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Abstract
Purpose of Review Orthopaedic surgeries are occurring at an
increasing frequency in the elderly patient. The goal of this
review was to provide exposure to risk stratification scores to
help identify high-risk elderly orthopaedic patients.
Recent Findings New guidelines have been developed to
assess the risk of cardiopulmonary and other perioperative
complications. Older scoring systems, such as the
American Society of Anesthesiologists (ASA) score and
revised cardiac index, are still of importance as they have
strong correlation with risks of cardiac and other compli-
cations. Other scoring systems, such as the Estimation of
Physiologic Ability and Surgical Stress (E-PASS) score
and Physiological and Operative Severity Score for the
Enumeration of Mortality and Morbidity (POSSUM)
score, have recently been shown to stratify high-risk el-
derly patients undergoing hip fracture surgery and other
orthopaedic surgeries.
Summary The elderly orthopaedic patient has higher risks of
perioperative complications than the younger patient. Scoring
systems have been developed to help identify those patients at
higher risk. Familiarity with these scoring systems will help
the practitioner to appropriately select patients for surgery and
guide patient counseling on risks on complications and proto-
cols to optimize preoperative care.

Keywords Orthopaedic risk stratification . Elderly
orthopaedic patient . Hip fracture risk . Cardiac risk

Introduction

Fifty percent of Americans will undergo a surgery when they
are over the age of 65 years old. Often these surgeries are
unplanned, unexpected, and carry significant risks [1]. In pa-
tients over the age of 75 years old, low-energy trauma causes
80% of operatively treated fractures [2]. These injuries are
often accompanied by a high rate of morbidity and often mor-
tality [2]. The incidence of orthopaedic issues amongst the
super or very elderly is increasing, with a 114% increase in
hip fractures in patients 90 years of age or older in 2001–2005
compared to 1993–1996 [3].More elective interventions, such
as total joint arthroplasty and spinal surgery, are also frequent-
ly performed in the elderly due to the prevalence of degener-
ative joint disease in this population [4]. These elective cases
often offer time for adequate preoperative planning and opti-
mization by the orthopaedic surgeon, medical team, and an-
esthesiologists. Such optimization requires careful attention to
patient comorbidities, as well as the physiologic changes as-
sociated with aging, to ensure safe surgery. This review will
serve to highlight several preoperative risk scoring systems as
well as review system-specific risk modification strategies.

Cardiopulmonary Risk Scores

American Society of Anesthesiologists Score

The American Society of Anesthesiologists (ASA) first re-
ported its physical status classification system in 1941 [5].
Originally designed to estimate overall mortality risk in
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patients undergoing surgery, the ASA score has been shown to
more specifically predict cardiac and pulmonary complica-
tions [6–8]. An ASA score of greater than 2 is associated with
a two- to threefold increase in the risk of perioperative pulmo-
nary complications [9]. In geriatric orthopaedic patients, in-
creasing ASA score is also associated with an increased risk of
developing a variety of perioperative complications [10, 11].
Higher ASA scores are associatedwith longer times to surgery
[12], increased length of stay [11, 12], and higher 30-day
mortality rates in the geriatric orthopaedic population [12].
While no specific interventions have been described to miti-
gate the risks associated with higher ASA scores, it is a readily
available tool that has utility in risk screening and will be
further discussed later.

Goldman Cardiac Risk Index

The first cardiac risk index was originally reported by
Goldman and colleagues in 1977 [13]. This prospective cohort
study included data from general surgery, orthopaedic and
urological patients. The authors identified nine variables that
were associated with poor cardiac outcomes, specifically life-
threatening cardiac events and cardiac-related mortality
(Table 1). Each variable was then given a numerical risk score,
and these scores were summed to stratify the patients into one
of four risk classes. The two major cardiac outcomes reported
were life-threatening cardiac events (including pulmonary
edema, myocardial infarction, and ventricular tachycardia)
and cardiac mortality. While not all the variables are modifi-
able, they concluded that 28 of the total of 53 points are po-
tentially controllable and modifiable preoperatively [13].

The authors recommended that surgical interventions in
class IV patients be limited to true life-saving procedures. In
addition, all patients qualifying for classes III and IV should
receive a preoperative medical consultation [13]. This system
has been subsequently validated, though its sensitivity has
been called into question [8, 14, 15]. The original Goldman’s
classification is the basis of many of the more common cardiac
risk indices.

Detsky Modified Cardiac Index

In 1986, Detsky et al. modified Goldman’s original multifac-
torial index [14]. Major changes to Goldman’s original index
included the simplification of the point system as well as the
addition of several other variables. Surgical procedures were
classified as either major (e.g., hip replacement) or minor
(e.g., arthroscopy). Both the original Goldman index and this
modified index were calculated for 455 consecutive patients
who received a preoperative medical consultation. This dif-
fered from the patient population used in Goldman’s original
article [13], as only surgical patients with a documented con-
cern for cardiac status were included in this study. The original

outcomes defined by Goldman et al. were used, with the
addition of new or worsening congestive heart failure and
coronary insufficiency. Severe events were defined as car-
diac death, myocardial infarction, and alveolar pulmonary
edema. Serious complications were defined as any severe
complication and the addition of coronary insufficiency, as
well as congestive heart failure without alveolar pulmonary
edema [14].

The authors concluded that this modified index added a
statistically significant amount of predictive information over
the original Goldman index. Results showed a strong correla-
tion between the derived index and the likelihood ratio of
cardiac event for both major and minor surgeries. This mod-
ified index, however, was plagued with the poor sensitivity
demonstrated by Goldman’s original index [8, 14] and is not
routinely used today.

Lee’s Revised Cardiac Index

In 1999, Lee et al. assessed the validity of both the Goldman’s
and Detsky’s cardiac indices and devised a more simplified
version (Table 1) [8]. Though previous risk schemas were able
to stratify patients into subsets with increased rates of adverse
outcomes, few patients fell into the highest risk groups [8]. In
Lee et al.’s prospective cohort of 2893 patients, of which 1026
were orthopaedic patients, six factors were identified that were
associated with perioperative cardiac complications. The au-
thors concluded that this index stratified more patients into the
higher classes, had an increased ease of use, and demonstrated
equivalent correlation with risk of cardiac events (Table 1).

In addition to having an increased risk of immediate postop-
erative cardiac complication, patients with a history of ischemic
heart disease, congestive heart failure, and diabetes mellitus
maintained this elevated risk during the next 6 months, even
if they did not have major immediate perioperative cardiac
complications [16]. In particular to hip and knee arthroplasty,
a revised index score of greater than or equal to three has been
shown to be significantly associated with an increased risk of a
myriad of complications beyond cardiac issues, including those
related to neurological, renal, and wound complications [17].
Lee’s revised cardiac index is easy to use, shows a strong cor-
relation with cardiac events, and is one of the more commonly
used cardiac indices today.

American College of Cardiology and American Heart
Association Guidelines

The ACC/AHA Guideline on Perioperative Cardiovascular
Evaluation and Management of Patients Undergoing
Noncardiac Surgery was published in 2014 [18••]. This was
developed based on the review of published research, and the
report presents a stepwise approach to preoperative evaluation
of the surgical patient with risks for cardiac disease (Table 1).
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Table 1 Cardiac risk assessment

Goldman’s Computation of Cardiac Risk Index [13]

History

Age >70 5

Myocardial infarction in previous 6 months 10

Physical Exam 

S3 gallop or JVD 11

Important valvular aortic stenosis 3

Electrocardiogram 

Rhythm other than sinus or PAC’s on last preoperative EKG 7

> 5PVC’s/min documented any time before operation 7

Other

Markers of poor general medical condition* 3

Intraperitoneal, intrathoracic, or aortic operation  3

Emergency Operation 4

* Po2 <60 or Pco2 >50 mmHg, K< 3.0 or HCO3 <20 meq/liter, BUN >50 or Cr >3.0mg/dl, abnormal SGOT, signs of chronic liver
disease or patient bedridden from noncardiac causes

Lees Revised Cardiac Index [8]

Intrathoracic, intraperitoneal, or infrainguinal vascular surgery 1

History of ischemic heart disease 1

History of congestive heart failure 1

Insulin treatment for diabetes mellitus 1

Serum creatinine level >2mg/dl 1

History of cerebrovascular disease 1

Lee’s Revised Cardiac Index, Rate of Cardiac Events [8]

Class Score Derivation Cohort -

Rate (%)

Validation Cohort -

Rate (%)

Class I 0 0.5 0.4

Class II 1 1.3 0.9

Class III 2 3.6 6.6

Class IV >2 9.1 11.0
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Unlike the original cardiac indices, which focused mainly on
evaluating risk factors for cardiac complications, this guide-
line provides a stepwise approach to guide need for cardiovas-
cular testing, perioperative pharmacological management, and
perioperative monitoring.

Pulmonary Risk

Postoperative pulmonary complications are known to have a
longer hospital stay than patients who develop postoperative
cardiac complications [19, 20]. In 2006, the American College
of Physicians (ACP) published guidelines to help predict peri-
operative complications before non-cardiac surgery and rec-
ommend strategies to reduce the risk for postoperative pulmo-
nary complications [21]. Notably, any patient undergoing gen-
eral anesthesia was classified as high risk [21]. A meta-
analysis performed by Rogers et al. concluded that the use
of neuraxial blockade, spinal and epidural anesthesias, signif-
icantly decreases the risk of perioperative pulmonary compli-
cations, among other complications, when used alone or com-
bined with general anesthesia [22]. Use of these types of

anesthesia may help to lower the risks of pulmonary and other
complications in the geriatric orthopaedic patient.

The prevalence of chronic obstructive pulmonary disease
(COPD) has been estimated to be 14.2% (11–18%) in those
over age 65 [23], and there is a twofold increase in prevalence
for every 10-year increment in age [24]. There have been
several preoperative strategies which have been proposed for
COPD management, as its presence doubles the risk of post-
operative pulmonary complications [6, 25]. These include the
use of ipratropium and tiotropium for all symptomatic pa-
tients, symptomatic use of inhaled beta agonists, liberal use
of corticosteroids, and reserving antibiotic administration only
when a change in the character of sputum is present [26]. The
2006 ACP guidelines also recommended against the routine
use of spirometry and chest radiographs for the assessment of
pulmonary-specific risk. The exception to this is select pa-
tients with COPD and uncontrolled severe asthma. [21].

While the ACP guidelines recommend for the use of incen-
tive spirometry or deep breathing exercises [21], there is
mixed evidence on their effectiveness in preventing pulmo-
nary complications [27]. Given the possible benefit and low
risk of incentive spirometry, it is still routinely used today.

Table 1 (continued)

ACC/AHA 

Step 1 Does the patient have risk factors for or known coronary artery disease? If surgery is 

emergent proceed to surgery with appropriate monitoring and surgical strategies. If 

non-emergent proceed to step 2.

Step 2 Does the patient have acute coronary syndrome? If yes consult Cardiology for 

evaluation and management. If no, proceed to step 3.

Step 3 Estimate the patients risk for perioperative cardiac events using either the American 

College of Surgeons NSQIP risk calculator or the revised cardiac risk index with an 

estimation of surgical risk.  If patient’s risk is <1% then no further testing is required 

and may proceed to surgery. If > 1% proceed to step 4.

Step 4 Determine the functional capacity of the patient. If the patient has good or excellent 

functional capacity (≥ 4 metabolic equivalent of tasks (METs)) then proceed to 

surgery without further evaluation. If < 4 METs, go to step 5.

Step 5 Determine if further testing will impact decision making or perioperative care.  If so 

proceed with further testing. If not proceed with surgery with appropriate 

perioperative monitoring or explore non-operative options.

[18••]
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Elderly patients are at increased risks of pulmonary complica-
tions, especially those with preexisting lung disease.
Appropriate preoperative and postoperative optimization of
preexisting pulmonary conditions should be considered in all
patients.

American Society of Anesthesiologists Score

Paksima et al. evaluated predictors for mortality after hip
fracture and identified advanced age, male gender, high
ASA classification, the presence of a major postoperative
complication, history of cancer, chronic obstructive pul-
monary disorder, history of congestive heart failure, am-
bulating with an assistive device, or being a household
ambulator prior to hip fracture as risk factors [28].
Additionally, he found that while the mortality rate is
increased to approximately 30% within the first year, it
normalizes within the first 3 years after fracture [28].

Several scoring tools are available to help provide risk
stratification based on patient factors. Goals of scoring
tools are to provide objectivity in predicting patient out-
comes, guide clinical decision making, improve informed
consent when patients are considering non-operative ver-
sus operative treatment, and help to optimize treatment
plans based on known risk factors and predilection for
certain outcomes [29, 30].

The ASA score is used by anesthesiologists for preop-
erative risk stratification but has recently been suggested
as a predictive score for perioperative complications and
for readmissions after hip fracture repair [11]. Donegan
et al. evaluated patients using their ASA classification
and found that ASA 3 and 4 had the highest rates of
medical complications. Patients with an ASA 3 had a
3.78 times higher rate of any medical complication com-
pared to ASA class 2, while patients with ASA class 4
had a 7.39 times higher rate of medical complications
compared to ASA class 2 [30].

Radcliff et al. performed a study of 5683 male veterans
over 65 years old who sustained a hip fracture using the
National Surgical Quality Improvement Program (NSQIP)
database. They found that patients with ASA 3 and 4 had
an increased mortality within the first 30 days, with an
odds rat io of 2.10 and 3.83, respect ively [31] .
Furthermore, an ASA classification of 3 or 4 can portend
a poor prognosis after sustaining a hip fracture. A nine-
fold increase in mortality rate has been reported in pa-
tients with an ASA of 3 or 4 compared to patients with
an ASA of 1 or 2 [32]. ASA classification is widely used
perioperatively and can thus be used easily. It is a well-
accepted and understood classification scheme that can
help guide clinicians and patients in understanding specif-
ic perioperative risks.

Estimation of Physiologic Ability and Surgical Stress
Score

The Estimation of Physiologic Ability and Surgical Stress
(E-PASS) is a score that has been found to correlate with
morbidity and mortality in gastrointestinal and pulmonary
surgery and incorporates preoperative and intraoperative
patient data. Recently, E-PASS has been used in the ortho-
paedic population, specifically for patients undergoing hip
fracture fixation or arthroplasty [33, 34]. The E-PASS score
is determined from an algorithm in which patient variables
are input into an equation that creates a comprehensive risk
score. This is composed of a preoperative risk score (PRS)
that incorporates patient risk factors such as age, presence of
heart disease, pulmonary disease, diabetes, performance
status index, as well as ASA score. Included within the E-
PASS score is the Surgical Stress Score (SSS), which incor-
porates intraoperative factors such as blood loss, surgical
time, and extent of skin incision. Both the preoperative risk
score and surgical stress scores create a Comprehensive
Risk Score (CRS) (Table 2).

Hirose et al. recently performed a retrospective review
evaluating the use of the E-PASS score for use in the hip
fracture population over eight hospitals in Japan and found
the E-PASS to be a reasonable predictor of postoperative mor-
bidity and mortality [34]. Mortality prediction models use an
area under the curve (AUC) of receiver operating characteris-
tic curves (ROC), also known as “C-score,” to represent sen-
sitivity and specificity by estimating the ability of a test to
discriminate between outcome groups, with 1.0 indicating
perfect discrimination [35]. Acceptable discrimination is con-
sidered 0.70–0.79, and greater than 0.80 is considered excel-
lent discrimination [35]. The E-PASS score has been found in
a retrospective study of 30-day mortality of 1120 hip fracture
surgeries to have an AUC of 0.72 [35].

Morbidity and mortality rates estimated by the PRS also
have been shown to correlate with the observed morbidity and
mortality rates (p < 0.0001 and p = 0.002, respectively) [36].
Observed/estimated ratios were found to be 1.06 for morbidity
and 0.71 for mortality [36]. Postoperative morbidity and mor-
tality rates increased linearly with the PRS and CRS, but no
correlation was seen with use of the SSS and postoperative
morbidity and mortality [36]. However, SSS has been shown
to correlate to length and cost of hospital stay [34]. Inability to
apply the SSS to hip fracture surgerymay be due to its original
designation as a general surgery score, which are procedures
that can have large variations in size of incisions and EBL
which may not vary significantly for hip fracture procedures
[36]. However, CRS can help guide care; a CRS greater than
0.5 was found to have a complication rate of 37% in elderly
patients undergoing hip fracture surgery; thus, care must be
taken perioperatively in patients with a high CRS score [37••].
Alternatively, a low PRS can be predictive of lack of
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development of postoperative complications—Hirose et al.
found that no postoperative complications developed in pa-
tients with a PRS less than 0.3. The authors thus recommend
only use of the E-PASS equation in patients with PRS greater
than or equal to 0.213 and less than 3.163 as mortality rates
exceed 100% when the PRS is greater than 3.163 [36].

More recently, the E-PASS score has been investigated
for use in predicting morbidity after various general or-
thopaedic procedures including total joint arthroplasty,
spine surgery, and tumor surgery. It has been shown to
have an AUC of 0.777 for overall complications, and
0.794 for non-surgical site complications, which is an im-
proved predictive value compared to the E-PASS in the
hip fracture population [37••]. A retrospective review of
1883 patients who underwent the aforementioned general
orthopaedic procedures revealed a positive linear associa-
tion of morbidity with E-PASS score. The E-PASS CRS

was found to have 83% sensitivity and 62% specificity for
predicting overall complications. Additionally, the SSS
was found to be 83% sensitive and 88% specific for
predicting a surgical site complication [37••].

Acute Physiology and Chronic Health Evaluation II Score

The APACHE II score uses data from physiologic and labo-
ratory measurements obtained during the early admission pe-
riod, including heart rate, pH, and various measurements that
are taken frequently in the ICU setting [38]. Originally devel-
oped for use in the general surgery ICU population, the
APACHE score has not been validated for use in older ortho-
paedic patients. Rogers et al. did not find a difference between
APACHE groups in the hip fracture population in regard to
actual or predicted survival [38].

Table 2 Calculation of E-PASS and POSSUM scores

Algorithms for Calculating the E-PASS Scores [38]

PRS = -0.0686 + 0.00345X₁  + 0.323X₂  + 0.205X₃  +0.153

0.0666X₆

X₁  = patient age

X₂  =presence (1) or absence (0) of severe heart disease

X₃  = presence (1) or absence (0) of severe pulmonary disease

X₄  = presence (1) or absence (0) of diabetes mellitus

X₅  = performance status index (0-4)

X₆  = American Society of Anesthesiologists (ASA) physiological status classification (1-5)

SSS = -0.342 + 0.0139X₁  + 0.0392X₂  +0.352X₃

X₁  = the amount of blood loss per kilogram body weight (g/kg)

X₂  = the operation time (h)

X₃  = the extent of skin incision (0, minor incision without laparotomy and/or thoracotomy; 1, 

laparotomy or thoracotomy alone; 2, both laparotomy and thoracotomy

CRS = -0.328 + 0.936 (PRS) + 0.976 (SSS)

CRS = comprehensive risk score; PRS = preoperative risk score; SSS = surgical stress score
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Physiological and Operative Severity Score
for the Enumeration of Mortality and Morbidity Score

Physiological and Operative Severity Score for the Enumeration
of Mortality and Morbidity (POSSUM) was developed for gen-
eral surgical procedures throughmultivariate regression analysis
of 48 physiologic and 18 operative factors [39, 40]). It has since
been reduced to 14 physiologic and six operative variables
(Table 2) to predict mortality and morbidity. It has been validat-
ed for use in orthopaedic surgery with good predictive value,

sometimes referred to as O-POSSUM [41]. Mohamed et al.
evaluated the O-POSSUM score for 2326 elective and
emergency/traumatic orthopaedic procedures and found an
observed/expected ratio of 0.96 for mortality and 0.99 for mor-
tality [41].

Controversy exists regarding the use of POSSUM scoring
in hip fractures. POSSUM has been applied to the femoral
neck fracture population and demonstrated overestimation of
mortality in the higher risk populations [42]. POSSUM scor-
ing in a 1164 patient cohort study found a receiver-operator

Table 2 (continued)

Age (4)

Cardiac signs (4)

Respiratory signs (4)

Chest radiograph (4)

Systolic blood pressure (4)

Pulse rate (4)

Glasgow Coma Score (4)

Hemoglobin (4)

White blood cell count (3)

Serum urea (4)

Serum sodium (4)

Serum potassium (4)

Electrocardiogram (3)

Operation severity (4)

Reoperation (3)

Blood loss (4)

Peritoneal soiling (4) (not included in 
orthopaedic score)

Contamination (4)

Malignancy (4)

Urgency of surgery  (3)

Values in parentheses denote the number of severity grades in each score. The addition of orthopaedic variables denoted in italics. 

Calculation of POSSUM score [39,41]

POSSUM = Ln [R/(1-R)] = -7.04 + (0.13 x PSS) + (0.16 x OSS)

Clinical variables required to calculate POSSUM score and O-POSSUM score [39,41]

Physiological Severity Score (PSS) Operative Severity Score (OSS)
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characteristic curve of 0.62, indicating poor predictive value
due to overestimation of risk of death [42]. Furthermore, the
POSSUM score has been shown to overestimate morbidity for
general orthopaedic procedures as well [43•]. Despite this, the
POSSUM score may be helpful in assessing long term risk.
Van Zeeland et al. found good predictive value of the
POSSUM score for 5-year mortality in both femoral neck
fractures and trochanteric region hip fractures when dividing
patients into high-, intermediate-, and low-risk groups [44].
Significant predictors of mortality included age, blood loss,
blood level of urea, sodium and potassium, and physical signs
such as cardiac and respiratory signs, systolic blood pressure,
EKG, and presence of malignancy [44]. Strikingly, at 5 years,
the mortality for hip fracture in a high-risk group was found to
be 25% [44].

Recently, POSSUM was evaluated against many fre-
quently used scoring systems and found to have good pre-
dictive value for assessing serious in-hospital complica-
tions, along with the Charlson comorbidity index and
RISK-VAS, which is a scoring system based off of physi-
cian intuition of global risk after assessment of the patient
[45]. Other indices compared included the Goldman cardiac
index, which was not found to have prognostic value in hip
fracture surgery [45].

Charlson Comorbidity Index

The Charlson Comorbidity Index (CCI) was initially de-
veloped in 1987 as predictive tool to identify comorbid
conditions which may affect the risk of mortality in med-
ical patients [46]. The original index included 19 comor-
bidities which were assigned different weights based on
their association with mortality. While the CCI has been
studied in various aspects of orthopaedics, it has been
specifically examined in the elderly hip fracture popula-
tion. In a prospective study of 232 elderly hip fracture
patients, the CCI was shown to exhibit sufficient predic-
tive value for serious complications during the initial hos-
pital stay but underperformed when compared to the
POSSUM scoring system [45]. A score of greater than
or equal to 6 has also been correlated with increased
30 day mortality in hip fracture patients [47], although
with a low discriminatory power [35]. Again, in a meta-
analysis, it was shown to be moderately discriminant for
in-hospital morbidity and 1-year mortality. In 30-day mor-
tality after hip fracture surgery, the CCI has been shown
to have an AUC of 0.71 indicating acceptable discrimina-
tion [35]. While the CCI has been found to be helpful for
assessing mortality, its long-term predictive value has not
been demonstrated [48]. Additionally, a criticism of the
CCI is its lack of incorporation of functional outcomes
and mental status which may decrease its usefulness in
assessing morbidity [35].

Nottingham Hip Fracture Score

To counter the identified weakness of the CCI, the
Nottingham Hip Fracture Score (NHFS) aimed to include
functional as well as mental status in its model. It was devel-
oped to predict 30-day mortality after hip fracture using indi-
vidual patient factors, including age, gender, Mini-Mental
State Evaluation (MMSE), as well as common comorbidities
[49]. Elderly age, male sex, the presence of two comorbidities,
a MMSE score of less than six, anemia on admission, living
status, and the presence of malignancy were found to be inde-
pendent predictors of mortality at 30 days [49]. While the CCI
derives its score frommajor medical comorbidities, the NHFS
incorporates functional factors, such as living in an institution,
that are independent mortality factors [49]. The NHFS is ergo
a score that reflects more subtle and patient-specific factors
that may ultimately impact mortality. Additionally, the NHFS
was found to have improved discrimination with an AUC of
0.77 when compared to four other risk prediction models in
30-day mortality after hip fracture, which may be attributed to
the NHFS being designed specifically for hip fractures [35].

Risk Scoring Systems in Spinal Surgery

Spinal surgery is indicated in elderly patients for a variety of
pathologies, including radiculopathy, spinal stenosis, and defor-
mity. Complications can vary in severity from pressure sores and
superficial wound infections toDVT, neurologic injury, and even
death. Eighty-seven percent of patients have been reported to
experience a single complication [50]. Thus, scoring systems
have been developed to help predict those at risk for such events.

E-PASS has been evaluated specifically for use in spinal
surgery and has demonstrated good predictive power [51••]. In
a retrospective review of 275 patients who underwent spinal
surgery, the PRS was correlated with complications at non-
surgical sites with an AUC of 0.819 while the SSS was associ-
ated with complications at the surgical site with an AUC of
0.834 [35]. Thus, this scoring system can be applied to spinal
surgery and may be useful in guiding patients in their decisions
for surgery as well as physicians in directing their care.

Data regarding which scoring system is most predictive of
adverse events are lacking, however. Ying et al. performed a
retrospective review of 158 lumbar surgeries using a modified
POSSUM score [41, 52] and found that the POSSUM score
tended to over predict in low-risk patients. Conversely, the
predictive value of the modified POSSUM was best in high-
risk patients, with an observed to expected ratio of one in the
highest risk cohorts [52].

Risk Scoring Systems in Total Joint Arthroplasty

There have been multiple prediction tools developed for hip
and knee arthroplasty patients, with models estimating
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complications, discharge disposition, readmission, and infec-
tion all having been described [53•]. These models all share
the common goal of predicting postoperative complications
and mortality. The ACS NSQIP calculator is a model that has
been used to predict 30-day complications following primary
total joint arthroplasty [54••]. Through use of this tool, investi-
gators were able to identify population level complications as
well as discharge disposition, but it has been shown to have a
poor predictive value in a subsequent validation study (AUC of
0.586) [53•, 55]. Wuerz et al. developed a model that evaluated
in-hospital major complications with good predictive value but
included a diverse group of surgical procedures including par-
tial arthroplasty, revision arthroplasty, and arthroplasty for frac-
ture and tumors [56]. It has not been externally validated and its
value in elective total joint arthroplasty has not be assessed
[53•]. Lastly, HealthGrades developed a model to predict 14-
day complications and mortality following primary total joint
arthroplasty. In an external validation study using a Medicare
data set, patients with higher predicted values did experience
more complications, although the calculator overestimated the
risks in these groups and has been shown to have an AUC of
0.609 [53•, 57]. While these risk calculators may be useful to
help stratify patients into high-risk groups, there are limits to
their predictive abilities.

How to Optimize Patients

Although these scoring systems provide helpful information
regarding the outcome of patients, the real question is how to
optimize the elderly for an unanticipated surgery. Using these
scoring systems to help identify the at-risk patient can be
helpful for managing postoperative complications. The pres-
ence of comorbidities can be used to predict mortality as well
as risk of developing complications. Lawrence et al found a
complication rate of 19% in a retrospective review of 8,930
patients over 60 years old who underwent surgical treatment
of a hip fracture [58]. Of these complications, cardiac and
pulmonary complications occurred most frequently at rates
of 8% and 4%, respectively [58].

There are a multitude of issues that threaten the elderly or-
thopaedic patient population. A careful history and physical
exam to identify the cause of the fracture, whether it be from a
mechanical fall or a balance issue, or electrolyte abnormalities is
paramount. Many patients arrive at the hospital dehydrated in
anticipation of acute surgery or from delay to care and require
adequate fluid resuscitation [2]. Cardiac issues are the most
severe complications that can result in mortality, with myocar-
dial infarction, arrhythmia, and decompensated heart failure be-
ing some of the most common [59]. DVT and PE can occur
secondary to damage to endothelial vessels, hypercoaguability,
and venous stasis from surgery and decreased ambulation after
orthopaedic procedures [59]. Renal problems present
perioperatively due to decreased renal clearance that occurs with

age, that is often compounded by other comorbidities such as
hypertension, diabetes or heart failure [59]. Delirium is a fre-
quent occurrence perioperatively, occurring at a rate of 50-61%
in the hip fracture population [2]. Ofmany strategies available to
reorient patients and prevent delirium, adequate analgesia is
important to promote not only early ambulation and locomotion
but also prevent delirium [60, 61]. Safe treatment of pain can be
difficult in the elderly, as both opioid abstinence and low dose
opioid treatment have both been shown to increase the risk of
delirium [61]. Lastly, addressing chronic comorbidities such as
diabetes, anemia, and nutritional status, as well as balancing any
coagulopathies, can be vital in helping the elderly patient have a
successful outcome after orthopaedic surgery [2].

Conclusion

Scoring systems in the elderly population are critical to pro-
viding safe and effective care in the aging population, as many
of the preoperative risk assessment tools used in general med-
icine do not apply to the often osteoporotic patient with multi-
ple comorbidities and poor social support systems [1]. The
development of scoring systems makes it easier for the
orthopaedist to identify high-risk patients and those who may
require additional preoperative optimization and postoperative
care. In addition to this identification, it is important to remem-
ber the physiologic changes associated with aging that affect
multiple organ systems and are oftentimes overlooked. Care of
the elderly patient undergoing an orthopaedic procedure is best
handled in a team-approach, involving the close care of an
internist or gerontologist in addition to the surgical team.
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