, IRF patients
typically receive more physical and occupational therapy
than patients admitted to SNFs. Some reports suggest that
this comes at a higher cost without a significant change in
functional outcomes [2, 7].

Patients can be transitioned to a less resource-intensive
level of care from IRFs when all functional rehabilitation
goals have been achieved or when therapy services are no
longer required to meet rehabilitation goals. Patients should
also be considered for transfer if further progress toward
rehabilitation goals is not expected or can be achieved at a
less resource-intensive level of care [8].

Most organized healthcare systems offer a predetermined
number of covered rehabilitation days per eligibility period
for patients to use when needed. Hip fracture patients ad-
mitted to SNFs can typically receive rehabilitation services
at least five times per week. As the literature suggests, hip
fracture patients admitted to SNFs have similar levels of
recovery as those admitted to inpatient rehabilitation hos-
pitals and at a lower cost.

The main difference between an acute rehabilitation hos-
pital and an SNF is the level of staffing, the frequency of
physician evaluation, and the intensity of the rehabilitation
services. In the US, most insurers authorize payment for
rehabilitation of FFPs in SNFs due to their lower opera-
tional cost.

2.2 Home and outpatient-based rehabilitation
programs

Among patients who have completed standard rehabilitation
after hip fracture, the use of a home-based functionally fo-
cused exercise program can provide some added improvement
to mobility. Using home-based services as the only mode of
rehabilitation after a hip fracture should be reserved for those
with very high functional status in the immediate postfrac-
ture period or those that have a support system that allows
them to receive adequate services in this setting [9, 10].

3 Postacute care assessments and evaluations

The primary assessment method during the postacute care
phase is called the comprehensive geriatric assessment (CGA).
The CGA is a structured survey and evaluation process
commonly used to assess for medical, functional and socio-
psychological issues that impact health and function. The
components of the CGA vary depending on the specific setting
and clinician preference, but typically cover the major areas
above, as well as patient-specific goals of care and advance
directives. The CGA requires time to complete and its results
can be temporarily altered by acute illness. During the acute
hospitalization, the results of the CGA can be influenced by
many factors including pain, medications, and electrolyte
abnormalities. Despite all this, using the CGA in these settings
has been associated with improved outcomes [11].

During postacute recovery many of the complicating acute
medical circumstances have resolved, allowing for a more
appropriate assessment of patient factors to plan for optimal
rehabilitation and restoration of health. Moreover, as the
length of stay is longer in this setting, there is a greater ability
to make and evaluate changes in long-term medications,
promote recovery of lost function, and improve social factors.

This CGA can help identify medical, functional, environ-
mental, and social contributors to the original injury, and
it can identify issues that might affect the ability of the pa-
tient to thrive in their home setting. Environmental and
other nonmedical issues like lack of bathroom bars and rails,
inappropriate height of a bed, environmental clutter, limited
access to groceries, and inappropriately complex drug regi-
mens can negatively impact outcomes as much as any spe-
cific medical condition. In addition, the CGA helps identify
social issues, including inadequate support systems to assist
with activities of daily living (ADLs), or respond to an acute
illness [12].

3.1 Multidisciplinary rehabilitation team

Once a comprehensive evaluation of the patient’s needs has
been completed, an individualized plan of care should be
designed for each patient with the input of a multidisciplinary
team. Team members often include physical and occupa-
tional therapists, medical providers, nurses, nutritionists
and social workers. As mobility is the best overall predictor
of a successful outcome, physical therapists play a central
role in the rehabilitation process. Occupational therapists
assist in specific ADL achievement, overall functioning, and
reducing fall risk. If cognitive impairment is affecting
communication or swallowing, a speech therapist can be
helpful. The optimal degree of direct involvement of certified
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therapists has yet to be determined. When local resources
permit, physicians with experience in geriatrics and reha-
bilitation typically manage the ongoing medical comorbid-
ities and rehabilitation program.

Nursing care typically focuses on symptom assessment, pain
control, managing medications and preventing pressure
ulcers. Nurses involved in the care of FFPs should be familiar
with common geriatric syndromes (eg, delirium, dementia,
falls, and incontinence).

Nutritional enhancement in those who are malnourished
or undernourished can improve outcomes [13]. Nutritionists
are best suited to evaluate and recommend dietary regimens.

Social workers play an essential role in assisting with social
or financial issues affecting long-term care needs. Moreover,
the spouse, family, or caregivers play a significant role in
providing psychological support and motivation to the pa-
tient. The medical and orthopedic providers are responsible
for supervising the medical plan of care, monitoring clinical
progress, and striving to avoid medical complications [14].

4 Disposition after postacute care

Most hip fracture patients experience some degree of dis-
ability even after postacute rehabilitation. Many studies
indicate that a significant number of patients are still in need
of further assistance with ADLs following their completion
of a formal rehabilitation program. These needs, along with
the patient’s existing support system, determine the dispo-
sition of a patient after a postacute admission [15]. Even for
those who do not require assistive devices for ambulation
at the time of postacute discharge, there is often persistent
need for assistance with some ADLs like putting on socks
and shoes. Up to 25% of hip fracture patients will require
long-term care placement in a nursing facility or transition
to hospice after postacute rehabilitation. For the remaining
75%, key functional items including cognition, balance and
gait may take up to 1 year to fully recover, and the degree
of assistance with ADLs will determine the extent of home-
based services they require [16].

In some parts of Europe, the first phase of the rehabilitation
process occurs in acute care facilities. The implementation
of a geriatric multiprofessional home rehabilitation program
focused on supported discharge and independence in daily
activities results in an improvement in balance confidence,
independence and physical activity in previously commu-
nity-dwelling older adults [17, 18].

In the US, where most of the rehabilitation occurs in post-
acute facilities, a basic array of follow-up home services is
arranged. Such services include home physical therapy, home
nursing for ongoing medical monitoring and wound care,
and home aides to assist with specific ADLs. When in need,
a social worker can assist with social issues such as trans-
portation, assistance with meals, and advanced care planning.

5 Communication, transitions, and quality of care

Frail geriatric patients experience several potentially danger-
ous transitions of care between their home, the hospital and
rehabilitation settings. Coordinating continuity of care and
effective handoffs across these transitions is critical in order
to optimize patient outcomes.

Handoffs should be structured and standardized to include
all essential medical, functional and social information
necessary for the next care setting. Accurate information
about the patient’s medical conditions and comorbidities,
vision, hearing, language, and their prefracture functional
status and limitations determine the approaches that the
rehabilitation team will take [19].

Significant and valuable information that helps in clinical
decision making includes the mechanism of injury, type of
surgical intervention, functional restrictions, and the re-
commended weight-bearing status. It is important to provide
essential information in a structured written and verbal
format during care handoff [20]. The ability for the reha-
bilitation team to access the acute electronic healthcare
record improves the efficiency greatly [21].

Including families in the handoff and plan of care, and face-
to-face or verbal “warm hand-off communication” is anec-
dotally more successful. Providing a written plan of care to
the family members may yield better outcomes as well as
higher satisfaction for patients and family members.

More recently healthcare systems have invested in develop-
ing clinical care pathways that protocol acute and postacute
needs and account for common barriers to recovery includ-
ing pain, delirium, and cardiorespiratory status. Older adults
have less predictable responses to standard therapy, and the
care team needs to individualize treatment plans according
to each patient’s prognosis, goals of care and particular vul-
nerabilities [22].
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6 Common clinical issues in the rehabilitation
setting

Given the high morbidity and mortality associated with hip
fractures, there should be intense focus on limiting postop-
erative complications, preventing readmissions, future falls
and fractures, and regaining prefracture level of physical
and cognitive functioning [23].

The best predictor of overall achievement in walking ability
after early surgical repair is how quickly rehabilitation is
initiated postoperatively. Weight bearing within hours after
surgery is a positive prognostic indicator of future outcome
for walking ability. Negative predictors in regaining mobil-
ity include low preinjury functional ability, cognitive deficit,
postoperative delirium, age, male gender, and the presence
of pressure ulcers [24, 25].

6.1 Delirium

Acute confusion or delirium is seen in 30% of hospitalized
older patients. Delirium symptoms may last for weeks or
months in some patients and can interfere with the ability
to maximally participate in rehabilitation [26]. The prevalence
of delirium in older patients is approximately 23 % in post-
acute care facilities. Half of the patients that develop de-
lirium during postacute care remain delirious a week later,
and only 14% have complete resolution of symptoms.
Patients with worsened delirium have more difficulty with
their ADLs. Since delirium can persist in some instances up
to 6 months, and there is variability in how patients
recover, delirium does not mean that patients need to be
hospitalized; the management is best individualized [26].
See chapter 1.14 Delirium for more details on the diagnosis
and management of delirium.

6.2 Postoperative pain

Poorly controlled postoperative hip pain can affect func-
tional outcomes significantly. Patients with uncontrolled
pain in the postacute setting are less likely to participate in
physical therapy and ambulate. Good pain control reduces
the risk of delirium as well [27]. The level of pain can be
affected by the type of fracture and surgical repair [28]. Bi-
modal pain regimens that include scheduled doses of acet-
aminophen and doses of opioids as needed have been used
in several settings with acceptable results [29]. See chapter
1.12 Pain management for more on pain management.

6.3 Hypotension

Orthostatic hypotension often reflects degenerative impair-
ments of the neuro-cardiovascular reflexes and can result
in significant transient periods of hypotension. Hypotension
isan important predictor of adverse outcomes in hip fracture
patients and can be poorly recognized by patients and care-
givers, as vital signs are often checked in the supine position.
Orthostasis increases risk of falls and refracture and can also
contribute to delirium among selected subpopulations. In
the postacute setting, patients with dementia and a recent
fall are more likely to suffer orthostatic hypotension [30].

In the immediate postoperative period, blood pressure is
often attenuated by new anemia and opioids, and most pa-
tients will not require their prefracture antihypertensive
medications. In the postacute setting blood pressure goals
should be revised depending on age and function. Current
evidence [30] favors a systolic blood pressure < 150 mm Hg
among those who are 80 years or older and evaluation for
orthostasis before and after administration of medications.
If necessary, home blood pressure medications can be re-
sumed at lower doses and slowly titrated to standing blood
pressure targets.

6.4 Constipation

Constipation is frequently unrecognized by patients and
caregivers alike and can contribute to anorexia, urinary
retention, hospital readmission and poor outcomes. For those
patients that report constipation in the first postoperative
day, more than half will report the same problem 30 days
later [31]. Many common medications, such as opioids, cal-
cium supplements, and some antihypertensives, can con-
tribute to constipation [32, 33]. Bowel regimens should be
started in acute settings and continued during the postacute
phase. For most patients a scheduled laxative should be part
of the bowel regimen [34]. Moreover, the use of simple
strategies such as stool charts for all patients and local dis-
semination of audits usually result in a significant reduction
of constipation in the postacute setting [35].

6.5 Malnutrition

In the US, malnutrition occurs in approximately 20% of
hospitalized older patients and in almost 40% of nursing
home residents [36]. Malnutrition is associated with an im-
paired functional status and higher morbidity and mortal-
ity. In FFPs, proper nutrition is essential for recovery [37].
In the malnourished patient with dementia, smaller and
more frequent meals sometimes result in better calorie intake
[38].
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Nutritional interventions with fortified food do not provide
a significant benefit on nutritional and functional status in
nursing home residents at risk of malnutrition, as standard
nursing home food usually provides sufficient energy intake.
Nonetheless, such interventions might result in fewer days
with delirium and decreased risk of pressure ulcers [39, 40].

6.6 Depression

Depression has a significantly negative impact on rehabili-
tation during and after a postacute admission and is associ-
ated with worse adverse outcomes at 1 year [41].

Regarding the effectiveness of treatment, the involvement
of a specialist such as a psychiatrist or a psychologist has not
been shown to clearly improve outcomes of hip fracture
patients suffering from depression [42].

Although oral antidepressants appear to be effective in the
treatment of depression in community-dwelling older adults,
their effect seems to be limited to SNF residents with ad-
vanced dementia [30]. Moreover, there is an increased risk
of falls and fractures among geriatric patients using these
medications [43]. Note that such increased risk appears to
be dose-dependent, suggesting that pharmacological treat-
ment of depression should be initiated with the lowest ef-
fective dose in patients that are most likely to benefit [44].

References

Kramer AM, Steiner JF, Schlenker RE, 8. Premera Blue Cross. Criteria for Acute 14. NHS Choices. Hip Fracture—Recovery.
et al. Outcomes and costs after hip Inpatient Rehabilitation Care: Recovering from a hip fracture.
fracture and stroke. A comparison of Guideline for Admission and Available at: http://www.nhs.uk/
rehabilitation settings. JAMA. Transition of Care. Available at: Conditions/hip-fracture/Pages/

1997 Feb 5;277(5):396-404. https://www.premera.com/ recovery.aspx. Updated July 18,
Hoenig H, Rubenstein LV, Sloane R, medicalpolicies/11.01.522.pdf. 2014. Accessed March 15, 2015.

et al. What is the role of timing in the Accessed December 21, 2017. 15. Magaziner J, Hawkes W, Hebel JR, et al.
surgical and rehabilitative care of 9. Latham NK, Harris BA, Bean JF, et al. Recovery from hip fracture in eight
community-dwelling older persons Effect of a home-based exercise areas of function. J Gerontol A Biol Sci
with acute hip fracture? Arch Intern program on functional recovery Med Sci. 2000 Sep;55(9):M498-M507.
Med. 1997 Mar 10;157(5):513-520. following rehabilitation after hip 16. Ceder L, Thorngren KG, Wallden B.
Handoll HH, Sherrington C, Mak JC. fracture: a randomized clinical trial. Prognostic indicators and early home
Interventions for improving mobility JAMA. 2014 Feb 19;311(7):700-708. rehabilitation in elderly patients with
after hip fracture surgery in adults. 10. Yu-Yahiro JA, Resnick B, Orwig D, et al. hip fractures. Clin Orthop Relat Res.
Cochrane Database Syst Rev. Design and implementation of a 1980 Oct(152):173-184.

2011 Mar 16(3):CD001704. home-based exercise program 17. Ziden L, Frandin K, Kreuter M.

Handoll HH, Cameron ID, Mak JC, et al. post-hip fracture: the Baltimore hip Home rehabilitation after hip fracture.
Multidisciplinary rehabilitation for studies experience. PM R. A randomized controlled study on
older people with hip fractures. 2009 Apr;1(4):308-318. balance confidence, physical function
Cochrane Database Syst Rev. 11. Sletvold O, Helbostad JL, Thingstad P, and everyday activities. Clin Rehabil.
2009 Oct 07(4):CD007125. et al. Effect of in-hospital 2008 Dec;22(12):1019-1033.

Adunsky A, Lusky A, Arad M, et al. comprehensive geriatric assessment 18. Ziden L, Kreuter M, Frandin K.

A comparative study of rehabilitation (CGA) in older people with hip Long-term effects of home

outcomes of elderly hip fracture fracture. The protocol of the Trondheim rehabilitation after hip fracture—1-year
patients: the advantage of a Hip Fracture trial. BMC Geriatr. follow-up of functioning, balance
comprehensive orthogeriatric approach. 2011 Apr 21;11:18. confidence, and health-related quality
J Gerontol A Biol Sci Med Sci. 12. Caplan GA, Williams AJ, Daly B, et al. of life in elderly people. Disabil Rehabil.
2003 Jun;58(6):542-547. A randomized, controlled trial of 2010;32(1):18-32.

Huusko TM, Karppi P, Avikainen V, et al. comprehensive geriatric assessment 19. Packel L, Sood M, Gormley M, et al.
Intensive geriatric rehabilitation of hip and multidisciplinary intervention A pilot study exploring the role of
fracture patients: a randomized, after discharge of elderly from the physical therapists and transition in
controlled trial. Acta Orthop Scand. emergency department—the DEED II care of pediatric patients with cystic
2002 Aug;73(4):425-431. study. J Am Geriatr Soc. fibrosis to the adult setting. Cardiopulm
Dobson A, DaVanzo JE, EI-Gamil A, 2004 Sep;52(9):1417-1423. Phys Ther J. 2013 Mar;24(1):24-30.

et al. Clinically Appropriate and 13. Gunnarsson AK, Lonn K, Gunningberg L. 20. Marks R. Hip fracture epidemiological

Cost-Effective Placement (CACEP):
Improving Health Care Quality and
Efficiency. Final Report, 2012.
Available at: http://ahhqi.org/images/
pdif/cacep-report.pdf. Accessed 2015.

Does nutritional intervention for
patients with hip fractures reduce
postoperative complications and
improve rehabilitation? J Clin Nurs.
2009 May;18(9):1325-1333.

trends, outcomes, and risk factors,
1970-2009. Int J Gen Med.
2010 Apr 08;3:1-17.

75


http://www.nhs.uk/Conditions/hip-fracture/Pages/recovery.aspx
http://www.nhs.uk/Conditions/hip-fracture/Pages/recovery.aspx
http://www.nhs.uk/Conditions/hip-fracture/Pages/recovery.aspx
https://www.premera.com/medicalpolicies/11.01.522.pdf
http://ahhqi.org/images/pdf/cacep-report.pdf
http://ahhqi.org/images/pdf/cacep-report.pdf

76

Section 1

Principles

1.9 Postacute care

21.

22.

23.

24.

25.

26.

27.

28.

Bukata SV, Digiovanni BF,

Friedman SM, et al. A guide to
improving the care of patients with
fragility fractures. Geriatr Orthop Surg
Rehabil. 2011 Jan;2(1):5-37.

Lau TW, Fang C, Leung F.

The etfectiveness of a geriatric hip
fracture clinical pathway in reducing
hospital and rehabilitation length of
stay and improving short-term
mortality rates. Geriatr Orthop Surg
Rehabil. 2013 Mar;4(1):3-9.

Marks R. Physical activity and hip
fracture disability: a review. J Aging Res.
2011 Apr 26;2011:741918.

Duke RG, Keating JL. An investigation
of factors predictive of independence
in transfers and ambulation after hip
fracture. Arch Phys Med Rehabil.

2002 Feb;83(2):158-164.

Vergara I, Vrotsou K, Orive M, et al.
Factors related to functional prognosis
in elderly patients after accidental hip
fractures: a prospective cohort study.
BMC Geriatr. 2014 Nov 26;14:124.

Lee HB, Mears SC, Rosenberg PB, et al.
Predisposing factors for postoperative
delirium after hip fracture repair in
individuals with and without dementia.
J Am Geriatr Soc.

2011 Dec;59(12):2306-2313.
Morrison RS, Magaziner J,
McLaughlin MA, et al. The impact

of post-operative pain on outcomes
following hip fracture. Pain.

2003 Jun;103(3):303-311.

Singelyn FJ, Deyaert M, Joris D, et al.
Effects of intravenous patient-
controlled analgesia with morphine,
continuous epidural analgesia, and
continuous three-in-one block on
postoperative pain and knee
rehabilitation after unilateral total
knee arthroplasty. Anesth Analg.

1998 Jul;87(1):88-92.

29.

30.

31.

33.

34.

35.

36.

37.

Aubrun F, Marmion F. The elderly
patient and postoperative pain
treatment. Best Pract Res Clin
Anaesthesiol. 2007 Mar;21(1):109-127.
Messinger-Rapport BJ, Gammack JK,
Thomas DR, et al. Clinical update on
nursing home medicine: 2013.

J Am Med Dir Assoc.

2013 Dec;14(12):860-876.

Trads M, Pedersen PU. Constipation
and defecation pattern the first 30 days
after hip fracture. Int J Nurs Pract.
2015 Oct;21(5):598-604.

. Callard G, Schlinger B, Pasmanik M.

Nonmammalian vertebrate models

in studies of brain-steroid interactions.
J Exp Zool Suppl. 1990;4:6-16.

Prince RL, Devine A, Dhaliwal SS, et al.
Effects of calcium supplementation on
clinical fracture and bone structure:
results of a 5-year, double-blind,
placebo-controlled trial in elderly
women. Arch Intern Med.

2006 Apr 24;166(8):869-875.
Pappagallo M. Incidence, prevalence,
and management of opioid bowel
dysfunction. Am J Surg.

2001 Nov;182(5A Suppl):11S-18S.
Neighbour C, Weerasuriya N,
McCulloch R. Evaluating the Effect

of Orthogeriatric Intervention on
Bowel Care and Analgesia Following
Hip Fracture. Age Ageing.

2014 Jun 1;43(suppl 1):i2.

Guigoz Y, Lauque S, Vellas BJ.
Identifying the elderly at risk for
malnutrition. The Mini Nutritional
Assessment. Clin Geriatr Med.

2002 Nov;18(4):737-757.

Bukata SV, Digiovanni BF, Friedman SM,
et al. A guide to improving the

care of patients with fragility fractures.
Geriatr Orthop Surg Rehabil.

2011 Jan;2(1):5-37.

38.

39.

40

41

42,

43.

44.

Alzheimer’s Society. Eating and
drinking. Available at: http://www.
alzheimers.org.uk/site/scripts/
documents_info.php?documentID=149.
Updated July 18, 2014.

Accessed March 15, 2015.

Smoliner C, Norman K, Scheufele R,
et al. Effects of food fortification on
nutritional and functional status

in frail elderly nursing home residents
at risk of malnutrition. Nutrition.
2008 Nov-Dec;24(11-12):1139-1144.

. Olofsson B, Stenvall M, Lundstrom M,

et al. Malnutrition in hip fracture
patients: an intervention study. J Clin
Nurs. 2007 Nov;16(11):2027-2038.

. Morghen S, Bellelli G, Manuele S, et al.

Moderate to severe depressive
symptoms and rehabilitation outcome
in older adults with hip fracture.

Int J Geriatr Psychiatry.

2011 Nov;26(11):1136-1143.

Burns A, Banerjee S, Morris J, et al.
Treatment and prevention of depression
after surgery for hip fracture in older
people: randomized, controlled trials.

J Am Geriatr Soc. 2007 Jan;55(1):75-80.
laboni A, Seitz DP, Fischer HD, et al.
Initiation of Antidepressant Medication
After Hip Fracture in Community-
Dwelling Older Adults. Am J Geriatr
Psychiatry. 2015 Oct;23(10):1007-1015.
Bakken MS, Engeland A, Engesaeter LB,
et al. Increased risk of hip fracture
among older people using
antidepressant drugs: data from the
Norwegian Prescription Database and
the Norwegian Hip Fracture Registry.
Age Ageing. 2013 Jul;42(4):514-520.

Osteoporotic Fracture Care Michael Blauth, Stephen L Kates, Joseph A Nicholas


http://www.alzheimers.org.uk/site/scripts/documents_info.php?documentID=149
http://www.alzheimers.org.uk/site/scripts/documents_info.php?documentID=149

Rashmi Khadilkar, Krupa Shah

1.10 Osteoporosis
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1 Introduction

Osteoporosis is the most common bone disease of older adults
and is a major public health problem worldwide. Osteopo-
rosis is characterized by low bone mass, deterioration of
bone microstructure, and compromised bone strength re-
sulting in an increased risk of fracture. Typically, patients
with osteoporosis experience no symptoms until they sustain
a fracture, making diagnosis and primary fracture preven-
tion challenging.

2 Epidemiology and economic impact

The World Health Organization (WHO) defines osteoporo-
sis as a bone mineral density (BMD) at the spine or hip of
< 2.5 standard deviations (SDs) below the mean BMD of a
young woman, as measured by dual-energy x-ray absorp-
tiometry (DEXA) (Table 1.10-1). A BMD between 2.5 and 1
SDs below the mean represents osteopenia.

A T-score of -1.0 represents a BMD 1 SD below the mean
BMD for a young adult reference population.

The presence of a fragility fracture is diagnostic of osteopo-
rosis even in the absence of a measurable decrease in BMD.

In the US, 10.2 million adults over 50 years of age are esti-
mated to have osteoporosis and 43.4 million to have osteo-
penia [1]. These numbers will rise in the coming decades as
the population ages, with 14 million older adults projected
to have osteoporosis and 47 million to have osteopenia by
2020 [2].

The presence of osteoporosis or osteopenia increases the
risk of fragility fractures which are defined as fractures
secondary to a fall from standing or lower height and at a
site associated with decreased BMD, including the hip,
spine, and wrist. Such fractures increase in incidence after
the age of 50 years [3].

There is a strong correlation between BMD and fragility frac-
ture risk. In a 1993 study, each decrease of 1 SD in bone
density at the femoral neck increased the risk of hip fracture
by a factor of 2.5, and women in the lowest quartile of BMD
had an 8.5-fold greater risk of hip fracture compared to women
in the highest quartile [4]. However, more fragility fractures
occur in patients with osteopenia than in those with osteo-
porosis because of the greater prevalence of osteopenia.

At the age of 50 years, the lifetime risk of sustaining any
fragility fracture is estimated at 40% for women and 13 % for
men in the US; 46% and 22%, respectively, in Sweden, and
42% overall in Australia [3]. The risk of hip fracture for a
50-year-old Caucasian American woman is 17 % [5]; the cor-
responding risk is 23% in Sweden and 17% in Australia [3].

This risk increases with aging. For each decade after age 50,
the risk of hip fracture doubles, and a 90-year-old woman
has approximately a 30% chance of sustaining a hip fracture
in her remaining lifetime [6]. As the population ages, the
worldwide incidence of hip fracture is projected to increase
from 1.7 million in 1990 to 6.3 million in 2050 [7], with the
largest increase expected in Asia and Latin America. Cur-
rently, age- and gender-adjusted 10-year rates of hip fracture
are highest in Scandinavia [8]. The shifting demographics of
aging will decrease the worldwide proportion of hip fractures
that occur in North America and Europe from 50% in 2005
to 25% by 2050 [3].

Diagnosis Criteria

Normal T-score at the spine of hip of -1.0 and above

Osteopenia (low bone mass) T-score between -1.0 and -2.5

Osteoporosis T-score -2.5 and below

Severe 0steoporosis T-score 2.5 and below with one of more fractures

Table 1.10-1 World Health Organization's definitions of
osteoporosis based on dual-energy x-ray absorptiometry criteria.
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Hip fractures comprise only about 14% of fragility fractures,
and vertebral and wrist fractures also have significant sequel-
ae. At age 50, a Caucasian American woman has a 32% risk
of sustaining a clinical or radiographic vertebral fracture and
a 15% chance of sustaining a wrist fracture during her lifetime.
A Swedish woman's risk is 15% and 21%, respectively; an
Australian woman'’s risk is 10% and 13 %, respectively [3].
As with hip fractures, the incidence of vertebral and wrist
fractures increase with age.

Fragility fractures result in significant healthcare expendi-
tures. In the US, osteoporosis contributes to 2 million frac-
tures per year, resulting in about 430,000 hospital admis-
sions, 2.5 million office visits, and 180,000 nursing home
admissions and incurring costs of USD 18 billion per year.
Despite comprising a minority of fragility fractures, hip frac-
tures make up 72% of fracture cost; in 2002, a single hip
fracture was estimated to cost USD 34,000-43,000 accord-
ing to 2005 US governmental data [9]. By 2025, the annual
cost of fracture care in the US is projected to be USD 25.3
billion [9]. Worldwide, the cost of hip fractures alone is es-
timated to rise to USD 131.5 billion by 2050 [10].

3 Clinical impact

Osteoporosis and fragility fractures carry significant morbid-
ity and mortality:

e At 1 year more than 50% of patients with hip fractures
continue to have significant functional limitations, with
more than half of previously independent patients unable
to walk one block, climb five stairs, get in and out of the
shower, sit on the toilet, or rise from an armless seated
position unassisted [11].

e About 30% of hip fracture sufferers require long-term
nursing home care [12], and only 40% fully regain their
prior level of functioning [2].

e Vertebral fractures can cause chronic pain; difficulty bend-
ing and reaching overhead; kyphosis and subsequent
decreases in pulmonary function; and alterations in ab-
dominal anatomy with resulting constipation, early sa-
tiety, and decreased oral intake.

e Allfractures increase the risk of depression and cognitive
impairment.

e A patient who sustains any type of fragility fracture is
50-100% more likely to sustain another, and fracture
patients often develop a fear of falling, which in itself
increases fracture risk.

e Fractures are also associated with increased mortality.

e Hip fracture surgery carries an overall mortality of 4%.

Twenty percent of hip fracture patients die within 1 year
of the fracture event; hip fractures confer a five- to eight-
fold increase in all-cause mortality in the first 3 months
following the event, and this risk is higher for men.
Vertebral fractures have been shown to have similar
mortality to hip fractures [5]. This mortality risk is likely
both a cause and a consequence of the fragility fracture.
Functionally failing patients are likely to have fragility
fracture as part of their terminal decline.

4 Practical considerations for the
perioperative period

4.1 Diagnostic testing

Because the presence of a fragility fracture indicates osteo-
porosis even in the absence of a measurable decrease in
BMD, DEXA is not warranted during the inpatient evalua-
tion of the acute fracture patient. For patients without a
prior study, DEXA at 6-12 weeks postfracture is reasonable
to establish a baseline from which to monitor disease pro-
gression and efficacy of treatment. Diagnostic measures in
the inpatient setting, particularly in men, should focus on
the identification of modifiable risk factors and secondary
causes of osteoporosis. Laboratory testing should include
serum calcium (corrected for albumin), alkaline phosphatase,
complete blood count, renal function, 25-hydroxyvitamin D,
thyroid-stimulating hormone, serum protein electrophore-
sis (for patients with vertebral fractures and suspicion for
multiple myeloma), and testosterone (for men). There is no
role for measurement of markers of bone resorption in the
inpatient setting.

4.2 Treatment of osteoporosis and secondary
fracture prevention

Following fragility fracture, all patients should receive care-

ful medication review, counseling on risk factor modification

and fall prevention, and calcium and vitamin D supplemen-

tation.

In the absence of contraindications, patients with fragility
fractures and a life expectancy greater than 1 year should
be considered for bisphosphonate therapy [13]. In addition
to improving BMD and reducing bone turnover markers,
both intravenous and oral bisphosphonates are associated
with reduced risk for subsequent fractures and mortality
following hip fracture [14, 15]. However, no consensus exists
regarding the optimal timing of bisphosphonate therapy for
secondary prevention. On the one hand, the majority of
patients who have sustained fragility fractures fail to receive
adequate osteoporosis treatment as late as 2 years following
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the fracture. Early initiation of medication may reduce
lapses in prescribing that can occur during transitions of
care, underscore the importance of therapy, and maximize
therapeutic benefit. On the other hand, the mechanism of
action of bisphosphonates has raised concerns about wheth-
er these agents may delay fracture healing. Recent meta-
analyses [16, 17] suggest that bisphosphonate administration
within 3 months of fracture does not appear to clinically or
radiographically impair fracture healing. Most osteoporosis
experts support initiation of bisphosphonates between 6 and
12 weeks after fracture. It is reasonable to begin with weekly
dosing of oral bisphosphonates (eg, alendronate 70 mg
weekly). Intravenous bisphosphonates, eg, zolendronic acid
and ibandronate) may offer advantages in compliance or
inpatients who have gastrointestinal contraindications to
oral agents. For patients with contraindications to bisphos-
phonate therapy, other therapies such as teriparatide and
denosumab can be considered in consultation with an os-
teoporosis expert.

4.3 Ongoing management

Postoperative management of osteoporosis lies within the
scope of quality primary care and does not routinely involve
specialist referral. For patients with contraindications to oral
therapy or disease refractory to oral therapy, subspecialist
consultation may be warranted.
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5 Basics of bone metabolism and pathophysiology
of age-associated bone loss

Bone remodeling is the normal homeostatic process by which
old bone is resorbed and replaced by new bone in order to
maintain a healthy skeleton. This process occurs in several
stages:

e Activation—osteoclast precursors arrive at the surface
of formed bone.

e Resorption—osteoclast precursors convert to active
osteoclasts and create an acidic environment, thus
dissolving the mineral content of bone.

e Reversal—osteoclasts undergo apoptosis and are
replaced by osteoblast precursors.

¢ Bone formation—osteoblast precursors undergo
activation to osteoblasts and deposit collagen.

e Mineralization—osteocytes embedded within the
collagen matrix contribute to its mineralization and
hardening into new bone.

Bone remodeling occurs under the control of various hor-
mones and cytokines, including estrogens and androgens,
vitamin D, parathyroid hormone (PTH), osteoprotegerin, and
receptor activator of nuclear factor-kB (RANK) and its ligand
(RANK-L). Many of these factors have provided targets for
the pharmacological treatment of osteoporosis. A schematic
of the bone remodeling process is shown in Fig 1.10-1.
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The remodeling process favors new bone formation until
the 20s, when an individual’s bone mass peaks. African
Americans achieve the highest peak bone mass with Cau-
casians reaching lower peaks and Asians the lowest. A trend
toward bone loss begins immediately after peak bone mass
isreached. In women, bone loss accelerates after menopause,
when lower estrogen levels allow increased bone resorption
by osteoclasts without a corresponding increase in bone
deposition by osteoclasts. In the seventh decade of life, age-
related decreases in calcium absorption lead to a secondary
hyperparathyroidism, which also increases bone resorption.
Finally, in the very old, renal vitamin D production de-
creases while resistance to endogenous vitamin D increases,
resulting in a further net increase in bone resorption. As
she ages, a woman’s bone mass may decrease by 30-40%
from peak level.

Osteoporosis represents a pathological imbalance between
bone resorption and bone formation, with the former pre-
dominating. In addition to decreased bone mass, osteopo-
rosis is characterized by disruptions in the microarchitecture
of bone, with fewer, more fragile bone trabeculae, as well
as decreased viability of the osteocytes that maintain bone
mineralization. Figure 1.10-2 depicts the microscopic structure
of normal and osteoporotic bone.

Fig 1.10-2a-b Normal (a) and osteoporotic bone (b)

6 Osteoporosis risk assessment, diagnosis, and
evaluation

Any fracture at a major skeletal site, particularly at the hip
or spine, in an adult 50 years or older should be considered
osteoporosis-related unless clinical circumstances point to
another clear etiology for the fracture, and the patient should
be evaluated accordingly.

In addition, the National Osteoporosis Foundation (NOF)
suggests assessment of osteoporosis and fall risk in all post-
menopausal women and all men older than 50 years. Com-
mon risk factors for low BMD are listed in the following:

e Increasing age
e FEarly menopause
e (Caucasian or Asian race
e Personal or family history of fragility fracture
e Inadequate calcium and vitamin D intake
e Excessive alcohol or tobacco use
e Low level of physical activity
e Medications:
— Glucocorticoids
— Anticonvulsants
— Heparin
— Excessive thyroid hormone
— Proton pump inhibitors

Patients deemed to be at high risk for osteoporosis or falls
should undergo BMD determination. The contribution of
falls to fracture risk is discussed separately in chapter 1.11
Sarcopenia, malnutrition, frailty, and falls. Regardless of
risk factors and fall and fracture history, the US Preventive
Services Task Force recommends screening DEXA in all
women 65 years and older; the NOF suggests screening in
men 70 years and older as well.

Central DEXA as measured at the total hip, femoral neck,
or spine is the most common method of BMD determina-
tion. A given patient’s BMD, expressed in units of grams of
mineral per square centimeter scanned (g/cm?), is compared
to two databases, one comprising an age-, gender-, and
ethnicity-matched population and another comprising a
young adult, gender-matched population. The SDs of the
patient’s BMD from these two database norms yield Z- and
T-scores, respectively. As shown in Table 1.10-1, DEXA-based
diagnoses of osteoporosis and osteopenia are defined by
T-scores. Methods other than central DEXA also exist for
the determination of BMD, but these have limitations. Quan-
titative computed tomography, for example, involves in-
creased radiation exposure and cost compared to central
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DEXA. Heel ultrasonography and peripheral DEXA, which
measures BMD at the forearm, heel, and fingers, are por-
table but do not correlate as well with fracture risk as do
central DEXA measurements.

Vertebral fractures define osteoporosis even in the absence
of a DEXA diagnosis. These fractures often produce no symp-
toms and may go undiagnosed for months or years, but their
presence is an indication for pharmacological treatment of
osteoporosis. Therefore, some groups recommend yearly
measurement of height in older patients. In addition, ver-
tebral imaging should be considered in:

e Women older than 70 and men older than 80 years
with DEXA-defined osteopenia

e Women from 65-69 years and men from 70-79 years
with T-scores of less than -1.5

e Postmenopausal women and men older than 50 years
with low-trauma fracture during adulthood, height
loss of 4 cm or more or long-term treatment with
glucocorticoids [18]

The majority of postmenopausal women with osteoporosis
have no identifiable secondary cause. However, 50% of men
and premenopausal women may have an underlying treat-
able condition, as the list of selected causes of secondary
osteoporosis shows:

e Medications, eg, glucocorticoids, anticonvulsants,
lithium, proton pump inhibitors, and others

e Rheumatic disease, eg, rheumatoid arthritis, systemic
lupus erythematosus, and ankylosing spondylitis

e Endocrinopathies, eg, cushing syndrome, hyperthy-
roidism, hyperparathyroidism, hypogonadism, type 2
diabetes, and others

e Other medical conditions, ie, cystic fibrosis, chronic
obstructive pulmonary disease, human immunodefi-
ciency virus infection, renal insufficiency, and liver
disease

e Nutritional factors, eg, excessive alcohol intake,
anorexia, celiac disease, and vitamin D deficiency

While no formal guidelines exist for further evaluation, a
careful clinical evaluation followed by laboratory testing
may be warranted in patients suspected of having a second-
ary etiology of osteoporosis.

7 Osteoporosis in men

Although osteoporosis is more common in women than in
men, a significant number of men are affected—in the US,
1.5 million older than 65 years, with another 3.5 million at
risk [19]. One in eight American men sustains an osteopo-
rotic fracture in his lifetime. Men are twice as likely as
women to die as a result of their fractures but less than half
as likely to be evaluated for osteoporosis and less than one-
fifth as likely to be treated for osteoporosis following a frac-
ture [20]. Despite the unclear validity of T-scores in men,
DEXA remains the diagnostic method of choice. Approxi-
mately half of men with osteoporosis have a secondary cause
or contributing factor, most commonly alcohol abuse, and
most men diagnosed with osteoporosis should therefore
undergo further evaluation. The treatment of osteoporosis
in men follows principles similar to those in women.

8 Nonpharmacological treatment of osteoporosis

The treatment of osteoporosis involves a multimodal
approach including education, fall prevention strategies,
exercise, calcium and vitamin D supplementation, and phar-
macological therapy. Unfortunately, despite the increased
prevalence of osteoporosis, osteopenia, and fragility fractures,
evidence suggests that many at-risk patients fail to receive
education and treatment for decreased BMD. Time con-
straints often limit the amount of education that can be
done during a routine office visit or hospitalization, and in
one study of about 2,800 women with fragility fractures,
only 4.6% were started on pharmacological treatment of
osteoporosis immediately after the fracture, only 8.4% had
BMD testing and only 42.4% received treatment in the
2 years following the fracture [21]. Fortunately, guidelines
do exist for the therapy of patients with or at risk for osteo-
porosis or osteopenia. Please see chapter 2.8 Fracture liaison
service and improving treatment rates for osteoporosis.

All postmenopausal women, men older than 50 years, and
other patients at risk for accelerated bone loss should be
counseled on risk factor modification, such as smoking ces-
sation and moderation of alcohol consumption. Patients
should also receive education on fall prevention strategies,
including adequate lighting, grab bars, proper footwear, and
removal of fall hazards such as throw rugs. Home safety
evaluations can prove invaluable in reducing fall risk (for
more information on falls and surgical management after
the operation, see chapters 1.11 Sarcopenia, malnutrition,
frailty, and falls and 1.8 Postoperative surgical management).
Providers should minimize the use of medications that
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contribute to confusion, dizziness, hypotension, or fatigue,
and they should also assess for visual impairments. Physical
and occupational therapists can play critical roles in address-
ing existing balance and gait abnormalities and cognitive
impairments, as well as in instructing patients in regular
weight-bearing and muscle-strengthening exercises. While
hip protectors, which provide padding around the hips to
minimize the impact from a fall, were in common use in
recent decades, a metaanalysis in 2006 showed that their
efficacy is limited in the community and uncertain in insti-
tutional settings; moreover, poor fit and skin irritation led
to poor compliance by many patients [22].

Patients with or at risk for accelerated bone loss should be
educated on the importance of adequate calcium and vita-
min D intake. In addition to its many other physiological
functions, calcium is required for adequate bone mineraliza-
tion. In older adults, serum calcium decreases, intestinal
absorption of calcium decreases, and urinary calcium excre-
tion increases. Vitamin D increases serum calcium by in-
creasing intestinal absorption and renal reabsorption of
calcium as well as resorption of calcium from bone. In
older adults, the production of inactive vitamin D in the
skin decreases, as does renal conversion of vitamin D to its
active form, thereby leading to secondary hyperparathyroid-
ism and subsequent hypocalcemia and bone resorption.

Studies have shown that calcium carbonate 600 mg twice
daily reduces the incidence of clinical fracture as compared
to placebo in patients who are at least 80% compliant; but
despite minimal adverse effects, compliance can be as low
as 43% [23]. Vitamin D supplementation alone has not been
shown to be effective in decreasing fracture rates, although
it can yield improvements in BMD [24]. However, the com-
bination of calcium and vitamin D3 daily does appear both
to reduce bone loss and to decrease the risk of both hip and
other nonvertebral fractures among older women as com-
pared to placebo [25, 26].

Based on these findings, it is recommended that patients at
risk for bone loss consume 1,200 mg of calcium daily, along
with vitamin D 800-1,000 international units (IUs) daily.
Calcium supplements may be suggested for patients who
cannot get enough calcium from dietary sources. Available
calcium formulations include calcium carbonate and cal-
cium citrate. The former is less expensive and must be tak-
en with meals, while the latter is more expensive but may
be taken at any time. Both formulations cause constipation
and abdominal upset. For optimal absorption, a single dose
of supplemental calcium should not exceed 500 mg elemen-
tal calcium, and calcium should not be given within sev-

eral hours of levothyroxine, fluoroquinolones, phenytoin,
angiotensin-converting enzyme inhibitors, and bisphospho-
nates, which can interfere with its absorption. Vitamin D is
available as ergocalciferol (D2), which is commonly given
ata dosage 0of 50,000 IU orally weekly for 8 weeks, followed
by 50,000 IU every 2-4 weeks. Alternatively, patients can
take cholecalciferol (D3) 1,000-2,000 IU orally once daily.
The goal of vitamin D supplementation is a serum 25-hy-
droxyvitamin D level at or above 29.6 ng/mL (74 nmol/L).

9 Pharmacological treatment of osteoporosis

Varying recommendations exist about which patients should
receive pharmacological treatment for decreased BMD. Ac-
cording to the NOF, postmenopausal women and men aged
50 years and older should be treated if:

e They have a clinical or radiographic hip or vertebral
fracture, regardless of DEXA findings.

e They have a T-score equal to or less than -2.5 at the
hip, femoral neck or lumbar spine.

e They have a T-score between -1.0 and -2.5 and a
10-year probability of hip fracture of at least 3% or a
10-year probability of a major fragility fracture of at
least 20% as assessed by the WHO Fracture Risk
Assessment (FRAX) tool [27].

Life expectancy is likely necessary to accrue enough phar-
macological effect from osteoporosis therapy to make the
benefits worth the risks. Canadian endorsed guidelines
suggest a minimum life expectancy of 1 year to consider
pharmacological treatment [13].

Developed after analysis of population-based cohorts from
North America, Europe, Asia, and Australia, FRAX consid-
ers factors including age, gender, race, height and weight,
fracture history, certain comorbidities, and medication and
substance use, along with femoral neck BMD, to calculate
the 10-year risk of hip or major fragility fractures. FRAX
does not use spine BMD as this value can be falsely elevat-
ed in the presence of spinal osteoarthritis. The tool is vali-
dated only for postmenopausal women and men 50 years
of age and older. It also lacks validity in patients already
taking antiresorptive therapy and therefore cannot be used
to determine the need for ongoing treatment.

Some experts suggest initiating antiresorptive therapy in
any patients, particularly women, taking or anticipated to
take glucocorticoids for longer than 3 months at doses ex-
ceeding the equivalent of prednisolone 7.5 mg daily given
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the strong negative effect of these agents on bone quality.
In addition, some clinicians start therapy in patients with
borderline bone mass and elevated markers of bone resorp-
tion, but the utility of these markers is not well established.
Multiple pharmacological classes have been approved by
the US Food and Drug Administration (FDA) for the treat-
ment of osteoporosis and are summarized in Table 1.10-2.

9.1 Bisphosphonates

Bisphosphonates are the mainstay of treatment for osteo-
porosis and osteopenia. They are potent antiresorptive agents
that bind to calcium hydroxyapatite in the bone mineral
matrix and inhibit the activity of osteoclasts, thereby de-
creasing bone remodeling. Bisphosphonates actually incor-
porate themselves into the bone matrix, and their effects
therefore persist for years. Salient characteristics of the
various bisphosphonates are summarized in Table 1.10-3.

Class Example(s)

Bisphosphonates « Alendronate
« Risedronate
« Ibandronate
« Zoledronic acid

Anabolic agent Teriparatide (recombinant human parathyroid hormone)

Monoclonal antibody Denosumab (human monoclonal antibody against RANK-L)

Hormone-based treatments  Estrogens, selective estrogen receptor modulators (SERMs)

Miscellaneous Calcitonin

Table 1.10-2 Pharmacotherapeutical classes approved for the
treatment of osteoporosis.

Oral bisphosphonates are associated with both poor gastro-
intestinal absorption and upper gastrointestinal side etfects,
including dysphagia, esophageal reflux, and esophageal
inflammation. These medications must be taken on an
empty stomach with a full glass of water; in addition, patients
must wait 30-60 minutes before reclining or consuming
other beverages, medications, and food. Not surprisingly,
adherence to these agents is poor and can limit their effi-
cacy. Intravenous bisphosphonates are better tolerated,
though zoledronic acid can be associated with an infusion
reaction characterized by fever, headache, and arthralgia
and myalgia. Adequate hydration and premedication with
acetaminophen reduce the risk of an infusion reaction, and
the reaction is less likely to occur with subsequent infusions.
Bisphosphonates are contraindicated in patients with sig-
nificant renal impairment (typically defined as creatinine
clearance < 30 mL/min); this can be a limiting factor for
many frail older adults.

There have been reports in the literature of bisphosphonate-
associated osteonecrosis of the jaw (ONJ), thought to result
from the long-term suppression of bone remodeling and
accumulation of microscopic damage to bone. Risk factors
for this rare condition include the type and cumulative dose
of bisphosphonate; most cases occur in patients with mul-
tiple myeloma and other malignancies involving lytic bone
lesions who are receiving higher and more frequent doses
of bisphosphonates than are used for the treatment of os-
teoporosis. Dental trauma and infection also seem to pre-
dispose patients to ONJ, and it is therefore suggested that
patients receive ongoing routine dental care and undergo

Drug name Dosing Efficacy Indications
Alendronate 70 mg orally weekly Reduces hip and vertebral fracture risk Prevention and treatment of:

« Postmenopausal osteoporosis

« Osteoporosis in men

« Glucocorticoid-induced osteoporosis
Risedronate 35 mg orally weekly Reduces hip and vertebral fracture risk Prevention and treatment of:

« Postmenopausal osteoporosis

« Osteoporosis in men

« Glucocorticoid-induced osteoporosis
Risendronate 150 mg orally monthly As above
Ibandronate 150 mg orally monthly Reduces vertebral fracture risk Prevention and treatment of postmenopausal osteoporosis
Ibandronate 3 mg intravenously every 3 months Increases BMD, but no effect on fracture risk Treatment of postmenopausal osteoporosis

Zoledronic acid 5 mg intravenously yearly

Reduces hip and vertebral fracture risk

Prevention (when given every 2 years) and treatment of:
« Postmenopausal osteoporosis

« Osteoporosis in men

« Glucocorticoid-induced osteoporosis

Prevention of new clinical fractures in men and women with
recent fragility hip fracture

Table 1.10-3 Bisphosphonate characteristics.
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any necessary dental surgery or treatment of oral infections
prior to initiation of a bisphosphonate, if at all possible. Treat-
ment of ONJ involves pain management, infection control,
debridement of necrotic tissue, and frequent cessation of
bisphosphonate therapy. Because ONJ is a complication
rarely seen in patients taking bisphosphonates for osteopo-
rosis, concern over its occurrence should not preclude the
initiation of these agents if otherwise indicated. Significant-
ly higher rates of ONJ are reported in patients receiving
frequent bisphosphonate dosing for malignancies [28].

Bisphosphonates have also been associated with atypical
femoral fractures, defined as low-trauma fractures of the
midfemoral diaphysis leading to a prodrome of vague thigh
discomfort and weakness (see chapter 3.18 Atypical frac-
tures). Again, oversuppression of bone remodeling may al-
low the accumulation of microscopic cracks in bone that
eventually coalesce into clinically apparent injury. Studies
have shown that while the relative risk of atypical femoral
fractures does increase in patients taking bisphosphonates,
the absolute risk remains very small [29-31]. Nevertheless,
in patients found to have this type of fracture, bisphospho-
nate therapy should be discontinued.

The risk of both ONJ and atypical femoral fracture, though
small in both cases, appears to increase with the duration
of bisphosphonate use. This observation, coupled with the
long half-life of bisphosphonates, has introduced uncer-
tainty about the optimal duration of bisphosphonate ther-
apy. In a 2006 study, women who took alendronate for 5
years, then were randomized to the drug for another 5 years,
had higher BMD and a lower risk of vertebral fractures than
women randomized to placebo for the second 5 years. There
was no difference in the incidence of nonvertebral fractures
[32]. Other studies have also shown inconsistent results with
regards to BMD and fracture prevention benefits after 5
years of therapy. Various groups have therefore suggested
arisk-stratified approach to ongoing treatment with bisphos-
phonates: patients at low risk for fracture could consider a
“drug holiday” after 3-5 years, while higher risk patients
should continue therapy for a longer duration with a short-
er holiday, perhaps with use of an alternative agent during
the holiday. In either case, patients should be reassessed
within 1-3 years of cessation of therapy and a bisphospho-
nate resumed if BMD decreases or if fracture occurs. Cur-
rently, few data exist on the specific utility of markers of
bone turnover for optimizing treatment duration.

9.2 Teriparatide and Abaloparatide

Parathyroid hormone has a net resorptive effect on bone when
given continuously and a net anabolic effect when given in-
termittently. Teriparatide is a recombinant human PTH that,
when dosed at 20 pg subcutaneously daily, is an agent ap-
proved for the treatment of osteoporosis that stimulates bone
formation rather than limiting bone resorption. The mechanism
of action of teriparatide involves the induction of cytokines
including insulin growth factor 1, transforming growth factor
B, and RANK-L, as well as the inhibition of sclerostin, result-
ing in the activation of bone-building osteoblasts. The ana-
bolic effect of teriparatide begins within 1 month of initiation
and peaks at 6-9 months. The agent increases vertebral,
femoral, and total body BMD and decreases the risk of both
vertebral and nonvertebral fractures [33]. It is approved for
postmenopausal women and men with osteoporosis and high
fracture risk and for patients intolerant of bisphosphonates.
Teriparatide is generally well tolerated, with potential adverse
effects including orthostatic hypotension, transient hypercal-
cemia, nausea, and leg cramps. In animal models, teriparatide
was shown to increase the risk of osteosarcoma. Therefore,
although there have been no reports of malignancy in humans
who receive lower effective doses than the laboratory animals
did, the agent is labeled as being contraindicated in patients
with Paget’s disease, a history of skeletal radiation, and un-
explained elevations in serum alkaline phosphatase. Teripa-
ratide is administered for 2 years, after which, one study sug-
gests, patients should transition to bisphosphonate therapy in
order to maintain the achieved gains in BMD [34]. Abalopara-
tide is a newer injectable analogue of PTH-related peptide. It
is a daily subcutaneous administered drug with a pre-metered
pen. Early data suggest similar performance in early study [35].

9.3 Denosumab

Denosumab is a fully human monoclonal antibody directed
against RANK-L. This cytokine mediates the formation, func-
tion, and survival of osteoclasts (Fig 1.10-1); blockage of the
interaction between RANK and RANK-L inhibits osteoclast-
mediated bone resorption. Denosumab has been shown to
increase BMD at the spine and to decrease the risk of both
radiographic vertebral fractures and clinical hip and nonver-
tebral fractures [36]. Administered as a 60 mg subcutaneous
injections every 6 months, it is approved for the treatment
of osteoporosis in postmenopausal women and men at high
risk of fracture, as well as for the treatment of bone loss in
women and men receiving hormonal therapies for breast
and prostate cancer, respectively. The most common adverse
effects include hypocalcemia, rash, cellulitis, and flatulence.
As with bisphosphonates, denosumab has been rarely as-
sociated with ONJ and atypical femoral fractures. The long-
term efficacy and safety of denosumab are unknown.
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9.4 Hormone-associated therapies

Endogenous estrogens limit bone resorption through
stimulation of the cytokine osteoprotegerin (Fig 1.10-1).
Osteoprotegerin, a natural antagonist of RANK-L, blocks
the interaction of RANK with RANK-L, decreasing osteo-
clast activation and thus bone resorption. As endogenous
estrogen levels sharply decline at menopause, osteoclast
activation increases and leads to the accelerated bone loss
seen in postmenopausal women. The administration of
exogenous estrogens, with or without progesterone, has
been shown to slightly reduce the risk of hip and vertebral
fractures. However, estrogens confer an increased risk of
stroke, thromboembolic disease, coronary artery disease,
and breast cancer; and these risks outweigh the bone ben-
efits. The FDA therefore recommends limiting the use of
exogenous estrogen therapy for osteoporosis to women
with moderate to severe vasomotor symptoms, and only
for short periods of time.

Historically, selective estrogen receptor modulators (SERM:s)
provided another option for the treatment of osteoporosis
in postmenopausal women, but may be falling out of favor.
These agents act as estrogen agonists in bone tissue, where
they have an antiresorptive effect, and as estrogen antago-
nists in breast and uterine tissue, where they decrease the
risk of invasive breast cancer. They do not decrease the risk
of coronary artery disease and actually increase the risk of
thromboembolic disease and vasomotor symptoms. The most
commonly prescribed SERM, raloxifene, has been shown
to decrease the risk of vertebral fractures, but not hip frac-
tures. Some organizations are beginning to remove raloxi-
fene from their guidelines, due to the poor risk/benefit ra-
tio for most patients [37]. Lasofoxifene is a third-generation
SERM currently under investigation for the treatment of
osteoporosis. Studies have shown that this drug decreases
the risk of vertebral and nonvertebral fracture but not of
hip fracture; and it also decreases the risk of breast cancer,
stroke, and cardiovascular disease. However, there is a slight
increase in overall mortality in patients taking lower-dose
lasofoxifene rather than higher-dose lasofoxifene or pla-
cebo, and this finding is under further review.

Other hormone-associated therapies include combination
conjugated estrogen-SERM products. Conjugated estrogens/
bazedoxifene increases spine and hip BMD and reduces the
risk of both vertebral and hip fractures with a neutral effect
on breast and endometrial cancer risk. The combination
agents, like others containing estrogen, should be used for
the shortest possible duration and only after consideration
of estrogen-free alternatives.

9.5 Calcitonin

Endogenous calcitonin, secreted by the thyroid gland, plays
arole in normal calcium homeostasis, guarding against hy-
percalcemia by acting directly on osteoclasts to inhibit bone
resorption. An intranasal salmon calcitonin formulation,
sprayed into alternating nostrils daily at a dose of 200 IU,
has been shown to decrease the incidence of vertebral frac-
tures. It has also been found to have a small analgesic effect
on vertebral compression fractures. It does not affect the
risk of hip or other nonvertebral fracture. Intranasal calci-
tonin has few immediate side effects other than rhinitis, but
studies have suggested an increased risk of unspecified ma-
lignancy with this agent. Calcitonin is a third-line agent for
the treatment of osteoporosis given the availability of other
medications with greater efficacy.

9.6  Other therapies

Strontium ranelate is used in some European countries for
the treatment of osteoporosis. It has been shown to reduce
the risk of vertebral and nonvertebral fractures in postmeno-
pausal women and, in a high-risk subgroup, to reduce the
risk of hip fracture as well. Its mechanism is unclear, but it
is theorized to incorporate into the crystalline structure of
bone and enhance matrix mineralization. Strontium has
been associated with nausea, diarrhea, rash, and headache;
and there have been reports of the drug reaction with eo-
sinophilia and systemic symptoms syndrome, which is po-
tentially fatal.

Our increased understanding of the pathways involved in
bone metabolism and the pathophysiology of osteoporosis
has led to the emergence of new targets for osteoporosis
treatment. Two targeted agents currently under study include
romosozumab and odanacatib. Romosozumab is a mono-
clonal antibody directed against sclerostin, an osteocyte-
derived protein that downregulates the bone-formative
effects of osteoblasts. A recent phase IT study demonstrated
that romosozumab improves BMD by enhancing bone for-
mation and decreasing bone resorption [38]. Odanacatib
inhibits cathepsin K, an osteoclast-derived protease involved
in collagen degradation. Early trials have indicated that
odanacatib increases spine and hip BMD [39]. Trials of frac-
ture risk reduction for both romosozumab and odanacatib
are in process [40]. Several other new agents are currently
in preclinical trials.
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10 Rescreening, treatment monitoring, and follow-up

Although screening for osteoporosis is recommended for
women 65 years of age or older, there are few data to guide
decisions about rescreening. In order to help clinicians de-
termine optimal testing intervals, a recent study investi-
gated the rates of transition to osteoporosis for older wom-
en with normal BMD or osteopenia at initial assessment.
The investigators found that with rescreening intervals of
15 years for women with normal bone density or mild os-
teopenia, 5 years for women with moderate osteopenia, and
1 year for women with advanced osteopenia, less than 10%
of the patients would develop osteoporosis [41].

In patients receiving treatment for osteoporosis, the need
for ongoing therapy should be periodically reassessed to
optimize the balance between treatment benefits and bur-
dens. Some measures may be undertaken during routine
office visits. Modifiable risk factors for bone loss, such as
tobacco and alcohol consumption and calcium and vitamin
D intake should be addressed, as should factors involving
the risk of falls. Patients should receive ongoing education
about the nature and sequelae of bone loss, fall prevention
strategies, diet, and exercise. Patients should be asked about

adverse effects and difficulties in adhering to the prescribed
treatment regimen. They should have yearly height deter-
mination as an inexpensive screen for occult vertebral frac-
tures, with follow-up imaging as indicated.

Many clinicians repeat BMD testing 2 years after the initia-
tion of therapy, sooner in patients with risk factors for on-
going bone loss, such as long-term glucocorticoid therapy.
If at all possible, a follow-up DEXA should be performed on
the same DEXA scanner used to perform the initial screen,
as variations between scanners can cloud test results. While
an increase in BMD is the desired finding, particularly in
patients taking anabolic therapies, a stable BMD may also
indicate the efficacy of therapy in the face of a tendency
towards ongoing bone loss. A decrease in BMD should prompt
concerns about inadequate calcium and/or vitamin D intake,
treatment nonadherence or failure, or a secondary cause of
bone loss, and appropriate investigation should be under-
taken. Some clinicians follow markers of bone resorption:
defined decreases in urine N-telopeptide and serum C-telo-
peptide at 6 months as compared to baseline indicate treat-
ment efficacy and compliance. However, these markers
should not be the sole factor in decisions regarding con-
tinuation, modification, or cessation of treatment.
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1.11
and falls

Claudia M Gonzalez Suarez

Sarcopenia, malnutrition, frailty,

1 Introduction

Falls are common in older adults, occurring annually in
more than 30% of community-dwelling adults aged 65 years
and older, and half of those aged 85 years and older. Of
those falls, 50% are recurrent. Of the 10-40% of falls that
result in injury, 20% will require medical attention, and
10% will result in serious harm, including hip or other frac-
ture, head injury or serious soft-tissue injury. Inability to
rise without help, experienced by 50% of older persons
after at least one fall, may result in dehydration, pressure
ulcers, and rhabdomyolysis. Falls are associated with re-
stricted mobility, reduced ability to carry out daily activities,
and an increased risk of long-term institutional care. In
addition to their physical toll, falls have psychosocial impli-
cations, including anxiety, depression, and social isolation [1].

Few falls have a single etiology; the majority of falls are a
product of patient and environmental risk factors. Intrinsic
physical and cognitive changes related to aging decrease
functional reserve and predispose older patients to falling.
Sarcopenia, frailty and malnutrition are three interrelated
conditions to help identify and intervene in patients at risk
for falls and fragility fractures [1]. Sarcopenia refers to the
age-related loss of muscle mass and function. Frailty refers
to the inherent vulnerability of older or comorbid persons
to physiological stress [2]. Malnutrition is common and po-
tentially treatable in many older adults [3]. This chapter gives
an overview of these conditions, as well as strategies to
evaluate fall risk and to prevent falls.

2 Falls

2.1 Risk factors and evaluation

With advancing age, the normal adult gait changes to a
hesitant, broad-based, small stepped gait, often with a
stooped posture, diminished arm swing and en bloc turns
[4]. Disturbances of gait not only indicate the risk of falls but
may herald or reflect serious underlying ill health [5]. The
pattern of shortened step length and slowing of gait is par-
ticularly noticeable in individuals who have fallen repeat-
edly and is sometimes called the “post-fall syndrome”, which
is related to fear of further falling [6].

Since falls in older adults are usually the result of multiple
conditions and circumstances, falls are classified as a geri-
atric syndrome rather than a discrete disease. The ability to
transfer and walk safely depends on coordination among
sensory (eg, vision, vestibular, proprioception), central and
peripheral nervous, cardiopulmonary, musculoskeletal, and
other systems. Falls that occur during usual daily activities
generally result from impairments in one or more systems,
such as occurs in frailty [7].

Common risk factors for falls include previous falls, age > 75
years, cognitive and visual impairment, arthritis, depression,
and the use of four or more medications (ie, polypharmacy),
particularly antihypertensive and psychiatric medications.
The risk increases with increasing number of factors, from
8% with no risk factors to 78% among those with four or
more risk factors [8].

A more comprehensive list of risk factors can be found in
Table 1.11-1.

All patients should be asked about a history of falls, the
specific circumstances of the falls, and any associated in-
jury. Focused questions regarding dizziness, lightheadedness,
weight loss, symptoms of neuropathy, gait instability and
medication changes are necessary for adequate assessment
for previous and future falls. Checking vision, postural blood
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pressure and a general neurological exam are appropriate
for most patients who report falls [10].

Osteoporosis is an important consideration when assessing
someone at risk for falls and fractures. This population is at
greater risk of serious injuries related to falls; diagnostic tools
like the Fracture Risk Assessment (FRAX) of the World Health
Organization, as well as radiographic tools like bone densi-
tometry using dual-energy x-ray absorptiometry or calca-
neal quantitative ultrasound are useful methods to assess
osteoporosis and fracture risk. If osteoporosis is diagnosed,
management should be instituted including pharmacological
and nonpharmacological interventions. Osteoporosis is
further described in chapter 1.10 Osteoporosis.

2.2  Balance and gait evaluation

There are simple office-based assessments that can help
evaluate gait and predict falls. The Timed Up and Go (TUG)
test is the most frequently recommended screening test for
mobility and entails having the patient get up from a chair,
walk 3 meters (about 10 feet), turn and return to the chair,
and sit down [11]. Any abnormality in movement suggests
balance or gait impairment and increased risk of falling, re-
quiring further assessment and suggest a likely need for treat-
ment. Clear TUG completion times that indicate increased
fall risk have not been definitively established, although cut
points at 12 and 13.5 seconds have been suggested [12, 13].

Domain Factors

History History of falls

Visual impairment

Reported balance impairment or gait difficulties
Cognitive impairment

. Age

Medications Number of medications, ie, use of more than four
medications
Medications by class:

- Sedatives and hypnotics

- Neuroleptics and antipsychotics

- Nonsteroidal antiinflammatory drugs

- Antidepressants

- Benzodiazepines

Functional status Impairments in ADLs and IADLs

Physical examination Gait and balance impairment
Orthostatic hypotension

Poor vision

Home hazards Lack of bathroom grab bars
Dim lighting
Slippery or uneven services

Improper use of mobility aids

Table 1.11-1 Risk factors for falls in older adults [9].
Abbreviations: ADLs, activities of daily living; IADLs, instrumental
activities of daily living.

The more detailed performance-oriented mobility assessment
(POMA) involves assessing the quality of transfer, balance,
and gait maneuvers used during daily activities and takes
about 5-10 minutes to complete [14]. The POMA is not ap-
propriate for highly functional patients or patients with a
single disabling condition. It includes observing transfer and
balance maneuvers such as getting up from a chair, perform-
ing side-by-side 1-leg and tandem stands (5-10 seconds each),
turning in circle, and sitting down. In addition to the evalu-
ation of gait during a 3-meter walk, gait initiation, heel-toe
sequencing, step length, height, symmetry, path deviation,
walk stance, steadiness on turning, arm swing, as well as
neck, trunk, hip, and knee flexion are also assessed. These
results can not only assess the risk of falling but also deter-
mine if there are balance and gait impairments that need
intervention as well as assess the presence of neurological,
musculoskeletal or other relevant disorders.

2.3  Prevention strategies

Trials of fall prevention strategies have shown that approx-
imately 30% of falls can be prevented. Of those, several
healthcare-based strategies have been shown to reduce the
rate of falling; however, their implementation may be prob-
lematic, as clinicians tend to be more experienced at manag-
ing discrete diseases than at managing multifactorial condi-
tions [15, 16].

Key domains of fall prevention typically include physical
strengthening, medical evaluation and treatment, medica-
tion adjustment, environmental modification and education
[10]. Key strategies for most patients include the following:

e Review and modify risk factors related to the patient’s
falls. Modifiable risk factors include correcting vision,
reducing environmental hazards and obstacles, and edu-
cation about using walking aids correctly.

e Allpatients should undergo a medication review to iden-
tify any medication-induced contributors to falls, includ-
ing cardiovascular medications that may lead to ortho-
static hypotension, and neuropsychiatric medications that
may alter balance, awareness, or cognition.

e Vitamin D assessment for all patients and replacement
for deficient patients.

e A history of one fall and no other balance or gait distur-
bances should be followed by participation in an exercise
program that includes balance and strength training.
Examples of these programs can include physical thera-
py, tai chi, or other programs.

e Two or more falls, and/or balance or gait difficulties should
be followed by a detailed assessment and specialized phys-
iotherapy.
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Formal fall prevention programs can be divided into three
main categories:

¢ Single programs including one intervention compo-
nent, ie, supervised exercises

¢ Multicomponent programs including two or more
intervention components, ie, exercises and environ-
mental modifications

e Multifactorial programs including two or more custom-
ized interventions for each participant targeted at
patient-specific risk factors

A recent metaanalysis found that single interventions failed
to show a beneficial effect on fall-related outcomes in the
nursing home population, since they are most often physi-
cally frail and the fall is frequently of a multifactorial nature
[17]. Single programs targeted at more functionally intact
older adults may be more successtul.

Interventions, particularly those with strength and balance
training, can successfully increase muscle strength and func-
tional abilities. Avoiding iatrogenic harm related to excessive
hospitalization, testing and polypharmacy is important when
frailty is recognized [18-20].

Vitamin D levels fall with aging and low levels are associ-
ated with sarcopenia, falls, hip fracture, disability, and mor-
tality. When levels are low, vitamin D replacement can
reverse some functional deterioration, providing support
for modest daily vitamin D supplementation [21]. A meta-
analysis found positive effects of vitamin D supplementation
on muscle strength, gait and balance suggesting that vitamin
D supplementation of 800-1,000 international units (IUs)
daily was associated with improvements of muscle strength
and balance [22]. Vitamin D reduces the number of falls in
those who are deficient, and the combination of calcium
and vitamin D for older patients in long-term care can reduce
fractures.

Other than vitamin D, few pharmacological agents have
been investigated to improve muscle strength, balance and
falls, including angiotensin-converting enzyme inhibitors,
testosterone, and insulin-like growth factors (IGFs); none
of these has emerged as safe and effective for fall prevention
at this time.

3 Sarcopenia

Sarcopenia is defined as the loss of muscle mass, function,
and efficiency. Aging is associated with sarcopenia and in-
creased body fat, resulting from intrinsic metabolic chang-
es and reduction in physical activity. Weight loss is a poor-
ly sensitive indicator of sarcopenia, as increasing fat
deposition can mask concurrent muscle loss [3].

At a microscopic level, sarcopenic muscle is characterized
by a reduction in type II motor units and an associated loss
of alpha motor neurons from the spinal cord. The contrac-
tile and mitochondrial protein synthesis rates of muscle are
reduced with advancing age, resulting in loss of muscle mass
and strength. As muscle mass decreases, there is also a less-
ened capacity for the mobilization of amino acids from
muscle proteolysis for protein synthesis in vital organs and
for immune processes. Physical inactivity leads to acceler-
ated rates of muscle loss and can produce a cycle of falls, ie,
increased fear of falling, reduced activity, muscle loss and
increased falls [3, 23, 24].

3.1 Evaluation

Sarcopenia is identified by the presence of two of the fol-
lowing criteria: low muscle mass, low muscle strength, and
low physical performance [25]. While low muscle mass and
strength can be evaluated in the research setting using var-
ious imaging techniques and dynamic strength testing, most
practical testing focuses on physical performance. The most
commonly used office tests include usual gait speed and the
short physical performance battery (SPPB). Slow gait speed
is currently the simplest screen for sarcopenia, with a cutoff
point of 0.8 m/s over a 4-6-m course as the threshold for
poor performance [25]. The SPPB is a more time-intensive
assessment, involving repeated chair stands, balance testing
and gait speed measurements [26]. Sarcopenia is only typi-
cally quantified in research settings, using handgrip strength
(so-called handgrip dynamometer) or knee extension
strength (so-called isokinetic dynamometer).

3.2 Pathophysiology

Inactivity is one of the most prominent contributors to sar-
copenia. Muscle contraction during exercise causes the
release of muscle growth factors (IGF and mechano growth
factor [MGF]) activating satellite cells, protein synthesis
and muscle regeneration among other processes, all of which
are decreased with aging. Nutritional deficiencies or
insufficiencies also play a major role in the development
of sarcopenia, as it is postulated that to maintain muscle
mass an older adult requires at least 1.2 g of protein per
kilogram of body weight per day.
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Hormonal mediators such as testosterone also decline and
contribute to the decline in muscle mass and to a lesser
extent the decline in strength. This decline is more pro-
nounced in females. Sarcopenia is also associated with
elevated proinflammatory cytokines that also negatively
impact muscle mass and function.

The major contributors to sarcopenia are delineated in
Table 1.11-2.

3.3 Treatment

There are no standard or clearly safe drug treatments for
sarcopenia. Current standard of care is focused on exercise
and nutrition. Exercise can promote muscle anabolism, and
this effect can become more pronounced with detailed train-
ing [1]. Even in very old individuals, resistance exercise has
been reported to increase muscle mass and strength [24].

Testosterone and other anabolic steroids such as nandrolone
have been shown to increase muscle mass and in higher
doses muscle strength but can produce significant increase
in cardiovascular risk [27].

Enobosarm is a potent oral selective androgen receptor mol-
ecule with tissue selectivity, still undergoing active study
for both sarcopenia and osteoporosis treatment [28]. As such,
it has been shown to improve lean body mass and measure-
ments of physical function and power.

Other therapies such as myostatin antibodies have been
developed and are still undergoing research, since they have
shown to have no significant effect on muscle gain [29].

4 Frailty

Frailty refers to the general vulnerability of older or highly
comorbid adults to physiological stress. It is related to the
diminution of several interrelated physiological systems,
beyond the expected gradual decrease in reserve that is seen
with aging. This process results in the subsequent depletion
of homeostatic reserve and vulnerability to disproportionate
health complications after minor stressors [2].

Although frailty is not a specific disease, the frailty pheno-
type can be defined, measured and serves as one of the
strongest and most useful factors in identitying fragility
fracture patients at risk for surgical complications, periop-
erative morbidity and mortality, and poor functional prog-
nosis [30-33].

Frailty is often clinically defined by the presence of three or
more of the following: unintentional weight loss, self-re-
ported exhaustion, weakness, slow walking speed, and low
physical activity. See Table 1.11-3 for formal criteria extract-
ed from the Cardiovascular Health Study [34].

Simpler criteria (Table1.11-4) have been validated for falls
and osteoporotic fractures as well, and are very easy to in-
tegrate into clinical physician or nursing practice. Frailty is
increasingly predictive of falls, mortality and poor surgical
outcomes [30, 31, 36].

Domain Contributor Characteristic Measure
Environmental Malnutrition Weight loss Self-reported loss of more than 4.5 kg in prior year
Decreased physical activity Recorded loss of >5% of body weight in prior year
Vascular Decreased capillary blood flow Exhaustion 3-4 days per week or most of the time
Peripheral vascular disease Low-energy expenditure Lowest quintile for gender
Endocrine Insulin resistance Men <385 kealfweek
Decrease of hormones with anabolic properties Women <270 kcal/week
(ie, testosterone, dehydroepiandrosterone, IGF 1, Slow gait speed Lowest quintile for time to walk 4.57 m, adjusted for gender
growth hormone) and height
Immunologic Increased proinflammatory cytokines (ie, IL-6, TNF-cr) Weak grip strength Lowest quintile for grip strength, stratified by gender and
Genetic Mitocondrial abnormalities body mass index
Neurogenic Motor end plate degeneration Table 1.11-3 Frailty phenotype—Fried criteria derive from the

Peripheral neuropathy

Table 1.11-2 Major contributors to sarcopenia.
Abbreviations: IGF, insulin-like growth factor; IL, interleukin.

Cardiovascular Health Study [34].
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Clinically important aspects of frailty include [2]:

e High prevalence in older adults, where 10-25%
of persons aged 65 years and 30-45% of those aged
85 years and older are estimated to be frail [37]

e Highly associated with sarcopenia, exercise intoler-
ance, frequent falls, immobility, and incontinence

e Poor response to standard medical and functional
therapies

e Increased risk of functional decline and mortality

Although frailty is generally irreversible, exercise, protein-
calorie supplementation, vitamin D, and reduction of poly-
pharmacy may be able to slow its progression or delay com-
plications [38, 39]. As noted previously, it is highly valuable
in identifying patients with short life expectancies, poor
prognosis for recovery, and poor responses to many tradi-
tional therapies.

4.1 Pathophysiology

Aging can be explained by the lifelong accumulation of mo-
lecular and cellular damage that is usually regulated by
complex maintenance and repair network. There seem to
be multiple organ systems that are closely interrelated in
the development of frailty: the central nervous system, en-
docrine system, immune system, and skeletal muscle, medi-
ated by intrinsic and extrinsic factors, such as nutritional
status. Frailty results from and contributes to impairments
in all of these areas. In 2009, Fried et al [34] used twelve
measures to assess for cumulative dysfunction in aging
women, reporting a nonlinear relation between the number
of abnormal systems and frailty, independent of age and
comorbidity. Abnormal results in three or more systems
were a strong predictor of frailty, supporting the idea that
there is an aggregate crucial level beyond which frailty be-
comes evident.

Criteria Points*

5% weight loss over 1 year 1

Inability to do five chair stands without using arms 1

Feeling low energy 1

Table 1.11-4 Simple frailty screening tool, adapted from Ensrud et al

[35].
*Points:  2-3 = frail
1 = prefrail
0 = robust

5 Malnutrition

Inadequate nutritional intake and malabsorption are com-
mon findings in hip fracture patients and associated with
delirium, susceptibility to infection, poor recovery and mor-
tality [40-42]. Alterations in taste, smell, mental status, de-
pression, physical incapacity, dysphagia, medication side
effects, chronic disease, and relative financial poverty are
all contributors to the development of malnutrition [43].

Monitoring for weight loss in the community and particu-
larly in the long-term care setting is the most common mea-
sure of quickly identifying those who may be at risk for
nutritional insufficiency. There are several validated screen-
ing tools, including the simplified nutritional appetite ques-
tionnaire, the geriatric nutritional risk index, the Mini-
Nutritional Assessment (MNA), or its 6-item version
MNA-Short Form which can distinguish malnutrition from
nutritional risk and normal nutritional status. Nutritional
and swallowing assessments should be part of all fragility
fracture programs.

5.1  Nutritional strategies

There is no high-quality evidence of improved outcomes to
support specific nutritional supplementation strategies in
hip fracture populations [44]. Current practice is to provide
high protein, nutrient dense oral nutrition when able [45,
46], as well as to provide adequate calcium and vitamin D
supplementation. Oral nutrition supplements seem to be of
some value in preventing pressure ulcers in patients after
hip fracture in the hospital and postacute care settings [47].
However, these studies are small and further investigation
is required. Routine iron administration for the treatment
of anemia has not been shown to be beneficial [48] and can
be complicated by side effects, eg, dyspepsia, constipation.

Postoperative identification of oropharyngeal dysphagia is
common; many patients likely have preexisting swallowing
dysfunction and even small amounts of functional decline
and precipitate inability to manage adequate swallowing
from nutritional and respiratory standpoints. Invasive forms
of nutritional supplementation, ie, nasogastric tube feeding,
are not recommended, as they place older adults at risk for
delirium as well as infectious complications, ie, aspiration
pneumonia. Parenteral nutrition carries risk and expense
as well.

Nutritional support and supplementation is an important
component of functional optimization in older adults in the
postacute setting. Therapeutic diets (eg, low fat or calorie
restricted) should generally be avoided in the long-term care
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population [15]. In a 2009 systematic review, Milne and his
colleagues [16] found 62 trials with more than 10,000 older
adults at risk of malnutrition, who demonstrated a significant
increase in weight of 2.2% with oral nutrition supplements
(ONSs); however, the study failed to find mortality benefit
or functional improvement in the treatment group. In an-
other study of community-dwelling women [49], the com-
bination of supplemental protein and exercise improved
muscle mass and strength, and walking speed.

The American Geriatrics Society advocates for clinicians to
avoid using prescription appetite stimulants or high-calorie
ONS for treatment of anorexia or cachexia in older adults,
and it encourages healthcare providers to instead optimize
social supports, provide feeding assistance and clarity patient
goals and expectations, particularly in patients with demen-
tia [50, 51]. Oral nutrition supplements may be of limited
benefit in specific subgroups, such as those with specific
nutrient deficiencies, recently hospitalized patients, and
patients recovering from fracture.
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1.12 Pain management

Timothy Holahan, Daniel A Mendelson

1 Introduction

Uncontrolled pain is a common contributor to poor outcomes
in both medical and surgical settings. Treatment of acute,
chronic and perioperative pain in older adults with hip
fractures has been recognized as inadequate [1-3]. Pain
management is particularly complicated in older adults due
to the significant physiological and cognitive vulnerabilities
of this population. In light of the many factors necessary
to achieve safe and adequate pain control, a thoughtful and
thorough approach is required to appropriately treat pain
in the perioperative period [3-5].

1.1 Prevalence of preexisting pain

Estimates of chronic pain range from 20% to 46% in
community-dwelling older adults and from 28% to 73%
in older adults living in residential care facilities or nursing
homes [6]. The prevalence of daily pain tends to increase
with age with as many as 75 % of adults older than 75 years
reporting pain [6, 9]. The prevalence appears to be higher
in women [6].

1.2 Recognition

Older adults with cognitive impairment are a specific high-
risk group for poor pain control, due both to inadequate
recognition and a tendency to undertreatment [6]. Identifi-
cation of pain is particularly challenging in the perioperative
and postoperative period when delirium and medical insta-
bility complicate the clinical assessment.

Reasons for underrecognition and undertreatment of pain
in older adults include difficulties in assessment, particu-
larly in patients with dementia, fear of side effects and
overdose, and general provider uncertainty regarding the
response to opioids in a highly complex and comorbid
population.

A reluctance to use standing orders for analgesics in hip
fracture patients after surgery illustrates this issue [10].

1.3  Negative effects of poor pain control

Regardless of the underlying cause, uncontrolled pain has
negative effects on the physiology and clinical outcomes in
older adults, especially in the inpatient setting. Pain is a con-
tributor to tachycardia and myocardial oxygen consumption
[3]. Poor pain control in hip fracture patients has been shown
to lead to increased rates of postoperative delirium, increased
length of stay and poor participation in therapy [3]. Uncontrolled
pain delays postoperative ambulation and time to recovery.
Decreased rates of delirium and early ambulation have been
shown to reduce length of stay and postoperative complications
including pneumonia [11]. While there is a paucity of evidence
about the impact of specific pain regimens on hip fracture
outcomes [12], improved pain control is suspected to lead to
less morbidity in hip fracture patients postoperatively [10].

1.4  Unique pain pathophysiology in older adults

The neurophysiological mechanism of pain in older adults
has been shown to be substantially altered when compared
to the pathways in younger adults. Neurochemical and elec-
trophysiological aspects of nociceptive pain pathways change
as a person ages [4]. There is a known age-related loss in
several relevant neurotransmitters including serotonin,
gamma-aminobutyric acid as well as in opioid receptors,
and a decrease in the function of the descending inhibitory
pain pathway. A slight increase in pain threshold, or a re-
duced sensitivity to mild pain, has been demonstrated in
older adults, particularly to thermal stimuli [13].

From a treatment perspective, frail older adults typically
have reduced capacities for drug absorption, distribution and
metabolism, and a higher risk for drug toxicity [14]. There is
also evidence to suggest that the physiological response to
pain may be blunted in older adults with dementia [15].

Table 1.12-1 [16] summarizes the many physiological and phar-
macokinetic changes that are common in older adults. These
factors are the basis for the unique issues with pain assess-
ment, management, and expected response to therapy in
older adults [15].
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1.5 Types of pain

While the specific nature and intensity of pain is subjective,
clinically meaningtful categories exist. Pain can be usetully
characterized as acute or chronic, and further divided into
different pathophysiological subtypes [17]:

e Acute pain is characterized by an abrupt onset, linked to
a specific insult and only lasts for a relatively short pe-
riod of time.

e Chronic pain persists for more than 3-6 months and is
characterized by the ongoing pain in the absence of spe-
cifically identified stimuli. Lower socioeconomic status,
inactivity, chronic illness, and lack of social support are
some of the factors that have been associated with the
development of chronic pain in older adults [17].

There are three different pathophysiological subtypes of
pain: nociceptive, neuropathic and mixed [4]:

e Nociceptive pain is due to the activation of sensory recep-
tors by noxious stimuli, and can be further divided into
either somatic or visceral pain. Somatic pain tends to
originate in the skin, muscle or bone and is often easily
localized. Pain related to an acute hip fracture is typi-
cally a nociceptive, somatic type of pain. Visceral pain is
a referred pain originating from an internal organ such
as the heart, lungs or gastrointestinal (GI) tract. Usually
visceral pain is relatively difficult to localize and is de-
scribed as aching, dull or vague.

Changes in older adults Clinical effect

Decrease in Gl transit time
Bowel more sensitive to opioid
dysmotility

Altered gastric pH (usually from
other medications)

Gastrointestinal
absorption

More prolonged effect of
sustained release pain medications
Increased risk of side effects such
as constipation

Variable absorption of medications

Could lead to longer drug half-life
and increased risk of drug side
effects

Drug distribution ~ Decrease in lean body
mass and increase in lipid

distribution

Decreased oxidation of
medications in the liver

Increased drug half-life and
increased risk of drug side effects

Drug metabolism

Glomerular filtration rate Decreased rate of excretion of
decreases with age drug
Increased risk of accumulation of
toxic metabolites

Drug excretion

Table 1.12-1 Pharmacological changes in older adults. Adapted
from: American Geriatrics Society Panel on Pharmacological
Management of Persistent Pain in Older Persons [16].
Abbreviation: Gl, gastrointestinal.

e Neuropathic pain is caused by irritation or inflammation
of nerve fibers and/or neurons, and is usually described
as burning, tingling or numbness. It is usually localized
easily but may have a radiating component that follows
the path of the nerve itself. This can also be seen in hip
fracture patients postoperatively if nerve fibers were dis-
turbed during the fracture or the procedure or by post-
operative edema and inflammation. Neuropathic pain
may have a variable or inadequate response to typical
pain medications, including antiinflammatory analgesics
or opioids. Nontraditional pain medications like anticon-
vulsants and antidepressants may be more effective for
neuropathic pain.

e The third subtype of pain is a mixed type with features
of both nociceptive and neuropathic pain; this typically
requires multiple different modalities to treat adequate-
ly. One example of this mixed type is a vertebral fracture
with nerve impingement resulting in both somatic and
neuropathic components [4, 16, 18].

2 Pain assessment

While pain assessment can be difficult in any patient popu-
lation, it can be particularly challenging in the fragility frac-
ture patient due to the high prevalence of cognitive and
communication impairments. The most common and valid
methods for pain assessment include patient self-report,
visual rating scales, and behavioral pain assessment tools
for patients unable to effectively communicate.
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Pain is one of the major obstacles to good surgical and func-
tional outcomes, and is typically present in all but the most
minor of orthopedic trauma. Accurate assessment requires
a thoughtful and methodical approach based on staff obser-
vation, physical exam, and the use of validated pain assess-
ment tools. Improved perioperative pain control is a cor-
nerstone of delirium prevention, preservation of function
and avoidance of complications [3, 10, 11].

2.1  Self-report

Self-report is the primary method in pain assessment for
older adults. This should be attempted first; if the patient is
unable to respond appropriately, then other clinical indica-
tors of pain should be sought. Autonomic symptoms such
as diaphoresis, hypertension and tachycardia can sometimes
suggest a high likelihood of pain. The following scales are
commonly used for pain assessment:

e The numerical rating scale (NRS) is a verbally obtained
numerical pain scale ranging from 0 to 10 (0 is considered
no pain and 10 is considered the most severe pain imag-
inable); patients are asked to ascribe a number to their
pain from this continuum. The NRS is the most common
and most valid pain scale in older adults capable of self-
report [19].

e The Visual Analog Scale is a related tool that prompts a
patient to indicate a pain rating on a printed line between
two extremes of no pain (0) and excruciating pain (10).
This has been shown to be less effective in older adults
and has a higher error rate [20].

e The Verbal Descriptor Scale (VDS) has also been vali-
dated in older adults and consists of verbal indicators (eg,
mild, moderate, severe) to quantify the intensity of a
patient’s pain. The VDS is preferred by older adults and
has been demonstrated to be effective in moderate and
severe dementia [19].

e Other self-report options include the Faces Pain Scale,
commonly used in children but has also been validated
in older adults [21]. Tt requires the patient to identify the
facial expression which best indicates the pain they are
experiencing. This can be helpful in older adults who are
nonverbal.

All of these tools have limitations including inability to
describe pain location, problems with identifying dynamic
pain with activity, and inaccuracies with monitoring the
response to the treatment of chronic pain.

2.2  Cognitively impaired patients

The assessment of pain in a nonverbal or severely cogni-
tively impaired patient can present a dilemma for clinicians
and nurses. In order to obtain an accurate assessment, clini-
cian and staff observation of nonverbal indicators is neces-
sary. The American Geriatrics Society (AGS) recommends
the evaluation of six behavioral domains including facial
expressions, verbalizations/vocalizations, body movements,
changes in interpersonal interactions, changes in activity
patterns, and changes in mental status [16].

A number of behavioral pain assessment tools have been
validated for use in older adults with severe cognitive im-
pairment [20]. These include the Pain Assessment in Ad-
vanced Dementia scale [8], which consists of five items
that aid in the interpretation of nonverbal pain as seen in
Table 1.12-2.

Other validated scales include the Abbey pain scale and the
pain assessment checklist for seniors with limited ability to
communicate [20, 21]. All of these can be used to assess and
track acute pain as well as measure the effectiveness of the
treatment.

0 1 2
Breathing Normal Occasional labored Noisy labored breathing
(independent of breathing Long period of
vocalization) hyperventilation
Negative None Occasional moan or  Loud moaning or groaning
vocalization groan Crying
Facial expression  Smiling Sad Facial grimacing
No expression  Frightened
Frowning
Body language Relaxed Tense Rigid
Distressed pacing Fists clenched
Fidgety Knees pulled up
Pulling or pushing away
Consolability No need to Distracted Unable to console, distract
console Reassured by voice or reassure

or touch

Table 1.12-2 Pain assessment in advanced dementia (adapted from

the Pain Assessment in Advanced Dementia scale).
A possible interpretation of the scores is:
1-3 = mild pain; 4—6 = moderate pain; > 6 = severe pain
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3 Treatment

As previously described, there are physiological changes
that occur in older adults that can affect the efficacy and
tolerance of pain medications and limit the effectiveness of
nonstandardized pain management strategies in older adults.
Using a standardized and predictable approach can signifi-
cantly reduce adverse effects while improving pain control
[4, 6, 15, 16]. This is especially true in postoperative patients
when blood loss, dehydration, and changes in mental status
can lead to uncertainty regarding appropriate pharmaco-
logical and nonpharmacological treatment.

3.1 General principles

The first principle is “start low and go slow” as recommend-
ed by the AGS. This refers to using the lowest dose possible
when starting a medication in an older adult and titrating
up slowly until the desired effect is achieved. In light of the
reduced metabolic capabilities of older adults, this principle
is useful when starting any medication, and similarly im-
portant to the development of standardized treatment.

A second principle is to maximize the use of nonpharma-
cological modalities to treat pain. The third one is to be
attentive for common adverse effects of (and other) medica-
tions, allowing for early recognition and adjustment to
prevent further morbidity [14, 15].

3.2 Nonpharmacological interventions
Nonpharmacological interventions, eg, early surgery, early
mobilization, positioning, and ice have an excellent benefit
to risk ratio, and should be a consistent part of pain control
strategies in both the pre- and postoperative setting:

e Early mobilization and physical therapy are likely to con-
tribute to adequate pain control and lead to reductions
in overall mortality, reduced length of stay, and physical
disability [22]. A delay in ambulation postoperatively pro-
motes postoperative delirium and pneumonia as well as
prolonged pain [11].

Usual starting doses*

Morphine immediate release
(low potency)

2.5-5 mg by mouth every 3-4 hours as needed
2-4 mg intravenously every 3-4 hours as needed

Oxycodone immediate release
(moderate potency)

2.5-5 mg by mouth every 3-4 hours as needed
No intravenous formulation available

Hydromorphone
(high potency)

1-2 mg by mouth every 3-4 hours as needed
0.25-0.5 mg intravenously every 2-3 hours as
needed

e Ice applied before and after physical therapy can reduce
inflammation and lead to reductions in pain. Care should
be taken not to injure the skin by overexposure.

e Other therapies such as massage therapy, acupuncture/
acupressure, and use of transcutaneous electrical nerve
stimulation (TENS) units have also helped in the manage-
ment of postoperative pain in selected hip fracture pa-
tients. Limited data suggests TENS units can accelerate
recovery in range of movement and lead to a reduction
in pain after hip surgery [23]. Acupressure has also been
shown to reduce pain in hip fracture patients preopera-
tively [24]. These interventions are safe and can comple-
ment the pharmacological management of pain and lead
to lower medication dosing and reduced adverse effects.

e Tractionis not typically used in high-performing fracture
centers due to risks of skin injury and delirium in this
population [25].

Nonpharmacological interventions are recommended by
the American Academy of Orthopaedic Surgeons [5] to treat
perioperative and postoperative pain after hip fracture in
older adults, supporting the multidisciplinary and multi-
modal approach necessary to treat pain in some older adults
effectively.

3.3 Pharmacological interventions

Pharmacological agents, including opioids and acetaminophen,
are necessary for pain control in virtually all hip fracture pa-
tients during both the preoperative and postoperative phases:

e For patients without liver disease or other contraindica-
tions, most current protocols utilize immediate use of
scheduled dose acetaminophen and scheduled doses of
opioids or as needed (eg, morphine, oxycodone, hydro-
morphone).

e Nonsteroidal antiinflammatory medications (eg, ibupro-
fen, naproxen sodium, ketorolac) are avoided in the peri-
operative phase due to cardiovascular, renal, and cogni-
tive effects.

e Combination medications (eg, acetaminophen plus opi-
oid) typically fail to allow appropriate dosing of the in-
dividual components.

Table 1.12-3 Usual starting doses for acute pain in opioid naive
older adults.

* Please note that the initial starting does recommended for older
adults (> 65 years old) are approximately half the starting dose
for younger opioid naive adults. Intravenous preparations are more
potent compared to a similar dose in an oral preparation.
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¢ Specific dosing and monitoring recommendations can be
found through the AOTrauma Orthogeriatrics Pain smart-
phone app [25], as well as the American College of Sur-
geons’ National Surgical Quality Improvement Program/
AGS best practice guidelines for preoperative assessment
of the geriatric surgical patient [26].

3.3.1 Opioids

Opioid preparations are often necessary to provide optimal
pain relief in the perioperative setting for geriatric patients,
and can be used safely. Medical and surgical clinicians should
acquire familiarity with common issues related to adequate
dosing, side effects and toxicities of specific opioid prepara-
tions:

Opioid preparation, dose, and route considerations

Oral opioid administration offers a longer duration of action,
but also a longer time to onset (up to 1 hour). Using paren-
teral medications in older adults requires clinician attention
to avoid excessive sedation, nausea, or delirium. Different
opioids have different potencies and careful selection is im-
portant (Table 1.12-3). Sustained release formulations are
usually not necessary in older adults for whom the half-life
of short-acting opioids is typically prolonged. For younger
patients with normal renal function, sustained release prep-
arations may be helpful to meet more significant opioid
requirements, and reduce the need for frequent additional
doses. Transdermal fentanyl is generally not appropriate in
the acute setting due to prolonged onset/peak (12-24 hours)
and offset (12-24 hours), and it can be difficult to calculate
rescue/breakthrough doses. Parenteral fentanyl may be use-
ful but because of short duration and potency, it is often
limited to monitored settings such as operating room, post-
anesthesia care unit, and intensive care unit.

Long-term opioid therapy

Patients on long-term opioid therapy are likely to require
modestly increased opioid dosing for perioperative pain con-
trol. Acute reductions in routine home doses may precipitate
opioid withdrawal. One option for patients with significant
opioid tolerance due to long-term therapy includes continu-
ing the long-acting home regimen, and ordering 10-30% of
this total dose as a short-acting equivalent every 2-3 hours
as needed for breakthrough pain. Patients may need a 25—
50% increase in baseline long-term regimen in the periop-
erative period. We recommend titrating doses based on pain
assessment and side effect monitoring. Medical or pain spe-
cialist consultation for the pain management of patients on
long-term opioid therapy may be appropriate [27].

Opioid side effects
Opioids have multiple side effects that need to be identified,
treated, and prevented when possible (Table 1.12-4) [7, 28].

One of the most common and serious side effects of opioid
medications is constipation, mostly through a direct effect
on gut motility, with contributions from decreased oral in-
take, hydration and immobility. Since constipation is already
a common issue in the older adult population, a constipation
protocol for all patients is typically warranted. Scheduled
doses of bowel stimulants (eg, sennosides) and an osmotic
laxative (eg, polyethylene glycol or lactulose), in addition
to early ambulation and physical therapy, can limit consti-
pation. Once a bowel movement is achieved, the regimen
can be reduced if needed. For patients who develop severe
opioid-induced constipation resistant to multiple therapies,
a p-opioid-receptor antagonist such as methylnaltrexone
may be indicated but should only be used in consultation
with a geriatrician or GI specialist.

Nausea and vomiting can be a side effect of opioid therapy
although this is not commonly seen with low-dose regimens
and typically resolves after the first few days of therapy.
Managing constipation, lowering doses, switching opioids
or treatment with antiemetics is usually effective [29].

Respiratory depression is perhaps the most feared side effect
of opioid therapy. It is typically seen with high doses and/or
rapid dose titration. The risk may also be increased in older
adults with previous respiratory pathology or who are taking
concurrent sedating medications. Sedation almost always
occurs prior to clinically significant respiratory depression so
careful monitoring can help identify at-risk patients.

Opioid side effect Treatment

Mild to moderate constipation Early ambulation
Scheduled sennoside and polyethylene glycol

or lactulose

Severe constipation
(no bowel movement in >4 days)

Bisacodyl suppository

Enema

Methyl naltrexone (as last resort and in
consultation with geriatrician)

Nausea and vomiting Treat constipation
Antiemetics
Lower opioid dose

Opioid rotation

Delirium Ensure adequate treatment of pain

Consider opioid rotation

Table 1.12-4 Opioid side effects and treatment strategies.
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Naloxone is an opioid antagonist used to reverse respira-
tory depression. However, it can precipitate a pain crisis and
lead to worsening delirium in a postoperative patient. Nal-
oxone should only be used if significant respiratory depres-
sion (< 6 breaths per minute) or worsening hypoxia is pres-
ent. Usually, appropriate dose reduction is sufficient to
prevent any life-threatening respiratory depression and the
use of an opioid antagonist should rarely be needed. Nal-
oxone also has a significant side effect profile particularly
in the older adult [30].

Concerns for opioid-induced delirium or cognitive impair-
ment can be confused with delirium caused by poorly con-
trolled pain [10]. In general, it can be assumed that almost
all hip fracture patients will require opioids for adequate
pain control, even if they are unable to communicate this
need. Uncontrolled pain is likely to precipitate delirium, and
appropriate pain treatment has been demonstrated to reduce
the incidence of delirium in hip fracture cohorts [10]. Trials
of small doses of opioids are often necessary to distinguish
these causes. Synthetic opioids (eg, oxycodone, hydromor-
phone) may lead to less delirium than morphine [31, 32].

3.3.2 Preoperative pain control

In the preoperative period, modest doses of intravenous (IV)
opioids (eg, morphine sulfate 2-4 mg every 1-2 hours as
needed) are typically necessary to achieve rapid and effec-
tive pain relief.

Using protocols and order sets facilitates safe initial dosing
and can promote more clinician familiarity with medication
effectiveness and toxicities. See chapter 2.7 Protocol and
order set development for more information on protocols
and order set development.

Acute femoral nerve blockade is another excellent option to
improve pain control and to achieve a reduction in opioid
needs; this has been best studied in the emergency depart-
ment setting [33, 34]. Nerve blocks are most appropriate in
the preoperative setting, as postoperative nerve blocks can
limit mobility. Nerve blockade has been shown to reduce
the risk of delirium, presumably through improved pain
control and reduced opioid use [12]. Peripheral nerve blocks
include fascia iliaca blockade and femoral nerve blockade
with local anesthetic. Fascia iliaca blockade may be performed
by nonanesthesia personnel; femoral nerve blockade typi-
cally involves consulting an anesthesiologist and the use of
ultrasound-guided technology. Preoperative femoral nerve
block can also provide some degree of postoperative pain
control. All of these techniques complement the use of
systemic pain medications and can provide some opioid-

sparing benefits in the short term. See chapter 1.3 Principles
of orthogeriatric anesthesia for more details.

3.3.3 Postoperative pain control

After surgical fixation, IV opioids are usually not required,
and the risks of continued administration like excessive se-
dation and short duration can outweigh the benefits. Rou-
tine acetaminophen and low-dose oral opioids are gener-
ally safe and effective, along with nonpharmacological
methods including extremity positioning, ice and mobiliza-
tion (Table 1.12-5).

Acetaminophen (650-1,000 mg three times per day) is
typically the first line oral agent chosen due to its low inci-
dence of side effects.

Combination medications of acetaminophen with an opioid
increase the hazard of inadvertent acetaminophen overdose,
and otherwise limit the ability to titrate opioid doses. There
are no GI or renal side effects described with the use of
acetaminophen in older adults. In addition to routine
acetaminophen, a low-dose, moderate potency opioid should
be available for moderate to severe pain (ie, oxycodone
2.5-5 mg every 3 hours as needed). If this dosing is inade-
quate, then a dose increase of 25-50% is usually appropri-
ate while monitoring for any new adverse effects.

Cognitively impaired persons frequently have difficulty with
pain assessment and inability to request pain medications.

Clinical setting Dosing and strategies

Preoperative dosing:
Frail older adult
Chronic kidney disease

Acetaminophen:

650-1,000 mg orally three times per day

Routinely scheduled

Morphine sulfate:

2-4 mg intravenously every 2 hours as needed

OR

Hydromorphone:

0.25-0.5 mg intravenously every 2 hours as needed

Postoperative dosing:
Frail older adult
Chronic kidney disease

Acetaminophen:

650-1,000 mg orally three times per day, routinely
scheduled

Oxycodone:

2.5-5 mg orally every 3 hours as needed

OR

Hydromorphone:

1-2 mg orally every 3 hours as needed

Other situations More robust patients may need higher dosing to achieve
adequate pain control
For patients unable to report pain adequately, schedule

doses of opiates may be necessary

Table 1.12-5 Pain medication dosing guidelines.
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Scheduled analgesic medications, with instructions to hold
for excessive sedation, are necessary in these situations where
inadequately controlled pain is suspected. It is also appropri-
ate to schedule analgesic medications prior to situational
pain episodes such as a dressing changing or prior to phys-
ical therapy, and may improve participation in therapy-
reduced pain afterwards.

3.3.4 Problematic medications

e Nonsteroidal antiinflammatory drugs (NSAIDs) are con-
traindicated in patients with known chronic kidney disease,
cerebrovascular disease, bleeding disorders, congestive
heart failure, or heart disease, and carry significantly
increased risk of adverse effects including GI bleeding,
myocardial ischemia, heart failure and delirium. Nonste-
roidal antiinflammatory drugs are also listed on the AGS
Beers Criteria for medications to avoid in older adults [35].

e Cyclooxygenase 2 (COX-2) inhibitors such as celecoxib
purport to have less GI effects, but have the same renal
toxicities and are usually avoided in the dynamic postop-
erative period. Some COX-2 inhibitors have been withdrawn
from the market due to associated cardiovascular events.

e Proton pump inhibitors (PPIs) can be prescribed con-
comitantly with NSAIDs to provide a GI protective effect,
but PPIs have their own risks (eg, Clostridium dificile infec-
tion, osteoporosis, pneumonia) and do not mitigate the
renal and cardiovascular toxicities of NSAIDs or COX-2
inhibitors.

e Tramadol is a combined opioid agonist and serotonin/
norepinephrine reuptake inhibitor with a significant side
effect profile including delirium, nausea, headaches, sweat-
ing and tremors. It is not tolerated by up to one-third of
patients due to these adverse effects [27]. One study im-
plicated its use as a risk factor for new hip fracture [36].

e Meperidine use has largely fallen out of favor due to
severe delirium, especially in older adults, and numerous
other toxic effects [10].

e Muscle relaxants (eg, cyclobenzaprine, benzodiazepines)
have a poor side effect profile in older adults.

e Gabapentin, pregabalin, and duloxetine all have signifi-
cant risks for delirium and medication interactions dur-
ing the dynamic perioperative period. In general, they
should not be initiated for standard hip fracture pain.

3.3.5 Patient controlled analgesia

Patient-controlled analgesia (PCA) is problematic for cog-
nitively impaired patients, and carries the disadvantage of
restricting mobility. It is typically not appropriate for use in
most older FFPs. It is important to consider consultation
with geriatrics and/or a pain management specialist when
using a PCA in an older patient, since intense monitoring
of side effects and attenuated dosing may be needed.
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1.13 Polypharmacy

Bernardo Reyes, Justinder Malhotra

1 Introduction

Long medication lists are a typical feature of fragility fracture
patients (FFPs) for many reasons. The presence of multiple
comorbidities, advances in disease-specific drug treatment,
increased diagnostic testing and changing thresholds for
treatment have contributed to significant increases in the
number of medications prescribed for older adults. The ma-
jority of older adults take more than five prescribed medica-
tions [1] and 40% of nursing home residents use nine or
more medications each day [2]. The potential benefits of
these medications are often offset by risks related to interac-
tions and toxicities in frail older patients. Adverse drug
reactions due to common medications (ie, anticoagulants,
antithrombotics, antidiabetic medications, and digoxin)
account for a significant number of emergency hospitaliza-
tions [3], and benzodiazepenes, antihistamines, and opioids
are often implicated in delirium [4].

Common postoperative complications related to polyphar-
macy include:

e Hypotension due to the combination of blood loss,
opiates and home antihypertensive agents

e Acute renal failure related to diuretics and angioten-
sin-converting enzyme inhibitors

e Sedation and delirium due to interactions between
postoperative pain medications and home medications
(eg, antidepressants, muscle relaxants, and psychiatric
medications)

e Urinary retention and constipation due to opioids and
anticholinergic agents

Addressing polypharmacy is fundamental to optimal short-
and long-term outcomes for orthogeriatric fracture patients.
Standardized medication reconciliation by appropriate
orthogeriatric team members at each transition of care is
the primary tool to reduce unnecessary and harmful medi-
cations during hospitalization and at the time of discharge.

2 Unique prescribing issues for older adults

There are a number of issues that make current disease
specific prescribing guidelines problematic for older adults:

e Lack of valid clinical trials:
The vast majority of clinical trials of pharmacological
interventions are not validated in older or highly
comorbid populations, making risks and benefits
uncertain, even for many standard medications.

e Lower dose thresholds for toxicity:
Age- and disease-related changes in drug absorption,
distribution, metabolism and excretion can result in
lower thresholds for drug toxicity in older adults.

e Limited lifespan:
Older adults may not have sufficient remaining
lifespan to realize the benefit of many standard chronic
disease-directed drug therapies, making potential
benefits unlikely.

Common drug side effects like delirium, constipation,
anorexia and hypotension often complicate the periopera-
tive and postsurgical course of orthogeriatric patients and
have a big impact on recovery and outcomes. These factors
should result in a general reluctance to routinely prescribe
many medications found in standard disease-specific guide-
lines, and support the geriatric maxim to “start low, go slow”
whenever choosing medications and doses in this population.

3 Definitions and challenges
Polypharmacy can be defined in many ways:

e Five or more medications [5]. This is the most common
definition but other studies use cut-offs as low as two
and as high as eleven.

e The use of one or more medications, herbal remedies, or
supplements with potential interactions.
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e Inappropriate use of any specific medication in an older
adult. Each medication should have a clear indication
and be prescribed at the minimum effective dose. Short
life expectancy, side effects, and goals of care can all im-
pact the appropriateness of specific medications for indi-
vidual patients.

The risk of drug-related adverse events is higher as the num-
ber of medications increases, with nearly 20% of patients
on eight or more medications likely to experience an adverse
drug event [6].

Obtaining an accurate admission medication list for all
orthogeriatric patients is essential, but not the only step in
managing medications in the hospital setting. Regardless of
the criteria, polypharmacy occurs as a result of a lack of
appropriate and thoughtful review of the patients’ medica-
tion regimen [7-9]. Many home medications may need to be
stopped or the dose reduced during the perioperative period.

It can be challenging to correctly identify polypharmacy, as
most patients take medications consistent with disease-specific
clinical guidelines. Despite having appropriate indications,
individual patients can have side effects or toxicities that
make the risks of a particular medication or medication dose
excessive. The cumulative effect of medications can produce
symptoms that sometimes are mistakenly attributed to other
etiologies or new medical problems. Acutely compromised
orthogeriatric patients can become vulnerable to previously
well-tolerated medications. For any significant sign or symp-
toms, the clinician should always evaluate the patient’s
current medication regimen as a potential contributor.

4 Strategies to safely reduce medications

Despite the need to stop or reduce the dose of some long-
term medications in the perioperative setting, specific
approaches to achieve this are not well studied or specified
[10]. Moreover, the few available studies are limited by being
observational and short term.

We offer the following 3-step approach to evaluating and
modifying the medication regimen for FFP (Table 1.13-1).

1. Stop medications that are likely to delay surgical repair
or are expected to produce clinically significant side
effects in the perioperative period. Each prescribed
medication should be reviewed to ensure that it is clin-
ically necessary at the time of surgery, and it is being
prescribed at the most appropriate dose. Moreover,

clinicians should verify that there are no other treatment
alternatives with significantly less side effects.

2. Stop medications that are likely to interfere with post-
operative recovery and rehabilitation, especially those
that produce excessive sedation, hypotension, or delirium.

3. Stop medications that have no obvious clinical indica-
tion, might produce significant side effects, or lead to
complications.

With each of these steps, the clinician needs to consider the
risk for medication withdrawal, especially for those medica-
tions for which there are known withdrawal syndromes,
eg, benzodiazepines, opiates, some antidepressants, cloni-
dine, and beta-blockers. Rapid discontinuation of some of
these medications—most likely drugs with cardiovascular
and neurological indications—can cause adverse events [11].

Medication management needs to be coordinated by team
members with experience in perioperative and geriatric
medicine. Some common issues are summarized in Table 1.13-2.

The STOPP/START criteria are the best studied single point of
care intervention aimed at modifying drug regimens [12]. These
criteria use a structured and detailed approach to evaluating
patient and disease factors that should prompt appropriate
prescribing. The benefits of applying these criteria have been
demonstrated up to 6 months after hospitalization.

In addition, the STOPP/START criteria make appropriate
suggestions for dosage selection, particular for older adults
with reduced renal function [12]. Patients with high degrees
of inappropriate prescribing as measured by STOPP/START
criteria appear to be at higher risk for mortality after hip
fracture [11]. These criteria are generally too cumbersome
to use in a busy clinical setting but do support the rationale
for more limited prescribing.

Strategy Example

Stop/reduce dose of medications
causing immediate harm or likely to
delay surgery

Anticoagulants during the preoperative period
Antihypertensive medications in hypotensive
patients

Stop/reduce dose of medications
likely to interfere with postoperative
recovery

Diabetes medications in patients with poor intake
Anticholinergic medications

(eg, diphenhydramine, bladder antispasmodics)
Sedatives

Stop medications without clear
indications

Proton pump inhibitors in patients without recent
gastrointestinal bleeding

Table 1.13-1 Stepwise approach to reducing polypharmacy in the
perioperative period.
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5 Medication reconciliation

Medication reconciliation is the process used to verify and
intentionally adjust medications during transitions of care
either between settings (ie, inpatient admission or discharge)
or providers (ie, from a specialist office to the primary care
physician).

The majority of admission order errors in the inpatient set-
ting are associated with poor medication reconciliation [13].
The process of medication reconciliation is usually limited
by clinician time, availability of medical records, and the
literacy level of the patient and family members. Based on
previous studies, almost half of the patients have unintend-
ed medication discrepancies in their discharge medication
list [11].

Patients at the highest risk for errors during medication
reconciliation include older adults with multiple comor-
bidities, multiple medications, and cognitive impairment.

Medication Common Strategies/special issues

class/examples  complications

Antihypertensives  Excessive Stop/reduce dose of medications until the
hypotension in the patient demonstrates hypertension
setting of blood Beta-blocker and clonidine withdrawal can
loss, anesthesia, and  occur, may need to continue at reduced
opioids doses

Some antihypertensives also used for
arrhythmia control, may need to continue

drug
Diabetes Hypoglycemia due to  Hold oral agents; reduce long-acting insulins
medications reduced oral intake until patient demonstrates significant

hyperglycemia

Hold until hemostasis is achieved
(see chapter 1.6 Anticoagulation in the
perioperative setting)

Anticoagulants Excessive bleeding

Sedation
Constipation

Chronic opiates Dose reduction may precipitate opiate
withdrawal

Often need to use increased doses for pain
control in the perioperative period

May need to limit other sedating medications

and aggressively treat constipation

Anticholinergic Delirium Avoid the use of highly anticholinergic

medications Constipation medications (eg, diphenhydramine,
antispasmodics for urinary incontinence)
Diuretics Hypotension Hold medications until hemodynamically
Volume depletion stable
Urine output may be limited until these are
resumed

Table 1.13-2 Common perioperative prescribing issues in the
orthogeriatric patient.

Keys to success:

e Standardizing the reconciliation process. It is helpful to
clearly define the team member responsible for medica-
tion list verification. Setting the requirement that all
providers update the medication list may create oppor-
tunities for error if there is inadequate time, training, or
information for the provider to accomplish this task.

¢ Respecting medical record system capabilities from the
accepting and referring facilities to ensure that accurate
medication lists are received and processed between set-
tings.

Although most facilities in different settings of care use elec-
tronic medical records, the systems may not be compatible.
Communication via paper forms is often still necessary. Ef-
forts should be made to improve the format of discharge
documents in order to have a clear, readable medication list
that includes correct dosing, frequency and duration, par-
ticularly for time-limited medications like antibiotics and
some anticoagulants. In addition, specific attention must be
directed to identifying active medications not on the current
electronic medication lists and confirming the actual fre-
quency of use by the patient, especially for “as needed”
medications. Any medication started during the surgical
admission should be highlighted and appropriate monitor-
ing should be specified if indicated. Medications with an “as
needed” indication should be ordered only for clearly an-
ticipated needs, placing emphasis on those to treat pain,
nausea, constipation, and dyspepsia.

Additional communication points to consider include:

e For patients on thromboembolic prophylaxis, a clear stop
date should be specified in the discharge documents.

e Reconciling the dose of each medication is also important,
particularly if patients are not taking the exact doses that
were prescribed, or if doses have been reduced during
the postoperative period.

e The final list of medications should be shared with all
the providers that are going to care for the patient dur-
ing the postacute rehabilitation phase and also upon
discharge back to the community. This typically includes
the rehabilitation facility or ward, the primary care and
subspecialty physicians, and any involved nursing or
home care agencies. Being on a shared medical record
has the potential to have the same medication list display
in all appropriate settings.

e Patients and their families must receive appropriate and
sufficient counseling and education about the medications
throughout the continuum of care. They should participate
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in the maintenance of the medication list and should be
empowered to provide feedback to providers regarding
any changes in the dose or frequency of the medications
as well as side effects [14].

6 Pharmacist-based evaluation

The addition of a pharmacist to the care team may contribute
to reductions in polypharmacy and improving the self-rat-
ed health of older adults. Some research has found that
patients who have their medications reviewed by a phar-
macist have a lower hospitalization rate and shorter length
of stay.

Even when using ordering systems with decision-support
alerts that fire to the prescriber, there is likely an addi-
tional benefit of pharmacist medication review [15]. When
electronic flagging is used by a pharmacist to identify po-
tentially inappropriate medications pharmacists are able to
rapidly screen for inappropriate prescribing and deliver
timely point-of-care interventions [16].

There is conflicting evidence of how long-term outcomes
are influenced by such single point of care interventions [17,
18, 19]. In the postacute setting, the involvement of a clini-
cal pharmacist to evaluate patients for polypharmacy shows
similar reductions in the overall number of medications.
The cost effectiveness and long-term benefits of these in-

terventions are still to be determined [19, 20].
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1.14 Delirium

Markus Gosch, Katrin Singler

1 Introduction

The two most important cognitive issues affecting hospitalized
older adults are delirium and dementia, impacting areas
such as memory, awareness, perception, reasoning, and
judgment.

While these two disturbances in cognition have overlapping
causes, clinical findings and management, they should be
understood as distinct conditions that warrant unique
approaches to evaluation and treatment. The history, time
course, and progression of these deficits allow clinicians to
distinguish between delirium and dementia. Delirium is an
acute medical condition that develops quickly, waxes and
wanes, and has the potential to resolve. Dementia is a pro-
gressive and irreversible loss of cognition. This chapter fo-
cuses on summarizing the impact of delirium on patient
outcomes and identifying optimal prevention, diagnostic
and treatment strategies.

2 Prevalence in older adults

There is a high prevalence of delirium and dementia in
older adults, particularly during hospitalization:

e Among older adults in healthcare settings, delirium is
common, occurring in 10-34% of those living in long-
term care facilities, 30% of those in emergency depart-
ments, and 10-42% during a hospital stay [1, 2, 3].

e Delirium complicates 17-61% of major surgical proce-
dures and occurs in 25-83 % of patients at the end of life
[1, 4]. This huge range reported in the literature may be
explained by historical difficulties in accurately diagnos-
ing delirium as well as by the use of other descriptive
terms, eg, acute brain failure, acute confusional state,
acute organic brain syndrome, cerebral insufficiency,
encephalopathy, postoperative psychosis, or toxic psy-
chosis.

¢ As with delirium, dementia also strongly correlates with
age. Starting at age 65 years, the risk of developing de-
mentia doubles every 5 years. By age 85 years and older,
between 25% and 50% of persons will exhibit signs of
Alzheimer’s disease, the most common type of dementia.
Dementia is a particularly strong risk factor for delirium.

e Globally, 24 million people have dementia today and this
prevalence is likely to double every 20 years to 42 million
by 2020, and 81 million by 2040.

e Ofthose with dementia, 60% live in developing countries,
with the number expected to rise to 71% by 2040 [5].

e The increasing prevalence of dementia is mainly due to
increased life expectancy and the increasing proportion
of older adults in modern society.

3 Definitions

3.1 Delirium
Delirium is an acute and fluctuating disturbance in cognition
characterized by inattention.

In the Diagnostic and Statistical Manual of Mental Disorders
(DSM-V) [6], delirium is defined by the following criteria:

A A disturbance in attention (ie, reduced ability to direct,
focus, sustain, and shift attention) and awareness (ie,
reduced orientation to the environment)

B The disturbance develops over a short period of time
(usually hours to a few days), represents a change from
baseline attention and awareness, and tends to fluctuate
in severity during the course of a day

C An additional disturbance in a second cognitive domain
(eg, memory deficit, disorientation, language, visuospatial
ability, or perception)

The disturbances in criteria A and C are not better explained
by another preexisting, established, or evolving neurocog-
nitive disorder. There is evidence from the history, physical
examination, or laboratory findings that the disturbance is
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a direct physiological consequence of another environmen-
tal or medical condition, substance intoxication or with-
drawal (ie, due to drug abuse or to medication).

Delirium can be clinically subclassified as hyperactive (ie,
marked by agitation), hypoactive (ie, marked by lethargy
and sedation), or mixed [7].

3.2 Dementia

Unlike delirium, dementia represents a progressive and
irreversible loss in cognitive function. Current DSM criteria
include memory impairment, but also emphasize deteriora-
tion in other cognitive domains like speech or language
ability. Dementia, also called major neurocognitive disorder,
is defined by the following [6]:

e Evidence of substantial decline in one or more cognitive
domains (ie, attention, awareness, memory, language,
visuospatial ability, and perception), and a decline in
neurocognitive performance (ie, two or more standard
deviations below appropriate norms on formal testing or
equivalent clinical evaluation)

e The cognitive deficits are sufficient to interfere with in-
dependence

e The cognitive deficits do not occur exclusively in the con-
text of delirium

e The cognitive deficits are not primarily attributable to
another mental disorder (eg, major depressive disorder,
and schizophrenia)

According to the DSM-V criteria, individuals with major
neurocognitive disorder exhibit cognitive deficits that in-
terfere with independence. Persons with mild neurocogni-
tive disorder may retain the ability to be independent.

Typical assessment tools for dementia are of limited use in
the acutely hospitalized fragility fracture patient (FFP), as
these assessments are only valid when patients are at their
baseline cognitive function. Abnormalities in dementia test-
ing like the Mini-Mental Status Exam, Montreal Cognitive
Assessment, or clock drawing tests can also be found in
delirious patients. Information gained from patient history,
such as the progressive inability to manage home medica-
tions or finances, may be of more use in identifying patients
with previously undiagnosed dementia [8].

4 Delirium

Delirium during hospitalization of FFPs has an enormous
impact on the patient outcomes and is an independent risk
factor for many complications including:

¢ Increased length of hospitalization
¢ Increase in functional impairment
e Complications including urinary incontinence,
falls and pressure ulcers
¢ Increase in admission to nursing homes [1, 9]
e Increased mortality (as much as fivefold) [9]
e Significant cognitive impairment in > 50%,
and impairment may persist for more than one year [9]

Only one third of hospitalized older adults fully recover
from delirium [1]. Delirium is likely a marker of overall
frailty, an indicator of clinical instability, and a contributor
to poor long-term function. Delirium is always a medical
emergency, and requires a prompt diagnostic process and
initiation of therapy.

4.1 Pathogenesis

Delirium is typically due to multiple causal mechanisms.
Several interacting biological factors result in disruption of
the neuronal networks of the brain, leading to acute cogni-
tive dysfunction. Current evidence suggests that neuroin-
flammatory processes, changes in balances of neurotrans-
mitters, physiological stressors, metabolic derangements as
well as electrolyte disorders and genetic factors contribute
to the development of delirium [9].

Many neurotransmitters are implicated, but cholinergic de-
ficiency and/or dopaminergic excess are of special impor-
tance. These systems are often influenced by drugs known
to interfere with synaptic transmission and cause delirium.
Cytokines, such as interleukin-1 (IL-1), IL-2, IL-6, tumor
necrosis factor-a (TNF-a) and interferon, influence the per-
meability of the blood-brain barrier and disturb the process
of neurotransmission. In addition, systemic inflammatory
processes including trauma, hypoxia and surgery result in
an increase of cytokine levels, causing activation of the mi-
croglia and increasing the risk for delirium [9].

4.2  Risk factors

Delirium typically results from acute stressors in a vulner-
able patient. Identifying high-risk patients and common
triggers are an essential workflow for optimal care of ortho-
geriatric patients. A standardized workup for the diagnosis
and management of delirium should be integrated in an
orthogeriatric comanagement model.
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Patients with dementia are at particularly high risk for the
development of delirium. This group should be identified
as soon as possible and receive all available nonpharmaco-
logical prevention measures for delirium.

Common patient-related risk factors for delirium:

¢ Preexisting dementia

e Previous delirium

e Older age

e Severe comorbidities and polypharmacy
e Visual and/or hearing impairment

e Major fractures, eg, hip fracture

Because of the high prevalence of risk factors and the high
incidence of delirium [4], all older patients should be man-
aged as high-risk patients. One proposed risk assessment
tool is described in Table 1.14-1.

4.3 Common etiologies

Many common hospital treatments and minor complications
are triggers for the development of delirium. These are es-
sential to recognize and manage, and include:

e Poorly controlled pain
e Medication effects, eg, toxicity, withdrawal, and
anesthesia

Predisposing risk factors for delirium Points
Delirium during previous hospitalization 5
Dementia 5
Clock drawing (displaying 10 past 11):
+ Small mistakes 1
« Big mistakes, unrecognizable or no attempt 2
Age:
 70-85 years 1
* > 85 years 1
Impaired hearing, ie, patient is not able to hear speech 1
Impaired vision, ie, vision less than 40% 1
Problems in activities of daily living:
* Domestic help or help with meal preparation 0.5
* Help with physical care 0.5
Use of heroin, methadone or morphine 2
Daily consumption of four or more units of alcohol 2
Total score

Table 1.14-1 Risk model for delirium according to Vochteloo et

al [10]. Patients with a score of 5 or more are considered high-risk
patients.

¢ Infections

e Metabolic derangements, eg, hypogylcemia,
hyponatremia, hypoxia, fever

¢ Systemic organ failure, eg, heart failure, renal failure

e Urinary obstruction and constipation

e Physical restraints and tethers, eg, telemetry,
intravenous lines, and urinary catheters

e Impaired perception of the environment,
eg, missing glasses and hearing aids

e Withdrawal of benzodiazepines or alcohol

4.4 Diagnosis

Delirium may be the first sign of critical medical decompen-
sation in older patients. Since drug treatment of delirium is
potentially harmful, it is very important to detect and reverse
underlying medical causes as soon as possible.

4.4.1 Clinical presentation

Up to 70% of delirium is unrecognized by clinicians [9], in
part due to the variability of clinical manifestations of a
delirium.

Patients with a hyperactive state of delirium are often eas-
ily recognized, as these patients show increased psychomo-
tor activity, agitation, aggression, mood lability, and, in some
cases, hallucinations and delusions.

On the other hand, it can be difficult to detect a patient in
hypoactive delirium. This form is characterized by decreased
psychomotor activity, with the presence of lethargy and
drowsiness, apathy, and confusion.

Conversation with the patient may elicit memory difficul-
ties, disorientation, or speech that is tangential, disorganized,
or incoherent. The clinician should be aware of superfi-
cially appropriate conversation that follows social norms
but is poor in content. It is important that the clinicians are
sensitive to the patient’s flow of thoughts and do not attribute
tangential or disorganized speech to age, dementia, or fatigue.

A focused clinical examination, targeted laboratory tests,
and occasionally intracranial imaging are necessary for all
patients with new symptoms of delirium. If no easily
reversible causes are identified and nonpharmacological
methods of control are insufficient, pharmacological symp-
tom control may be necessary to prevent harm or to allow
evaluation and treatment. There are limited data to guide
treatment. Delirium is still managed empirically and there
isno evidence in the literature to support change to current
practice at this time.
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4.4.2 Confusion Assessment Method

Standardized tools help to accurately diagnose delirium.
They can be easily and quickly administered. The Confusion
Assessment Method (CAM) is a widely used delirium screen-
ing instrument based on DSM-III-R criteria [11]. A diagnosis
of delirium requires according to the CAM the presence of
item 1 and 2 plus either 3a or 3b:

1. Acute onset and fluctuating course (required)

— Is there evidence of an acute change in mental
status from the patient’s baseline?

— Did the abnormal behavior fluctuate during the day?

2. Inattention (required)

— Did the patient have difficulty focusing attention,
being easily distractible or having difficulty keeping
track of what was being said?

3a. Disorganized thinking

— Was the patient’s thinking disorganized or
incoherent, such as rambling or irrelevant
conversation, unclear or illogical flow of ideas, or
unpredictable switching from subject to subject?

3b. Altered level of consciousness?

— Any condition other than alert, eg, vigilant,
lethargic, drowsy, comatose.

4.4.3 Delirium Observation Screening Scale

The Delirium Observation Screening Scale (DOSS) (Table
1.14-2) is a validated surveillance tool that can be performed
by the nursing staff throughout the day [12]. In addition to
identifying delirium, the DOSS is also useful to describe the
course of a delirium over time. In clinical practice it can be
used like a pain score. The DOSS includes 13 items and the
final score is calculated from the three scores per day and
divided by 3. If the final score is 3 or higher, delirium is
likely present.

4.5 Delirium prevention

It is important to maximize nonpharmacological attempts
to prevent or minimize delirium by all healthcare providers,
since treatment strategies are less effective and more harm-
ful than preventive measures.

Prevention is based upon four principles:

e Avoid triggers and worsening factors

¢ Identify and treat possible causes

e Start mobilization and rehabilitation early in a support-
ive environment to avoid further physical and cogni-
tive decline

e Prevent/control potentially injurious behavior

Early surgery and proactive geriatric management are cru-
cial. The following preventive measures can be taken in
clinical practice:

e Early volume and electrolyte repletion
e Adequate pain therapy
e Medication review:

— Avoidance of anticholinergic (eg, diphenhydramine)
and sedative medications, particularly new intro-
duction of benzodiazepines

— Avoidance of acute medication or substance
withdrawal, eg, continuation of long-term opiate or
benzodiazepine therapy, management of alcohol
withdrawal

e Early mobilization

e Avoidance of physical restraints and/or tethers

e Routine evaluation for urinary retention and constipa-
tion

e Environmental modification and nonpharmacological
sleeping aids for patient with insomnia

e Orientation protocol and cognitive stimulation for
patients with cognitive impairment

e Monitoring high-risk patients with validated scoring
tools, like the DOSS or CAM

DOSS criteria Never Sometimes
Dozes off during conversation or activities 0 1
Is easily distracted by stimuli from the environment 0 1
Maintains attention to conversation or action 1 0
Does not finish question or answer 0 1
Gives answer that do not fit the question 0 1
Reacts slowly to instructions 0 1
Thinks they are somewhere else 0 1
Knows which part of the day it is 1 0
Remembers recent events 1 0
Is picking, disorderly, restless 0 1
Pulls intravenous tubing, feeding tubes, catheters etc 0 1
Is easily or suddenly emotional 0 1
Sees/hears things which are not there 0 1

Table 1.14-2 Delirium Observation Screening Scale [12]. Patients
with a score of 5 or more are considered high-risk patients.
Abbreviation: DOSS, Delirium Observation Screening Scale.
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For most FFPs, pharmacological prevention using haloper-
didol, atypical neuroleptics or rivastigmine is not recom-
mended, with only one study suggesting that the use of low
dose haloperidol or atypical neuroleptics preoperatively may
reduce the length and severity of delirium.

Specific pharmacological prevention for some individual
high-risk patients can be considered, after risks and benefits
have been carefully considered [13].

4.6 Delirium treatment

There are no large placebo-controlled randomized trials that
recommend the use of antipsychotics to treat hyperactive
delirium. If nonpharmacological measures fail to keep the
agitated patient and the treating staff safe, both the Amer-
ican Geriatrics Society [14] and the National Institute for
Health and Care Excellence guidelines [15] state that the
prescription of a low dose of any antipsychotic drug for a
short period may be considered (Table 1.14-3).

No adequately controlled trials support the use of benzodiaz-
epines in the treatment of most cases of delirium, with excep-
tions for delirium clearly linked to alcohol withdrawal or ben-
zodiazepine withdrawal. Many older adults have paradoxical

reactions to benzodiazepines, including worsening confusion,
and this class of medication should generally be avoided.

After initiation of therapy, pharmacological delirium treat-
ment should be reviewed for discontinuation as soon as
possible. Improvement can be suggested by repeat clinical
examinations and use of the validated tools noted earlier,
eg, DOSS. Consultation with geriatric or psychiatric teams
may be necessary for complicated or high-risk cases.

Medication Dosage Comment
Haloperidol ~ 0.25-0.5 mg oral or * Increase in side effects > 3 mg/d
intramuscular every 6 hours = Avoid in patients with Parkinson’s
as needed disease
« Toxicity: QTc prolongation, sedation,
extrapyramidal side effects
Risperidone  0.25-1 mg repeated every « Toxicity: QTc prolongation, sedation,
12 hours as needed extrapyramidal side effects
Quetiapine  12.5-25 mg every 8 hours » Can be used in Parkinson’s disease
as needed « Toxicity: QTc prolongation, sedation,
extrapyramidal side effects
Olanzapine ~ 2.5mgto 5 mg every « Toxicity: QTc prolongation, sedation,

12 hours as needed extrapyramidal side effects

Table 1.14-3 Pharmacological treatment for delirium [16].
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2.1

Andrea Giusti, Giulio Pioli

1 Introduction

The growing awareness of the consequences of hip and
other fragility fractures, the expected rise in the total num-
ber of osteoporotic fractures worldwide, and improvements
in surgical techniques have led to the development and
implementation of alternative models of care for the acute
and postacute management of older adults with fractures
[1-5].

These services seek to achieve the following major goals:

e Improve functional and clinical outcomes
e Minimize in-hospital complications

e Streamline hospital care

e Promote early discharge

e Reduce direct and indirect healthcare costs

The main features that distinguish these innovative models
of care from the traditional ones are:

e A multidisciplinary and interprofessional team of
healthcare professionals that share responsibilities for
the patient

e The organization of an orthogeriatric service unit [4, 5]

It is not possible to define the single best model of care for
fragility fracture patients (FFPs) based on evidence. How-
ever, randomized controlled trials (RCTs) and before-after
observational studies have demonstrated superior outcomes
for organized, sophisticated multidisciplinary programs when
compared to the traditional models [4-8].

A number of reviews and two metaanalyses support these
conclusions, demonstrating a trend toward better short-term
and long-term outcomes with the more recent models based
on geriatric orthopedic comanagement [4-9]. In particular,
the results of two metaanalyses demonstrate that most mod-
els are able to reduce length of hospital stay (LOS), time to
surgery, and, in some but not all studies, mortality [6, 7].

Models of orthogeriatric care

On the other hand, these metaanalyses emphasize the lim-
itations of available studies and the need for well-designed
RCTs with standardized end points, complete reporting, and
inclusion of functional outcomes [6, 7].

This chapter provides a brief description of the models im-
plemented in the last 20 years, describes their potential
benefits on short-term and long-term outcomes, defines the
strengths and limitations of these models, highlights the
areas of uncertainty, and considers the future of orthogeri-
atric care.

2 Variables involved in the implementation of
orthogeriatric care models

2.1  Which patients should be targeted?

Theoretically, all older adults presenting with hip or other
disabling fragility fractures (eg, ankle) should be managed
within an orthogeriatric service unit. Randomized controlled
trials and before-after observational studies include primar-
ily hip fracture patients older than 65 or 70 years [4, 5]. In
some cases, it has been proposed to include subjects older
than 70 years presenting with relevant comorbidities and
any patients older than 80 years. Indeed, the characteristics
of the patients eligible for an orthogeriatric service unit
should be based also on the available resources, since the
setting of a given criterion may significantly influence the
volume of patients.

There are no established criteria from the available literature,
and, due to the small number of RCTs, cost-effectiveness
analyses are lacking. Moreover, the baseline characteristics
of hip fracture patients are of limited benefit in identifying
subjects at greatest risk of adverse outcomes, given the high
degree of frailty in almost all FFPs. Therefore, we believe
that orthogeriatric services should make an effort to include
all older adults with hip or other disabling fractures by op-
timizing the resources available.
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2.2  Responsibility and leadership—who is in charge?

The multidisciplinary approach is now the gold standard in
the care of older adults presenting with hip or other osteo-
porotic fractures. The basic multidisciplinary team of these
orthogeriatric models includes an orthopedic surgeon, a
geriatrician or internist, an anesthesiologist during the peri-
operative phase, and other healthcare providers, such as a
physiotherapist, clinical nurse, nutritionist, and a social
worker, during the acute and postacute phases [4]. Direct
communication, scheduled meetings, and written orders
are the usual way to share information and communicate
between team members, even if, in some cases, a skilled
care manager takes on the role of coordinating the pathway
of care and fostering communications between profession-
als [4, 10].

The main difference between the variety of orthogeriatric
models concerns which professional discipline retains the
primary responsibility for the management of the patients
throughout the care pathway (Fig 2.1-1) [4, 5]:

Traditional model

Geriatric consultation model

e In both the traditional model (Fig 2.1-1a) and the routine
geriatric consultation model (Fig 2.1-1b), the primary re-
sponsibility for oversight and coordination lies with the
orthopedic surgical staff.

e The comanaged care model is characterized by the co-
management of the fracture patient by the geriatrician
and the orthopedic surgeon, with shared responsibility
and leadership from admission to discharge (Fig 2.1-1c).

e Finally, geriatrician leadership distinguishes the third
model, usually referred to as the geriatric-led model
(Fig 2.1-1d-e).

2.3 Time to surgery

Recent data and metaanalyses support the beneficial effect
of early surgery in the management of older adults present-
ing with hip fractures [4, 5, 11]. Indeed, there is no clear
definition of early surgery, since, in the various studies, it
has been defined as “within 24 hours”, “within 48 hours”
or even “as soon as medical conditions are stable” [4, 5, 11].
Although the meaning of “early surgery” is debatable, guide-
lines suggest that medically stable patients should undergo
surgery as soon as possible, while unstable ones should be
quickly optimized to avoid detrimental delays [5, 11].

Orthogeriatric comanagement model

ConsultiMlysicians

Anesthes. Anesthes. . L.
T Orthtlsz:;lel:;ﬁnatnc
Orthopedic surgeon leadership Orthopedic surgeon leadership s
Geriatrician Geriatrician
a b c
Orthopedic unit Orthopedic unit Orthopedic unit—Orthogeriatric unit

Geriatric-led model

Geriatric-led model

Anesthes.
Preoperative

Geriatric leadership phase

Orthopedic surgeon

Geriatric leadership

Orthopedic surgeon

Orthopedic unit—Orthogeriatric unit DEU-ICU

Geriatric unit

Fig 2.1-1a-e Models of orthogeriatric care for the management of the older adults presenting with hip fracture. The models distinguish
themselves by the team of different healthcare professionals that retain the responsibility for managing the patients throughout the care
pathway. The setting of the care is described at the bottom of each figure.

Abbreviations: Anesthes, anesthesiologist; DEU-ICU, Department of Emergency Unit-Intensive Care Unit.
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The recognition of hip fracture as an urgent scenario requir-
ing early surgery has significantly impacted the organization
and implementation of the orthogeriatric models. In an
ideal model, the patient may be transferred directly to the
operating room from the emergency department and admit-
ted to a hospital ward only after surgical repair. The feasibil-
ity of this approach has been tested in a study undertaken
at the Pitié-Salpétriere Hospital in Paris, where the FFPs,
following a fast-track procedure, are quickly repaired and
are postoperatively admitted to a dedicated geriatric unit
within 1-2 days from their arrival in the emergency depart-
ment (Fig 2.1-1e) [12]. Although at least in part still theo-
retical, it is highly probable that this approach will signifi-
cantly affect the development of orthogeriatric models in
the near future.

In conclusion, early surgery appears to produce potential
advantages in the management of older adults with hip
fractures, without significant risks for the patients, and it is
the most ethical and humane approach to deal with FFPs.
Therefore, all orthogeriatric models should clearly support
this goal, addressing underlying problems and identifying
solutions through intensive teamwork involving physicians
and hospital management staff.

2.4  Length of hospital stay, early and late
rehabilitation

In many countries, orthogeriatric models of care have also
been influenced by the need to reduce acute hospital stay
and promote early discharge, and by the availability of re-
habilitation facilities in the community. Even when strate-
gies to reduce the LOS are implemented, LOS is largely
dependent on the features of the local healthcare system
and often related to local organizational factors [4].
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In general, there is an inverse relationship between LOS
and rate of transfer to rehabilitation services in the com-
munity (Fig 2.1-2):

¢ Models characterized by short LOS require the support
of postdischarge rehabilitation services, with the ability
to take care of the patients undergoing early discharge,
and community rehabilitation. In the US, where the LOS
for hip fracture has decreased dramatically over the last
20 years to a national average of 6.3 days [13, 14], patients
are usually discharged on the third postoperative day if
they are clinically stable and able to transfer from bed to
a chair with assistance. In these circumstances, more than
70% of hip fracture patients should be transferred to
inpatient rehabilitation or community skilled nursing
facilities (SNFs) to continue rehabilitation. A similar pic-
ture has been observed in other countries where the LOS
is less than 1 week [12, 15, 16].

e The opposite scenario is typically represented by the UK
system, where patients complete functional recovery dur-
ing the hospital stay [17-20]. Although decreasing in recent
years, the mean LOS in the UK remains more than 20 days,
as less than 30% of hip fracture patients are discharged
to rehabilitation facilities [18, 19].

¢ In between these two scenarios are most European (and
some other) countries with LOS between 10 and 15 days
[21-31]. In the European models, the rehabilitation is usu-
ally broken down into two phases, ie, early rehabilitation
that occurs during hospital stay and late rehabilitation
that takes place after discharge.

The rehabilitation program and discharge planning should
be the result of a comprehensive evaluation involving the
different members of the orthogeriatric team. To optimize
use of resources, the orthogeriatric team should also decide
which patients are most likely to benefit from using reha-
bilitation.

Fig 2.1-2 Inverse relationship between length of hospital stay and
rate of transfer to rehabilitation services in the community examined
by different published studies.

Abbreviations: d, days; rehab, rehabilitation;

AUS, Australia [16, 27, 28]; B, Belgium [23]; CDN, Canada [25, 26];
DK, Denmark [31]; E, Spain [21]; F, France [12]; |, ltaly [29, 30];

IL, Israel [20]; IRL, Ireland [22]; NL, the Netherlands [15, 24];

UK, United Kingdom [18, 19]; USA, United States of America [13, 14].
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2.5 Case volumes

A positive relationship between case volume and improved
outcomes has been shown for a wide range of surgical pro-
cedures across a variety of specialties [4]. In particular,
higher surgeon and hospital procedure volumes have been
associated with lower mortality rates, fewer complications,
and shorter LOS [4]. A minimum of 100 cases per year has
been suggested to develop sufficient expertise in managing
FFPs and to adopt an efficient orthogeriatric model of care
[4, 32]. There are no studies to clearly define a precise min-
imum caseload.

In the case of hip fractures, current literature [4, 32-34] offers
conflicting results about the optimum number of cases re-
quired to implement a successtul fragility fracture program.
Some additional considerations include:

e Even if a precise minimum number of cases needed to
implement a service for the management of FFPs cannot
be defined, low-volume hospitals are at risk for suboptimal
outcomes.

e Both the acute care ward volume and the rehabilitation
unit volume may be relevant.

e The concentration of orthogeriatric services in high-vol-
ume hospitals may have significant implications in the
(re)distribution of resources, (re)organization of health-
care, and costs in developed countries.

3 Models of orthogeriatric care

3.1 General considerations

Innovative models of care for the management of FFPs have
been developed and implemented over the past 30 years,
with the first RCT comparing a traditional model with an
orthopedic geriatric inpatient service published by Gilchrist
etalin 1988 [35].

High-level evidence establishing superiority of any specific
model is still limited. Ideally, several features of these in-
novative models of care would be compared and clarified
by head-to-head RCTs. One example where this approach
would be helpful concerns the creation of an emergency
department “fast track” for FFPs. While the evaluation and
optimization of patients within the emergency department
by the emergency staff or multispecialty team can reduce
time to surgery, and, theoretically, improve in-hospital out-
comes, this has not been demonstrated. Without clear evi-
dence of benefit, it can be difficult to justify the costs of staff
reorganization and changes in workload and workflow.

3.2 Traditional model
In the traditional model, the key elements are:

e The patient is managed on a general orthopedic ward.

e The orthopedic service holds primary responsibility for
inpatient plan of care while nonsurgical concerns and
complications are dealt with by consultative medical ser-
vices upon request (Fig 2.1-1a) [4, 5, 8].

e The medical physician is only involved when requested
by the orthopedic service.

e Early rehabilitation typically takes place on the orthopedic
ward.

e The patient is discharged directly home, to an SNF, or to
arehabilitation facility, without strong emphasis on con-
tinuity of care and careful handoffs.

While several lines of evidence have demonstrated that this
approach is appropriate for younger adults presenting with
a simple traumatic fracture, it is not adequate for the man-
agement of the complex needs of FFPs [1-5]. As a result,
several care models involving collaboration between ortho-
pedic surgeon and geriatrician have been developed [4, 5].
The first models introduced were simple variations of the
traditional model. They were characterized by routine input
from a specific consultant team of different professionals,
with the overall responsibility of the care remaining with
the orthopedic surgical staff.
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Over the years these models evolved and were replaced by
multidisciplinary and coordinated approaches that have been
demonstrated to be more effective to meet patients” complex
needs. These experiences have been designated with differ-
ent names, such as orthogeriatric units (OGUs), comanaged
geriatric fracture centers, or geriatric hip fracture clinical
pathways, which in most cases distinguish unique models
in terms of setting and organization. The common goals of
most of these models were to define a multidisciplinary team
dedicated to the surgical and medical care of FFPs, to pro-
mote rapid management of the comorbid medical conditions,
early surgical repair, mobilization and rehabilitation, coor-
dinated discharge planning, and continuity of care [4].

Although a variety of experiences have been described,
nontraditional services can be summarized by the following
models (Fig 2.1-1b-e).

3.3  Geriatric consultant in the orthopedic ward
The geriatric consultant in the orthopedic ward model is the
simplest model [4, 5, 8].

The key elements are:

e The patient is managed on the orthopedic ward.

e The overall responsibility of the care is under the
orthopedic surgical staff.

e A geriatric consultant is involved either preoperatively
or postoperatively.

e A multidisciplinary team holds regular rounds to develop
and monitor treatment plans of all FFPs on the ward. Al-
though many relevant clinical services may participate,
these are typically not coordinated or integrated, and do
not clearly impact the overall plan of care.

e Prevention and management of common problems and
complications are based on the individual choices of the
surgeon or geriatric consultant.

This model and closely related variations have been inves-
tigated with the largest amount of studies including RCTs.
Interpretation of the results of these trials is limited by the
huge heterogeneity in design and outcomes, the small sam-
ple sizes, and the absence of long-term follow-up [4-7].

Significantly improved outcomes compared to usual care
could not be demonstrated when the consultant team’s con-
tribution started postoperatively [4]. Slightly better results
were reported with involvement of the geriatric consultant
team at the time of admission and in models with daily
medical visits [4]. This approach reduced the LOS and the
number of medical complications.

The implementation of a geriatric consultant team on the
orthopedic ward seems to add some benefits to the tradi-
tional model of care, but only when the consultant team is
involved early in the process of care. These benefits are
probably related to an earlier identification of common is-
sues and complications compared to the traditional model
[8]. However, the absence of an active, integrated, and co-
ordinated interdisciplinary care can increase the risk of de-
lays or errors, produce a detrimental fragmentation of care,
and compromise an early and adequate discharge [4, 8].

3.4  Orthogeriatric comanaged care

This is probably the most sophisticated and complex model
implemented for the management of older adults with frac-
tures. The geriatric fracture center developed at the Univer-
sity of Rochester (New York) is the reference model of the
orthogeriatric comanaged care [14, 32], and it has been ad-
opted by many other hospitals, mainly in North America and
Europe [3, 15,17, 22, 24,31, 36-42]. This model has evolved over
the last 10-15 years with gradual improvements over time.

Its key elements are:

e The patient is managed on the orthopedic ward or ortho-
geriatric unit.

e Co-ownership—the orthogeriatric team shares respon-
sibility and leadership from admission to discharge [4, 8].

e An interdisciplinary team including several healthcare
professionals skilled in the care of FFPs supports this co-
direction, working in close and integrated collaboration.

e Standardized patient-centered, protocol-driven treat-
ments and pathways are implemented.

e Geriatrician and surgeon visit the patient daily, write their
own orders, and communicate frequently, sharing their
opinions and choices with the other members of the in-
terdisciplinary team. This approach reduces the risk of
delays, inappropriate variations in care, and iatrogenic
errors, and it promotes clinical coordination. Even tradi-
tionally surgical issues like evaluation of surgical fitness,
timing of procedure, and preoperative planning are usu-
ally shared and discussed between both the medical and
surgical service to optimize the management of the patients.

The beneficial effects on short-term and long-term func-
tional and clinical outcomes of this innovative model have
been illustrated in a number of well-designed before-after
observational studies and RCTs, in their reviews, and meta-
analyses [4-7, 43]. Table 2.1-1 and Table 2.1-2 describe most
relevant studies published in the last 15 years. Trials are
heterogeneous in terms of design, duration of follow-up,
and outcomes considered.
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In most of the studies, the implementation of a comanaged
care model for FFPs demonstrates a clinically significant
reduction in both short-term and long-term adverse events.
Compared to the traditional model, the comanaged care
model has been shown to improve many short-term out-
comes, including length of stay, time to surgery, in-hospital
complications, and in-hospital mortality. Specifically, three
of five studies demonstrated a significant decrease in the
incidence of in-hospital complications [14, 37, 41], and four
well-designed trials reported a significant reduction of in-
hospital mortality [3, 15, 40, 41].

Few long-term trials have been published (Table 2.1-2), with
inconsistent and sometimes skewed results. In these studies,
this model has been shown to increase long-term survival,
and possibly improve functional recovery compared to the
traditional model. For example, in three studies (ie, one
RCT and two before-after trials), the 1-year survival rates
were about 10% higher in the orthogeriatric comanaged
care group than in the controls [3, 22, 41]. Vidan et al [41]
also reported, after adjustment for confounding variables,
a 45% lower probability of death or major complications,
and a significantly greater functional recovery at 3 months.

In conclusion, the orthogeriatric comanaged care service
represents a valuable and more effective alternative to the
traditional approach to inpatient management of FFPs. Un-
fortunately, there are no published head-to-head RCTs
comparing this model with the geriatric consultant in the
orthopedic ward service. The fully implemented model re-
quires considerable effort, consistent administrative support,
strong physician leadership, and a commitment to continu-
ous quality improvement. Given the relevant resources
needed to implement an orthogeriatric comanaged care
model, additional studies are warranted for a better under-
standing of its impact on long-term functional outcomes,
to evaluate its cost-effectiveness, and whether this service
is translatable and applicable to any hospital organization
and framework [4].

3.5 Geriatric-led fracture service with orthopedic
consultant

The key elements of this model are:

e The geriatric ward is under the leadership of the geriatri-
cian [4, 5, 43]. Usually, the FFP is admitted directly from
the emergency department, evaluated and prepared for
surgery in the geriatric ward, transferred to the operating
room, and then returned to the geriatric ward.

Khan et al Khasraghi Friedman Gonzalez- Folbert et al Biber et al Zeltzeretal  Bhattacharyya Flikweert
[36] et al [37] et al [14] Montalvo [24] [39] [40] etal [17] et al [15]
et al [38]
Study design Before-after Before-after Retrospective Randomized- Before-after Before-after  Retrospective Before-after Before-after
prospective  prospective  cohorts controlled prospective  retrospective  multicenter prospective prospective
Country United United States ~ United States Spain Netherlands ~ Germany Australia United Kingdom  Netherlands
Kingdom
Number of Intervention 208 273 193 101 140 114 4,575 249 256
patients Control 537 237 121 123 90 169 5,026 4 145
Mean age, y Intervention 82 80 85% 85 81 82 84 83 78
Control 81 80 82 87 82 82 84 83 80
In-hospital Intervention 1.1 NA 1.6 5.9 5.0 44 6.5% 8.4 2.0%
mortaliy, % Control 104 NA 25 65 8.9 59 81 124 55
Length of stay Intervention 27 (23) 6 (NR)* 5(3)* 12 (4)* 11 (7-18) 14 (7)* 30 (23)* 20 (NR) 7(6-10)*
[mean days Control 26 (26) 8 (NR) 8 (6) 18 (8) 12 (6-20) 17 (10) 29 (30) 25 (NR) 11 (7-16)
(SD orIQR)]
Timeto surgery  Intervention NA 1.1 (NR)* 1.0 (0.7)* 5 (3-6)* NR 2.1 (1.8)* 1.8 (2.7) NR NR
[mean days Control NA 19 (NR 16 (2.7 6 (5-9 NR 3146 17 (132 NR NR
(5D or IR)] 9 (NR) 6@Q7) (6-9) 1(4.6) 7(132)
In-hospital Intervention NA 36* 3% NA NR NA NA NA 51
complications, % copyrg) NA 51 46 NA NR NA NA NA 49

Table 2.1-1

Studies evaluating the in-hospital beneficial effects of a comanaged care service in the management of hip fractures in older adults.

Abbreviations: IQR, interquartile range; NA, not assessed; NR, data assessed but not reported; SD, standard deviation.

* Significant difference between intervention and control.
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e The geriatrician, as the primary attending physician for
all patients from hospital admission to discharge, plays a
central role. He/she evaluates the patient on admission
and during the in-hospital stay, coordinates the timing
of surgery, procedures, diagnostics, treatments, and tran-
sition/discharge planning.

e The geriatrician, orthopedic surgeon, and anesthesiologist
manage the patients together in the perioperative phase.
In the postoperative phase, the orthopedic surgeon is a
consulting physician who follows the patients until com-
plete wound healing.

e Aninterdisciplinary team, including different healthcare
professionals, is integrated in the service and participates
in the care of the patients.

e Standardized orders and protocols are implemented.

On the basis of the clinical/rehabilitative pathway following
these preoperative and perioperative phases, different ex-
periences have been described [4].

The first geriatric-led fracture service with an orthopedic
consultant dedicated to older adults presenting with hip
fractures was implemented at the Sheba Hospital in Tel Aviv
in 1999 [20, 44, 45]. This experience was unique since the
patient was cared for throughout the acute and postacute
rehabilitative phases in the same setting, with an overall
high LOS. In the most recent experiences, the geriatric-led
fracture service was restricted to the acute phase, followed
by an early transfer to a community SNF for further reha-
bilitation, with the attention focused on reducing the time
to surgery and LOS [12, 46-48].

Actually, the relevant difference in the organization of the
postacute phase seems to be attributable to the organization
of the healthcare system in the country where the program
isadopted, to the resources available, and to the main objec-
tives of the program. For example, in the Sheba model all
the care takes place in the same setting with the same in-
tensity of care [20, 44, 45]. This is a strong point, producing

Vidan et al [41]

Barone et al [3]

Cogan' et al [22] Gregersen et al [31] Watne et al [42]

Study design Randomized Before-after Before-after Before-after Randomized
controlled prospective retrospective retrospective controlled
Country Spain Italy Ireland Denmark Norway
Number of patients Intervention 155 272 98 233 163
Control 164 252 103 262 166
Mean age, y Intervention 81 84 82* 83 84
Control 83 84 75 82 85
In-hospital mortality, % Intervention 0.6* 4.8% 8.2 11 3.7
Control 5.5 9.9 20.4 6.1 1.8
3- or 4-month mortality, % Intervention NR NR NR 16.3 17.2
Control NR NR NR 14.9 14.5
12-month mortality, % Intervention 18.9 25.0% 337 NA 28.2
Control 25.6 353 44.6 NA 25.9
3- or 4-month readmission, % Intervention NA NA NA 129 17.4
Control NA NA NA 122 174
Length of stay Intervention 16 (5) 21 (1) 30 (NR) 13 (NR)* 11 (8-15)*
mean days (SD orIQR)] Control 18 (8) 21(13) 23 (\R) 15 (\R) 8 (5-11)
Time to surgery Intervention 32(.8) NA 1.9 (0.9) 0.9 (0.8)* 1.1(0.7-1.8)
[mean days (SD or IQR)] Control 33022) NA 19.(19) 0.7 (10) 1.0 (0.7-156)
In-hospital complications, % Intervention 45* NA NA NA 44
Control 62 NA NA NA 46
Functional status recovery Intervention 57*% NA NA NA NA
3 month, % Control 4 NA NA NA NA

Table 2.1-2 Studies evaluating the short- and long-term beneficial effects of a comanaged care service in the management of hip fractures in

older adults.

Abbreviations: IQR, interquartile range; NA, not assessed; NR, data assessed but not reported; SD, standard deviation.

* Significant difference between intervention and control.

t The authors did not report the statistical significance in the between-groups comparisons.
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continuous geriatric supervision for the prevention of com-
mon geriatric syndromes, and reducing the detrimental ef-
fects of fragmentation of care. On the other hand, it seems
that this model design may be not acceptable (in terms of
costs and resources) for the healthcare systems of most Eu-
ropean countries or in the US, where the trend in the last
10 years has been to separate the settings of the acute and
intermediate care to appropriately use available resources
and reduce costs.

Table 2.1-3 depicts relevant studies designed to evaluate the
geriatric-led fracture service [12, 45-49]. In contrast to the
wealth of data published for the other models described,
information regarding the efficacy of the geriatric-led fracture
service is relatively limited. The model originally proposed
by Adunsky et al [44] has been shown in one study to improve
long-term functional outcomes and in other studies to reduce
time to surgery and hospital stay compared to the tradi-
tional orthopedic-centered approach [12, 45-49].

However, none of the trials published to date report a sig-
nificant beneficial effect on short- and long-term mortality.
Interestingly, Miura et al [46] demonstrated a significant
reduction in the direct and indirect costs when the geriatric
leadership was implemented only for the acute phase and
followed by early discharge.

In conclusion, on the basis of the few papers published, a
geriatric-led fracture service with orthopedic consultant ap-
proach seems feasible, applicable, and efficacious in terms
of functional outcomes when the overall care takes place
in the same setting with the same intensity of care. The
beneficial effects of models in which the geriatric leadership
is limited to the acute phase still need to be established, in
light of the common separation of acute and postacute care
in many health systems.

Stenvall et al [49] Miura et al [46]  Adunsky et al [45] Della Rocca et al Boddaert et al Gupta [48]
[47] [12]
Study design Randomized Before-aftert Retrospective Before-after Prospective Before-aftert
controlled prospective cohort retrospective cohorts prospective
Country Sweden United States Israel United States France United Kingdom
Number of patients Intervention 102 91 847 115 203 259
Control 97 72 2,267 31 131 235
Mean age, y Intervention 82 80 82% 82 86 81
Control 82 81 81 82 85 82
In-hospital mortality, %  Intervention 5.9 NA 19 43 3.0 NA
Control 72 NA 3.0 9.7 76 NA
Long-term mortality, %  Intervention 15.7 NA 14.8 313 143 NA
Control 18.6 NA 173 452 23.7 NA
Length of stay [mean Intervention 30 (18)* 5(1)* 32 (20)* 7 (NR)* 11 (8-16)* 15 (NR)*
days (SD or IQR)] Control 40 (41) 6Q) 25 (31) 10 (NR) 13 (10-20) 19 (NR)
Time to surgery [mean Intervention 1.0 (0.7) NA 3.0 9)* 1.2 (NR) 0.9 (0.5-1.4) NA
days (SD orIQR)] Control 1.0 (0.6) NA 29 (6.5) 1.5 (NR) 1.0 (0.6-1.7) NA
Discharge to Intervention 84 NA NA NA NR NA
preadmission place of - oy 76 NA NA NA NR NA
residence, %
In-hospital Intervention NA NA NA NA NR NA
complications, % Control NA NA NA NA NR NA
Functional status (ADLs)  Intervention 58* NA NA NA NA NA
recovery 12months , % oy 36 NA NA NA NA NA

Table 2.1-3 Studies assessing the beneficial effects of a geriatric-led model with orthopedic consultant in the management of hip fractures in

older adults.

Abbreviations: ADLs, activities of daily living; IQR, interquartile range; NA, not assessed; NR, data assessed but not reported; SD, standard deviation.

* Significant difference between intervention and control.
t Control: retrospective chart review.
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4 Early supported discharge and postacute care

4.1 General considerations

The concept of using forms of skilled and dedicated postacute
care like a geriatric orthopedic rehabilitation unit and early
home-based care for FFPs was originally introduced in the
United States and more recently also adopted in the United
Kingdom and other European countries [4, 18]. These strat-
egies were implemented primarily to improve functional
recovery by offering dedicated services skilled in the reha-
bilitation of older adults presenting with hip fractures, in
contradistinction to traditional inpatient rehabilitation [2, 4,
5, 50]. They also offered the opportunity to reduce acute
hospital stay and promote early discharge in FFPs while
maintaining an acceptable quality of care and short-term
and long-term outcomes. Geriatric orthopedic rehabilitation
units and home-based supported discharge represent the
more consistently implemented approaches to achieve these
goals [2, 4, 50-54].

Since they focus on only a part of the overall care, these
innovative rehabilitation schemes should be considered as
possible postacute transitions that could be used in tandem
with any of the aforementioned models, rather than as a
standalone and comprehensive model of care [4]. Indeed,
the implementation of these services without including a
specific orthogeriatric acute model may not produce the
expected outcomes.

4.2  Geriatric orthopedic rehabilitation units

The geriatric orthopedic rehabilitation unit (GORU) is a
variation of the traditional geriatric rehabilitation unit,
fully dedicated to the care and rehabilitation of older adults
presenting with a fracture. In general, the transition to a
GORU may follow the admission to one of the services pre-
viously described. Once the orthopedic surgeon, the geri-
atrician, or the orthogeriatric team judges that the patient
is fit to be moved to a rehabilitation ward, he/she is rapidly
transferred to a GORU [4].

The presence of an interdisciplinary team skilled in the care
of older adults distinguishes this service from other reha-
bilitation programs. The orthopedic specialist is not rou-
tinely present but advises the team on demand. The health-
care providers of the interdisciplinary team hold weekly or
more frequent meetings to evaluate progress and problems
arising during the rehabilitation. The specific contents, fre-
quency, duration, and intensity of the training or rehabili-
tative program vary from one program to another.

Since their implementation, these units have produced bet-
ter short-term and long-term outcomes than those from
traditional rehabilitation units [49, 53-57]. A number of well-
designed trials have demonstrated significant reduction in
LOS in the rehabilitation setting, greater recovery of func-
tional status, lower risk of institutionalization, and higher
rates of survival compared to those treated in the tradition-
al rehabilitation ward. Finally, it should be emphasized that
this rehabilitation approach was also demonstrated to be
successful in patients with moderate to severe dementia [56].

4.3 Home-based rehabilitation

Early discharge and home-based rehabilitation (HBR) ap-
proaches after hip fracture have been developed since 1986
in Europe, Australia, and North America [4]. The implemen-
tation of this alternative to traditional inpatient rehabilita-
tion requires adequate community resources and the pres-
ence of home rehabilitation and community nursing
services in the patient’s healthcare district [4].

Patients potentially suitable for early discharge to home are
usually those living at home with relatives or with other types
of social support and are medically fit enough to be discharged
to an outpatient setting, ie, clinically stable without relevant
acute illness [2, 4]. Patient and relatives should be assessed on
admission for suitability, informed about the service, and
agreeable to this discharge plan. In some experiences, a trained
geriatric nurse, a physiotherapist, or an occupational therapist
visits the patient’s home before discharge to evaluate the home
for suitability and identify any necessary equipment. Then,
soon after surgery, the patient is transferred directly home for
rehabilitation. An interdisciplinary team, including a geriatri-
cian and a geriatric nurse, is usually involved in the care of
the older adult in collaboration with the general practitioner.

A number of RCTs and prospective observational studies
have evaluated the potential benefits of HBR [2, 4, 50, 52,
57-61]. Published studies demonstrate that HBR services in
older adults after hip fracture are feasible, safe, and effective
producing comparable results in terms of functional out-
comes and reduced LOS to traditional rehabilitation pro-
grams. These results were also confirmed in patients with
prefracture cognitive decline or d