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ABSTRACT

Modern medical management of comorbid conditions has resulted in escalating use of multiple medications and the
emergence of the twin phenomena of multimorbidity and polypharmacy. Current understanding of how the polypharmacy
in conjunction with multimorbidity influences trauma outcomes is limited, although it is known that trauma patients are at
increased risk for medication-related adverse events. The comorbidity-polypharmacy score (CPS) is a simple clinical tool that
quantifies the overall severity of comorbidities using the polypharmacy as a surrogate for the “intensity” of treatment necessary
to adequately control chronic medical conditions. Easy to calculate, CPS is derived by counting all known pre-injury comorbid
conditions and medications. CPS has been independently associated with mortality, increased risk for complications, lower
functional outcomes, readmissions, and longer hospital stays. In addition, CPS may help identify older trauma patients at
risk of post-emergency department undertriage. The goal of this article was to review and refine the rationale for CPS and
to provide an evidence-based outline of its potential clinical applications.
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INTRODUCTION

As powerful megatrends rapidly alter the world’s demographics,
the number of older (=45 years) patients in the global population
is increasing, as is the proportion of patients from this age group
seen at trauma centers.”! Continuously evolving sophistication
of modern management of chronic medical conditions has
resulted in escalating simultaneous use of multiple medications
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and the emergence of the phenomenon of polypharmacy.b"

Current understanding of how polypharmacy in conjunction
with comorbidities may influence trauma outcomes is limited,
but there is a growing body of evidence suggesting that older
trauma patients are at increased risk for medication-related
adverse events,b increased overall complications,?** hospital
readmission,!'” and mortality.>!"

In the era of medication reconciliation,™? the comorbidity-
polypharmacy score (CPS) can easily be calculated and has
been proposed as an adjunct for outcome prediction, triage, and
discharge planning in the injured patient population.P***! CPS
may function as an objective measure of the “cumulative severity”
of all comorbid conditions, and thus, a reflection of the patient’s
“physiologic age.” Eatly evidence suggests that triage strategies
focusing solely on patient chronologic age are imperfect, and
adding surrogates of “physiologic age” to the existing models
may improve their overall predictive accuracy."¥ Retrospective
studies have shown that CPS may help in identification of older
trauma patients at risk for poor outcomes and those who are more
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likely to requite additional resources at discharge;®” howevert,
data currently have not yet been published that prospectively
validate the utility of CPS and its proposed benefits in enhancing
patient outcomes or resource allocation, as consistent with the
value-based healthcare paradigm. !

THE OLDER TRAUMA PATIENT

Life expectancy in most regions of the world has steadily risen
over the past decades (76.2 years for men and 81.1 years for
women in 2010), and there is a parallel increase in the size
of older population segments (ages 45 years and older).l'¢!"
Between 2030 and 2051, the proportion of adults ages 40-64 will
increase to over 30% of the total population, with the segment
including those =65 years growing to represent nearly 20% of
the population.” These population trends are the direct result
of successful innovation and progress in medicine, better access
to high-quality care, and availability of ever more effective drugs
and pharmaceutical regimens for the management of chronic

medical conditions.>+20-22

1 With increasing life expectancy,
the prevalence of commonly encountered chronic medical
conditions such as hypertension, heart disease, cancer, and

224 A the life expectancy

diabetes mellitus will likely follow suit.
of patients with “multi-comorbidities” increases, the severity (and
complexity) of the disease burden increases and patients tend
to tequire co-administration of additional drugs.”? Traumatic
injury is currently among the top five causes of mortality in
the US, and seems to disproportionately affect those over age
65.1"" Chronic conditions such as morbid obesity, osteoarthritis,
and osteoporosis act synergistically with the phenomena of
progressive loss of vision and hearing, impaired balance, and
impaired reflexes to cumulatively elevate the risk of injury
following seemingly minor traumatic mechanisms in the older

529 As general sutrvival in elderly population improves,

patient.
we are witnessing a trend toward more trauma-related deaths in

this population segment.

It has been observed that the contemporary aging individual is
much more likely to remain both physically active and productive
within the society.?*l As these trends converge, it is assumed
that active older adults with more comorbidities are bound to
visit trauma centers in increasing numbers.’ Thete are numerous
opinions with respect to the effects of age as an independent
predictor of trauma outcomes.’ ! Various authors have
observed that older trauma patients may succumb to relatively
minor injuries that would not be considered life threatening in
younger patients, and age itself continues to be an independent

738 Since “chronological age”

22[39,40]

predictor of trauma mortality.™
may not correlate well with “physiological age, it is not
surprising that the definitions of older adult use lower bounds

ranging from 45 to 75 years of agel'*

! Based on previously
published observations,***** our multi-center group studying
the CPS elected to include patients aged 45 years and older.
Although some may object to age 45 being considered “older,”*”

that particular age threshold represents the closest estimate of the
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youngest patient group with an evident increase in the number
of chronic health conditions requiring long-term “maintenance”
pharmacologic therapy.?*! CPS has not been the only attempt
at estimating “physiologic age;” the Charlson comorbidity index,
the Elixhauser Scoring System, and vatious other combinations
of clinical and lab parameters have been used to attempt predict

14447 While quantification of

outcomes in trauma patients.!
functional status in geriatric patients has been shown to be
effective in predicting outcomes in elective surgery, its utility in

trauma patients remains limited.*

COMORBIDITIES IN THE OLDER PATIENT

Knowledge of pre-existing comorbid conditions can facilitate
assessment of the overall health status of an older trauma patient or
the so-called “physiologic age.”*" More than half of the getiattic
trauma population experience hypertension or some other form of
“cardiovascular disease”."** Physiologic and functional differences
among older adults combined with the overall severity of co-morbid
conditions may contribute, directly or indirectly, to complications
during the treatment and recovery phases following traumatic

1355130 The effect of comorbid conditions on outcomes has

injury.
been examined extensively in the trauma literature.P>*%57 In fact,
the presence of just one comorbidity was associated with greater
mortality risk in trauma patients aged 65 years and older.?¥ There
are also data pointing toward preexisting cardiac disease as a risk
factor for posttraumatic mortality.>** Interestingly, obesity may
be a risk factor for trauma mortality among older trauma patients

B2 Tntimately related to the

in some studies but not in others.
presence of “multi-comorbidities” is the associated phenomenon

of polypharmacy.>**!

POLYPHARMACY

Polypharmacy has generally been defined as concurrent
administration of more than 5 medications, but this definition
is not standardized, and various iterations of it are observed in

the literature.?>¢!

I'The above inconsistency may be a reflection of
the lack of evidence for any specific number of co-administered
drugs correlating with any particular risks and/or adverse drug
events.l””) Nevertheless, polypharmacy literature describes many
potential hazards related to the simultaneous use of multiple
medications in the middle age and elderly populations.F¢64
Some of the major risks related to polypharmacy include adverse
drug reactions and interactions, occurrence of syndromic
manifestations (e.g., delirium, falls, vertigo), underprescribing
of recommended drugs (e.g., the “treatment risk paradox”),
unintended medication errors, poor patient adherence, cognitive
and functional decline, and increased need for healthcare
utilization with associated greater costs and higher mortality.>¢°]
For example, combinations of narcotics and benzodiazepines

have been associated with wotse patient outcomes.

Some evidence suggests that there is an association between
combined comorbidities and polypharmacy and worse trauma
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outcomes, despite poor correlations between mortality, and
polypharmacy or comorbidities in isolation.! As stated above,
this may be a reflection of the observation that increasing levels
of polypharmacy may be reflective of the overall severity of the
B yet the combined effect of
comorbidities with polypharmacy on trauma outcomes has not
been studied to the same extent that each of its individual sub-
components has been scrutinized.

undetlying comorbid conditions,

COMORBIDITY-POLYPHARMACY SCORE

The CPS was designed to be an easy-to-use assessment of
the synergistic impact of a patient’s comorbidities and the
intensity of medical treatment required to manage these
respective comorbidities.! Defined as the simple sum of
the number of pre-injury medications (prescription and
over-the-counter) and all known comorbidities (including
medical, psychiatric, and substance abuse), the CPS assigns
1 point to each prehospital medication and each prehospital
comorbidity.*"! Severity of CPS has been traditionally
stratified as mild (CPS 0-7), moderate (8-14),%" severe
(15-21),1">2% and morbid (=22 points).F!

Outcomes research examining CPS as an independent predictor
of mortality and morbidity has utilized multivariate models with
CPS, 1SS, and age as independent variables.?**!!l Older trauma
patients with a CPS >15 appear at greater risk for mortality,
complications, and longer hospital and ICU stays [Table 1 and
Figure 1].0'"1 Greater CPS “sevetity” has also been associated
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Figure 1: Survival plots for older trauma patients based on
comorbidity-polypharmacy score (CPS) severity: (Top) Data
from Holmes et al. demonstrates survival differences based on
CPS strata up to 1-year post-injury. (Bottom) Similarly, stratified
data from Evans et al. show survival differences during the first
90 days post-injury
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with increased need for transfusion during the first 24 h following
injury and lower functional outcomes at discharge.” The latter
finding closely relates to the fact that the discharge to a nursing
or rehabilitation facility instead of home was also significantly
more likely among patients with higher CPS scores [Table 1].%!1
Finally, the independent association between CPS and 30-day
hospital readmission carries important implications in the new
paradigm of value-based healthcare," where prediction and
avoidance of complications and hospital readmissions will be
increasingly rewarded over the traditional “high volume, high
revenue” paradigm.l®® Overall, the current understanding of how
the polypharmacy and multi-morbidity affect trauma outcomes
continues to be limited despite the fact that trauma patients may
be more likely to experience adverse consequences related to
medications than non-trauma patients.*’” Recently published
evidence also points to the possibility that previously undefined
interactions between common medication classes may have the
ability to modulate outcomes in oldet trauma patients.”! Many
of these medication-related side effects and previously unknown
synergistic drug-drug interactions are more likely to come to light
as research in this important area advances thanks to greater
awareness as well as a number of patient safety initiatives such
as the requirement for medication reconciliation, as mandated
by the Joint Commission.F!

CHARLSON SCORING SYSTEM

The Charlson Scoring System (CSS) and a number of associated
modifications have also been used in assessing the role of
comorbid conditions in predicting patient outcomes.["
The calculation of CSS involves a procedure that requires
the identification of several specific comorbid conditions,
scoring each according to pre-determined point weights,

Table 1: Composite of patient characteristics and key
clinical outcomes grouped according to CPS severity;
data presented as corresponding ranges for two
major published studies (Evans, et al. ] Am Geriatr
Soc 2012;60:1465. Holmes, et al. ] Am Coll Surg
2014;219:631)

CPS severity

Parameter Minor Moderate Severe Morbid

(0-7) (8-15)  (35-21)  (222)
Age (years) 58.5-68.1  64.1-74.7 70.0-75.6  67.8-77.0
Living alone prior to admission (%)* 30.9 28.1 18.2 5.9
Injury severity score 8.8-23.4 9.9-19.8  10.1-20.7 9.1-14.4
Injuries per patient’ 3.4 3.3 2.7 2.4
Injury due to fall (%) 33.6 52.3 63.6 73.9
Hospital length of stay (days) 5.72-10.3 6.15-10.3  11.6-12.8  9.9-15.7
Intensive care length of stay (days)" 1.70 1.30 6.53 10.1
Blood transfusion (initial 24 h, %) 11.9 22.8 28.6 53.0
Complications per patient” 0.34 0.49 1.29 1.70
Short-term mortality (%) 5.4-15.7  5.0-15.2 8.0-25.5  25.3-36.8
1-year mortality (%)* 17.4 22.2 26.5 52.6
Discharge to home (%) 47.3-66.8 37.8-58.9  32.3-57.9 31.6-33.1

*DATA AVAILABLE ONLY FOR HOLMES ET AL. (2014); 'DATA AVAILABLE ONLY FOR EVANS ET AL. (2012);
CPS: COMORBIDITY-POLYPHARMACY SCORE
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and adding additional predefined points for the patient’s age
group.’>”! Mote importantly, the Charlson score does not take
into account the individualized disease severity for the patient’s
many comorbidities. For example, a patient with advanced
rheumatoid arthritis, whose mobility (and thus post-injury
recovery) is severely limited by that condition, would receive
a score of “1” under the Chatlson category of “Connective

?I6TLTI The same can be said for essentially every

Tissue Disease.
condition included in the CSS — the quantification of disease
severity is limited. In addition, as Holmes e7 2. propetly desctibe
in their article, the Charlson index’s categorization of relative
disease severity is dated. For example HIV/AIDS, devastating
and rightly deserving of a “6” weighting when Charlson’s paper
was first published in 1987, is now a very manageable, chronic
condition that very likely does not deserve the “most severe”
designation as long as it is medically controlled.” Similatly, the
weighting provided for different ages in the Charlson index is
fixed, while it may be argued that patients considered “very old”
as recently as 20 years ago are more commonly healthy and active
now than at any other time in human history. Furthermore, the
Charlson index was originally intended for predicting mortality in
a narrowly defined, relatively small cohort of patients.” Despite
the bias associated with its early development, the CSS has since
been successfully applied to claims data, in-hospital mortality, use
of blood products, lengths of hospital stay, discharges, and to
predict short-term outcomes.*#%1 The CSS incorporates “age
range” within its overall modeling, contributing to somewhat
“muddy” results, especially when the CSS itself is included in
further multivariable analyses that introduce age as another
variable. Sound statistical principles dictate that multivariate
analyses should not include an independent variable that is also
“embedded” within another variable. In comparative analyses,
both CPS and CSS are very close in their estimation of outcome
prediction."! Predictive differences between the CPS and CSS are
small and each of the two scores can be faitly said to be able to
stand on its own. Regarding the applicability of this in an acute
trauma setting, Figure 2 demonstrates how a simple bivariate
model incorporating only ISS and CPS outperforms a model
containing CSS, ISS, patient age, and the presence of hypotension
on the initial Emergency Department (ED) evaluation.

ELIXHAUSER SCORING SYSTEM

Elixhauser e a/" developed an approach to use comorbidity

data in conjunction with administrative data to aid in outcome

prediction. This group pioneered an approach that started by

identifying five key concepts related to a patient’s hospitalization:

a.  The primary reason for hospitalization,

b.  The severity of the principal diagnosis,

c.  Complications of care,

d.  Unimportant or unrelated comorbidities that are present on
admission, but do not impact resources, and

e. Important comorbidities/conditions not related to the
reason for admission, but which may impact resources or
cause a poot outcome.!””)
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Figure 2: Comparison of receiver operating characteristic
(ROC) curves from two independent studies of the comorbidity-
polypharmacy score (CPS). Part (A) shows the comparison of
ROC curves for models incorporating CPS (red) versus Charlson
Scoring System (blue) for in-hospital mortality area under curve
(AUC =0.75 vs. 0.80, respectively; P=0.02, modified from Holmes
et al., J Am Coll Surg, 2014;219(4):631). Part (B) shows the
comparison of ROC curves for in-hospital mortality from a post
hoc, previously unpublished, secondary analysis of 5,580 older
trauma patients for ISS alone (AUC = 0.79), ISS+CPS (AUC =0.83),
ISS + AGE (AUC = 0.79), and ISS + AGE + CPS (AUC = 0.78,
all, P < 0.01). As evident from the above comparisons, ISS in
combination with CPS provides the best predictive model for
in-hospital mortality among older trauma patients

Elixhauset’s team was subsequently able to identify and develop

30 comorbidity measures that were significantly associated

with greater hospital lengths of stay, higher hospital charges,

and elevated mortality.!? The group’s argument was based on
assumptions that:

a. Complications and comorbidities may be difficult to
differentiate;

b.  Better outcome prediction can be achieved when certain
additional comorbidities (not considered in the CSS) are
incorporated into the model; and

c. Certain conditions or comorbidities considered to be
untelated to outcome are eliminated from the model."”

Consequently, both the CSS and the Elixhauser methodologies
may contain difficult-to-quantify biases, leading to both
significant controversy and long-standing academic discussions.

A number of studies during the past decade were undertaken
in order to better understand and to resolve the differences
between the CSS and the Elixhauser method. Some authors
have indicated that any kind of scoring system performs well
if used with “local coding and diagnostic practices,” with both
CSS and the Elixhauser index performing compatably well.®!
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Austin ¢ a/" concluded that summary comorbidity measures
as opposed to individual measures are mote effective, but are
only as good as the vatiables used to create the index. Southern
et alBV found that the Elixhauser scote performed better than
CSS when looking at acute myocardial infarctions in Canada,
likely due to the Elixhauser formula’s ability to better focus on
individual contributing variables and the lack of reliance on
weighted scoring. Finally, modified or combined scoring systems

[45,82)

or indices may be helpful, especially in the elderly.

TRIAGE AND EVALUATION OF THE OLDER
TRAUMA PATIENT

Risk stratification of older injured patients begins with
pre-hospital triage to appropriately equipped trauma hospitals
and continues during the initial patient evaluation that takes place
after the patient atrives to the trauma resuscitation area.*# Older
trauma patients currently account for approximately one-fourth
of trauma fatalities but are less likely to be appropriately triaged
to trauma centers.™™ Even after their arrival at the ED, post-ED
triage of older trauma patients continues to be challenging, as
morbidity and mortality associated with any given level of injury
severity tend to escalate with age.®) Given equivalent injury
severity, mortality in elderly patients is known to be substantially
13 Tn spite of this, older patients
are known to be more likely undertriaged compared with other

greater than in younger patients.

trauma victims.**! Undertriage predisposes patients to critical
delays in diagnostic, resuscitative, and therapeutic measures.”
A recent study of over 700 older trauma patients demonstrated
that there was a significant association between CPS levels and
the likelihood of undertriage based on lack of recognition of the
patient frailty."* In fact, CPS was significantly higher in patients
that were undertriaged, as defined by the need for unanticipated
transfer to a higher level of care within 24 h of admission, even
after adjusting for ISS scores.” The study by Justiniano ez a2
was consistent with previous reporting that undertriage was
significantly associated with greater morbidity, mortality, and the
likelihood of dischatge to a facility.”"! One noticeable limitation
of the study by Justiniano ¢# @/"¥ is that it could not prove that
CPS predicted undertriage independently of age; however, given
that unconscious age bias by receiving trauma teams has been
previously identified as a possible cause of undertriage,’! CPS
could function as a more objective decision-guiding tool than
some of the currently utilized criteria.

LIMITATIONS, CONTROVERSIES, AND FUTURE
DIRECTIONS

The CSS, the CPS, and the Elixhauser score all are subject to
important biases in the acute trauma setting. Perhaps the greatest
challenge to “frailty score” implementation is the reporting bias
regarding comorbidities and pre-injury medications. Although
wider implementation of electronic medical records (EMR)
may help in this domain, it would not be surprising that the
initial estimation of such scores must be taken with some
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skepticism due to the high probability of incomplete initial
information. Yet, despite the lack of initial knowledge of
every patient’s comorbid conditions and/or medications, both
assessment systems demonstrate reasonably accurate prediction
of outcomes.'"! Consequently, the authors propose that these
tools can be combined with other strategies such as modified
geriatric trauma criteria to achieve the optimum predictive power
and thus have the potential to positively affect and enhance care
for the older injured patient.!"l

Recent work by Austin ez al* presents a good argument as
to why comorbidity measures are utilitarian by presenting a
mathematical model using SEER-Medicare data, suggesting that
CPS-like models are necessary and in fact work. This is on the
heels of wotk by Gangne ez 2/ indicating that a combination
of comorbidity scoring systems, in this case, Charlson and
Elixhauser, fares better in predicting mortality in the elderly
than either score alone. Indeed, the authors’ argument is that
CPS does just that. It provides the equivalent level of prediction
through an innovative and simple approach. Further research in
this area is clearly warranted, including current scientific efforts
evaluating the applicability of CPS as a measure of frailty across
all age groups. The CPS’s independence of chronologic age
as an included variable, simplicity of calculation, and ability to
adapt to changing medical care by avoidance of fixed scoring
systems may allow it to offer better insight into a patient’s true
“physiologic age” than the Charlson index or the Elixhauser
score. A readily calculated and objective tool like CPS can help
with early identification of older trauma patients who may be at

tisk for poorer outcomes and undettriage. 1%

' When propetly
validated and applied, such instrument could not only affect
patient outcomes, but could also aid hospital staff in more
appropriately deploying resources needed for effective discharge

planning and readmission reduction.”!”!

Our group continues related work and research in this critically
important area of public health. Investigation is ongoing regarding
the utilization of more advanced modeling approaches to predict
patient outcomes. In this work, our team is using “intelligent”
computational models and neural network methodologies that
utilize readily available patient data from established electronic
medical records (EMR) resources and turn this information into
actionable, clinically useful information. In today’s healthcare
environment, there is great pressure to identify whether patients
should receive inpatient or outpatient care (e.g;, the “two-midnight
rule”). The ultimate outcome of our work will be the development
of an intelligent and automated system implementing these
advanced modeling techniques to significantly improve allocation
of healthcare resources, and to ensure that patients receive the
appropriate level of safe, high-quality care.

CONCLUSION

As the global population ages, patients transported to trauma
centers will be increasingly more likely to present with pre-injury
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multimorbidity and polypharmacy. The CPS, CSS, and the
Elixhauser index are tools that trauma and emergency practitioners
may employ to more accurately characterize the “frailty” or
“physiological age” of a patient. The concurrent assessment
of chronic health conditions and the associated “pre-existing
disease burden” will become a necessity and will complement
the traditional anatomic and physiologic assessment of the
routine trauma patient evaluation. Prospective studies of CPS
score as a tool to guide prehospital and Emergency Department
triage, disposition planning, and other interventional strategies
are warranted. There also may be a role for the implementation
of CPS and other assessments of polypharmacy in injury
prevention efforts, both within the community as a primary
prevention strategy and in the hospital setting where major
improvements in secondary prevention can be achieved to reduce
the incidence of post-discharge deterioration or re-injury, and
avoid readmissions. Eventually, computerized systems based on
“intelligent algorithms” and neural network-based methodologies
will be able to prospectively identify “at-risk” older trauma patients,
recommend early intervention, and help formulate appropriate
preventive strategies based on the associated level of frailty.
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